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Disclaimer

The information in this publication is freely available for reproduction and use by any recipient
and is believed to be agrate as of its publication datuch information is subject to change
without notice and th®IEF Forum (MEF) is not responsible for any errdvkeF does not

assume responsibility to update or correct any information in this publichitorepresentatio

or warranty, expressed or implied, is made by MEF concerning the completeness, accuracy, or
applicability of any information contained herein and no liability of any kind shall be assumed
by MEF as a result of reliance upon such information.

The informaion contained herein is intended to be used without modification by the recipient or
user of this documenMEF is not responsible or liable for any modifications to this document
made by any other party.

The receipt or any use of this document or its@atstdoes not in any way create, by implication
or otherwise:

X any express or implied license or right to or under any patent, copyright, trademark or
trade secret rights held or claimed by any MEF member company which are or may be
associated with the ideatechniques, concepts or expressions contained herein; nor

X any warranty or representation that any MEF member companies will announce any
product(s) and/or service(s) related thereto, or if such announcements are made, that such
announced product(s) awd/service(s) embody any or all of the ideas, technologies, or
concepts contained herein; nor

x any form of relationship between any MEF member companies and the recipient or user
of this document.

Implementation or use of specifdEF standards or recommesiibns and MEF specifications

will be voluntary, and no company shall be obliged to implement them by virtue of participation
in theMEF Forum.MEF is a norprofit international organization accelerating industry
cooperation on Metro Ethernet technolog\eF does not, expressly or otherwise, endorse or
promote any specific products or services.

© MEF Forum2016 All Rights Reserved.
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Introduction
This amendment makesatifiollowing changes to MEF 22[22]:

Addition of two use cases fgrhase and time synchronization

Addition of new servicattributesfor the first phase and time synchronization use case
Addition of new requirements in support of phase and time synchronization
Alignment of synchronization clause to diguish between frequency and time
synchronization

5. Various editorial correctionsncluding alignment to current MEF style

PonNPE

The new figures in this amendment are sequengdthbeétically Amended figures from MEF 22.
[12] are indicated numerically.

1. List o f Contributing Members

The following members of the MEF participated in the development of this document and have
requested to be included in this list.

Albis Technologies
China Telecom
Comcast

Ericsson AB

Nokia Networks

2. Abstract

This is an amendment MEF 22 2 that addresses the addition of technical corgahime and
phase synchronization

3. Terminology and Acronyms

This section defines therms used in this document. In many cases, the normative definitions to
terms are found in other documents.tHase cass, the third column of the tolving table is
used to provide the reference that is controlling, in other MEF or external documents.

Note: This amendment adds the following terms to section 3 as follows

Term Definition ReferencéSource
EEC synchronous Ethernequipmentclock (G.8264[43]

MTIE maximum time interval error (G.810[53]

PRTC primary reference time clock (G.8260[38]
TDEV time deviation (G.810[53]

TableA: Terminologyand Acronyms
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6. Scope
Note: This amendmemeplacessection6 as follows:

6.1 In Scope
The following work items are within the scope of this phase of Implementation Agreement:
X Mobile backhauland midhaul, for macro and small cefts; mobile technologies
referenced irstandards: GSM, WCDMA, CDMA2000, WIMAX 802.16e, LTE
and LTEA.

X Support asingleCEN with External Interfaces being only UNIs for Mobile
Backhaul between RAN BSs aRAAN NC.

X Utilize existing MEF technical specifications with required extensions to interface
and service attributes.

X Provide requirements for UNMI and UNN beyond those iMEF 13[12] and
MEF 20[17].

X Provide requiremets for ENNI beyond those in MEF $29].

X Define requirements for Mobile Backhaul with Ethernet Servipesified in
MEF 62 [3], MEF 33[26], and MEF 5729].

X Provide requirements for Link OAM, Service OAM Fault Management.

X Provide requirements for Class of Service and recommend performance
objectives consistent witllEF 23.1[20], where possible.

X Specify frequency synchronization requirements where possible for packet based
synchronization methods asgnchronous Ethernet.

X Specify time and phase synchronizatinathods and reguements.
X Define unctional requirements applicable to Generic liarking Function
interfaces.

X Specify resiliency related performance requirements for Mobile Backhaul.
Include Multiple CENs based on OVC Service Definitions

X

6.2  Out of Scope

Topics that areat within the scope of this phase of Implementation Agreement include:

X Provide an architectural and functional description of @N internals.

X Provide anormativedefinition or implementation specificatioof the Generic
Inter-working Function.

X Provide etails regarding other technologies for Backhaul Networks (e.g. Legacy
ATM or TDM or IP transport).

X Specifymultiple clock & time domairsynchronization methods and
requirements.

X Define synchronization architectures or promote any particular synchronizatio
technology.

X Define mobile network evolution scenarios.

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
following statement: "Reproduced with permission of theMEF Forum." No user of this document is Page2
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X Provide fronthaul between a basebandu@@ D UDGLR XQLW H J 3YHL
FRRUGLQDWLRQ " FDVH XVLQJ &35,
X Specifybackhaul for femto interfaces

7. Compliance Levels

The keywords"MUST", "MUST NOT", "REQUIRED", "SHALL ", "SHALL NOT ",
"SHOULD", "SHOULD NOT", "RECOMMENDED ", "MAY ", and 'OPTIONAL " in this
document are to be interpreted as described in IETF RFC[2Q2LLAIl key words must be in
upper case,did text.

Items that ar&REQUIRED (contain the wordMUST or MUST NOT) will be labeled agRx]

or [A-Rx] for required. Items that aRECOMMENDED (contain the wordSHOULD or

SHOULD NOT) will be labeled agDx] or [A-Dx] for desirable. Items that aé@PTIONAL

(contain the wordMAY or OPTIONAL ) will be labeled a§Ox] or [A-Ox] for optional

A paragraph preceded p@Ra]<, wherea indicates a sequentially increasing number threugh

out the document, specifies a mandatory requiremenMU&T be followed ifthe condition(s)
IROORZLQJ WKH 3~ KDYH ERIX[P38W LYR3L APDVAHBOWKDW FRQGL
requirement 1 must be followed if desired requirement 38 has been met. A paragraph preceded

by [CDb]<, whereb indicates a sequentially increasing n@nthroughout the document,

specifies a desired requirement t8&fOULD EH IROORZHG LI WKH FRQGLWLRQ V
have been met. A paragraph precedefldsyc|<, wherec indicates a sequentially increasing

number throughout the document, specifie®ptional requirement thdAY be followed if the
FRQGLWLRQ V IROORZLQJ WKH 3" KDYH EHHQ PHW

11.  UNI Requirements

Note: Thisamendment replaces section 11.4 and inserts a new section 11.5 as follows:

11.4  UNI PHY for Synchron ous Ethernet Service

This sectiorspecifies Synchronous Ethernet capability so that the CEN operator can offer a
Synchronization Service typically with a PREaceable frequency reference towards the Mobile
2SHUDWRU(TV 5%é céecé wienvs Mabile Operator owns the BR@ot be spported

by MEF service (foexampletransport of SyncE over OTWould be required in this cassee
G.8264[43] clause 12)

[O8] The Mobile Backhaul Ethernet ServieBAY have a value of Enabled for
Synchronous Mode Service Attuitbe, as specified iIMEF 103 [7], to deliver a PRC
traceable frequency reference to the RAN BS site.

