WO 2011/ 022735PCT/ US2010/ 046393 SYNCHRONI ZATI ON DI STRI BUTI ON I N M CROMAVE
BACKHAUL NETWORKS BACKGROUND 1. Field of the Invention [001] The present
i nvent i orwgenawmb1sy rel ates to data synchroni zati on. Mrerpsedioowsas |y, the

i nvention r$YNCGHRONIZATAON DISTRIBUTIONTNMICKOW APEVWAKKHAUPescr i ption
of Related Art [2] For reasonsy\ptwORNs ty, capacity, efficiency and
cost, Ethernet is regarded as the unifying transport |ayer of choice for
net wor k convergence. Ethernet backhaul will becone universal over tine and
may replace traditional TDM backhaul . [3] For nost operators Ethernet
wi |l be introduced on the back of existing TDM network connections given
the huge investnent in TDM net wBACK&RQENDct ure. This will typically

i nvol ve gradual mgration using data overlay, with a decision at sone

future;pei.ifofife &Q@&g&l to an all packet-based network.

[001]  The present invention generally relates to data synchronization. More

particularly, the invention relates to data synchronization across a network.

2. Description of Related Art

[002] For reasons of ubiquity, capacity, efficiency and cost, Ethernet is regarded as the
unifying transport layer of choice for network convergence. Ethernet backhaul will become

universal over time and may replace traditional TDM backhaul.

[003] For most operators Ethernet will be introduced on the back of existing TDM
network connections given the huge investment in TDM network infrastructure. This will
typically involve gradual migration using data overlay, with a decision at some future point to

change to an all packet-based network.

[004] A key consideration when engineering a change to Ethernet is synchronization.
In particular, operators must determine how to replace the synchronization that typically
occurs with Plesiochronous Digital Hierarchy (PDH) and Synchronous Digital Hierarchy
(SDH) network connections. Operators may also consider how to provide synchronization of
phase which is not supported by PDH and SDH network connections but is required for 3G
and 4G/LTE TDD base stations.

[005] Prior art methods to achieve clock sync transport over an all-IP network requires
expensive new technology (e.g., in the form of packet delivery conforming to the IEEE1588
PTP standard). The prior art suffers from packet delay variation and/or asymmetric delays
that present a problem for the PTP protocol especially with high user traffic loading
conditions. Additionally, carrying PTP clock information along with user payload consumes

valuable bandwidth.

[006] For example, synchronous Ethernet and IEEE 1588v2 have been used in the prior
art. Synchronous Ethernet uses the physical Ethernet layer to transport clock

synchronization. Its operation is similar to that used in TDM networks, where a clock signal
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[4] A key consideration when engineering a change to Ethernet is

synchroni zation. In particular, operators nust determ ne how to replace the
synchr oniweatoorm2etsat typically occurs with Pl esiochronoR€TRiSgitake3bs er ar chy
( PDH)  anidjeSied gio olxobis stBiagi todbckHihe lphysmy 1dySDtIpcin eEwdbrdevive i gtrieonsk
Operators may al so %ﬁﬁ how .t o OVI de synchroni zation of phase which

i s not 'EQ¥FOrLEES AR Rt W Sl rtR its gAVBISaBTCIgpor| Koreduinded for 3G
and 4Gciezﬁdawr§9%$@ryﬁﬁéwe‘ﬂﬂl% -node (s{vél ﬁxﬁ[)ht%f) vtin ﬂﬁt&w&ktrﬁuﬁ&ﬂ%p%}[te clock
sync transport ‘over “an al networ k requi res expensive new technol ogy
(e.g., Synchréreus Githarodt Wiadklemld@laxpeﬂsyveomgfmem Ryytheo, IERE stdrdedhRd PTP

st andard or art s from packet del ay _vari ation and/ or

4. 1h ff
asymm%y?l%]r%q%é etnﬁeétcalﬂ}oéggm ule phass PRFATRSSH OF BB BT Ba%r ot ocol especi al | y

with high user traffic |oading conditions. Additionally, carrying PTP clock
i nf or mat007] al @akewbidRdUEEE 1588} RA0% cy ahdIBRdse spraebMistiian, but, [ 6] For
exanpl e, synchronous Ethernet and | EEE 1588v2 have been used in the prior
art. syﬂ@mlaﬁéldsh@ttrﬁéﬁﬁ kadingdssuesh eIE@Eylsii%@aI isext Preeinieon Timyrg Prowcok @AEpor t

| ock h
:’:le?\(I:\DI’E%I \t\t,{{ggle a lgas??%ﬁgﬁng %BTTI%&%@ E‘%’?ﬁéf%t%%%}ef 5‘%@”&1 % nj ect ed

i nto t Pedlhted $1mle@m<ﬂ<etsla@@dﬁaﬁqhﬁtt@hwﬁhmahe day pickel 9fdim bagin€@RVd PBsten t he
net wor recow}a\l cl eans, and then distributes the clock to its downstream
nei ghbdtave picheqtizating relplinnehipe Tipersizmpsd &7LP nagkets gusrepigror dee master

