Law Office of
Richard A. Finnigan

Richard A. Finnigan 2112 Black Lake Blvd. SW Candace Shofstall
(360) 956-7001 Olympia, Washington 98512 Legal Assistant
rickfinn@localaccess.com (360) 753-7012

candaces@localaccess.com

March 23, 2015

VIA EFILING AND OVERNIGHT DELIVERY

Public Utility Commission of Oregon
3930 Fairview Industrial Drive SE
PO Box 1088

Salem OR 97308-1088

Re: UM 1721 - Exhibit 3 - Douglas Services, Inc. d/b/a Douglas FastNet - ERRATA
Dear Sir/Madam:

On March 20, 2015, Douglas Services, Inc. d/b/a Douglas FastNet filed an Application
for designation as an eligible telecommunications carrier, designation as an eligible

telecommunications provider and request for waiver.

Exhibit 3, page 42 is marked as confidential and it is not confidential, A replacement
Exhibit 3 is attached.

Si

Richard A. Finnigan

RAF/es

cc: Client (via email)
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POGUVGLAS FASBT NET

December 31, 2014

Douglas Services Inc.,
2350 NW Aviation Dr.
Roseburg, OR 97470
(541) 673-4242

Commission's Secretary, Office of the Secretary,
Federal Communications Commission.

445 12 Street, SW,

Washington, DC 20554
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- DOUGLAS SERVICES, INC.
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T

Years Ended December 31, 2011, and 2010

KENNETH KUHNS & CO,

Certified Public Accountants
570 Liberty Street 8.E., Suite 210
Salem, Oregon 97301-3594

Telephone: (503) 585-2550
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DOUGLAS SERVICES, INC.

December 31, 2011

Directors
Terry Nelson President
Robert Poage Vice President
Shirley Cairns Secretary
Dick McHaffie Treasuter
Roy Ellis a Director
Larry Shipley Director
Carey Weatherly Director
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Board of Directors

Douglas Services, Inc.

KENNETH KUHNS & CO.

CERTIFIED PUBLIC AGGOUNTANTS
570 LIBERTY BTREET B:.E,, SUITE 210
SALEM DREGON 97301-3694

TELEPHONE {5013) 5852550

INDEPENDENT AUDITOR'S REPORT

March 13, 2012
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DOUGLAS SERVICES, INC,
Balance Sheet
Assefs

Current assets:
Cash (Note 1)
Accounts receivable (less provision for doubtiul
accounts of $938 in 2011 and $5,264 in 2010)
Prepayments
Inventory (Note 1)

Total current assels
Other asseis:
Investments in associated organizations (Note 2)

Investment in Bastern Oregon Telecomm
Organization costs

Total other assets
Utility plant: (Note 1) -

In service :
Construetion in progress

Total wtility plant
Less: accumulated provision for depréciéﬁon

Net utility plant

Total assets

Liabilities and Equity

Current liabilities:
Current maturities of note payable
Accounts payable -~
Accrued paid time off
Deferred tax lability (MNote 4)
Other current lebilities « 244, §005 =

Total current lisbilities
Long-term Habilities:

Nots payable, less current matrrities
Deferred fax liability (Note 4)

Total long-term liabilizies
Total liabilities

Equity:
Retained earnings-{deficit)

Tutal labilities end equity
The accompanying notes are an integral part of this statement,

3-
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REDACTED
DOUGLAS SERVICES, INC.
Statement of Revenue and Retained Barnings
Operating revenues:
Sales

Opetating expenses:
Cost of sales
Labor and benstits
Materials and services
Depreciation
Total operating expenses
Net income from operations
‘Other income-(expenses):
Investment income
Loss on disposal of plant
Interest expense
Net income before provision for income taxes
Provision for income taxes
Net income

Retained eamings-(deficit) - beginning of year

Retained earnings-(deficit) - end of year

The accompanying notes are an integral part of this statement,
4.,
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DOUGLAS. SERVICES, INC.

Statement of Cash Flows

Cash fows from operating activities;
Cash received fiom customers
Cash received from interest
Cash payments to employees and other suppliers of goods and services
Cash payments for interest
Cash payments for income taxes

Net cagh provided by operating activities

Cash flows from investing activitles:
Capital expenditures
Proceeds from sale of plant
Payment received for capital credits

Net cash used in investing activities

Cash flows from financing activities:
Decrease iy line of credit payable
Principal payments on note pavable

Net cashused in financing activities

Net increase-(desorease) In cash and cash equivalents for year
Cash - beginning of year

Cash - end of year

Reconeiliation of net income 1o net cash provided by eperating activities:
Net income
Adjustmonts to reconcile net income to net cash provided by
operating activities:
Depreciation
Loss on disposal of plant
Noucash investment income
Decrease-(incraase) in;
Accounts receivable
Prepayments
Tnventory
Increase-{decrease) in:
Accounts payable
Accrued paid time off
Acorued interest
Deferred tax Hability
Other current liabilities

Total adjustments

Net cash provided by operating activities

The accompanying notes are an integral part of this statement,
5
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DOUGLAS SERVICES, INC. REDACTED

Notes to Financial Statements
December 31,2011 and 2010



Page 10 of 84
DOUGLAS SERVICES, INC,

Notes to Financial Statements
December 31, 2011 and 2010
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" DOUGLAS SERVICES, INC.
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Certified Public Accountants
570 Libeérty Street 8.E., Suite 210
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DOUGLAS SERVICES, INC.
December 31, 2012
Directors
Terry Nelson President
Robert Poage Vice President
Shitley Caitns : Secretary
Dick McHafﬂe ' ‘ A Treasurer
Roy Ellis o | ' % Director
Larry Shipley | ‘ Director
Carey Weathetly ' ‘ . : Ditector
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KENNETH KUHNS & CO,

CERTIFIED FUBLID ACCOUNTANTS
570 LIBERTY STREET 8.E. SLITE 210
SALEM DREGON $7301-83594

TELEPHONE [B5D3) 8B5-2550

INDEPENDENT AUDITOR'S REPORT

April 2, 2013

Board of Directors
Douglas Services, Inc.
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DOUGLAS SERVICES, INC,

Balance Sheet

Asgets

Current assets:
Cash (Note 1)
Accouats receivable (less provision for doubtful
accounts of $320 in 2012 and $988 in 2011)
Prepayments
Inventory (Note 1)

Total current assets
Other-assets:
Investments in associated organizations (Note 2)

Investment in Eastern Oregon Telecomm
Organization costs

‘Total other assets
Utility plant: (Nots 1) S

In servige
Construction in progress

Total utility plant .
. Less: accumulated provision for deiare(-:i;aﬁon

Net utility plant
Total asssts

Liabilities and Equily

Current liabilities: .
Current maturitiss of nots payable
Ling of eredit payable (Note 5)
Accounts payabls
Acerued paid time off
Deferred tax liability (Note 4)
Otker current liabilities

Total current Habilities
Long-term liabilities: .

Note payable, less current maturities {Note 3)
Deferred tax liability (Note 4)

Total long~term liabilities

Total [iabilities

Equity:
Retained earnings

Total linbilities and equity

The accompanying notss are an integral part of this statement.
4
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DOUGLAS SERVICES, INC.

Statement of Revenue and Retained Barnings

Operating revenues:
Sales

Operating expenses:
Cost of sales
Administration and cperations
Depreciation
Total operating expenses
Netl income from operations
Other income-(expenses);
Investment income
Loss on disposal of plant
Interest expense
Net income before provision for income taxes
Provision for incore taxes
Net income

Retained earmings-(deficit) - beginning of year

Retained eanings - end of vear

The accotpanying notes are an integral part of this statement.
_5.
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DOUGLAS SERVICES, INC,

_ Statement of Cash Flows

Cash flows from operating activities
Cash received from. customers
Cash received from interest
Cash payments to employess and other suppliers of goods and services
Cash payments for interest
Cash payments for income taxes

Wet cash provided by operaling activities

Cash flows from investing activities;
Capifal expenditures
Proceeds from sale of plant
Payment received for capital credits

Net cash nsed in investing activities

Cash flows from financing activities: - R
" Line of credit advances - _ R '
Principal payments on note payable b

Net cash used in financing activities

"Net decrease in cash and cash oquivalents for year
Cash ~ beginning of year
Cash - end of year

Reconeciliation of net income to net cash provided by operating activities:
Net income
Adjustments to reconcile net income to net cash provided by
operating activities:
Depreciation
Loss on disposal of plant
Noneash investment income
Deorease-(Increase) in:
Accounts receivable
Prepayments
Inventory
Increase-(decrease) in: -
Accounts payable
Accrued paid time off
Deferred tax liability
Othet current lHabilites

Total adjustments

Net cash provided by operating activities

The accompanying notes are an integral part of this statement,

6~
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DOUGLAS SERVICES, INC, REDACTED

Notes to Financial Statements
December 31, 2012 and 2011
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DOUGLAS SERVICES, INC., - REDACTED

Notes to Financial Statements
December 31, 2012 and 2011
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DOUGLAS SERVICES, INC, REDACTED

Notes to Financiai Statements
Decamber 31,2012 and 2011
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EXHIBIT 3

DOUGLAS SERVICES, INC.

AUDIT REPORT

- Years Ended December 31,.2013, and 2012

KENNETH KUHNS & CO.
Certified Public Accountants

570 Liberty Street S.E., Suite 210
Salem, Otegon 97301-3594

Telephone: (503) 585-2550
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DOUGLAS SERVICES, INC.

December 31, 2013
Directors
Terry Nelson President
Robert Poage : Vice President
Shirley Cairns Secretary
Dick McHaffie N Treasurer
Evan Barnes - . ~ Director
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KENNETH KUENS & CO.

. 570 LIBERTY STREET S.E., SUITE 210D
BALEM DREEON 97301-3594

TELEFHONE (503} 585-2550

INDEPENDENT AUDITOR'S REPORT

March 12, 2014

Board of Directors
Douglas Sf.ar‘.ricf:sa Inc.
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DOUGLAS SERVICES, INC,

Balance Sheet

Assels

Current assets;
Cash {Nots 1)
Accounts receivable (less provision for doubtful
accounts of $1,500 in 2013 and $320 in 2012)
Prepayments
Inventory (Note 1)

Total current assets
Other assefs:

Investments in associated organizations (Note 2)
Organization costs

Total other assets
Utility plant: (Note 1)

Insérvice -
Construction in progress

Total utility plant

Less: accumulated provision for depreciation

Wet utility plant

Total assets

Liabilities and Equity

Current liabilities:
Current maturitics of loans and note payable
Line of credit payable (Note 5)
Accounts payabls
Accrued paid time off
Deferred tax liability (Note 4)
Other current liabilities

Total current liabilities
Long-term liabilities:
Loans payable, less current maturities (Note 6)

Note payable, less current maturities (Note 3)
Deferred tax liability (Note 4)

Total long-term liabilities

Total liabilities

Equity:
Retained earnings '

Totdl Habilities and equity

The accompanying notes are an iulegral part of this statement,

A
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DOUGLAS SERVICES, INC.

Statement of Revenue and Retained Eamings

Opertating revenues;
Sales

Operating expenses;
Administration and operations
Depreciation

Total operating éxpenses
-k .
Net incomie from operations

Other income-(expenses):
Investment income
Loss on disposal of plant
Interest expense

Net incoms before provision for income taxes

Provision for income taxes

Net incoms

Retained earnings - beginning of year

Retained earnings - end of year

The accompanying notes are an integral part of this siatement.

5.
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DOUGLAS SERVICES, INC,

Statement of Cash Flows

Cogh flows from operating activities:
Cash received from customers
Cash received from interest
Cash payments to employees and other suppliers of goods and services
Cash payments for interest
Cash payments for income taxes

Net cash provided by operating activities

Cash flows from investing activities;
Capital expenditures
Proceeds from sals of plant
Payment received for capital credits

Net cash used in investing activities

i e
Cash flows from financing activities:
Loans payable advances -
Line of credit advances
Principal payments on loans and note payable

Principal payments on line of credit -
Net cash provided by-(used in) financing activities

Net increase-(decrease) in cash and cash equivalents for year
Cash - beginning of year

Cash - end of year

Reconciliation of nst incoms to net cash provided by operating sactivities:
WNet income
Adjustments to reconcile net incoms to net cash provided by
operating activities:
Depreciation
Loss on disposal of plant
Nencash investment incotne
Decrease-(increase) in:
Acoounts receivable
Prepayments
Inventory
Increase-(decrease) in:
Accounts payable
Accrued paid time off
Deferred tax liability
Other current liabilities

Total adfustments
Net cash provided by operating activities

The accompanying notes are an integral part of this statement.
-6~
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DOUGLAS SERVICES, INC. REDACTED

Notes to Financial Statements
December 31, 2013 and 2012
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DOUGILAS SERVICES, INC, REDACTED

Notes to Financial Statements
December 31, 2013 and 2012
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DOUGLAS SERVICES, INC, REDACTED

Notes to Financial Statements
December 31, 2013 and 2012 .
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DOUGLAS SERVICES, INC, REDACTED

Notes to Financial Statemenis
December 31, 2013 and 2012 .
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-DOUGLAS FAST NET

EXHIBIT 3
REDACTED

Income Statement for December 2014
RUS Form 479

Trem

1. Local Netweork Services Reveane

0 500001
0 500002
0 5000,03
€ 5000.05

Local Services - Transport (Ethernet)
Laocal Serviees - DSL

Local Services - Vaice

Loca] Services - Co-Location

32, Network Atcess Servites Revenue

1 50800

Network Access Reverms

3. Loog Distaoce Network Services Revemiss.

0 500004

Liocal Services - Yoice Long Distance

3. Miscelizneous Reveanes

0 50100
0 520001
Q 525000

LAN Services (Local Area Network)
NERR Installation
Other [ Mise, Income

Year to Date

Total for Line 13

Total for Line 2:

Total for Line 3:

Total for Line 5:

7. Net Operating Revenues (1 then 5 less 6

3. Plant Sperific Gperatians Expense

0 6i12.0
0 61210

Metor Vehicle Expense
Land and Budlding Expense

9. Plaxt Nonspesific Operations Expense

0 6530.0
0 65310
0 65340
0 6540.0

16, Depreciation Expense

Metworl: Cperation - Electconje Plant
Power Expense
Phant Operations - Outside Plast

Access Expense

Depreciation Expense - Plaot in Sarvice

0 §361.0
12, Customer Operafions Expense
0 6812.0 Sales
0 8613.0 Product Advertising
0 6623.0 Cuostomer Service

Total far Line 8:

Total for Line 9:

Tatal for Line 18:

Totaf for Line 12

Corrent Manth
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Page 35 of 84

13. Corporate (perations Expense

0 57110 Executive
0 57200 General end Administrative
¢ 6721.0 Acconnting and Finance
0 §723.0 "Humao Resources
0 67250 Legal
9 §726.0 Procurement
0 67230 Other General and Administrarive
Taotal for Line 13:
14, Totel Operating Expenses (8 thru 13}
15, Operating Income or Margins {7 less 14)
16. Other Operating Income ané Expenses
0 7306 Interest Expense
0 74000 Gain/Loss - Disposal of Assets
0 75000 Interest Income
Total for Line 15:
17. State 2nd Local Taxes / Other
€ 675001 Taxes - Federal
© 6750.02 ‘Taxes - State
¢ 6750.03 Tases - Other
Total far Line 17:

20. Total Operating Taxes (87 + 35+ 19)

21, Net Operating Encowse or Margios
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DOUGLAS FAST NET REDACTED
Balance Sheet for December 2014
RUS Form 479
Year to Date
ASSETS
Current Asgets
1. Cash and Equivalenits
0 112001 Cash - Checking Account
0 112003 Petty Cash
0 1120.04 Cash Drawer
0 1120.05 {ash - Checking - Umpqua Banlc
¢ 1120.051 Cash - Money Markst - Umpqua Bank
Total for Line 1;
3. Affiliates:
a, Telecom, Accounts Receivable
0 1180.01 Accounts Regelvable - Customers
0 1180.02 Allowange for Bad Debt - Customers
0 1181.01 Accounts Recelvable - Prof. Services
Total for Line 3A:
b, Other Accounis Receivable
¢ 1182.01 Accounts Receivable - Other Receivable
0 1182.02 Allowance for Bad Debt - Other Rec.-
Total for Line 3B:

5., Interest and Dividsnds Receiveble
0 1210.00 Tnterest / Dividends Receivable
' Total for Line 5:

6, Material-Regulated
0 1220.01 Materials and Supplies/Inventory
Total for Line 6!

8. Prepayments

0 1280.01 Pre-Paid - Rent / Lease

0 1280.02 Pre-Paid - Taxes

0 1280.03 Pre-Paid - Insurance

0 1280.04 Pre-Paid - Regulatory Charges
0 128005 Pre-Paid - Other

Total for Line 8:

10, Total Current Assets (1 thri 9)
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Noncurrent Assets

11. Investments in Affiliated Companies

b, Nonrural Development

0 1401.6

Investments

« Affiliated Companies

Total for Line 11B:

17. Total Noncurrent Assets (11 thru 16)

Plant, Property, and Equipment
18. Telecom, Plant-in-Setvice

Motor Vghicles

Tools and Equipment

0 2112.0
0 2116.0
0 2121.0
0 2122.0
0 21240
0 24020
0 2403.0

Building

Furniture and Fixtures

CGeneral Purpcse - Computers / Software

Cutside Plan

t

Electronic Plant

20. Plant Under Construction

0 200201
0 2002.02

Consiruction

Construction

22, Less Accurnulated Depreciation
Accum, Depr, - Motor Vehicles

0 3112.0
031160
0 3116.0
031220
0 3124.0
0 3402.0
0 2403.0

Accum, Depr.

Accum, Depr

Accum, Depr,

Accum, Depr.

Accum. Depr

Accun, Depr,

in Progress - Plant
in Progress ~ Billable

- Tools and Equipment
.- Building

-« Furniture and Fixtures
. - General Purpose

. - Outside Plant

- Blectronic Plant

Total for Line 18;

Total for Line 20

Total for Line 2

23, Net Plant (18 thru 21 less 22)

24, Total Assets (10 -+ 17 +23)

LIABILITIES AND STOCKHOLDERS' EQUITY

Current Liabilities
25. Accounts Payable
0 4010,01
0 4010.02
0 4020.01

Accounts Payable
Accounts Payable - Other
Employee Deduction - Medical

EXHIBIT 3
REDACTED
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0 4020.02
0 4020.03
0 4020.04
0 4020.05
0 4020.06
0 4020.07
0 4020.08
0 4020.1

0 4025.04
0 4030.01
0 4030.02
0 4030.03
0 4030.04
0 4030.05

Employee Deduetion - Dental
Employee Deduction - Vision
Employee Deduction - 401(k}
Employee Deduciion - Life
Employee Deduction - Child Support
Employes Deduction - Section 125
Employes Deduction - Other
Employes Deduction - Garnishment
Employer 401(k) Match,
Federal Payroll Taxes Payable
FUTA Tax Payable
State Payroll Taxes Payable
SUTA Payable
Worker's Comp. - State

Total for Line 23

29. Current Maturity - L/T Debt

0 4155.00

Current Portion - Long Term Debt
Total for Line 29:

312, Income Taxes Accrued

0 4070.00
0 4190.00

Acerued Income Taxes
Deferred Income Taxes
Total for Line 32:

33, Other Taxes Accrued

34.

