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INSTRUCTIONS TO YENDORS SUBMITTING BIDS

1. REVIEW DOCUMENTS THOROUGHLY: The attached documents contain a solicitation for bids.
Please read these instructions and all documents attached in their entirety. These instructions provide
critical information about requirements that if overlooked could lead to disqualification of a Vendor's
bid. All bids must be submitted in accordance with the provisions contained in these instructions and
the Solicitation. Failure to do so may result in disqualification of Vendor's bid.

2. MANDATORY TERMS: The Solicitation may contain mandatory provisions identified by the use of
the words "must," "will," and "shall." Failure to comply with a mandatory term in the Solicitation will
result in bid disqualification.

3. PREBID MEETING: The item identified below shall apply to this Solicitation.

O A pre-bid meeting will not be held prior to bid opening.

O A NON-MANDATORY PRE-BID meeting will be held at the following place and time:

Q{MANDATORY PRE-BID meeting will be held at the following place and time:

Beckley, WV Office - February 18,2014, Tuesday @ 1000 a.m
*124 Industrial Park Road, Beaver, WV 25813

Charleston, WV Office - February 21, 2014, Friday @ 10:00a.m.

* 600 Capitol Street, Charleston, WV 25301

Morgantown, WV Office - February 25, 2014, Tuesday @ 11:00a.m.
* 191 Scott Avenue,Morgantown, WV 26505

All Vendors submitting a bid must attend the mandatory pre-bid meeting. Failure to attend the mandatory
pre-bid meeting shall result in disqualification of the Vendor's bid. No one person attending the pre-bid
meeting may represent more than one Vendor.

An attendance sheet provided at the pre-bid meeting shall serve as the official document verif)'i.ng
attendance. The State will not accept any other form of proof or documentation to verify attendance.
Any person attending the pre-bid meeting on behalf of a Vendor must list on the attendance sheet his
or her name and the name of the Vendor he or she is representing. Additionally, the person attending
the pre-bid meeting should include the Vendor's E-Mail address, phone number, and Fax number on
the attendance sheet. h is the Vendor's responsibility to locate the attendance sheet and provide the
required information. Failure to complete the attendance sheet as required may result in disqualification of
Vendor's bid.
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All Vendors should arrive prior to the starting time for the pre-bid. Vendorswho arrive after
Starting time but prior to the end of the pre-bid will be permitted the to signin, but are charged
knowing all matters discussed at the pre-bid.

Questions submitted at least five business days prior to a scheduled pre-bid will be discussed at the pre-
bid meeting if possible. Any discussions or answers to questions at the pre-bid meeting are preliminary
in nature and are non-binding. Official and binding answers to questions will be published in a written
addendum to the Solicitation prior to bid opening.

4. VENDOR QUESTION DEADLINE: Vendors may submit questions relating to this Solicitation to the
Purchasing Division. Questions must be submitted in writing. All questions must be submitted on or before
the date listed below and to the address listed below in orderto be considered. A written response will
be published in a Solicitation addendum if a response is possible and appropriate. Non- written discussions,
conversations, or questions and answers regarding this Solicitation are preliminary in nature and are non-
binding.

Question Submission Deadline: February 28, 2014 _ end of business

Submit Questions to: Evelyn P. Melton
2019 Washington Street, East
Charleston, WV 25305
Fax: 304-558-4115

Email: evelyn.p.melton@wv.gov

5. VERBAL COMMUNICATION: Any verbal communication between the Vendor and any State
personnel is not binding, including that made at the mandatory pre-bid conference. Only information
issued in writing and added to the Solicitation by an official written addendum by the Purchasing
Division isbinding.

6. BID SUBMISSION: All bids must be signed and delivered by the Vendor to the Purchasing Division at
the address listed below on or before the date and time of the bid opening. Any bid received by the
Purchasing Division staff is considered to be in the possession of the Purchasing Division and will not be
returned for any reason. The Purchasing Division will not accept bids, modification of bids, or addendum
acknowledgment forms via e-mail. Acceptable delivery methods include hand delivery, delivery by courier,
or facsimile. The bid delivery address is:

Department of Administration, Purchasing Division
2019 Washington Street East
Charleston, WV 25305-0130
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The bid should contain the information listed below on the face of the envelope or the bid may not be
considered:
SEALED BID
BUYER:
SOLICITATIONNO.:
BID OPENING DATE:
BID OPENING TIME:

FAX NUMBER:

Inthe event that Vendor is responding to a request for proposal, the Vendor shall submit one original
technical and one original cost proposal plus convenience copies of each to the Purchasing Division at
the address shown above. Additionally, the Vendor should identify the bid type as either a technical
or cost proposal on the face of each bid envelope submitted in response to a request for proposal as
follows:

BID TYPE: OTechnical

OCost

7. BID OPENING: Bids submitted in response to this Solicitation will be opened at the location identified
below on the date and time listed below. Delivery of a bid after the bid opening date and time will result
in bid disqualification.For purposes of this Solicitation, a bid is considered delivered when time stamped by
the official Purchasing Division time clock.

Bid Opening Date and Time: March 20,2014 - Thursday @ 1:30 P.M.

Bid Opening Location: Department of Administration, Purchasing Division
2019 Washington Street East
Charleston, WV 25305-0130

8. ADDENDUM ACKNOWLEDGEMENT: Changes or revisions to this Solicitation will be made by
an official written addendum issued by the Purchasing Division. Vendor should acknowledge receipt of all
addenda issued with this Solicitation by completing an Addendum Acknowledgment Form, a copy of which
is included herewith. Failure to acknowledge addenda may result in bid disqualification. The addendum
acknowledgement should be submitted with the bid to expedite document processing.

9. BID FORMATTING: Vendor should type or electronically enter the information onto its bid to
prevent errors in the evaluation. Failure to type or electronically enter the information may result
in bid disqualification.
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GENERAL TERMS AND CONDITIONS;

1. CONTRACTUAL AGREEMENT: Issuance of a Purchase Order signed by the Purchasing Division
Director, or his designee, and approved as to form by the Attorney General's office constitutes acceptance
of this Contract made by and between the State of West Virginia and the Vendor. Vendor's signature on
its bid signifies Vendor's agreement to be bound by and accept the terms and conditions contained in
this Contract.

2. DEFINITIONS:  Asused in this Solicitation/Contract, the following terms shall have the meanings
attributed to them below. Additional definitions may be found in the specifications included with this
Solicitation/Contract.

2.1 "Agency'" or "Agencies" means the agency, board, commission, or other entity of the State of
West Virginia that is identified on the first page of the Solicitation or any other public entity
seekingto procure goods or services under this Contract.

2.2 "Contract" means the binding agreement that is entered into between the State and the Vendor to
provide the goods and services requested in the Solicitation.

2.3 "Director" means the Director of the West Virginia Department of Administration, Purchasing
Division.
2.4 "Purchasing Division” means the West Virginia Department of Administration,

Purchasing Division.

2.5 "Purchase Order" means the document signed by the Agency and the Purchasing Division, and
approved as to form by the Attorney General, that identifies the Vendor as the successful bidder
and Contractholder.

2.6 "Solicitation' means the official solicitation published by the Purchasing Division and identified
by number on the first page thereof.

2.7 "State" means the State of West Virginia and/or any of its agencies, commissions, boards, etc.
as context requires.

2.8 "Vendor'" or '"Vendors" means any entity submitting a bid in response to the Solicitation, the entity

that has been selected as the lowest responsible bidder, or the entity that has been awarded the
Contract as context requires.
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3. CONTRACT TERM; RENEWAL; EXTENSION: The term of this Contract shall be determined in
accordance with the categorythat has been identified as applicable to this Contract below:

/
0 Term Contract
Initial Contract Term: This Contract becomes effective on upon award and extends for aperiod of one (1)

year(s).

Lumos Networks Response: Lumos Networks requires a minimum of a 3 year term on any product or service that requires a
fiber build and capital expenditure. Non-Appropriation: After the initial appropriation period, this agreement is subject to the
appropriation of funds in future appropriation periods by ___Education Broadcasting Authority (name of
governmental entity that appropriates). Provided that Customer has made its best effort to procure the funds by requesting the
funds in its budget, non-appropriation shall be deemed a cancellation of the agreement and the agreement shall terminate
after written notice from Customer to Company of the non-appropriation. The Company shall be entitled to any
payments due and owing from Customer for any previous period and entitled to take possession of any equipment
owned by the Company.

Renewal Term: This Contract may be renewed upon the mutual written consent of the
Agency, and the Vendor, with approval of the Purchasing Division and the Attorney
General's office (Attorney General approval is as to form only. Any request for renewal
must be submitted to the Purchasing Division Director thirty (30) days prior to the expiration
date of the initial contract term or appropriate renewal term. A Contract renewal shall be in
accordance with the terms and conditions of the original contract. Renewal of this Contract is
limited to two (2) successive one (1)) year periods. Automatic renewal of this Contract is
prohibited. Notwithstanding the foregoing, Purchasing Division approval is not required on
agency delegated or exempt purchases.Attorney General approval may be required for vendor
terms and conditions.

Reasonable Time Extension: At the sole discretion of the Purchasing Division Director, and
with approval from the Attorney General’s office (Attorney General approval is as to form
only), this Contract may be extended for a reasonable time after the initial Contract term or
after any renewal term as may be necessary to obtain a new contract or renew this Contract.
Any reasonable time extension shall not exceed twelve (12) months. Vendor may avoid a
reasonable time extension by providing the Purchasing Division Director with written notice of
Vendor’s desire to terminate this Contract 30 days prior to the expiration of the then current
term. During any reasonable time extension period, the Vendor may terminate this Contract
for any reason upon giving the Purchasing Division Director 30 day’s written notice. Automatic
extension of this Contract is prohibited. Notwithstanding the foregoing, Purchasing Division
approval is not required on agency delegated or exempt purchases, but Attorney General
Approval may be required.

Release Order Limitations: In the event that this contract permits release orders, a release order
may only be issued during the time this Contract is in effect. Any release order issued within one
year of the expiration of this Contract shall be effective for one year from the date the release
order is issued. No release order may be extended be)Und one year after this Contract has expired.

Fixed Period Contract: This Contract becomes effective upon Vendor’sreceipt of the notice to proceed
and must be completed within days.



One Time Purchase: The term ofthis Contract shall run from the issuance of the Purchase

Order until all of the goods contracted for have been delivered, but in no event shall this Contract
Extend for more than one fiscal)year.

O Other: See attached.

4. NOTICE TO PROCEED: Vendor shall begin performance of this Contract immediately upon receiving
notice to proceed unless otherwise instructed by the Agency. Unless otherwise specified, the fully
executed Purchase Order will be considered notice to proceed

5. QUANTITIES:  The quantities required under this Contract shall be determined in accordance with the
category that has been identified as applicable to this Contract below.

O Open End Contract: Quantities listed in this Solicitation are approximations only, based on
estimates supplied bythe Agency. It is understood and agreed that the Contract shall cover the
quantities actually ordered for delivery during the term of the Contract, whether more or less
than the quantities shown.

O Service: The scope of the service to be provided will be more clearly defined m the
specifications included herewith.

@€ombined Service and Goods: The scope of the service and deliverable goods to be provided will be

more clearly defined in the specifications included herewith.

O One Time Purchase: This Contract is for the purchase of a set quantity of goods that are
identified in the specifications included herewith. Once those items have been delivered, no
additional goods may be procured under this Contract without an appropriate change order
approved bythe Vendor, Agency, Purchasing Division, and Attorney General's office.

6. PRICING: The pricing set forth herein is firm for the life of the Contract, unless specified elsewhere
within this Solicitation/Contract by the State. A Vendor's inclusion of price adjustment provisions in its
bid, without an express authorization from the State in the Solicitation to do so, may result in bid
disqualification .

7. EMERGENCY PURCHASES: The Purchasing Division Director may authorize the Agency to purchase
goods or services in the open market that Vendor would otherwise provide under this Contract if those
goods or services are for immediate or expedited delivery in an emergency. Emergencies shall include,
but are not limited to, delay.; in transportation or an unanticipated increase in the volume of work. An
emergency purchase in the open market, approved by the Purchasing Division Director, shall not
constitute of breach of this Contract and shall not entitle the Vendor to any form of compensation or
damages. This provision does not excuse the State from fulfilling its obligations under a One Time
Purchase contract.

8. REQUIRED DOCUMENTS: All of the items checked below must be provided to the Purchasing
Division bythe Vendor as specified below.
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O BID BOND: All Vendors shall furnish a bid bond in the amount of five percent (5%) of the
total amount of the bid protecting the State of West Virginia. The bid bond must be submitted
with the bid.

O PERFORMANCE BOND: The apparent successful Vendor shall provide aperformance bond
in the amount of. The performance bond must be issued and received by the Purchasing
Division prior to Contractaward. On construction contracts, the performance bond must be
100% of the Contract value.

O LABOR/MATERIAL PAYMENT BOND: The apparent successful Vendor shall provide a
labor/material pa)ffient bond in the amount of 100% of the Contract value. The labor/material
pa)ffient bond must be issued and delivered to the Purchasing Division prior to Contract award.

In lieu of the Bid Bond, Performance Bond, and Labor/Material Pa)ffient Bond, the Vendor may provide
certified checks, cashier's checks, or irrevocable letters of credit. Any certified check, cashier's check, or
irrevocable letter of credit provided in lieu of a bond must be of the same amount and delivered on the same
schedule as the bond it replaces. A letter of credit submitted in lieu of a performance and labor/material
pa)ffient bond will only be allowed for projects under $100,000. Personal or business checks are not
acceptable.

O MAINTENANCE BOND: The apparent successful Vendor shall provide a two (2) )ear
maintenance bond covering theroofing S)Stem. The maintenance bond must be issued and delivered
to the Purchasing Division prior to Contract award.

(ﬁORKERS’ COMPENSATION INSURANCE: The apparent successful Vendor shall

have appropriate workers' compensation insurance and shall provide proof thereof upon request.

Lumog Response: See Tab; Insurance
d;SURANCE: The apparent successful Vendor shall furnish proof of the following

insurance prior to Contract award and shall list the state as a certificate holder: Lumos Response:
See Tab; Insurance

Commercial General Liability Insurance:
$ 1,000,000.000r more. Lumos Response: See Tab; Insurance

Builders Risk Insurance: builders risk —all risk insurance in an amount equal to
100% of the amount ofthe Contract.

O
O
O
O
O
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The apparent successful Vendor shall also furnish proof of any additional insurance requirements
contained in the specifications prior to Contract awardregardless of whether ornot that
insurance requirement is listed above.

0 LICENSE(S) | CERTIFICATIONS / PERMITS: Jn addition to an}thing required under the
Section entitled licensing, of the General Terms and Conditions, the apparent successful Vendor
shall furnish proof of the following licenses, certifications, and/or permits prior to Contract award,
in a form acceptable to the Purchasing Division.

O
O
O
O

The apparent successful Vendor shall also furnish proof of any additional licenses or certifications
contained in the specifications prior to Contract award regardless of whether or not that requirement
is listed above.

9. LITIGATION BOND: The Director reserves the right to require any Vendor that files a protest of an award
to submit a litigation bond in the amount equal to one percent of the lowest bid submitted or
$5,000, whichever is greater. The entire amount of the bond shall be forfeited if the hearing officer
determines that the protest was filed for frivolous or improper purpose, including but not limited to, the
purpose of harassing, causing unnecessary delay, or needless expense for the Agency. All litigation bonds
shall be made payable to the Purchasing Division. Jn lieu of a bond, the protester may submit a cashier's
check or certified check payable to the Purchasing Division. Cashier's or certified checks will be deposited
with and held by the State Treasurer's office. If it is determined that the protest has not been filed for
frivolous or improper purpose, the bond or deposit shall be returned in its entirety.

10. ALTERNATES: Any model, brand, or specification listed herein establishes the acceptable level of
quality only and is not intended to reflect a preference for, or in any way favor, a particular brand or
vendor. Vendors may bid alternates to a listed model or brand provided that the alternate is at least
equal to the model or brand and complies with the required specifications. The equality of any alternate
being bid shall be determined by the State at its sole discretion. Any Vendor bidding an alternate model
or brand should clearly identify the alternate items in its bid and should include manufacturer's
specifications, industry literature, and/or any other relevant documentation demonstrating the equality of
the alternate items. Failure to provide information for alternate items may be grounds for rejection of a
Vendor'sbid.

11. EXCEPTIONS AND CLARIFICATIONS: The Solicitation contains the specifications that shall form
the basis of a contractual agreement. Vendor shall clearly mark any exceptions, clarifications, or
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other proposed modifications in its bid. Exceptions to, clarifications of, or modifications of a requirement
or term and condition of the Solicitation may result in bid disqualification.

12 LIQUIDATED DAMAGES: Vendor shall pay liquidated damages in the amount
for

This clause shall in no way be considered exclusive and shall not limit the State or Agency's right to
pursue any other available remedy.

13 ACCEPTANCE/REJECTION: The Statemay accept orreject anybid in whole, or in part. Vendor's
signature on its bid signifies acceptance of the terms and conditions contained in the Solicitation and
Vendoragreestobebound by theterms ofthe Contract, asreflected inthe Purchase Order, uponreceipt.

14 REGISTRATION: Prior to Contract award, the apparent successful Vendor must be properly registered
with the West Virginia Purchasing Division and must have paid the $125 fee if applicable.

15 COMMUNICATION LIMITATIONS: In accordance with West Virginia Code of State Rules §148-
1-6.6, communication with the State of West Virginia or any of its employees regarding this Solicitation
during the solicitation, bid, evaluation or award periods, except throughthe Purchasing Division,is
strictly prohibited without prior Purchasing Division approval. Purchasing Division approval for such
communication is implied for all agency delegated and exempt purchases.

16 FUNDING: This Contract shall continue for the term stated herein, contingent upon funds being appropriated
by the Legislature or otherwise being made available. Jn the event funds are not appropriated or otherwise
made available, this Contract becomes void and of no effect beginning on July 1 of the fiscal year
for which funding has not been appropriated or otherwise made available.

17. PAYMENT: Payment in advance is prohibited under this Contract. Payment may only be made after the
delivery and acceptance of goods or services. The Vendor shall submit invoices, in arrears, to the Agency at
the address on the face of the purchase order labeled "Invoice To."

18 UNIT PRICE: Unit prices shall prevail in cases of a discrepancy in the Vendor's bid.

19 DELIVERY: All quotations are considered freight on board destination ("F.O.B. destination"”) unless alternate
shipping terms are clearly identified in the bid. Vendor's listing of shipping terms that contradict the shipping
terms expresslyrequired by this Solicitation may result in bid disqualification.

20 INTEREST: Interest attributable to late payment will only be permitted if authorized by the West
Virginia Code. Presently, there is no provision in the law for interest on late payments.

21. PREFERENCE: Vendor Preference may only be granted upon written request and only in accordance
with the West Virginia Code § SA-3-37 and the West Virginia Code of State Rules. A Resident Vendor
Certification form has been attached hereto to allow Vendor to apply for the preference. Vendor's

Revised 01/22/2014



failure to submit the Resident Vendor Certification form with its bid will result in denial of Vendor
Preference. Vendor Preference does not apply to construction projects.

22.SMALL, WOMEN-OWNED, OR MINORITY-OWNED BUSINESSES: For any solicitations

publicly advertised for bid on or after July 1, 2012, in accordance with West Virginia Code §5A-3-
37(a)(7) and W. Va. CSR § 148-22-9, any non-resident vendor certified as a small, women-owned, or
minority-owned business under W. Va. CSR § 148-22-9 shall be provided the same preference made
available to any resident vendor. Any non-resident small, women-owned, or minority-owned business
must identify itself as such in writing, must submit that writing to the Purchasing Division with its bid,
and must be properly certified under W. Va. CSR § 148-22-9 prior to submission of its bid to receive the
preferences made available to resident vendors Preference for a non-resident small, women-owned, or
minority owned business shall be applied in accordance with W.Va. CSR § 148-229.

23. TAXES: The Vendor shall pay any applicable sales, use, personal property or any other taxes arising out
of this Contract and the transactions contemplated thereby. The State of West Virginia is exempt from
federal and state taxes and will not pay or reimburse such taxes.

24. CANCELLATION: The Purchasing Division Director reserves the right to cancel this Contract immediately
upon written notice to the vendor if the materials or workmanship supplied do not conform to the
specifications contained in the Contract. The Purchasing Division Director may cancel any purchase or
Contract upon 30 day.; written notice to the Vendor in accordance with West Virginia Code of State Rules
§ 148-1-7.162.

25. WAIVER OF MINOR IRREGULARITIES: The Director reserves the right to waive minor irregularities
in bids or specifications in accordance with West Virginia Code of State Rules § 148-1-4.6.

26. TIME: Time is of the essence with regard to all matters of time and performance in this Contract.

27. APPLICABLE LAW: This Contract is governed by and interpreted under West Virginia law without giving
effect to its choice of law principles. Any information provided in specification manuals, or any other source,
verbal or written, which contradicts or violates the West Virginia Constitution, West Virginia Code or West
Virginia Code of State Rules is void and of no effect.

28. COMPLIANCE: Vendor shall comply with all applicable federal, state, and local laws, regulations and
ordinances. By submitting a bid, Vendors acknowledge that they have reviewed, understand, and will comply
with all applicable law. '

29. PREVAILING WAGE: On any contract for the construction of a public improvement, Vendor and any
subcontractors utilized by Vendor shall pay a rate or rates of wages which shall not be less than the fair
minimum rate or rates of wages (prevailing wage), as established by the West Virginia Division of Labor
under West Virginia Code §§ 21-5A-1 et seq. and available at http://www.sos.wv.gov/administrative-
law/wagerates/Pages/default.aspx. Vendor shall be responsible for ensuring compliance with prevailing wage
requirements and determining when prevailing wage
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requirements are applicable. The required contract provisions contained in West Virginia Code of State
Rules §42-7-3 are specifically incorporated herein by reference.

30. ARBITRATION: Any references made to arbitration contained in this Contract, Vendor's bid, or in
any American Institute of Architects documents pertaining to this Contract are hereby deleted, void, and
of no effect.

31. MODIFICATIONS: This writing is the parties’ final expression of intent. Notwithstanding anything
contained in this Contract to the contrary, no modification of this Contract shall be binding without
mutual written consent of the Agency, and the Vendor, with approval of the Purchasing Division and the
Attorney General's office (Attorney General approval is as to form only). No Change shall be
implemented by the Vendor until such time as the Vendor receives an approved written change order
from the Purchasing Division.

32. WAIVER: The failure of either party to insist upon a strict performance of any of the terms or provision
of this Contract, or to exercise any option, right, or remedy herein contained, shall not be construed as a
waiver or a relinquishment for the future of such term, provision, option, right, or remedy, but the same shall
continue in full force and effect. Any waiver must be expressly stated in writing and signed by the waiving

party.

33.SUBSEQUENT FORMS: The terms and conditions contained in this Contract shall supersede any and all
subsequent terms and conditions which may appear on any form documents submitted by Vendor to the
Agency or Purchasing Division such as price lists, order forms, invoices, sales agreements, or maintenance
agreements, and includes internet websites or other electronic documents. Acceptance or use of Vendor's
forms doesnot constitute acceptance of the terms and conditions contained thereon.

34. ASSIGNMENT: Neither this Contract nor any monies due, or to become due hereunder, may be assigned
by the Vendor without the express written consent of the Agency, the Purchasing Division, the Attorney
General's office (as to form onl)?, and any other government agency or office that may be required to
approve such assignments. Notwithstanding the foregoing, Purchasing Division approval may or maynot
be required on certain agency delegated or exempt purchases.

35. WARRANTY: The Vendor expressly warrants that the goods and/or services covered by this Contract
will: (a) conform to the specifications, drawings, samples, or other description furnished or specified by
the Agency, (b) be merchantable and fit for the purpose intended; and (c) be free from defect in material
and workmanship.

36. STATE EMPLOYEES: State emplo)ees are not permitted to utilize this Contract for personal use and
the Vendor is prohibited from permitting or facilitating the same.

37.BANKRUPTCY: In the event the Vendor files for bankruptcy protection, the State of West Virginia
may deem this Contract null and void, and terminate this Contract without notice.
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38. [RESERVED]

39. CONFIDENTIALITY: The Vendor agrees that it will not disclose to an}{me, directly or indirectly, any
such personally identifiable information or other confidential information gained from the Agency,
unless the individual who is the subject of the information consents to the disclosure in writing or the
disclosure is made pursuant to the Agency's policies, procedures, and rules. Vendor further agrees to
comply with the Confidentiality Policies and Information Security Accountability Requirements, set
forth in http//www.state.wv.us/admin/purchase/privacy/default.html .

40. DISCLOSURE: Vendor's response to the Solicitation and the resulting Contract are considered public
documents and will be disclosed to the public in accordance with the laws, rules, and policies governing
the West Virginia Purchasing Division. Those laws include, but are not limited to, the Freedom of
Information Act found in West Virginia Code §29B-1-1 et seq.

If a Vendor considers any part of its bid to be exempt from public disclosure, Vendor must so indicate
by specifically identif)'ing the exempt information, identif)'ing the exemption that applies, providing a detailed
justification for the exemption, segregating the exempt information from the general bid information, and
submitting the exempt information as part of its bid but in a segregated and clearly identifiable format.
Failure to comply with the foregoing requirements will result in public disclosure of the Vendor's bid
without further notice. A Vendor's act of marking all or nearly all of its bid as exempt is not sufficient to
avoid disclosure and WILL NOT BE HONORED. Vendor's act of marking a bid or any part thereof as
"confidential " or 'proprietary” is not sufficient to avoid disclosure and WILL NOT BE HONORED. In
addition, a legend or other statement indicating that all or substantially all of the bid is exempt from
disclosure is not sufficient to avoid disclosure and WILL NOT BE HONORED. Vendor will be required
to defend any claimed exemption for nondisclosure in the event of an administrative or judicial challenge to
the State's nondisclosure. Vendor must indemnify the State for any costs incurred related to any exemptions
claimed by Vendor. Any questions regarding the applicability of the various public records laws should
be addressed to your own legal counsel prior to bid submission.

41. LICENSING: In accordance with West Virginia Code of State Rules §148-1-6.1.7, Vendor must be
licensed and in good standing in accordance with any and all state and local laws and requirements by
any state or local agency of West Virginia, including, but not limited to, the West Virginia Secretary of
State's Office, the West Virginia Tax Department, West Virginia Insurance Commission, or any other
state agency or political subdivision. Upon request, the Vendor must provide all necessary releases to
obtain information to enable the Purchasing Division Director or the Agency to verify that the Vendor is
licensed and in good standing with the above entities.

42. ANTITRUST: In submitting a bid to, signing a contract with, or accepting a Purchase Order from any
agency of the State of West Virginia, the Vendor agrees to convey, sell, assign, or transfer to the State of
West Virginia all rights, title, and interest in and to all causes of action it may now or hereafter acquire
under the antitrust laws of the United States and the State of West Virginia for price fixing and/or unreasonable
restraints of trade relating to the particular commodities or services purchased or acquired
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by the State of West Virginia. Such assignment shall be made and become effective at
the time the purchasing agency tenders the initial payment to Vendor.

43.VENDOR CERTIFICATIONS: By signing its bid or entering into this Contract, Vendor

44.

45.

certifies (1) that its bid was made without prior understanding, agreement, or connection with
any corporation, firm, limited liability company, partnership, person or entity submitting a bid
for the same material, supplies, equipment or services; (2) that its bid is in all respects fair and
without collusion or fraud; (3) that this Contract is accepted or entered into without any prior
understanding, agreement, or connection to any other entity that could be considered a violation
of law; and (4) that it has reviewed this RFQ in its entirety; understands the requirements,
terms and conditions, and other information contained herein. Vendor's signature on its bid also
affirms that neither it nor its representatives have any interest, nor shall acquire any interest,
direct or indirect, which would compromise the performance of its services hereunder. Any such
interests shall be promptly presented in detail to the Agency.

The individual signing this bid on behalf of Vendor certifies that he or she is authorized by
the Vendor to execute this bid or any documents related thereto on Vendor's behalf; that he or
she is authorized to bind the Vendor in a contractual relationship; and that, to the best of his
or her knowledge, the Vendor has properly registered with any State agency that may require
registration .

PURCHASING CARD ACCEPTANCE: The State of West Virginia currently utilizes a
Purchasing Card program, administered under contract by a banking institution, to process
payment for goods and services. The Vendor must accept the State of West Virginia's
Purchasing Card for payment of all orders under this Contract unless the box below ischecked.

Vendor is not required to accept the State of West Virginia's Purchasing Card as
payment for all goods and services.

VENDOR RELATIONSHIP: The relationship of the Vendor to the State shall be that of
an independent contractor and no principal-agent relationship or employer-employee
relationship is contemplated or created by this Contract. The Vendor as an independent
contractor is solely liable for the acts and omissions of its employees and agents. Vendor shall
be responsible for selecting, supervising, and compensating any and all individuals
employed pursuant to the terms of this Solicitation and resulting contract. Neither the
Vendor, nor any employees or subcontractors of the Vendor, shall be deemed to be
employees of the State for any purpose whatsoever. Vendor shall be exclusively responsible
for payment of employees and contractors for all wages and salaries, taxes, withholding
payments, penalties, fees, fringe benefits, professional liability insurance premiums,
contributions to insurance and pension, or other deferred compensation plans, including but
not limited to, Workers' Compensation and Social Security obligations, licensing fees, efc.
and the filing of all necessary documents, forms and returns pertinent to all of the foregoing.
Vendor shall hold harmless the State, and shall provide the State and Agency with a defense
against any and all claims including, but not limited to, the foregoing payments,
withholdings, contributions, taxes, Social Security taxes, and employer income tax returns.
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46.

47.

48.

49.

50.

INDEMNIFICATION: The Vendor agrees to indemnify, defend, and hold harmless the
State and the Agency, their officers, and employees from and against: (1) Any claims or
losses for services rendered

by any subcontractor, person, or firm performing or supplying services, materials, or
supplies in connection with the performance of the Contract; (2) Any claims or losses
resulting to any person or entity injured or damaged by the Vendor, its officers,
employees, or subcontractors by the publication, translation, reproduction, delivery,
performance, use, or disposition of any data used under the Contract in amanner not
authorized by the Contract, or by Federal or State statutes or regulations;

and (3) Any failure of the Vendor, its officers, employees, or subcontractors to observe
State and Federal laws including, but not limited to, labor and wage and hour laws.

PURCHASING AFFIDAVIT: Inaccordance with West Virginia Code § SA-3-10a, all
Vendors

arerequired to sign, notarize, and submit the Purchasing Affidavit stating that neither
the Vendor nor arelated party owe a debt to the State in excess of $1,000. The aftidavit
must be submitted prior to award, but should be submitted with the Vendor's bid. A
copy of the Purchasing Affidavit is

included herewith. Lumos Networks Response: See Tab Forms; Purchasing Affidavit

ADDITIONAL AGENCY AND LOCAL GOVERNMENT USE: This Contract may
be utilized by and extends to other agencies, spending units, and political subdivisions of
the State of West Virginia; county, municipal, and other local government bodies; and
school districts ("Other Government Entities"). This Contract shall be extended to the
aforementioned Other Government Entities on the same prices, terms, and conditions as
those offered and agreed to in this Contract. If the Vendor does not wish to extend the
prices, terms, and conditions of its bid and subsequent contract to the Other Government
Entities, the Vendor must clearly indicate such refusal in its bid. A refusal to extend this
Contract to the Other Government Entities shall not impact or influence the award of this
Contract in any manner.

CONFLICT OF INTEREST: Vendor, its officers or members or employees, shall not
presently have or acquire any interest, direct or indirect, which would conflict with or
compromise the performance of its obligations hereunder. Vendor shall periodically inquire
of its officers, members and employees to ensure that a conflict of interest does not arise.
Any conflict of interest discovered shall be promptly presented indetail to the Agency.

REPORTS: Vendor shall provide the Agency and/or the Purchasing Division with
the following reports identified by a checked box below:
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§1.

32;

OSuch reports as the Agency and/or the Purchasing Division may request. Requested

reports may include, but are not limited to, quantities purchased, agencies utilizing the
contract, total contract expenditures by agency, etc.

Quarterly reports detailing the total quantity of purchases in units and dollars, along

with a listing of purchases by agency. Quarterly reports should be delivered to the
Purchasing Division via

Email at purchasing.reguisitions@wv .gov.

BACKGROUND CHECK: In accordance with W. Va. Code § 15-2D-3, the
Director of the Division of Protective Services shall require any service provider whose
employees are regularly employed on the grounds or in the buildings of the Capitol
complex or who have access to sensitive or critical information

to submit to a fingerprint-based state and federal background inquiry through the state
repository. The service provider is responsible for any costs associated with the fingerprint-
based state and federal background inquiry.

After the contract for such services has been approved, but before any such emploes are
permitted to be on the grounds or in the buildings of the Capitol complex or have access
to sensitive or critical information, the service provider shall submit a list of all persons
who will be physically present and working at the Capitol complex to the Director of the
Division of Protective Services for purposes of verifying compliance with this provision.

The State reserves the right to prohibit a service provider’semployees from accessing
sensitive or critical information or to be present at the Capitol complex based upon results
addressed from a criminal background check.