I NotethatPRS(Primary Reference Sourcis the term used for the equivalent function of the PRC as defined by
ANSI [105]

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
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It is expected that the CEN Operator will enable Synchronous Ethernet with or Vidthetriet
Synchronizabn Message Chann@SMC) (ITU-T G.8264[43]) at specific RAN BS sites when
needed. ESMC is a protocol used to indicate the quality level of the Tloete are two aspects
to consider
1. UNI PHY can operate in Synchronous moaed,
2. UNI PHY operating in Synchronous mode with ESMC support and with or without QL
indication for PRC traceability

[R18] If Synchronous Ethernet is used for frequency synchronization service at the RAN
BS UNI then the requiremenfiR19] to [R28] MUST apply.

m#l $%&'()* '+,-./012.341456 '7489 "'

UNI operates akull Duplex with Synchronous or Asynchronous modes. Asynchronous mode
refers tointerface operating witphysical layer frequencgs specified in IEEStd. 802.3M-
2012[33] e.g, transmit clock frequency of 125MHz-8/01% for 100BASESX interface In

ITU-T G.8264[43] this is referred to as Nesynchronous operation mode (on trensmit side).
Synchronousperationrmode(ITU-T G.8264[43]), on the transmit sideefers to the case when
the frequency is driven from tleynchronougthernetequipment Clock EEC). Such an

operation mode, however, mighttrhave the EEC locked to any external clock source.

[R19] Synchronous Mode attribuMUST beset to a value of Babledor Enabled based
on the mode of operatias shown ifmable2.

Administrative Action Synchronou$/ode

Disabled Full Duplex Asynchronous mode with ESMC at
QL process disabled

Enabled Full Duplex Synchronous mode

Table2: SynchronousMode

W /<='(34-424>'7@:=(A'41'$%& ()*

The protocol uses the slow protocol address as specified in Annexf 32BE Std. 802.2012
[33] and no more than 10 frames per second can be generated for all protocols using slow
protocol address. ESMC frames are sent at 1 frame per second.

[R20] A Mobile Backhaul Ethernet ServiddUST be as per R7 and R18 of MEF 4R8]
when Synchronous Mode attribute has a value of Enabled.

[R21] The ESMC Frame formaUST be as specified ilTU-T G.8264[43].

[R22] If Synchronous Mode attribute hassalue of Enabled then ESMC protocol
processindMUST be enabled as shownTrable3.

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
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Administrative Action | ESMC processing
Disabled Transmit: No generation of ESMC Frames
Receive: discard ESMC Frames if ageived due to
misconfiguration errors, for example.
Enabled Transmit: Generate ESMC Frames
Receive: Peer ESMC Frames

Table3: ESMC Protocol

The terms transmit and receive are used in this IA since the requirements &piah aod
RAN CE. MEF 103 [7] uses ingress and egress but this is always with respe&iNpi.e.,
ingress is toward€EN and egress is towards CE.

[R23] UNI with Synchronous Mode attribute value of Enabled, and B8MCenabled as
shown inTable3, MUST NOT be aselectable clock sourder the CEN.

While a RAN CE UNI in synchronous mode will be compliantR@7] the requirementR23] is

to ensure that under any condition the direction of clock distribution is from CEN to a RAN BS.
When ESMC is disabletthe actual frequency of the UNI PHYrestill be driven from the EEC

if in Synchronous modeSeeSection10.2 inITU-T G.8264[43] for nonsynchronous operation
mode.

This 1A has specified the option of using Link Aggregation for UNI resilien&§eation11.3

with exactly 2 links. Both Link Aggregation and ESMC use slow protocols. Howkeivdr,
Aggregation operates above any other IEEE 802.3 sublgiy&f: Std.802.1AX-2008[32])

including the ESMCIn fact the OAM sublayer presents a standard IBEE802.3 MAC

service interface to the supersublayer. Superior sdlayers include MAC client and Link
Aggregation. Furthermore, a Synchronous Ethernet link and associated ESMC and QL remain
independent of Link Aggregation state being in Selected/UnSelected/Standby.

When both physical links in tHank Aggregation are configured to be in Synchronous Ethernet
operation mode, with ESMC enabled carrying its own ESMC channel and related QL, then the
configuration needs to be consistent for both links. Further considerations on the implications of
havingmultiple SyncE links, with or without Link Aggregatioare described ifTU-T G.8264

Amd 1[43]. It is left to the CEN operator to configure several synchronous Ethernet enabled
ports or only one synchronous Ethernet enaptat of the LAG.

I"#'B C@'D342966'65DD43-'41'$%¢&'()*',1'/012.341456'7489 '

QL is used to design the synchronization network in order to properly handle fault conditions. In
particular, QL can help in prevention of timing loops. In a typical deployment it is texpeat

the timing distribution is unidirectional (i.e., CEN to RAN BS).

[R24] The QL processwith ESMC enabledlUST support states as shownTiable4.

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
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Administrative action QL Indication
QL Disabled Transmit: Set QITLV=DNU or DUS
ITU-T G.781][51] Receive: Ignore QL TLV
QL Enabled Transmit: Set QL TLV
Receive: Process QL TLV

Table4: QL process support in Synchronous operation mode

[R25] UNI with Synchronous Mode attribute value of Enabled, and with E®kcol
enabled as shown ifable3, MUST have QL process enabled as showmable4.
[R26] The QL mode of operaticat UNI MUST be configurable by administrative
PHWKRGV L H XVLQJ D 1(YV PDQDJHPHQW LQWHUIDFH
[R27] UNI with Synchronous Mode attribute value of Enabled, and B8MC protocol
enabled as shown ifable3, MUST set QLTLV=DNU or DUSper ITU-T G.781
[51] in ESMC frames transmitted towarG&N.
[R28] If QL process is disabledvith ESMC protocol enabledi a & (1 TUNI PHY for
any operational reason then ESMC fra&$ST be sent by& (1 TUNI with QL-
TLV=DNU or DUS (ITU-T G.8264[43)).

In some deployments there might be UNI designs with >1 UNI to the same RAN BS site. With
>1 UNI a CEN operator could provide clock distribution from multiple PRC sources so the RAN
BS can ge QL to select the highest traceable clock. This would be useful if for some reason a
traceable reference is lost on one UNI.

Furthermore, even with 1 UNI to a RAN BS site, QL value with a DNU message can allow a

5$1 &(TV 81, WR JRvdr @otdRtillsiDtEne the fault condition (absence of
WUDFHDEOH UHIHUHQFH LV FRUUHFWHG ORUH LPSRUWDQWO
source and not synchronize to the holdover clock of the CEN nodes that could potentially be

lower quality than itsnternal clock source.