0 4100.01
0 410002
0 4100.03
0 4100.04
0 4100.05
0 4100.06
0 4100.07
0 4100.08
0 4100.09
0 4100.10
0 410011
0 4160.01
0 4160.02
0 4160.03

0 4040.00
0 4050.00

Franchise Feeg - Myrtle Cresk
Franchise Fess - Riddle
Franchise Fees - Winston
Franchise Fees - Canyonville
Franchise Fees - Bugene
Franchige Fees - Sutherlin
Franchiss Fees. - Roseburg
Franchise Fees - Oaldand
Franchise Fees - Drain
Franchise Fees - Glendale
Franchise Fees - Yoncalla
Federal Universal Service Fee
Oregon Universal Service Fee
PUC Fees

Total for Line 33:

Cther Current Liabilities

Accrued Paid Time Off
Accrued Payroll

11

EXHIBIT 3

REDACTED



Page 39 of 84 EXHI;B:.II 3
REDACTED

4130.00 Other Current Liability

4150.0¢ Line of Credit - NCSC

4220.01 Accrued Interest - N/P - Restructure

4220.02 Accrued Interast - N/P - Capital Needs
0 422003 Accrued Interest - N/P « Aviation Drive

Total for Line 34:

35, Total Current Liabilities {25 thru 34)

Long-Term Debt
39, Funded Debt - Other

0 4215.01 Notes Payable - NCSC - Debt Restructure
0 4215.02 Notes Payable ~ NCSC ~ Capital Negds
0 4215.03 Notes Payable - NCSC - Aviation Drive
Total for Line 39:
46. Total Long-Term Debt (36 thr 45)
Other Liability and Deferred Credits
57. Retained Earnings or Margins
0 4560,00 Retsined Earnings
Current Fiscal Margins
Tetal for Line 57

58. Total Equity (51 tre 57)

59, Total Liabilitles and Equity (35 + 46 + 50 + 58)

12
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DOUGLAS FAST NET

EXHIBIT 3
REDACTED

o
St

Cash Flow for December 2014

EATI

OPERATIENG ACTIVITIES
Net Income
Depreciation Expense
Amortization Expense
Loss/Gain from Disposal of Assets
Total Funds from Operations

Accounts Receivable
Materials and Supplies
Prepayments and Deferred Charges

(Increase)/Decrease in Operating Assets

Accounts Payable
Cther Current Liabilities

Inerease/{Derrease) in Operating Liabilities
CASH FROM OPERATING ACTIVITIES
INVESTMENT ACTIVITIES

Net Capital Expenditures

Dither Long-Term Investments
CASH FROM INVESTMENT ACTIVITIES

FINANCING ACTIVITIES
Long-Tenm Deist

Other Lisbilities and Deferred Credits
CASH FROM FINANCING ACTIVITIES

CASH FROM ALL ACTIVITIES
TOTAY, CASH BEGINNING OF PERIOD

TOTAL CASH END OF PERIOD
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December 81, 2014

Bouglas Services (dba Douglas Fast Net)

Jon Vradenburg, Director of Network Operations
2350 NW Aviation Driva

Roseburg, Oregon 97470

RE: Cartification of Network Diagram

Dear Mr. Viadenburg,

As requested, members of the Stractured Communication Systems, Inc. {"Struttured”) network
angineering team have reviewed the attached network diagram {Exhibit A and assoclated technology

descri_ption&fer purposes of determining whether the network is capahle of delivering volce and
broadhand service up to 100 Mbps,

Based upon our [eview af tbe :nfnrmatmn prwidead Struet‘ red certuf*es tha the Dou fas Services

Bougl !g -
altvermg voice and broadband services up to 100 Mbbs S L meen ™

Steuctured Is @ leading Tnformation technology consultaney and systems integratorthat has parthered

with-hundreds of ¢llents throughout the U.S. to maximize the value 57 IT. For two decades, Structuied
consyltants have cellahorated with CIOs and 1T departments to develop ind implement tachnology
stratpgles that dﬁ\m measureable Improvements throughout the organization,  © ° i

Founded in 1992 and 'h&ad_quar’cared in Portland Qregon, Structured has offices throughout the US and
represents a global clientele. For more inforpiation, visit http://www.structured.com.

Regards,

e

Casey Richmond, Genaral Counsel
Structured Communication Systems, nc,
12801, 5.5 97" Avenug, Suite 400
Clackamas, Oregon 87015
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DOUGLAS FAST NET
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Data Sheet

Praduct Overvew ‘ Product Description
Businesses and cloud builders of Juniper Networks® MX Serles 3D Universal Edga Routers are a portiolio of high-
all types—from telecom service | performance, software-centric physical and virtual routers that support a broad sat of
providers to enterprises—are applicatlons In service provider, enterprise and cloud networks, With powerful routing,
under pressure to increase switching, and services capalilitles, the MX Sertes delivers unmatched flexlbility and
network scale, perforrnance, Investment protection,
and rellabillty while contalning

- © capltal spending and streamiining Powered by Juniper Netwotlks Junos® operating systemn, the MX Serles streamiines t
operaticns. Achleving these goals natwork operations and improves the availabltity, performance, and security of all types

, Is difficutt due to double-dight of sewlcas, It offers the moit complete, advanced featuras In the Industry, Including traffic

growth rates, driven malnly by segmentation and virtualization with MPLS, subscriber management, sophisticated
cleud adeptlen, online video, and virtualization technlgues such as Virtual Chassis technology and virtual CPE, law-latency
mass adeption of moblle devices. rmulticast, as well as comprehensive security and QoS implementations that ensure the
Powered by the Junos operating quality delivery of time-senslitive applicaticns and services,

system and Junos Trlo chipset, the
SDN-ready MX Serles Unlvarsal
Edge Routar portfollo helps

With the MX Series. all major components arz field replaceable, increasing system
avallability and decreasing mean time to repalr {MTTR). Carrlar-class reliabllity and high

enterprisas, cloud operators, availability features on the MX Serles Include graceful restart, nonstop actlve routing (NSR),
sarvice providers, and cable MPLS fast rercute, unifled In-service software upgrade (unifled ISSU), a comprehensive
operators increase network scale, OAM toolklt, and service-level reslliency with features such as virual private LAN service
perforrmance, and reliakility, The {VPLS) multihorning.

MX Saries delivers the capital
efficiency; service agllity, and MX Serles 3D Unlversal Edge Routars provide the 3D scale, bandwldth, services, and

oparatioral scale needed for subscribers that cloud builders, enterprises and service providers need 1o comimand a
next-ganaratlon cartler, cloud and competltive advantage In today's rapidly changing environment, The MX Series portfolio
anterprlse applications. offers a broacd range of physical and virtual platforms that deliver routing capachty from
1Ghps throvgh 80 Thps. The MX Serles portfsilo Includes the vMX virtual router; highly
compact routers such as the MX5, MX10, MX40, and MXB0; an aggregaltion optimized
router, the MX104; modular edge routers Including the MX240, MX480, and MX260; and
ultra~high capacity edge and converged edge/core platforms such as tha MX2010 and
MX2020. This datashest specifically addressas tha Juniper Networks MX240, MX480, and
MX860 3D Universal Edge Routers,

The MX240 offers hlgh-interface denslty and performance in a space-afficlent package
that Is practical for enterprize WAN, data center, and campus deployments as well as
sevaral service provider applications In smatl and medlsrm points of presence (POPs).

+ The MX480 provides a denss, highly radundant platform primarlly targeted for medium
{o large enterprise carmpuses and data centers, and service provider edge applications
In medium and large PoPs.

+ The MX960 Is & high-density, high-capacity platform designed for the service provider
edge and data center cores.
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Architecture and Key Cormponents
Tabla 1: MX Sarles Kay Components

0t M
m capacity 1.92 Thps 512 Thps 9.92 Thps
Switch Tabrlc 480 Ghps 4R0 Gbps 480 Ghps
capacity per slot?
MPCs and DPCs per 3 6 12
chassis
Chassls per rack 9 4] 3

Switch Control Board (SCR)

The 5CB powers on and powers off cards, controls clocking,
resets, boots, monitors and controls system functions, Including
fan speed, board power status, Intine power distributlon module
(PDM} status and control, and the system front panel. The
switch fabile Is Integrated Into the SCB, providing 2 non-blocking
architecture thal connects to all within the chassls, and the
Routing Engine installs directly into the SCB. Three SCBs arg
avallable for the MX960, MX480, and MX240 routers—the SCB,
the SCBE, and the SCBE2,

Table 2: SCB Compatison

SCBE2- Enhanced 192 502 9.92
MX-BB MX Switch -
Control Board
{5CBE2)
SCBE- Enhanceg 86 272 512
MX-BB Switeh Control
Board (SCBE)
SCRh- Switch Controt 4B 144 2.64
MX060-  Board (SCB)
BB
Routing Engine (RE)

The Routing Englne handtes all routing protacol processes,

the software processes that control the router’s Interfaces, the
chassls components, system management, and user access

o the router. These routing and software processes run on top
of a kernel that Interacts with the Packet Forwarding Engine
_(PFE). The Routlng Engine alsa provides control plane functions
and runs Junos OS, Software processes that run on the Routing
Engine malntain the routing tables, manage the routing protocols
used on the router, control the router Interfaces, contral some
chassls companents, and provide the interface for system
rmanagement and user access to the router. Routing Englnes
cormmunicate with DPCs and MPCs via dedicated out-of-band
rmanagament channels, previding a clear distinction between the
contral and forwarding planas,

Modular Pert Concentrator (MPO)

MPCs leverage the Junos Trlo chipset to dellver high denslty 1,10,
40 and 100 Gigablt Ethernet, as well as ATM/SONET and Inline
services across tha entire MX Serles portfolio. These advanced
capabllitles allow you to flexibly mix and match Interfaces to
create service-specific and "pay-as-you-grow" configuratlons.
The MPC houses the PFEs to deliver comprehenslive Layer
3routing (IPv4 and IPv6), MPLS, and Layer 2 switching and
advanced Hlerarchical quallty-of-service {HQoS),

Far more detalls on MPCs, please visit www.lunipernetAis/ens
oral/pdf/datasheets/ 1000294 o0, bdf.

Dense Port Concentrator (DPC)

DPCs provide multiple physlcal Interfaces and PFEs on a single
board that Installs in a slot In the MX Serles routers, A DPC
recelves incoming packets from the netwirk and sends outgolng
packets to the network, The PFEs on a DPC are equipped

with purposa-built ASICs that perform packet processing

and forwarding. Each PFE consists of one I-Chip for Layer 3
processing and Dﬁ(é' Layer‘.]Z’ network processor.

For more detalls 6n the DPC, please vIsit warwunipernet/us/en/
local/pdf/datashests/1000209-enpdf,

Junos OS o _ _ ‘
Junos O5 s a single, medutar O5 with a single release cycle that
|s supported across ail Juniper Networks routers, switches, and
secunity devices in a unlque approach that extends significant
operational and economic benefits, Junos O3 strearmlines
network operations and improves the availability, performance,
and security of all types of sarvices supported by the MX
Series 3D Universal Edge Routers, including L2/1.3 VPNs, trafflc
segmentation, low-latency multicast, and comprenensiva

QoS features that accelerats tha dallvery of time-sensltive
applications,

Junos 08 also offers advanced virtualized network services such
as Virtual Chassls technology, cloud-based CPE, and network
edge services such as network address Eranslation (NAT) and
carrler-grade NAT (CGNAT), IPsec, flow monltoring, and stateful
flrewall—allowing the seamless and operationally efficient
Integratlon.of these advanced service capablitles directly on
the MX Serles, Unlike other network aperating systerns that are
fragmented into many different release images jolned under a
common "brand,” our unlfied approach to OS development and
deployment reduces the cost, complexity, and time to Irmplement
and malntaln network Infrastructure,




Page 45 of 84

Mx Sertes 30 Liniversal Edge Rauters

EXHIBIT 3

Data Sheet

MX Serles Features and Benefits

Unmatched Networl Avallability

The MX Serles 3D s a true carrler-grade platform that ensures
nonstop network avallability with layered physical, logleal, and
protocol-level resiliency optlons, Chassls redundancy s based on
advanced Virtual Chassis technology. Link aggregation group (LAG)
technology supports stateful card and port redundancy, as well as
subscriber and sesslon perslstence in the case of switchover.

On the software side, Junos OS has a modular architecture that
runs each program Independently with its own memory space
toc ensure that processes do not Interfera with one ancther, A
full set of high avallabillty (HA) features, Including unifled In-
service saftware upgrade (I55U); a comprehensive OAM toalkit,
Junos XML rmanagement protocel cornmit script capabilities and
service-leval rasillency with features such as virtual private LAN
service (VPLS) multihorming.

Advanced Virtvallzed Network Services
Junos OS-based virtuatized networl services enable cost-

" “effactive router integrated service scale without Impacting

_ forwarding perfof_pjance or requiring operators to use third-party
appllances, The MX Serles can efflclently support services that
include the fotlowlng:

+ Junos Vigdeo Focus for proactive video guality assurance

« Junos Address Awara, which halps vou conserva your [Py4
address nool, ensure IPv4/1PvE coexistence, and transttion
ta IPvB

< Junos Netwaork Securs, which provides stateful firewall
services for network protection and managed securlty offars

+ Junos VPN She Secure, which uses standard encryption
maodas to secure comimunlcation between the customer
premises and the network edge, and for added security over
LIVPNs

+Junos Traffic Vision, which- menitors traffle flows and
generates detaliled flow records

The Service Control Gateway, an open platform that enables the
- creation and delivery of subscriber- and application-aware services
and servica chaining.

Comprehensive Broadband Edge Capabllities

The MX Serlas provides a pewerful broadband network gateway
(BNG) that lets cperators provisicn broadband services for today
and tomorrow with support for Peint-to-Foint Protocol (PRPF)
subscrlber termination, Dynarnic Host Configuration Protacol
{DHCP), IPv4/IPy6 locat server, and relay proxy Tor subscribers'
migration to DHCP access medels. Juniper's solution also
supports RADIUS and Dlarneter back-end servers to facilltate
authentication, pollcy control, and accaunting, and it offars’
flexible L2/1.3 wholesale models, The MX Sarles BNG also
dellvers advanced features such as hierarchical gueuing, grantiar
QoS, and dynarnlc multllayer service activation,

Broad Business Fdge Capabllities

The MX Sares provides a comprehensive VPN toolkit that
enables feature-rich, standards-basad, secure Interwordng and
streamllned operatlons neaeded to help you reduce expenses and
enable Innavative buslness services, In addition to basic L3 VPN,
L2 VPN, and VPLS, enhancad VPN service support includes QoS
prioritized YPN traffic for volce and video, YPN-aware muitlcast
and flrewall safvices that teverage technoclogles such as LDP-
BGP VPLS Intarworking, polnt-to-muttipoint label-switched
paths (P2MP LSPs), BGP-hased multicast 1 3VPN, L2 VPN
Interworking to connect dissimilar L2 accass networks, MPLS
plug-and-play, and IPsec/GRE VPNs.

Metro Fithernet Capabilities

The MX Serles Is Carrler Ethernet 2.0 certifled and supports
metro Ethernet and aggregatlion solutlons with & full sulte of
routing and switching features, allowing you to choose the
deploymeant model that best flts your business and {echnical
needs, Tha MX Series can be flexibly deployed as an IP/IP VPN
edge router, VPLS prdvlder adga router {YPLS~PE), MPLS label-
switching router (LSR), L2 switch, or L3 router In mabile, flxed,
and cable networks,

Universal SEN Gateway Capabillities

Supporting a wide range of SDN and encapsulation protocols, the
MX Serlas is ideal as an SDN universal gateway (o bridge between
phiysical and virtual networks—evan networks running different
encapsulation or overlay technologles, Examples of supported
profocols Include Mult!prdtocol BGP (MBGP), dynarnic tunnels

" using MPLS-over-GRE ar VXLAN encapsulation, virtual routing

tables and forwarding (VRF) and EVI {E-VPNs), mechanlsms
to send traffic between VRF and global routing table based cn
conflguratiorrand palicy, and support for NETCONF,

e
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‘MX480 MXQE0

Speclfications and Approvals S

This section lists basle specifications by platform. For furthef" cfgi;alis. plé‘ase rafer to the hardware nstallation manuals at
wwwluglnenneidechoubs/hardvware, : o

Dimensions and Power

-I Physlcal dimensions | . 75x%x8742381n . 75x¥x238In . Whx2728x235In
{(WxHxD) (44.5% 221X 60.5crm) (445 %356 X 60.5cm) {(44.5x70.5 (16 RU) % 597 cm)
' Welght (Ib/kg) fullyconfigured 130 10/59 kg 180 Ib/817 kg " 334 /1516 ke
l Mounting ' Front or center ' Frant or center ) Front or center
‘ Power (DC/AC) . 40 to-72V DG - ~40ts-72VDC ' 40t -72Y DC

100 to 240V AC 10010 240V AC | 20010 240 VAC

Juniper Networks Services and Support

Juniper Networks is the leader in performance-enabling services that are deslgned to accelerate, extend, and optimize your high-
perfarmanca network. Qur servicas allow you to raximize operational efficlency while reducing costs and minimizing risk, achleving a
faster time to value for your network, juniper Netwaorks ensuras operatlonal excellence by optimizing the network to malntaln regulred
levels of performance, reliabllity, and avallability. For mera detalls, please visit wynviunipengt/us/enduroducts-servicas,

4
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Ordering Information

. MX-MPC-3D-Q-R-B
I WMX-MPC3D-R-B

‘ MX-MPCIE-3D

‘ MX-MPCIE-3D-Q

- MH-MPCIE-30-Q-R-B

. MA-MPCIE-3D-R-B

‘ MX-MPC2-30

: MX-MPC2-3D-EQ

- M¥-MPC2-3D-EQ-R-B
M¥-MPC2-3D-0

. M¥-MPC2-3D-Q-R-B
- MX-MPC2-3D-R-B

‘ MX-MPC2E-3D

. MX-MPC2E-30-EQ

MX-MPC2E-3D-EQ-R-B
MX-MPCZE-3D-P
MX-MPC2E-30-P-Q-B

M¥-MPC2E-3D-P-Q-R-B

WiX-MPCZE-3D-P-R-B
MX-MFCZE-3D-Q

‘ MX-MPC2E-3D-0-R-B

‘ WX-MPC2E-3D-R-B

. MH-MPC3E-3D
MX-MPC3E-3D-R-B

MPC-3D-16XGE-SFPP

MPC-3D-16XGE-SFPP-R-B

MPCAE-3D-2CGE

MPCA4E~3D-32XGE-SFPP
MPC4AE-3D-2CGE-BXGE-IRB

M¥-MPCIE-3D~Q lina £ard bundle; Includes futl scale L3, L2, and 125 features

Base Unit MX240 MX480 MX960
”DC Chassls MX24OBASE—DC.“MX24OBASE3-DC gé(!iSOBASE-DC. MX4B08ASE3- ‘ i‘l\jllé(QBDBASEEI—DC: MX960BASE-
AC Ehassls MXZAOBASE—AC, MXZﬁDBASEB— Mth.lBOBAS E-AC, MX4BOBASEZ-AC ' MXDE0BASEI-AC; MX9G0BASE-AC '
ACH, MX240BASES-ACL
MPC
- MX-MPC1-3D I 1%¥ro Chipset MPC, port queuing; incL;Jdes full scale L2/L2.5 and reducad sca'le 1.3 features
- M¥-MPC1-3D-Q . xTilo Chlpset MPC, per-IFl, HQGS, lZé.DDU gueues {maxlmuim 64000 egres‘s); Includes full scale L2/1.2.5 and

retduced scale L3 features

MX-MPCI-3D-Q line card bundie; m::ludes full seate L3,L2, and L2, 5featuras

MX-MPC1-3D ltne card bundle; |ncludes full scale L3, 1.2, and L2.5 features

1xTrto Chipsst Enhanced MPC, port queulng, Inchudes full scale L2/.2.5 and reduced scale L3 features
1% Trlo Chipset Enhanced MFPC, per—JFL HQ0S, 128,000 gueves {max 64,000 egress) Includes full scale L2/.25

and reduced scale L3 features

. MH-MPCIE-3D line card bundl&includes full scale 1.3, 1.2, and L2.5 features o
' 2xTrio Chipset MPC, port queuing: Includes fuil scale L2/1.2,5 and recucad scale L3 features

. 2xTrio Chipset MPC, per-IFL HQeS, 512,000 queues: includes full scale L2/L2.5 and reduced scale L3 features
. MX-MPC2-30-EQ lIne card bundle, ln\.:ludes full scale L3, L2 and L2.5 fea‘sure's

' 2xTrio Chipset MPC, per-IFL HOoS. 255 000 dueves (max 128,000 egress}): Includes full scale L2AZ5 and

reduced scale L3 featuras

‘ MX-MPC2-30-Q line card bundte: Includes full scale L3, L2, and L2.5 features

" MX-MPCZ-3D line card bundle: Includes full scale L3, L2, and L2 features

— 2xTrio Chipset Enhanced MPC, port quau]ng, tncludes full scale L2/.2.5 and reduced scale L3 features

. 2xTrlo Chipset Enhanced MPC, per-IFL. HQoS, 512,000 gueues; includes full scale 1225 and reduced scale 1.3

faatures

MA-MPC2E-3D-EQ line card bundle; [ncludes full scale L3, L2, and L2, 5featurES
2XTro Chipset Enhanced MPC, ISBBVZ port gueding; Includes full scale L2/L2 5 and reduced scale L3 features

MX-MPCZE-3D-P line card bundte; lnctudes 1588v2, per-IFL HQOS, 256,000 queues (maximum 128,000 egress),
full scale L2/1.2,5 and reduced scale L3 features

M¥-MPC2E-30-P line card bundle; lncludes 1588v2, per-IFL HQGS, 256,000 queUes (maximum 128,000 egress),
full scale L3, L2, and L2.5 features

MA-MPC2E-30-F line card bundle; Includes?EBBvZ full scale L3,L2, and L2, 5 featuras

2xTrlo Chipset Enhanced MPC, per- IFL HQoS, 255,000 gueles (maximum 128 000 egrass); includes full scale L2/
L2.5 and reduced scale L3 features

. MX~MPC2E-3D-Q lne card bundle; Includes full scale 1.3, L2, ancd L25 featur@;s

I MX-MPC2E-3D line card bundle; Induﬁaq full scale L3, L2, and LZ5 features l

) MPC3 with support for 100GLE, 4OGbE and 10GHE Interfaces, L2.5 features, optlt_s sold separd’cely

' MPC3E wlith support for 1006GhE, 4DGbE and 10GbE Interfaces, Inctudes full s:.ale L2, L3, L3VPN features, optlcs.

sold separately

. 16X10GhE ports with L2.5 faatures, optlcs sold separately

. 16X10GBE ports with full scale 13, L2, and 2.5 features, optlcs sold separately

. 2x100GbE and BxIOGhE ports, full sca[e L2A.2.5 and reduced scale L3 features

' 3200ChE, full scale | 2/1.2.5 and fEdL;CEd scale 1.3 features '

. 2{100GHE and 8X10GHE ports, full scélle L2/.2.5,13 features, up 1016 L3VPhis per MPC

e
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MPC4E-3D-32XGE-RB 32x10(3bE SFPP ports full scale L2/L2 5, E_E! features up to 16 L3VPN5 per MF'C

MPC4E-30-~ 2CGEBXGE~RB ZXTOGGi::E and BK1OGbE pclts fLJH scale L2/L2 5, L3 and L3VPN features

MPC4E 3D~32XGE RB 32)<C|bE SFPP ports fUllscale L2/L2 5 L3 and L3VPN features

MPCSE ?DDG]OG 2—pﬂrt 100GhE and 4-port 10GHE; Includes full scate 1.271.2.5 and reduced scale L3 features, optlonal license
permlt., up to 32,000 queues with HQoS,

MPCSE-100G10G-IRB 2—p0rt 1OOGbF-' and 4-pert 10GHE; Includes full scale L2/1.2.5, L3 features and up to 16 L3VPN Instances, optlonal
llcense permits up to 32,000 queues with HQoS,

MPCSE-100G10G-RB 2-port 100GhE and 4-port 10GbE; Includes full scale 1.2/L2.5, 1.2 and L3VPN features, optlonal lcense permits up
to 32,000 gueves with HQoS.