Service providers should contact the West Virginia Division of Protective Services by
phone at (304)558-9911 for more information.

PREFERENCE FOR USE OF DOMESTIC STEEL PRODUCTS: Except when authorized
by the Director of the Purchasing Division pursuant to W. Va. Code § 5A-3-56, no
contractor may use or supply steel products for a State Contract Project other than those
steel products made in the United States. A contractor who uses steel products in violation
of this section may be subject to civil penalties pursuant to W. Va. Code § 5A-3-56. As used in
this section:

a. "State Contract Project” means any erection or construction of, or any addition to,
alteration of or other improvement to any building or structure, including, but not limited
to, roads or highways, or the installation of any heating or cooling or ventilating plants
or other equipment, or the supply of and materials for such projects, pursuant to a
contract with the State of West Virginia for which bids were solicited on or after June
6, 2001.
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b. "Steel Products"means products rolled, formed, shaped, drawn, extruded, forged, cast,
fabricated or otherwise similarly processed, or processed by a combination of two or
more or
such operations, from steel made by the open heath, basic oxygen, electric furnace,
Bessemer or other steel making process.

The Purchasing Division Director may, in writing, authorize the use of foreign steel products if:

a. The cost for each contract item used does not exceed one tenth of one percent
(.1%) of the total contract cost or two thousand five hundred dollars ($2,500.00),
whichever is greater. For the purposes of this section, the cost is the value of the
steel product as delivered to the project; or

b. The Director of the Purchasing Division determines that specified steel materials
are not produced in the United States in sufficient quantity or otherwise are not
reasonably available to meet contract requirements.

53. PREFERENCE FOR USE OF DOMESTIC ALUMINUM, GLASS, AND STEEL: In
Accordance with W. Va. Code § 5-19-1 et seq.,and W. Va. CSR § 148-10-1 et seq., for every
contract or subcontract,

subject to the limitations contained herein, for the construction, reconstruction, alteration, repair,
improvement or maintenance of public works or for the purchase of any item of machinery
or equipment to be used at sites of public works, only domestic aluminum, glass or steel
products shall be supplied unless the spending officer determines, in writing, after the receipt
of offers or bids, (1) that the cost of domestic aluminum, glass or steel products is unreasonable
or inconsistent with the public interest of the State of West Virginia, (2) that domestic
aluminum, glass or steel products are not produced in sufficient quantities to meet the contract
requirements, or (3) the available domestic aluminum, glass, or steel do not meet the contract
specifications. This provision only applies to public works contracts awarded in an amount
more than fifty thousand dollars ($50,000) or public works contracts that require more than
ten thousand pounds of steel products.

The cost of domestic aluminum, glass, or steel products may be unreasonable if the cost
is more than twenty percent (20%) of the bid or offered price for foreign made aluminum,
glass, or steel products. If the domestic aluminum, glass or steel products to be supplied or
produced in a "substantial labor surplus area”, as defined by the United States Department
of labor, the cost of domestic aluminum, glass, or steel products may be unreasonable if
the cost is more than thirty percent (30%) of the bid or offered price for foreign made
aluminum, glass, or steel products.
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This preference shall be applied to an item of machinery or equipment, as indicated above,
when the item is a single unit of equipment or machinery manufactured primarily of
aluminum, glass or steel, is part of a public works contract and has the sole purpose or of
being a permanent part of a single public works project. This provision does not apply to
equipment or machinery purchased by a spending unit for use by that spending unit and not
as part of a single public works project.

All bids and offers including domestic aluminum, glass or steel products that exceed bid or
offer prices including foreign aluminum, glass or steel products after application of the
preferences provided in this provision may be reduced to a price equal to or lower than
the lowest bid or offer price for foreign aluminum, glass or steel products plus the applicable
preference.If the reduced bid or offer prices are made in writing and supersede the prior bid
or offer prices, all bids or offers, including the reduced bid or offer prices, will be reevaluated
in accordance with this rule.
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SPECIFICATIONS

1. PURPOSE AND SCOPE: The West Virginia Purchasing Division is soliciting bids on
behalf of the West Virginia Educational Broadcasting Authority (EBA) to establish a
contract for the one time purchase of site-to-site connectivity between three properties of
the EBA and two West Virginia Network (WVNet) locations, as well as Internet access.

The connectivity (see exhibit B) will be used as follows:

e Layer2 Ethernet:

(o)

O
0
0O
0
o
O
O
O

Inter-office data and file exchange

Connection to the State of WV backbone

Teleconferencing

Internal video streaming

Content production sharing and viewing / listening

Equipment monitoring, including microwave systems

Radio broadcast and monitoring

Disaster recovery

Testing of emerging technologies to transport broadcast video over layer 2
Ethernet

= Digital Signal 3 (DS3):

o}

0
o
O

Transport of broadcast video to transmitters
Transport of Production video feeds between locations
Transport of live broadcasts to our Master Control

Failover capabilities for broadcast video

= Internet Access:

O 00O

o

0

Audio and Video streaming of current and archived content

Delivery of educational content to appropriate parties

Remote access for news reporters -report from the field

Remote access for technical staff -remote monitoring and repair from the
field

Failover connections between locations in the event of site-to-site
connectivity failures

General Internet Access

2. DEFINITIONS: The terms listed below shall have the meanings assigned to them
below. Additional definitions can be found in section 2 of the General Terms and

Conditions.

2.1 "Contract Item' means:

Revised 10/18/2012
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2.1.1 LAYER 2 ETHERNET: Ethernet connectivity as defined by the IEEE
(Institute of Electrical and Electronics Engineers) 802.3 standard and all
updates to the standard regarding wired circuits.

2.1.2 CLEARCHANNEL DIGITAL SIGNAL 3 (DS3) CIRCUIT: Point-to-
Point, full duplex, clear channel carrier meeting ITU-T (International
Telecommunication Union -Telecommunication Standardization Sector)
G.703 specifications.

2.1.3 INTERNET ACCESS: Point-of-Presence (POP) connecting Local Area
Networks (LANS) to the public Internet.

2.2 "Pricing Page' means the pages upon which Vendor should list its proposed price
for the Contract Items in the manner requested. The Pricing Page is attached hereto
as Exhibit A.

2.3 "RFQ" means the official request for quotation published by the Purchasing Division
and identified as EBA471.

2.4 "QUALITY OF SERVICE (QOS)": Quality of Service as defined by the IEEE
802.1Q standard for priority level tagging within an Ethernet frame header.

2.5 "REVERSE DNS (DOMAIN NAME SYSTEM)'": means reverse DNS lookup or
reverse DNS resolution. It is the determination of a domain name that is associated
with a given IP address using the Domain Name System of the Internet.

2.6 "NODE" means a piece of equipment through which a circuit traverses creating an
additional point of failure.

2.7 "Point of Demarcation" means the point at which responsibility for the circuits and
hardware changes from the vendor to the EBA.

2.8 '"Last Mile" isthe portion of the circuit between the vendor's core network and the
EBA's site.

3. GENERAL REQUIREMENTS:

3.1 Mandatory Pre-Bid Meetings: There shall be a pre-bid meeting at the Beckley
offices of the EBA (124 Industrial Park Rd., Beaver WV 25813) on February 18,
2014, Tuesday @ 10:00 a.m. The purpose of this meeting is to discuss the contract,
answer any questions vendors may have, and permit vendors to tour the facility in
order to determine accurate build-out costs. There shall be a second pre-

Revised 10/18/2012
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bid meeting at the Charleston offices of the EBA (600 Capitol St., Charleston, WV
25301) on February 2 4. Fri 10:00 a.m. There shall be a third pre-bid
meeting at the Morgantown offices of the EBA (191 Scott Ave., Morgantown, WV
26505) on February 25, 2014, Tuesday @ 11:00 a.m. The sole purpose of the
second and third meetings is to tour the facilities in order to determine accurate
build-out costs. Any vendor wishing to bid on this contract must attend all pre-bid
meetings.

3.2 Subcontracting: The vendor must own all fiber, copper wire, and equipment, and all
workers must be direct employees of the vendor with the exception of approved
subcontractors as defined below.

3.2.1 Vendor shall be wholly responsible for any subcontracted services,
including but not limited to: safety, insurance, training, quality
assurance, response time, and oversight.

3.2.2 All subcontracting must be approved by the EBA prior to proceeding.
Credentials and references for any proposed subcontractors shall be
provided to the WV Purchasing Division within 24 hours after bid
opening. Lumos Networks Response: See Tab; Sub Contractor
Credentials

3.3 All Inclusive: Vendor must be able to provide all items and options on this RFQ to
be eligible for this contract.

3.4 Mandatory Contract Item Requirements: Contract [tems must meet or exceed
the mandatory requirements listed below.

34.1 LAYER2ETHERNET

3.4.1.1 Circuits must meet all IEEE standards for Ethernet over
wired circuits. In Compliance.

3.4.1.2 Vendor must have redundant paths for the layer 2 Ethernet
circuits on its core network such that a line cut, or similar
issue, will automatically failover to another path with no
service interruption. The vendor shall provide a basic diagram
of their core network illustrating this redundancy. This
diagram must illustrate that there

Revised 10/18/2012
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is no single point of failure and be acceptable to the EBA. The connection from the vendor's core
network to the EBA's sites may be non-redundant. Lumos Networks complies. Below is a high level

diagram of the Lumos Networks core network illustrating this redundancy to be provided by Lumos
Networks
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LUMOS NETWORKS CONFIDENTIAL

3.4.1.3 Ethernet circuit shall traverse a maximum of 20 nodes from point of origin to point of
termination. Vendor shall supply a list of these nodes. Lumos Networks Response:

Lumos Networks strives on actively monitoring our network to avoid exceeding the capacity of our Metro
Ethernet rings. However, EBA would be placed on a ring shared with other customers and Lumos Networks
cannot guarantee the number of nodes on any given ring that EBA services would obtain transport on. Lumos
Networks does offer a Private Metro Ethernet Ring solution that would provide EBA to be the only node on a
given ring however this would be priced separately then how RFQ EBA471 has requested services and would be
applicable to additional charges.

The EBA nodes on the Lumos Networks Metro Ethernet transport would be on a ring topology allowing that if a
node on the ring were to have a failure traffic would re-route the other direction of the ring.

Lumos Networks cannot provide a list of the specific nodes due to the information being proprietary for
customer security reasons and these nodes may change at any given time.
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3.4.1.4 Circuits must be compatible with all switches, routers, and other equipment using standard layer
2 Ethernet technologies. In Compliance.

3.4.1.5 Vendor must honor all EBA Quality-of-Service (QoS) assignments across the vendor's entire
network. These designations must apply even when the EBA is sharing bandwidth with other vendor
customers. Lumos Networks Response: Lumos Networks allows for QoS to be applied at the EVC level
meaning that Lumos Networks can treat each EVC differently with a P-bit value Lumos Networks would
assign to prioritize network traffic (“untrusted” model). Lumos Networks at this time does not support
customer provided, per Frame QoS assignments (“trusted” model). EVC based QoS priority forwarding
levels are as follows (low priority to high): Best Effort (Low-Priority Data), Basic/Bulk (Basic Business
Data), Transactional (Business Applications), Critical (Time-sensitive data), Real-Time Video (Video),
Real-Time Voice (Voice). EBA may provide Lumos Networks with specific QoS priority forwarding levels
for each EVC purchased and Lumos Networks will apply the QoS priority forwarding level to the associated
EVCG).

3.4.1.6 Vendor must segregate the provided 1 Gigabit Ethernet circuits into multiple RJ-45 ports
of varying bandwidth and purpose. Bandwidth shall be independently guaranteed to be a minimum
of stated bandwidth on all ports, with no traffic on any port affecting traffic on another port. Initial
segregation will be as described in Exhibit C, Ethernet Segregation. Vendor shall, on request by
the EBA, but notto exceed 1 time in a 6-month period, reconfigure this segregation at no charge.
The point of demarcation shall be these ports. Lumos Networks Understands and Complies.

3.4.2 DIGITAL SIGNAL 3 (DS3) CIRCUIT

3.4.2.1 DS3 must meet all ITU-T specifications for G.703 circuits. See Exhibits D through G.
In Compliance.
3.4.2.2 DS3 must be configured with CBIT framing as described in Exhibit
H, Fundamentals of DS3, published by Telecommunications
Techniques Corporation. In Compliance.

3.4.2.3 Vendor must supply timing for the DS3 circuit. In Compliance.

3.4.2.4 DS3 circuits must be full duplex; permitting separate data
streams each direction. In Compliance.

3.4.2.5 DS3 circuits must terminate in 2 BNC video type connections;
1 transmit connection and 1 receive connection. These connections
shall be the point of demarcation. In Compliance.
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3.4.2.6 Each EBA site may be the terminating point for two DS3 circuits (see Exhibit B). At each site
each DS3 shall be routed such that no single failure on the vendor's core network will bring down both
DS3 circuits. The vendor shall provide a basic diagram of their core network illustrating this. This
diagram must illustrate that there is no single point of failure and be acceptable to the EBA. The
connection from the vendor's core network to the EBA's sites may be non-redundant. Lumos Networks

complies. Below is a high level diagram of the Lumos Networks core network illustrating this redundancy
to be provided by Lumos Networks.
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3.4.2.7 DS3 circuits shall traverse a maximum of 20 nodes from point of origin to point of termination.
Vendor shall supply a list of these nodes. Lumos Network Response: Lumos Networks strives on actively
monitoring our network to avoid exceeding the capacity of our SONET rings. However, EBA would be
placed on a ring shared with other customers and Lumos Networks cannot guarantee the number of nodes
on any given ring that EBA services would obtain transport on. Lumos Networks does offer a Private
SONET Ring solution that would provide EBA to be the only node on a given ring however this would be
priced separate then how RFQ EBA471 has requested services.

The EBA nodes on the Lumos Networks SONET transport would be on a ring. Lumos Networks cannot
provide a list of the specific nodes due to the information being proprietary for customer security reasons
and these nodes may change at any given time.
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343 INTERNET CONNECTIVITY
3.4.3.1 Internet connections must be full duplex; stated bandwidth both directions. In Compliance.

3.4.3.2 Vendor must assign a class C subnet of 256 public [P numbers (minimum) for use by the
EBA. Reverse DNS (Domain Name System) configurations for this subnet will be maintained by the
EBA with the Vendor transferring this information to its own servers via zone transfers. Lumos
Networks Response: Lumos Networks abides by the policies and regulations of the American Registry for
Internet Numbers (ARIN). ARIN provides the IP space that Lumos Networks distributes to our customer
base. In order for Lumos Networks to acquire IP address space from ARIN, Lumos Networks must follow
their policies for allocations and assignments to our customers and enforce efficient utilization of all [P
addresses. For this reason, our customers are required to justify their IP needs to us in detail using an IP
Justification Form See Tab: Forms: IP Justification Form. Pending completion of the IP Justification
form by EBA and approval of the formal request made by EBA for a class C subnet of 256 public IP
numbers (/24) Lumos Networks complies with this request

3.4.3.3 Vendor must support eBGP (external Border Gateway Protocol) for
failover of public IP traffic to a 3rd party's Internet service. In

Compliance.
3.4.3.3.1 Vendor must cooperate / coordinate with any parties

necessary to configure and test these failover
capabilities. In Compliance,

3.4.3.3.2 For failover purposes, vendor must permit the 3rd party
Internet provider to announce all vendor-owned public
IP's assigned to the EBA. In Compliance.

3.4.3.3.3 Upon completion of circuits and notification by the
EBA, vendor will configure this failover in a timely
manner. In Compliance.

3.4.4 REDUNDANT LAST MILE

3.4.4.1 Vendor shall quote as an option the cost of maintaining a
redundant circuit between their core network and each EBA site.
This quote shall be separate from the primary circuit quote, items 1
& 2 on the Pricing Pages (Exhibit A). This shall be an option that
the EBA may purchase from the winning vendor of the Primary
Circuit Quote. Lumos Networks Response: In Compliance; Lumos
has designed solutions to meet the specified requirements for the
redundant last mile for the Ethernet circuits (any to any) and has
supplied pricing on Exhibit A — Pricing Pages See Pricing Tab;
Exhibit A
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3.4.4.2 These redundant circuits shall be routed such that there is no single
point of failure that could cause both circuits to be down at the
same time. Lumos Networks Response:
Lumos Networks has designed the following solutions to meet the EBA requirements of a
redundant last mile:
Non-Collapsed Lateral Last Mile (Single Entrance) A non-collapsed lateral last mile where Metro
Ethernet fiber from the Metro Ethernet ring would come from two separate points of the ring and
would enter the EBA property from two difference points and then into a single entrance into the
EBA site. Per EBA471 Addendum 1 Q&A Question #7 Lumos Networks designed this into a
single entrance specified by the EBA. This configuration insures that if one of the last mile fiber
routes to the EBA location fails, the other route will keep the EBA location on-line. This
configuration protects against an outage caused by damage to fiber between Lumos splice points
and customer property line.

POP Diversity: EBA circuits would have presence in two separate Lumos Networks POPs that
would be connected to the Metro Ethernet ring. This would allow that if Lumos Networks
experienced an outage in a single POP services for the EBA would remain in service from the
second POP.

Redundant Lumos Routers at EBA Premise: EBA circuits will have dual presence on two Lumos
Networks routers at the EBA premise. This will protect from single port failure or single router
failure.

The high level diagram below displays the redundancy that would be made available per location if EBA
chooses to purchase the Redundant Last Mile options. If EBA were to require changes to this configuration
Lumos Networks would be need to provide alternate pricing to match EBA specified changes.
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WV EBA RFQ EBA471 Section 3.4.4 — High Level Diagram — Redundant Last Mile
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3.4.4.3 These redundant circuits shall be configured such that if one fails
service is automatically routed to the other circuit with no
interruption to service. Lumos Networks is In Compliance.
3.9 Service Level Commitments: Vendor shall price their circuits such that they shall

meet all the following requirements: Lumos Networks Response: See Tab; Service

Level Agreement
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3.5.1 Monitoring:

3.5.1.1 Vendor should monitor all circuits for latency, packet loss, and up time.
Any available statistics shall be provided to the EBA with their
monthly invoice showing the average latency, percentage packet loss,
and percentage up time for the billing cycle. If available, these statistics
will also be provided to the EBA for any time period upon request. If
vendor is unable to monitor any of these service specifications, the
vendor will accept the statistics resulting from the EBA's own
monitoring. Lumos Networks understands the needs of monitoring
circuits for latency, packet loss, and up time and strives to provide our
customers with the best information possible. Currently Lumos Networks
does not have in place reports that could be provided to the EBA in their
monthly invoice showing these statistics. Lumos Networks is in process
of developing functionality to provide this type of reporting but does not
have a specific date of completion that we are able to present to the EBA
at this time. Lumos Networks can provide EBA upon written request and
advance notice with EBA coordination, an out-of-service measurement
for both ends of an identified circuit. This out-of-service measurement
can generate metrics for latency, packet loss, and availability (up time).

3.5.1.2 If statistics provided by vendor differ from those resulting from the EBA's own monitoring,
vendor shall work with the EBA to determine which statistics are accurate. These agreed-upon
statistics shall be used to determine if service level commitments are met. If an agreement cannot be
reached, the statistics from the EBA's monitoring shall be used to determine if service level
commitments aremet. Lumos Networks Response: Lumos Networks evaluation of SLA guarantees and
determination of whether they have been met will be based upon Lumos Networks statistics and systems.
Lumos Networks will work with the EBA to provide information and insight into our findings, but will not
use customer statistics to determine if service level commitments have been satisfied.

3.5.2 Latency: all circuits must have a maximum of 76 milliseconds of network
latency (one-way delay). In Compliance.

3.5.3 Packet Loss: Packet delivery is the transit of packets between points of
demarcation on the vendor’s network. Packet loss is the percentage of
packets not reaching their destination. This shall be calculated as ((total
forwarded packets —total received packets) / total forwarded packets) x 100.
Packet loss must be a maximum of 0.1% when usage on a circuit is less than
100% ofits stated bandwidth. In Compliance.
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3.5.4 Bandwidth: all circuits must perform at their stated bandwidth or higher at

all times. In Compliance.

3.5.5 Target Circuit Availability: all circuits must have a minimum target
circuit availability 0£99.99%. In Compliance.

3.5.6 Mean Time to Repair: all circuits must have a maximum mean time to
repair of 4 hours. Time to repair shall begin when the EBA reports the
problem to the vendor and end when the vendor notifies the EBA the repair
is complete. Repair completion must be verified by the EBA to be
considered final. In Compliance.

3.5.7 Centralized Point of Contacts: The vendor shall provide one point of
contact for all trouble, repair, and performance issues; and one point of
contact for all billing and financial issues. Each point of contact shall be the
appropriate party without multiple transfers to resolve issues. The vendor
may provide a web portal as an additional means of monitoring, reviewing,
and reporting issues. Lumos Networks Response: Lumos Networks strives to
provide the highest level of service for its customer base. EBA will qualify
to be a Lumos Networks Platinum Care customer where you will be given an
800# that will place the call from the EBA to the top of our call queue. Lumos
Networks is in progress for building a portal that will allow the EBA
monitoring, reviewing, and reporting issues and will be advised as soon as
these features are made available. See Tab; Platinum Care Contact

Information
3.5.8 Service Level Credits:

3.5.8.1 Ifa cirauit is down for more than an hour three times or more in any 30 calendar day period
vendor shall credit the EBA one month's charges for that circuit. Lumos Networks Response: For each
cumulative hour of bandwidth unavailability or fraction thereof in any calendar month, at EBA request,
EBA’s account will be credited an amount equal to the pro-rated charges for one full day of the monthly fee
for the service for which the service availability commitment has not been met. A maximum of one
month’s credit will be given for all combined remedies for any given calendar month, excluding the initial
60 days after installation. The SLA also does not allow for credit during scheduled maintenance windows.

3.5.8.2 Ifthe mean time to repair is more than 4 hours for any circuit in any 12-month period, vendor shall
credit the EBA 10% of the monthly cost of the circuit plus 10% for each additional hour over 5 hours. Fifteen
minutes or more shall constitute an additional hour for these calculations. The credit shall not exceed the
monthly cost of the circuit. Lumos Networks Response: If the MTTR is more than 4 hours in one billing
month, at EBA’s written request, EBA’s account shall be credited an amount equal to the pro-rated charges
for one full day of the monthly fee for the service for which the MTTR has not been met. EBA may obtain
no more than one credit per day. Maximum credit that may be given for all combined remedies within any
given month will be equal to one monthly fee for the service. A 60-day “shakedown’ period after initial
installation of a dedicated circuit is not covered by the MTTR availability commitment in order to allow
time for proper service adjustments and troubleshooting.
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3.5.8.3 Ifa circuit doesn't meet the latency or packet loss commitments as described in sections
3.5.2 and 3.5.3, the vendor shall credit the EBA 25% of the monthly cost of the circuit until
such time as these commitments are met. Lumos Networks Response: For each failure to meet a
network performance metric listed above in any calendar month, at Customer’s request, Customer’s
account will be credited an amount equal to the pro-rated charges for one full day of the monthly fee
for the Service for which the Network Performance Guarantee has not been met. A maximum of one
month’s credit will be given for all combined remedies for any given calendar month, excluding the
initial 60 days after installation.

3.5.8.4 If a circuit fails to perform at its stated bandwidth vendor shall
reduce the daily costs on the circuit by the same percentage as the
bandwidth deficiency. For example: if a Gigabit Ethernet circuit
performs at 900 Mb instead of 1000 Mb, it is performing at a 10%
deficiency, and would require a 10% daily credit. This credit shall
be provided until bandwidth issues are resolved, as documented
through trouble tickets. Lumos Networks Response: For each
cumulative hour of bandwidth unavailability or fraction thereof in any
calendar month, at EBA request, EBA’s account will be credited an
amount equal to the pro-rated charges for one full day of the monthly
fee for the service for which the service availability commitment has
not been met. A maximum of one month’s credit will be given for all
combined remedies for any given calendar month, excluding the initial
60 days after installation.

3.5.8.5 Ifthe circuit between the vendor's core network and an EBA site
fails, and the EBA has purchased redundant last mile circuits, and
the redundant last mile circuit fails, the vendor shall credit the
EBA one month's charges for all affected circuits. Lumos Networks
Response: For each cumulative hour of bandwidth unavailability or
fraction thereof in any calendar month, at EBA request, EBA’s account
will be credited an amount equal to the pro-rated charges for one full day
of the monthly fee for the service for which the service availability
commitment has not been met. A maximum of one month’s credit will be
given for all combined remedies for any given calendar month, excluding
the initial 60 days after installation.

3.5.8.6 The EBA must request applicable credits within 30 calendar days
of receiving the invoice for the billing cycle in which the
applicable event occurred. Lumos Networks Response:

Lumos Networks complies but requires the following responsibilities from the
EBA: Report all problems using the reporting procedure detailed within the
Lumos Networks SLA; provide input on the quality and timeliness of support;
notify Lumos Networks in advance of all system and application updates
performed; provide initial and expected operational capacity estimates for
bandwidth; identify authorized EBA contacts and report changes to EBA
contact information for purposes of coordination in problem resolution;
provide accurate information for customer account information; and implement
the minimum security requirements specified by Lumos Networks.

3.5.8.7 Credits shall never exceed the monthly cost of the circuit in any

billing cycle. In Compliance.
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3.5.8.8 Credits shall never exceed 25% of the yearly cost of the circuit for
any contract year. In Compliance.

3.5.8.9 Vendor will not be responsible for failures to meet Service Level
Commitments under the following conditions: (a) interruptions or
delays due to failure by the EBA to release services for testing
and/or repair; (b) failure of power or equipment for which the
EBA is responsible; (c) delays caused by the EBA not providing
timely access to the premises at which the circuits terminate; (d)
interruptions or delays as a result of authorized maintenance by the
EBA. Lumos Networks Response: Lumos Networks complies and
adds the following limits on scope of support: The commitments
contained in the Lumos Networks SLA do not cover customer-
provided platforms, software, or services, and do not cover
customer caused failures, force majeure events, or other conditions
beyond Lumos Networks control.
For example, conditions caused by bandwidth or packet saturation,
or security events (i.e.: denial of service attacks, distributed denial
of service attacks, virus activity, or capacity consumption) are not
considered network failures. Situations excluded the from the
commitments in the SLA include, but are not limited to: desktop
workstation support; issues arriving from customer failing to notify
Lumos Networks in a timely manner of connectivity issues or of
changes to authorized customer contact information; issues arising
from customer failing to grant Lumos Networks timely access to
network equipment located on customer’s premises as requested by
Lumos Networks for addressing service requirements; and
connectivity issues involving customer-initiated maintenance
and/or customer’s cabling, hub, router, and/or service
infrastructure. Fiber cuts on lateral network segments are not
covered by the 100% availability SLA guarantee.
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4. CONTRACT AWARD:

4.1 Contract Award: The Contract is intended to provide the EBA with a
purchase price for the Contract Items. The Contract shall be awarded to the
Vendor that provides the Contract Items meeting the required specifications
for the lowest overall total cost as shown on the Pricing Pages (Exhibit A).

4.2 Pricing Pages: Vendor should complete the Pricing Pages (Exhibit A) by
filling in the appropriate spaces in each column. Vendor should complete the
Pricing Page in full as failure to complete the Pricing Pages in their entirety
may result in Vendor's bid being disqualified.

Vendor should type or electronically enter the information into the Pricing
Pages to prevent errors in the evaluation.

Costs must include ALL charges, including any fees, government surcharges,
taxes, travel, or any other charge associated with the service. The vendor will
only be paid what is on the Pricing Pages. Lumos Networks Response: See
Pricing Tab

Price of options shall be a factor in determining the winning bidder on this
RFQ.

Vendor must allow the EBA to order any option at the quoted cost any time
during the first 12 months of this contract. Such orders would be an
addendum to the primary order, and would expire concurrently. Lumos
Networks is in Compliance.

Notwithstanding the foregoing, the Purchasing Division may correct etrors as
it deems appropriate.

Revised 10/18/2012
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5. DELIVERY AND RETURN:
5.1 ShipmentandDelivery/Installation:

5.1.1 Vendor shall commence installation of the Contract Items immediately after
being awarded this Contract and receiving a purchase order or notice to
proceed. Vendor shall complete installation of the Contract Items within
45 working days after receiving a purchase order or notice to proceed.Contract
Items must be delivered / installed to the EBA at the locations listed on the
Pricing Pages (exhibit A). The EBA shall not be responsible for any damage,
theft, or loss of equipment or other materials belonging to the vendor during
the period of installation. Lumos Networks Response: Lumos Networks strives
to meet customer installation time frame requirements. Installation time frames
vary depending on items and options chosen on the contract when awarded.
Lumos Networks will make every effort to meet EBA installation time frames.

5.1.2 Verification of Installation: The EBA shall have 60 days from the time
circuits are installed and functioning to test all circuits. Ifall circuits test
successfully, monthly billing shall commence at the end of this 60-day test
period.Ifany circuit fails to meet requirements or function as needed, the
vendor will have 45 days to remedy the situation. If the vendor fails
remediation,the EBA may, at its own discretion,cancel the contract with no
penalty.In this situation the EBA may only be charged a maximum of the
non-recurring charges (NRC's) listed on the pricing page. If the vendor
remedies the situation, monthly billing will commence on the date of
remedy. In Compliance.

52 Late Delivery/Installation: The EBA must be notified in writing if the
delivery/installation of the Contract Items will be delayed for any reason. Any
delay in delivery/installation that could cause harm to the EBA will be grounds for
cancellation ofthe Contract, and/or obtaining the Contract Items from a third party. In
Compliance.

Any Agency seeking to obtain the Contract Items from a third party under this
provision must first obtain approval of the Purchasing Division.

5.3 Delivery Payment/Risk of Loss: Vendor shall deliver the Contract Items F.OB.
destination to the EBA's locations.

5.4 Return of Unacceptable Items: If the EBA deems the Contract Items to be
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unacceptable, the Contract Items shall be returned to Vendor at Vendor’sexpense
and with no restocking charge. Vendor shall either make arrangements for the
return within five (5) days of being notified that items are unacceptable, or permit
the EBA to arrange for the return and reimburse the EBA for delivery expenses. If
the original packaging cannot be utilized for the return, Vendor will supply the

EBA with appropriate return packaging upon request. All returns of unacceptable
items shall be F.O.B. the EBA's locations. The returned product shall either be
replaced, or the EBA shall receive a full credit or refund for the purchase price, at

the EBA's discretion.

5.5 Return Due to Agency Error: Items ordered in error by the EBA will be returned
for credit within 30 days of receipt, F.0.B. Vendor's location. Vendor shall not
charge a restocking fee if returned products are in a resalable condition.Items shall
be deemed to be in a resalable condition if they are unused and in the original
packaging. Any restocking fee for items not in a resalable condition shall be the
lower of the Vendor's customary restocking fee or 5% of the total invoiced value
of the returned items.

6 PERFORMANCE: Vendor and the EBA shall agree upon a schedule for performance of Contract
Services and Contract Services Deliverables, unless such a schedule is already included herein by
the EBA. In the event that this Contract is designated as an open-end contract, Vendor shall
perform in accordance with the release orders that may be issued against this Contract. Lumos

Networks Agrees.

7 PAYMENT: the EBA shall pay the non-recurring charges and monthly rates, as shown on
the Pricing Pages (Exhibit A), for all Contract Services performed and accepted under this
Contract. Vendor shall accept payment in accordance with the payment procedures of the
State of West Virginia. Lumos Networks Agrees.

8 TRAVEL: Vendor shall be responsible for all mileage and travel costs, including travel
time, associated with performance of this Contract. Any anticipated mileage or travel costs
may be included in the flat fee-or hourly rate listed on Vendor's bid, but such costs will not
be paid by the EBA separately. Lumos Networks Agrees.

9 FACILITIES ACCESS: Performance of Contract Services may require access cards
and/or keys to gain entrance to the EBA's facilities. In the event that access cards

and/or keys are required:

9.1 Vendor must identify principal service personnel which will be
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issued access cards and/or keys to perform service. Lumos Networks
Agrees.

9.2 Vendor will be responsible for controlling cards and keys and will pay

replacement fee, if the cards or keys become lost or stolen. Lumos Networks
Agrees.

9.3 Vendor shall notify the EBA immediately of any lost, stolen, or missing
card orkey. Lumos Networks Agrees.

9.4 Anyone performing under this Contract will be subject to the EBA's
security protocol and procedures. Lumos Networks Agrees.

9.5 Vendor shall inform all staff of the EBA's security protocol and procedures. Lumos
Networks Agrees.

10 VENDOR DEFAULT:
10.1 The following shall be considered a vendor default under this Contract.

10.1.1 Failure to perform Contract Services in accordance with
the requirements contained herein.

10.1.2 Failure to comply with other specifications and requirements
contained herein.

10.1.3 Failure to comply with any laws, rules, and ordinances applicable
to the Contract Services provided under this Contract.

10.1.4 Failure to remedy deficient performance upon request.
10.2 The following remedies shall be available to the EBA upon default.

10.2.1Cancellation of'the Contract.

10.2.2Cancellation of one or more release orders issued under this
Contract.