However,ITU-T G.8264[43] allows certain applications, such as in access networks, where a
5%$1 &(fVv 81, PLJKW EH DEOH WR UHFRYHU IUHTXHQF\ IURP WK
without needing to mrcess ESMC or QL.

$ &(19v 81, ZLOO QHHG WR EH FDSDEOH RI JHQHUDWLQJ (WKH
&KDQQHO (60& PHVVDJHV DVVXPLQJ 5%1 &(TV 81, UHTXLUHYV
and clock quality indication. Also, all values of QL as spedifirelTU-T G.781[51] will need to

be supported. The requirements are to ensure that CEN NEs supportihydiIRIAN BS are

FDSDEOH RI 6\QFKURQRXV (WKHUQHW ZLWK VXSSRUW IRU 4/ F
capable of pcessing the messages. Some operators might also choose to enable this only when
wanting to offer traceability to a PRC with QL mode as enhanced capability to a basic

Synchronous Ethernet frequency reference servigdditional Interface Limits at th&INI for

Jitter and Wander are included in Sectiéh3when Synchronous Ethernet is used for

Synchronous Service.

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
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11.5 UNI for Time Synchronization Service

This section specifies Time Synchronization Ethernet chjyado that the CEN operator can
offer a Synchronization Service typically withiPamary Reference Time Clo¢RPRTQ
WUDFHDEOH WLPH UHIHUHQFH WRZDUGYV WKH ORELOH 2SHUDW

TheTime Synchronous Mode Service Attribugen list with one ite for each of the physical links
LPSOHPHQWLQJ WKH 81, SHU 6HFWLRQ (DFK LWHRPHG WRAH OL
S'LVDEOHG ~ :KHQ WKH YD O X Hhé&dht@rgnsmitted iroin thes CRNDt& theH3E ‘on

the physical link corrgponding to the item can be used by the CERREC traceabléme

synchronization reference by means of PTP messages

:KHQ WKH YDOXH RI DQ LWHP LQ WKH 7LPH 6\QFKURQRXV ORG
Service Provider MUST be able to provideérae synchronization service according to the
applicable PTP profile and performance objectives (See section 13.4).

The case when a Mobile Operator owns the PRTC is for further study.

[A-O1] The Mobile Backhaul Ethernet ServibkAY have a value dEnabledfor Time
Synchronous Mode Service Attribute, to deliver a PRTC tracéiaidzeference
to the RAN BS site.

The CEN Operator will enable Time Synchronization Ethernet according to the applicable PTP
Profile. In thislA the applicable profile is based on PTBpped over Ethernet and on multicast
addressing (ITUr G.8275.146]).

Note: the relevant PTP parameters are distributed by the PTP messagesifeai ortldentity
Domainnumber(3, GM Identities, clockQuality.

Dependng on the actual deployment (see section 13 seame interface may also carry a
Synchronous Ethernet Service as per 11.4.

According to G.8275.1he PTP profile supports both the nforwardable multicast address-01
80-C2-00-00-0E and forwardable mutiast address 01B-19-00-00-00. The default Ethernet
multicast address to be usaithe UNIdepends on the operator policy; further considerations
are providedn G.8275.1 Appendix Il

Whenthe service attribute is TRUE, optionally the applicabldticast MAC addresmay be
selectedy the Mobile Operator

[A-O2] The Mobile Backhaul Ethernet ServiBBAY definea defaultvaluefor Multicast
addresat the UNI, ifTime Synchronous Mode Service Attributeenabled

[A-R1] If PTP is used for time synchronizatiomgee at the RAN BS UNI then the
requirement$A-R2] and[A-R4] to [A-R6] MUST apply.

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
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13.

Synchronization

Note: Thisamendmenteplacessection B as follows

Synchronization is a generic concept of distributing common time and frequedamgnces to
all nodes in a network to align their time and frequency scatethis IA timing is used as a
single term to refer to either time or frequen8ynchronization is a key component in mobile
technologies and different mobile technologies have different synchtionizaquirementsThis
phase of the IA addresslksthfrequency synchronizatioms well as time and phase
synchronization.
Synchronization is used to support mobile application and system requirements to minimize
radiointerference, facilitate handovieetween base stations, and to fulfill regulatory

requirements. Various mobile technologies stipulate that the radio signal must be generated in

strict compliance with frequencphase and timaccuracy requirements, as illustrated able

5.
Technology | Frequency (ppb) Phase| Time (!s) Reference Documen
(s)
13 TIA/EIA-95-B [63]
CDMA +50 (Traceable &
Synchronous to UTIC
+10(>8hrs)when 3GPP2
external timingsource | C.SO00ZE v2.0[64]
CDMA2000 | 50 disconneted C.S0016C v2.0[66]
+3 (Traceable &
Synchronous to UTIC
+50 ETSI
GSM +100 (pico BS) TS 145.01064]
+50 (Wide area BS) 12.8 3GPP
UMTS-FDD +100 (Medium range | (MBSFN-3GPP Release 7%/8 F7r§quency: TS 25.104
BS) [75]
(WCDMA) +£100 (Local area BS) MBSFN:TS 25.34G77]
+250 (Home BS)
3GPP
+50 (Wide area) +2.5 Frequency: TS 25.105
UMTS-TDD +100 (Local area) +1 (between Macro eNB and [76] _
(WCDMA) £250 (Home eNB) Home eNB) Phase: TS 25.40278]
= Home eNB: TR 25.866
[80]
TD- +50 +3 3GPP
SCDMA - TS 25.12874]
CDMA handover and 3GPP
+50 (Wide area) Synchronized BJTRAN Frequency: TS 36.104
LTE (FDD) | +100 (Local area) GPS time [T8,31 rs 3613964
+250 (Home eNB) +10 (> 8hoursyvhenexternal | ' 13384]
timing source disconnected
MEE 22.2.1 © MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the Pages
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Technology | Frequency (ppb) Phase| Time (!s) Reference Documen
(!s)
" +3 (smallcell) 3GPP
" +10 (|arge Ce”) Frequency: TR36.922
CDMA handover and [68] , )
Phase & Time: TS36.13]
LTE (TDD) | #50 Synchronized EUTRAN s
GPS time

+10 (> 8hoursjvhenexternal
timing source disconnected

. "l IEEE Std. 802.18009
Mobile [34]

) +2000 (i.e., 2ppm)
WIMAX WMF-T23-001-R015v01
[100]

Table5: Mobile Technobgy Synchronization Requirements

There ardour main methodselated to timing distributiofrom a PRC, i.e., timing source, to
slave clocks at a RAN BS site
1. UsingGPSat RAN BS sites
2. Usinga legacy TDM networkvith a TDM demarcation to RAN BS
3. Using aCEN with Ethernet physical layeS¢gnchronous Ethernetpr links.
4. Usinga CEN withpacket based methodadprotocols such as PTB5] or NTP [92],
and ACR98]/RTP[97].

At the RAN BS site,n case the Synchronous Ethernet is terminated byl@cated transport
equipment, the timing can be delivered from this transport equipment to theBRadiGtation
via any other suitble standard interface (e.@4B8kHz according td5.703[50])

At the RAN BS site,n case the timingcarried by the packet based methisdecovered by a €o
located equipmerthe physical interface that can be used to distribute the timing to the Radio
Base Station can &ynchronougthernet or any other suitable standard interface 2048kHz
according to G.7080]).