MPCSE-40GI0G G-port 406HE or 24-part TOGhE; includes full scale L2/12.5 and reduced scale L3 features, optional cense
permits up to 32,000 queuss with HQoS

MPC5E-40G10G-IRB G-port 4OGbE of 24-port 10GhE, Inctudes full scale L2/1.2.5, L3 features and up t0 16 L3VPN Instances, optional
ticense permits up fo 32,000 guedas with HQo0S.

MPCBE-40Gi0G-RB &-port 40GhE or 24-port 1GHE; Includes full scale 1L2/1.25, 1.3 and L3VPM faatures, optional license permits up to
32.000 queves with HQoS,

MPCSEQ-100GICG 2-port 100GHE and 4-port 10GHE wlth HQoS; supports 1 mitlion queues and 128 000 sessions; mcludes full scale
1.2/1.2.5 and reduced scale L3 reatures

MPCEEQ-T00G10G-IRB 2-port lDDGbE and 4-port 10GHE wlth HQaS; supports 1 mililen gueves and 128 000 sessions; Includes fulE scale
L2725, L3 features and up to 18 l.3VPN Instances. [ S

MPCSEQ-100G10G-REB 2-port 100GHE and 4-port 10GHhE with HQoS; supparts 1 milllen queves and 128 000 sess\ons. lncludes fuliscale -

L2A25 3and LBVPN features.

MPCSEQ-4DG§OG B-port 40GBE or 24—porl 10GhE with HQoS supports 1million queues and 125 000 sesslons; Includes full scale
12A.2.5 and reduced scale L3 features ®

MPCREQ-40GI0G-IRB G-port 40GhE or 24-port 10GHE with HOoS supports 1milllon queues and 128 000 sesslons, includes fu[l scale -
L2/L25, L3 featuras and upto 16 L3VPN Instances,

MPCSEQ-40G10G-RB &-port 40GhE or 24~-port 10GhE with HQoS: supports 1 milllion quebes and ]28.000 sesslons, Includes full scala
L2/L2,5, L3 ancl L3VPN features.

MS-MPC-128 Muttiservices MPC supports a variety of licensed applications including Stateful firewall, Carrler-Grade NAT
{CGN), and deep-packet inspectlon {DP); each purchased separately. MS-MPC cccuples a single slot in MX2020,
MX2010, MX960, MX480, and MX240,

MIC
‘ MIC3-30-10XGE-SFPP l MIC with 10X10GRE SFR+ interface
‘ MIC-3D-20GE-5FP - 20 ports of 1971003000 Etharnet wlt‘h small form-facter pluggable traﬁscel\:'er (SFPY Intarfaces
. MIC-3D-20GE-SFP-E ‘ 20 ports of 10/100/1000 Ethemet wlt.h enhanced small form-factor pluggab‘te transcelver {SFP) Interfaces
. MIC-30-20GE~SFP-EH - 20 ports of 10/100/1000 Ethernet witiw enhanced and ternperature hardenec.l smal form-factor pluggable
transcelver (SFF) Interfaces
' MIC-3D-2XGE-XFR l 210GbE modular Interface cards with -XFP Interfaces
MIC-3D-4XGE-XFP 470GbE modutar interface cards with.XFF’ interfaces
MIC-3D-40GE-TX 490 perts of 10/180/1000 Ethernet Wlt'h TX Interfaces
. MIC3-30-1X100GE-CFP ' MIC with 1X100GbE C form-factor pluégable transceiver (CFP) Intarface
. MIC3-3D-IX100GE-CXP - MIC with TX100GDE CXP Interfaca .

MIC3-3D-2X40GE-QSFPP MIC with 2x40GbE QSFP+ Intmfaces

MS-MiC-16 Multiservices MIC supports a variety of ficensed applications Including btateful flrewail, Carrler-Gracle NAT (CGN3,
and deep-packet Inspection {HPI); each purchased separately.
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DPC

DPCE-R-20GE-2XGE 20-pork GIJE“:-;:pmt 10GHE OPC with L2+L3 features
DRPCE-R-Q-20GE-2XGE 20-port GhE + 2-poit 1OGbE enhanced queuing DPC with L2+L.3 features
PCEAR QHZDGESFP ZOXIGbE L2/L3 capable With enhanced queulng
: DPCE~R—2XGE XFP ZXIOGbE Enhanced DPC for MX Serles
“'DPCE—R—&-DGE—SFP MmmmmwAOx]GbE L2/L3 capable
' DPCE-R-QQ-40GE-SFP . 40x1GLE @nhanced queuing DPC for i;AX Serles with L2/0.3 features and VLAi;i—HQDS
‘ DPCE-R-40GE-TX . 40-port 10410071000 RJ-45 DPC Wltn L2+L3 features ‘
‘ DPCE-X-40GE-SFF . 40XIGLE L2+ capable -
' DPCE-X-Q-40GE-SFP ‘ 40x107100/1000 Ethernet L2/L3 caplable with RI45
- DPCE-X-4XGE-XFP ‘ 4X10GHE L2+ capable '
. DPCE-R-4XGE-XFP l 4x10GbE Enhanced DPC with 1.2+L3 features
. DPCE-R-Q-4XGE-XFP : ‘ 4x10GbE queuing PPC with 12/1.3 features and YLAN-HQ0S
.‘ DPCE-X-Q-4XGE-XFP i,h“‘ 4X10GhE L2+ capable board with enh:ancecl queulng ;!-‘-.- Sl
MX-FPC2 © DPCwith Z slots for type 2 PICs !
‘ Ms-DPPC © 7 Multiservices DPC Provides 20 Gops nfservlce throughput "
Routing Englnes :
l RE~S5~1300-2048-BB . 1.3 GHz CPU and 2 GB mernory, base bundle
‘ RE-5~2000-4096-UPG-BB ' 2 GHz CPi and 4 GR memery, base bundle
- RE-5-1300-2048-R . 13GHzCPU and 2 GB rnemom redundant
RE-5-2000-4096-R . 2 GHz CPU and 4 GB memory, redunciant
 RE-5-1800X2-8G-R * Pual-core 1.8 GHz CPU and 8 GB mermory, recundant
' RE-5-1800X2-16G-R . DualAcuréLE GHz CPUand16GB men10m redundant
. RE-S-1800X4-8G-R l Quad-core 1.8 GHz CPU and 8 GB rnémnry. redundant
I RE-S-1800X4~16G-R ‘ Quad-core 1.8 GHz CPU and 16 GB m;amory. redundant

‘ RE-5-1B00X2-8G-UPG-BB ' Dual-core 1.8 GHz CPU and 8 GB memory, upgrade for base bundie

. RE-5-1BO0OX2-16G-UPG-BB l Dual-core 1.8 GHz CPU and 16 GB rne.mory. upgrade for base bundie
. RE-5-1B00X4-8G-UPG-BB . Quad-cora 18 GHz CPU and 8 GB melmorv. upgrade for base bundle
l RE-5-1800X4-16G-UPG-BB ‘ Quad-core 1.8 GHz CPU and 16 GB rn-lemory. upgrade for base bundle

RE~5-1800X4-32G-B8 ‘ Quad Core 1,8GHz CPU with 32 GB memoiy, base bundls

. RE-5-1800X4-32G-R - Quad Core 1.8GHz CPUwlth 32 GB mémory, redundant

. RE-3-1800X4-326G-5 . Quad Core 1.8GHz CPU with 32 GB mernory, spare

. RE-5-1800X4~32G-UR ‘ GQuad Core 1.8GHz CPUwith 32 GB m;amory, upgrade for base bundie

' RE-5-1800X4-32G-W5 ‘ Quad Core 1.8GHz CPU with 32 68 m.emory, waorldwide version
Switch Board Control

' SCB-MX960-88 ‘ SCB for MX240, MX480, and MXQ&O'

‘ SCBE-MX-BB . Enhanced Switch Control Board for MX24U' MX480, and MX060

. SCBE2-MX-BB . Enhanced MX Switch Control Board fnr MX240, MX480, and MX960
Junoes OS

I USA . Junos 0%

' Worldwide ' Junos-Ww
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About Junipar Netwerks

Junlper Networks Is In the business of network Innovation, From
davlces to data centers, from cansumers to cloud providers,
Juniper Networks dellvers the software, stilcon and systems that
transform the experlence and economics of nelwerking. The
company serves customners and partners worldwide. Additlonat
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Product Overview

The Juniper Networks EX4500
line of Ethernet switches delivers
a scalable, high-performance
platforrn for supporting high-
density 1 glgabli per second
{Gpbs) and 10 Gbps daia

center fop-of-rack as well

as data center, campus, and
service provider aggragatlon
deployments.
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Data Sheet

RProduct Description

Featuring up to 48 wire-speed 10-Glgabit Ethernet (10GbE) ports tn a two rack unlt (2U}
platform, the Juniper Networks® EX4500 Ethernet Switch delivers Layer 2 and Layer 3
connectlvity to networked devices such as servers and other switches, The EX4500 base
switch provides 40 fixed 10GbE pluggable poris that can also support GbE connectors for
atlded flaxbllty, Tweo optlonal high-speed ubllnk modules offer four additional 10GHE small
form-factor pluggabde transceiver (S"ff’F’+) pc‘:‘r’ts each for connecting to upstream devices.

By tdrgating high-denslty 10GHE top-of-rack and aggregation deployments In the

data center, campus, and service provider environments, EX4500 switches perfectly
complement the Juniper Networks EX Sarles Ethernat Switch product family: the luniper
Networks EX2200 line and EX3200 line designed for low-denslty access deployments;
tha EX4200 line deslgned for data canter and campus GhE access and aggragation
deployments; and the EXB200 line of Ethernet swiiches deslgned for data center and
campus cora and aggregallon environments,

Virtual Chassls Technology

Tha EX4500 supports Juniper Networks' unigue Virtual Chassls technology, which enables up
to 10 interconnected switches to operale as a single, logical device with a single [P address.
when daployed In a Virtual Chassis configuration, the EX4500 switches are connected over
2126 Ghps backplang using Virtwal Chassls Intercennect cables, EX4500 switches can also
be Interconnected using a link aggregation (LAG) of up to eight SFP+ 10 GhE Une-rate links,
allowlng switches to reside in different locatlons. Interconnacted switches are monitored and
managed as a single device, enabling entaralses to separate physical topology from logical
groupings of endpoints and allowing more efflclent resaurce utllizatlon.

In the data center, using Virtual Chassls technology at the top of rack or end of row to
aggregate servers provides flexiblity In the deployment of uplinks. Rather than requiring
redundant links far each physical switch to ensure high availabllity, redundant tinks are onty
needed for each Virtual Chassls group. EX4500 and EX4200 switches may he combined
within a single Virtual Chassls conflauration to support environments where both GbE and
10GbE seivers are present.
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Fgure 1: The EX4500 provides 10GHE server access In the data center.

Juniper Networks Services and Support

Junlper Networks s the leader In performance-anabling services that are deslgned to accalerate, extend, and optimize your high-
performance network. Our setvices allow you to maximize operational efficlency while reducing costs and minfmizing risk, achleving a
faster time {o value for your network, luniper Networks ensures operationat excellence by optimizing the network to maintaln required
tevels of perfarmance, reliabllity, and availabllity, For more detalls, please visit www.juniper.net/us/an/oroducts-services,
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. EX8200

T ey

Aggregation

Access

Bullding 1 Building 2

Figure 3: The EX4500 switch offers an econormical, power-efilclent, compact soiution for campus ageregation deployments,
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Campus Deployments

The EX4500 also offers an economical, power efflclent and
compact soldtion for aggregating 10GBE uplinks from access
devices in bullding and campus deployments {see Flgure 3).
Tha switch's dual-speed Interfaces also support environments
transitioning frorn GbE to 10GbE.

The EX4300 easily meets anterprise core switch requiremnents,
delivaring wire-speead performance on every port, ful device
redundancy, support for Layer 3 dynamic routing protocols such
as RIF and OSPF, and a comiprehiensive security and guality-of-
sarvice (QoS) feature set.

pData Center Deployments

The EX4500 Ethernet Switch {s designed for demanding data
center applications where high performance, high availablfity, and
energy efficiency are key reguirernents (see Flgure 1), Operating

at wire speed, the EX4500 switches deliver 784 Mpps throughput
and a data rate of 960 Gbps (full duplex) for both Layer 2and
Layer 3 protocols, An industry first and Only., EX4500s can be
interconnected In a Virtual Chassls configuration that-atso Includes
- EX4200s, craating a single logleal switch th‘ét offéréja varlety of
port and density options for mixed server environmants.

Flexible deployment options enable the £X4500 to support back-
to-front ang front-to-back cooling. which ensures consistency
with server designs for hot and cold aisle deploymenis. Front- and
rear-facing conflguratlon optlons ensura closer proximity to secver
ports, optimizing performance and keeplng cable lengths shert and
manageable, Tha EX4300 s also very environmentally conscious,
drawing less than elght watts per port under maximum load.

“Channel SAN (see Flgura 4),

For small data centers, the EX4500, In a Virtual Chassis
conflguration, 1s deally deploved as the aggregatlon/core
switch, aggregating I0GHE uplinks from EX4200 Virtual Chassis
conflgurations In the access layer {see Flgure 2).

Custorners Intreducing 10GRE into thelr racks will be able to use
the EX4500 to add 10GbE-attached servers, ISCSI, and network-
attached storage (NAS) with minimal Impact to the cument
swltching infrastructure,

The EX4500 also Includes hardware support for the Data
Center Bridging {DCB) feature set, alsc referred to as Canverged
Enhanced Ethemet {CEE). DCB is a collection of Indlvidual

IEEE standards that allow for Ethemet-based 1/O and netwark
corwergence, including suppori for FCoE,

10GBE DCB and I/C Convergence Deployments

The EX4500 |3 a full IEEE DCB- and T11 FC-BB-5-based FCoE
Translt Switch, dellvering a high-performance solution for -
converged server edge access environiments, As an FCoE Transit
Switch, the EX4500 provides a pure IEEE DCB-corvirged Hccess
taver between FCoE-enabled servers and an FCoE}fénableq}'-FIbre

The EX4500 also supports FC Initlation Protocol {(FIPY snoGping,
which provides perimeter protection to ensure that thefpresence
of an Ethernat layer.does not Impact exlsting SAN securlty

- policles, The FCoE Translt Switch functlonality, along with -
Friority-based Flow Control (PFC) and Data Cender Bridging
Exchange (DCBX), are included as part of the default software;
no additlonal Licenses are requlred,

SAMN switch

XAS00 Virtual Chassls
FCoE Switch :

- Ethernet
s FCDE
—FC

Figure 4: The £X4500 deploved as a data center FColz Transit Switch in a top-af-rack Virtual Chassls configuration.

7
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Junos Oparating System

The EX4500 runs the same Juniper Networks Junos operating
systern that is usad by other EX Serles Ethernet Switches, as
well asall Juniper Networks routers and Junlper Networks SRX
Series Services Galeways. By utilizing a comrmon operating
systemn, funiper Networks dellvers a conslstent implementation
and operation of contrel plane features across all products,

To malntain that conslstency, Junos 05 adheres to a highly
disciplined development process that uses a single sowce code,
follows a single quarterly release traln, and employs a highly
available modular archiltecture that prevents isolated fallures
from bringing down an entire system,

These attributes are fundamental o the core value of the
software, enabling all Junos OS-pawered products to be updated
simultaneously with the same’software release, All features are
fully regresslon tested, making each new release a true superset
of the previous version; customels can deploy the software

with complete confldance that all exls’ung capahbitities will be

maintained and operate In the%ame »\Ey
o

Management Options -
Up to four different system managemiént options are avallable for
the EX4500 Ethernet switches. - .

"The standard Junes OS cornmand-1ing' interface {CLIY offars
the same granutar managament capablllties and scripting
parameters found In any router powered by the Junos 0S,

1. The EX4500 also Includes the integrated Juniner Networks
J-Web Software, an embedded web-hased device manager
that allows users to conflgure, monltor, troubleshoot, and
perform system malntenance.on individual switches via a
browser-based graphical Interfaca,

2. EX4500 performance, conflguration, and fault data can also
bea exported to leading third-party management systerns
such as-HP OpeniView, IBM Tivoll, and Computer Associates
Unlcenter software, providing a complete, consolidated view
of network operations,

4. The EX4500 s also supported by Juniper Netwarks Junas®
Spaca* an open, programmable application platform for
hosting a cormprehensive sulte of network operational
application {ools that provide a smart, simple, and open
approach for autornating the deployment and operation of a
Juniper Infrastruciure,

4. Explicttly deslgned to allow partners and custorners to bulld
and deploy smart, simple, and easy-to-use applications,
Junos Space provides multiple management and
Infrastructure appiications for rnanaglng Juniper resources
and assets, including inventory management, device and
interface conflguration, automatad software managermeant
and deployment, and event-driven fault ranagement.
These Junos Space appllcations offer predefined automation
schemes and test practice templates to enable rapid and
accurata deploymernts,

#Roadmap

Features and Benefits
The EX4500 Ethernet swlitches Include the following key features
and benefits,

High Performanca

Each EX4500 supports 480 Gbps of bandwidth with 48 line-rate
10 Gbps ports at all packet slzes or 14,88 Mpps per port at the
minimum Ethernet frame skze.

High Avallabitity

The EX4500 swhches offer dual internal load sharing AC power
supplies, and redundant varlable-speed fans as standard
features, protecting the switch from a single power supply or fan
failure. DC power aptions will be available In the future.

Energy Efficlent

Consuming less than elght watts per Y0GbE interface, the

EX4500 offers a low power solution for 10GhE top-of-rack, end-
of-row, and aggregation deployments? The Ex4500 switches

also Improve cooling efficiency with ra_dundan’c variable-speed

fans that autormatically adjust thelr speed bas:'ed on exlsting

conditlons to reduce power consumption,

2

Small Footprinl:
The EX4500 suppaerts up to 48 wire-speed 1DCbE: ports ina

singie 2U platform,
Addlitional Features
+ System statous LEDs
+ LCD status display
» Varsatile two- and four-post rack mounting options
+ Front-to-back and back-te-front alrflaw optlons
« AC and DC powar supply options
+ Support for Jumbe frames (9,600)
+ Quality of service (IEEE BO21p marking)
« Multicast (IGMP v1Av2Av3 snooplng)

« Layer 2 features Including support for 4,096 VLAN IDs,
Spanning Tree (80215 and 802.w), bildge protocot data unlt
(BPDU} guard, 802.3as Link Aggregation

Management features Including Telnet and SSH vIA2, SNMP
vI-v3, RADIUS, TACACS+, and RMON

Table 1: EX4500 Power Consumption

No uplinks installed: 40 SR ports in base, all TBW
ports forwarding {lne rate) .