10.2.3 Any other remedies available in law or equity.
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11 MISCELLANEOUS:

11.1 Contract Manager: During its performance of this Contract, Vendor must designate
and maintain a primary contract manager responsible for overseeing Vendor's
responsibilities under this Contract. The Contract manager must be available during
normal business hours to address any customer service or other issues related to this
Contract. Vendor should list its Contract manager and his or her contact information
below.

ContractManager: Sarah Miller
Telephone Number: 540-260-36903

Fax Number: 540-777-7786

Email Address: millers@lumosnet.com

Revised 10/18/2012
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Costs must include all charges, including any fees, government surcharges, taxes, or any other charge associated with the service.

Location Physical Address
Beckley |wv Public
Broadcasting 124
Industrial Park Rd.
Beaver, WV 25813
Charleston |WV Public Broadcasting
600 Capitol Street
Charleston, VWV 25301
Morgantown |WV Public
Broadcasting 191
Scott Avenue
Morgantown, WV 26505
Monthly 1 Year 3 Year
_Jtem#1 __ Ethernet Circuits** Cost NRC* Total Total
la Beckley - IGig Layer 2 Ethernet $2,577.01 $0.00 30,924.12 92,772.36
Beckley - 25 Meg Internet Bandwidth via LAN 10 Ethernet
1b Port $1,155.18 $0.00 13,862.16 41,586.48
lc Charleston - 1Gig Layer 2 Ethernet 3,937.48 $0.00 47,249.76 141,749.28
1d Morgantown - 1 Gig Layer 2 Ethernet 3,937.48 $0.00 47,249.76 141,749.28
Total Cost Item#l, Ethernet Circuits $11,607.15 $0.00 139,285.80 417,857.40
Monthly 1 Year 3 Year
Item #2 DS3 Circuit-Beckly to Morgantown Cost NRC* Total Total
2 | DS3 between Beckly and Morgantown $2,727.00 $0.00 32,724.00 98,172.00
Total Cost Item #2, DS3 Circuit - Beckly to Morgantown $2,727.00 $0.00 32,724.00 98,172.00
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Summary Pricing

Monthly 1 Year

Iltem Description Cost NRC* Total 3 Year Total
Item #1 Ethernet Circuits $11,607.15 $0.00 | $139.285.80 $417.857.40
Item #2 DS3 Circuit Beckley to Morgantown $2,727.00 $0.00 $32,724.00 $98,172.00
Option
#1 DS3 Circuit Beckley to Charleston $2,727.00 $0.00 $32,724.00 $98,172.00
Option#
2 DS3 Circuit Charleston to Morgantown $2,727.00 $0.00 $32.724.00 $98.172.00
Option
#3 Beckley Redundant Last Mile Circuit $30.007.60 $62,550.00 36.009.12 1,082,273.60
Option
#4 Charleston Redundant Last Mile Circuit $32,599.77 | $36,339.85 391,197.24 1,173,591.70
Option
#5 Morgantown Redundant Last Mile Circuit $32,599.77 | $55.800.00 | $391,197.24 | $1,173,591.70

Total Cost $114,995.29 | $154,689.85 | 1,055,861.40 4,141,830.40

= Non-Recurring Charge (One-Time Only)

== Ethernet circuits must be segregated as defined in Exhibit C. Ethernet Segregation.

Award will be made to the Vendor with the Lowest Overall Total Cost meeting specifications.

/ wal MLl

Signature of Vendor \./

[ umos Networks

Company Name

1900 Roanoke Rd

Address 1

Daleville, VA 24083

Phone

Fax

Address 2

540-260-3903

540-777-7786

Email

millers@lumosnet.com

Date
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EBAA471 - Exhibit C -Ethernet Segregation

1 Gig Ethernet Segegration

Location Segegration

Beckley [LAN 1-50 Meg Port

LAN 2 - 10 Meg Port

LAN 3 - 150 Meg Port

LAN 4 - 10 Meg Port

LAN 5 - 300 Meg Port

LAN 6 - 330 Meg Port

LAN 7 - 50 Meg Port

LAN 8 - 50 Meg Port

LAN 10 - 50 Meg Port to Vendor Internet

Charleston |LAN I - 50 Meg Port

LAN 2 - 10 Meg Port

LAN 3 - 150 Meg Port

LAN 4 - 10 Meg Port

LAN 5 - 300 Meg Port

LAN 6 - 330 Meg Port

LAN 7 - 50 Meg Port

LAN 9 - 50 Meg Port

LAN 11 - 50 Meg Port to WVNet Charleston*

Morgantown |LAN 1 - 50 Meg Port

LAN 2 - 10 Meg Port

LAN 3 - 150 Meg Port

LAN 4 - 10 Meg Port

LAN 5 - 300 Meg Port

LAN 6 - 330 Meg Port

LAN 8 - 50 Meg Port

LAN 9 - 50 Meg Port

LAN 12 - 50 Meg Port to WVNet Morgantown*

Segregation of 1 Gig Ethernet Circuits: each 1 Gig Ethernet circuit is to be initially segregated into the 9 ports listed above. Segregation
shall be done such that equipment attached to a port at one location shall be connected to equipment at the other sites when
connected to the ports with the equivalent designation. For example: if a piece of equipment is connected to the port designated "LAN
1" in Beckley, it will communicate with equipment connected to the "LAN 1" ports in Morgantown and Charleston, but not to
equipment on other ports. See Exhibit B. Costs for the port segregation and the connections to WVNet must be included in the overall
cost of the 1 Gig layer 2 Ethernet Circuit.

* 50 Meg circuit tto WVNet Morgantown is to terminate at their Morgantown location; West Virginia Network, 837 Chestnut Ridge
Road, Morgantown, WV 26505. 50 Meg circuit to WVNet Charleston is to terminate at their Charleston location; WV State Capitol,
1900 Kanawha Blvd East, Bldg 6, 1st Floor, Communications Vault. Any questions concerning these locations may be addressed with
Allen Daugherty, West Virginia Network, 837 Chestnut Ridge Road, Morgantown, WV 26505. Phone: 304-293-5192 x 242. Email:
allen@mail. wvnet.edu.



36
EXHIBIT D

INTERNATIONAL TELECOMMUNICATION UNION

ITU-T G.703

TELECOMMUNICATION (11/2001)
STANDARDIZATION SECTOR
OF ITU

SERIES G: TRANSMISSION SYSTEMS AND MEDIA,
DIGITAL SYSTEMS AND NETWORKS

Digital terminal equipments — General

Physicallelectrical characteristics of
hierarchical digital interfaces

ITU-T Recommendation G.703




ITU-T G-SERIES RECOMMENDATIONS

TRANSMISSION SYSTEMS AND MEDIA, DIGITAL SYSTEMS AND NETWORKS

INTERNATIONAL TELEPHONE CONNECTIONS AND CIRCUITS

GENERAL CHARACTERISTICS COMMON TO ALL ANALOGUE CARRIER-
TRANSMISSION SYSTEMS

INDIVIDUAL CHARACTERISTICS OF INTERNATIONAL CARRIER TELEPHONE
SYSTEMS ON METALLIC LINES

GENERAL CHARACTERISTICS OF INTERNATIONAL CARRIER TELEPHONE
SYSTEMS ON RADIO-RELAY OR SATELLITE LINKS AND INTERCONNECTION WITH
METALLIC LINES

COORDINATION OF RADIOTELEPHONY AND LINE TELEPHONY
TESTING EQUIPMENTS
TRANSMISSION MEDIA CHARACTERISTICS
DIGITAL TERMINAL EQUIPMENTS
General
Coding of analogue signals by pulse code modulation
Coding of analogue signals by methods other than PCM
Principal characteristics of primary multiplex equipment
Principal characteristics of second order multiplex equipment
Principal characteristics of higher order multiplex equipment
Principal characteristics of transcoder and digital multiplication equipment
Operations, administration and maintenance features of transmission equipment
Principal characteristics of multiplexing equipment for the synchronous digital hierarchy
Other terminal equipment
DIGITAL NETWORKS
DIGITAL SECTIONS AND DIGITAL LINE SYSTEM
QUALITY OF SERVICE AND PERFORMANCE
TRANSMISSION MEDIA CHARACTERISTICS
DIGITAL TERMINAL EQUIPMENTS
DIGITAL NETWORKS

G.100-G.199
G.200-G.299

G.300-G.399
G.400-G.449

G.450-G.499
G.500-G.599
G.600-G.699
G.700-G.799
G.700-G.709
G.710-G.719
G.720-G.729
G.730-G.739
G.740-G.749
G.750-G.759
G.760-G.769
G.770-G.779
G.780-G.789
G.790-G.799
G.800-G.899
G.900-G.999
G.1000-G.1999
G.6000-G.6999
G.7000-G.7999
G.8000-G.8999

For further details, please refer to the list of ITU-T Recommendations.
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ITU-T Recommendation G.703

Physical/electrical characteristics of hierarchical digital interfaces

Summary

This Recommendation specifies the recommended physical and electrical characteristics of the
interfaces at hierarchical bit rates as described in ITU-T Recs. G.702 (PDH) and G.707 (SDH). The
interfaces are defined in terms of general characteristics, specifications at the output ports and input
ports and/or cross-connect points, earthing of outer conductor or screen and coding rules.

Source

ITU-T Recommendation G.703 was prepared by ITU-T Study Group 15 (2001-2004) and approved
under the WTSA Resolution 1 procedure on 29 November 2001.

History

Issue Notes

10/2001 | This revision contains the following modifications:

— Addition of clause 16 on 51 840 kbit/s (STM-0) interface.

— Addition of Appendix III on 3152 kbit/s interface (from G.931/Annex A).
— Amendments to clause 13 on 2048 kbit/s synchronization interface.

- Amendments of clauses 4, 9, 10, 11 with the inclusion of output return loss requirements for
the 64 kbit/s (codirectional), 2048, 8448, 34 368 kbit/s interfaces.

— Insertion of names of hierarchical interfaces (EO, E11, E21 etc.) into the headings of the
corresponding clauses.

—~ Giving of references to ITU-T Rec. G.824 (2000) with jitter parameters for the 1544 kbit/s
hierarchy.

Some editorial corrections were made including changes of references to the last versions of
G.823, G.825 (2000).

10/98 This revision includes a correction to the specification of the 1544 and 44 736 kbit/s interfaces
and the addition of Appendix I. Appendix I contains a previous version of the 1544 kbit/s
interface specification.

The overvoltage protection requirements have been deleted and replaced with a reference to
Recommendation K.41 "Resistibility of internal interfaces of telecommunication centres to surge
overvoltages".

The grounding requirements for the screen (if existing) of a symmetrical pair, or the outer
conductor of a coaxial cable have been enhanced.

Editorial modifications are included to comply with Recommendation A.3. Clauses 1 to 12 in the
1991 revision are as a consequence renumbered into clauses 4 to 15.

Appendix II on 64 and 6312 synchronization interfaces for use in Japan has been added.

1991 Previous revision

1972 Initial version
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of
ITU. ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementors
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database.

© ITU 2002

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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ITU-T Recommendation G.703
Physical/electrical characteristics of hierarchical digital interfaces

1 Scope

This Recommendation provides the recommended physical and electrical characteristics of the
interfaces at hierarchical bit rates as described in ITU-T Recs. G.702 (PDH) and G.707 (SDH), to
enable the interconnection of digital network components (digital sections, multiplex equipment,
exchanges) to form an international digital link or connection. The characteristics given in this
Recommendation should be applied to new equipment (component) designs.

NOTE 1 - The characteristics of interfaces at non-hierarchical bit rates, except n X 64 kbit/s interfaces
conveyed by 1544 kbit/s or 2048 kbit/s interfaces and 3152 kbit/s interface in North American hierarchy, are
specified in the respective equipment Recommendations.

NOTE 2 - The jitter specifications contained in this Recommendation are intended to be imposed at
international interconnection points.

NOTE 3 - The interfaces described in clauses 5 to 12 correspond to the ports T (output port) and T*
(input port) as recommended for interconnection in ITU-R Rec. F.596-1 (Interconnection of digital radio-
relay systems).

NOTE 4 - For signals with bit rates of n x 64 kbit/s (n = 2 to 31) which are routed through multiplexing
equipment specified for the 2048 kbit/s hierarchy, the interface shall have the same physical/electrical
characteristics as those for the 2048 kbit/s interface specified in clause 9. For signals with bit rates of
1 X 64 kbit/s (n = 2 to 23) which are routed through multiplexing equipment specified for the 1544 kbit/s
hierarchy, the interface shall have the same physical/electrical characteristics as those for the 1544 kbit/s
interface specified in clause 5.

NOTE 5 - The specifications contained in this Recommendation are related to the physical interface only
(i.e. to characterize the line codes and input/output equipment interfaces); in particular, the required
frequency tolerances do not imply overall equipment performances which may be driven by tighter
requirements in Recommendations for specific network/equipment applications (e.g. ITU-T Recs. G.813 and
G.783).

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision; all
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published.

- ITU-T Recommendation G.701 (1993), Vocabulary of digital transmission and
multiplexing, and pulse code modulation (PCM) terms.

- ITU-T Recommendation G.702 (1988), Digital hierarchy bit rates.

— ITU-T Recommendation G.704 (1998), Synchronous frame structures used at 1 944, 6312,
2048, 8448 and 44 736 kbit/s hierarchical levels.

- [TU-T Recommendation G.707/Y.1322 (2000), Network node interface for the
synchronous digital hierarchy (SDH).

= ITU-T Recommendation G.742 (1988), Second order digital multiplex equipment operating
at 8448 kbit/s and using positive justification.
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~ ITU-T Recommendation G.747 (1988), Second order digital multiplex equipment operating
at 6312 kbit/s and multiplexing three tributaries at 2048 kbit/s.

- ITU-T Recommendation G.751 (1988), Digital multiplex equipments operating at the third
order bit rate of 34 368 kbit/s and the fourth order bit rate of 139 264 kbit/s and using
positive justification.

- ITU-T Recommendation G.752 (1988), Characteristics of digital multiplex equipment
based on a second order bit rate of 6312 kbit/s and using positive justification.

- ITU-T Recommendation G.753 (1988), Third order digital multiplex equipment operating
at 34 368 kbit/s and using positive/zero/ negative Jjustification.

- ITU-T Recommendation G.755 (1988), Digiral multiplex equipment operating at
139 264 kbit/s and multiplexing three tributaries at 44 736 kbit/s.

- ITU-T Recommendation G.811 (1997), Timing characteristics of primary reference clocks.

- ITU-T Recommendation G.812 (1998), 7: iming requirements of slave clocks suitable for
use as node clocks in synchronization networks.

- ITU-T Recommendation G.813 (1996), T: iming characteristics of SDH equipment slave
clocks (SEC).

- ITU-T Recommendation G.823 (2000), The control of jitter and wander within digital
networks which are based on the 2048 kbit/s hierarchy.

- ITU-T Recommendation G.824 (2000), The control of jitter and wander within digital
networks which are based on the 1544 kbit/s hierarchy.

- ITU-T Recommendation G.825 (2000), The control of jitter and wander within digital
networks which are based on the synchronous digital hierarchy (SDH).

- ITU-T Recommendation K.27 (1996), Bonding configurations and earthing inside a
telecommunication building.

- ITU-T Recommendation K.41 (1998), Resistibility of internal interfaces of
telecommunication centres to surge overvoltages.

- ITU-T Recommendation O.151 (1992), Error performance measuring equipment operating
at the primary rate and above.

- ITU-T Recommendation O.172 (2001), Jitter and wander measuring equipment for digital
systems which are based on the synchronous digital hierarchy (SDH).

- CCITT Handbook (1976), Earthing of Telecommunication Installations.

- ITU-R Recommendation F.750-3 (2000), Architectures and functional aspects of radio-
relay systems for synchronous digital hierarchy (SDH)-based networks.

- IEC 60469-2 (1987), Pulse technigues and apparatus. Part 2: Pulse measurement and
analysis, general considerations.

- ETSI ETS 300 166 (1993), Transmission and Multiplexing (TM); Physical and electrical
characteristics of hierarchical digital interfaces Jor equipment using the 2048 kbit/s-based
plesiochronous or synchronous digital hierarchies.

3 Abbreviations

This Recommendation uses the following abbreviations:
AlS Alarm Indication Signal

AMI Alternate Mark Inversion
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B3ZS Bipolar with three-Zero Substitution
B8ZS Bipolar with eight-Zero Substitution

CMI Coded Mark Inversion

DC Direct Current

DSN Digital Switching Network
EMC Electromagnetic Compatibility

HDB2 High Density Bipolar of order 2 code
HDB3 High Density Bipolar of order 3 code

PCM Pulse Code Modulation

PRBS Pseudo Random Bit Sequence
PDH Plesiochronous Digital Hierarchy
SDH Synchronous Digital Hierarchy
ST™M Synchronous Transport Module

ZBTSI Zero Byte Time Slot Interchange

4 Interface at 64 kbit/s (E0)

4.1 Functional requirements
The following basic requirements for the design of the interface are recommended:

In both directions of transmission, three signals can be carried across the interface:

- 64 kbit/s information signal;

= 64 kHz timing signal;

- 8 kHz timing signal.

NOTE 1 - The 64 kbit/s information signal and the 64 kHz timing signal are mandatory. However, although
an 8 kHz timing must be generated by the controlling equipment (¢.g. PCM multiplex or time slot access
equipment), it should not be mandatory for the subordinate equipment on the other side of the interface to
either utilize the 8 kHz timing signal from the controlling equipment or to supply an 8 kHz timing signal.

NOTE 2 — The detection of an upstream fault can be transmitted across the 64 kbit/s interface by transmitting
an alarm indication signal (AIS) towards the subordinate equipment.

The interface should be bit sequence independent at 64 kbit/s.

NOTE 3 ~ An unrestricted 64 kbit/s signal can be transmitted across the interface. However, this does not
imply that unrestricted 64 kbit/s paths are realizable on a global basis. This is because some Administrations
presently have or are continuing to install extensive networks composed of digital line sections whose
characteristics do not permit the transmission of long sequences of 0s. (ITU-T Rec. G.733 provides for PCM
multiplexes with characteristics appropriate for such digital line sections.) Specifically, for octet timed
sources in 1544 kbit/s digital networks, it is required that at least one binary 1 should be contained in any
octet of a 64 kbit/s digital signal. For a bit stream which is not octet-timed, no more than 7 consecutive 0s
should appear in the 64 kbit/s signal.

NOTE 4 - Although the interface is bit sequence independent, the use of the AIS (all 1s bit pattern) may
result in some minor restrictions for the 64 kbit/s source. For example, an all 1s alignment signal could result
in problems.
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4.1.1 Three types of envisaged interfaces

4.1.1.1 Codirectional interface

The term "codirectional" is used to describe an interface across which the information and its
associated timing signal are transmitted in the same direction (see Figure 1).

B

. Searessassarasrseraasnaian srasnnsanne - asnssenip
Equipment Equipment

[ oesee SENsNsusesseRRLEsERsRRRENS LLCTITT CLLL TP T T TR P T R TP PT TP

T1818700-02

Information signal
A Timing signal

Figure 1/G.703 - Codirectional interface

4.1.1.2  Centralized clock interface

The term "centralized clock” is used to describe an interface wherein for both directions of
transmission of the information signal, the associated timing signals are supplied from a centralized
clock, which may be derived for example from certain incoming line signals (see Figure 2).

NOTE — The codirectional interface or centralized clock interface should be used for synchronized networks

and for plesiochronous networks having clocks of the stability required (see ITU-T Rec. G.811) to ensure an
adequate interval between the occurrence of slips.

Central clock

ELTT TITTTTTY T |

I reseorasnaniisenrmonsannnns

Equipment Equipment

T1818710-02

Information signal
ssessssssess  Timing signal

Figure 2/G.703 — Centralized clock interface

4.1.1.3 Contradirectional interface

The term "contradirectional" is used to describe an interface across which the timing signals
associated with both directions of transmission are directed towards the subordinate equipment
(see Figure 3).
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Subordinate Controlling
equipment equipment

T1818720-02

Information signal
------------ Tim]ng signa[

Figure 3/G.703 - Contradirectional interface

4,2 Electrical characteristics
4.2.1 Electrical characteristics of 64 kbit/s codirectional interface

4.2.1.1 General characteristics
Nominal bit rate: 64 kbit/s.
Bit rate accuracy: 100 ppm (6.4 bit/s) or better.

64 kHz and 8 kHz timing signal to be transmitted in a codirectional way with the information
signal.

One balanced pair for each direction of transmission; the use of transformers is recommended.
Code conversion rules:
Step 1 — A 64 kbit/s bit period is divided into four unit intervals.
Step 2 — A binary one is coded as a block of the following four bits:
1100
Step 3 — A binary zero is coded as a block of the following four bits:
1010

Step 4 — The binary signal is converted into a three-level signal by alternating the polarity of
consecutive blocks.

Step 5 — The alternation in polarity of the blocks is violated every 8th block. The violation block
marks the last bit in an octet.

These conversion rules are illustrated in Figure 4.

Overvoltage protection requirements: refer to ITU-T Rec. K. 41.

W v - I~ Emrnm e A dm AL -



Bit number 7 8 1 2
64 kbit/s data 1 0 0 1
Steps 1-3

Step 4

Step §

Violation

?

Violation

Octet timing

T1818730-02

Figure 4/G.703 - Illustration of the conversion rules

4.2.1.2
See Table 1.

Specifications at the output ports

Table 1/G.703 - Digital 64 kbit/s codirectional interface

Symbol rate

256 kBauds

Pulse shape (nominally rectangular)

All pulses of a valid signal must conform to the
masks in Figure 5, irrespective of the polarity

Pair for each direction

One symmetric pair

Test load impedance

120 ohms resistive

at the nominal half amplitude

Nominal peak voltage of a "mark” (pulse) 10V

Peak voltage of a "space" (no pulse) ovz010V
Nominal pulse width 3.9 us

Ratio of the amplitudes of positive and negative 0.95to 1.05
pulses at the centre of the pulses interval

Ratio of the widths of positive and negative pulses | 0.95 to 1.05

Maximum peak-to-peak jitter at the output port

(Note)

Refer to 5.1/G.823

NOTE — For the time being these values are valid only for equipments of the 2 Mbit/s hierarchy.
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The return loss at the output port should have the following minimum values:

Figure 5/G.703 - Pulse masks of the 64 kbit/s codirectional interface

Frequency range

Return loss

(kHz) (dB)
6.4t013 6
13 to 384 8

4.2.1.3  Specifications at the input ports

The digital signal presented at the input port shall be as defined above but modified by the
characteristics of the interconnecting pairs. The attenuation of these pairs at a frequency of 128 kHz
should be in the range 0 to 3 dB. This attenuation should take into account any losses incurred by

the presence of a digital distribution frame between the equipments.
For the jitter to be tolerated at the input port, refer to 7.1.1/G.823.

The return loss at the input ports should have the following minimum values:

Frequency range Return loss
(kHz) (dB)
4t013 12

13 t0 256 18
25610384 14

To provide nominal immunity against interference, input ports are required to meet the following
requirements:

A nominal aggregate signal, encoded as a 64 kbit/s codirectional signal and having a pulse shape as
defined in the pulse mask, shall have added to it an interfering signal with the same pulse shape as
the wanted signal. The interfering signal should have a bit rate within the limits specified in this
Recommendation, but should not be synchronous with the wanted signal. The interfering signal
shall be combined with the wanted signal in a combining network, with an overall zero loss in the
signal path and with the nominal impedance 120 ohms to give a signal-to-interference ratio of
20 dB. The binary content of the interfering signal should comply with ITU-T Rec. 0.152 (2'! —
1 bit period). No errors shall result when the combined signal, attenuated by up to the maximum
specified interconnecting cable loss, is applied to the input port.

4.2.1.4 Grounding of screen

If the symmetrical pair is screened, the screen shall be connected to the bonding network both at the
input port and output port.

NOTE 1 - The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 — The use of isolation to the bonding network is for further study.
4.2.2  Electrical characteristics of the 64 kbit/s centralized clock interface

4.2.2.1 General characteristics

Nominal bit rate: 64 kbit/s. The tolerance is determined by the network clock stability (see ITU-T
Rec. G.811).

For each direction of transmission, there should be one symmetrical pair carrying the data signal. In
addition, there should be symmetrical pairs carrying the composite timing signal (64 kHz and
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8 kHz) from the central clock source to the office terminal equipment. The use of transformers is
recommended.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.
Code conversion rules:

The data signals are coded in AMI code with a 100% duty ratio. The composite timing signals
convey the 64 kHz bit-timing information using AMI code with a 50% to 70% duty ratio and the
8 kHz octet-phase information by introducing violations of the code rule. The structure of the
signals and their nominal phase relationships are shown in Figure 6.

Bit number —» 6 7 8 1 2 3 4 5 6 7 8 1 2

I s ¥ i BEE
Tining  —» I_'_|_LI_LLI_f"LI_,_I'LI_I_I'I_L_'_u_l"l_l_l_

T T T1818750-02
ViolationI Violationl

Octet start Octet start

Figure 6/G.703 - Signal structures of the 64-kbit/s central clock interface
at office terminal output ports

The data stream at the output ports should be timed by the leading edge of the timing pulse and the
detection instant at the input ports should be timed by the trailing edge of each timing pulse.

4.2.2.2  Characteristics at the output ports

See Table 2.
Table 2/G.703 — Digital 64 kbit/s centralized clock interface
Parameters Data Timing

Pulse shape Nominally rectangular, with rise | Nominally rectangular, with rise
and fall times less than 1 ps and fall times less than 1 ps

Nominal test load impedance 110 ohms resistive 110 ohms resistive

Peak voltage of a "mark” (pulse) [ a) 1.0 £0.1 V a)1.0x0.1V

(Note 1) b)3.4£05V b)3.0+£05V

Peak value of a "space” a)0£0.1V a)0x01V

(no pulse) (Note 1) b)0£0.5V b)0+ 05V

Nominal pulse width a) 15.6 us a) 7.8 us

(Note 1) b) 15.6 s b) 9.8 t0 10.9 us

Maximum peak-to-peak jitter at | Refer to 5.1/G.823

the output port (Note 2)

NOTE 1 - The choice between the set of parameters a) and b) allows for different office noise

environments and different maximum cable lengths between the three involved office equipments.

NOTE 2 — For the time being, these values are valid only for equipments of the 2 Mbit/s hierarchy.
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4.2.2.3 Characteristics at the input ports

The digital signals presented at the input ports should be as defined above but modified by the
characteristics of the interconnecting pairs. The varying parameters in Table 2 will allow typical
maximum interconnecting distances of 350 to 450 m.

4.2.2.4 Cable characteristics
The transmission characteristics of the cable to be used are subject to further study.

4.2.3 Electrical characteristics of 64 kbit/s contradirectional interface

4.2.3.1 General characteristics
Nominal bit rate: 64 kbit/s.
Bit rate accuracy: £100 ppm (6.4 bit/s) or better.

For each direction of transmission there should be two symmetrical pairs of wires, one pair carrying
the data signal and the other carrying a composite timing signal (64 kHz and 8 kHz). The use of
transformers is recommended.

NOTE - If there is a national requirement to provide a separate alarm signal across the interface, this can be
done by cutting the 8 kHz timing signal for the transmission direction concemed, i.e. by inhibiting the code
violations introduced in the corresponding composite timing signal (see below).

Code conversion rules:

The data signals are coded in AMI code with a 100% duty ratio. The composite timing signals
convey the 64 kHz bit-timing information using AMI code with a 50% duty ratio and the 8 kHz
octet-phase information by introducing violations of the code rule. The structures of the signals and
their phase relationships at data output ports are shown in Figure 7.

Bitnumber —» 6 7 8 I 2 3 4 5 6 7 8 1 2

. sy ped b BEN
Timing — LI_I_LI_LT_I—H_LIJ_LI_I_I_LI_I_LJ-H_LI_

T T T1818760-02
Violation‘l Violation {

Octet start Octet start

Figure 7/G.703 — Signal structures of the 64-kbit/s contradirectional
interface at data output ports

The data pulses received from the service (e.g. data or signalling) side of the interface will be
somewhat delayed in relation to the corresponding timing pulses. The detection instant for a
received data pulse on the line side (e.g. PCM) of the interface should therefore be at the leading
edge of the next timing pulse.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.

4.2.3.2 Specifications at the output ports
See Table 3.
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Table 3/G.703 — Digital 64 kbit/s contradirectional interface

Parameters

Data

Timing

Pulse shape (nominally
rectangular)

All pulses of a valid signal must
conform to the mask in Figure 8
irrespective of the polarity

All pulses of a valid signal must
conform to the mask in Figure 9
irrespective of the polarity

Pairs in each direction of
transmission

One symmetric pair

One symmetric pair

Test load impedance

120 ohms resistive

120 ohms resistive

Nominal peak voltage of a 1.0V 1.0V
"mark" (pulse)

Peak voltage of a "space" 0V+01V 0Vz0.1V
(no pulse)

Nominal pulse width 15.6 us 7.8 us
Ratio of the amplitudes of 0.95t0 1.05 0.95t0 1.05
positive and negative pulses at

the centre of the pulse interval

Ratio of the widths of positive 0.95to 1.05 0.95t0 1.05

and negative pulses at the
nominal half amplitude

Maximum peak-to-peak jitter at
the output port (Note)

Refer to 5.1/G.823

NOTE - For the time being these values are valid only for equipments of the 2 Mbit/s hierarchy.
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NOTE 1 - When one pulse is immediately followed by another pulse of the opposite polarity, the time limits at the zero-crossing

between the pulses should be £0.8 us.

NOTE 2 - The time instants at which a transition from one state to another in the data signal may occur are determined by the timing
signal. On the service (¢.g. data or signalling) side of the interface, it is essential that these transitions are not initiated in advance of

the timing instants given by the received timing signal.

Figure 8/G.703 — Mask of the data pulse of the 64-kb
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4.2.3.3  Specifications at the input ports
The digital signals presented at the input ports should be as defined above but modified by the
characteristics of the interconnecting pairs. The attenuation of these pairs at a frequency of 32 kHz

should be in the range 0 to 3 dB. This attenuation should take into account any losses incurred by
the presence of a digital distribution frame between the equipments.

The return loss at the input ports should have the following minimum values:

Frequency range

(kHz) Return loss
o (dB)
Data signal Compo.sne timing
signal
1.6t03.2 32t06.4 12
32t064 6.410 128 18
64 to 96 128 to 192 14

To provide nominal immunity against interference, input ports are required to meet the following
requirement:

A nominal aggregate signal, encoded as a 64 kbit/s contradirectional signal and having a pulse
shape as defined in the pulse mask, shall have added to it an interfering signal with the same pulse
shape as the wanted signal. The interfering signal should have a bit rate within the limits specified
in this Recommendation, but should not be synchronous with the wanted signal. The interfering
signal shall be combined with the wanted signal in a combining network, with an overall zero loss
in the signal path and with the nominal impedance 120 ohms to give a signal-to-interference ratio of
20 dB. The binary content of the interfering signal should comply with ITU-T Rec. 0.152 e
1 bit period). No errors shall result when the combined signal, attenuated by up to the maximum
specified interconnecting cable loss, is applied to the input port.
NOTE - The return loss specification applies for both the data signal and the composite timing signal input
ports.

4.2.3.4 Grounding of screen

If the symmetrical pairs are screened, the screens shall be connected to the bonding network both at
the input port and the output port.

NOTE 1 — The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 - The use of isolation to the bonding network is for further study.

5 Interface at 1544 kbit/s (E11)

3.1 General characteristics
The digital interface signal has a nominal bit rate of 1544 kbit/s.

The 1544 kbit/s interface specification is defined in Table 4. All signals appearing at the 1544 kbit/s
interface shall satisfy each requirement listed.
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Table 4/G.703 -Digital interface at 1544 kbit/s

Parameter Specification
Nominal bit rate 1544 kbit/s

Line rate accuracy | In a self-timed, free running mode, the bit rate accuracy shall be £50 bits/s
(£32 ppm) or better.

Line code Either 1) AMI with no more than 15 consecutive zeros, and at least N ones in each
and every time window of 8(N + 1) digit time slots (where N can range from 1 to
23), or 2) B8ZS (Note 1).

Frame structure No frame structure is required for 1544 kbit/s transmission or higher level
multiplexing to higher level DSN signals.

Medium One balanced twisted pair shall be used for each direction of transmission.

Test load A resistive test load of 100 ohms +5% shall be used at the interface for the
impedance evaluation of pulse shape and the electrical parameters specified below.

Pulse amplitude The amplitude (Note 2) of an isolated pulse shall be between 2.4 V and 3.6 V.
Pulse shape The shape of every pulse that approximates an isolated pulse (is preceded by four

zeros and followed by one or more zeros) shall conform to the mask in Figure 10.
See 5.2 for allowable procedures to be followed in checking conformance.

Power level For an all-one signal, the power in a 3 kHz + 1 kHz band centered at 772 kHz shall
be between 12.6 dBm and 17.9 dBm. The power in a 3 kHz + 1 kHz band centered
at 1544 kHz shall be at least 29 dB below that at 772 kHz.

Pulse imbalance In any window of seventeen consecutive bits, the maximum variation in pulse
amplitudes shall be less than 200 mV, and the maximum variation in pulse widths
(half amplitude) shall be less than 20 ns.

DC power There shall be no DC power applied at the interface.