Some of he above methods can provide only frequency synchronization (e.g. Synchronous
Ethernet, legacy TDM network, ACR/RTP). Method 1 and 2 are outside of the scope of this IA.
Method 3 and 4 for frequency synchronization are examined in the scope of this hdMet

using PTP has been defined in Fllfor frequency synchronization but use for phase or time
synchronization is yet to be specifiddethod 4 for time and phase synchronization is out of
scope for this revision of this IAdethod 4 using PTP has begefined in ITUT for frequency
synchronzaion and time synchronizatiottboth are examined in the scope of this IA.

Packet based methods are addressed in SedBoasSynchronous Ethernet is addressed in
Sectons13.3and11.4
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13.1 Performance of frequency synchronization architecture

The performance dfrequencySynchronization distribution architecture of a SP is meddoye

compliance to jitter and wander limits, over certain time intervals, at the network interface
RITHULQJ WKH 6\QFKURQL]DWLRQ VHUYLFH WR D FXVWRPHUYV
the level of performance impairments (i.e., FDR) and whebi@synchronization service is
GLUHFWO\ WHUPLQDWHG DW WKH p(QG (TXLSPHQWTYT L H 5%1
the network interfacenithH FRQWH[W R 1 W KHnY EGuUD X @@ Singla ikase

station at RAN BS. Also, when théNI-C is not on the RAN BS then the frequency reference is
GHOLYHUHG WR D p&RWichmightide &GWKar@HeHQuigfienn the RAN

BS site owned by the Mobile Operator.

TDM interface

A

Synchronization Chain
Synchronization Chain

ETH PHY

Eg.,No

UNI
Reference
Point
End Equipment lor .- i v
i . maore, ’ .

—> (Jitter/Wander) Interface Limit Type 1 hops Mobile Operator

----------- > (Jitter/Wander) Interface Limit Type 2 Y End Equipment

————» (Jitter/Wander) Interface Limit Type 3

Figurel: Synchronization Distributio Models from PRC source to RAN BS UNI

Figurel describes different scenarios in termgrefjuencysynchronization distributiariThe
distribution chain can be entiretynchronougktherret Equipment ClocksEECS9 or a mix of
Packetbased Equipment ClockRECY and EECs or other clock§his IA is not specifying the
choice of the Synchronization architecture but is specifying interface limits for jitter and wander
as follows:

1. Interface LimitType 1: in this casdimits aredescribed irBectionsl3.2.1and13.3.1

2. Interface LimitType 2: in this case limitare described in Sectiat3.2.2and13.3.2

3. Interface LimitType 3: in this case limitare described iGection13.2.3
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13.2 Packet Based Methods for frequency synchronization

A masterslavehierarchy similar b model described for SDH in I'FU G.803[52], is used for

packet basethethod with Packet Equipment Clocksh& source clock is distributed from a

Primary Reference Clock (PRC)

For the UNI, there are two main use ca®edgrequency synchronizaticas shown irFigure?2:

Use case (a): CEN NE Use case (a):
with PEC function CEN owns PRC

Mobile Network
RAN BS site

Mobile Network
RAN NC site

UNI C @

RANCE RANCE )
Use case (a.2) or (b): MO Use case (b): CEN NE Use case (b): /
owns slave clock (e.g. without PEC function MO owns PRC
1588v2 OC) at RAN CE UNI

Figure2: UNI use cases for packet method to distribute reference timing

(&) CEN NE with PEC functionThis functionality can be d@he NEs with UNIs to RAN BSs
or can also be present at other NEs within the CEN. Also, CEN provides the source clock
(PRC) for the synchronization servié®=C in support of packet method (for non CES
application) will be defined by ITAT.

(a.1.) Slaveclock atKH & (11 VTRBeltiming (frequency) informatiocanbe
directly recoveredrom the framearrival times e.g., ACR, such as wh&ES
(MEF 3 [1]) is the backhaul service to RAN BS with TDM interfad@&C
functions, as shown iRigurel, are used to translate the frame arrival rate in
to a physical layer frequency over the Interface. Performance at the network
interface is specified in Sectiof8.2.1and13.2.2with Ethernet demarcation
as well as Sectioh3.2.3with TDM demarcation using GIWF.

(a2) 60ODYH FORFN LQ 5%1 %6 7KH &(1fV 3(& IXQFWLRQ I
CEN, participates in the protocol to provide addi@ibimformation such as
accumulated delay. This use case is for further study.

(b) CEN NE without PEC function: Mobile Operator owns timing source at RAN NC site(s)
and slave clocks at RAN BSs as defined in{T&.8265[44] and, incase of PTP, with
a |IEEEStd.1588 PTP profile for frequency distribution as defined in4T(.8265.1
[45]. The CEN provides EVC with performance objectives in support of the
synchronization traffic clas&ee Sectio®.2for EVC Types and Sectiot for EVC,
CoS as well as CPO for the CoS Name used to support packet based synchronization
traffic class. The slave clock at RAN BSs can implement the PEC function to recover
timing based on frame arrival rates or timestamps.

© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
following statement: "Reproduced with permission of theMEF Forum." No user of this document is Pagell
authorized to modify any of the information contained herein.

MEF 22.2.1



MEF Mobile Backhaul Implementation Agreement tPhase 3, Amendment 1

The NI can be in Asynchronous Full Duplex Mode, i.e., Synchronous Ethernet mode of
operation is disabled, when t@&N Operator is offering a Mobile Backhaul service to support
the synchronization traffic class.

For the ENNI, there are alsewd® main use cases shownn Figure3 - ENNI use cases for
packet method to distribute reference timing

Use case b):

MO owns PRC Y L 7 o N
Service Provider 1 Service Provider 2 1

2

N

hil '

Access Provider First Mile Provider i ‘.g,;&b

RAN CE

Use case a):
CEN owns PR

Mobile Operator
RAN NC Site
Mobile
Operator
RAN BS Site

————————— E-Access --------

Figure3 - ENNI use cases for packet method to distribute reference timing

(a) CEN NE with PEC function: This functiatity is the same as in the UNI case shown in
Figure2.

(b) CEN NE without PEC function: As in the UNI case, the Mobile Operator owns timing
source at RAN NC site(s) and slave clocks at RAN BSs as defined #1 BL&65[44]
and, in case of PTP, with a IEEHd.1588 PTP profile for frequency distribution as
defined in ITUT G.8265.145]. The CEN provides EVC with performancgeitiives in
support of the synchronization traffic class. However, there is no guidance provided in
this IA on hav to distribute thgoerformance objectiveudgetof the EVCbetween the
two CENoperators.

IB""l  %9-+43E'?$%&6A'&1-93GH29'@,7,-6'G43'(H2E9-'8488.486 '

When a packet baséaquencysynchronizatiorservice is providetb aUNF& QRW RQ p(QG
(TXLSPHQWY D WthatldtettaGelVhiitWihe 1 applies as shown igurel. The
requirement in terms of kerance and level of accuracy for the recovered timing signalsare
definedfor deployment case 1 in IO G.8261 (see clause 9.2.2[3Y].