One uplink module {4 x 10GbE SFP+ ports) J6W
Installed; 40 USR potts in base, all ports

forwarding (line rate) )

Two uplink modules (8 x 10GhE SFP+ ports) 364W

installed; 40 USR ports in base, all ports
farwarding (line ratea)

[
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EX4500 with two uplink modules
(4 % 10GLE SFP+ ports)

EX4500 with ViFtwal Chassis module and
dual redundant power supplies

EX4500 10GhE Ethernet Switch
Specifications

Hardware  * T

Interface Options.

+ 40 GbE/AQGHE sma lform~factor pluggable transceiver
(SFP/SFR+) fiber connectors

« Eight 10GbE SFP+ uplink ports (vla two optionat four—port
uplink modules}

- 1x10400/1000 Ethernet RI-45 ports for management

« Consola port for managerment

v 128 Ghps Virtual Chassts madule with 2 x 54 Gbps ports
Supported Optlcs

« 10GhE 5FP+ LC connector type! short reach (SR)
{multmode), long reach {LR) {single modz), ultra short reach
(USR) (multimode}, extended reach {(ER} (single mode}

- 10GhE SFP+ copper: Direct-attached copper (173/5/7 m)

« 1GhE S5FP LC connector type: LX {single mode), SX (mult!
mode}, T000BASE-T {only 1,000 M supported)

Dimensfons

« Helght:3.5n (8,9 am}; 2U

< Width; 7725 In (43.8 cm)

« Depth: 281 In (53.6 cmy)

+ Weight: 37 b (37 kg) with ene AC and DC power supply
Rack Instaliatlon Kit

« Versatlle two- and four-post mountlng aptlons for 19-In
server rack or datacom rack

LEDS
System LEDs that Indicate status

Alrflow

+ Front-to-back or back-to-front cooling

+ Redundant variable-speed fans reduce power draw
cPU

+ 1.5 GHz PowerPC
Meimnory

« DRAM:1GB

+ Flash: 2GB

Fowet
- Dual hot-swappable load sharlng AC and DC power supplles

Software

Seourity
« RADIUS

+ TACACS+
+ Access control lIsts (ACLs): Allow and deny
« SSHW2
+ Secwre Interface login and password
- Local proxy Address Resolution Protocol (ARP)
+ Statlc ARP support
Layer 2 Switching
« Madmum number of MAC addresses In hardware; 32,000%
« Jumbo frames: 9,216 bytes
+ Number of VLANS: 4,096
+ Port-based VL AN X
- 4096 VLAN s supforted -«
« Routed VLAN interfacs (RVI)
LiIrik Aggregation
. 8023adsupport
- Number of Link Aggregatlon Groups (LAGs) supported 64
- Maximum nurnber of ports per LAG: 8

+ LAG load-sharing algcrithmﬁbndged or routed (unlcast or
multlcast) traffic: ;

- P 5/DIP
- TCP/UDP: S/D R, 5/D Port
- Non-IP: 5/D MAC
- Tagged poits support In LAG
Spanning Tres
v RSTP and VSTP running concurrently
v Spanning Tree Protocol (802.1D)
« Multlple Spanning Trae Protocol (MSTR) (802.1s)
» Rapld Spanning Tree Protocol (RSTRP) {802.1w)
+ VSTP - VLAN Spanning Tree
+ BPDU protect
+ Loop protact
« Root motect
Quality of Service (QoS)
« E7C0S
+ CoSon L3 VLAN
» Perinterface rewrite
« Per inferface classification
» Policer mark down action
« Remarkihg of bridged packets
+ Layer 2 QoS
+ Layer3 QoS
+ Rate Limiting:

#*MAC addrass tabie Lses a hash-based schame to program entiies: therefore, sorme enlrles
may net be programmead due to hash Index collision.
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+ Ingress policing: 1 rate 2 color
» Egress shaping: per-gueue, per-port
+ Elght hardware queues perport

- Scheduling methods (egress); Stict priorly (SP), shaped
deflclt welghted rounid-robln {SDWRR)

+ B02p remarking

- Layer 2-4 classification criteria; Interface, MAC address,
Ethertype, 8021p, VLAN, IP address, DSCP/IP precedence,
TCR/UDP port numbers, etc,

+ Congestion avoidanca capabllities: Welghted tail drop elght
quaues

Layer 3 Features: IPv4
« VRF-lte (ISIS, RIP, OSPF, BGR, BGR, 1S1S)
+ |P directed broadeast traffic forwarding
+ -Routing protocols: RIPVIAZ, OSPF BGP, ISIS
- Max number of iPv4 unicast routes In hardwara: 14,000%#*
+ Max number of IPv4 multicast routes in hardware; 4,000
- Static routing
» Routlng pollcy
+ Virtual Router Redundancy Protocol (VRRF)
+ Bidirecilonal Forwarding Detectlon (BFD) protocol

-~

Laver 3 Features: IPv&
« Max number of Neléhbor Discovery (ND) entrles: 1,000
+ Max numbaer of [Pvé unlcasf{_rodtes in harchware; 3.400+%
+ Max number of IPv& multicast routas in hardware: 1,000
+ Routlng protocots: RIPng, OSPEYS, IPy6, BGP, MLDvZ
+ Statlcrowting
Multicast
+ VRF-lite (PIM, IGMP)
+ IGMP static
+ Internet Group Management Protocol {IGMP): v1, v2, v3
+ 1GMP snocping
v PIM-5M, PIM-S5M
+ Multicast Source Diractory Protocol (MSDP)
Access Control Lists (ACLS) (Junas OS firewall fliters}
+ Port-based ACL {PACL)—Ingress and egress
« VLAN-hased ACL (VACL}—ingress and egress
Router-based ACL (RACL)—ingress and egress
ACYL. entres (ACE) In harcdware per syster: 1,500
+ ACL counter for denjed packets
- ACL countar for permitted packets

» Abitity to add/remove/change ACL entrles in middle of list
(ACL editing)

» Layer 2-L4 ACL

+ Trusted Network Connect (TNC} certliiad

« MAC authentlcatlon (RADIUS)

+ Control plane danial-of-service (DoS) protectlon

++ Unk-dirmensional scale {shared {able between v4 and v6)

ViIrtual Chassis Capabilities
+ Maxlmum number of members: 10
+ Virtual Chassls Ports {VCPs):

~ Two dedicated 64 Gbps ports with 128 Gbps Virtual
Chassls module

- Any base or upllnk port can act as VCPs
+ Maximum Virtual Chassts interconnect capacity:
~ 128 Ghps with Virtual Chassis modula

- Upto 48 x 10 Gbps using base or uplink ports (sublect to
a maximum of 8 members per LAG group per destination,
84 LAG groups per system)

+ Maglmum Virtual Chassls distance;
- Virtual Chassis module ports: Up te 5m with VCP cable
~ HBase or uplink ports: Up to max!mum distance supported
by optics
Data Center Bridging (DCE)
+ Priority-based Fidw Contral (PFC) — IEEE 80210kt
. Data Center Briﬁélng Exchange Protecol (DCBX)

Fibre Channet ovér Ethernet (FCoE)
+ FCoE Transit Switch (FIP snooping)
+ ISCSISAN
- ISCSITLY supp()!‘t

High Availability -

Non-Stop Routing (NSR): OSPFv2, RIP vIA2, BGP, SIS,
IGMP v1,v2,v3

+ Redundant, hot-swappable power supplles
+ Redundant, fleld-replaceable, hot-swappable fans

+ Graceful Route Engine Switchovar (GRES) for Layer 2 hitless
forwarding and Layer 3 protocols on Routing Engine failover

Graceful Protocol Rastart; OSPF, BGF, IGMP vIA2/v3
shooping
Nori-stop Bridglng (NSB) for xSTF, LACP, LLR#/LLDP-MED

« Mon-stop Switch Upgrade {(NSSU) for EX4500-VC ar
EX4200-EX4500-VC

+ Virtual Chassts Fast Convargence (as low as sub-50ms)

Supported RFCs
+ RFC 2825 MiB for Remaoate Ping, Trace

« RFC 1122 Host Requirernents
« RFC 758 UDP

« RFC79 (P

» RFC 783 Trivial Flle Transfer Protocal {TFTR)
+ REC 792 ICMP

+ RFC 793 TCP

« RFC 826 ARP

« RFC 824 1P ovar Ethernat

+ RFC 203 RARF

. RFC 906 TFTP Bootstrap

« RECI10Z7 Proxy ARP

» RFC 2068 HTTP server
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RFC 1812 Requirements for iP Version 4 Routers
RFC 1519 Classless Interdomaln Routing (CIDR)

+ RFC1256 IPv4 ICMP Router Discovery (IRDP)
+ RFC1058 RIPv1

RFC 2453 RiP v2

+ RFCTM2IGMP v

+ RFC 2236 IGMP v2

- RFC 3818 MSDP

+ RFC 4915 MT-OSPF

RFC 3376 IGMP vd
RFC 1492 TACACS+

+ RFC 2138 RADUS Authentlcation
+ RFC 2139 RADIUS Accounting
« RFC 3579 RADIUS EAP support fol 802.1x

RFC 5176 Dynamic Authorizatlon Extenslons to RADIUS
RFC 2267 Network Ingress Hitering

+ RFC 2030 SNTP, Simple Network Time Protocol
- RFC 854 Telnet client and sarver
« RFC 951, 1542 BootP

RFC 2131 BOOTR/DHCP relay agent and Dynamic Host
Configuratlon Protocol (DHCP) server

RFC 1591 DBemaln Name Systemn (DNS)

+ RFC 233BVRRP -

RFC 2328 OSPF V2 (adge mode)

« RFC 1587 OSPF nat-so-stubby area (NSSA) Option

RFC 2154 OSPF w/Digital Signatures (Password, MD-5)

RFC 2370 OSPF Opague (Ink-state advertisement (LSA)
Option

« RFC 3523 OSPF Gracefut Restart

RFC 2362 PiM-SM {adge mode)

- RFC 3569 draft-letf-ssm-arch-06.txt PiM-S5M PIM Source

Specific Multicast

= RFC 2474 DiffServ Precedence, Including 8 queues/pork

RFC 2598 DilfSery Expedited Forwarding (EP)
RFC 2597 DIffServ Assured Forwarding {AF)
RFC 2475 DilfSery Core and Edge Router Functions

- LLDP Media Endpaint Discovery (LLDP-MED), ANSL/TIA-

1057, draft 08

+ PIM-DM Draft IETE PIM Dense Mode draft-ietf-idmr-plm-

dm-05.ixt, draft-letf-pim-dm-new-vy2-04.txt

« Draft-letf-hfd-base-05.txt Bldiractlonal Forwarding

Sup

Detaction

poriad MIBg*
RFC 1155 SMi

« RFC 157 SNMPYv
+ RFC1205 RFC 1907 SNMP v2e, SMiv2 and Revised MIB-I

RIFC 2570 — 2575 SNMPV3, user based sacurity, encryetion
and authentication

RFC 2576 Coexistence between SNMP Version 1, Version 2,
and Version 3

*Unless explicitly specifled for any particular MIE table or vartables, Jurios OF dees not
suppart SNMP sek operations,

RFC 1212, RFC 1213, RFC 1215 MIB-Ii, Ethernei-Like MIB and
TRAPS

RFC 2578 SNMP Structure of Managernent Information MIS
RFC 2579 SNMP Textual Conventions for SMiv2

+ RFC 2925 Ping/Traceroute MIB

RFC 2665 Eihernet-lUke Interface MIB
RFC 1043 Ethernet MIS

+ RFC 1493 Bridga MIB

+ [RFC 2096 IPv4 Forwarding Tabte MIB

+ RFC 2011 SNmPvZ for Internet protocol vsing SMiv2

- RFC 2012 SNMPV2 for transmisslon control protocol using

Shvtiv2
RFC 2013 SNPv2 for user datagram protocol using SMivZ

» RFC 2863 Interface MiB
+ RFC 3413 SNMP Application MIB
« RFC 3414 User-based Security Model for SNMPv3

RFC 3415 View-based Access Control Model for SNMP

. REC 1724 RIPV2 MIB
« RFC 2863 tnterface Group MIB

RFC 2932 IPv4 Multicast MIB
RFC 2767 VRRP MIB

. RFC1850 OSPFv2 MIB

- RFC 2819 RMON MIB

- RFC 2287 Systemn Application Packages MIB

- RFC 4188 5TP and Extensions MIS

» RFC 4363 Deflnltions of Managed Objects for Brldges with

Trafflc Classes, Multicast Filtering, and VEAN extensions

« RFC 2922 LIDP MIB
+ Draft - blumenthal - aes — usm - 08

Draft — reeder - simpv3 — usm - 3desaede -00
Draft - letf-ldme-tgmp-mib-13

- Draft — letf-idmr-plm-mib-09

Draft — letf-bfd-mib-02.txt

Troubleshooting
« Debugging: CLIvia consoleg, Telnet, or S5H
+ Niagnostles: Show and debug command, statistics

Traffic menitoring/mittoring {port, VLAN)
|F tools: Extended ping and trace
Junos OS commit and rollback

Traffic Mirraring
+ Pori-based

VLAN-based
ACL-basad mirrorling
Mirroelng destination ports per syster: 1

+ LAG port montioring

Multiple destination ports monttored to Tmirror {N:T)
Maximum number of mirorng sesslons: 1

- Mirroring to remote destinatlon (over L2): Tdestination VLAN
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Safety and Compliance
Safaty Cerilfications
+ UL-UL60953-1 (First Editlon)
- C-UL to CAN/CSA 22,2 No,60950-1 {First Edltion)
» TUV/GS to EN 809501, Amendment Al-Ad, Al
+ CB-IECA0950-1, alt country deviations
Electromagnetic Compatlbility Certiflcations
v FCC 47CFR Part 15 Class A
+ EN 55022 Class A
+ ICES-003 Class A
» VCClClass A
+ AS/NZS CISPR 22 Class A
+ CISPR 22 Class A
+ ENB5024
+ EN300386
¢ CE
Environmental
+ Reductlon of Hazardous Substances (ROHS) S F,
< Teleo -
+ CLElcode
. Environmental Ranges
+ Operating temperature: 322 to N3° F (00 o 45° C)
Storage temperature: -400 10 158° F (-40% 10 709 C)
« Operating altitude: up 10 10,000 ft (3,048 m)
+ Non-operatlng altitude: up to 16,000 ft (4877 M)
« Relative humidity operating; 10% to 85% {noncondensing)
- Relative humidity non-operating: 0% to 95%
{noncendensing}
Telacom Quallty Management
+ TL90DO

Mean Time Baetwaen Fallures (MTBF)

EX4500-40F-  EX4500 40-port no 9,094
BF/fB-C GhEAOGHE SFR/

SEP+- with back-te-

front/front-to-back

alrflow

EX4500-40F-  EX4500 40-port a6 10,382
VCi-BF/FB GhE/OGhE SFR/

SFP+ with back-to-

front/front-to-back

alrflow and 128

Ghps Virtual Chassls

Intarconnect module

EX4500-UM-  EX4500 four-port 626 "1598

4AXSFP 10GbE SFP+ upiink
module

Junlper Networks Services and Support

Juniper Networks |s the leader In performance-enabling servicas
that are designed to accelerate, extend, and optimize your
hgh-parformance network, Our services allow you to maximize
operational efficlency while reducing costs and mintmizing

risk, achleving a faster time to value for your netwark. Juniper
Networks ensures aperational excellence by optimizing the
netwoark to malntaln required levels of performance, rellability,
and avaiiabllity. For more detalls, please vis!t ywwwiunipernet/us/
en/procycts-services.

Ordering Information

Base Unlt#

EX4500-40F-FB-C 40-port GhE/NDGHE SFR/SEP+ fronit-to-
back airflow, hasdware support for Dasta
Center Brldging, and support for elght PFC
(80210Qbh) quaves

EX4500-40F-BF-C ° 40-port GbEAOGHE SFR/SFP+ back-to-
front alrflow, hardware support for Data )
Cepter Bridging, and support for eight FFC . -
(B0230hb} quevas

EX4500-40F-DC-C 40-port GhE/10GhE SPF/SFP+ freni-to-
back airflow, 1200W DC, hardwara support
for Data Center Bridging, and support for
alght PFC (80210bb) queuss

EX4500-40FVC1-BF 40-port GHE/OGHE SFR/SFP+ back-

: to-front alrflow, 128 Ghps Virtual Chassls
Interconnect moduls, hardware support for
Data Center Bridging, and support for elght
PFC (8C2.1Qh) queves

EX4500-40F-VCI-FR 40-port GhE/TQGHE SER/SFR+ front-
fo-back alrflow, 128 Gbps Virtual Chiassls
Interconnect modite, hardware support for
Oata Center Bridging, and support for eight
PFC {8021Qkh) queues

EX4500-40F-VC1-DC 40-port 5hiz/10GbE SFP/SFP+ front-
to-back airflow, 128 Gbps Virtual Chassis
Interconnect module, 1I200W DC power
supply, hardware sunport for Data Center
Bridging, and suppost for eight PFC
{80210bb) queuss

Advanced Feature _Llcenses

' EX-48-AFL Advanced Feature Llcense for1S-1S, BGP,
MPLS and IPvE routing

Accessories

‘ EX4500-PWRI-AC-FB ' EX45001200 W AC (1000 W at1lo V)
_ power supply — front-to-back atrfiow

"EX4500-PWRI-AC-BE  EX45001200 W AC (1000 W at IO V)
powet supply — back-te-front alrflow

"EXAS00-UM-AXSFP  EX4500 4-Port 10GhE $FP+ uplink macdile

{optics sold separately}
"EX4S500-PWRLDC  EX4SG01200 W DC power supply - front
to back airflow {power cord needs to be
_ . ordered separately)
EX4500-VC1-128G 128 Ghps Virtval Chassis modisle
"EX-CBLAVCR-50CM Mirtual Chassls Fort cable 0.5 M length
" EX-CBLVCP-IM " \iitual Chassls Port cable 1M length
EX-CBLVCP-3M " Virlual Chassls Port cable 3 Miength
l EX-CBL-VCP-5k " Virtual Chassls Port cable 5 M lenglh

* EXA500 base unit Includes chassls, Tan bray, Intraconnect module, AC power sUppRly. power
cord, power supply cover panel, and two uplink modite caver panels
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EX4500 Ethernet Switch Data Sheet
i About Juniper Networks
Pluggable Cptics Juniper Networks Is In the bustness of network innovatlon, From
"EX-SFPAGE-T SEP 1000BASE-T coppen RI-45 comnector,  devices to data centers, from consurmers Lo cloud providers,
..... 100 n reach on UTH .. Juniper Networks dellvers the software, silicon and systems that
EX-SFP-1GE-5X SFPI000BASE-SX LC connector; 850 AMY yransform the experience and econemics of networking, The
530 mreach on multimade flbar d nart ldwide. Adcitional
EX-SFPIGE-LX SFPI000BASE-LY LC connecton 1910 pey | COMPANY SEMVes Customers and pariners woricwide,
10 km reach on single mode fiber Informatlon can be found at wywwlurtipernet,
EX-SFP-10GE-SR SFP+ T10GBASE-SR; LC connector; B5G nm;
300 m reach on 50 microns multimode
fiber; 33 m on 62.5 micrens multimode fiber
EX-SFE-10GE-LR SFP+ I0GBASE-LR; LC connector; 1310 nm;
) 10 km reach on single mode fiber
EX-SFP-10GE-LRM SFP+ T0GBASE-ILRM; LC connector; 1310
‘ nimy 220 m reach on muitimeode fiber
EX-SFP-10GE-ER SFP+ 10GBASE-ER 10 Glgabit Ethernet
Optlcs, 1550 nm for 40 km transmisston on
) . singte-mode fiber
EX-SFP-10GE-DAC-IM  SFP+ 10GhE Direci Attach Copper
. {twinax copper cable) 1m : -
EX-SFP-10GE-DAC-3M  SFP+ J0GhE Direct Attach Copper . .
. {twinax copper cable) 3m | oy . & o
EX-SFP-10GE-DAC-5M ~ SFP+ 10GbE Direct Aftach Copper Al -
) {twinax coppercable) Sm -
EX-SFP-TOGE-DAC-TM  SFP+ 10GhLE (twinak copper ¢able) 7m
EX-SFPI0GE-USR  10GDE Uitra Short Reach; 858 nm;i0m : ¥
on OM), 30 m on OM2, 100 mon OM3
rauvitimode flber
Corporate ang Sales Headguarters APAC and EMEA Headquarters
o Pz Jchlphobﬁuk
Amstercidm Thc. Netherlands
Fax; +31.0.207125.701
Gopyright 20}4Junlper Natworks, Inc. All rights reserved, Junlper Networlks, the Jurifper Metworks logo, Junus |
and QFabilc are reglstered trademarks of Junipar Natworks, Ine, in the Unitad States and other countrles, : .
All other tradamarks, service markts, reglstered marks, of reglstered service marks are the prop arty of thelr NETWORKS

respective owners, Junlper Nelworks assumes na responsibllity for any Inaccuraclas in this document, Junipar
Melworks reseivas the right to change, madify, transfer, or otherwlse revise this publication withautrlotice,

1000327-M7-FN Oct 2014
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Product Descrigtion

The Juniper Networks® EX4200 line of Ethernet switches with Virtoal Chassis technology
combine the high availabllity (HA and carrler-class relfability of modular systems with the
economics and flexibillty of stackable platforms, delivering a high- performance scalable
solutlon for data center, campus and branch offlce environments,

Offering a full sulte of Layer 2 and Layer 3 switchliy capabiliiles as part of the base,
software, the EX4200 satisfles a varlety of high-performance applications, including -
branch, campus and data center access deployments as well as Gigabit Ethernet {GbE)
aggregation deployments. A single 24-port or 48-port switch can be deployed inltlally; as
requirements grow, Junlper Netwaorks Virtual Chassls technotogy allows up to 10 EX4200
switches to be interconnected over a 128 gigablt-per-second (Gbps) backplane and
managed as a single davice, delivering a scalable, pay-as-you-grow solution for expanding
network environments, Flexibla Glgablt Ethernet (GbE) and 10-Gigabit Ethernet (10GbE)
uplink opticns enable high-speed connecilvity to aggregation- or core-layer switches
which tonnect multiple floors or buildings.