Verification access | Access to the signal at the interface shall be provided for verification of these signal
specifications.

NOTE 1 - B8ZS is one method of providing bit sequence independence. Bit sequence independence in
turn allows unconstrained clear channel capability. Zero Byte Time Slot Interchange (ZBTSI) is another
method of providing clear channel transmission.

NOTE 2 — While both voltage and power requirements are given to assist in qualification of signals at the
interface, the values are not equivalent. Voltage specifications are given for isolated pulses, while power
levels are specified for all-ones signal.

Jitter requirements:
- for the maximum peak-to-peak jitter at the output port, refer to 5.1/G.824;
- for the jitter to be tolerated at the input port, refer to 7.2.1/G.824.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.

An isolated pulse at the 1544 kbit/s interface shall fit within the mask shown in Figure 10. The
corner points for this mask are shown below the figure. In this figure, the y axis shows normalized
pulse amplitude. The x axis is time measured in unit intervals. For 1544 kbit/s, the unit interval is
648 ns.
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Figure 10/G.703 - 1544 kbit/s interface isolated pulse mask and corner points

S6

Some 1544 kbit/s interface equipment embedded in the network may have been designed using a
different pulse mask than that in this Recommendation. Appendix 1 describes the earlier
specification to provide information to designers of receiving equipment on the possible range of
1544 kbit/s signals in the network.

To accommodate signals generated by equipment predating this Recommendation, the (1544 kbit/s)

receivers should be capable of operation with a signal having a transmission rate of deviation of
+200 bit/s (£130 ppm) (see Appendix I for pulse characteristics of older equipment).
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52 Pulse specification

For Alternate Mark Inversion (AMI) coding, a pulse mask describing an isolated pulse appearing at
the interface is used. In most cases, an ideal isolated pulse can only be approximated due to line
coding constraints.

Pulse masks are shown in normalized form, with the nominal pulse amplitude shown as 1.0. In
judging conformance of an isolated pulse to the mask, it is only permissible to:

a) position the mask horizontally as needed to encompass the pulse; and
b) uniformly scale the amplitude of the isolated pulse to fit the mask.

The baseline of the signal shall coincide with the zero point of the baseline of the mask. (The
determination of the signal baseline is described in IEC 60469-2). Judging the conformance of
negative-going pulses shall be performed after determining the conformance of positive-going
pulses in order to maintain the signal baseline reference.

When viewing inverted negative-going pulses for 1544 kbit/s, only the horizontal positioning of the
mask to encompass the pulse is permitted. Note that pulse streams with any significant DC
component will not meet the requirements of this clause.

23 Eye diagrams

For signals not amenable to the use of pulse masks, another means of specifying the quality of
pulses at the interface is an eye diagram, which is formed by superimposing the waveforms of all
possible pulse sequences, including the effects of intersymbol interference. Eye diagrams are
presented in normalized form with the peak pulse amplitudes normalized to 1.0 on the vertical scale
and the time scale shown in terms of the unit interval. In judging the shape of an eye diagram, it is
permissible to:

a) position the mask horizontally as needed to encompass the eye diagram; and
b) uniformly scale the amplitude of the mask as needed to encompass the eye diagram.

The baseline of the mask shall coincide with the signal baseline. The determination of signal
baseline is described in IEC 60469-2.

6 Interface at 6312 kbit/s (E21)

Interconnection of 6312 kbit/s signals for transmission purposes is accomplished at a digital
distribution frame.

Nominal bit rate: 6312 kbit/s.
Bit rate accuracy: £30 ppm (189.4 bit/s) or better.
A pseudo-ternary code shall be used as indicated in Table 5.

The shape for an isolated pulse measured at the distribution frame shall fall within the mask either
of Figure 11 or of Figure 12 and meet the other requirements of Table 5.
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Table 5/G.703 - Digital interface at 6312 kbit/s (Note 1)
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Parameter

Specification

Bit rate

6312 kbit/s

Pair(s) in each direction of
transmission

One symmetric pair

One coaxial pair

(see Figure 11)

Code B6ZS (Note 2) B8ZS (Note 2)
Test load impedance 110 ohms * 5% resistive 75 ohms * 5% resistive
Nominal pulse shape (Note 1) Rectangular, shaped by cable loss Rectangular

(see Figure 12)

Signal level

For an all 1s pattern transmitted, the power measured in a 3 kHz

bandwidth should be as follows:

3156 kHz: 0.2 to 7.3 dBm
6312 kHz: =20 dBm or less

3156 kHz: 6.2 to 13.3 dBm
6312 kHz: —14 dBm or less

NOTE 2 — See Annex A.

NOTE 1 - The pulse mask for 2nd order digital interface is shown in Figures 11 and 12.

+ The voltage within a time slot containing a zero (space) shall be no greater than either the value
produced in that time slot by other pulses (marks) within the mask of Figure 11, or #0.1 of the peak
pulse (mark) amplitude, whichever is greater in magnitude.

Jitter requirements:

- for the maximum peak-to-peak jitter at the output port, refer to 5.1/G.824:
- for the jitter to be tolerated at the input port, refer to 7.2.2/G.824.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.
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Figure 11/G.703 — Pulse mask for the symmetric pair interface at 6312 kbit/s
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Figure 12/G.703 - Pulse mask for the coaxial pair interface at 6312 kbit/s

7 Interface at 32 064 kbit/s

Interconnection of 32 064 kbit/s signals for transmission purposes is accomplished at a digital
distribution frame.

Nominal bit rate: 32 064 kbit/s.

Bit rate accuracy: 10 ppm (£320.6 bit/s).

One coaxial pair shall be used for each direction of transmission.

The test load impedance shall be 75 ohms + 5% resistive and the test method shall be direct.

A scrambled AMI code shall be used.

The shape for an isolated pulse measured at the point where the signal arrives at the distribution
frame shall fall within the mask in Figure 13.
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T Value of curve
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Figure 13/G.703 - Pulse mask for the coaxial pair interface at 32 064 kbit/s

The voltage within a time slot containing a zero (space) shall be no greater than either the value
produced in that time slot by other pulses (marks) within the mask of Figure 13 or +0.1 of the peak
pulse (mark) amplitude, whichever is greater in magnitude.

For an all 1s pattern transmitted, the power measured in a 3 kHz bandwidth at the point where the
signal arrives at the distribution frame shall be as follows:

- 16 032 kHz: + 5 dBm to + 12 dBm;

- 32 064 kHz: at least 20 dB below the power at 16 032 kHz.

The connectors and coaxial cable pairs in the distribution frame shall be 75 ohms + 5%.
Jitter requirements:

- for the maximum peak-to-peak jitter at the output port, refer to 5.1/G.824;

- for the jitter to be tolerated at the input port, refer to 7.2.3/G.824.
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Overvoltage protection requirements: refer to ITU-T Rec. K.41.

8

Interface at 44 736 kbit/s (E32)
44 736 kbit/s interface specification is defined in Table 6.

Table 6/G.703 - Digital interface at 44 736 kbit/s

Parameter

Specification

Nominal bit rate

44 736 kbit/s

Bit rate accuracy

In a self-timed, free-running mode, the bit rate accuracy shall be 2895 bits/s
(20 ppm) or better.

Line code

B3ZS (bipolar with three-zero substitutions)

Frame structure

The signal shall have the frame structure defined in ITU-T Rec. G.752 to ensure
transmission through all types of 44 736 kbit/s transport equipment. The frame
structure is not required for multiplexing to higher level DSN signals.

Medium One unbalanced coaxial line shall be used for each direction of transmission.
Test load A resistive test load of 75 ohms + 5% shall be used at the interface for the evaluation
impedance of pulse shape and the electrical parameters specified below.

Pulse amplitude

The amplitude (Note 1) of an isolated pulse shall be between 0.36 V and 0.85 V
peak.

Pulse shape

The shape of every pulse that approximates an isolated pulse (is preceded by two
zeros and followed by one or more zeros) shall conform to the mask in Figure 14.
See 5.2 for allowable procedures to be followed in checking conformance. This
mask includes an allowance of 3% of the peak pulse amplitude at any point on the
mask relative to the pulse mask in the earlier version. Equations defining the various
line segments making up the mask are listed below the figure,

Power level

A wideband power measurement of an AIS signal (as defined in ITU-T Rec. G.704)
using a power level sensor with a working frequency range of 200 MHz shall be
between —4.7 dBm and +3.6 dBm, including the effects of a range of connecting
cable lengths between 68.6 meters (225 feet) and 137.2 meters (450 feet). A low-
pass filter having a flat passband and cutoff frequency of 200 MHz shall be used.
The rolloff characteristics of this filter are not important;

or

an alternate power level specification of the power of an all-ones signal (Note 2) is
useful for some equipment qualifications. It requires that the power in a 3 kHz

* 1 kHz band centered at 22 368 kHz be between —1.8 dBm and +5.7 dBm. It further
requires that the power in a 3 kHz + 1 kHz band centered at 44 736 kHz be at least
20 dB below that at 22 368 kHz.

Pulse imbalance

1)  The ratio of amplitudes of positive and negative isolated pulses shall be
between 0.90 and 1.10.

62

2)  Positive and negative isolated pulses shall both conform to the mask of
Figure 14,
DC power There shall be no DC power applied at the interface.
Verification Access to the signal at the interface shall be provided for verification of these signal
access specifications.
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Parameter

Specification

NOTE ! — While both voltage and power requirements are given to assist in qualification of signals at the
interface, the values are not equivalent. Voltage specifications are given for isolated pulses, while power
levels are specified for an AIS signal, or alternatively an all-ones signal.

NOTE 2 - The all-ones signal is not realizable within the frame structure specified in Recommendation
G.752, and is not encountered in North American telecommunication networks.

All signals appearing at the 44 736 kbit/s interface shall satisfy each requirement listed.

An isolated pulse (see pulse shape in Table 6) at the 44 736 kbit/s interface shall fit within the mask
shown in Figure 14. Equations defining the various line segments making up the mask are listed
below the figure. In this figure, the y axis shows normalized pulse amplitude. The x axis is time

measured in unit intervals. For 44 736 kbit/s, the unit interval is 22.4 ns.

To assure proper operation of transmission facilities and higher order multiplex equipment, all

44 736 kbit/s sources shall use the frame structured defined in ITU-T Rec. G.752.

Jitter requirements:
- for the maximum peak-to-peak jitter at the output port, refer to 5.1/G.824;
- for the jitter to be tolerated at the input port, refer to 7.2.4/G.824.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.
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Figure 14/G.703 — 44 736 kbit/s interface isolated pulse mask and equations

9 Interface at 2048 kbit/s (E12)

9.1 General characteristics
Nominal bit rate: 2048 kbit/s.

Bit rate accuracy: £50 ppm (£102.4 bit/s).
Code: High density bipolar of order 3 (HDB3) (a description of this code can be found in Annex A).
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Overvoltage protection requirements: refer to ITU-T Rec. K.41.

9.2 Specifications at the output ports
See Table 7.

Table 7/G.703 — Digital interface at 2048 kbit/s

65

Pulse shape
(nominally rectangular)

All marks of a valid signal must conform with the
mask (see Figure 15) irrespective of the sign. The
value V corresponds to the nominal peak value,

pulses at the nominal half amplitude

Pair(s) in each direction One coaxial pair One symmetrical pair
(see 9.4) (see 9.4)

Test load impedance 75 ohms resistive 120 ohms resistive

Nominal peak voltage of a mark (pulse) 237V 3V

Peak voltage of a space (no pulse) 0+0.237V 0+03V

Nominal pulse width 244 ns

Ratio of the amplitudes of positive and negative 0.95 to 1.05

pulses at the centre of the pulse interval

Ratio of the widths of positive and negative 0.95to 1.05

Maximum peak-to-peak jitter at an output port

Refer to 5.1/G.823

The return loss at the output port should have the following minimum values:

Frequency range Return loss
(kHz) (dB)
51to 102 6
102 to 3072 8
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NOTE - V corresponds to the nominal peak value.

Figure 15/G.703 — Mask of the pulse at the 2048 kbit/s interface

9.3

The digital signal presented at the input port shall be as defined above but modified by the
characteristic of the interconnecting pair. The attenuation of this pair shall be assumed to follow a
\[flaw and the loss at a frequency of 1024 kHz shall be in the range 0 to 6 dB. This attenuation
should take into account any losses incurred by the presence of a digital distribution frame between

the equipments.

Specifications at the input ports

For the jitter to be tolerated at the input port, refer to 7.1.2/G.823.

The return loss at the input port should have the following provisional minimum values:

Nominal pulse

Frequency range Return loss
(kHz) (dB)
51 t0 102 12
102 to 2048 18
2048 to 3072 14

To ensure adequate immunity against signal reflections that can arise at the interface due to
impedance irregularities at digital distribution frames and at digital output ports, input ports should
meet the following requirement:
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A nominal aggregate signal, encoded into HDB3 and having a pulse shape as defined in the pulse
mask, shall have added to it an interfering signal with the same pulse shape as the wanted signal.
The interfering signal should have a bit rate within the limits specified in this Recommendation, but
should not be synchronous with the wanted signal. The interfering signal shall be combined with the
wanted signal in a combining network, with an overall zero loss in the signal path and with the
nominal impedance 75 ohms (in the case of coaxial-pair interface) or 120 Ohms (in the case of
symmetrical-pair interface), to give a signal-to-interference ratio of 18 dB. The binary content of the
interfering signal should comply with ITU-T Rec. 0.151 (2"° — 1 bit period). No errors shall result
when the combined signal, attenuated by up to the maximum specified interconnecting cable loss, is
applied to the input port.

NOTE — A receiver implementation providing an adaptive rather than a fixed threshold is considered to be
more robust against reflections and should therefore be preferred.

9.4 Grounding of outer conductor or screen

The outer conductor of the coaxial pair or the screen of the symmetrical pair shall be connected to
the bonding network both at the input port and the output port.

NOTE 1 — The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 - The direct connection of the outer conductors of coaxial cables to the bonding network at the
transmit and receive interfaces may, because of differences in earth potential at each end of the cable, result
in unwanted current flowing in the outer conductor, through connectors and through the receiver input
circuitry. This may result in errors or even permanent damage. To prevent this problem, DC isolation may be
introduced between the outer conductor and bonding network at the receive interface. The method of DC
isolation must not compromise the EMC compliance of the equipment and the overall installation.

NOTE 3 — The use of isolation to the bonding network is for further study.

10 Interface at 8448 kbit/s (E22)

10.1  General characteristics

Nominal bit rate: 8448 kbit/s.

Bit rate accuracy: +30 ppm (£253.4 bit/s).

Code: High density bipolar of order 3 HDB3 (a description of this code can be found in Annex A).

Overvoltage protection requirements: refer to ITU-T Rec. K.41.

10.2  Specification at the output ports
See Table 8.
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Table 8/G.703 — Digital interface at 8448 kbit/s
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Pulse shape
(nominally rectangular)

All marks of a valid signal must conform with the
mask (Figure 16) irrespective of the sign.

Pair(s) in each direction

One coaxial pair (see 10.4)

Test load impedance

75 ohms resistive

the nominal half amplitude

Nominal peak voltage of a mark (pulse) 237V

Peak voltage of a space (no pulse) 0V+0237V
Nominal pulse width 59 ns

Ratio of the amplitudes of positive and negative 0.95to0 1.05
pulses at the centre of the pulse interval

Ratio of widths of positive and negative pulses at 0.95 to 1.05

Maximum peak-to-peak jitter at an output port

Refer to 5.1/G.823
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Figure 16/G.703 — Pulse mask at the 8448 kbit/s interface

The return loss at the output port should have the following minimum values:

Frequency range Return loss
(kHz) (dB)
211 to 422 6
4221012 672 8

TR Y P e ~ e s g oo




69
10.3  Specifications at the input ports

The digital signal presented at the input port shall be as defined above but modified by the
characteristics of the interconnecting pairs. The attenuation of this pair shall be assumed to follow a

‘\/j-“ law and the loss at a frequency of 4224 kHz shall be in the range 0 to 6 dB. This attenuation
should take into account any losses incurred by the presence of a digital distribution frame between
the equipments.

For the jitter to be tolerated at the input port, refer to 7.1.3/G.823.

The return loss at the input port should have the following provisional minimum values:

Frequency range Return loss
(kHz) (dB)
211 to 422 12
422 to 8448 18
8448to 12 672 14

To ensure adequate immunity against signal reflections that can arise at the interface due to
impedance irregularities at digital distribution frames and at digital output ports, input ports should
meet the following requirement:

A nominal aggregate signal, encoded into HDB3 and having a pulse shape as defined in the pulse
mask shall have added to it an interfering signal with the same pulse shape as the wanted signal.
The interfering signal should have a bit rate within the limits specified in this Recommendation, but
should not be synchronous with the wanted signal. The interfering signal shall be combined with the
wanted signal in a combining network, with an overall zero loss in the signal path and with the
nominal impedance 75 ohms to give a signal-to-interference ratio of 20 dB. The binary content of
the interfering signal should comply with ITU-T Rec. 0.151 (2 — 1 bit period). No errors shall
result when the combined signal, attenuated by up to the maximum specified interconnecting cable
loss, is applied to the input port.

10.4  Grounding of outer conductor

The outer conductor of the coaxial pair shall be connected to the bonding network at the input port
and the output port.

NOTE 1 —The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 - The use of isolation to the bonding network is for further study.

11 Interface at 34 368 kbit/s (E31)

11.1  General characteristics

Nominal bit rate: 34 368 kbit/s.

Bit rate accuracy: 20 ppm (£688 bit/s).

Code: HDB3 (a description of this code can be found in Annex A).

Overvoltage protection requirements: refer to ITU-T Rec. K.41.

11.2  Specification at the output ports
See Table 9.
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Table 9/G.703 — Digital interface at 34 368 kbit/s
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Pulse shape (nominally rectangular)

All marks of a valid signal must conform with the
mask (see Figure 17), irrespective of the sign.

Pair(s) in each direction

One coaxial pair (see 11.4)

Test load impedance

75 ohms resistive

Nominal peak voltage of a mark (pulse) 1.0V

Peak voltage of a space (no pulse) 0vVz01V
Nominal pulse width 14.55 ns
Ratio of the amplitudes of positive and negative 0.95 to 1.05
pulses at the center of a pulse interval

Ratio of the widths of positive and negative pulses | 0.95 to 1.05

at the nominal half amplitude

Maximum peak-to-peak jitter at an output port

Refer to 5.1/G.823
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v _ /
o .
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1.0 = > gu -------- : ------- é -.6‘5.;;;; ................... g
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= i i /
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v
05 %
% 12.1 ns /J
(435-24%) 77
%
7 : i
/ 4 % 24.5 ns £
= “ (1455 +9.95) =
T et S » S
= o = ]
7 / ’
////’; 29.1 ns
(14.55 + 14.55) T1818860-02

Figure 17/G.703 — Pulse mask at the 34 368 kbit/s interface
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The return loss at the output port should have the following minimum values:

Frequency range Return loss
(kHz) (dB)
860 to 1720 6
1720 to 51 550 8

11.3  Specifications at the input ports

The digital signal presented at the input port shall be as defined above but modified by the
characteristics of the interconnecting pair. The attenuation of this cable shall be assumed to follow

approximately a \/}' law and the loss at a frequency of 17 184 kHz shall be in the range 0 to 12 dB.
For the jitter to be tolerated at the input port, refer to 7.1.4/G.823.

The return loss at the input port should have the following provisional minimum values:

Frequency range Return loss
(kHz) (dB)
860 to 1720 12
1720 to 34 368 18
34 368 to 51 550 14

To ensure adequate immunity against signal reflections that can arise at the interface due to
impedance irregularities at digital distribution frames and at digital output ports, input ports are
required to meet the following requirement:

A nominal aggregate signal, encoded into HDB3 and having a pulse shape as defined in the pulse
mask shall have added to it an interfering signal with the same pulse shape as the wanted signal.
The interfering signal should have a bit rate within limits specified in this Recommendation, but
should not be synchronous with the wanted signal. The interfering signal shall be combined with the
wanted signal in a combining network, with an overall zero loss in the signal path and with the
nominal impedance 75 ochms to give a signal-to-interference ratio of 20 dB. The binary content of
the interfering signal should comply with ITU-T Rec. O.151 (223 — 1 bit period). No errors shall
result when the combined signal, attenuated by up to the maximum specified interconnecting cable
loss, is applied to the input port.

11.4  Grounding of outer conductor

The outer conductor of the coaxial pair shall be connected to the bonding network both at the input
port and the output port.

NOTE 1 — The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 — The use of isolation to the bonding network is for further study.

12 Interface at 139 264 kbit/s (E4)

12.1  General characteristics

Nominal bit rate: 139 264 kbit/s.

Bit rate accuracy: 15 ppm (2089 bit/s).

Code: Coded Mark Inversion (CMI) (a description of this code can be found in Annex A)
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Overvoltage protection requirements: refer to ITU-T Rec. K.41.

12.2  Specifications at the output ports

The specifications at the output ports are given in Table 10 and Figures 18 and 19.

NOTE - A method based on the measurement of the levels of the fundamental frequency component, the
second (and possibly the third) harmonic of a signal corresponding to binary all 0s and binary all 1s, is
considered to be a perfectly adequate method of checking that the requirements of Table 10 have been met.

The relevant values of the harmonic components are under study.

Table 10/G.703 - Digital interface at 139 264 kbit/s

Pulse shape

Nominally rectangular and conforming to the masks
shown in Figures 18 and 19

Pair(s) in each direction

One coaxial pair

Test load impedance

75 ohms resistive

Peak-to-peak voltage

1201V

Rise time between 10% and 90% amplitudes of
the measured steady state amplitude

<2 ns

Transition timing tolerance (referred to the mean
value of the 50% amplitude points of negative
transitions)

Negative transitions: 0.1 ns
Positive transitions at unit interval boundaries:
+0.5 ns

Positive transitions at mid-interval: +0.35 ns

Return loss

215 dB over frequency range 7 MHz to 210 MHz

Maximum peak-to-peak jitter at an output port

Refer to 5.1/G.823
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T=718ns
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045 - 1.795 ns/ 1795ns | / I
-0.50 | L — e—  —
ol ey T (Note 1)
I 200
Negative transitions

Positive transition at mid-unit interval

NOTE I — The maximum "steady state” amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted to
fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level by
more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 - For all measurements using these masks, the signal should be AC coupled, using a capacitor of not less than 0.01 pF, to the
input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks, Any such adjustment should be
the same for both masks and should not exceed £0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within +£0.05 V of the nominal zero level of the masks.

NOTE 3 — Each pulse in a coded pulse sequence should meet the limits of the relevant mask, irrespective of the state of the preceding or
succeeding pulses, with both pulse masks fixed in the same relation to a common timing reference, i.e. with their nominal start and finish
edges coincident.

The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of the
pulses overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering
the oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same clock signal].

These techniques require further study.

NOTE 4 - For the purpose of these masks, the rise time and decay time should be measured between 0.4 V and 0.4 V, and should not
exceed 2 ns.

Figure 18/G.703 —~ Mask of a pulse corresponding to a binary 0 at the 139 264 kbit/s interface
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NOTE 1 - The maximum "steady state" amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted to
fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level
by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 —For all measurements using these masks, the signal should be AC coupled, using a capacitor of not less than 0.01 pF, to the
input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be
the same for both masks and should not exceed £0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within +£0.05 V of the nominal zero level of the masks.

NOTE 3 - Each pulse in a coded sequence should meet the limits of the relevant mask, irrespective of the state of the preceding or
succeeding pulses, with both pulse masks fixed in the same relation to a common timing reference, i.e. with their nominal start and
finish edges coincident.

The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of the

pulses overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering
the oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same

clock signal].

These techniques require further study.

NOTE 4 - For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not
exceed 2 ns.

NOTE 5 - The inverse pulse will have the same characteristics, noting that the timing tolerance at the level of the negative and positive

transitions are +0.1 ns and +0.5 ns respectively.

Figure 19/G.703 — Mask of a pulse corresponding to a binary 1 at the 139 264 kbit/s interface
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12.3  Specifications at the input ports

The digital signal presented at the input port should conform to Table 10 and Figures 18 and 19
modified by the characteristics of the interconnecting coaxial pair.

The attenuation of the coaxial pair should be assumed to follow an approximate \f} law and to have
a maximum insertion loss of 12 dB at a frequency of 70 MHz.

For the jitter to be tolerated at the input port, refer to 7.1.5/G.823.

The retumn loss characteristics should be the same as that specified for the output port.

12.4  Grounding of outer conductor

The outer conductor of the coaxial pair shall be connected to the bonding network both at the input
port and the output port.

NOTE 1 -The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 - The use of isolation to the bonding network is for further study.

13 2048 kHz synchronization interface (T12)

13.1 General characteristics

The use of this interface is recommended for all applications where it is required to synchronize a
digital equipment by an external 2048 kHz synchronization signal.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.

13.2  Specifications at the output ports

For general characteristics, see Table 11; for frequency accuracy requirements, see Table 11a.

Table 11/G.703 - Digital 2048 kHz clock interface

Pulse shape The signal must conform with the mask (Figure 20).
The value V corresponds to the maximum peak value.
The value V, corresponds to the minimum peak value.

Type of pair Coaxial pair Symmetrical pair
(see Note in 13.4) (see Note in 13.4)

Test load impedance 75 ohms resistive 120 ohms resistive

Maximum peak voltage (Vp) 1.5 1.9

Minimum peak voltage (Vop) 0.75 1.0

Maximum jitter at an output port Refer to Table 5/G.823 (Note)

NOTE - This value is valid for network timing synchronization equipments. Other values may be
specified for timing output ports of digital links carrying the network timing.
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Figure 20/G.703 — Wave shape at an output port of the 2048 kHz synchronization interface

Table 11a/G.703 - Digital 2048 kHz clock — Frequency accuracy at output ports

Output interface Required accuracy
Primary reference clock — PRC Refer to ITU-T Rec. G.811
Synchronization supply unit — SSU Refer to ITU-T Rec. G.812
SDH equipment clock — SEC 4.6 ppm; refer also to ITU-T Rec. G.813
Others (Note) +50 ppm

NOTE — Synchronization interfaces defined in the 1998 version of this Recommendation.

13.3  Specifications at the input ports

The signal presented at the input ports should be as defined above but modified by the
characteristics of the interconnecting pair.
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The attenuation of this pair shall be assumed to follow a \[f law and the loss at a frequency of
2048 kHz should be in the range 0to 6 dB (minimum value). This attenuation should take into
account any losses incurred by the presence of a digital distribution frame between the equipments.

The input port shall be able to tolerate a digital signal with these electrical characteristics but
modulated by jitter. See Table 11b.

The return loss at 2048 kHz should be >15 dB.

Table 11b/G.703 — Digital 2048 kHz clock — Noise tolerance at input ports

Input interface Jitter tolerance
Primary reference clock — PRC Not applicable
Synchronization supply unit — SSU Refer to ITU-T Rec. G.812
SDH equipment clock — SEC Refer to ITU-T Rec. G.813
Others (Note) For further study
NOTE - Synchronization interfaces defined in the 1998 version of this Recommendation.

13.4  Grounding of outer conductor or screen

The outer conductor of the coaxial pair or the screen of the symmetrical pair shall be connected to
the bonding network both at the input port and the output port.

NOTE I — The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 - The use of isolation to the bonding network is for further study.

14 Interface at 97 728 kbit/s

Interconnection of 97 728 kbit/s signals for transmission purposes is accomplished at a digital
distribution frame.

Nominal bit rate: 97 728 kbit/s.

Bit rate accuracy: £10 ppm (£978 bit/s).

One coaxial pair shall be used for each direction of transmission.
The test load impedance shall be 75 ohms + 5% resistive.

A scrambled AMI code! shall be used.

The shape for the 97 728 kbit/s output port shall fall within the mask in Figure 21. The shape at the
point where the signal arrives at the distribution frame will be modified by the characteristics of the

interconnecting cable.

1 ‘%ﬂ A3MI code is scrambled by a five-stage reset-type scrambler with the primitive polynomial of
X +x 41,
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Figure 21/G.703 — Pulse mask at the 97 728 kbit/s output port

The connectors and cable pairs in the distribution frame shall be 75 ohms + 5%.

Jitter requirements:
- for the maximum peak-to-peak jitter at the output port, refer to 5.1/G.824;
- for the jitter to be tolerated at the input port, refer to 7.2.5/G.824.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.
15 Interface at 155 520 kbit/s — STM-1 interface (ES1)

15.1  General characteristics

Nominal bit rate: 155 520 kbit/s.

Bit rate accuracy: £20 ppm (£3111 bit/s).

Code: Coded Mark Inversion (CMI) (a description of this code can be found in Annex A).
Overvoltage protection requirements: refer to ITU-T Rec. K.41.

15.2  Specifications at the output ports
The specifications at the output ports are given in Table 12 and in Figures 22 and 23.

NOTE - A method based on the measurement of the levels of the fundamental frequency component, the
second (and possibly the third) harmonic of a signal corresponding to the binary all Os and binary all 1s, is
considered to be a perfectly adequate method of checking that the requirements of Table 12 have been met.

The relevant values of the harmonic components are under study.
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Table 12/G.703 - Digital interface at 155 520 kbit/s

Pulse shape Nominally rectangular and conforming to the masks
shown in Figures 22 and 23

Pair(s) in each direction One coaxial pair

Test load impedance 75 ohms resistive

Peak-to-peak voltage 1201V

Rise time between 10% and 90% amplitudes of | <2 ns
the measured steady state amplitude

Transition timing tolerance referred to the mean Negative transitions: £0.1 ns
value of the 50% amplitude points of negative | Positive transitions at unit interval boundaries: +0.5 ns
transitions

Positive transitions at mid-unit intervals: £0.35 ns

Return loss 215 dB over frequency range 8 MHz to 240 MHz

Maximum peak-to-peak jitter at an output port | Refer to 5.1/G.825

15.3

Specifications at the input ports

The digital signal presented at the input port should conform to Table 12 and Figures 22 and 23
modified by the characteristics of the interconnecting coaxial pair.

The attenuation of the coaxial pair should be assumed to follow an approximate ‘\/}' law and to have
a maximum insertion loss of 12.7 dB at a frequency of 78 MHz.

For the jitter to be tolerated at the input port, refer to 6.1.2.1/G.825.

The return loss characteristics should be the same as that specified for the output port.

154

Specifications at the cross-connect points

Signal power level: A wideband power measurement using a power level sensor with a
working frequency range of at least 300 MHz shall be between —2.5 and +4.3 dBm. There
shall be no DC power transmitted across the interface.

Eye diagram: An eye diagram mask based on the maximum and minimum power levels
given above is shown in Figure 24 where the voltage amplitude has been normalized to one,
and the time scale is specified in terms of the pulse repetition period T. The corner points of
the eye diagram are shown in Figure 24.

Termination: One coaxial cable shall be used for each direction of transmission.

Impedance: A resistive test load of 75 ohms +5% shall be used at the interface for the
evaluation of the eye diagram and the electrical parameters of the signal.
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NOTE | - The maximum "steady state” amplitude should not exceed the 0.55 Vlimit. Overshoots and other transients are permitted
to fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level
by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 - For all measurements using these masks, the signal should be AC coupled, using a capacitor of not less than 0.01 pF, to
the input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be
the same for both masks and should not exceed £0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within £0.05 V of the nominal zero level of the masks.

NOTE 3 - Each pulse in a coded pulse sequence should meet the limits of the relevant mask, irrespective of the state of the preceding
or succeeding pulses, with both pulse masks fixed in the same relation to a common timing reference, i.e. with their nominal start and
finish edges coincident.

‘The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of the pulses
overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering the
oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same clock signal).

These techniques require further study.

NOTE 4 —For the purposc of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not
exceed 2 ns.

Figure 22/G.703 — Mask of a pulse corresponding to a binary 0 (at the 155 520 kbit/s
interface)
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NOTE I - The maximum "steady statc" amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted
to fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level
by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 - For all measurements using these masks, the signal should be AC coupled, using a capacitor of not less than 0.01 pF, to
the input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks, Any such adjustment should be
the same for both masks and should not exceed £0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within £0.05 V of the nominal zero level of the masks.

NOTE 3 — Each pulse in a coded sequence should meet the limits of the relevant mask, irrespective of the state of the preceding or
succeeding pulses, with both pulse masks fixed in the same relation to a common timing reference, i.c. with their nominal start and
finish edges coincident.

The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of thepulses
overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering the
oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same clock signal].

These techniques require further study.

NOTE 4 — For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not
exceed 2 ns.

NOTE 5 — The inverse pulse will have the same characteristics, noting that the timing tolerance at the level of the negative and positive
transitions are +0.1 ns and +0.5 ns respectively.

Figure 23/G.703 — Mask of a pulse corresponding to a binary 1 (at the 155 520 kbit/s
interface)
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Figure 24/G.703 — STM-1 interface eye diagram

15.5  Grounding of outer conductor

The outer conductor of the coaxial pair shall be connected to the bonding network both at the input
port and the output port.

NOTE 1 — The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 — The use of isolation to the bonding network is for further study.

16 Interface at 51 840 kbit/s (STM-0 interface)

16.1 General characteristics
Nominal bit rate: 51 840 kbit/s.

Bit rate accuracy: £20 ppm (1037 bit/s).