(swtc r et which
(300 OIS BNV LRLE, 00 RGN o BURRR ke SUIED 2R oL

Et her nelgoutmnutes thiest pad:kutseo phlasleteaahud@fﬁmnhe O¢lays amel cbfffeldﬁges in delay

[007] P ckg b@sed .| EEE V2 gs erfornms frequency and phase synchronization,
but , e S0 RIpYt gqr “Iad’f%w‘?fﬁ i ssues. | EEE 1588v2 is a Precision
Ti n1 ng Prot ocol (PTP) which provides a packet-based tim ng nmechani sm for
phase and frequency synchroni zation. Dedicated tim ng packets are
transmtted within the data packet streamto naintain a Master-Slave
synchroni zation rel ationshi p. Tine-stanped PTP packets are sent fromthe
master clock to the slave clocks and fromthe slave cl ocks back to the
master. A timng recovery algorithmuses these packets to cal cul ate and

of fset the delays and differences in delay (packet delay variation or PDV)
across a network. WD 2011/022735PCT/ US2010/ 046393




SUMVARY OF THE | NVENTI ON [8] In sone enbodi nents, a system conprises a
cl ock, a root node, a radio channel network, and first and second child
nodes. Thwochugk21sdy be configured to generate a cl ock PCHABR10DINESIT 00t
node may be configured to Sievist/aR¥ GF THEINVENTION ncl uding a first payl oad
and a first overhead and generate a second frame including a second payl oad
and a seg overhead. The first and second overheads npy copprise a
synchroﬂﬁ?gfio @%P%EnBﬁggﬁn%ﬁaﬁﬁ@nbﬁﬁﬁwmﬁ?@ﬁgFL’%ﬁ@tﬁgg?Br ‘éﬁﬁ@Pﬁhetmork
may  be nkRvdFIe MM Hréiaht Q8o thild heads 0The BRER nfagrbetcbﬁﬁ@[’fb& td fetaia EiESt and
second frames. Each first and second child nodes nmay be configured to

per f or mgaklo cherreeiowde ynayrhelcadfigiged reganeratya Sysh Eamenndading a fus ipagloade

synchrgnj zation val ue and a respectjve phasge-|ock | oop. 9] In sone
embod M O AR P i SRER biRe PRI L Stond Bhnad abesind " The
first ohétheadode fByandeeéaafdvatheas they %&?M%ts?pthrbﬁi%tid?ﬂc valitendséd 84 frane.
The root node nmay be configured to generate a first series of franes for

the fi thacledkvignahodlee mdip ¢hangd merveark mapyfhieris comainisstion with tlshroohiodstfpon

val ues r L.k L b ' f fra e Further. it root node may be
configS%gﬂn%%ﬁaé%@%gfg?%&§§%§ﬁ egeﬁﬁéghgfnpﬁg%g§<$§9np%grgg%§%d child node
and t o comsfeguréetof peffdtm SRIck @&codbrysiyelading Miegadrico Ry Nk st satfodrusing@hsecond seri es
of frames .[0010]. I n various, enbodi nents, the synchronization val ue

i ncl ud&¥IhroiEaign Valva ard a eepiesiive Phateelogk 0Read may further conprise a cl ock
quality nessage. In sone enbodi nents, each of the first series of

synchr 05“009} i Offy ?s’(ﬁﬁé’@lﬁb(i)&imlaﬁt,s,Stﬁg?ad\f@k%nelm%vé&siﬁ@méﬁymfct‘%\%%ine rise an

MPLS node configured to provide data to the root node. e system
may f urlhpéstcbiipnodsemanbé aardiguendi tataershaid jittan ofl hedosif frgoe. €bhd wor eslei ve t he

first frane fromthe root node before_.the first_.child node receives the
first PEGTE oiEbn bRt IR RIS ohahB by er SOM MtiEdnt & S¥Etta: o
jitter fipd st dfisyidhrérliai®n value ke fiflt SORE LR, NRIHIS:, hdRPHEINBAM
further conprises a clock quality nmessage. Further, the first child node
may be bE 6P gekle geaergisl aeromskievieenf fresipndersoeindahildmodaindeioandthe second
cl ock ?ii&‘g @Qllies%‘"itﬁgrgchr(ﬁ{i z{t]l%g%rahfepfoq%ﬂet secO §eI91%s St ﬁgljﬁesqual Ity message.

[ 0013] An exenplary met ho nay conprisé generating a clock signal
generating, by a root node, a first franme including a first payload and a
first ovieph®ad Imhaiceis enbbéinfantss theoyacte@datcmnmatiesasudessypsetidamdoai i on val ue

based on the cigck s% al,igegeratin , bﬁV%he root node, a second franme

i ncl udPHYE s ecOnB¥ P ‘%ﬂdﬁ@’ HELO8UEBRE (AHRIHY WAL A1 8978 second
over heaghhadidRn&OREH Sfe FiRE s&YR O E g} 2i0n VAt hE 5aRs ThihL | Phe %ﬂﬁ‘enﬁ | rst
frame and second franme over a radio channel network, receiving, by a first

chi | d Awydurthaygomiprisg arf MBS, node configured to provide data to the root node.