All EX4200 switches include HA features such as redundant, hol-swappable Internal
pawer supplias and fleld-replaceable, multi-blower fan trays 1o ensure maximum uptime.
In addition, the base EX4200 partlal PoE switch modals offer Class 3 Power over Ethernet
{FoE), delivering up to 18,6 watts on the first elght ports to support networked davices

_ such as telephones, videe cameras and wiraless LAN {WLAN) access polnts for low-

density converged networks. Full PoE options dellvering up to 8.6 watts on all 24 or 48
ports are also avallable, making them Ideal for high-danslty IP talephony deployments.
Furthermore, PoE+ models dellver up to 30 watts of standards-based B023at PoE+ on
24 or 48 ports making them Ideal for alt PoE applications Including campus deployments
with 802.1In wireless access polnts.
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Juniper Netweorks Virtual Chassis
Technology: Chassis~like Switch Features

in a Stackable Form Bactor

» Redundant, internal hot-swappable power supplies

+ Hot-swappable fan tray with redundant blowers

+ Consistent modular Juniper Networks Junos®? oparating system
control plane feature Implemantation

+ Dual Routs Engines with Graceful Routing Engine Switchover
(GRES)

+ Single management interface

+ Easy, centrallzed software upgrades

» Scales from 24 to 480 ports with up to 20 10GhE uplinks

« Limited iifetime switch hardware warranty

Each EX4200 switch Includes an Integrated application-spaclfic

integrated clrcult (ASIC)-based Packet Forwarding Engine, the

EX~PFE, while an Integrated Routing Englna (RE) delivers all

control plane functionallty. Based on fleld-proven Junlper

Networks technology, the Route Englne brings the same level

of carrler-clags performance and rellabitity to the EX4200 lne

of Ethernat switches that }unlper Networks routers bring to the

world's largest service provider networks.

The EX4200 also leverages the same modular Juniper Networks
Junos OS as Juniper Networks fouter products, ensuring a
cansistent implementation and operatlon of each control plane
feature across an entlre Junlper Natwerks Infrastructure,

Architecture and Key Compuopeants

Tha EXA200C switches are single rack-unlt c{ev!cas that delivera -
compact solutlon for crowded wiring closets and.access switch
locations whera space and power are at a premium, Sach EX4200
supparts optional front-panel uplink modules offering either four
GhE ports or two 10GbE ports for high-speed backbone or link-
aggregation connections between wiring closets and upstream
aggregation switches, Uplink modules can be Installed without
powerlng down the swlich, enabling users to add high-speed
connectlyity at any time or migrate from one uplink type to

the other to deliver the vitimate In flexible, high-performance
Interconnectivity,

The EX4200 also features a front-panel LCD that affers a flexible
Interface for performing device bring-up and configuration
rotlbacks, reporting switch alarm and LED status, or restoring

the switch to its default sattings, The LCD also displays a Virtual
Chassls mamber switch's.chassls "slot number” and Route Engine
status for rapld identification and problem resotution,

Dual rear-panel Virtual Chassis ports enable EX4200 swilchas to
be Interconnected over the 128 Gbps virtuat backplane, Switches
deployed in close proxlmity, such as wiring closets or top-of-

rack data center applicatiofis, can be securely connacted using a
Virtval Chassis cable and cable lock supplled by Juniper Networks.
In addition, a dedicated rear-panel RI-45 port is avallable for oui-
of-band rnanagement, while a rear-panel USB port can be used to
easlly upload Junos OS and configuration flles,

EXHIBIT 3

EX4200VTrual Chassis

S WAN/Intemat

Flgure T: Tha EX4200 Ethernet switch with Virtual Chassis
tachnology delivars a high-performance, scalable and highly reliable
sojutlon for data center, branch and campus envirorments,
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Virtval Chassls Technology

Up to 10 £X4200 swltches can be interconnacted using Virtual
Chassis technology to create a single loglcal device supporting up
to 48010/100/1000BASE-T ports or 240 100/1000BASE-X ports,
plus an additional 40 GLE or 20 10GbE uplink ports. Additionally,
EX4200s can be Inferconnected in a Virtual Chassis conflguration
that also includes EX4500s, creating a single leglcal switch

that offers a varlaty of port and denslity optlons for mixed server
anvlrontments.

In a Virtual Chassis configuration, all switches are monltored and
managed as a single device, enabling enterprises to separate
physical topology from loglcal groupings of endpoints and allowing
more efflclent resource utilization, Highly reslitent topologles can
also be created using the GhE or 10GHE uplink ports to extend

the Virtual Chassls conflguration across long distances spanning
rmultiple wiring closets, floors of even buildings,

]| iRy Single

Virtval

LTl s

‘—@!ﬁ

l:as‘ Clnsﬁt

West Closet 5

Flgura 2: Using Virtuzal Chassls technology, up to 10 EX4200
switches canbe Intercannecied to create a single logical davice
spanning multiple witing closets, flours or even bulidings,

Features and Benefits

Chassis-Class Avallability”

The EX4200 line of Ethernei swltchas dellver the same HA
functionallty and support many of the same fallover capabllties
as other Juniper chassls-based systams,

Each EX4200 swltch Is capabla of functioning as & Routa Engina.
When two or mora EX4200 switches are interconnected, they
share a single control plane among all Virtual Chassis member
switches. When two EX4200 switches are Interconnected, Junos
05 autamatically initlates an election process to asslgn a master
{active} and backup (hot-standhy) Route Englne. An integratad
Layer 2 and Layer 3 Graceful Routa Engine Switchover (GRES)
feature malntalns uninterrupted accass to applications, services
and IP communications in the untikely event of a primary RE fallure.

Graceful Route
Engine Switchover
(GRES) for hitless
fallovers

Master RE

Backup RE

EX4200

Figure 3; Support for Graceful Route Engine Swiltchover (GRES}
ansures a smooth and seamiless transfer of control plane functions
following a master Route Englne fallure.

EXHIBIT 3

When more than two switches are interconnected ina Virtwal
Chassis configuration, the remalning switch elemants act asline
cartds and are available to assume the backup RE poshtlen should tha
dasignated master fall, Master, backup and line card prfority status
can be assigned by the network operations team to dictate the

arder of ascenslon; this N+1 RE redundancy, coupied with the GRES,
nonstop routing (NSR) and nonstop bridging {NSB) capabilities of
the Junos 05, assures a smooth transfer of control plane functions
following unexpected failures,

The EX4200 Implements the same slot/medule/port numbering
schema as other Juniper Networks chassls-baset products when
numbering Virtual Chassis ports, providing true chassis-lke
operations. By utilizing a consistent operating system and a single
conflguration flle, all switches tn a Virtual Chassls conflguration
are treated as a single device, simplifying overall system
malntenance and management.

Individually, the EX4200 offers a number of HA features that are
typlcatly assoclated with modular chassls-based switches, When
combined with the fisld-proven Junos 05 and L2/13 fatlover
capabllities, these features provide the EX4200 with true carrler-
class ratlabiity,

+ Redundant power supplies: The EX4200 lne of Ethernet
swltches suppmt nternal redundant, load-sharing, hot-swappable
and fleld-replacéable AC and DC power supplles to maitaln
uninterripted operations. Thanks te thelr compact footprint, tha
EX4200 requlras slgnlﬂcantly less powarthan chassis-based
switches delivering equivalent port densitlas,

+ Hot-swappabla fan tray with multiple blowers: The EX4200
Inciudes a hot—swappabie. tld-replaceable fan tray with three
blowaers, providing sufficlent cooling even If one of the blowers
weratofall, IR

+ Redundant Trunk Group (RTG}: To avold the complexities of
the Spanning Tree Protocol {STP) without sacrificing network
resillency. the EX4200 employs redundant truni groups to provide
the necessary port redundancy and simplify switch configuration,

« Cross-member link aggragation: Cross-member link aggregation
allows redundant link aggregation connections between devices In
a slngle Virtual Chassis conflguratlon, providing an additional leval
of rellablllty and avalilablifty.

» Carrler-class hardware: Tha EX4200 leverages a purpose-built

packet forwarcling englng ASIC, the EX-PFE, which Integrates

much of the sama Intellectual property usad in Juniper Metworks
carflar routers, As a result, the EX4200 delivers the same
wedictable, scalable functionallty found In the wotld's largest
networks.

Non-Stop Bridging (NSB) and Non-Stop Routing (MSR): NSB

and NSR on the EX4200 ensure control plang protocols, states

and tables are synchronlzed betweaen Master and Standby REs to
pravent protocol flaps or convergence Issues followlng a Routing

Englne fallover,

Non-Stop Software Upgrade (NSSU): wWith NSSU, alt members

of a Virtual Chassis system can be upgraded with a single

comrand. Misslon-critical traffic can be conflgured as a lnk
aggregate across multiple Virtual Chassis swltch members,
ensuring minlmal disruption durlng the upgrade pracess.

+ IPv4 and IPVE routing support: IPv4 and IPvE Layer 3 routing
{OSPFand PIM) Is avallable In the base license, enabling highly
reslllent networks,
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Policy Manager
lc Serles UAC Appllances

EX4200

‘ Access granted
-VLAN assignad

UAC Agent « Q0% pollcles applied

EXHIBIT 3

Firewall Enforcer

Protected Sarvers

Figure 4: The EX4200 warks with the Junipar'Networks UAC to enfotce access control

swCarﬂer-Class Operating System

" The EX4200 runs on Junas 05, the same operating system
: * software used by Juniper Netwarks routers to power the world's
. largast and most complex networks.

By utlllzing a common operatlng system, Juniper dellvers a
¢onsistent implementation and operation of control-plane
features across all products. To malntaln that consistency, Junos
05 adheres to a highly disciplined development process that
utllizes a single source code, follows a single quarterly release
traln, and employs a highly avallable modular architecture that
prevents lIsolated fallures from bringing an entire system down,

Thase attrthytes are fundamental to the core value of the
software, enabling all products powered by Junes 0S5 to ba
updated simultaneously with the same software release, All
features are fully regression-tested, making each new release a
true superset of the previous version; customars can deploy the
software with complete confldence that all exlsting capabllitles
wlll be maintalned and operata In the samea way,

Convergad Networks

Tha EX4200 line of Ethernet switches provide the highast levels
of avallabliity for the most demanding converged data, volce

and video anvironments, dellvering the most rellable platform for
unifying enterprise cemmunications.

By providing Class 3 PoE with 15.4 watts on same at all ports to
power volce over IP (VolP) telephones, closed-clrcuit security
camaras, wiretess access points, and other IP-enabled devices, the
EX4200 dellvars a future-proafed solution for converging disparate
networks onto a single IP infrastructure, Furthermore, any PeE port
can pravide up ta 18.6 watts ta power wireless access polnts and
other PoE powered devicas requiring more than Class 3, 15.4 waits
of PoE, EX4200 PoE+ switches also support 802.3at standards-
hased PoE+ for powering networkad devices lke multiple radio
IEEE B02.11n whaless access points, and video phones that may
requlre mote power than avaliable with IEEE 802.3af.

LLDRP-MED-based granular PoE managament allows the EX4200
lo hegotlate PoE usage down to a fractlon of a watt on powered
devices, enabling more efficlent PoE utilizatlon across the switch,

down to the Individual port lavel.

Bl

e ease.ﬂeployment the EX4200 supparis the Industry-

standarg LInk Layer Discovery Protocol {LLDP) and LLDP-Media
En dpo)nt Discovery. (LLDP-MED), which enable the swliches to
automatically discover Ethernet-enabled devices, determine thelr
power requlrements and assign virtual LAN (VLAN) parameters,

In addltlon, the EX4200 supports rlch quality of service {QoS)
functionallty for prieritizing data, volce and videa traffic. The
switches support elght QoS gueves on evary poit, enabling them to
malntain muttl-level, end-to-and traffic prloritizations, The EX4200
also supports a wide range of policy options, including priority and
shaped deficlt weighted round-robin (SDWRR} queuing.

Security

The EX4200 line of Ethernet switchas fully Integrate with

the Junlper Networks Unified Access Confrol {(UAC), which
consolidates all aspects of a user's [dentity, device and tocatlon,
anabling administrators to enforce access control and securlty
down o the Individuat port or user lavels.

Polley orchestration, enabled via luniper UAC Enhancement
Protocol (JUEP), enables the EX4200 to construct dynamic
ACLs on a pori-by-port basls by assoclating rolesfresource access
pollcies with authorizatien table entries. This allows the switch
to dynamically craate thousands of ACLs or role-based access
pollcies in a scaled environment.

Additionally, a captive portal redirectlon feature redlrects

URLs from the EX4200 to the Infranet Controller (IC) for user
authentication and authorlzation, making the IC a “single source
of truth" for user and device authentication and for enforcing role-
hased security policles.

Working as an enforcerment polnt within the UAC, the EX4200
providas both standards-based 802.1X port-level access
control as well as Layer 2—4 policy enforcement bhased on user
identity, location and/or device, A user's Identity, device type,
machine posture check and location can be used 1o determine
whether access should ba granted and for how long, If access is
granted, the swiltch assigns the vserto a specific VLAN based on
authorizatlon levels, The switch can also apply QoS pollcles or
mirror user traffic to a central location for logging, menitoring or
threat detection by Intruslon prevention systams,
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The EX4200 also provides a full complement of port securlty
features including DHCP (Dynamie Host Canflguration Protocol)
snooplng, DAl (dynamic ARP Inspectlon) and MAC limiting (per
port and per VLAN} to defend agalnst internal and external
spoofing, man-in-the-middie and denlal-of-service (DoS) attacks.

MACsec on the EX4200

AMACsac software llcense enables the EX4200 to provide near
tine-rate hardware-based encrypilon of user traffle on a dual-
speed 2xX10GbE or 4x1GHE SFP+ MACsec uplink module,

Deflned by IEEE 802,1AE, MACsac provides secure, encrypted
cormnmunicatlon at the Unk layer that Is capabla of identifying and
preventing threats from denlal of service {DoS) and Intrusion
attacks, as well as man-in-the-middle, masquerading, passive
wiretapping and playhack altacks launched fram bahind tha
firewall, When MACsac Is deployed on switch perts, all traffic

Is encrypted on the wire but traffic inside the switch isnot. This
allows the switch to apply all network policles such as Quallty of
Service {QuS}, deep packet Inspectlon and sFlow to each packet
without compromisfng tha securlty of packets on the wire.

Hop-by-hop encryption enables MACsec to secure communications
white malntaining network Intelligence. In addition, Ethernel-based
WAN networks can use MACsec to provida Unk securlty over long-
haul connectlons. MACsec Is fransparent to Layer 3 and higher- #-
layer protocols and is not limited to IP traffic; it works with any typg

oi-traffic carrled over Ethernet tinks,

Simplifiad Management and Operations
When ermploying Virtual Chassls technology, the EX4200
dramatlcally simplifies network management. Up to 10
Interconnected EX4200 switches can be managed as a singlé
davlce. Each Virtual Chassls group utllizes a single Junos OS Image
flle and a single conflguration fie, reducing the overall number

EXHIBIT 3

of unlts to monttor and manage. When Junos OS is upgraded on
the master switch In a Virtual Chassis configuratlon, the software
Is automatically upgraded on all ether member switches at the
same time.

The EX4200 also Includas port profiles that allow network
administrators to automatically canflgure ports with security, QoS
and other parameters based on the type of device connacted to

the port. 5Ix preconfigured profilas are avallable, Including default,
desktop, desktop plus P phene, wireless access polnt, routed uplink
and Layer 2 uplink, Users can select from the exlsting profiles or
create thelr own and apply them through the command line Interface
(CLIY, Junos Web Intarface or managemeant systerm.

An EZ touchlass provisionlng faature allows a DHCP sarver to
push cenfiguration detalls ang software Images to multisle
switches at boctup.

Four system management options are avallable for the EX4200.
The standard Junos 05 CLI management interface offers the same
granular capabltities and scripting parameters found in any device
powered by Junos 05, The EX4200 also Includes the integrated
Junes Wab management tool, an embedded device manager

that allows users to configure, monltor, troublesheoot and pearform
systamn malntenance on indlvidual switches viaa browser—based
graphical interface, e

Whan managing a group of EX4200 switches, the Juniper '+
Netwarks Network and Securlty Manager (NSM) provides system- -

24

level management across all Juniper switches In the naetwork, from .

a single console, T

Finally, the EX4200 swlitch systam, performance and fault data
can be exported to leading third-party management systems such
as HP OpenView, [BM Tlvoll and Computer Associates Unlcanter
software, to provide a complate, consolidated view of network
operations,
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Figure 5

5 MACsec deployment with EX4200 and EX4550 switches,
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Lirnied Lifetime Warranty

The EX4200 inciudes a Imited Ufetime hardware warranty that
provides return-to-factory switch replacement for as long as

the orlginal purchaser owns the produst. The warranty includes
lifetime software updates, advanced shipping of spares within
one business day, and 24x7 JTAC support for 90 days after the
purchase date. Power supplies and fan trays are covered for a
period of flve vears. For complete detalls please visit www.uniper.
net/support/warranty.