Code: Three line codes may be used:

a) Coded mark inversion (CMI);

b) High density bipolar of order 2 (HDB2) code;
c) High density bipolar of order 3 (HDB3) code.
A description of these codes can be found in Annex A
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Overvoltage protection requirements: refer to ITU-T Rec. K.41.

16.2  Specifications at the output ports

The specifications at the output ports are given in Table 13.

Table 13/G.703 - Digital interface at 51 840 kbit/s

83

Pair(s) in each direction

One coaxial pair

Test load impedance

75 ohms resistive

Maximum peak-to-peak jitter at an output port

1.5 Ulpp in the bandwidth from 100 Hz to 400 kHz
0.15 Ulpp in the bandwidth from 20 kHz to 400 kHz

NOTE 1 - The high-pass measurement filters have a
first-order characteristic and a roll-off of

—20 dB/decade. The low-pass measurement filters
have a maximally flat, Butterworth characteristic
and a roll-off of —60 dB/decade.

NOTE 2 ~The values of jitter for CMI coded STM-0
signals are provisional and should be studied.

If HDB2 or HDB3 codes are used:

Pulse shape

Nominally rectangular and conforming to the mask
(Figure 25) irrespective of the sign. The value V
corresponds to the nominal peak value.

Nominal peak voltage of a mark (pulse) 1.0V
Peak voltage of a space (no pulse) OV£01V
Nominal pulse width 9.65 ns
Ratio of the amplitudes of positive and negative 0.95to 1.05
pulses at the center of a pulse interval
Ratio of the widths of positive and negative pulses | 0.95 to 1.05
at the nominal half amplitude

If CMI code is used:

measured steady state amplitude

Pulse shape Nominally rectangular and conforming to the masks
shown in Figures 26 and 27

Peak-to-peak voltage 1£01V

Rise time between 10% and 90% amplitudes of the | <6 ns

Transition timing tolerance referred to the mean
value of the 50% amplitude points of negative
transitions

Negative transitions: 0.3 ns
Positive transitions at unit interval boundaries:
*+1.5ns

Positive transitions at mid-unit intervals: =1 ns
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Figure 25/G.703 - Pulse mask at the 51 840 kbit/s interface (if HDB2 or HDB3 codes are used)
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NOTE 1 - The maximum "steady state” amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted
to fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level
by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 - For all measurements using these masks, the signal should be AC coupled, using a capacitor of not less than 0.01 uF, to
the input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be
the same for both masks and should not exceed +0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within £0.05 V of the nominal zero level of the masks.

NOTE 3 - Each pulse in a coded pulse sequence should meet the limits of the relevant mask, irrespective of the state of the preceding
or succeeding pulses, with both pulse masks fixed in the same relation to a common timing reference, i.e. with their nominal start and
finish edges coincident.

The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of the pulses
overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering the
oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same clock signal].

These techniques require further study.
NOTE 4 - For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not

exceed 2 ns.

Figure 26/G.703 — Mask of a pulse corresponding to a binary 0 (at the 51 840 kbit/s interface)
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NOTE 1 — The maximum "steady state" amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted
to fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level
by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 - For all measurements using these masks. the signal should be AC coupled, using a capacitor of not less than 0.01 uF, to
the input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be
the same for both masks and should not exceed +0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within +0.05 V of the nominal zero level of the masks.

NOTE 3 - Each pulse in a coded sequence should meet the limits of the relevant mask, irrespective of the state of the preceding or
succeeding pulses, with both pulse masks fixed in the same relation to 2 commeon timing reference, i.e. with their nominal start and
finish edges coincident.

The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of thepulses
overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering the
oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same clock signal].

These techniques require further study.

NOTE 4 —For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not
exceed 6 ns.

NOTE 5 - The inverse pulse will have the same characteristics, noting that the timing tolerance at the level of the negative and positive
transitions are +0.3 ns and +1.5 ns respectively.

Figure 27/G.703 — Mask of a pulse corresponding to a binary 1 (at the 51 840 kbit/s interface)
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The return loss at the output port should have the following minimum values:

Frequency range

Return loss

(kHz) (dB)
1296 to 2592 6
2592 to 77 760 8

87

16.3  Specifications at the input ports

The digital signal presented at the input port shall be as defined above but modified by the
characteristics of the interconnecting pair. The attenuation of this cable shall be assumed to follow
approximately a \b_‘ law and the loss at a frequency of 25 920 kHz shall be in the range from 0 to
12 dB.

The return loss at the input port should have the following provisional minimum values:

Frequency range Return loss
(kHz) (dB)
1296 to 2592 12
2592 to 51 840 18
31 840 to 77 760 14

The jitter to be tolerated at the input port expressed in peak-to-peak sinusoidal phase amplitude,
shall exceed the values shown in Figure 28:

Peak-to-peak jitter #
amplitude, Ulpp

3.63
1.5
0.15
10 41.3 100 2k 20k 400k Ji'tter frequency, Hz
T1B207€0-02

Figure 28/G.703 — 51 840 kbit/s input jitter tolerance limit

NOTE - The values of jitter for CMI coded STM-0 signals are provisional and should be studied.
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Specifications at the cross-connect points

Signal power level

A wideband power measurement using a power level sensor with a working frequency
range of at least four times the bit rate frequency shall be between —2.7 and +4.7 dBm,
accounting for both transmitter variations and a range of connecting cable lengths between
68.6 m and 137 m. A filter with a characteristic equivalent to a Butterworth low pass filter
with a cut-off frequency of 207.360 MHz shall be used.

There shall be no DC power transmitted across the interface.
Eye diagram

An eye diagram mask based on the maximum and minimum power levels and cable lengths
given above is shown in Figure 29 where the voltage amplitude has been normalized to one,
and the time scale is specified in terms of the unit interval T. Exclusionary regions are
shown as shaded areas on the figure. The comer points of these regions are listed below the
figure.

1 4
075 -
050

1

0.25 4

Normalized
amplitude

0
-0.25
—0.50 4
—0.75

o] o

-0.50 0.

T
25 0

T
0.25 0.50

Time (unit interval)

Outer region corner points Inner region corner points
Point Time Amplitude Point Time Amplitude

A —0.50 0.37 F 0.28 0.12
B -0.44 0.80 G 0.00 0.16
C -0.18 1.00 H —0.25 0.24
D 0.08 1.00 I -0.04 0.80
E 0.50 0.37 J 0.04 0.80

K 0.11 0.22

NOTE - Both inner and outer regions are symmetric about the zero amplitude axis.
T1820780-02

Figure 29/G.703 — STM-0 interface eye diagram
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16.5 Grounding of outer conductor

The outer conductor of the coaxial pair shall be connected to the bonding network both at the input
port and the output port.

NOTE 1 -The cable routing is important if leaving the system block. Consult ITU-T Rec. K.27 for
guidance.

NOTE 2 - The use of isolation to the bonding network is for further study.

Annex A

Definition of codes

This annex defines the modified alternate mark inversion codes (see ITU-T Rec. G.701, item 9005)
whose use is specified in this Recommendation.

In these codes, binary 1 bits are generally represented by alternate positive and negative pulses, and
binary 0 bits by spaces. Exceptions, as specified for the individual codes, are made when strings of
successive 0 bits occur in the binary signal.

In the definitions below, B represents an inserted pulse conforming to the AMI rule
(ITU-T Rec. G.701, item 9004), and V represents an AMI violation (ITU-T Rec. G.701, item 9007).

The encoding of binary signals in accordance with the rules given in this annex includes frame
alignment bits, etc.
Al Definition of B3ZS (also designated HDB2) and HDB3

Each block of 3 (or 4) successive zeros is replaced by 00V (or 000V respectively) or BOV (BOOV).
The choice of 00V (000V) or BOV (BOOV) is made so that the number of B pulses between
consecutive V pulses is odd. In other words, successive V pulses are of alternate polarity so that no
DC component is introduced.

A2  Definition of B6ZS and BSZS
Each block of 6 (or 8) successive zeros is replaced by 0VBOVB (or 000VBOVB respectively).

A3 Definition of CMI

CMl is a 2-level non-return-to-zero code in which binary 0 is coded so that both amplitude levels,
Aj and Ay, are attained consecutively, each for half a unit time interval (T/2).

Binary 1 is coded by either of the amplitude levels A; or Aj, for one full unit time interval (T), in
such a way that the level alternates for successive binary 1s.

An example is given in Figure A.1.

NOTE 1 - For binary 0, there is always a positive transition at the midpoint of the binary unit time interval,
NOTE 2 — For binary 1:

a) there is a positive transition at the start of the binary unit time interval if in the preceeding time
interval the level was A;;
b) there is a negative transition at the start of the binary unit time interval if the last binary 1 was

encoded by level Aj.

Y e e N Emnm rm e sm e
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Binary 40=:0%i=:0>=1 et e 1oy

Level A, — r—

Level A, L
Ir T T1818870-02
2|2
T,

Figure A.1/G.783 — Example of CMI coded binary signal

Appendix I

1544 kbit/s specification in the 1991 version of this Recommendation

I.1 General

This appendix describes an earlier 1544 Kkbit/s interface that included a pulse mask with
substantially greater allowance for overshoot on the trailing edge of the pulse than the current
standard. While the current pulse mask has been socialized in a number of network compatibility
publications since the late 1970s, equipment designed to the earlier specification may be widespread
in the network. Hence, designers of equipment need to be aware of the nature of signals that may be
delivered to that equipment.

L2 Interface specification

Most of the interface parameters in Table 4, including power levels and pulse amplitudes, apply to
the older interface. One major difference is in the line rate tolerance. The older specification calls
for a 130 ppm tolerance, reflecting an earlier, now obsolete, technology for line driver circuitry.

1.3 Pulse mask

Figure 1.1 is the 1544 kbit/s pulse mask corresponding to the earlier interface specification. It is
based on equipment generating pulses with considerably more overshoot on the trailing edge that is
currently allowed in the standard.

ey ey W S A 4w dmena an



Normalized amplitude

1.5

1.0

0.5

-1.0

-1.0 -0.5 0

Time, in Unit Intervals

0.5 1.0 15

Minimum curve

Minimum curve

Time Norm Eilized Time Normalized
amplitude amplitude
-0.77 -0.05 -0.77 0.05
-0.23 -0.05 -0.39 0.05
-0.23 0.5 -0.27 0.8
-0.15 0.95 -0.27 1.22
-0.04 0.95 -0.12 122
0.15 09 0.0 1.05
0.23 0.5 0.27 1.05
0.23 -0.62 0.34 0.08
042 -0.62 0.58 0.05
0.66 -02 1.16 0.05
093 -0.05
1.16 -0.05
T1528690-02
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Figure I.1/G.703 — Obsolete 1544 kbit/s interface isolated pulse mask and corner points
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Appendix II

64 and 6312 kHz synchronization interface specification for use in Japan

IL1 64 kHz synchronization interface

The 64 kHz clock signals from the clock supply equipment have the frequencies of:
a) 64 kHz + 8 kHz or

b) 64 kHz + 8 kHz + 400 Hz.

Those signals consist of AMI code with:

a) an 8 kHz bipolar violation, or

b) an 8 kHz bipolar violation removed at every 400 Hz.

The signal structures of 64 kHz clock signals are illustrated in Figures II.1 and I1.2.

Violation Violation

L.

LB LB LR LLLL L L L L L

8 kHz (125 ps) 8 kHz (125 ps) 8 kHz (125 ps)

- Bl
L]

»
g

r

T1531560-02

Figure I1.1/G.703 — Signal structure of 64 kHz clock interface
with a frequency of 64 kHz + 8 kHz

0.4 kHz (2.5 ms)

&
h

Violation Violation Violation

) 1 ]! le | 'ILHJU'HPHJ' ]

i |
1’2‘3!4‘5‘6(7‘8 1‘ 1|2'3‘4I5 6}7 8 \IIT!ZB.T(;nti‘S!ﬁ 7'8 1’2‘3 4?5 6‘7'8

_ 8KkHz(125ps) . 8kHz(125ps) | 8KHz(125ps) | 8KHz(125ps)

T1531570-02

Figure I1.2/G.703 — Signal structure of 64 kHz clock interface
with a frequency of 64 kHz + 8 kHz + 400 Hz

The specifications of 64 kHz clock signals at input port and output port are shown in Tables II.1 and
I1.2, respectively.
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Table I1.1/G.703 — Specification of 64 kHz clock signal at input port
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Frequency

a) 64 kHz + 8 kHz or
b) 64 kHz+ 8 kHz + 400 Hz

a)  AMI with 8 kHz bipolar violation;
b)  AMI with 8 kHz bipolar violation removed at every 400 Hz

Alarm condition

Alarm should not be occurred against the amplitude ranged
0.63-1.1 Vgp

Table I1.2/G.703 - Specification of 64 kHz clock signal at output port

Frequency

a) 64 kHz + 8 kHz or
b) 64 kHz + 8 kHz + 400 Hz

Load impedance

110 ohms resistive

Transmission media

Symmetric pair cable

Pulse width (FWHM)

<7.8 £0.78 ps

Amplitude

<1 Vopzx0.1V

IL2 6312 kHz synchronization interface

Figure 113 shows the waveform of 6312 kHz clock signal. The specifications of 6312 kHz clock
signals at input port and output port are shown in Tables I1.3 and I1.4, respectively.

ANVA
YA/ VARV

ANVANYA
.

T1531580-02

Figure I1.3/G.703 - Waveform of 6312 kHz clock signal

Table I1.3/G.703 — Specification of 6312 kHz clock signal at input port

Frequency

6312 kHz

Signal format

Sinusoidal wave

Alarm condition

Alarm should not be occurred against the amplitude ranged
—16 dBm to +3 dBm

Table 11.4/G.703 - Specification of 6312 kHz clock signal at output port

Frequency

6312 kHz

Load impedance

75 ohms resistive

Transmission media

Coaxial pair cable

Amplitude

0dBm + 3 dB

- T Y e v S EmS e ra e e
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Appendix IT1

3152 kbit/s interface specification for use in North America
(from Annex A/G.931)

Nominal bit rate: 3152 kbit/s.
Bit rate accuracy: £30 ppm (£95 bit/s).
For specifications at the ports, see Table I1I.1.

Table IT1.1/G.703 - Digital interface at 3152 kbit/s

Parameter Specification
Nominal bit rate 3152 kbit/s
Bit rate accuracy 130 ppm (£95 bit/s)
Test load impedance 100 ohms £ 5% resistive

Line code

AMI (Notes 1 and 2)

Pulse shape

Nominal rectangular

Pair(s) in each direction of
transmission

One balanced twisted pair (Note 3)

Nominal amplitude

3.0 V (Note 4)

Width (at 50% amplitude)

159 +30ns

Rise and fall times (20-80% of
amplitude)

<50 ns (difference between rise and fall times shall be 0 + 20 ns)

Signal power (all is signal,
measured over 10 MHz bandwidth)

16.53 + 2 dBm [ratio of (power in + pulses) to (power in — pulses)
shall be 0 + 0.5 dB]

NOTE 1 — An AMI code shall be used. For definitions of AMI code; see Annex A/G.703.
NOTE 2 - In order to guarantee adequate timing information, the minimum pulse density taken over any

130 consecutive time slots must be 1 in 8. The design intent is that the long-term pulse density be equal to
0.5. In order to provide adequate jitter performance for systems, timing extracting circuits should have a Q
of 1200 £ 200 that is representable by a single tuned network.

NOTE 3 — One balanced twisted pair shall be used for each direction of transmission. The distribution
frame jack connected to a pair bringing signals to the distribution frame is termed the in-jack.

The distribution frame jack connected to a pair carrying signals away from the distribution frame is termed
the out-jack.

NOTE 4 - The peak-to-peak voltage within a time slot containing a zero (space) produced by other pulses
meeting the specifications of Table II1.1 should not exceed 0.1 of the peak pulse amplitude.

Requirements for the maximum peak-to-peak jitter at the output port and the jitter to be tolerated at
the input port are for further study.

Overvoltage protection requirements: refer to ITU-T Rec. K.41.
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Series A
Series B
Series C
Series D
Series E
Series F

Series G
Series H
Series |

Series J

Series K
Series L

Series M

Series N
Series O
Series P
Series Q
Series R
Series S
Series T
Series U
Series V
Series X
Series Y

Series Z

SERIES OF ITU-T RECOMMENDATIONS

Organization of the work of ITU-T

Means of expression: definitions, symbols, classification

General telecommunication statistics

General tariff principles

Overall network operation, telephone service, service operation and human factors
Non-telephone telecommunication services

Transmission systems and media, digital systems and networks

Audiovisual and multimedia systems

Integrated services digital network

Cable networks and transmission of television, sound programme and other multimedia signals
Protection against interference

Construction, installation and protection of cables and other elements of outside plant

TMN and network maintenance: international transmission systems, telephone circuits,
telegraphy, facsimile and leased circuits

Maintenance: international sound programme and television transmission circuits
Specifications of measuring equipment

Telephone transmission quality, telephone installations, local line networks
Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminals for telematic services

Telegraph switching

Data communication over the telephone network

Data networks and open system communications

Global information infrastructure and Internet protocol aspects

Languages and general software aspects for telecommunication systems
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GENERAL SECRETARIAT OF THE INTERNATIONAL TELECOMMUNICATION UNION

Geneva, 20 July 2005

ITU -~ TELECOMMUNICATION
STANDARDIZATION SECTOR

Subject:  Erratum 1 (07/2005) to

ITU-T Recommendation G.703 (11/2001), Physical/electrical characteristics of
hierarchical digital interfaces

1) In Figure 22/G.703 "Mask of a pulse corresponding to a binary 0 (at the 155 520 kbit/s
interface)", mask values were incorrect (pulse period of 19.3 ns instead of 6.43 ns). Replace the
whole figure by the following:

Union internationale des télécommunications
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NOTE 1 - The maximum "steady state” amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted
to fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level
by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

NOTE 2 - For all measurements using these masks, the signal should be AC coupled, using a capacitor of not less than 0,01 uF, to

the input of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied,
the vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be
the same for both masks and should not exceed +0.05 V. This may be checked by removing the input signal again and verifying that
the trace lies within £0.05 V of the nominal zero level of the masks.

NOTE 3 — Each pulse in a coded pulse sequence should meet the limits of the relevant mask, irrespective of the state of the preceding
or succeeding pulses, with both pulse masks fixed in the same relation to a common timing reference, i.e. with their nominal start and

finish edges coincident.

The masks allow for HF jitter caused by intersymbol interference in the output stage, but not for jitter present in the timing signal
associated with the source of the interface signal.

When using an oscilloscope technique to determine pulse compliance with the mask, it is important that successive traces of the pulses
overlay in order to suppress the effects of low frequency jitter. This can be accomplished by several techniques [e.g. a) triggering the
oscilloscope on the measured waveform or b) providing both the oscilloscope and the pulse output circuits with the same clock signal].
These technigues require further study.

NOTE 4 - For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V. and should not
exceed 2 ns.

2) In Figure 26/G.703 "Mask of a pulse corresponding to a binary 0 (at the 51 840 kbit/s
interface)", correct Note 4 as follows:

NOTE 4 - For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should
not exceed 26 ns.
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ITU-T Recommendation G.703

Physical/electrical characteristics of hierarchical digital interfaces

Corrigendum 1

Summary

This corrigendum contains material to correct ITU-T Recommendation G.703 (2001),
Physical/electrical characteristics of hierarchical digital interfaces.

Source

Corrigendum 1 to ITU-T Recommendation G.703 (2001) was approved on 29 March 2008 by ITU-T
Study Group 15 (2005-2008) under the ITU-T Recommendation A.8 procedure.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the

TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2008

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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ITU-T Recommendation G.703

Physical/electrical characteristics of hierarchical digital interfaces

Modify Table 11 as shown:

Corrigen

dum 1

Table 11/G.703 - Digital 2048 kHz clock interface

102

Minimum peak voltage (Vop) (V;)

Pulse shape The signal must conform with the mask (Figure 20).
The value V corresponds to the maximum peak value.
The value V, corresponds to the minimum peak value.
Type of pair Coaxial pair Symmetrical pair
(see Note in 13.4) (see Note in 13.4)
Test load impedance 75 ohms resistive 120 ohms resistive
Maximum peak voltage (Vep) 1.5 1.9
0.75 1.0

Maximum jitter at an output port

Refer to Table 5/G.823 (Note)

NOTE - This value is valid for network timing synchronization equipments. Other values may be
specified for timing output ports of digital links carrying the network timing.
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Series A
Series D
Series E
Series F

Series G
Series H
Series I

Series J

Series K
Series L
Series M
Series N
Series O
Series P

Series Q
Series R
Series S

Series T
Series U
Series V
Series X
Series Y

Series Z

SERIES OF ITU-T RECOMMENDATIONS

Organization of the work of ITU-T

General tariff principles

Overall network operation, telephone service, service operation and human factors
Non-telephone telecommunication services

Transmission systems and media, digital systems and networks

Audiovisual and multimedia systems

Integrated services digital network

Cable networks and transmission of television, sound programme and other multimedia signals
Protection against interference

Construction, installation and protection of cables and other elements of outside plant
Telecommunication management, including TMN and network maintenance
Maintenance: international sound programme and television transmission circuits
Specifications of measuring equipment

Telephone transmission quality, telephone installations, local line networks
Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminals for telematic services

Telegraph switching
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Recommendation ITU-T G.703

Physical/electrical characteristics of hierarchical digital interfaces

Amendment 1

Specifications for the physical layer of the new ITU-T G.8271/Y.1366 time
synchronization interfaces

1) Introduction

This amendment adds specifications for the physical layer of the new time synchronization
interfaces defined in ITU-T G.8271/Y.1366.

2) Additions

2.1) References

Add the following reference to clause 2:

[ITU-T G.8271] Recommendation ITU-T G.8271/Y.1366 (2012), Time and phase
synchronization aspects of packet networks.

[ITU-T V.11] Recommendation ITU-T V.11 (1996), Electrical characteristics Jor balanced
double-current interchange circuits operating at data signalling rates up to
10 Mbit/s.

[IEC 60603-7] IEC 60603-7 ed3.1 Consol. with aml (2011-12), Connectors for electronic
equipment - Part 7: Detail specification for 8-way, unshielded, Sfree and fixed
connectors.

2.2) Abbreviations

Add the following abbreviations to clause 3:

GND Ground

GNSS  Global Navigation Satellite System

1IPPS  One Pulse Per Second

2.3) New clause 17
Add the following new clause 17:

17 Time synchronization interfaces defined in ITU-T G.8271/Y.1366

17.1  ITU-T V.11-based time/phase distribution interface

The ITU-T V.11-based time/phase distribution interface provides an indication of the time of day
and the one pulse per second (1PPS) signal as a phase indication. The expected physical connector
is commonly referred to as the RJ-45 connector [IEC 60603-7].

The 1PPS time/phase interface uses a point-to-point ITU-T V.11 interface as specified in
(ITU-T V.11] with an additional requirement on the rise and fall times of the 1PPS signal. This is
needed to provide the accuracy required for the 1PPS signal,
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This interface can be used for time synchronization distribution as well as for time measurement.

The interface is a balanced interface that can tolerate significant common mode noise.

The 1PPS interface consists of a balanced 100 ohm 1PPS differential signal that can be used to
connect to another timing device or to measurement equipment.

The following mapping of signals is defined for use with the RJ-45 connector:

Two modes are supported:

1) Time input mode (the unit receives a time synchronization signal from an external time
sync master).

2) Time output mode (the unit outputs a time synchronization signal towards an interface).
The receiver of this time sync signal would be a unit operating in time input mode. This
could be either test equipment or a time slave clock.

In the event that both time input and time output modes are required at the same time, two RJ-45
connectors are required.

Table 17-1 — RJ-45 connector operating in time input mode

PIN Signal name Signal definition

i Reserved For further study

2 Reserved For further study

3 1PPS_IN- Rx 1PPS negative voltage

4 GND ITU-T V.11 signal ground

5 User defined Note

6 1PPS_IN+ Rx 1PPS positive voltage

7 RX- Rx TOD time message negative voltage

8 RX+ Rx TOD time message positive voltage
NOTE - One possible use of Pin 5 may be ground (GND). An alternative use for this pin could be
considered when connected to GNSS receivers. This is out of the scope of this Recommendation. If the
signal is not used, it is recommended to pull it down with a resistor of 10 kQ.

Table 17-2 — RJ-45 connector operating in time output mode

PIN Signal name Signal definition

1 Reserved For further study

2 Reserved For further study

3 IPPS_OUT- Tx 1PPS negative voltage

4 GND ITU-T V.11 signal ground

5 GND (Note) ITU-T V.11 signal ground

6 IPPS_OUT+ Tx 1PPS positive voltage

7 TX- Tx TOD time message negative voltage

8 TX+ Tx TOD time message positive voltage
NOTE - The time interface discussed in this Recommendation generally concerns transport equipment.
For the time output mode interface of a GNSS receiver, similar considerations concerning Pin 5 to those
made in the Note to Table 17-1 would be required.
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If only one mode is required, a sin
mode:
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gle RJ-45 can be used and configured as time input or time output

Table 17-3 — RJ-45 connector when only one mode is used

Signal name — Signal name —
PIN Time input Time output Signal definition
configuration configuration
1 Reserved (Note 1) Reserved For further study
2 Reserved (Note 1) Reserved For further study
3 1PPS_IN- 1PPS_OUT- Rx or Tx 1PPS negative voltage
4 GND GND ITU-T V.11 signal ground
5 User defined (Note 2) GND Note 2
6 1PPS_IN+ IPPS_OUT+ Rx or Tx 1PPS positive voltage
7 RX~- TX- Rx or Tx TOD time message negative voltage
8 RX+ TX+ Rx or Tx TOD time message positive voltage
NOTE 1 - The use of Pin 1 and Pin 2 is not yet defined. They may be used for the measurement of 1PPS
signal delay or may be used for configuring a GNSS receiver unit. Pin 1 and Pin 2 may be differential
signals.
NOTE 2 - One possible use of Pin 5 in the input configuration may be GND. Alternative usage could be
considered when connected to GPS receivers. This is out of the scope of this Recommendation. If the
signal is not used, it is recommended to pull it down with a resistor of 10 kQ.

17.1.1 1PPS rise and fall time specification

The maximum rise and fall times of the 1PPS_OUT signal pair at the output port are more stringent
than those specified in clause 5.3 of [ITU-T V.11]. Values are for further study. The positive pulse
width must be between 100 ns and 500 ms.

17.1.2 Signal timing

pulse on the 1PPS signal such that the midpoint of the
signal at the edge of the chassis occurs at the change of

The time master must generate a positive
leading edge of the differential ITU-T V.11
the one-second time of the system.

The cable delays of the 1PPS signal must be controlled and compensated if needed in the receiving
side so as to meet the requirements stated in Table 17-4. This may be done either manually by the
network operator or automatically by the equipment.

Table 17-4 — Timing budget for time distribution of the 1PPS interface

Parameter Tolerance Reference point
1PPS signal generation accuracy +10ns
of the timing master
Cable delay compensation =10 ns From connector to connector with
accuracy (Note 1) an ITU-T V.11 pulse
1PPS signal detection accuracy at Note 2
the slave

NOTE 1 - The applicable cable length is for further study (values between 3 m and 1000 m have been
proposed; contributions are invited).

NOTE 2 — A range between 10 and 30 ns has been mentioned, and 30 ns are agreed as worst case.
NOTE 3 — The specification of the rise and fall time is for further study.
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17.2  1PPS 50 Q phase-synchronization measurement interface

The 1PPS interface consists of an unbalanced 50 ohm 1PPS signal that can be used to connect to
measurement equipment.

NOTE - The unbalanced 50 ohm 1PPS measurement output may be used for phase distribution assuming
that the distribution interface complies with the limits set in Table 17-4. If time distribution is required, an
additional interface is required in order to transfer the corresponding time synchronization information. This
additional interface is out of the scope of this Recommendation.

As an example, a 1PPS interface consisting of an unbalanced 50 ohm signal has been used as the
distribution interface in some legacy equipment that only required phase/frequency synchronization.

17.2.1 Performance specification

This signal indicates the significant event occurring on the midpoint of the leading edge of the
signal,

The system must generate a positive pulse on the 1PPS signal such that the midpoint of the leading
edge of the signal at the edge of the chassis occurs at the one second roll-over of the system.

The pulse width must be between 100 ns and 500 ms.
The 10-90% rise times of the 1PPS pulse should be < 5 ns.

This interface is intended to be used with an impedance controlled 50 ohm cable with a maximum
length of three metres to keep the influence of delay and rise time low.

Table 17-5 — Timing specification for the 1PPS measurement interface

Parameter Tolerance Comment
IPPS signal generation accuracy +5 ns Measured at the 50% amplitude level
of the timing master
Maximum cable length 3m Due to delay and rise time performance

17.2.2 Voltage levels
Table 17-6 gives voltage levels for the interface for information.

Table 17-6 — Output voltage levels

Interface VOH (max) VOH (min) VOL (max) VOL (min)

1PPS (50 ohm single-ended) 55V 12V 03V 03V
NOTE — Measured with a 50 ohm load to ground.
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EXHIBIT H

The Fundamentals of DS3

Overview

To meet the growing demands of voice and data
communications, America’s largest corporations are ex-
ploring the high-speed worlds of optical fiber and D$3
circuits. As end-users continue to demand more
throughput, the move to DS3 circuits is often the best
solution for DS1-based private networks. Today's DS3
tariff rates are designed to attract customers, even if
these customers can't immediately take advantage of the
exira bandwidth. And, depending on location and dis-
tance, a D83 circuit will cost about the same amount
as four to 10 DS1 circuits. Once the jump to DS3 band-
width is made, users have a cost-effective means lo
implement a host of new communication technologies
including video conferencing, workstation-based graph-
ics, distributed data processing, and more advanced
facsimile transmission.

Because of the increasing presence of DS3 cir-
cuits, understanding the DS3 channel is imperative. This
Technical Note provides a detailed description of how
the DS3 channel is formed or multiplexed from 28
separate DS1 channels. It is assumed that the reader has
a basic understanding of the DS1 framing format.

The multiplexing involved in forming a DS3 signal
is a two-step process. First, the 28 DSI signals are
multiplexed into seven separate DS2 signals, where each
DS2 signal contains four DS1 signals. Second, the seven
D82 signals are combined to form the DS3 signal.

DS1 Framing Format Review

To review very briefly, the DS1 frame contains
24 8-bit DSO channels and a framing bit for a total of

193 bits in the frame. Each 8-bit DSO channel operates
at a sampling rate of 8 kHz, which is also the DS1 frame
rate, Therefore, the total aggregate bit rate for DSI is:

193 bits/frame x 8,000 frame/sec = 1.544 Mbps

which is the nominal bit rate for DS1.
DS2 Framing Format

The first step in the two-step DS1-t0-DS3 multi-
plexing process is to form a DS2 signal by combining
four D81 signals. Figure 1 on the next page shows the
DS2 framing format. The D$2 frame (sometimes called 2
D52 M-frame) is composed of four subframes, desig-
nated M1 thru M4. Each subframe consists of six blocks
and each block contains 49 bits. The first bit in each
block is a DS2 overhead (OH) bit. Each DS2 frame
contains 24 of these OH bits (1 OH biv/block x 6 blocks/
subframe x 4 subframes/DS2 frame). The remaining 48
bits in a block are DS1 information bits. The total num-
ber of DS1 information bits in 2 DS2 frame is:

48 DS bits/block x 6 blocks/subframe x
4 subframes/DS2 frame = 1,152 DSI information bits

The four subframes do nof represent each of the
separate DS1 signals. Rather, the DS2 frame is formed by
bit-by-bit interleaving the four DS1 signals, as demon-
strated in Figure 1.

The OH bit leads off every block and is followed
by the interleaved DSI data bits where 0, designates
the time slot devoted to DSI input i. After every 48 DS1

116
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D52 M-frame
4 x 294 = 1,176 bits
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1. 0;designates a time slot devoted to DS1 Input i as part of the bit-by-bit interleaving process.

2. 6 blocks/M-subframe x 49 bits/block = 204 bits/M-subframe. i
i

Figuye 1

DS2 framing format.

information bits, 12 from each DS1 signal, a DS2 OH bit
is inserted. The total number of DS1 information bits
transmitted in one second in a DS2 frame is:

different rates. A synchronization method used by
multiplexers, called bit stuffing (or pulse stuffing!), is
used to adjust the different incoming rates. Bit stuffing is
explained in greater detail in the Bit Stuffing sidebar on
DS1 rate x 4 DS1 signals per D82 which is page 4.
1.544 Mbps x 4 DS1 signals/DS2 = 6.176 Mbps
DS2 OH Bits

The overall rate chosen for DS2 is 6.312 Mbps.
The reason this rate is chosen is to provide extra
bandwidth for DS2 bit stuffing and DS2 OH bits as
explained below.

The DS2 OH bits provide alignment and bit stuff-
ing control. The OH bits are located in the first bit
position of every block. Figure 2 shows the location of
the various DS2 overhead bits designated F, M, and C.
DS2 Bit Stuffing
F-bits

The four DS1 signals are asynchronous relative
to each other, and therefore may be operating at

The F-bits (framing bits) form the frame align-
ment signal. There are eight F-bits per DS2 frame (two

'Bell Laboratories, Transmission Systems for Communications, (Holmdel, N.J.: Bell Telephone Laboratories, Inc., 1982), pp. 675-680.