[R33] IfUNI-& LV QRW RQ p(QG (TXLSPHQWY DWerbtBel %6 VLWH
Interface Limits for Jitter and Wander at the UNIMUST meet clause 9.2.1 EEC
network limitsas defined in ITUT G.8261for deployment case[B9]
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IB":":  %9-+43E'?$%&0A'&1-93GH29'@,7,-6'GRE-'IH698'<9- .486" '/D92,H>
=H69

When a packet basegnchronizatiorservice is providetba UNF& RQ pH(QG (TXLSPHQWY [
RAN BS site then InterfaceLimit Type 2 applies as shown Figurel. Therequirement in

terms of tolerace and level of accuracy for the recovered timing signasdefinedfor

deployment case 2 in ITU G.8261 Recommendation (see clause 9.2[39))

Typically, Base Stations are designed to tolerate warglpenG.823 / G.824 traffic maskb
T1/E1 interfaces, Section 4.2.1 and Reference 16 in 3GPP TS 25411

[O15] IfUNI-& LV RQ p(QG (TXLSPHQWY DW 5%$1 %6 VLWH L H 5
deployment case 2 of IT'U G.8261 (see clause 9.2.2[39], then the Interface
Limits for Jitter and Wander at the UINIMAY be as defined by ITAT G.823
clause 957] or ITU-T G.824 clausé [58]

It is important to note that the looser criteria might be justified as lortgeaslerance of the
uiGd Equipmentfat BS sitas met.

IB""B %9-+43E'?$%&6A'&1-93GH29'@,7,-6'G43H8+'1H698'<9-.486 J"'569'2H69"

When a packet based synchronization service is provided to-&£Uhithout PEC function in
the CEN NE, the requirement in terms of maximum permissible levels of packet delay variation
of the packet timing signal are as defined in clause 8 of G.8p&1].1

IB":"# =/-,7,1K'39L5,39791-6' '

Use case land 1bin Section8.11 has a SP delivering Mobile Backhaul service at a TDM
demarcation using a GIWF with TDM interfattethe RAN CEs. The internal implementation
details of the GIVW are out of the scoger thislA.

13.2.4.1 Network (TDM Interface) Interface Limits at Output of GIWF

InterfaceLimit Type 3, as shown ifigurel, applies for the synchronization performance at the
TDM demarcation.

[R34] Thesynchronization distributioMUST be such that jitter and wander measured at
the output of the GIWF TDM interface meets the traffic interface requirements
specified in ITUT G.823[57] for E1 and E3 circuits, ahlITU-T G.824[58] for DS1
and DS3 circuitand, in case of SDH signals, that meet the network limits for the
maximum output jitter and wander at the relevant SN Mierarchical interface as
specified bylTU-T G.825[59].
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[D23] The synchronization distributicdBHOULD be such that the wandeudget allocated
to the CEN and the GIWF as measured at the output of the GIWF TDM interface
meets the traffic interface requirementdTdJ-T G.8261, Deployment Casg39].

13.2.4.2 Network (TDM Interface) Interface Limits at Input of GIWF

[R35] Jitter and wander that can be tolerated at the GIWF TDM M8 T meet the
traffic interface requirements speaet in ITU-T G.823[57] for E1 and E3 circuits,
and ITUT G.824[58] for DS1 and DS3 circuitand in case of SDH signathe
GIWF TDM MUST meet the jitter and wandaslerance for STIMN input ports as
specified byi'TU-T G.825[59].

13.3 Synchronous Ethernet Methods  for frequency synchronization

The IEEEStd.802.32012 standard33] specifiesthat tansmitclockscan operat&vith a

frequency accuracy aip to+/-100 ppm.The Synchronous Ethernet (SyncE) approach provides
a mechanism to deliver a network traceable physical layer clock over IEEE Std. 802.3 PHYs
with EEC as specified in ITXT G.8262[41]. The SyncE model follows the same approach as
was adopted for traditional TDM (PDH/SDH) synchronization i.e., utilizing the physical layer
line signals, and implemented with similar engineering rules and pi@sciSynchronous

Ethernet has also been designed specifically to-imbek with the existing SONET/SDH
synchronization infrastructure. Note that Synchronous Ethernsesto deliver frequency, but
not phase otime of day.

The architectural aspect$ ®ynchronous Ethernet are defined in FTU5.8261[39]. SyncE

provides the capability to provide an Ethernet clock that is traceable to a primary reference clock
(PRC) as defined in ITAT G.811[54]. The details of the clock aspects of Synchronous Ethernet
equipment can be found in the ITTUG.8262[41]. The latter specification defines the

requirements for clock accuracy, noise trangfeldover performance, noise tolerance and noise
generation.

The frequency reference, delivered to the 4Nt RAN BS site, is traceable to the CEN
(Service Provider) PRC, as showrFigure4 below. The Mobile @erator can specify the
required performance in terms of Network Interface Limit for Jitter and Wander at tRBl.UNI

AN 36\QF(" 1IHWZRUN /LPLWYV

(PEVN PRC (owned by the

A | / Service Provider)
J ‘1 -~ Carrier Ethernet
M

RAN BS UNI

UNI RAN NC

Figure4: Example of Synchronization Service usiBgnchronous Ethernet
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Further considerations on the use of &yonous Ethernet in a muttperator context can be
found in ITUT G.8264 Amendment [43] for when Mobile Operator owns the PRC and CEN
Operator is responsible for distribution of frequency reference to RABItBS

IB"B"l %9-+43E'?$%&60A'&1-93GH29'@,7,-6'G43'/012.341456';-.9319-'<9-.486

When the Synchronization distribution across the CEN is a chain of tBeCkterfaceLimit

Type 1 applies as shown figurel. Two optiors are specified for Synchronous Ethernet
equipment clocks (EECs). The first option, called EEC option 1, has been defined for networks
using the 2048 kbps Synchronization hierarchy as defined iAlMGBJ813 option 1 for SDH
networks[56] The second option, called EEC option 2, applies to Synchronous Ethernet
equipment that are designed to interwork with networks optimized for 1544 kbps
synchronization hierarchy and has defined based orANIT3J813 option 256] and G.812 Type

IV [55].

[R36] At the output of the UNN at a RAN BS sitewhen Synchronous Ethernet service is
providedto the UNIC at RAN BS the interfaceMUST meet clage 9.2.1 EEC
network limits from ITUT G.8261[39]:

Theinterfacelimits in [R36] are defined assumirthe CEN implements a Synchronous reference
chain as describad clause 9.2.1 of ITI G.8261[39] . Synchronization chains based on
Synchronous Ethernet are according todT&.823[57], ITU-T G.803[52] and ITUT G.824

[58] models[R36] is also required when there are intermediate nodes between ths i

the Base Station that are part of an EEC chain.