Product Options

Elght EX4200 switch models are avallable {see Table T below),

Table 1: EX4200 Line of Ethernet Switches

EX4200-24T#+

EX4200-48T#+

EX4200-24FHx

EX4200-487-DC#*
EX

24-port 10/1{)0/1OUOBASE—T PDE -

EXHIBIT 3

Junas 5DK

Junlper offers a Junos Software Developer's Kit {SDK) that
enables users to create, depioy and vaildate Innovative custom
applications that run on top of the Junos operating systerm on
EX Series switchas, confirming the company's commlitment to
software Innovation through network programmabiilty, Junos
StK simplifies the development and reuse of components for
collaboratlon while the underlylng Junos OS5 provides security,
robustness and resiliency, creating a widespread platform for
runring network applications,

3Z0WAC

320W AC

320w AC

*All PoE ports 802.3at-compllant @ 15.4W. All PoE+ porks on EXAZ00-24PXABPX models 802,3at cornpliant @ 30 W subject ta manimum PoE budgat,
+* NEBS certified T T ’
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EX4200 Specifications

Physlcal Specifications
+ Backpiane: 128 Gbps Virtual Chassls Interconnect to combine up
to 10 units as a single loglcal device
+ Uplink module options:
- 4-port GhE module with pluggable SFP optics
2-port 10GbE module with pluggable XFP aptics
Dual-mode 2-port 10GDE SFP+ / 4-port GHE SFP modula with
pluggahle SFP+/SFP optics
Dual-made 2-pott 10GHE SFP+ / 4-port GRE SFP modula with
pluggable SFP+/5FP aptlcs and MACsec support

Power Optlons

+ Power supplles: Aukosensing; 100-120 V / 200-240V;
AC320W, 600 W and 930 W dual load-sharing hot-swappable
internal redundant power supplles

« Maxlmum current Inrush: 50 amps

+ DCpower supply: 190 W DC, Input voltage range 36 V - 72 V, dual
input feed, dual load-sharing hot-swappable internal redundant
power sUpplies

+ Minimum number of PSUs required for fully loaded chassis;
1 per switch

Dimensions (WxHx D)

s 1741 X172 %1643 10 {44.21 X 432 % 4] WER )

+ 'Desktop Installation widih noted above rack-mount width is
17.5 In {445 cn) ‘

+ 2Hgighti 1RU i

» 3Depthwith 320 W AC PSU and 190 W DC PSU noted abova,
18,8 In (47.8 tm) with 600/930 W AC PSU

System Welght
EX4200-24T with 320 W AC PSU: 165 (b (7.5 kg)
+ EX4200-24P with 600 W AC PSU: 172 b (7.8 kg)
+ EX4200-24PX with 930 W AC PSU: 18 Lb (8.6 k)
- EX4200-48T with 320 W AC PSU: 173 Lo (7.8 k)
- EX4200-48P with 930 W AC F5U:18.2 b (8.3 ka)
- EX4200-4BFX with 930 W AC PSU 19 |b (8.61 kg)
¢ EX4200-24F with 320 W AC PSU: 16 1b (7.3 kg)
« EX4200-24T-DCwith 190 W DC PSU: 165 (75 ka)
- EX4200-48T-DC with 190 W DC PSU: 171 b (7.8 ke)
« EX4200-24F-DC with 190 W DG PSU: 161 16 (7.3 ke)

Environmental Ranges

v Operating temperature: 329 to 113° F (09 to 489 C)

- Storage ternperature: -40° {0 1589 F {40910 700 C}

+ Operaling altitude: up to 10,000 1 (3,049 m)

+ Non-operating altituda: up to 16,000 ft (4,877 m)

Relative hurnldity operating: 109 to 85% (noncendensing)
Relative humldity nan-operating: 0% to 95% (nencondensing)

Coollng

+ Fleld-replaceable fan tray with multiple blowers (3)
+ Switch remains operational even If one blower falis
+ Alrflow: 20,3 cfmn

1

1

EXHIBIT 3

Hardware Specifications
+ Switching Englne Modetl: Store and forward

+ DRAM —1GB with ECC

+ Flash~16GB

+ CPU-—1GHz PowerPC CPU

+ GhE port denstty per system:
- DAP/24T/24F: 28 (24 host ports + four-port GbE uplink module)
- 48P/48T. 52 {48 host ports + four-port GbE uplink modula)

+ 10GDE port denstty per systermn (all models): 2 (uplink module)

Optlcs
- 100 Mbps optic/connector type: LC SFP fiber supporting 100BASE-
FX SFP {multimode}, L.X (single~-mode) and
BX (sIngle-strand)

- 10/100/1000BASE-T connector type: R1-45

v GhE SFF optle/connector type: RJ-45 or LC SFP fiber supporting

10600BASE-T SFP, SX (multimada), LX (single-mode), LH/ZX
{single-rmaode) and BX {single strand)

+ 10GbE XFP optic/connector type: 10GE XFP LC connector,
5R (muttimede), LR (single-mode), ER {single-mode) or
ZR (single-mode}

» 10GhE SFP+ cptlc/conﬁectnr type: 10GE SFP+ LC connector, SR
{multimoda), USA {multimode), (R (single-roda), ER {single-
mode), LRM {muttimode) and DAC (d}rect attach copper)

Physical Layer ‘ o

» Time Domain Reflectometry (TDR) for detecting cahle breaks and
shorts: 24P/24T and 48P/48T only

- Auto MDI/MDBIX support; 24F/24T and 48P/48T only (all ports)

+ Port speed downshlft/setting max advertisad speed on
104100/ 1000BASE-T ports: 24P/24T and 48P48T only, on
ali ports

+ Digltal optlcal ronltoring for optical ports

Packet Switching Capacitles {(Maximum with
G4 Byte Packets)

v 24PY24T: B8 Ghps

« 4BF/48T; 136 Gbps

. 24 88 Gbps

Aggregate Swiich Capacitles (Maxirmurn with
&4 Byte Packets)

. ZAP/24T/24F: 216 Gbps

s ABP/ABT: 264 Gbps

Laver 2/Layer 8 Throughput {Mpps} (Maxirmum
with 64 Byte Packets)
< 24P/24T: 65 Mpps (wire speed)
+ ABP/4ABT:101 Mpps {wirg speed)
« 24F; 65 Mpps {wire spead)
Layer 2 Switching
Max MAC addresses per systern: 32,000
« Jurnbo frames: 9216 Bytas
+ Number of VLANs: 4,096
+ V5T Instances: 253
-~ Port-based VLAN
» MAC-based VLAN
- GVRP
- Yolce VLAN
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Layer 2 Switching (continuad)
Physical port redundancy: Redundant trunk group (RTG)
« Compatible with PVST+
+ RVI {Routed VLAN Interface}
|EEE 802.1AB: Link Layer Discovery Pretocol (LLDP)
+ LLDP-MED with YoIP Integratlon
« |EEE 802.1D; Spanning Tree Protocol
« {EEE 802.1p: CoS prioritization
« IEEE 8021 YLAN tagging
+ |EEE 802)s; Multiple instances of Spanning Traa Protocol (MSTP)
Number of MST Instances supported: 64
+ Number of VSTP Instances supportad: 253
IEEE 802w Rapld reconflguration of Spanning Tree Protocol
+ {EEE 802,1X; Port Access Condrol
+ 1EEE 802.1ak; Multiple Reglstration Protocot
+ |EEE 802.3: 10BASE-T
+ |EEE 802,3u; 100BASE-T
+ |EEE 802.3ab: 1000BASE-T
+ IEEE 802,32z 1000BASE-X
» |EEE 802,332 10 Glgablt Ethemnet
+ |EEE B02.3af: Power tver Ethernet
- |EEE B02.3x: Pause I'rarnes/Flow Conrol
« |[EEE 802.3ad: Link Aggregation Control Protocel
- {EEE 802.3ah: Ethemet In the First Mile
+ Metlro
~ PVLAN support
- |EEE 802.1ag connectlivity fault managernent
{TU-T GBG3.2
FTU-T Y731
|IEEE 802.lad Q-in-Q
Multlcast VILAN routing

Layer 3 Features: |Pv4

+ Max number of ARP entrles: 16,000

+ Max number of IPv4 unlcast routas In hardware: 16,000

+ Max number of IPv4 multicast routas in hardware: 8,000
« Routing protocols; RIPvI/V2, OSPF, BGPR, IS-1S

« Statle routing

- Routing palley

« Bidiractional Forwardlng Detection

+ lLayer 3redundancy: VRRP

« IPv4/v6 GRE tunneiing

Layer 3 Features: IPv6
Max number of Nefghbor Discovery (ND) entrfes: 16,000
{shared with IPv4)

+ Max number of |Pv unlcast routes In hardware: 4,000

« Max number of [Pv6 multicast routes In hardware: 2,000

« Routing protocols: RIPng, QSPR3, IPvH, 1SS, BGP4+, PIM, MLD,
MLEy2

+ Static routing

MPLS

+ Clreuit Cross Connect (CCC)

+ Multicast snooplng MLD v1A2
+ VRF-Lite

¥

1

EXHIBIT 3

~st.l;m:)f:il“te1:.1 RFCs

RFC 768 UDP
RFC 783 TFTP
RFC7911P
RFC 792 1CMP

+ RFC793TCP

RFC 826 ARP

RFC 854 Telnet client and server
RFC 894 1P over Ethemnet

RFC 903 RARP

+ RFC Q06 TFTP Bootstrap
» RFC 951,1542 BootP

RFC 1027 Proxy ARP
RFC 1058 RIP w1

« RFCIMZ2IGMP W
+ RFC 1122 Host Requlrernents
- RFC 1195 Use of 051 1S-15 for Routing In TCF/IP and Bual

Environments {TCF/IP transport only)
RFC 1256 1Pv4 ICMP Router Discovery (IRDP)

RFC 1492 TACACS+ ’
« RFC1519 CIDR e e
- RFC1587 OSPF NSSA‘Optlon .
+ RFC 1591 DNS ; o

RFC 1745 BGPA/IDRP for IP OSPF Interaction

+ RFC 1771 Berder Gateway Protocol 4

. RFC 1812 Reguirements for IP Version 4 Routers

- RFC 1985 Autonomous System Confederations for BGP
- RFC 1987 Path MTU Discovary for IPve

RFC 1997 BGP Communitles Attribute.

+ RFC 2030 3NTR, Simple Networlk Time Protocol

RFC 2068 HTTF server

+ RFC 2080 RiPng for IPvE

RFC 2131 BOOTP/DHCF relay agent and DHCP server
RFC 2138 RADIUS Authantlcation

+ RFC 2139 RADIUS Accounting

RFC 2154 OSPF w/Digital Slgnatures (Password, MD-5}

+ RFC 2235 1GMP v2
» RFC 2267 Network Ingress Filterlng
« RFC 2283 Mulliprotocol Extensions for BGP-4

RFC 2328 O5PF v2 (Edge-made)

+ RFC 2338 VRRP

RFC 2362 PIM~5M {Edge-mode)

« RFC 2370 OSPF Opacque LSA Optlon
- RFC 2385 TCP MD5 Authentication for BGPv4
» REC 2439 BGP Route Flap Damping

RFC 2453 RIP v2
RFC 2460 Internet Protocol, Verston 6 (1Pv6) Specificatlon

- RFC 2461 Neighbor Discovery Tor P Verslon 6 (IPvE)
- RFC 2463 Internet Controt Message Protocol (ICMPYE) for the

Internet Protocol Verslon 6. (IPv6) Specifleation

RFC 2464 Transmisslon of [Pv6 Packets over Ethernet Networks
RFC 2474 DiffServ Precedence, Including 8 queves/port

RFC 2475 DiffServ Core and Edge Router Functions

RFC 2526 Reserved |Pva Subnet Anycast Addresses

RFC 2545 Use of BGP-4 Multiprotocot Extenslons for IPv6 Inter-
Damain Routing
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Supparted RFCs {(contlnued)

RFC 2557 DiffServ Assured Forwarding (AF)

+ RFC 2598 DiffServ Expadited Forwarding (EF)

RFC 2740 OSPF for iPve
RFC 2784 Generlc Routing Encapsulation (GRE)
RFC 2796 BGP Route Reflection (supersedes RFC 1966)

+ RFC 2796 Route Reflection

RFC 2918 Route Refresh Capabliity for BGP-4

+ RFC 2925 MIB for Rernote Plng, Trace
« RFC 3176 sFlow
« RFC 3376 IGMP v3

RFC 3392 Capabilities Advertisement with BGP-4
RFC 3484 Default Address Selactlon for Internet Protocal Verslon
6 {IPVE)

= RFC 3513 Internet Protocol Verslon 6 (IPv6) Addressing

Architacture

+ REC 3569 draft-ietf-ssm-arch-0&.txt PIM-SSM PV Scurce

Speclfic Multlcast

« RFC 3579 RADIUS EAP support for 802.1x

RFC 3618 MjSDF'
RFC 3623 OSPF Graceful Restart

« RFC 4213 Baslc Transitlon Mechanlsms for IPvé Hosts and Routers

RFC 4291 IP Verslon 6 Addressing Archltecture
RFC 4360 BGP Extended Communities Attribute

« RFC 4443 ICMPVE for the [Pv6 Speclficatian
+ RFC 4486 Subcodes for RGP Cease Notlflcatlon message

RFC 4541 |BMP and MLD snooping services ..
RFC 4881 Nelghbor DIscovery for IPv6

» RFC 4862 IPvG Statelass Address Autoeonflguration

= RFC 4915 MT-0SPF

« RFC 5176 Dynamic Authorization Extensions to RADIUS
- RFC 5798 VRRPV3 for IPvE

Draft-letf-bfd-base-05.txt Bidirectional Forwarding Detectlon
Draft-tetf-ldr-restart-10.txt Graceful Restart Mechanlsm for BGP

- Draft-letf-isls-restart-02 Restart Slgnaling for 1S-IS
- Draft-letf-isls-wg-multi-topology-11 Multl Topology {MT} Routing

inis-Is
Internet drafi-tetf-lsis-lpve-086.4xt, Routing IPv6 with I5-15

- ITU-T Y1731
« LLDP Media Endpolnt Discovery (LLDP-MED), ANSI/TIA-1057,

draft 08

« PI-DM Draft IETF PIM Dense Mode drafi-ietf~-ldmr-plm-drm-05.

txt, draft~fetfepim-dm-new-v2-04.txt

Security

»

MAGC limiting {per port and per VLAN)
Allowed MAC addresses ~ configurable per port

+ Dynarnlc ARP inspection {DAI)

IP source guard

Local praxy ARP

Statlc ARP suppoit

DHCP snooping

Captlve Portal

Persistent MAC address configurations

DDosS protection {CPU control path flooding protection)

EXHIBIT 3

Access Control Lists (ACLs) (Junos 0%
firawall filtars)

.

Port-basad ACL (PACL) — Ingrass and Egress
V0LAN-based ACL (VACL) —Ingress and Egress
Router-basaed ACL (RACL) — Ingress and Egress

« ACL entries (ACE) in hardware per systern: 7000

ACL counter for denled packets

+ ACL counter for permitted packets
- Abillty to add/remove/change ACL entrles In middle of lIst

{ACL editing)

+ Layer2— L4 ACL

+ 802X port-based

+ 802X multiple supplicants

+ BO2.1X with VLAN assignment

+ BOZ2,1X with authentlcatlon bypass access (based on host MAC

address)

« B02)X with VoIP VLAN support

802X dynamic ACL based on RADIUS atlributes

« B021X Supported EAP types: MD5, TLS, TTLS, PEAP

TNC certiffed -

+ MAC Authentitation (RADIUS)
« ControlPlane DDS protectlon

High Availabill‘ty

+ Non-Stop Routing (NSR) - PIM;- ©SPF v2 and v3, RIP v2, RIPnG,
BGP, BGPv6, SIS, IGMP vi, v2, v3

Nen-Stop Software Upgrada (NSSU)

Redundant, hot-swappable power supplies

Redundant, fleld-replaceable, Iaot«_swappab[e fans

Graceful Route Englne Switchover (GRES) for Layer 2 hitless
forwarding and Layer 3 protocols on RE fallover

Graceful protacol restart — OSPF, BGP

Layer 2 hitless forwarding on RE fallover

Online insertlon and removal {OIR) .uplink module
Nen-StopBridging {NSB) ~ LACP -

Link Aggragation

802.3ad (LACP} suppaort;

« Number of LAGs supported: 64
+ Max number of ports per LAG; 8

LAG load-sharng algorithm — Bridged nr Routed (Unlcast or
Multicast) Traffic:
P S0P

« TCP/UDP: 5/D IR, 5/D Port

Non-IP: 5/D MAC
Tagged ports support in LAG

QoS

+ Layer 2.Q05

« Layer3 QoS

+ Ingress pollcing: 1 rate 2 color

+ Hardware queaues per port: 8

- Scheduling metheds (egress); Strict pricrity {SP}, Shaped Deficit

Welghted Round-Robin {(SDWRR)
802.1p, DSCH/IP Precedence trust and marking

+ Layer 2-4 classification criterla: Interface, MAC address, Etherlype,

BOZ1p, VLAN, IP address, DSCP/IP Precedence, TCPAUDP port
numbers, etc,

+ Congestlon avoldance capabilities: Tail Drop

*Unlass explicitly specifted for any particular MIS table or varlables, Junes 08 daes net support SKMP sat aperations,
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Multicast

« |GMP: v, V2, v3

« IGMP sncoping

+ PIM-SM, PIM-55M, Piv-DM

‘Services and Manageability
Jungs OS CLI
Web interface
+ Dut~of-band management: Serial; 10/700/1000BASE-T Ethernet
+ ASCE conflguration
+ Rescuaconfiguration
+ Configuratlon rollback
+ Image rollback
+ LCD management
+ Element management {ools: Network and Securlty
Manager {NSM)
Remote performance monftoring
+ Junos SDK
« Proactive services support via Advanced Inslght Sciutions {AIS)
+ SNMP:vVI, v2e,v3
+ RMON (RFC2819) Groups1,2,3,9
+ NTP
. Q'HCP sarver
+ DHCP client and DHCP proxy
<" DHCP relay and helper
» DHCP local server support
+ RADIUS
* Service Now for automated fault detection, simplified trouble
- tlcket management and streamlined operations
« TACACS+ :
» S55HvZ
+ SecUre copy
» HTTP/HTTPs
+ DNS resolver
Syslog logging
« Ternperature sensor
+ Conflg=backup via FTP / secure copy
+ Interface range spechication
Part profile assoclations

Supportad MEB g

RFC 1155 SMI

RFC 1157 SNMPV1

+ RFCI1212, RFC1213, RFEC 1215 MIB-I, Ethernet-Like MIB & TRAPS

RFC 1493 Bridge MIB

+ RFC 1643 Ethermnet MIB

= RFC 1557 BGP-4 MiB

« RFC1724 RIPVZMIB

« RFC1850 OSPRv2 MIB

+ RFC1905 RFC 1907 SNMP v2e, SMIvZ and Revised MIB-II

« RFC 2011 SNMPYZ for Internet protocol using Shiv2

» RFC 2012 SNMPy2 for transmisslon cantrol protocel using SMiv2

« RFC 2013 SNMPV2 for user datagram protocot suing SMiv2

» RFC 2096 IPv4 Forwarting Tabla MIB

« RFC 2287 Systemn Application Packages MIB

« RFC 2570 - 2575 SNMPV3, user based security, encryptlon and
authenticatlon

+ RFC 2576 Coexistence between SNMP Version 1, Verslon 2 and

Version 3

RFC 2578 SNMP Structure of Management Information MIB

EXHIBIT 3

RFC 2579 SNMP Textual Conventions for SMiv2
RFC 2665 Ethemet-like Interface MIB

RFC 2787 VRRP MIB

RFC 2819 RMON MIB

+ RFC 2863 interface Group MIB
« RFC 2863 Intetface MIB
« RFC2022L1DP MIB

RFC 2925 Ping/Traceroute MIB

« RFC 2932 1Pv4 Multfcast MIB

RFC 3413 SNMP Application MIB
RFC 3414 User-based Securlty medel for SNMPY3

« RFC 3415 View-based Access Control Modet for SNMP
+ RFC 362 PoE-MIB {PoE switches only)

RFC 4188 STP & Extensions MiB

« RFC 4363 Definklons of Managed Objects for Bridges with Traffic

Classes, Multicast Flltering and VLAN extensions

« RFC 5643 OSPF v3 MIB support
« Draft — hlumenthal - aes —usm- 08

Draft — reeder - spmpv3 ~ usm - 3desede ~-00
Draft-letf-bfd-mib-02,txt

« Draft-letf-idmr-lgrmp-mib-13

D'rattrletf~idmr-plm-mlb-09

« Draft-letf-ldr-bgp4-mibv2-02.1xt — Enhanced 8GP-4 MIB

Draft-letf-lsis-wg-mib-07

Troubleshooting

' Debugging: CLIvia console, Telnetor S5H

. Dlagnostics: Show and debug cmd, statistics
» Traffic mirroring (port)

Trafflc miroring (VILAN)
ACl~based milrroring
Mirraring destinatlon ports per system:

» LAG port monitoring
« Multlple destinatlon ports menitorad to 1 mirror {N:)
« Max number of mirrorng sessions: 1

Mirroring to remote destination (over L2}: 1 destination VLAN

« |P tools: Extended ping & trace

Juniper Networks commit and rollback

Warranty
« Limlted lfetima switch hardware waranty

Safety and Cormpliance

Safety Cartifications
+ UL-ULE0950-1(First Editian)

C-UL 0 CAN/CSA 22.2 No, 609501 (First Editfon}
TUV/GS {o EN 60950-1, Amendment Al-Ad, ATl
CB-IEC&0950-1, all country deviations

Elgctromagnefic Compaitbility Certifications
« FCC 47CFR Part15 Class A

-

EN 55022 Class A
ICES-003 Class A

« VCC| Class A
« AS/NZS CISPR 22 Class A

CiSPR 22 Class A

- ENB5024

EN 300386

- CE
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NERS

+ GR-63-Core; NEBS, Physical Protection

+ GR-1088-Core: EMC and Electrical Safety for Network
Telecornrnunlcations Equipment

+ Al modals except EX4200-24P and EX4200-48P

Environmental
+ Reduction of Mazardous Substances (ROHS) 5

Telco
+ ClElcode

Joint Interoperability Test Command (JITC)
+ Department of Defense (DoD) Unifled Capabl!itles {UC) Approved
Products List (APL)

Comyvion Criteria
« CC-EAL3

Metro Ethernet Forum
+ MEF9

Telzcom Quality Management
« TLAOOO

Trusted Network Connect

« TNC IF-PEP

FiPSs
« FIPS 140-2 Level

i

Nolse Speclflcations
Nolsa measurements based on operatlonal tests taken from
bystander position (frcnt) and perforrned at 239 Cin cemgliance
with IS0 7779, . .