Block 1 Blodk 2 Block 3 Block 4 Block 5 Block &
e N e N ~N 7 - N

( Mp [48] Cqq9 {4m) Fo  {a8] C12

M1 subframe

Mq 48] €21 48] Fo  [as] C22

M2 subframe

D52 M-frame

Mg 48] C31  [48) Fo 148] C32
M3 subframe

™~
[48] €13 [48] F1  [48)

[48] C23 [48] F1  [48]

48] C33  [48] F1  [48]

My  [48] Cq  [48) Fo 48] Ca2
M4 subf

8] Cez [8]  Fq 48] | Figure 2
DS2 overbead bits.

Notes:
L. FyF, is the frame alignment signal. Fy = 0 and F =1.

2. MM, M, Myis the multiframe alignment signal. Mg =0, M, = 1, and My maybe a D ora 1.

3. €11Gy2Cy3 = stuffing indicators for DSI input 1.
Ca1 G2 Cy3 = stuffing indicators for DS1 input 2.
C3) C3p G35 = stuffing indicators for DS1 input 3,
Cyy 4y Gy = stuffling indicators for DS1 input 4.

If the three C-bits in subframe i are all zeros, no stuff ng was done for DS1 input i. If the three

C-bits are all ones, stuffing was done.

4. [48] represents 48 DSI formation bits between every DS2 OH bit,

per subﬁ-ame). The F-bits are located in the first bit
position in blocks 3 and 6 of each subframe. The frame
alignment pattern, which is repeated every subframe,
is “01".

The rate of framing bit errors is a good in-
service approximation of the logic bit error rate because
of the number and location of framing bits.

M-bits
The M-bits (multiframing bits) form the
multiframe alignment signal. There are four M-bits per
DS2 frame (one per subframe). The M-bits are located

in the first bit position in each subframe. Transmission
equipment uses the M-bit pattern, “011X”, (where X can
be a “0” or 2 “1”) to locate the four subframes.

C-bits

The C-bits are used to control bit stuffing, There
are three C-bits per subframe, designated Gy (see
Figure 2), where i corresponds to the subframe num-
ber and j refers to the position number of the C-bit in
a particular subframe. Refer to Appendix A on page 10
for details on how the C-bits are used to control bit
stuffing within the DS2 frame.
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Bit Stuffing Basics

Bit stuffing is a synchronization methed used by multiplex-
ers to adjust for different incoming rates. Bit stuffing works by
making the overall output rate high enough to handle a range of
input rates, For example, four D$1 signals multiplexed into a DS2
signal require the following minimum bandwidth:

4% 1.544 Mbps (nominal DS1) 6,176,000 bps
DS2 OH bits +128,816 bps
Total minimum DS2 bandwidth 6,304,816 hps

The output rate normally chosen for DS2 is 6.312 Mbps
which is an even multiple of the 8 kHz sampling rate and pro-
vides extra bandwidth beyond the minimum requirement of
6,304,816 bps. The extra bandwidth is used to accommodate bit
stuffing for each incoming DS1 signal until each rate is in-
creased to an “intermediate” rate of 1,545,796 bps. Taking the
sum of the four “intermediate” DSI rates along with the DS2 OH
bits gives the DS2 aggregate ontpur rate of 6.312 Mbps. During
the multiplexing process the stuffed bits are inserted at fixed
locations in the framing format, and are identified and removed
during demultiplexing,

The output rate chosen for DS3 is 44.736 Mbps which is
also an even multiple of the 8 kHz sampling rate and provides the
extra bandwidth necessary for bit stuffing at the DS3 level. Com-
plete details on the mechanics of bit stuffing, for the standard
M13 asynchronous format, at the DS2 and DS3 levels are provided
in Appendices A and B, on pages 10 and 13, respectively. Ap-
pendix C on page 16 covers bit stuffing for the C-bit parity format,

119

DS3 Framing Format

The second step in forming a DS3 signal is to
multiplex seven DS2 signals (each containing four DS1
signals) into a DS3 signal. The same method that is used
to multiplex the four DS1 signals into a DS2 signal
applies. Figure 3 shows the D$3 framing format,
known as the standard M13 asynchronous format,
M13 is the multiplex designation for multiplexing 28
DS1 signals into one DS3 signal. The DS3 frame (some-
times called a DS3 M-frame) is composed of seven
subframes, designated 1st thru 7th. Each subframe
consists of eight blocks and each block contains 85
bits. The first bit in each block is a DS3 OH bit, Each
DS3 frame contains 56 of these OH bits (1 OH biy
block x 8 blocks/subframe x 7 subframes/DS3
frame). The remaining 84 bits in 2 block are DS2 infor-
mation bits. The total number of DS2 information bits
in a DS3 frame is:

84 DS2 bits/block x 8 blocks/subframe x
7 subframes/DS3 frame = 4,704 DS2 information bits

The seven subframes do not represent each of
the separate DS2 signals. Instead, the DS3 frame is
formed by bit-by-bit interleaving the seven DS2 signals,
as demonstrated in Figare 3. This interleaving process
is the same as that used when the four DS1 signals are
multiplexed together to form a DS2 signal. After every
84 DS2 information bits, 12 from each DS2 signal, a
DS3 OH bit is inserted. The total number of DS2 informa-
tion bits transmitted in one second is:

DS2 rate x 7 DS2 signals per DS3 which is
6.312 Mbps x 7 DS2 signals = 44.184 Mbps

The overall rate chosen for DS3 is 44.736 Mbps.
The reason this rate is chosen is to provide extra
bandwidth for DS3 bit stuffing and DS3 OH bits as
explained on the next page.
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DS3 Bit Stuffing

The seven DS2 signals may be asynchronous
relative to each other (because they may not have been
formed within a common multiplexer) and therefore
may be operating at different rates. Bit stuffing, again,
is used to adjust the different incoming rates. Bit stuffing
is explained in greater detail in the Bit Stuffing sidebar,

DS3 OH Bits

The DS3 OH bits provide alignment, error check-
ing, in-band communications, and bit stuffing control
information. The OH bits are located in the first bit
position of every block. Figure 4 on the next page shows
the location of the various DS3 OH bits.

ngu"e 3
DS3 framing format.

F-bits
The F-bits (framing bits) form the frame align-
ment signal. There are 28 F-bits per DS3 frame (four
per subframe). The F-bits are Jocated in the first bit
position in blocks 2, 4, 6, and 8 of each subframe. The
frame alignment pattern, which is repeated every
subframe, is “1001”.

The rate of framing bit errors is a good in-
service approximation of the logic bit error rate
because of the number and location of framing bits.

M-bits
The M-bits (multiframing bits) form the
multiframe alignment signal. There are three M-bits
per D83 frame. The M-bits are located in the first bit
position in block 1 of subframes 5, 6, and 7. DS3
equipment use the M-bit “010” pattern 0 locate the
seven subframes.
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s N A B N o N/ ~N S N o Ny !
[84] F1  [sa) C11  [84) ) [84) Ci2  [84] Fo {84 Ciz  [84] F1  [84)
< 1st M-subframe =
X 843 F1 84} €21  {84] Fo [84]) C22 {84] Fo 84] C23 {84] Fq [84]
- 2nd M-subframe
P [84} F1 [84] €31 (841 Fo [84) C32 [84] Fo  [B4] C3z [84] F1  [84]
< 3rd M-subframe —
P [84] Fq 84] Ca1  [84] Fg re4] Ca2 [84) Fo [84} Caz  [B4) Fq i84]
4th M-subframe
Mg  [84] Fq fe4] Cs1  [84] Fo [84] Csz  [84] Fo 84] Cs3  [84] Fq f84]
5th M-subframe
Mq [84] Fq [84] Cg1  [84] Fg (4] Cs2 [84] Fo [84] Cez [84] Fq [84]
6th M-subframe
Mo  [84] F1  [84] €71 [84]  Fp  [84] Cr2 84 Fp [84] <C33 [84) F1 [84]
-~ 7th M-subframe =
NOTES:
1. Fy Ky FoF, is the frame alignment signal. Fy = 0 and Fy=1.
2. MyM; My is the multiframe alignment signal, My = 0 and My=1
3. Pistheparityinformation taken over all information bits in the preceding M-frame, Both P-bits equal 1 ifthe digital sum of allinformation
bits is 1. Both P-bits equal 0 if the sum is 0.
4. The X-bits may be used for the transmission of in-service meassages, In any one M-frame the two X-bits must be identical and may not
change more than once per second.
5. 31 C12Cy3 = stuffing indicators for DS2 input 1.
€21 G2 Cz3 = stuffing indicators for DS2 input 2,
G31 G323 = stuffing indicators for DS2 input 3,
G4 G4z Cy3 = stffing indicators for DS2 input 4.
Cs) G5 Cs3 = stuffing indicators for DS2 input 5.
Ce1 Gz G = stuffing indicators for DS2 input 6.
G73Gy3 Gy = stuffing indicators for DS2 input 7,
If the three C-bits in subframe i are all zeros, no stuffing was done for DS2 input i. If the three C-bits are all ones, stuffing was done.
6. [84] represents 84 DS2 information bits between every DS3 OH bit.

|
i
Figure 4
DS3 overbead bits.




C-bits

The C-bits are used to control bit stuffing. There
are three C-bits per subframe, designated G (see Fig-
ure 4), where i corresponds to the subframe number
and j refers to the position number of the C-bit in a
particular subframe. Refer to Appendix B on page 13 for
details on how the C-bits are used to control bit stuffing
within the DS3 frame.

X-bits

When a DS3 sink detects a condition for which
framing cannot be found, or detects an alarm indica-
tion signal (AIS), it should declare a vellow alarm. If
vellow alarm is implemented, the DS3 sink shall
generate the alarm by setting the X-bits to zero (X1=0
and X2=0) in the returning D$3 signal. In the non-
alarm condition, the X-bits shall be set to one X1=1a
nd X2=1). The source shall not change the state of the
X-bits more than once every second.

P-bits

The P-bits (parity bits) contain parity informa-
tion. There are two P-bits per DS3 frame. The P-bils are
located in the first bit position in block 1 of subframe 3
and subframe 4. DS3 sources compute parity over all
4,704 DS3 information bits (4,760 total bits — 56 OH
bits) following the first X-bitin a DS3 frame. The resulting
parity information is inserted in the P-bit positions of
the following frame. The state of the two P-bits within a
single DS3 frame is always identical, The two P-bits are
set to “17 if the previous DS3 frame contained an odd
number of ones. Conversely, the two P-bits are set to
“0" if the previous DS3 frame contained an even number
of ones.

The paritybits provide ameans of in-service error
detection. If, on the receive-side, the number of ones for
a given frame does not match the parity information in the
following frame, one or more bit errors occurred during
the transmission.

C-bit Parity Framing Format

The standard M13 asynchronous format uses all
21 DS3 C-bits for bit stuffing control. Since M13 mulii-
plexers perform bit stuffing when forming the seven

DSz signals from the 28 DS1 signals, the resulting DS2
signals are synchronous to each other. Therefore, the bit
stuffing which takes place when the seven DS2 signals
are multiplexed into the single DS3 signal is a redun-
dant process,

By redefining the two-step multiplexing method,
this redundant bit stuffing process can be eliminated,
This redefinition results in a new format, called Ds3
C-bit parity. The C-bit parity format, unlike the M13
format, does not use the DS3-level C-bits for bit stuffing
control. Instead, the C-bits, as well as the X-bits, are
redefined, making it possible to provide (a) in-service,
end-to-end path performance monitoring of the DS$3
signal, and (b) in-band data links.

C-bit Parity Format OH Bits

Figure 5 on the next page shows the OH bits
within the C-bit parity format. The definitions for the
framing, multiframing, and parity bits are the same as
the definitions within the standard M13 asynchronous
format. The new X-bit and C-bit definitions are describ-
ed below (as per the T1X1.4 Working Group):

X-bits

In C-bit parity, the X-bit channel shall be used to
transmit defects from the far end to the near end of the
system in the same manner as remote alarm indicator
(RAIL). When a DS3 sink detects a severely errored frame
(SEF-DS3 sink failed to frame on a received signal) or
AIS defect, the associated DS3 source should be capable
of controlling the setting of the X-bits. If this capability
is implemented, the DS3 source shall set the X-bits to
zero (X1=0 and X2=0) upon receipt of an SEF or AIS
defect. The X-bits shall be set to one otherwise (X1=1
and X2=1). The DS3 source shall not change the state
of the X-bits more than once every second.

C-bits

Application Identification
Channel (AIC)

The first C-bit in subframe 1 is defined as an
AICand can be used by DS3 terminal equipment (TE) to
automatically identify a specific DS3 framing format,
For C-bit parity, this position is set to 2 “1",

7
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NOTES:
- FiFyKyF, is the frame alignment signal. Fy=0andF, =1.
2. My M, Myis the multiframe alignment signal. M, = 0 and M =1

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 Block 8
Ve LTI 4 N N >3 N — N/ N\ N
X [84] Fq [84] AlC  [B4] Fo [84]1 Na [84] Fo [84) FEAC [84] Fq [84]
<+ 1st M-subframe +
X [84] Fq [84] DL [84) Fo [84] DL [84] Fo I84] DL [84] Fq [84}
2nd M:subframe —
P [84] Fq [84] [of [84) Fo [84] cp [84] Fo [84] CcP [8a] Fq [84]
3rd M-subframe i
s i84] Fq  [84] FEBE [84] Fo  [84] FEBE [84] Fo  [84] FEBE [84] F1  [84]
4th M-subframe e
Mg [84] Fq 84} DL [84] Fo [84] DL [84] Fo [84] DL [84] Fq [84]
5th M-subframe
Mq  [84] Fq  [84] DL [84] Fo 841 DL [84] Fo [84) DL [84] F1  [84]
6th M-subframe <
Mg [84] Fq [84] DL [84] Fo [84] DL [84] Fo [84] DL [84] Fq [84]
7th M-subframe

3. Pis the parity information taken over all information bits in the preceding M-frame. Both P-bits equal 1 if the digital sum of allinformation

bils is 1. Both P-bits equal 0 if the sum is 0,

4. TheX-bits are used o transmit a "degraded second” from the far-end to the near-end. In any one M-frame the two X-bits must be identical

and may not change more than once per second.
5. C-bit definitions:
AlC= Application Identification Channel = 1.
Na = Reserved Network Application Bit.
FEAC = Far-End Alarm and Control Channel,
DL= Data Link.
CP= C-bit Parity.
FEBE = Far-End Block Error.
6. [B4] represents 84 DS2 information bits between every DS3 OH it

Reserved Network Application Bit
The second C-bit in subframe 1, designated N,,
is reserved for future applications.

i
Figué'e 5
C-bit parity overhead bits.

Far-End Alarm and Control

(FEAC)Channel
The third C-bit in subframe 1 is used as a FEAC
channel, where alarm or status information from the far-
end terminal can be sent back to the near-end terminal,



This channel is also used to initiate DS3 and DS1
line loopbacks at the far-end terminal from the near-
end terminal. A simple, repeating, 16-bit code word, of
the form

OXXXXXX011111111 where “X” can be 2 “0” or 2 “1”

with the rightmost bit transmitted first, can be used to
indicate one of several possible alarm or status condi-
tions. When no alarm or status condition is being trans-
mitted, the FEAC channel is set to all ones. Refer to the
latest document issued by the T1X1.4 Working Group for
a complete listing of the FEAC code words.

Data Links (DL)
The 12 C-bits located in subframes 2, 5, 6, and
7, all designated DL, are defined as data links for
applications and terminal-to-terminal path mainte-
nance. Refer to the latest document issued by the T1X1.4
Working Group for a complete description of how these
bits are used.

DS3 Path Parity Bits

The three C-bits in subframe 3, designated
CP-bits, are used to carry the DS3 path parity informa-
tion. At the D83 TE transmitier the CP-bits are set to the
same value as the two P-bits. Since the CP-bits will pass
through the network unchanged (except in the case of
errors), the DS3 TE receiver can determine if an error
occured in an M-frame by computing the parity based on

the contents of the given M-frame and comparing this
parity value with the parity received in the CP-bits in the
following M-frame.

NOTE: The normal P-bits cannot provide
DS3 path monitoring because they
are subject to correction by each
facilitysection thethe DS3 path. There-
fore, the M13 format cannot provide
end-to-end path parity information.
The C-bit parity format has a big ad-
vantage over the M13 format by pro-
viding end-to-end parity checking,

Far-End Block Error (FEBE) Function

The FEBE function uses the three C-bits in
subframe 4 and can best be understood as illustrated in
the following example. Refer to Figure 6. The near-end
TE monitors its incoming direction of transmission
(west-bound) for the occurrence of a framing or parity
error event. Upon detecting a framing or parily error
event via the west-bound CP-bits, the near-end TE will
(2) count the event as a C-bit parity error, and (b)
indicate to the far-end TE the occurrence of the error
via the east-bound FEBE bits by setting the three FEBE
bits to “000" to indicate the error. (The three FEBE bits
aresetto “111"if no parity error event occurred.) Since
DS3 TE monitors both the CP and FEBE bits, as well as
the FEAC channel, the overall performance of the DS3
path, for both directions of transmission, can be deter-
mined at ejther end of the path.

West East
; DS3 Span '
Figure 6 Near-end Far-end
DS3 span. Terminal Terminal

Equipment Equipment
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Summary

The DS3 signal is composed of 28 DS signals
and is constructed using a two-siep multiplexing
process. First, the 28 DS1 signals are multiplexed into
seven DS2 signals. Second, the seven DS2 signals are
multiplexed into one DS3 signal. Each multiplexing step
uses bit stuffing to handle the different input frequencies,
OH bits provide alignment, error checking, in-band com-
munications, and bit stuffing control information.

The standard M13 format used widely today can-
not provide end-to-end path parity information; a
maintenance feature which is becoming more important
as DS3 circuits become more prevalent. The C-bit parity
format redefines the use of the C-bits in the M13 frame
making it possible to provide in-service, end-to-end path
performance monitoring of the DS3 signal and in-band
data links. The ability to monitor degraded seconds,
bidirectional end-to-end parity, and far-end alarms gives
the C-bit parity format additional maintenance functional-
ity over the M13 format.

Appendix A:
The Mechanics of
Bit Stuffing within the
DS2 Frame

The DS2 C-bits are used as bit stuffing indicators
during the first step of DS1-t0-DS3 multiplexing;
combining four DS signals into a single DS2 signal.
There are three C-bits per DS2 subframe, designated G;
(see Figure 2), where i corresponds to the subframe
number and j refers to the position number of the C-bit
in a particular subframe,

In each DS2 frame one bit can be stuffed for
each of the four DS1 signals, Specifically, the state of the
three C-bits in the i subframe indicates whether or not
bit stuffing occurs for the i™* DS$1 input during the multi-
plexing process. The state of the C-bits is physically
determined by the multiplexing equipment, If the three

125

C-bits are all ones, stuffing occurs. The location if the
stuffed bit is the firstinformation bit position (designated
0) associated with the i DS1 signal following the last F,
bit in a subframe. If the three C-bits are all Z€roS, nNo
stuffing occurs and the associated “stuffable” bit
position is merely treated as normal DS1 data bi.

During the demultiplexing process, the C-bits
are used to determine if the “stuffable” bit is to be
included in the reconstructed DS1 signal. For example,
if C31=Cy3=Cy3=0 then bit 0, following F, in the M2
subframe is a data bit and therefore is included in
the reconstruction of the second DSI signal. If
Cy1=Cy=Cp3=1 then bit 0, following F, in the M2 sub-
frame is a stuff bit and therefore is not included in the
reconstruction of the second DSI signal.

The purpose of using three C-bits instead of one
is to minimize the chance of misidentifying the stuffing
process if one of the C-bits is in error. Therefore, in
actual practice, a majority vote of the three C-bits is
used to more accurately control the smffing process.

The ability to handle different DS1 signal rates
can be calculated from the DS2 framing format. Since
each DS2 frame allows for the stuffing of one bit for each
of the four DS1 signals, the maximum stuffing rate for
each DS1 signal is equal to the DS2 frame rate. A DS2
frame contains 1,176 bits as shown in Figure 1.
Therefore the frame rate is:

6,312,000 bps + 1,176 bits/frame =
5,367.35 frames/sec

and the number of OH bits per second is:

5,367.35 frames/sec x 24 OH bits/frame =
128,816.40 OH bps

The minimum stuffing rate is 0 bps. The actual
bit stuffing rate depends on the rate of the DS1 signal.
The bit stuffing rate for a DSt signal operating at the
nominal rate is calculated as follows:



Total DS2 bits 6,312,000 bps

Four DS1 signals -6,176,000 bps
(4 x 1.544 Mbps)

DS2 OH bits -128,816 bps

Stuffing bits available 7,184 bps

These 7,184 bits are the total bits available for
stuffing and are divided evenly over the four DS1 signals.
Therefore, the bit stuffing rate for a DS1 signal operating
at the nominal rate is;

7,184 bps + 4 DST signals = 1,796 bps

The maximum allowable DS1 rate is computed
as follows:

DS2 signal rate 0,312,000 bps
DS2 OH bits -128,816 bps
Total DS1 bits 6,183,184 bps

The total number of DS1 bits is allocated evenly
across the four DS signals:

6,183,184 bps + 4 DS1 signals = 1,545,796 bps

Therefore each DS1 signal may be input at a
maximum rate of 1,545,796 bps. The bit stuffing rate
for 2 DS1 signal operating at this rate is 0 bps.

The minimum allowable D81 rate is computed
by taking the maximum allowable DS1 rate and sub-
tracting the maximum stuffing rate (i.e., the DS2 frame
rate) as follows:

Maximum DS1 rate 1,545,796 bps
Maximum stuff rate -5,367 bps
Minimum DS1 rate 1,540,429 bps

Therefore each DS1 signal may be input at a
minimum rate of 1,540,429 bps. The bit stuffing rate for
a DSI signal operating at this rate is 5,367 bps.

Figure 7 on the next page depicts 2 summary
representation of the first step of DS1-10-DS3 M13-type
multiplexing: combining four DS1 signals all operating at
different rates. The DS1 input rates shown in Figure 7
were chosen to demonstrate how the stuffing rates vary
with different input rates. The DS2 output rate is the
sum of all the following:

DS1 signal 1 1,544,000 bps (nom)
DS1 signal 1 stuff rate 1,796 bps
DS1 signal 2 1,545,796 bps (max)
DS1 signat 2 swff rate 0 bps
DS1 signal 3 1,540,429 bps (min)
DS1 signal 3 stuff rate 5,367 bps
DS1 signal 4 1,544,500 bps (ex)
DS1 signal 4 stuff rate 1,296 bps
DS2 OH bits 128,816 bps
D52 output rate 6,312,000 bps

NOTE: 1. The higher the DS rate the lower
the associated bit stuffing rate be-
cause the sum of the two always
lotals to an “intermediate” DS1
rate of 1,545,796 bps.

2. The bit stuffing rate for 2 DS1
signal operating at the nomi-
nal rate of 1,544,000 bps is
1,796 bps.

3. The bit stuffing rate for a DS1
signal operating at the maximum
rate of 1,545,796 bps is 0 bps.

4. The bit stuffing rate for a DS1
signal operating at the mini-
mum rate of 1,540,429 bps is
5,367 bps.

5. The “intermediate” DS1 rate after
bit stuffing is 1,545,796 bps
(e.g., 1,544,000 bps + 1,796 bps)
and is equal to the maximum DS1
input rate which can be tolerated.

11
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DS1 input 1 = 1,544,000 bps —{, 1,545,796 bps
Stuffing = 1,796 bps ——

DS1 input 2 = 1,545,796 bps —
Stuffing = 0 bps

1,545,796 bps

1,545,796 bps B

D51 input 3 = 1,540,429 bps ——|
Stuffing = 5,367 bps ——}

DS1 input 4 = 1,544,500 bps ' 1,545,796 bps

Stuffing = 1,296 bps /
\

D52 overhead = 128,816 bps

}

Figute 7
M13-type multiplexing of
Jour DS1 signals.

127

DS2 output = 6,312,000 bps

NOTE:

The “intermediate” DS1 rate of
1,545,796 bps is obtained by adding
2 given DS1 input rate to its associated
stuffing rate. The DS2 output rate of
6,312,000 bps is obtained by adding
the four “intermediate” DS rates
and the DS2 OH rates.

type multiplexing, the DS2 signal accepts DSI input

Figure 8 shows how the minimum and maxi- rates between 1,540,429 bps and 1,545,796 bps. This
mum allowable DS1 rates fit into the typical operating wide range of rates allows DS2 signals the flexibility to
mode of most DS1 communication systems. For M13- transmit proprietary encoded DS1 signals as well as the

commonly used, framed 1,544,000 bps +50 bps signal.



1,540,429 bps 1,543,950 bps

1,544,393 bps 1,544,050 bps 1,545,796 bps

\- Typical DS1 is 1,544,000 bps +50 bps —/

i
| Figure 8
‘Range of DS1 rates.

Appendix B:
The Mechanics of
Bit Stuffing within the
DS3 Frame

The DS3 C-bits are used as bit stuffing indicators
during the second step of DS1-to-DS3 multiplexing:
combining seven DS2 signals into a single DS3 signal,
There are three C-bits per DS$3 subframe, designated G,
(see Figure 4), where i corresponds to the subframe
number and j refers to the position number of the C-bit in
a particular subframe.

In each DS3 frame one bit can be stuffed for each
of the seven DS2 signals. Specifically, the state of the
three C-bits in the i subframe indicates whether or not
bit stuffing occurs for the i DS2 input during the multi-
plexing process. The state of the C-bits is physically
determined by the multiplexing equipment. If the three
C-bits are all ones, stuffing occurs. The location of the
stuffed bit is the first information bit position (designated
0p) associated with the i DS2 signal following the fast F,

Range of acceptable DS1 rates
multiplexed into a DS2

bit in a subframe. If the three C-bits are all Zeros, no
stuffing occurs and the associated “stuffable” bit position
is merely treated as normal DS2 data bit.

During the demultiplexing process, the C-bits
are used to determine if the “stuffable” bit is 1o be
included in the reconstructed DS2 signal. For example,
if Cg1=Cg=Cy3=0 then bit 04 following F, in the sixth
M-subframe is a data bit and therefore is included in
the reconstruction of the sixth DS2 signal. If
Ce1=Cgr=C3=1 then bit 04 following F, in the sixth
M-subframe is a stuff bit and therefore is not included
in the reconstruction of the sixth DS2 signal.

The purpose of using three C-bits instead of one
is to minimize the chance of misidentifying the stuffing
process if one of the C-bits is in error. Therefore, in
actual practice, a majority vote of the three C-bits is
used to more accurately control the stuffing process.

The ability to handle different DS2 signal rates
can be calculated from the DS3 framing format. Since
each D$3 frame allows for the stuffing of one bit for each
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of the seven DS2 signals, the maximum stuffing rate
for each DS2 signal is equal to the DS3 frame rate, A
DS3 frame contains 4,760 bits as shown in Figure 3.
Therefore the frame rate is:

44,736,000 bps + 4,760 bits/frame =
9,398.32 frames/sec

and the number of OH bits per second is:

9,398.32 frames/sec x 56 OH bits/frame =
526,305.92 OH bps

The minimum stuffing rate s 0 bps. The actual bit
stffing rate depends on the rate of the DS2 signal, The
bit stuffing rate (for the M13 format) for a DS2 signal
operating at the nominal rate is calculated as follows:

Total DS3 bils 44,736,000 bps

Seven DS2 signals -44,184,000 bps
(7x6312 Mbps)

DS3 OH bis -526,306 bps

Stuffing bits available 25,694 bps

These 25,604 bits are the total bits available for
stuffing and are divided evenly over the seven DS2
signals. Therefore the bit stuffing rate for a DS2 signal
operating at the nominal rate is:

25,694 bps + 7 DS2 signals = 3,671 bps

The maximum allowable DS2 rate is computed
as follows:

DS3 signal rate 44,736,000 bps
DS3 OH bits -526,306 bps
Total DS2 bits 44,209,694 bps

The total number of DS2 bits is allocated evenly
across the seven DS2 signals:

44,209,694 bps + 7 DS2 signals = 6,315,671 bps

129

Therefore each DS2 signal may be input at a
maximum rate of 6,315,671 bps. The bit stuffing rate
(for the M13 format) for a DS2 signal operating at this
rate is 0 bps.

The minimum allowable DS2 rate is computed
by taking the maximum allowable DS2 rate and
subtracting the maximum stuffing rate (i.e., the DS3
frame rate) as follows:

Maximum DS2 rate 6,315,671 bps
Maximum stuff rate -9,398 bps
Minimum DS2 rate 6,306,272 bps

Therefore each DS2 signal may be input ai a
minimum rate of 6,306,272 bps. The bit stuffing rate
(for the M13 format) for a DS2 signal operating at this
rate is 9,398 bps.

Figure 9 depicts a summary representation of
the second step of DS1-10-DS3 M13-type multiplexing:
combining seven DS2 signals all operating at different
rates. The DS2 input rates shown in Figure 9 were
chosen to demonstrate how the stuffing rates vary with
different input rates. The DS3 output rate is the sum of
all the following:

DS2 signal 1 6,312,000 bps (nom)
DS2 signal 1 stuff rate 3,671 bps

DS2 signal 2 6,315,671 bps (max)
D52 signal 2 stuff rate 0 bps

DS2 signal 3 6,306,272 bps (min)
DS2 signal 3 stuff rate 9,398 bps

DS2 signal 4 6,314,450 bps (ex)
D52 signal 4 swff rate 1,221 bps

DS2 signal 5 6,313,225 bps (ex)
DS2 signal 5 stuff rate 2,446 bps

DS2 signal 6 6,310,775 bps (ex)
D52 signal 6 stuff rate 4,896 bps

DS2 signal 7 6,307,500 bps (ex)
D82 signal 7 stuff rate 8,171 bps

DS3 OH bits 526,306 bps

D83 output rate

44,736,000 bps



NOTE: 1. The numbers do not add up ex-

actly due to rounding off of the
input frequencies,

. The higher the DS2 rate the lower
the associated bit stuffing rate be-
cause the sum of the two always
totals to an “intermediate” DS2
rate of 6,315,671 bps.

. The bit stuffing rate for a DS2 sig-
nal operating at the nominal rate
of 6,312,000 bps is 3,671 bps.

. The bit stuffing rate for a DS2

signal operating at the maximum
rate 0f 6,315,671 bps is 0 bps,

. The bit stuffing rate for a DS2

signal operating at the mini-
mum rate of 6,306,272 bps is
9,398 bps.

. The “intermediate” DS2 rate afier

bit stuffing is 6,315,671 bps (e.g.,
6,312,000 bps + 3,671 bps) and
is equal to the maximum DS2 in-

DS2 input 1 = 6,312,000 bps —|

6,315,671 bps

Stuffing = 3,671 bps =t

DS2 input 2 = 6,315,671 bps ——{
Stuffing = 0 bps —.

DS2 input 3 = 6,306,272 bps
Stuffing = 9,398 bps

6,315,671 bps

6,315,671 bps

DS2 input 4 = 6,314,450 bps —4
Stuffing = 1,221 bps ——

DS2 input 5 = 6,313,225 bps —F

6,315,671 bps

Stuffing = 2,446 bps ——}

DS2 input 6 = 6,310,775 bps — |,
Stuffing = 4,896 bps —

6,315,671 bps

6,315,671 bps

D52 input 7 = 6,307,500 bps
Stuffing = 8,171 hps

6,315,671 bps

DS3 overhead = 526,306 bps

put rate which can be tolerated.

DS3 output = 44,736,000 bps

NOTE:
The “intermediate” DS2 rate of 6,315,671 bps is obtained
by adding a given DS2 input rate fo its associated stuffing
rate. The DS3 oulput rate of 44.736 Mbps is obtzined by
adding the seven “intermediate” DS2 rates and the D83
CH rates,

f

Figure 9
M13-type multiplexing of seven
DS2 signals into a DS3 signal.
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DS1 input 1 = 1,544,000 bps
Stuffing = 393 bps ——

DS1 input 2 = 1,544,393 bps ——J

DS1 input 3 = 1,544,079 bps —
Stuffing = 314 bps

Stuffing = 414 bps —{

DS2 overhead = 128,699 bps

Appendix C:
Bit Stuffing for the
C-bit Parity Format

The reader should have a good understanding
of Appendices A and B before reading Appendix C.

DS1-t0-DS3 multiplexing using the C-bit parity
format is the same two-step multiplexing process defined
for the standard M13 asynchronous format except that
bit stuffing is done at every opportunity during the
second step of multiplexing, Since stuffing occurs
100% of the time, the C-bits are no longer needed for
bit stuffing control. However, this “full-time” bit stuffing
at the DS3 level requires the seven DS2 signals 1o be
lower in frequency than the 6.312 Mbps used with the
standard M13 asynchronous format, Therefore, in the
first step of multiplexing, four DS1 signals are multi-
plexed together to form a “pseudo” DS2 signal at a

1,544,393 bps

1,544,393 bps

Stuffing = 0 bps —|

131

frequency of 6,306,272 bps. This frequency is chosen
such that the seven “pseudo” DS2 signals are multi-
plexed, along with the “full-time” DS3-level stuff bits
and the 56 OH bits, to give the nominal DS3 output
frequency of 44.736 Mbps.