IB"B": %9+43E'?$%&06A'&1-93GH29'@, £/B92,H>'=H696

As mentioned in clause 9.2.1 in ITUG.8261[39] it is noted that the limits defined in IFD
G.823[57], ITU-T G.824[58] and ITUT G.825[59] are generally applicable at all points in the
Synchronization networknlsome applicationthe CENmight not implement the

Synchronization reference chain as described in clause 9..W-af G.8261[39]. These are
defined as the limits for traffic carrying signals as opposed to synchronization signals. In some
cases, a SP might decide that these less stringent limits are more appropiheie fetwork

due to the types of links and equipment in the reference chain. Often these limits are used in
conjunction with CES implementations.

In access networks, it might be possible to recover frequency reference from an Ethernet signal
thatisgeneDWLQJ MLWWHU DQG ZDQGHU DFFRUGLQJ WR WKH WRO
(TXLSPHQWY $FURVV WKH &(1 HLWKHU WKHUH LV QR FKDLQ R
distribution network where timing is not carried on every link by an Eth&iH&t The

frequency reference is, however, delivendth an Ethernet UNI to BS sites. In these cases

mightnot be appropriate to require tb&ll to meetSynchronous Ethernet interfalmits and

InterfaceLimit Type 2 applies as shown kKigurel. Typically, Base Stations are designed to

tolerate wander as pErU-T G.823[57] andITU-T G.824[58] traffic masksof T1/E1

interfaces, Section 4.2.1 and Refeze 16 in 3GPP TS 25.4124]
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[016] If the CEN does not implement the synchronization reference chain according to
clause 9.2.1 of ITU G.8261[39] then Network limitat the UNIMAY be as
defined by ITUT G.823 clause 7] or ITU-T G.824 clause 58]

It is important to note that the looser criteria might be justifieén the SP detmines that the
H(QG (TXLSPHQWYT DW WKH %6 VLWH FDQ YOR®DPHUDWH WKH WUL

13.4 Performance of time synchronization architecture

A masterslave hierarchy, is also used for packet basetiadstof time synchronization. The
source clock is distributed from Primary Reference Time Clock (PRTC). The focus of this
clause is on time synchronization. While various time synchronization architectures may be

defined,in the case of this IAthe following main use cases have been identified:

1) Use case 1PRTC in the CEN+G.8275.1 BundaryClock chain(see figureA);

Use case (1):
CEN owns PRTC

Mobile Network Mobile Network
RAN BS site RAN NC site
N
é__
~UNIC AX UNI-C
RAN CE RANCE

Figure A Example of Time Synchronization Service WRRTC in the CEN+G.8275.1
Boundary Clock chain

This casewith the PRTC owned by the CEN, resulting in time synchronization transported cross
the UNI, has been standardizbg ITU-T G.8275.1and related performance objectives are
provided in13.4.1

Note the use of G.8275arofile in this case could sb be considered. The applicable
requirements are for further study.

[A-R2] Inthe case when the PRTC is owned by the CEN, PTP profile for time
synchronization at the UNI MUST be as specified in{T&.8275.1[46]

2) Use case 2PRTC in the MO network and Trangpat transport as per G.827%s2e
figure B) ;
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Use case (2):

Mobile Network MO owns PRTC Mobile Network
RAN BS site RAN NC site
3 PRTC
UN
~UNIC —
< A .
< = — -
RAN CE \_/\_/\/ RAN CE

FigureB: Example of Synchronization Serviceith PRTC in the MO network and Transparent
transport as per G.8275.2

This caseawith the PRTC owned by the Mobile Operator, resulting in time synchronization
transparently transported cross the Chak been standardizbg ITU-T G.8275.2and related
performance objectives are providediii4.2

[A-R3] Inthe case when the PRTC is owned byNtubile Operatoy PTP profile for time
synchronization at the UNI MUST be as specified in{T&.82752 [47]

Note: time synchronization transported cross a CEN using a transparent clockahldialso
be considered for thisse case. The relevance of this use caslisnder study

IB"#"l %9-+43E'?$%&0A'&1-93GH29'@,7,-6'G43'(H2E9-'1H698'<9-.486M'(NO=",1"
-9'=% '
I"# performance objectives for G.8275.1 basediice have been defined in G.8271.1 in terms

of various parametergith the main target to allow the end application to meét.5/us
accuracy at its output g, radio interfaceof a radio base statipn

The network limitsdefined by G.8271.&re expressed in terms of two quantities:

- the maximum absolute time erronax |TE|, which includes all the noise components,

i.e., the constant time error and the low frequency components of the dynamic time error
a suitable metric applied to the dynamic time error component (in particular, MTIE and
TDEV are used for measurimgpise components with frequency lower than 0.1 Hz, and
peakto-peak TE is used for measuring noise components with frequency higher than 0.1
Hz)

The basic assumptian defining the network limits i65.8271.1 is that the End Node is directly
connected athk interfaceneeting these reguementsThis is shown irFigure C below

The related network limits aradicated as Type |
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Mobile Network Mobile Network
RAN BS site RAN NC site
j=r

UNI-C UNI-C
«— -
RANCE RANCE

« End Equipment (RAN BS)
includes UNI-C

FigureC: Type | Network Limits

Additionalcasesnay be of interesthe most notable beinghenthere are additional hops

between the UNC and the End Equipment (e.githin theRAN BSsite, ora few microwave

hops to another RAN BS sije This is shown in FigurB. The related network limits are
indicatedas Type IlI.

Mobile Network RAN BS site Mobile Network

RAN NC site

UN

<
“TTTUNI-C —
‘_

RANCE

End Equipment (RAN BS) is
1 or more hops from UNI-C

FigureD: Type Il Network Limits

Finally, there may be cases when target different from 1.5 us could be of interest (either more or
less stringent). For these cases different network limits would apply.

[A-R4] At the output of the UNN at a RAN BS sitewhenTime Synchronizatioservice
is providedto the UNIC at RAN BS for any network limit Typehe interface
MUST meetthe specification for thelynamic time errom terms of pealto-peak
TE amplitudeas defined irclause7.3from ITU-T G.8271.1[39]
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[A-R5] At the output of the UNN at a RAN BS sitewhenTime Synchronizatioservice
is providedto the UNIC at RAN BS for Type | network limitghe interface
MUST meetthe specification fothe dynanic time error in tens of MTIEas
defined inclause7.3from ITU-T G.8271.1[39]

The specification in terms of MTIE for other network limits type (e.g. Type Il) in general
depends on the characteristics of the network segmemedethe UNIC and the End
Equipment. This requires further studies. For small networks (e.g. 1 or 2 hops) the same
specification as per [R35] could be assumed.

[A-R6] At the output of the UNN at a RAN BS site, when Time Synchronization service
is provided tahe UNFC at RAN BS for Type | network limits, the interface
MUST meet the specification for Maximum absolute time error network limits
defined in clause7.3 from ITU G.8271.1 [48].

The specification in terms of max |TE| for other network limits tgpg. (Type 11) may be based

on the analysis provided by Appendix V in G.8271.1. This analysis allocates a certain budget
that depends on the length of the chain betweenr@Hihd the End Equipment, or alternatively
based on the target requirement at th@uudf the End Equipment. This is for further study.