D30 WAC

EX4200-48PX
EX4200-247-bE
EX4200-48T-NC

930 W AC 45.6

190 WG 483

Juniper Networks Services and Support
Junlper Netwaorks is the leader in performance-enabling services
that are designed to accelerate, extend, and optimize your
high-performance network. Our services allow you to maximize
operational efficlency while reducing costs and minimizing

risk, achiaving a faster time to value for your network, Juniper
Networks ensures operatlonal excellence by optimizing the
netwark to malntain required levels of performance, rellability, and
avallabllity. For more detalls, please visit www.juniper.net/us/en/
products-services,

EXHIBIT 3

Ordering Information

Switches*
EX4200-24T

" 24-port 10/100/1C00BASE-T (8 Pof: ports) +
320 W AC PSU, Includes 50cm Virtua! Chasgis
cabla

24-port 10/100/1000BASE-T (24 PoE+ poits)
+ 930 W AC PsU, Inctudes 50cm Virtual
Chassls cable,

48-port 10/100/1000BASE-T (48 PoE ports)
+ 930 W AC PSU. Includas 50em Virtual
Chassls cable,

EX4200-48P

EX4200-24F

48-port 10/100/1000BASE-T + 190 W DC '

EX4200-48T-DC
PsU, Includes 50cm Virtual Chas

Trade Agreerment Act-compliant 24-port
10400/1000BASE-T (8 PoE ports) + 320 W
AC PSU. Includes 50cm Virtual Chassis cable,

EX4200-24T-TAA

'.T'rade Agreé'mer"\t'Ac't{c‘)mpil}iﬁt 48~riorf
10/100/1000§ASE~T {8 P0E pfr‘;f) + 320&/

EX4200-48T-TAA

Trade Agreement Aci-compllant 24-part
100BASE-FX/10D0BASE-X SFP + 320 W AC
PsLUL Includes 50em Virtual Chassls cable.

EX4200-24F-TAA

Accessorias
EX-CBLVCP-50CM

. Vtrtua Chass 5 Purt cable o, 5 M !ength

-Vlrtual Chas.r.ls Port c:able 3 M length

VirtUal Chassis Port cable’ 5 Miengih,

EX-CBL VCP-3ML' o

Moénﬁﬂg COptions

Adkustable 4-post rack-mount kit for EX4200
and EX3200

EX-4PST-RMK

‘EX WMK éktiﬁbd -and EX3200 wall-meunt kit

EX4200 Feature Licenses™

EX-24-AFL Advanced Feature License for EX4200-24T,
EX4200-24T-DC, EX4200-24P, EX4200-24F
and EX4200-24F-DC swltc.:hes_’_d .

MACsec Soﬁware Llcense for EX4200 access
switches

Ex—QFx~MAcs:zr:~Atc='

¥ Each switch comas with ona powar supply. RJ-45 cable, RI-48-to-DB-9 serlal part adapter,
19" rack-rmount kit, and Virtual Chassls cable and connector retainer, Each system also
ships with & power cord for the country to which It 15 baing shipped. The EX4200-24F lso
tomes with fiber port dust covers,

*% AFLIncludes licenses for18-1S, BGP-and MPLS.
! Mot avallable In Russta and CIS eountiles.
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Module

F'iuggable Optics

EX-SFR-IFE-FX SFP 100BASE-FX; LC connector; 1310nm;

SFP 1ODBASE-LX:' LC cennactor; 1310nm;
40km reachon single-mode fiber

EX-SFR-TFE-LX40K

DL "
SFP 100BASE-BX; LC connector; TX 1310nmy/
RX 15B0NeT; 20km reach on slngle—strand
single-modefiber -

EX-SFP-FEZ0KTI3R15

EX-SFPIGE-T

SFP ]ODOBASE I X LC connectcr 131C)nm.
10km reach on single-mode fiber

EX-SFP-GEIOKTI3RIS SFPI000BASE-RBX; TX 1310nm/Rx 1550nm
for ¥km transmissian on single-strand,

single-mode fiber

SFP IDODBASE-BX; T 1550nm/Rx 1310nm
for 10km transmisslon on single-strand,
slngle mude ﬂber

EX~-SFP-GEIOKTIERI3

: slngle ‘rhode ﬂber

#Not avallabte In Russla and CIS countrles.

EXHIBIT 3

EX-SFP-GE4OKTI3RS

SFP1000BASE-BX: Tx 1310nm/Rx 1550nm
for 40krm transmisslon on single-strand,
single~-mode flber

XFP 10GBASE-LR; LC connector; 1310nm:
10km reach on single-rmode filer

EX-XFP-10GE-ZR XFP10GBASE-ZR; LC connector; 1550nm;

80km reach on single-mode flber

EX-SAP-1DGE-LRM

EX-SFPI0GE-DAGXM  5EP+10 Glgablt Ethemet Direct Ajtach Copper
(twinax copper cabla), where X' enotes] 3.

SFP+ 10 Glgabit Ethernet Ultfa Short Beach
Opties, B50 nm for 10m on OM1. 20m on OM2,
100m on OM3 muttimode fiber

EX-SFP-I0GE-LISR

EX-SFP- SFP Gigabit Ethernet CWDM, LC connector;

XXX N whara xxxx represents 1470, 1490,
1510, 1530, 1550, 1570, 1590 vr1610; 80km
reach on single-mode flber

BEBOKCWRR®
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Total

Access 5000 Octal OLT

EXHIBIT 3

8-port GPON Optical Line Terminal Access Module

Product Features

B Supports Gigabit and Gomnltted
Infoymation Rate (CIR) services

& Supports an extensive and
growing family of ONTs

H Supports both (PTV and RF
averlay video service

B Supports Dynamic Bandwldth
Allocation (DBA) enabling
committed rate business services

8 Supports service-aware
- provisloning and troubiashuetlng

8 Allows both CO and
RT deploymants .

B Scalable to 64 ONTs par GPON

8 Supporis hafive Ethernet
© transport over GPON

Today, carriers are dealing with increasing
competitlon, eperating costs and demand for
bandwidth. As a result, many are turning to

fiber deployment as 4 solutlon. For many carriers,
GPON is the means to compete in an environment
where high bandwidth is required, GPON provides
the flextbility, reltability, and bandwidth te give
carriers a competitive advaniage in today’s
Piber-to-the-Home (FTTH) market.

* ADTRAN® provides an ultra-flexible,
high-capacity, deep fiber solution allowing over
8,700 subscribers to be served from a single
FTI'H platform. The Total Access® 5000 is a carrler
class Multi-service Access and Aggregation platform
(VISAP) that bridges the gap between existing and
the nextgeneraiion netwotks—like GPON, With
a pure Ethernet core, the Total Access 5000
system stpp orfs services aver copper and fiber,
eadily scaling to support even the most bandwldth-
intensive applicetions: As a GPON Optlcal Line
Tetminal {OLT), the Total Access 5000 provides
the bandwidth and Ethernet switching capabilities
needed to deliver a highly profitable service offering
and meet a variety of legacy and emerglng service
requirements,

‘The SFP-based GPON OLT allows operators

to inorease their serving area by utllizing optical
capabilities to reach up to 60 km on a single PON.

The ADTRAN GPON solution utilizes GPOIN
Encapsulation Mode (GEM) to exclusively carvy
Fthernet traffic, ADTRAN has made a complete
commitment to Bthernet in the access network with
the Total Access 5000, and the GPON OLT Access
Module is furthering this commitment,

‘With the ADTRAN solution, data traffic
is carrted natively as Bthernet, which is a very
efficient means of tlansparting high bandwidsh
data connections.

Video options with the Total Access 5000 GPON
OLT include both IPTV'and RE video. IPTV
functions in the Total Act,ess 5000 and the GPON
OLT Access Module pwvide Interfigt Group
Management Protocol (IGMP) signaling and
multicast 1ephcation funictions, RF video overlay
at 54-1,004 MHz is supported en GPON as a third
wavelength at 1550 am ysing autboard ampliﬁels
and wavelength combiners,

Bovirenmentally hardened, the Total Access 5000
GPON OLT Access Module can be instatled in both
Central Office (CO) and Remeie Terinal (RT)
environments, This allows cartiers to deploy GPON
from whatever infrastructure is available or desired
rather than limiting GPON to just CO deployments,
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EXHIBIT 3
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Total Access 5000 Octal OLT

8-port GPON Optical Line Terminal Access Module

.............. A awamasaRAR R APt

ADTIAN
Gari (A5P
ﬂN e,

ntral Office
Cer i Tutal Aoosss 300
or 400 ONT

Sot-Top

Voje
Sw{luh

T

Product Specifications . .
Environmental

= Operating Temperature: -40° F o 168°F
(-40° G 10 466° C)

Storags Temperature: -40° F to 186°F
{-40° C to 485° C) «

8 Relative Humldity: Up to 98%, al 122° F {80° C),
Nen-condensing

Mechanical
B Dimensions; 9.25 in. x 0.8 iIn. x 9.25 In.
(235 mim % 20 mm X 235 mm) {H x W x D)

Interfaces
# 8-5FF Single-mode fiber Interfaces on Faceplate

Capacities
& Capable of up to 64 ONTs per GPON intetface
7 21 GPON OLT Access Modules par 23-Inch
Total Access 6Q00 chassls
= 10752 Subscribers per 23-inch Tola! Access 5000
Chassis ulilizing 1:64 Spllt

Opflies
A Class B+ Compllant as Speclfled In G.984.2
Amendment 1
# 20 km Reach with 64x Spili
= 30 km Reach with 32x Split

37 kit Fleach with 16 Split
Regulatory Standards o P

B ETSI EN 300 019
2 ETS 300 753

| ETSHEN 300 386
" ETS ES 201 468

Ordering Information

W ETS! EN 60850 EGUip s :

B ITU-T K.20/21/27/31/35/45 Total Access 5000 1187503F1
Management GPON Octal OLT -

a AOE SFP GPON 2.5G, 1.25G 30km 1342530G1

& Remota Managsmerit Through SNMP and TL1

B Ethernet Intarface on SGM for Web, SNMP and
Telnet Access

® Crafl Interface on SCM

1 OMCI to ONTs
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Total Access 311
SFU GPON Indoor ONT

........ R LT R L L L LT T B R T L F PP ORI P,

Brocduet Features Carrlers foday are dealing with increasing and flexible carrier class access platform, the
competition, operational costs, and demand for Total Access 5000 bridges the gep between existing
# Cosl-effectlve dellvery bandwidih. To address these concerns, ADTRAN® and next-generation network architectures like
of lriple-play services offers 4 complete sulte of fiber access solutions that GPON, It makes a carrler’s access network capable
4 Supparts symmetrle are enabling carriers to compete more cost-effectively  of meeting a variety of legacy and emerglng system
gigabit services while expanding broadband services to un-served requirements. Its Ethernet architecture allows
5 (.884 compliant and underserved areas, like those targeted by carriers to increase bandwidth while offering
2,5 Gbps downstream natlonal broadband initlatives, differentiated capabilities. Coupled with
and 1.25 Gbps upstream With fiber access solutions llke Gigabit 'Fotal Access 300 and 400 ONTS, this provides
& Small form factor Passive Optical Networldng (GPON) carriers an end-to-end GPON deployment strategy the,‘t
packaging designed have a new means to compete in an environment is supported by a common management solution,
for indoor doploymonts where bandwidth is king, GPON provides the™ Y The Total Access 300 and 400 ONTs leverage
# Auto-negoliating/sensing flexibility, reliability, and bandwidth to give canriers ~  the Industry-leading converged voice and
10/100/10G0Base-T : a competitive advantage in today's market, Aspart . data functionality widely deployed in ADTRAN
Ethernet port e of the ADTRAN FT'Ix strategy, ADTRAN offers integratéd aecess, IP gateway, and Volce over IP

a range of differentiated GPON Optical Network {VolP) platforms, with millions of perts currently
‘ Terminal (ONT) solutions to address residential, deployed. Based on the ADTRAN Operating
® ONa;L";BEig‘;rg‘;; Egmﬁ ; business, and cell site applications. = System (AOS), each ONT provides urmatched SIP
v _— . aesd) . ‘The Tota! Access® 300 and 400 ON'Ts are designed and M_GCP interoperability w_ﬁh 4 !I,OSt of m.aj or
# VoIP using S1F or MGCP to address the market with industty leading volce softswitch vendors, as well as integtated statistics
' and tools that allow carriers to quickly and easily

# Built-in layer-2 switch

& Natlve POTS RJ-11 porl daka, and video capabilities, These ON'Ts Include ],
with full sulte of volts both indoor and sutdoer madels for reddenttal and troublefhcot network configuration lssues, as well
quallty features business spplications. With Total Access GPON as menitor performance,

& IPTV video support including ONTs, cartiers can benefit from high data rates Peatures of the Total Access 300 and 400 outdoor
1GMP snoaping feature set of fiber optic transmission and the flexibility offered  ONTS include box-in-box, weatherproof and access

# Trafflc management through by ADTRAN's portfolio of Bthernet-based systems . controlled construction with entry ports for fiber,
priorily qusuing, scheduling, that can be-easily configured for new, customized power; ground, Bthernet, telephone, RFoG (speclfic
policing and trafflo shaping service offerings. models), and HPNA. {specific models). Bach device

supports 2.5 Gbps GPON applications per the ITU-T
(.984.2 specification. Data services are delivered
over 10/100/1000Base-T Hthernet interfaces,

R VLAN Stacking (G-in-Q)), Total Access 300 and 400 ON'Ts worle seamlessly
VLAN tagging/untagging with ADTRAN' widely deployed Total Access 5000
Series Multiservice Access and Aggregation Platform.

1 QoS with four traffle cla _
Fa 5508 Bunctioning as a highly capable GPON OLT

as per IEEE 802.1p

@ Full IEEE 802.1Q) VLAN ID
processing per port

& Full OMCI Integration
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Total Access 311
SFU GPON Indoor ONT
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Froduct Specifications

Ethernet Interfaces
& 10/100/1000Base-T Interface with RJ-45 conneotors
# Etharnet port auto negiotiation or manual conflguration
@ MDIMDIX automatioally sense

# Hardware priority queues on the downslresem
direction in support of CoS

Ethernet Services
& Gommilted symmetric 1Gbps throughput
& 802,10 bridging
& B02.1x Authentlcatlon
# Virtual switch based on 802.1g VLAN ...
# VLAN tagglng/detagging per Etherne], port
& VAN stacking (Q-in-Q) and VLAN transtatior;,
#IP ToS/DSCP to 802.1p mapping . -
#® Class of Service based on VLAN-ID, 802.1p hit,
ToS/IDSCP
# Marking/remarking of 802,1p
B IGMP v2/v3 snooping
# Broadcast/multicast rate Imiting

RPOTS Interface
8 R interface
& 3-REN, 55V BMS
& VoIP Voice: Both SIP and MGGP
8 TDM Voice: Both GR.303 and TR-08
# Full CLASS fealure set
@ Both ANSI and ETSI POTS
# T,38 Facsimlile
@ Conflgurable dial plan

@ Conflgurable country specific ring-back tones
{fraquency and cadence)

# DHCP Cliant or staffc IP configuration
a Optionally Metalllc Loop Testing

Dimensions
# 1.4 1In. % 3.9 In. % 5.5 In. {36 mm x 100 mm x 140 mm}
HxWxD)

Power Supply
7 12V (feed via external AC/DG adapter)
E Dying Gasp suppori
# Power switch
 Power Consumption: Less than 4W

Working Envirenment
® Temperature: 32° F — 104° F (0° G ~40° C)
# Humidity: 5% — 95% relative humidity

.. B Muitiple T-CONTSs pef device

EXHIBIT 3

Safety and EMI
18 GF corifficate
@ FGC/UL compliant

Environmental Directive
# RoHS 6 of B

Instailation
A Wall mounting & desktop mounting

GPON Interface
A Compliant with [TU-T (3,984 GPON standarda
& Compliant with ITU-T G.984.2 Amd1, Class B+
@ Support @.984.5 blocking flter

# Multiple GEM Poits par device

 DBA reporting by piggyback reports in the
DBRu {mode 0 and mede 1)

. 8802,1p mapper servica profile on U/S

3 Mapping of GEM Ports Into a T-CONT with
priority queues based soheduling

& Suppott multlcast GEM port and incidental
breadcast GEM port

LEDs
# Power
# GPON
# Optical
a LAN
2 YolP

0AM

# Standard compilant OMC! {the embedded operations
channal) interiace as defined by ITU-T (1.588

B Provisioning all kinds of sarvices Including
Ethernet, Vol ete.

a Afarming and performance monitorng

# Homote software imags download over CMCI,
as well as aotivation and rabooting

B Hold two software sets with sofiware image Integrity
checking and automatic roliback

Ordering Information

i
Total Access 311 1287565G1
SFU GIPON Indoor ONT
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EXHIBIT 3

Product Features

& G.982 compliant

s Envifonmentally hardened
* forindoor and outdoor
deployments™

& Full Class B}Ttlptics, o
capable of 30 ki reach

= Optional Intethal
Opti-Fit nioundng

u 10/100/1000 BasarT
Ethernet Porils)

et RF Over Glass Support
{ONT specific)

a HPNA Support
{ONT specific)

w Fiber cabie m'anagement

Ty

m Native Ethernet trans-
port aver the GPON
(BEMBasad)

# YolP using SIP or MGCP

m Traditional voice using
GR-303, TR-008, or TR-57

& IPTV video support

& Trafflc management
through priority queuing,
schaduling, policing and
traffic shaping.

B VLAN Stacking |Q@-in-0),
VLAN tagging/untagging

i QoS with feur traffic
classes as per 1EEE 802.1p

& Full IEEE 802,10 VL.AN ID
processing per port

@ Full OMElirtegration

" Total Access® System

yeries

Total Access 300 Series GPON SFU ONTs

Carriers today are dealing whih increasing
competition, operational costs, and demand

for bandwidth. To address these concerns,
ADTRAN® offers a complete suite of fiber access
solutions that arve enabling carriers to commpete
miore cost-effectively while expanding broadband
services to un-served and underserved areas, like
those targeted by the Americen Recovery end
Relnvestment Act and Connect American Fund,

With fiber access solutions like Gigabit Passive

Optical Networking (GPON) carriers have a new

means {o compete in an environment where - -
Dbandwldth is king, GPON provides the flexlbility
reliability, and bandwidth to give carrlers a compet-
itive advantage in today’s market, As part of the
ADTRAN PITx strategy; ADTRAN offers a rangé
of differendated GPON Optical Network Terminal
(ONT) solutions to address residential, business, -
and cell site applications,”

The Total Access® 300 Serles s a line of GPON
ONTs designed to addsess the residential market
with Industry-leading voics, data, and video capa-
Dbilities. This series includes the Total Access 351,
352, 352H, 361, 362, 362H, 362R Cutdoor ONTs
and Tote] Access 324 and 334 Indoor ONTS, With
Total Access GPON ONTs, carviers can benefit
from high data rates of fiber optic transmission
and the flexibility offered by ADTRAN's portiolio
of Ethernet-based systems that ¢an be gasily
canfigured for new, customized servics offerings.