Figure 10 depicts a2 summary representa-
tion of the first step of DS1-to-DS3 C-bit parity-type
multiplexing,

NOTE: The bit stuffing rates are Jower than
those used for the M13-type multi-
plexing (Figure 7) to yield an
“intermediate” DS1 rate of 1,544,393
bps (instead of 1,545,796 bps) and
hence 2 DS2 “pseudo” output rate of
6,306,272 bps (instead of 6,312,000
bps). This new “intermediate” DS1
rate forces the maximum allowable
DS1 input rate (i.e., when bit stuffing,
is 0 bps) to be 1,544,393 bps.

DS2 output = 6,306,272 bps

DS1 input 4 = 1,543,579 bps —| 1,544,393 bps

NOTE:
The “intermediate” DSI rate of
1,544,364 bps is obtained by udding
agiven D31 input rate o its associated
stuffing rate. The “pseudo” DS2 out-
put rate of 6,306,272 bps is obtained

|
Figar: 19

C-bit parity-type multiplexing of four DS1 signals.

by adding the four “intermediate”
DS1 rates and the DS2 OH rates.
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3. The “intermediate” DS2 rate after bit stuff-
ing would still be 6,315,671 bps (6,306,272
bps + 9,398 bps).

If the multiplexing process shown in Figure 9
were being done for the C-bit parity format instead of
the standard M13 asynchronous format, the following
would apply:

Figure 11 shows the complete progression
from a nominal DSI rate (1.544 Mbps) to a nominal
DS3 rate (44.736 Mbps) for both the standard M13

1. All the DS2 input rates would be a1 the
“pseudo” frequency of 6,306,272 bps

£S0Q J0 sjeyuswepuny

The calculations are not exacl because each “intermediate” result is rounded off to the

nearest whole number,

(instead of 6,312,000 bps). asynchronous format and the C-bit parity format.
2. Al the stuffing rates would be af 9,398 bps,
the maximum stuffing rate.
M13 Format C-bit Format
Nominal DS1 rate 1,544,000 bps 1,544,000 bps
+ D81 bit stuffing rate 1,796 bps 393 bps
= “intermediate” DS1 rate 1,545,796 bps 1,544,393 bps
x 4 DS1s per DS2 4 4
= subtotal 6,183,184 bps 6,177,572 bps
+ DS2 OH rate 128,816 bps 128,699 bps
= nominal DS2 rate 6,312,000 bps 6,306,272 bps
+ DS2 bit stuffing rate 3,671 bps 9,398 bps
= “intermediate” DS2 rate 0,315,671 bps 6,315,671 bps
x 7 D§2s per DS3 7 7
Hgure 11
= subtotal 44,209,694 bps 44,209,694 bps M13 format vs. C-bit format:
+ DS3 OH rate 526,306 bps 526,306 bps Dprogression from nominal DS1
to nominal DS3.
= nominal DS3 rate 44,736,000 bps 44,736,000 bps
NOTE:



~y
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Fundamentals of DS3

Appendix D:
DS1, DS2, and DS3
Specification Summary

DS1

Line Rate:
1,544,000 bps

Channels:
24 8-bit DSO channels/frame

OH Bits:
1 per frame

Total Bits:
193 bits/frame

DSs2

Line Rate (M13 format):
6,312,000 bps

“Pseudo” Line Rate (C-bit parity format):
6,306,272 bps

Signals:
4 DS1 signals

OH Bits:
24 bits total/irame
F-bits (framing) 8 bits/frame
M-bits (multiframing) 4 bits/frame
C-bits (stuffing) 12 bits/frame
Data bits between OH bits 48

OH Bit Sequence:
M, [48] C,, [48] Fy [48] Cy; [48] Cy3 [48] F,
My [48] Cy; [48] F, [48] Cy; (48] Cy3 (48] Fy
My [48] Cs; [48] Fy [48] C; [48] C33 [48] F
My [48]) C3; [48] Fy [48] Cyp [48] C45 [48] F

Total Bits:
1,176 bits/frame

Total DS1 Information Bits:
1,152 bits/frame

133

Frame:
4 subframes

Subframe:
6 blocks

Block:
49 bits (48 data bits and 1 OH bit)

Frame Alignment Pattern (F-bits):
“01” every subframe

Multiframe Alignment Pattern (M-bits):
“011X" every frame

OH Bit Rate:
128,816 b/s (M13 format)

Stuffing Rates per DS1:

Maximum:

5,367 bps (DS1 min. rate = 1,540,429 bps)
Nominal (M13 format):

1,796 bps (DS1 nom. rate = 1,544,000 bps)
Nominal (C-bit format):

393 bps (DS1 nom. rate = 1,544,000 bps)
Minimum:

0 bps (DS1 max. rate = 1,545,796 bps)

DS3:
Line Rate:
44,736,000 bps
Signals:
7 D52 signals = 28 DS1 signals
OH Bits:
56 bits total/frame
F-bits (framing) 28 bits/frame
M-bits (multiframing) 3 bits/frame
C-bits (stuffing) 21 bits/frame
X-bits (message) 2 bits/frame
P-bits (parity) 2 bits/frame
Data bits between OH bits 84



OH Bit Sequence: Multiframe Alignment Pattern (M-bits):
X [84] Fl [8‘” C]l £84] Fo !84} C” [841 Fg [84] CIS [84] Fl “010” every frame
X' [84]Fy [84] Cyy [84] Fy [84) yy [84) Fy [84] Cy3 [84] Fy OH Bit Rate:
P [84) Fy [84] Gy (84) Fy [84) Cyp [84] Fy [84)] Gy [84] Fy 526,306 b
P (B4, [84] Gy [84] Fy [84] Gy [84] y [84) Cy3[84] Fy '
Mo (8418 [84) Csy [84] Fo [84] Cs, [34] Fy [84] G55 [84] B, Stuffing Rates per DS2:

“
€
8
o
3
3
&
")
)
=%
O
Q

My (841, [84] g, [84] By [84] Gy [84] Fy [84] Cgy [84] F, Maximum®:
Mo [841 F (84] C [84] Fy [84] Cry [84] By [84] Gy [84] F, 9,398 bps (DS2 min. rate = 6,306,272 bps)
, Nominal:
Total Bits:
i:i 76(5) bitsfemme 3,671 bps (DS2 nom. rate = 6,312,000 bps)
' o Minimum:
Total DS2 Information Bits: 0 bps (DS2 max. rate = 6,315,671 bps)
4,704 bits/frame
Frame; ) o
7 subframes Copyright 1992, 1999, TTC, 2 division of Dynatech, LLC. All rights re-
8l served. TIC is a registered trademark of TTC. All other trademarks
Subframe: and registered trademarks are the property of their repective
8 blocks owners. Specifications, terms, and conditions are subject to change
without notice.
Block:

85 bits (84 data bits and 1 OH bit)

Frame Alignment Pattern (F-bits):
“1001” every subframe

'Stuffing is always sel for the maximum rate for the C-bit parity format.
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CERTIFICATION AND SIGNATURE PAGE

By signing below, I certify that Ihave reviewed this Solicitation in its entirety, understand the requirements,
terms and conditions, and other information contained herein; that I am submitting this bid or proposal for
review and consideration; that lam authorized by the bidder to execute this bid or any documents related
thereto on bidder's behalf: that Iam authorized to bind the bidder in a contractual relationship; and that to the
best of myknowledge, the bidder has properlyregistered with any State agency that may require

registration.

Lumos Networks

(Compan
%J ah Y. M\/M

(A uthorizéd Signature)

K. Miller i n
(Representative Name, Title)

540-260-3903 5340-777-7786
{Phone Number) (FaxNumber)
APRIL 8, 2014
(Date)

Revisoo 01/2212014



RFQNo. EBA471

STATE OF WEST VIRGINIA

Purchasing Division

PURCHASING AFFIDAVIT

MANDATE: Under W. Va, Code §5A-3-10a, no contract or renewal of any contract may be awarded by the state or any
of its poftical subdivisions to any vendor or prospective vendor when the vendor or prospective vendor or a related party
to the vendor or prospective vendor is a debtor and: (1) the debt owed is an amount greater than one thousand dollars in
the aggregate; or (2} the debtor is inemployer default.

EXCEPTION: The prohbition listed above does not apply where avendor has contested any tax administered pursuant to
chapter eleven of the W. Va. Code, workers' compensation premium, permit fee or environmental fee or assessment and
the matter has not become final or where the vendor has entered into a payment plan or agreement and the vendor is not
in default of any of the provisions of such plan or agreement.

DEFINITIONS:

"Debt" means any assessment, premium, penalty, fine, tax or other amount of money owed to the state or any of its
political subdivisions because of a judgment, fine, permit violation, lcense assessment, defaulted workers'
compensation premium, penalty or other assessment presently delinquent or due and required to be paid to the state
or any of its political subdivisions , ncluding any interest or additional penalties accrued thereon .

"Employerdefault" means having an outstanding balance or fiability tothe old fund orto the uninsuredemployers’'
fundorbeinginpolicy default, asdefinedinW. Va. Code §23-2¢-2  failure to maintain mandatory workers’
compensation coverage, or failure to fully meet its obligations as a workers’ compensation self-insured employer. An
employer & not in employer default i has entered into a repayment agreement with the Insurance Commissiconer
and remains incompliance with the obligations underthe repayment agreement.

"Related party” means a party, whether an individual, corporation, parinership, association, limited lability company
or any other form or business association or other entity whatsoever, related to any vendor by blod, mamiage,
ownership or contract through which the party has a relationship of ownership or other interest with the vendor so that
the party will actually or by effect receive or control a portion of the benefit, profit or other consideration from
performance of a vendor contract with the party receiving an amount that meets or exceed five percent of the total
contract amount.

AFFIRMATION: By signing this form, the vendor's authorized signer affirms and acknowledges under penalty of
law for faise swearing (W. Va. Code §61-5-3) that neither vendor nor any related party owe a debt as defined
above and that neither vendor nor any related party are in employer default as defined above, unless the debt or
employer default is permitted under the exception above.

WITNESS THE FOLLOWING SIGNATURE:

Vendor's Name: Lumos Networks of West Virginia

Authorized Signature: Date@h‘j /} 2o/ Lgr

State of \/iﬂé;‘ V1A

CountyofﬁAcUc{ L’S?f‘ﬂ = {o-wit;

< |
Taken, subgeiisedragd sworn o before methis | day of ’Q"P v ,
i v : [)

o A B 2o,
20&'.‘_..1?:1‘5@:}%51&3?7; ges Man 3 L2017

NOTARY PUBLIC — a&“ﬂ ey # 26567

Qc s
Purchasing Affidavit (Revised 07/0112012)

)

{ REG#369567 &
$ MY COMMISSION }
AFFRASRALBABRES  ;

-

Nin
T L

G
L7

A

ALTH OF

Pepgpaanttt

L/
()
l"



ADDENDUM ACKNOWLEDGEMENT FORM
SOLICITATION NO.; EBA471

Instructions: Please acknowledge receipt of all addenda issued with this solicitation bycompleting this
addendum acknowledgment form. Check the box next to each addendum received and sign below.
Failure to acknowledge addenda mayresult in bid disqualification.

Acknowledgment: Ihereby acknowledge receipt of the following addenda and have made the
necessary revisions to my proposal,plans and/or specification, etc.

Addendum Numbers Received
(Check the box next to each addendum received)

0/ Addendum No. 1 O Addendum No. 6
0/ Addendum No. 2 O  AddendumNo.7
0 Addendum No. 3 O Addendum No. 8
0 Addendum No. 4 0 Addendum No. 9

() Addendum No. 5 O Addendum No. 10

['understand that failure to confirm the receipt of addenda maybe cause for rejection of this bid. 1
further understand that any verbal representation made or assumed to be made during anyoral
discussion held between Vendor's representatives and any state personnel is not binding. Onlythe
information issued in writing and added to the specifications byan official addendum is binding.

Lumos Networks
Company

Jauat L N Ll

Authorized Signature

APRIL 8, 2014

Date

NOTE: This addendum acknowledgement should be submitted with the bid to expedite document processing.

Revisoo 01122/2014



State of West Virginia Solicitation [~ WweeR = LT
Department of Administration EBA471 1
Purchasing Division
2019 Wz_ishiirs’:gmé\o?gset East . ADDRESS CORRESPONDENCE TO ATTENTION OF
Post Office Box
Charleston, WV 25305-0130 fgﬁ:l_lggsl\_aggggl\]

__ RFQ COPY -

ITYPE NAME/ADDRESS HERE - JEDUCATIONAL BROADCASTING

v 's| AUTHORITY

£ E 600 CAPITOL STREET

o P

R & |CHARLESTON, WV

i .| 25301-1223 304-558-3400

i DATEPRINTED . o
03/06/2014
BiD OPENING DATE: 03/20/2014 BID OPENING TIME 1:30PM

[ uop | CAL. L mEMNUMBER b UNTPRICE

CAMOUNT

ADDENOUM NO. 1
ADDENDUM ISSUED:

1lj. TO PROVIDE RESPONSES TO VENDORS' QUESTICNS
REGARDING [THE ABOVE |SOLICITATION.

2[. TO PROVIDE VENDCR'S |PREFERENCE CERTIFICATE.

3. TO PROVIDE THRHE (3)| SITE DIAGRAMS FIOR FIBER PATHS.
DIAGRAMS ARE ATTACHED.

4/. TO PROVIDE VENDORS A COPY OF THE MANDATORY PRE-BID
MEETING SIGN-IN SHEHTS.

5. TO PROVIDE ADDENDUM [ACKNOWLEDGMENT. [THIS DOCUMENT
SHOULD BE [STGNHED AND RETURNED WITH YOUR BID.
FATILURE TO| SIGN AND RETURN MAY RESULT IN THE
DISQUALIFIICATION OF [YOUR BID.,

END OF ADDENDUM NO. 1

SIGNATURE e = “TFELEPHONE DATE

TITLE FEIN ADDRESS CHANGES TO BE NOTED ABOVE

WHEN RESPONDING TO SOLICITATION, INSERT NAME AND ADDRESS IN SPACE ABOVE LABELED 'VENDOR'



State of West Virginia
Department of Administration
Purchasing Division

2019 Washington Street East
Post Office Box 50130
Charleston, WV 25305-0130

RFQ COPY
TYPE NAME/ADDRESS HERE

Solicitation

E
A

o NUMBER. L G PAGE: .

EBA471 3

~_ ADDRESS CORRESPONDENGE TOATIENTIONOF,

VELYN MELTON

04-558-2306

[EDUCATIONAL BROADCASTING

AUTHORITY

©00 CAPITOL STREET

Qo =T, :

CHARLESTON, WV

e 25301-1223 304-558-3400
. DATEPRINTED = = =
03/06/2014
BID OPENING DATE: 03/20/2014 BID OPENING TIME 1:30PM
D01 YR 2(05-43
3
SETE-TO-SITE AND INTERNET CONNECTIVITY
*fkxx*x* THIS [[S THE END| OF RFQ EBA4{71 **%%%% TOTAL:
o T e
[ s ADDRESS CHANGES TO BE NOTED ABOVE

WHEN RESPONDING TO SOLICITATION, INSERT NAME AND ADDRESS IN SPACE ABOVE LABELED 'VENDOR'




SOLICITATION NUMBER: EBA471
Addendum Number: 1

The purpose of this addendum is to modify the solicitation identified as
(“Solicitation”) to reflect the change(s) identified and described below.

Applicable Addendum Category:
[ | Modify bid opening date and time
[ | Modify specifications of product or service being sought
[¢| Attachment of vendor questions and responses
[¢'] Attachment of pre-bid sign-in sheet
[ | Correction of error

[¢'| Other

Description of Modification to Solicitation:

1. To provide answers to Vendors' questions.

2. To provide Vendor Preference Certificate

3. To provide mandatory pre-bid meeting sign-in sheets.
4. To provide 3 site diagrams for fiber paths.

5. To provide Addendum Acknowledgment.
Additional Documentation: Documentation related to this Addendum (if any) has been
included herewith as Attachment A and is specifically incorporated herein by reference.
Terms and Conditions:

1. All provisions of the Solicitation and other addenda not modified herein shall remain in
full force and effect.

2. Vendor should acknowledge receipt of all addenda issued for this Solicitation by
completing an Addendum Acknowledgment, a copy of which is included herewith.
Failure to acknowledge addenda may result in bid disqualification. The addendum
acknowledgement should be submitted with the bid to expedite document processing.

Revised 6/8/2012



ATTACHMENT A

Revised 6/8/2012



1)

2)

3)

4)

5)

ADDENDUM NO. 1
Q & A-EBA471

For each of the WV PBS locations does WV PBS require separate entrances into the facilities
for the DS3 and Ethernet transports?

A: No. However, as discussed in the pre-bid meeting, we require that the DS3 in
Beckley terminate in a separate room from the Ethernet ports. Also, as discussed, Vendor
must be responsible for all cabling / wiring / fiber to the point of termination for all circuits.
This means Vendor is responsible for troubleshooting and repair all the way to these
terminating ports, as described in the RFQ. It is also understood that WV PBS {the EBA) will
be responsible for the cost of repair for the portion of Vendor circuits that are inside the EBA
premises if they suffer damage, beyond normal wear and tear, not caused by the Vendor.

In each WV PBS demarcation does WV PBS require the carrier to provide a network rack for
carrier access equipment or will WV PBS provide their own network rack for the carrier?

A: The EBA will provide either rack space in existing racks or a separate rack as
required.

Can WV PBS provide the carrier a building diagram with desired route of carrier cabling and

distance measurements from building penetration point to desired demarcation?

A: Yes. See attached.

Does WV PBS have Generator and UPS at each WV PBS location?

A: The EBA has UPS’s with generator backups in Charleston and Beckley. Morgantown
currently has a UPS, and we are in the process of installing a backup generator.

For each WV PBS location can WV PBS provide EMT conduit or plenum rated innerduct from
the interior desired demarcation point inside of the building to the exterior point of entry?

A: Vendor must provide all EMT conduit or plenum rated innerduct necessary to install
these circuits. The EBA will provide any construction necessary to install these, but Vendor
must bear the cost of this construction.



6) Can WV PBS provide dedicated power service to carrier access equipment at the desired WV
PBS demarcation point?

A: Yes.

7) Does WV PBS have any issues with the carrier that wins the bid using an alternate entry point
of the building to reach the specified demarcation points of the interior of the buildings from
what is existing today?

A: For the purposes of determining contract costs, Vendor must use the paths as they
were shown at the pre-bid meetings. These are detailed in the attached diagrams. We are
willing to discuss different routes with the winning bidder, however, if they wish to use an
alternate path, they will be responsible for all additional costs and shall not pass these to the
EBA.

8) Does WV PBS require to have a separate physical interface for each LAN specified in Exhibit C -
Ethernet Segregation (page 35) in the Request for Quotation?

A: Yes, as described in section 3.4.1.6.

9) Several points of clarification arose during the prebid meetings; for accuracy will you please
provide diagrams with room numbers if available and the details and distances for the circuit
paths into the building and along the internally provided paths to the locations where the
circuit delivery is required for each site?

A: Yes. See attached. Please note: as the City of Charleston owns the property
immediately adjacent to our Charleston facility, we can only provide measurements
beginning from our outside wall. We have no access to, or information on, the conduits /
cabling under the City sidewalks and streets.

10) Please provide a Resident Vender Preference form as it was not included in the original RFP.

A: Vendor Preference is attached.



11) We request clarification on your definition of a “node”. Will a piece of equipment be counted
as a node if the equipment has multiple layers of protection and therefore does not present a
single point of failure?

A: Yes. Each piece of equipment will constitute a node, even if it has multiple layers of
protection. However, if two identical pieces of equipment were configured as a “failover
pair”, they would be considered one node. A failover pair consists of two pieces of identical
equipment that are connected and configured such that any failure on one unitis
automatically compensated for on the second unit. Traditionally both units are in the same
rack.

12) The total amount of bandwidth requested provides 1 Gigabit of throughput; we assume this
does not count overhead; please clarify.

A: The 1 Gigabit of throughput does not include overhead. If any overhead is necessary
to provide this throughput, the circuit will have to be provisioned with enough bandwidth to
accommodate the overhead plus the 1 Gigabit of throughput.

13) Failover requirements as referenced in section 3.4.4.3 exceeds the capabilities of the telecom
network; we can provide multiple point-to-point circuits but the failover would be handled by
customer owned equipment. Please confirm that you understand and agree.

A: We understand that our equipment must be configured to detect if one circuit goes
down and failover to the redundant circuit. The referenced circuits, however, are “last mile”
circuits providing redundancy only from our site to the Vendor’s core network. They are not
point-to-point, site-to-site. The Vendor’s core network equipment must be configured such
that any time we switch our traffic from one last mile circuit to the other, it is automatically
routed to the other sites without service interruption.

14) During the prebid meetings you expressed that you do not expect diverse paths into your
buildings. Just to eliminate confusion please clarify the possible confliction between sections
3.4.2.6 where the final sentence states “The connection from the vendor’s core network to the
EBA’s site may be non-redundant” however 3.4.4.2 reads “These redundant circuits shall be
routed such that there is no single point of failure that could cause both circuits to be down at
the same time”.

A: Section 3.4.2.6 states that the connection from Vendor’s core network to the EBA’s
site (last mile) may be non-redundant, because we may choose not to purchase the
Redundant Last Mile Circuit options. Section 3.4.4.2 applies directly to the Redundant Last
Mile Circuit options. If we choose these options, the last mile (“The connection from the
vendor’s core network to the EBA’s site”) will be redundant and 3.4.4.2 applies.



15) Please clarify that Section 3.2 only applies to work done on EBA premises.

A: Section 3.2 applies to any subcontracting relating to this contract whether it is on
EBA premises or not. Our primary concern with off-premise subcontractors is in relation to
the circuits themselves, day-to-day operational and service personnel, and associated
equipment and services. If you wish to limit your response to on-premise subcontractors
and only those off-premise subcontractors who will be involved in this contract in an
ongoing basis, that would be sufficient for us.

16) If responses to questions are received after 3/6, we respectfully request an equal extension for
each day past that date to insure a quality response.

A: We try our best to get the responses out in a timely manner and bid openings are
scheduled as it is unless unforeseen circumstances happen.



Approximate Total Length DS3:184'

Approximate Total Length Ethernet: 318'
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Rev. 07/12 State of West Virginia | 12
VENDOR PREFERENCE CERTIFICATE

Certification and application® is hereby made for Preference in accordance with West Virginia Code, §5A-3-37. (Does not apply to
construction contracts). West Virginia Code, §5A-3-37, provides an opportunity for qualifying vendors to request (atthe time of bid)
preference for their residency status. Such preference is an evaluation method only and will be applied only to the cost bid in
accordance with the West Virginia Code. This certificate for application is to be used to request such preference. The Purchasing
Division will make the determination of the Resident Vendor Preference, if applicable.

1. Application is made for 2.5% resident vendor preference for the reason checked:

Bidder is an individual resident vendor and has resided continuously in West Virginia for four (4) years immediately preced-
ing the date of this certification; or,

Bidder is a partnership, assaciation or corporation resident vendor and has maintained its headquarters or principal place of
business continuously in West Virginia for four (4) years immediately preceding the date of this certification: or 80% of the
ownership interest of Bidder is held by another individual, partnership, association or corporation resident vendor who has
maintained its headquarters or principal place of business continuously in West Virginia for four (4) years immediately
preceding the date of this certification; or,

Bidder is a nonresident vendor which has an affiliate or subsidiary which employs a minimum of one hundred state residents
and which has maintained its headquarters or principal place of business within West Virginia continuously for the four (4)
years immediately preceding the date of this certification; or,

2. Application is made for 2.5% resident vendor preference for the reason checked:

Bidder is a resident vendor who certifies that, during the life of the confract, on average at least 75% of the employees
working on the project being bid are residents of West Virginia who have resided in the state continuously for the two years
immediately preceding submission of this bid:; or,

3. Application is made for 2.5% resident vendor preference for the reason checked:

Bidder is a nonresident vendor employing a minimum of one hundred state residents or is a nonresident vendor with an
affiliate or subsidiary which maintains its headquarters or principal place of business within West Virginia employing a
minimum of one hundred state residents who certifies that, during the life of the contract, on average at least 75% of the
employees or Bidder's affiliate’s or subsidiary’s employees are residents of West Virginia who have resided in the state
continuously for the two years immediately preceding submission of this bid; or,

Application is made for 5% resident vendor preference for the reason checked:
Bidder meets either the requirement of both subdivisions (1) and (2) or subdivision (1) and (3) as stated above; or,

4
5. Application is made for 3.5% resident vendor preference who is a veteran for the reason checked:
Bidder is an individual resident vendor who is a veteran of the United States armed forces, the reserves or the National Guard
and has resided in West Virginia continuously for the four years immediately preceding the date on which the bid is
submitted; or,

6. Application is made for 3.5% resident vendor preference who is a veteran for the reason checked:
Bidder is a resident vendor who is a veteran of the United States armed forces, the reserves or the National Guard, if, for
purposes of producing or distributing the commodities or completing the project which is the subject of the vendor’s bid and
continuously over the entire term of the project, on average at least seventy-five percent of the vendor's employees are
residents of West Virginia who have resided in the state continuously for the two immediately preceding years.

T Application is made for preference as a non-resident small, women- and minority-owned business, in accor-
dance with West Virginia Code §5A-3-59 and West Virginia Code of State Rules.

Bidder has been or expects to be approved prior to contract award by the Purchasing Division as a certified small, women-
and minority-owned business.

Bidder understands if the Secretary of Revenue determines that a Bidder receiving preference has failed to continue to meet the
requirements for such preference, the Secretary may order the Director of Purchasing to: (a) reject the bid; or (b) assess a penalty
against such Bidder in an amount not to exceed 5% of the bid amount and that such penalty will be paid to the contracting agency
or deducted from any unpaid balance on the contract or purchase order.

By submission of this certificate, Bidder agrees to disclose any reasonably requested information to the Purchasing Division and
authorizes the Department of Revenue to disclose to the Director of Purchasing appropriate information verifying that Bidder has paid
the required business taxes, provided that such information does not contain the amounts of taxes paid nor any other information
deemed by the Tax Commissioner to be confidential.

Under penalty of law for false swearing (West Virginia Code, §61-5-3), Bidder hereby certifies that this certificate is true
and accurate in all respects; and that if a contract is issued to Bidder and if anything contained within this certificate
changes during the term of the contract, Bidder will notify the Purchasing Division in writing immediately.

Bidder: Signed:

Date: Title:
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Request for Proposal No. (:EA “#1i

* PLEASE BE SURE TO PRINT LEGIBLY - IF POSSIBLE, LEAVE A BUSINESS CARD

FIRM & REPRESENTATIVE NAME

SIGN IN SHEET
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Bp{ 47/ SIGN IN SHEET
Request for Proposal No. E PLEASE PRINT

* PLEASE BE SURE TO PRINT LEGIBLY - IF POSSIBLE, LEAVE A BUSINESS CARD

Page _Luf i_
Date: 5:2"‘.2*5-—/%

TELEPHONE & FAX

FIRM & REPRESENTATIVE NAME MAILING ADDRESS NUMBERS

Company: L.«q.‘(} Metorkhs 4420 Kosemer Conrer Suite 78/  PHONEZow.dbs-252d
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ADDENDUM ACKNOWLEDGEMENT FORM
SOLICITATION NQ.: EBA471

Instructions: Please acknowledge receipt of all addenda issued with this solicitation by completing this
addendum acknowledgment form. Check the box next to each addendum received and sign below.
Failure to acknowledge addenda may result in bid disqualification.

Acknowledgment: I hereby acknowledge receipt of the following addenda and have made the
necessary revisions to my proposal, plans and/or specification, etc.

Addendum Numbers Received:
(Check the box next to each addendum received)

] Addendum No. 6

[ \A/ ddendum No. 1
[ Addendum No. 2 [ ] Addendum No.7

—

[ ] Addendum No. 3 [ 1 Addendum No. 8
[ ] Addendum No. 4 [ ] Addendum No.9
[ ] Addendum No. 5 [ 1 Addendum No. 10

I understand that failure to confirm the receipt of addenda may be cause for rejection of this bid. I
further understand that any verbal representation made or assumed to be made during any oral
discussion held between Vendor’s representatives and any state personnel is not binding. Only the
information issued in writing and added to the specifications by an official addendum is binding.

Lamos Nepades

Company

el V) :1 UJU

Authorized §ignature

JaRuag|
Date

\

NOTE: This addendum acknowledgement should be submitted with the bid to expedite document processing.
Revised 6/8/2012
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State of West Virginia
Department of Administration
Purchasing Division

2019 Washington Street East
Post Office Box 50130
Charleston, WV 25305-0130

RFQ COPY

| |TYPE NAME/ADDRESS HERE
v
£
N
N
2
:5‘H§
.- 'DATEPRINTED = /.
03/17/2014

Solicitation

R

BID OPENING TIME

TNUMBER T PAGE

EBA471 1

.- ADDRESS CORRESPONDENCE TO ATTENTION OF .

FVELYN MELTON
304-558-7023

EDUCATIONAL BROADCASTING
AUTHORITY
600 CAPITOL STREET

CHARLESTCON, WV

25301-1223 304-558-3400

BID OPENING DATE. 04/08/2014

1:30PM

ADDENI

ADDENDUM IS 1SSUEDR:

FROM: MARCH 2
TO: |[APRIL 8, 2

TC PROVIDH ADDENDUM
SHOULD BE |SIGNED ANI
FAILURE TQ SIGN AND
DISQUALIFICATIQN OF

A

END OF

I

1. TO MOVE THE BIL) OPENING DATE
2014 @ 1:30 PJM.
014 @ 1:30 P.M.

ACKNOWLEDGMENT., = THIS DOCUMENT
RETURNED WITH YOUR BID.
RETURN MAY RESULT IN THE
YOUR BID.

' ADDENDUM NO. 2

SIGNATURE /\/}jﬂ U/ ﬂ//( Q/(/ ESD@;'@OD,?GB Lf 5 /L/
HﬂjHodh%kcobabjbwﬁyha,ﬁrg?q ADDRESS CHANGES TO BE NOTED ABOVE

WHEN RESPONDINGWD SOLICITATION, INSERT NAME AND ADDRESS IN SPACE ABOVE LABELED "VENDOR'
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Post Office Box 50130
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SOLICITATION NUMBER: EBA471
Addendum Number: 2

The purpose of this addendum is to modify the solicitation identified as
(“Solicitation™) to reflect the change(s) identified and described below.

Applicable Addendum Category:
¢ ] Modify bid opening date and time
[ | Modify specifications of product or service being sought
[ | Attachment of vendor questions and responses
[ | Attachment of pre-bid sign-in sheet
[ | Correction of error

[¢| Other

Description of Modification to Solicitation:

- 1. To move the bid opening date;
from: March 20, 2014 @ 1:30 P.M.
to: April 8, 2014 @ 1:30 P.M.

2. To provide Addendum Acknowledgment.

Additional Documentation: Documentation related to this Addendum (if any) has been
included herewith as Attachment A and is specifically incorporated herein by reference.

Terms and Conditions:

1. All provisions of the Solicitation and other addenda not modified herein shall remain in
full force and effect.

2. Vendor should acknowledge receipt of all addenda issued for this Solicitation by
completing an Addendum Acknowledgment, a copy of which is included herewith.
Failure to acknowledge addenda may result in bid disqualification. The addendum
acknowledgement should be submitted with the bid to expedite document processing.

Revised 6/8/2012



ATTACHMENT A

Revised 6/8/2012



ADDENDUM ACKNOWLEDGEMENT FORM
SOLICITATION NO.: EBA471

Instructions: Please acknowledge receipt of all addenda issued with this solicitation by completing this
addendum acknowledgment form. Check the box next to each addendum received and sign below.
Failure to acknowledge addenda may result in bid disqualification.

Acknowledgment: I hereby acknowledge receipt of the following addenda and have made the
necessary revisions to my proposal, plans and/or specification, etc.

Addendum Numbers Received:
(Check the box next to each addendum received)

[ \/f Addendum No. 1 [ ] Addendum No. 6
[ V(’ Addendum No. 2 [ ] Addendum No.7
[ ] Addendum No. 3 [ ] Addendum No. 8
[ ] Addendum No. 4 [ 1 Addendum No.9
[ 1 Addendum No.5 [ ] Addendum No. 10

I understand that failure to confirm the receipt of addenda may be cause for rejection of this bid. I
further understand that any verbal representation made or assumed to be made during any oral
discussion held between Vendor’s representatives and any state personnel is not binding. Only the
information issued in writing and added to the specifications by an official addendum is binding.

//\( JUAAYIAY N(WLLOO\/ s

" Authorized S1gnature

IS

\Date

NOTE: This addendum acknowledgement should be submitted with the bid to expedite document processing.
Revised 6/8/2012



Client#: 1553070

ACORD.

CERTIFICATE OF LIABILITY INSURANCE

42LUMOSNET

DATE (MM/DD/YYYY)
4/01/2014

THIS CERTIFICATE IS ISSUED AS A MATTER OF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS
CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES
BELOW. THIS CERTIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSU RER(S), AUTHORIZED

REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER.