The specification in terms ofiax |TEfor other network limits type (e.g. Type Hay be based
ontheanalysis provided by Appendix V in G.8271.This analysisllocakesa certain budget
thatdepend on the length of thehain between UNC ard the End Equipment or alternativey
based on the target requirement at the output of the End Equiprhenis for further study.

The time synchronization service generally implies &faynchronous Etherhservice is also
provided In this case, theequirements as per section 13.3.1 applihis may depend on the
actual deploymentyhichis currently mandatory ithecase of Type Il network limits, and
optional in case of Type | network limits.

[A-R7] In ca® of Type Il network limits, the interfaddUST also support Synchronous
Ethernet service with requirements as per section 13.3.1.

[A-D1] In case of Type | network limits, the interfa8elOULD also support
Synchronougthernet service with requirements as petiged 3.3.1.

IB"#": %9-+43E"?$%&0A'&1-93GH29'@,7,-6'G43'(H2E9-'1H698'<9-.486M'(NO=",1"
-.9' <P'19-+43E

Performance aspects related to this use case are currently under stuchfinTparticular the
network limits are planned to be covered by iITUWRec. G8271.2 and clock specification by
G.8273.4.
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0() Abstract Test Suite for Traffic Management Phase 1

0() Ethernet LocaManagement Interface

() S6HUYLFH 2$0 5SHTXLUHPHQWY )JUDPHZRUN"’

0() Abstract Test Suite for UNI Type’l

() 38VHU 1HWZRUN ,QWHUIDFH 81, 7\SH ,PSOHPHQWL
0() S$SEVWUDFW 7HVW 6XLWH IRU 81, 7\SH 3DUW /ILQN
MEF 22.1,30RELOH %DFNKDXO 3KDVH -~

MEF23.1 3&0DVV RBKGBIUVWLFRSOHPHQWDWLRQ $JUHHPHQW’
0() S$SEVWUDFW 7HVW 6XLWH/QORU 81, 7\SH 3DUW (

0() Abstract Test Suite for UNI Type 2 Part 3 Service OAM

0() EXternal Network Network Interfag&NNI) #hase 2

0() Abstract Test Suite for UNI Type 2 Part Enhanced UNI Attributes and Part 6

- L2CP Handling

MEF 301 36HUYLFH 2%$0 )DXOW ODQDJHPHQW ,PSOHPHQWDWLI
0() S(WKHUQHW $FFHVV 6HUYLFHV '"HILQLWLRQ”

MEF 35.1 36HUY L FR¢rfartnfanccODQDIJHPHQW ,PSOHPHQWDWLRQ $JL
MEF 45 MNulti-CEN L2CP’

0() 329& 6HUYLFHYV "HILQLWLRQV’

IEEE Specifications

[30]
[31]
[32]
[33]

IEEE Std.802.10M-2004 33DUW OHGLD $FFHVV &RQWURO 0$& %U
IEEEStd.802.1dM-2011 39LUWXDO %WULGIJWGEZRBRNNMO $UHD 1H

IEEE Std.802.1AX™- 3/LQN $JIJUHIJDWLRQ’

IEEE Std.802.3M-2012 Bthernef
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[34] IEEE Std.802.168M-2009, 3Air Interface for Fixed and Mobile Broadband Wireless
Systems

[35] IEEE Std. 1588"- S6WDQGDUG IRU $ SBUHFLVLRQ &®ORFN 6\QFKL
IHWZRUN OHDVXUHPHQW DQG &RQWURO 6\VWHPV’

ITU-T Recommendations
[36] ITU-T Y.1541 Network Performance Objectives ForBased Services $SULO
[37] ITU-T < 3(7+ WUDQVIHU SHUIRUPDRUEGPDmFE DY¥YDQADBLOLYV
[38] ITU-7 * 3'HIRQVWILQG WHUPLQRORJ\ IRU VIQFKURQL]DWLF
August 205, including Amendment 1, 2016.
[39] ITU-T G.8261/Y1361Timing and Synchronization aspects in Packet Netwakgsil
2008
[40] ITU-T G.8261.1/Y.1361.Packet delay variation network limits apalble to packet
based methods (Frequency synchronizatibepruary 2012including amendments
[41] ITU-T G.8262/Y.1362 Timing Characteristics of Synchronous Ethernet Equipment Slave
Clock (EEC), July 2010
[42] ITU-T G.8263/Y.1363iming characteristics of packbased equipment clockBebruary
2012
[43] ITU-T G.8264/Y.1364 Distribution of timing through packet netwoiMay 2014
includingAmendment 1, 2018nd Amendment 2, 2016

[44] ITU-7 * < Architecture and requirements for packet based frequency
delivery” October 2010

[45] ITU-7 * IEEE1588™) profile for telecom (frequency delivery without support
from network nodes) -XQH

[46] ITU-7 * < Prectsion time protocol telecom profile for phase/time
synchronization with full timing support fno the netwolN 2016

[47] ITU-T G.8275.2 < Précision time protocol telecom profile for phase/time

synchronization with partial timing support from the network
[48] ITU-T G.8271 PBime and phase synchronization aspects of packet networks

[49] ITU-T * Network limits for time syn6K URQL]DWLRQ LQ SDFNHW QHWZ
[50] ITU-7 * 33K\ WLFDO HOHFWULFDO FKDUDFWHWDWWLFV RI K
[51] ITU-7 * S6\QFKURQL]DWLRQ OD\HU IXQFWLRQV" 6HSWHPE
[52] ITU-7 * 3 $ U Rukeloftridrisport networks based on the synchronous digital
KLHUDUF K Magh2000
[53] ITU-7 * S'"HILQLWLRQV DQG WHUPLQRORJ\ IRU VIQFKURQL
[54] ITU-7 * 37LPLQJ FKDUDFWHULVWLFV RI SULPDU\ UHIHUHC
[55] ITU-7 * S7TLPLQJ UHTXLUHPHQWY RI VODYH FORFNV VXLW
VIQFKURQL]DWLRQ Q HMWlddmhgExratum 1 X2Q09)
[56] ITU-7 * 37LPLQJ FKDUDFWHULVWLFV RI 6'+ HTXLSPHQW V
2003 including Corrigendum 1 (2006
[57] ITU-7 * THe control of jitter and wander within digital networks which are based on
W K H NELW V KLHUDUFK\” ODUFK
[58] ITU-7 * THe control of jitter and wander within digital networks which are based on
the 1544 kbit/s hierdfk K\* ODUFK
[59] ITU-7 * 837KH FRQWURO RI MLWWHU DQG ZDQGHU ZLWKLQ

VIQFKURQRXV GLJLWDO KLHUDUFK\ 6'+ ° ODUFK
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[60] ITU-7 * CRaracteristics of plesiochronous digital hierarchy (PDH) equipment
I X Q FW L R Q,IDOtoBcOREEN V