Total Accass 300 Serles ONTs work
seamlessly with ADTRAN's widely deployed
Total Access 5000 Series Multlservice Access and
Aggregation Platform., Punctioning as a highly
capable GPON OLT and flexible carrer-class access
platform, the Total Access 5000 bridges the gap
between existing and next-generation network
architectures like GPON, It makes a cartier's access.
netwoik capable of meeling a variety of legacy
and emerging system requirements, Its Bthernet
architecture allows carriers to increase bandwidth
while offering differentated capabilities, Coupled
with Total Access 300 Series ONTs, this provides
an end-to-end GPON deployment strategy that is
supported by & common managensent solution,

The Total Access 300 series ONTs leverage
the Industry-leading converged volee and data
functionality widely deployed in ADTRAN

Smart Solutions for a
Connected YWorld,

integrated access, IP gateway, and Voice over

1P {(VoIP) platforms, with milifons of ports ewrrently
deployed. Based on the ADTRAN Operating System
(A08), each ONT provides unmatched SIP and
MGCP interoperability with a host of major soft-
switch vendors, as well as integrated statistics

and tools that allow carriers to quickly and easily
troubleshoct network configuration issues, as well
as monitor performance,

Paatures of the Total Access 300 Series Outdoor

ONTs include box-in-box, weatherproof and access
gonirolled construction with entry ports for fiber,
spower, giound, Btheinet, telephone, RFoG (specific
: Ipodels), and HPNA (specific models). Each device
supports 2,5 Chps GPON applications por the
ITU-T G.984.2 spacifieation, Data services are deliv-
“gred over 10/100/1000Base-T Bthernet interfaces,
Telephone service is supported by POTS Interfaces,

. <The POTS ports use in-band sianaling tones
and currents to determine call status, GPON
Encapsulation Mode (GEM} is used to carry
Fihernet traffic. SIP MGCE GR-303, TR-008, and
TR-57 are all available to support a wide varfety
of network models. Voice traffic is carried as
VoI packets to efther the Total Access 5000
integrated Voice Gateway Medule for aceess to-
iegacy TDM interfaces, of as SIP or MGCP to an
external soft-switch to support volce services. A
full suite of Quality of Service (QoS) features ae
availabla with support for 802,1Q VLANs and
802.1p for pricattization,

The Total Access 300 Serles Outdocr OV Ts are
powered by an external UPS, The AC-powered UPS
provides a neminal 12 VDC te the ONT, Total Access
300 Series Indoor ONTS are optionally powered by
an external UES or directly connected to a 120 VAC
power source, Managernent of the Total Access 300
Serles ONTs is performed over OMCI as specified
in G,984.4, The Total Access 300 Series Outdoor
ONTs are environmentally hardened for installa-
tion inside or outside a residence as a particular
installation demands. The ONTS are acoepted by
Rural Utilitics Service (XUS) and provide a wealth
of benefits for carriers of all types, deploying broad-
band solutions including voice, data, vidse, and
HDTV. An industry-Jeading warranty and best-in-
clags technical suppoztt make ADTRAN Total Access
GPON solutions the best value on the market today,
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Iotal Access 300 Serles

Total Access 300 Series GPON SFU ONTs

o L Video—RF Output (ONT specific)

Product Specifications padonos Toms |
Voice SUPpnﬂ ‘ B Connector Type: F-Type
YolP Pyotocol m Bandwidth: 54MHz to 16Hz

R 3IP 8 RF Output Power; 15dBmV/ch to 24.5dBmifech

B MGCP & RF Output Tilt: 28 te 7dB from 54 to 870MHz
Traditional Voice # Channel Loading: up to 82 {Analog), up to 200 (Digital)

B GR-303 E CNR: 46dB min

# TR-008 HGS0; -56dBe max

B TR-57 ®| GTR: -56dBe max
LEDs HPNA Interface {ONT spoeific)

®Pawer B Network Slatus ' BLHPNA 3.1 compliant

POTS  HEETH o Power Connections Baitery Baclup
Mechanical Gutdoor Units e 12 VDG {nominal) from external baitery

. hachup/power supply

BT W12 Hx4'D
R 31bs, 0.5 oz, welght

Mechanical Indoor Units
BT WX21I"HX 67D

B1.25 llis. welght

B 5-wire battery backup/power supply status signals
# Serow-down terminal

Power Conneciions Indoor AC
812 VDC external power supply connacts to

120 VAE source ‘

Compliance A Extarnal power supply provided with appropriate

M FCC PART 15 Class B Indoor GNT models

B UL/CSA 60350 Management

Fi RaHS 5 of G Compliant . B Remota management through SNMP and TL1
Interfaces to Total Access 5000 GPON OLT
Voice Interfaces H Ethamet intarface on Total Access 5000 for

B2 POTS lings IP management access

B Crafi interface on Total Access 5000 for
VT100 management access

B MGl betwean ONT and OLT

B AQS statistics and dobug capabilities

RRJ-11 and serew-down terminale
5 REN por ling.
10 REN per unit
B1,000 {t. drop length
Data Interfaces
HRJ-45 10/100/1000B ase-T Fthemnat parts
R Auto-sensing

Environmental Outdoor
E Operating Temperature; -40°C to +85°C

& Storage Temperature: -40°C to +85°C
" Rolative Humidity: Up to 95%, non-condensing

B Auto MB/MDIX
RF Video Interfaces (ONT specific) Environmental Indoor
& F-Type connector & Operating Temperature; 0°C to 40°C
B 1610nm RF return path ' B Storage Tomporature: -20°C to +70°C
Video PON Optical Output {ONT specific) & Relative Huomidity: Up to 85%, non-condensing
® Qutput wavelength 1610+ mnm. Opti s
Optical output Powor 1 dBm min. H Class B+ compliant as specified in 6.984.2

B Up to 30km reach with 32x split
R SC/APC for GPON uplink



Page 79 of 84 EXHIBIT 3

Enclosures for Dutdoor Units Galling Feature Support
& Goming OptiTap™ mounting for pre-terminated (varies with feature server/gateway)
fiber cahle W Caller D
B Slack storage tray C Name and Number (MDME, SDMF}
Wind-driven rain protaction 01 Call Waiting IAD
# Voize Mail

Paclcet-hased Voice Resources
i CODECs

0 B.711-64k PCM £ G.729a-8k CS-ACELP

0 Stutter dialtone
0 Visual Message Waiting Indicator (VIAWI)

5,163 Echo Cangellation  Call Holg
. ¥ Call Forward
Media Stream Q Busy Line Q No Answer
B RTR/UDP/IP (RFC 3650} B Call Transfer
BRTP payload for DTMF digits (RFC 2833) i a Blind, Attended
® S0P {RFC 2327) : 1 Call Wiiting
Tone Services & Distinctive Ring
B bacal DTMF Detection % Bn Not Disturh
® Local Tana Generation @ Thrae-Way Calling
3 Disltone & Cail Rélirn
0 Busy e , H Speed Dial

O Cal} Waiting ) ¥ 3-way Cenferencing (3WE)
 Alternate Call Waiting :
0 Recaiver Off Hook
H Binging
2 Distinetive Ring
Gentral Ufice 1490 A doWil e
131900 uP

IPTV Head End "
Spli

S\;Jf[tpswituh . HXGE - SFU ONT 58
: £
" IPCore )= 246 dowl_3-
NxT1
Rerwte Terminal SFUONT

Internst

TDM Voice Switch
|GR-303, TR-008, TR-67)

Fiher To The Premises (FTTP)

ADTRAN Total Access 5000 Multiservice Access and Aggregation Platform enables multiplay service delivery over
an all Ethernet access platform capable of delivering FSAN-compliant GPON, OIT modules can be installed in any
access slot i the Total Access 5000 enabling FTTP service delivery. Services are delivered over & single fiber up to
3Ckm fromm a central office or remote terminal, providing 2.4Gh of bandwidth over the PON, The ADTRAN OIT is
completely ITU-T ¢.984 standards-compliant and offers unprecedented bandwidth per subscriber,

The Total Access Serles ONTs work seamlessly with ADTRAN Total Accoss 5000 Serles Multiservice Access and
Aggregation Platform, With its Bthernet architecture, the Total Access 5000 allows carriers to increase bandwidth
while offering differentiated capabilities, Coupled with Total Access Series ONTs, this provides an end-to-eiud
GPON deployment strategy that is supported by a common management selution,
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EXHIBIT 3

lotal Access J00 Series

Total Access 300 Series GPON SFU ONTs

Splice Tray Enclosure Corning OptiTap™ Enclosure

Ordering Information

[ndoor ONTs .

Total Accoss 324

wlUPS Connertor 113562 SFUfindoor 2 ‘- —_ — Yos

Total Accass 334
w/UPS Gonnaoter

1I8TIIB62 SFUfIndoor o 4 -— 1 Yag - ¢

Outdoor ONTs

Total Acerss 362 i 128770262
e RS

Total Access 352H Spllee 428770264 SFU 2 4 1 —

Total Access 352 Dpti-tap 4267712613 SFU 2 2 — ]

Total Accass 382R Splice 2287115612 SFU z 2 — 1 {w/RF return)

11877161

Total Access 300 SFU Spares Kit, Qfy § 118770061

GPON UPS Cable, 50 FT 118773261

MDU Housing Details

1281851

i

1185':}3461

Total Access SAW/UPS CONN oRT7356

Tutal Access 334 WHUPS CONN 128773662 0 ]
Total Agcass 380 MDU, SPLICE 118177361
ADTRAM beliaves the Inf ton i this publication 1o be asturate a5 of publication data, ard is net responsihle for errok: Spacillcations subjest 1o

change without notics. ADTRAN and Towal Avcass are rogistered irademarks of ADTRAN, Inc, and fts efliliatos b the U8, and gartafn other countdes,
All other trademarks nertionad In this dogumont arg the proparly of thalr respactive ownats.

ALTRAN praducts may be subject to U.S. export sontrols and othet trade restrictions. Any viport, re-export, or irenster of the products onntraty e
$uw bs prohibitad, For more information regarding ADTRAN'S expart Hoenso, plaasa vIsit v adtram comyospartliconse
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Product Features

® 8 POTS and 4 DSY/ET
for PWE Transport through
Total Access 5000

® 10/100/1020 Base-T K

Ethernet Porils} g

'@ 6,954 compliant

m Environmentally hardened
for indoor and outdoor
deployments

" & Full Class B+ Optics, capable
of 30 km reach

B Qptioral Internal
Opti-Fit meunting

® RF over Glass {RFoG) Support
{ONT spacific)

| Fiber cable management

m Matlve Ethernet transpart ovar
the GPON (GEMBased}

| VolP using SIP or MGCP

® Tradftional voice using GR-303,
TR-008, or TR-B7

= IPTV vidso support

B Traffic managemant through
priotity gueuing, scheduling,
policing and traffic shaping

& VLAN Stacking (@-in-0}, VLAN
tagging/untagging

& QoS with four traffic classes
as per IEEE 802.1p

m Full IEEE 802,10 VLAN 1D
processing per port

e Full OMCI integration

’

" Total Access” Systern

[otal Access 372 GPON SBU Series

EXHIBIT 3

GPON SBU Optical Network Terminal (ONT)

Garrlers today ave dealing with increasing
competition, operattonal costs, and demand

for bandwidih, To address these concerns,
ADTRAN® offers & complete suite of fiber access
soluttons that ave enabling carriers to compete
more cost-effectlvely while expanding broadband
services to unserved and underserved areas, like
these targeted by the American Recovery and
Rehvestment Act and Connect Amevican Fund,

‘With fiber access solutions like Gigabit Passive
Gptical Networking {GPON) cartlers have a new
means to compete in an environment where
bandwidth is king. GPON provides the flexibility,
‘feliability, anc bandwldth to give carrlers a
Fompetitve advantage ln today’s market. As part of
the ADTRAN FTTx strategy, ADTRAN offers a range

‘&f differentiated GPON ONT solutions to address
‘Tesidential, business, and cell site applications,

" ‘The Total Access® 300 Serfes Small Business
Units (S5U) GPON ONTs are designed to address
the small business market with industry-leading
volee, data, and video capabilitles, This series
includes the Total Access 372 and 372R. With
Total Access GPON SBU ONTS, carriers can benefit
from high daia rates of fiber optic transmisslon,
mgiltiple DS hand-offs, and the fextbility offered
by ADTRAN's portfolic of Bthernet-based systemas
that can be easily configured for new, customized
service offerings,

Total Access 300 Sertas SBU ONTs work
seamlessly with ADTRAN's widely deployed
Totat Access 5000 Serles Multiservice Access and
Aggregation Platform. Functioning as a highly
capable GPON OLT and flexible carrier-class access
platform, the Total Access 5008 bridges the gap
between existing and next-generation network
architectures ke GPON, It makes & carricr’s acoess
network capable of meeting a varlety of legacy
and emerging system requirements. Its Ethernet
architecture allows carrfers to Incraase bandwldth
while offering diffexentiated capabilities. Goupled
with Total Access 300 Serles SBU ONTS, {1 provides
an end-te-end GPON deployment strategy that Is
supported by a common management solution.

The Total Aceess 300 Series SBU ONTs leverage
the industry-leading converged voice and data
functionallty widely deployed in ADTRAN inte-
grated access, IP gateway, and Voice over [P

Smart Solutions Tor a
Connected World.

{VoIP) platforms, with miilions of ports currently
deployed, Based on the ADTRAN Operating
System (408), each ONT provides unmatched SIP
and MGCP interoperability with a host of majox
soft-switch vendors, as well as Integrated statistics
and toels that allow carriers to quickly and easily
troubleshoot network configuration issues, as well
a5 monitor pexformance.

Features of the Totel Access 300 Serles Outdook
ONTs include box-in-box, weatherproof and
access controlled construction with entry ports
for fiber, pawer, ground, Ethernet, telephane,
RFoG (specifit modsls), pnd DS1 (pseudowlre)
business cirenifgsBach device supports 2,5
Gbps GPON appliéﬂtinnéa-per the iTU-T G.984.2
specification, Data services are delivered over
10/100/1000Base-T Etheynet interfaces. Telephone
service is supposted by POTS interfaces and DS1

* delivery ls achleved by leveraging SAToP PWES

services through the Total Acecss 5000 pla_tform.—

The POTS ports use ii-band signaling tones
and currents to deiprmine eall status, GPON
Encapsulation Made (GEM) is used to carry
Ethernet traffic. SIE MGCP, GR-303, TR-008, and
TR-57 are all available to support a wide varlety
of network models, Voice traffic is carried as VoIP
packets to either the Total Accuss 5000 integratad
Volce Gateway Module for access to legacy TDM
interfaces, ot as SIP or MGCP to an external
soft-switch to support veice services. A full sulte
of Quality of Sexvice (QoS) features ars availabls
wlth support for 802.1Q VLANs and 802.1p
for priexitization,

The Total Access 300 Sexies SBU ONTs are
powered by an external UPS. The AC-powered
UPS provides a nominal 12 VDG to the ONT.
Managemont of the Total Access 300 Series SBU
ONTS is performed over OMCI as specified in
G.984.4, The Total Access 360 Scxfes SBU ONTSs
are environmentally hardened for installation
inside or ouiside a residence as such a particular
installation demands, The ONTs are accepted by
Rural Utitities Service (RUS) and provide a wealth
of benafits for carriers of all types, deploying
broadband solutions including voice, data, video,
and HDTV, An industry-leading warranty and
best-in-class technical support make ADTRAN
Total Access GPON solutions the best velue on the
market today.
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@ccexﬁ" System

TR TE W12 Hx 40

EXHIBIT 3

BU Serles

Iotal Access 477 GPE

GPON SBU ONT

Product Specifications

Voice Support Video PON Optical Output (ONT specific)

VolP Pratocol # Output Wavelength: 1610+ 10nm
R’ S(p & Optical Cutput Power: 1 dBm min.
HMaCP Video—BF Qutput (ONT specific)
Traditional Veica & [mpedetce: 75-chms
B GR-303 & Connector Type: F-Type
& TR-008 H Bandwidth: 54MHz to 1GHz
B TR-57 H RF Output Power: 15dBraVch to 24.5dBmV/ch
LEDs ® RF Output Tilt: 248 to 6dB from 54 to 870MHz
EPowor - M Network Status ® Channel Loading: up to 82 (Analog), up to 200 {Digitel}

& CNR: 46dB min L

B Voice. HETH
LD E Sk -Eﬁdﬁémax
4 B (TB: -56dBe max
Mechanical

Power Connections Battery Backup. -
| 12 VDG [nominal) from external battary

" %3 lbs. 0.5 oz weight
hackup/powar supply

Gompliance \5-wire hattery backup/power supply status signals
® FCC PART 15 Class B M
2 (L/CSA 60350 anagement
/ B Remote management through SNMP and TL1
Interfaces to Total Accass 5000 GPOK OLT
Voice & Fthernet Intetface on Total Access 5000 for
B POTS Lines [P management access
B RJ-11 B Craft interface on Total Access 5000 for
Data YT100 management access

B OMCI betwaen ONT end OLT
E ADS statistics and debuy capabilities

Bt RJ-15 10/100/1000Base-T Ethemet ports
Auto-sensing
B Auto MDI/MEHX
RF Video Interfaces {ONT specific)
H F-Typa connectar
B 1610nm RF return path
DST/EL, PWE
B RJ-45
¥ SAToP structured in conjunction with PWE Modules in
Total Aceess 5000

Environmental Qutdoor
& Operating Termperaturs: -40°C to +65°C

& Storage Temperature: -40°G to +85°C

@ Relaflve Humidity: Up to 95%, non-condensing
Optics

B Class B+ compliant as specified in 5.,984.2

& 30 km reach with 32x split

& SCAPC for GPON uplink

Total Access 372 SBU B 2 4 -—

Total Access 372R SBU 8 2 4 1
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ADTRAN, Tno.
90t Explorer Boulevard
Huntsville, AL 36806

RO, Box 140000
Huntsvilla, AL 35814-4008

256 963 8000
256 963 B03¢ fax

Genernl Information
800 9ADTRAN
info@padtran.com
www.adtran.com

Pre-Sales

Tochuical Support

888 423-5726
support@zdiran.com
wiviadiran.com/support

, Whera to Buy

500827 0807

www.adtranicom/whare2buy
e

Post-Sales

Tachnieal Support

888 423-8776

suppon@adirancom
wwwiadtram comysupport

Regional Offices
Dallas, TX

972 8300070
Danver, CO

303 411 9150
Kansas Clty, KS
800 471 8649
Nawark, NJ

800 471 8656
Ontaris, Canada
M5 290 0585
Quebav, Canada
877 9138726
San Antonio, TX
888223 1671

International nquiries
+1 256 €63 8718

+1 256 963 6300 fax
international@adtran.com

ADTRAN is an 150 9001, 150 14001,
and a Tl 5000 ¢ertiflod suppllar,

6126770002-8A April
Copyriaht 8 2012 ADTRAN; tne,
Al vlghts reserved,

Total Access

NI, SBU OPTITAP

EXHIBIT 3

eries

GPON SBU ONT

Ordering Information

Totel Access 372R Splice £28772264 sBU 8 2 4 1
ONT Garttidge Only (No Housing)

Tofal ACEAsE 372 SBUA2ND BEN ZEEE

Total Access 372R SBU, 2ND GEN [P Trpricy S -

Housings and Spare Kits S
il 3|

L4

GPON UPS CABLE, 50 FT
SEUUSTRC

ADTRAN belivves the Infotmation in this publication to o ageurate as of publicellon delo,
and 15 ot respunstbla for erron Specifcations subject to ¢hange withuut notice, ADTRAN
and Total Accass are registetad tradamarks of ADTRAN, [no. and ts effilatas inthe U, and
vertal othor eouniries, Al athar tradgimark I d tratamark tonoi in this

ar ey
doeument are the property of their rospaelive ownors,
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EXHIBIT 3

Enclosures for Qutdoor Units
H Corning OptiTap™ mounting for pre-terminatad
fiber cable
H Slack storage tray
8 Wind-driven rain protection

Packet-kased Voice Resources
HCODECs

o G.711-64k PCMTI B,729a-Bk GS-ACELP
B 3,168 Echo Cancellation

edia Stream
B RTP/UDP/IP (RFG 3550}
& RTP payload for DTMF digits {RFC 2833)
& SDP (RFC 2327)

Tone Services
& Local DTMF Detaction
®local Tone Generatlon
O Daltone
0 Busy
O Call Waiting
0 Alternata Call Waiting
1 Reeeiver Off Hook
O Ringing
0 Distinetive Ring

IPTY
Hoad End

Baleway N
y,  00tan

Total Acoess BHO

i
Vaioe Swilch

Galling Featurs Support
{vaties with feature server/gateway}

Calfer 1D
& Name and Number {MDME SDMF}
7 Call Waiting 1AD
1 Vnfca Mail
U Stutter dialtone
O Visual Message Waiting Indicator (VMWI)
| Call Hold
& Call Forward
@ Busy Line 0 No'Answer
& Call Transfer '
0 Blind, Attended -
B Call Waiting
® Distinotive Ring -+
H Do Not Distuth -
& Three-way Calling
E Call Refurn
H Speed Dial
B 3-way Conferencing (3WC}

Total Acoess 372

Solitter

Total Access® System