IMPORTANT: If the certificate holder is an ADDITIONAL INSURED, the policy(ies) must be endorsed. If SUBROGATION IS WAIVED, subject to
the terms and conditions of the policy, certain policies may require an endorsement. A statement on this certificate does not confer rights to the

certificate holder in lieu of such endorsement(s).

PRODUCER ﬁg“EACT

BB&T - Barger Insurance FRENE, Ext). 540 946-6100 | (A%, no): 8886324225

113 S. Wayne Avenue EMAL

PO Box 700 INSURER(S) AFFORDING COVERAGE NAIC #

Waynesboro, VA 22980 insurer  : Hartford Fire Insurance Company 19682

INSURED wsurer g : Hartford Casualty Insurance Com 29424
Lumos Networks Operating Company insurer ¢ : Navigators Insurance Company 42307
Att: Pam Adams, Mgr. of Treasury INsURER p : Cincinnati Insurance Company 10677
P O Box 1068 insurer £ : Ohio Casualty Insurance Company 24074
Waynesboro, VA 22980 wsurer r . Hartford Ins Co of the Midwest 37478

COVERAGES CERTIFICATE NUMBER: REVISION NUMBER:

THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN ISSUED TO THE INSURED NAMED ABOVE FOR THE POLICY PERIOD
INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH RESPECT TO WHICH THIS
CERTIFICATE MAY BE ISSUED OR MAY PERTAIN, THE INSURANCE AFFORDED BY THE POLICIES DESCRIBED HEREIN IS SUBJECT TO ALL THE TERMS,
EXCLUSIONS AND CONDITIONS OF SUCH POLICIES. LIMITS SHOWN MAY HAVE BEEN REDUCED BY PAID GLAIMS.

R TYPE OF INSURANCE #J%%L %'V%R POLICY NUMBER (;ﬁﬂg%) (nﬁﬁ%ﬁﬁ%) LIMITS
A | GENERAL LIABILITY 14UUNZI5920 10/31/2013|10/31/2014 EACH OCCURRENCE 51,000,000
X| COMMERCIAL GENERAL LIABILITY gﬁ@'ﬁ%ﬂ?lﬁ%@g&%nw) $300,000
| CLAIMS-MADE @ OCCUR MED EXP (Any one person) $10,000
| PERSONAL & ADV INJURY | $1,000,000
m GENERAL AGGREGATE $2,000,000
GEN'L AGGREGATE LIMIT APPLIES PER: PRODUCTS - COMP/OP AGG | 52,000,000
_| POLICY l_—| B ’—‘ Loc $
F | AUTOMOBILE LIABILITY 14UENZI6110 10/31/2013|10/31/2014 EMENEDSINCLELMIT 14,000,000
X| ANy auTo BODILY INJURY (Per person) | $
: MLDWNED | | SHEULED BODILY INJURY (Per accident) | §
| X|rirep autos | X 28?'505""“5‘3 F::F;?ECEC!IRUET‘EAMAGE 3
$
B | X|UMBRELLALIAB | X | occur 14RHUZI6127 10/31/2013|10/31/2014{ EACH OCCURRENCE $5,000,000
EXCESS LIAB CLAIMS-MADE AGGREGATE $5,000,000
DED [ XI rReTenTion $10000 $
B [WormERs conreEaTion . 14WEEG3320 10/31/2013|10/31/2014 X [WG8TA0%: [ TS
,c!-\)g;IEE%RAFIQEIEﬂg%ﬁf%&%{ﬁ%%}g?xECUTNEIEI NiA E.L. EACH ACCIDENT 31,000,000
{Mandatory in NH) E.L. DISEASE - EA EMPLOYEE| $1,000,000
Eé%%&?;%{g’ﬁ ng gPERATIONS below E.L. DISEASE - PoLICY LmiT | 31,000,000
C |Excess Liability GA13EXC756868IV 10/31/2013|10/31/2014 $15,000,000
D |Excess Liability EXS0149461 10/31/2013(10/31/2014 $5,000,000
E |Excess Liability | ECO1455176282 10/31/2013/10/31/2014 $25,000,000

DESCRIPTION OF OPERATIONS / LOCATIONS / VEHICLES (Attach ACORD 101, Additional Remarks Schedule, if more space is required)
State of West Virginia is included as Additional Insured with respect to General Liability Coverage as per

written contract.

** Supplemental Name **
Lumos Networks Operating Company
(See Attached Descriptions)

CERTIFICATE HOLDER

CANCELLATION

State of West Virginia

2019 Washington Street East
Post Office Box 50130
Charleston, WV 25305-0130

SHOULD ANY OF THE ABOVE DESCRIBED POLICIES BE CANCELLED BEFORE
THE EXPIRATION DATE THEREOF, NOTICE WILL BE DELIVERED IN
ACCORDANCE WITH THE POLICY PROVISIONS.

AUTHORIZED REPRESENTATIVE

a’.g' P, 6%, v

ACORD 25 (2010/05) 1 of 2
#512119785/M11313489

© 1988-2010 ACORD CORPORATION. All rights reserved.

The ACORD name and logo are registered marks of ACORD

CYP




DESCRIPTIONS (Continued from Page 1)

Lumos Networks of West Virginia

Lumos Networks Inc.

FiberNet Telecommunications of Pennsylvania LLC
Lumos Payroll Corp.

Lumos Networks of Pennsylvania

SAGITTA 25.3 (2010/05) 2 of 2
#512119785/M11313489



RFQ No. EBA471

STATE OF WEST VIRGINIA

Purchasing Division

PURCHASING AFFIDAVIT

MANDATE: Under W. Va. Code §5A-3-10a, no contract or renewal of any contract may be awarded by the state or any
of its poltical subdivisions to any vendor or prospective vendor when the vendor or prospective vendor or a related party
to the vendor or prospective vendor is a debtor and: (1) the debt owed is an amount greater than one thousand dollars in
the aggregate; or (2) the debtor isinemployer default.

EXCEPTION: The prohibition listed above does not apply where a vendor has contested any tax administered pursuant to
chapter eleven of the W. Va. Code, workers' compensation premium, permit fee or environmental fee or assessment and
the matter has not become final or where the vendor has entered into a payment plan or agreement and the vendor is not
in default of any of the provisions of such plan or agreement.

DEFINITIONS:

"Debt” means any assessment , premium, penalty, fine, tax or other amount of money owed to the state or any of its
political subdivisions because of a judgment, fine, permit violation, lcense assessment, defaulted workers'
compensation premium, penalty or other assessment presently delinquent or due and required to be paid to the state
or any of its political subdivisions , including any interest or additional penalties accrued thereon .

"Employerdefault" means having an outstanding balance or liability tothe old fund ortothe uninsured employers’
fundorbeinginpolicy default, asdefinedinW.Va. Code § 23-2¢-2 failure to maintainmandatory workers'
compensation coverage, ot failure to fully meet its obligations as a workers’ compensation self-insured employer. An
employer s not inemployer default f t has entered into a repayment agreement with the Insurance Commissioner
and remains in compliance with the obligations under the repayment agreement.

"Related party" means a party, whether an individual corporation, parinership, association, limited liability company
or any other form or business association or other entity whatsoever, related to any vendor by bicod, mamiage,
ownership or contract through which the party has a relationship of ownership or other interest with the vendor so that
the party will actually or by effect receive or control a portion of the benefit, profit or other consideration from
performance of a vendor contract with the party receiving an amount that meets or exceed five percent of the total
contract amount.

AFFIRMATION: By signing this form, the vendor's authorized signer affirms and acknowledges under penalty of
law for false swearing (W. Va. Code §61-5-3) that neither vendor nor any related party owe a debt as defined
ahove and that neither vendor nor any related party are in empioyer default as defined above, unless the debt or
employer default is permitted under the exception above.

WITNESS THE FOLLOWING SIGNATURE:

Vendor's Name: Lumaos Networks of West Virginia

Authorized Signature: %M%f C@M (“ Date 'ﬂ/l'f /; 2.0 /Lgr

State of /IQ@IM-A
Countyof Mw+ﬂ - to-wit;

&y
Taken, subg@nb@&@m;l sworn to before me this l day of A’P‘f‘ .

C\A B
Zold.ﬂﬂ \ ﬁs\}oﬁ?%fmes Nq,( 2| 2017

_.- PUBLIC © %

§ REG # 369567 '-, i 2

MY COMMISSION } _ 6\0--¢ { %,\,;
AFF rgAl_ExEREs iF NOTARY PUBLIC — i

Huu,"

c._,_.-' an
"‘0 ALTHQ

Mopegpanatt®

"'los;tt"

@'

# 24567

Purchasing Affidavit {Revised 07/0112012}
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LUM‘IS IP Justification Form
~N [ =4

T W B R K B << Customer Name >>

Owr Techrmiogy Comes with Peopie

Technical Point of Contact

Name (Last, First)
Title

Address

Phone Number
E-Mail address

Customer Network Information
ASN# (if you have one)

Name of Organization
Postal address of Organization

1 |Previously assigned IP address ranges
that you still have.

CURRENT CONFIGURATION

2 |Please attach a network diagram showing how your current IP addresses have been utilized. See
examples. If you have no existing IP space, you may skip this step.

Number of IP addresses in use now

2b |Number of IP addresses predicted to be
in use 1 year from now

2¢ |Number of subnets in use now

2d |Number of subnets predicted to be in
use 1 year from now

REQUEST INFORMATION

3 |Please attach a network diagram showing how you intend to use the IP addresses you are requesting. See
examples provided behind spreadsheet tabs below.

3a |Number of IP addresses or subnet size
requested

3b |Number of IP addresses you intend to
use initially

3c [Number of IP addresses you predict to
be using 1 year from now

3d |Number of subnets in use initially

3e |Number of subnets predicted to be in
use 1 year from now

Additional Information
Additional supporting justification:
EXAMPLE:

Support of existing network listed in #2
and support of network growth in #3 to
include: 50% growth in dedicated
customer pool requiring a /??; increase
of dial-up access to include 2 additional
markets requiring a /??; Deployment of
VPN solutions for dedicated customers
requiring 6 - /27 spaces.

Page PAGE]
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CONTRACTOR LICENSE

Authorized by the

West Virginia Contractor Licensing Board

WvV036373
Number:

Classification:
COMMUNICATION & SOUND

S & N COMMUNICATIONS INC
DBA 8 & N COMMUNICATIONS INC
PO BOX 769

KERNERSVILLE, NC 27285

Date Issued Expiration Date

NOVEMBER 26, 2013 '~ - ' NOVEMBER 26, 2014 =

Mot A, Gl
Authorized Company Signature Chair, West Virginia Contractor
Licensing Board

CONTRACTOR
LICENSING

BO ARD "This license, or a copy thereof, must be posted in a conspicuous place at every construction site where work is being
performed, This license number must appear in all advertisements, on all bid submissions and on all fully executed
and binding contracts, This license cannot be assigned or transferred by licensee. Issued under provisions af West
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West Virginia Contractor Licensing Board
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Classification:
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N & 8 CONSTRUCITON INC

DBA NEW KIRK & SMITH CONSTRUCTION INC
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KERNERSVILLE, NC 27285

Date Issued Expiration Date

| NOVEMBER 26, 2013 °

NOVEMBER 26, |2014 | -
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performed. This license number must appear in all advertisements, on all hid submissions and on all fully executed

and binding contracts, This license cannot be assigned or transferred by licensee. Issued under provisions of West
VY V } ‘ VVVYV Virginia Code, Chapter 21, Article 11.




Sub-Contractors References

Verizon Services Corp

Mike Alfasi, Senior Sourcing Process Leader
3013 Hungary Spring Road

Richmond, Virginia 23228

(804) 756-5284

Michael.j.alfasi@verizon.com

Serve as the sole Single Source Provider (SSP) for all aerial, buried, underground tree trimming and

facility locating.

CenturyLink

Bruce Collins, National Manager Supplier & Contract Management
100 CenturyLink Drive

Monroe, Louisiana 71203

(318) 388-9770

Bruce.Collins@centurylink.com

Serve as the sole buried service wire and facility locate contractor in east Tennessee, North Carolina and
Virginia. Provide services for specific fiber overbuild projects.

Cox Communciations Rick Nielsen
5400 Fallowater Lane SW
Roanoke, VA 24014

540 777-7414

rick.Nielsen@cox.com




S&N provides aerial and buried construction services. This work is on-going.

AT&T

Cathy Burke, Area Mgr-Construction
33 Cherry Street

Asheville, North Carolina 28801

828 236-2018

cb0494@att.com

Completed Asheville NC fiber build project

Mid-Atlantic Broadband

Mr. Doug Herrin

Senior Project Manager
1100 Confroy Drive, Box 4
South Boston, Virginia 24592
434 570-1310

doug@mbc-va.com




EBA471-Exhibit A -Pricing Pages-3yearterm

Costs must include all charges, including any fees, government surcharges, taxes, or any other charge associated with the service.

Location

Physical Address

Beckley |wv

Public
Broadcasting 124
Industrial Park Rd.
Beaver, WV 25813

Charleston

WV Public Broadcasting
600 Capitol Street
Charleston, WV 25301

Morgantown |WV Public

Broadcasting 191
Scott Avenue
Morgantown, WV 26505

41

Monthly 1 Year 3 Year
Item #1 Ethernet Circuits** Cost NRC* Total Total
la Beckley - IGig Layer 2 Ethernet $2,577.01 $0.00 30,924.12 92,772.36
Beckley - 25 Meg Internet Bandwidth via LAN [0 Ethernet
1b Port $1,155.18 $0.00 13,862.16 41,586.48
Ic Charleston - IGig Layer 2 Ethemnet 3,937.48 $0.00 47.,249.76 141,749.28
1d Morgantown - 1 Gig Layer 2 Ethernet 3,937.48 $0.00 47,249.76 141,749.28
Total Cost Item#l, Ethernet Circuits $11,607.15 $0.00 | 139,285.80 | 417.857.40
Monthiy 1 Year 3 Year
Item #2 DS3 Circuit-Beckly to Morgantown Cost NRC* Total Total
DS3 between Beckly and Morgantown $2,727.00 $0.00 32,724.00 98.,172.00
Total Cost Item #2, DS3 Circuit - Beckly to Morgantown $2,727.00 $0.00 32,724.00 98.172.00
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Summary Pricing

Monthly 1 Year

Iltem Description Cost NRC* Total 3 Year Total |
Ttem #1 Ethernet Circuits $11,607.15 $0.00 | $139,285.80 $417,857.40
Item #2 DS3 Circuit Beckley to Morgantown $2.727.00 $0.00 $32,724.00 $98,172.00
Option
#1 DS3 Circuit Beckley to Charleston $2.727.00 $0.00 $32,724.00 $98.172.00
Option#
2 DS3 Circuit Charleston to Morgantown $2,727.00 $0.00 $32,724.00 $98,172.00
Option
#3 Beckley Redundant Last Mile Circuit $30,007.60 | $62,550.00 36,009.12 | 1,082,273.60
Option
#4 Charleston Redundant Last Mile Circuit $32,599.77 | $36,339.85 391,197.24 1,173,591.70
Option
H5 Morgantown Redundant Last Mile Circuit $32,599.77 | $55,800.00 | $391,197.24 | $1,173.591.70

Total Cost $114,995.29 | $154,689.85 | 1,055,861.40 | 4,141,830.40

* Non-Recurring Charge (One-Time Only)

== Ethernet circuits must be segregated as defined in Exhibit C,Ethernet Segregation.

Award will be made to the Vendor with the Lowest Overall Total Cost meeting specifications.
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e LALN0S NEIWOLKS

Signature of Vendor

Company Name

1900 Roanoke Rd

Daleville, VA 24083

Phone
Fax

Email

Address 1

Address 2

540-260-3903

540-777-7786

millers@lumosnet.com

Datc




SERVICE LEVEL AGREEMENT FOR METRO ETHERNET

LUMOS NETWORKS (herein called “Company”) is committed to providing the Metro Ethernet Services
customer @customer (herein called “Customer”) with superior service and support. This Service Level
Agreement for Metro Ethernet Services (herein called “SLA”) is an agreement made between both
parties specified above which provides commitments to the Customer concerning security, quality,
support, uptime and performance of our Services. The provisions of the Services Agreement between
the same parties, including without limitation the Local and High Capacity Terms & Conditions and the
Metro Ethernet Services Addendum, shall remain in full force and effect.

Quality - Service Availability Commitment

1. Scope: Service Availability Commitment is to have the Company’s Metro Ethernet Network, as defined
in the Local and High Capacity Terms & Conditions and the Metro Ethernet Services Addendum,
available 100% of the time. A 15-day “shakedown” period after initial installation of a dedicated circuit
is not covered by the Service Availability Commitment in order to allow time for proper service
adjustments and troubleshooting.

2. Maintenance: For purposes of notification, maintenance will be designated as one of two types —
Scheduled Maintenance and Emergency Maintenance. Scheduled Maintenance is any maintenance at
the LUMOS NETWORKS hub to which Customer’s circuit is connected that is performed between 12:00
AM and 6:00 AM or is otherwise scheduled according to the Customer’s or Company’s request and is
mutually agreed upon by both Parties. Customer will receive at least 48 hours advance notice of
service-impacting Scheduled Maintenance. Emergency Maintenance is performed in order to promptly
respond and resolve emergency issues associated with service-affecting conditions. Customer will be
contacted when Emergency Maintenance has been performed on service-impacting work.

3. Process: At Customer’s request, Company will track and calculate Customer’s Network Unavailability
within a calendar month. Network Unavailability consists of the number of minutes that the LUMOS
NETWORK or a Company-ordered data circuit was not available to Customer and includes unavailability
associated with any maintenance at the LUMOS NETWORKS hub to which Customer’s circuit is
connected other than Scheduled Maintenance. Outages will be counted as Network Unavailability only if
Company notifies Customer of the outage in accordance with the Outage Reporting Commitment set
forth below, or if Customer opens a trouble ticket with the Company’s Network Control Center (“NCC”)
within five (5) days of the outage. This Network Unavailability SLA provision will not include Scheduled
Maintenance or any unavailability resulting from any 3rd party or Customer-ordered circuits, 3rd party
or Customer applications or equipment, Customer initiated maintenance, acts or omissions of Customer,
or other events of Force Majeure (conditions beyond Company’s control) as otherwise defined in this
SLA.



4. Remedy: For each cumulative hour of Network Unavailability or fraction thereof in any calendar
month, at Customer’s request, Customer’s account will be credited an amount equal to the pro-rated
charges for one full day of the monthly fee for the Service with respect to which the Service Availability
Commitment has not been met. A maximum of one month’s credit will be given for all combined
remedies for any given calendar month, excluding the initial 15 days after installation.

Uptime - Outage Reporting Commitment

1. Scope: The Outage Reporting Commitment is that notification that will be sent to Customer within 15
minutes after Company’s determination that Customer’s Service is unavailable. Company’s standard
procedure is to periodically probe Customer Premise Equipment (CPE); Accordingly, CPE must be set up
to respond to probe. Otherwise, no outage notification will be sent and Outage Reporting
Commitment remedies will not be applicable. If Customer’s network does not respond to periodic pings,
Company will deem service unavailable and will contact Customer’s designated point of contact.

2. Process: The Outage Reporting Commitment is applicable only to Metro Ethernet Services provided in
the contiguous United States and is applicable only if Customer opens a trouble ticket with Company’s
Repair Operations Center within five days of the outage. Customer is solely responsible for providing
Company accurate and current contact information for Customer’s designated and authorized points of
contact. Company will be relieved of any obligation under this Outage Reporting Commitment if the
authorized Customer contact information is out-of-date or inaccurate due to Customer’s action or
omission or if Company’s failure is due to reasons of force majeure (conditions beyond Company’s
control).

3. Remedy: If Company fails to meet the Outage Reporting Commitment, upon Customer’s request,
Customer’s account will be credited an amount equal to the pro-rated charges for one full day of the
monthly fee for the Service with respect to which the Outage Reporting Commitment has not been met;
Customer may obtain no more than one credit per day, irrespective of how often in that day Company
failed to meet the Outage Reporting Commitment. Maximum credit that may be given for all combined
remedies within any given month will be equal to one monthly fee for the Service.

Mean Time to Repair (MTTR)

1. Process: At Customer’s request, Company will calculate the mean time that was taken by Company to
make repairs within a calendar month. MTTR is calculated as the monthly average time taken to repair
all trouble tickets required to return Service to a Network Availability status. The length of each Network
Unavailability instance on a specific Service is totaled at the end of each billing month and divided by the
corresponding number of Network Unavailability instances for the Service for that month.



2. Remedy: If the MTTR is more than 4 hours in one billing month, at Customer’s written request,
Customer’s account shall be credited an amount equal to the pro-rated charges for one full day of the
monthly fee for the Service for which the MTTR has not been met; Customer may obtain no more than
one credit per day. Maximum credit that may be given for all combined remedies within any given
month will be equal to one monthly fee for the Service. A 15-day “shakedown” period after initial
installation of a dedicated circuit is not covered by the MTTR Availability Commitment to allow time for
proper service adjustments and troubleshooting.

Metro Ethernet Network Performance Commitment:

Lumos Networks provides the following network performance parameter guarantees for supported
Metro Ethernet network segments:

Frame Delay (Latency) Guarantee

The Lumos Networks Data Network Average Round-Trip frame delay (Latency) shall be twenty (20)
milliseconds or less. “Average Round- Trip Latency,” with respect to a given month, means the average
time required for round-trip packet transfers between POPs on the Lumos Network during such month,
as measured by Lumos Networks.

Inter Frame Delay (Jitter) Guarantee

The Lumos Networks Data Network Inter-Frame Delay (Jitter) on a Metro Ethernet circuit shall be less
than 1% on the average in a given month, as measured by Lumos Networks.

Packet Loss Guarantee

The Lumos Networks Data Network Packet Loss on a Metro Ethernet Circuit shall be less than .0001% on
the average in a given month, as measured by Lumos Networks.

Process: For all Lumos Networks Network performance parameter claims, customers must file a trouble
ticket with Lumos Networks NCC within five (5) days of the network issue to indicate which performance
metric guarantee they would like to have reviewed for their circuit SLA claim. The Customer should
specify which parameter(s) are being claimed, and provide specific circuit information. After the claim is
received, Lumos network personnel will review the status of the circuit and perform the necessary
testing to determine if the requested parameter(s) are being met.



Remedy: For each failure to meet a network performance metric listed above in any calendar month, at
Customer’s request, Customer’s account will be credited an amount equal to the pro-rated charges for
one full day of the monthly fee for the Service for which the Network Performance Guarantee has not
been met. A maximum of one month’s credit will be given for all combined remedies for any given
calendar month, excluding the initial 15 days after installation.

Limits on Scope of Support

The commitments contained in this SLA do not cover Customer-provided platforms, software, or
services, and do not cover Customer caused failures or other conditions beyond Company’s control. For
example, conditions caused by bandwidth or packet saturation, or security events (i.e.: denial of service
attacks, distributed denial of service attacks, virus activity, or capacity consumption) are not considered
network failures. Situations excluded from the Commitments in the SLA include, but are not limited to:
desktop workstation support; issues arising from Customer failing to notify Company in a timely manner
of connectivity issues or of changes to authorized Customer contact information; issues arising from
Customer failing to grant Company timely access to network equipment located on Customer’s Premises
as requested by Company for addressing service requirements; and connectivity issues involving
Customer-initiated maintenance and/or Customer’s cabling, hub, router, and/or server infrastructure.
Fiber cuts on lateral network segments are not covered by the 100% availability SLA guarantee. SLA
guarantees will not include Scheduled Maintenance or any unavailability resulting from any 3rd party or
Customer-ordered circuits, 3rd party or Customer applications or equipment, Customer initiated
maintenance, acts or omissions of Customer, or other events of force majeure (conditions beyond
Company’s control). For purposes of this Section, events of Force Majeure shall include, but not be
limited to, acts of God, fire, flood, earthquake, lightning, adverse weather conditions or other similar
catastrophes; explosion, vandalism, terrorism, sabotage, wars, insurrection or riots; work stoppages,
strikes, lock outs, or labor disputes; any law, order, regulation, directive, action or request of the
United States government, or of any other government, including state and local governments having or
claiming jurisdiction, or of any department, agency, commission, bureau, corporation or other
instrumentality of any one or more of these federal, state or local governments, or of any civil or military
authority; national emergencies; or of any other causes beyond the Company’s reasonable control.

Customer Responsibilities

Customer agrees to fulfill the following responsibilities: report all problems using the reporting
procedure detailed within this SLA; provide input on the quality and timeliness of support; notify
Company in advance of all system and application updates performed; provide initial and expected
operational capacity estimates for bandwidth and drive space; identify authorized Customer contacts



and report changes to Customer contact information for purposes of coordination in problem
resolution; provide accurate information for Customer account information; and implement the
minimum security requirements specified by the Company.

Service Level Agreement for Dedicated Internet Service over Metro Ethernet, for customers purchasing
Dedicated Internet service and Metro Ethernet Services from Lumos Networks.

LUMOS NETWORKS (herein called “Company”) is committed to providing the Dedicated Internet
Services customer @customer (herein called “Customer”) with superior service and support. This Service
Level Agreement for Dedicated Internet over Metro Ethernet Services (herein called “SLA”) is an
agreement made between both parties specified above which provides commitments to the Customer
concerning quality, support, uptime and performance of our Services. The provisions of the Services
Agreement between the same parties, including without limitation the Local and High Capacity Terms &
Conditions and the Metro Ethernet Services Addendum, shall remain in full force and effect.

Quality - Service Availability Commitment

1. Bandwidth Availability Guarantee: Company will guarantee the availability of the amount of
Dedicated Internet bandwidth as specified in the purchase agreement at the Dedicated Internet port on
the Lumos provided Metro Ethernet equipment. Speeds measured at other ports, or on other
equipment do not qualify for SLA Guarantee credits.

2. Scope: Service Availability Commitment is to have the Company’s Dedicated Internet Bandwidth over
Metro Ethernet Network, as defined in the Local and High Capacity Terms & Conditions and the Metro
Ethernet Services Addendum, available 100% of the time. A 15-day “shakedown” period after initial
installation of a dedicated circuit is not covered by the Service Availability Commitment in order to allow
time for proper service adjustments and troubleshooting.

3. Maintenance: For purposes of notification, maintenance will be designated as one of two types —
Scheduled Maintenance or Emergency Maintenance. Scheduled Maintenance is any maintenance at the
LUMOS NETWORKS hub to which Customer’s circuit is connected that is performed between 12:00 AM
and 6:00 AM or is otherwise scheduled according to the Customer’s or Company’s request and is
mutually agreed upon by both Parties. Customer will receive at least 48 hours advance notice of
service-impacting Scheduled Maintenance. Emergency Maintenance is performed in order to promptly
respond and resolve emergency issues associated with service-affecting conditions. Customer will be
contacted when Emergency Maintenance has been performed on service-impacting work.



4. Process: At Customer’s request, Company will track and calculate Customer’s Dedicated Internet
Bandwidth Availability within a calendar month. Bandwidth Unavailability consists of the number of
minutes that the LUMOS NETWORK Bandwidth was not available to Customer and includes
unavailability associated with any maintenance at the LUMOS NETWORKS hub to which Customer’s
circuit is connected other than Scheduled Maintenance. Outages will be counted as Bandwidth
Unavailability only if Company notifies Customer of the outage in accordance with the Outage Reporting
Commitment set forth below, or if Customer opens a trouble ticket with the Company’s Networks
Control Center (“NCC”) within five (5) days of the outage. This Bandwidth Unavailability SLA provision
will not include Scheduled Maintenance or any unavailability resulting from any 3rd party or Customer-
ordered circuits, 3rd party or Customer applications or equipment, Customer initiated maintenance, acts
or omissions of Customer, or other events of force majeure (conditions beyond Company’s control) as
otherwise defined in this SLA.

5. Remedy: For each cumulative hour of Bandwidth Unavailability or fraction thereof in any calendar
month, at Customer’s request, Customer’s account will be credited an amount equal to the pro-rated
charges for one full day of the monthly fee for the Service for which the Service Availability Commitment
has not been met. A maximum of one month’s credit will be given for all combined remedies for any
given calendar month, excluding the initial 15 days after installation.

Mean Time to Repair (MTTR)

1. Process: At Customer’s request, Company will calculate the mean time that was taken by Company to
make repairs on Dedicated Internet Service within a calendar month. MTTR is calculated as the monthly
average time taken to repair all trouble tickets required to return Service to a Bandwidth Availability
status. The length of each Bandwidth Unavailability instance on a specific Service is totaled at the end of
each billing month and divided by the corresponding number of Bandwidth Unavailability instances for
the Service for that month.

2. Remedy: If the MTTR is more than 4 hours in one billing month, at Customer’s written request,
Customer’s account shall be credited an amount equal to the pro-rated charges for one full day of the
monthly fee for the Service for which the MTTR has not been met; Customer may obtain no more than
one credit per day. Maximum credit that may be given for all combined remedies within any given
month will be equal to one monthly fee for the Service. A 15-day “shakedown” period after initial
installation of a dedicated circuit is not covered by the MTTR Availability Commitment in order to allow
time for proper service adjustments and troubleshooting.

Limits on Scope of Support



The commitments contained in this SLA do not cover Customer-provided platforms, software, or
services, and do not cover Customer caused failures, Force Majeure events, or other conditions beyond
the Company’s control. For example, conditions caused by bandwidth or packet saturation, or security
events (i.e.: denial of service attacks, distributed denial of service attacks, virus activity, or capacity
consumption) are not considered network failures. Situations excluded from the Commitments in the
SLA include, but are not limited to: desktop workstation support; issues arising from Customer failing to
notify Company in a timely manner of connectivity issues or of changes to authorized Customer contact
information; issues arising from Customer failing to grant Company timely access to network equipment
located on Customer’s Premises as requested by Company for addressing service requirements; and
connectivity issues involving Customer-initiated maintenance and/or Customer’s cabling, hub, router,
and/or server infrastructure. Fiber cuts on lateral network segments are not covered by the 100%
availability SLA guarantee. For purposes of this Section, events of Force Majeure shall include, but not
be limited to, acts of God, fire, flood, earthquake, lightning, adverse weather conditions or other similar
catastrophes; explosion, vandalism, terrorism, sabotage, wars, insurrection or riots; work stoppages,
strikes, lock outs, or labor disputes; any law, order, regulation, directive, action or request of the
United States government, or of any other government, including state and local governments having or
claiming jurisdiction, or of any department, agency, commission, bureau, corporation or other
instrumentality of any one or more of these federal, state or local governments, or of any civil or military
authority; national emergencies; or of any other causes beyond the Company’s reasonable control.

Customer Responsibilities

Customer agrees to fulfill the following responsibilities: report all problems using the reporting
procedure detailed within this SLA; provide input on the quality and timeliness of support; notify
Company in advance of all system and application updates performed; provide initial and expected
operational capacity estimates for bandwidth and drive space; identify authorized Customer contacts
and report changes to Customer contact information for purposes of coordination in problem
resolution; provide accurate information for Customer account information; and implement the
minimum security requirements specified by the Company.

Commercial Reserve Services SLA*:

In the event the subscriber has purchased “Commercial Reserve” Metro Ethernet services, alternate SLA
objectives apply, superseding those detailed above, as prescribed in the following exhibit:

Frame Delay (One-Way): <9 ms

Frame Delay (Round-Trip): <18 ms

Inter Frame Delay (also referred to as Inter-Frame Delay Variation): <3 ms
Packet Loss (also referred to as Frame Loss): £.00001%

* Commercial Reserve SLA available only for services between endpoints separated by <300 miles



Thank you for your time as | introduce you to Lumos Networks Platinum Customer Care. We
will be working closely with Sarah Miller, your Major Account Manager, to ensure that your
customer experience is world class.

Privileges reserved for Platinum Care Customers:

e 855-586-6769 (855-LUMOSNW). A dedicated service number to provide faster
responses and priority actions. This number places your call at the front of our 24x7 call
center queue.

e A specialized advocacy team to manage and give priority to your businesses account
changes, billing questions or service issues.

e Bi-annual account review sessions to ensure your requirements are being met and to
understand your growing business needs.

e Expedited Feature Changes and Billing needs to address immediate needs in our ever
changing environment, email requests directly to consumersupport@lumosnet.com

On behalf of Team Lumos, we appreciate your business and look forward to proactively
partnering on ideas to architect network solutions to help your business grow.

With best regards,

Marta Puffenbarger

Platinum Customer Care Advocate
855-586-6769 (855-LUMOSNW)
Office: (540) 941-6784
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Platinum Care
Escalation List

1%t Level

Consumer Support
consumersupport@lumosnet.com
866-710-2243

2" Level

Pam McGown
Regional Manager, Complex Billing
mcgownp@lumosnet.com
Office/Mobile: (540) 949-5229

3" Level

Tiffany Mondillo
Director Sales Operations
mondillot@lumosnet.com
Office: (540) 946-6873

1160 SHENANDOAH VILLAGE DR *, WAYNESBORO, VIRGINIA 22980
855.586.6767 ¢ PLATINUMCARE.LUMOSNET.COM