GSM & CDMA

[61] *60 Y S3$EEUHYLDWLRQV DQG $FURQ\PV"~ 0D\

[62] TIA1S-2000.2$ 33 K\VLFDO /D\HU 6WDQGDUG IRU FGPD 6SUHEL
March 2000

[63] TIA/EIA-95 % Mbdbile StationBase Station Compatibility Standard for Wideband
Sprea Spectrum Cellular SysterhgANSI/TIA/EIA -95-B-99) (reaffirmed to TIA95-B),
March 1999

3GPPand 3GPPJechnical Specifications

[64] (76, 76 Y 3*60 'LJLWDO FHOOXODU WHOHFRPP X
Radio subsystem synchronisation (GSM1@§"

[65] 3GPP2 C.SO0GE v2.0 (2010 Physical Layer Signaling Standard for cdma2000
6SUHDG 6SHFWUXP 6\VWHPV”~

[66] 3GPP2 C.S001C v2.0 (2006 35HFRPPHQGHG OLQLPXP 3HUIRUPDQF!
FGPD 6SUHDG 6SHFWUXP %DVH 6WDWLRQV’

[67] 3GPPTS 21.905V12.0.02013 SQRFDEXODU\ IRU *33 6SHFLILFDWLR
[68] 3GPP TS 2.278V126.0 (2Q14- 36 HUYLFH UHTXLUHPHQWYV IRU WKH (Y
(36

[69] 3GPP TS 23.060v12.9.0 (2015 °3*HQHUDO 3DFNHW 5DGLR 6HUYLFH *:
GHVFULSWLRQ 6WDJH -~

[70] 3GPP TS 23.107\VA0.0 (2014 34XDOLW\ RI 6HUYLFH 4R6 FRQFHSW

[71] 3GPP TS 23.203V12.9.0 (2015 T®chnical Specification Group Services and System
Aspects;Policy and charging control architecture

[72] 3GPP TS 23.23612.0.0 (2A@.3-06), Intra=domain connetion of Radio Access Network
(RAN) nodes to multiple Core Network (CN) nodes

[73] 3GPP TS 23.401V12.9.0(2006 37HFKQLFDO 6SHFLILFDWLRQ *URXS 6
Aspects; General Packet Radio Service (GPRS) enhancements for Evolved Universal
TerrestrialRadio Access Network (B75%$1 DFFHVV’

[74] 3GPP TS 25.12312.1.2(2014-04 S35HTXLUHPHQWY IRU VXSSRUW RIl UDC
PDQDJHPHQW 7'~

[75] 3GPP TS 25.104V12.5.9 (20108), Base Station (BS) radio transmission and reception
(FDD)’

[76] 3GPP TS 25.105V12.1.0 (20108), Base Station (BS) raaltransmission and reception
(TDD) *

[77] 3GPP TS 25.346.vV12.0.0 (2014 IAtroduction of the Multimedia Broadcast/Multicast
Service (MBMS) in the Radio Access Network (RAN); Stage 2

[78] 3GPP TS 25.402v12.1(@014-12 36\QFKURRQ ®Ms$R BW D JH

[79] 3GPP TS 25.4M12.0.0 (201409) 3875%$1 ,X LQWHUIDFH OD\HU

[80] 3GPP TR 25.866V9.0.0 (20411), 31.28Mcps TDD Home NodeB study item

[81] 3GPP TS 25.9M8.0.0 35HTXLUHPHQWYV IRUUMRR@ME®Ned5$ (
UTRAN (E-875%1 °

[82] 3GPP TS 25.933%.4.0 (20041), IP Transport in UTRAN

[83] 3GPP TS 36.104V12.7.0 (2015 Evolved Universal Terrestrial Radio Access (E
UTRA); Base Station (BS) radio transmission and reception
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[84] 3GPP TS36.13312.7.0.0 (2018)4) Bvolved Universal Terrestrial Radio Acsel&
UTRA); Requirements for support of radio resource management

[85] 3GPP TS 36.30012.50 (20L5-03), Evolved Universal Terrestrial Radio Access (E
UTRA) and Evolved Universal Terrestrial Radio Access NetworkITRAN); Overall
description; Stage 2

[86] 3GPP R36.401Vv12.2.0 (2015 Evolved Universal Terrestrial Radio Access
Network (EUTRAN); ArchitecturH GHVFULSWLRQ’

[87] 3GPP TR 36.842 V12.0.0 (2014 STHFKQLFDO 6SHFLILFDWLRQ *URXS ¢
Networks; Study on Small cell enhancements f&W HRA and EUT5%$ 1"

[88] 3GPP TR36.922/12.0.0(2014-10) Bvolved Universal Terrestrial Radio Access (E
UTRA); TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis

Broadband Forum (BBF) Specifications

[89] TR-221, " Technical Specifications for MPLS in Mobile Bdwaul Networks (October
2011)

[90] TR-221 Amendment 1’ Technical Specifications for MPLS in Mobile Backhaul
Networks (November 2013)

IETF
[91] 5)& 3. QWHUQHW 3URWRFRO’
[92] 5)& Nétwork Time Protocol (Version 3}Specification, Implementation, and
Analysis’
[93] 5)& 8.H\ ZRUGV IRU XVH LQ 5)&V WR ,QGLFDWH 5HTXLU
[94] 5)& 3. QWHUQHW 3URWRFRO 9HUVLRQ ,3Y 6SHFLILF
[95] RFC 24743 'HILQLWLRQ RI WKH "LITHUHQWLDWHG 6HUYLFHV )LF
+HDGHUV’
[96] 5) & Nétwork Hiearchy and Multilayer Survivability
[97] 5)& REP: A Transport Protocol forRealLPH $SSOLFDWLRQV’
[98] 5)& S5 HT XL UH P HiQ-Rdye ERUat{dd dHIime Division Multiplexed
7'0 &LUFXLWV RYHU 3DFNHW 6ZLWFKLQJ 1HWZRUNV”’
[99] 5)& Sécurity Architeture for the Internet Protocol

WiMAX Forum Specifications

[100] WMF-T32-001-R016v01 WiMAX Forum Network Architecture Architecture Tenets,
Reference Model and Reference Points Base Specificatame 2. 20111-30"

[101] WMF-T23-001-R015v0 3:L0$; )RUXP GiEn@Htdfile Specification, Release
1.5 Common Part, 203Q7- °

NGMN Alliance
[102] 1*01 $OOLDQFH 31*0 BazhwlRegjirt@entsAugust 2008
(http://www.ngmnorg/uploads/media/NGMN_Optimised Backhaul Requiremen)s.pdf

Small Cell Forum
[103] 6PDOO &HOO )RUXP +(QWIHHOSHIOWHH W2ZYRHUYLHZ®™ '"HFHPI
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CPRI
[104]CPR| 3 & RPPRQ 3XEOLF 5DGLR ,QWHUIDFH V&85AugusRWHUIDFH
2013
ANSI
[105] ATIS- 3 6 &lPonization Interface Standard
© MEF Forum 2016. Any reproduction of this document, or any portion thereof, shall contain the
MEF 22.2.1

following statement: "Reproduced with permission of theMEF Forum." No user of this document is Page24
authorized to modify any of the information contained herein.