[0011] The system may further comprise an intermediate child node configured to
receive the first frame from the root node before the first child node receives the first frame.

The intermediate child node may be configured to attenuate jitter of the first frame.

[0012] Insome embodiments, the overhead further comprises a clock quality message.
Further, the first child node may be configured to select between the synchronization value

and a second clock signal based, at least in part, on the clock quality message.

[0013] An exemplary method may comprise generating a clock signal, generating, by a
root node, a first frame including a first payload and a first overhead wherein the first
overhead comprises a synchronization value based on the clock signal, generating, by the root
node, a second frame including a second payload and a second overhead wherein the second
overhead also comprises the synchronization value, transmitting the first frame and second

frame over a radio channel network, receiving, by a first child node, the first frame,
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WO 2011/ 022735PCT/ US2010/ 046393 performng, by the first child node, clock

recovery including frequency synchroni zati on using the synchroni zation

val ue andwe@ 2bivee73phase-| ock | oop, receiving, by a secomrdTdiseéigd/onsde, the

second perfammeng.drydhpéirst ohild ngle, biypck treoserg amdudiig frdqueadesynchetkariec asag y

i ncludi,ng frequency synchronization using the synchronization value and a
SPBERITOBRC and g liphapsy sk et eSS AT Y S SeemochanPdR Jhes y st em

second g . . )
conpri §&%na ﬁcahf&,c Knd ﬁérfo?fgl@gy fRCRAhCHilidoBO A5k r@mlfl@CiE@ﬂh& Cffbﬁﬂ%ﬁdg syst em

network. The clock may be configured to generate a c Si gra
may f usyivlroniztion usiog shavwaplyohigatiorecdioanip sehendplosklwkdoad., for generating
a first frane including a first payload and a first overhead, and for

generat i seco incl udin second payl.oad an ecpond oyer head,
Shect i J98Lh PREQS: ShAERCAS A LIRS SRS BRVIRR g Bt B TR ook

si gnal chidflodebeanglenadid chuaiehgadotd. SPheCAIN ingY BY coiTRusadnNG ReRdth@at digdk val ue.
The radji o channel network nmay be in conmunication with the root node for

t r ans moEpln g hepsastemmay fupthpreCogintise Ranesas Endededng thethnckssignst. fethi | d node may
i nclud £ . | . e iqured to receive the first
frame. SepribdeSt 6RASGe LB 08B Bl IRRACAEPIN L ACER B LERFIIE 2 ' o

usi ng témnd ymoteriodidiap acacondlpagloaddnd heccbhd sterhpbials thel fastovegrpd The second

child node .may include a secon ase |lock | oop, and may be configured to
receiv 80?‘%“@%8 SHiFhronization Xalug ga%BrOFldP?rF]@F]& signaleds\i8e yecond puerheRyt Qgi"%q uency

synchr @ginaatih | hei I OfHeZAk| O | ock
o, W 2014 s aepbeRsARES) OesRy AR HERRF e SRR nes

[ 0015] WHhche root gode fior stensmitsthg the fivo fiamdepl dyenenendairarhe. aThe fitsuctaldiiMeEl ' s
servicing.cq- |l ocat intelligent network units (INUs) and Ethernet for the
NodeB i1 tlﬁcgu%erﬁﬁ?s(?gws. thCIk[IB%iéfd F12% efofl@glﬁg focesery thﬂir%g‘ftr Fases &y Qync'

bet weeperfori QWQCBM?ﬁlcﬂlﬁii@fréxﬁlﬁpéﬁﬂ}i@hfb‘ﬂ%ahﬁﬁdsiﬁ@ BRAGhcHrHniSATR value
enbodi ments. [0017] FIG 3 is a diagramof an exenplary frame in sone

enbodi Aahihs first phaepllgrk foop, The second ghiddnedn oy lchide woetondypheserlogh koapi on
modul e aﬁm bk @o&@é@ecﬁmgggi\@tﬂg Second frame and to perform clock recovery including

frequency synchronization using the synchronization value and the second phase lock loop.



[0019] FIG 5 is a diagramof an exenplary field-progranmabl e gate array
(FPGA) in sonme enbodi nents. [0020] FIG 6 is a diagramof a phase-I|ocked
| oop (PLLyOwntn22735i tter attenuator in sonme enmbodi nent s PCT/USQMBAY6IPS G 7
shows propagati on of aBRIKICRESCRABTION OH THE DRAWABIGS | ke networks in sone
enbodi nment s. [0022] FIG 8 is an exenplary NSM configured to retrieve and

i nput SSM.i D s nmbodi nent s 0023], FI G 9 depi ct.s NSM.redundancy in sone
erbodi ratPL) TG 0B R R el R eSS T a4 LoV Ebroctihy

r edund kddl ;i bienhs - i : ancy in a
Fing netweeis R R (N O G et R g R S Y AT L B

DESCRI PTI ON OF THE | NVENTI ON _ .
[0016] FIG. 2 is depicts a ‘distributed sync’ between microwave nodes using the radio

overhead channel in some embodiments.
[0017] FIG. 3 is a diagram of an exemplary frame in some embodiments.

[0018] FIG. 4 is a diagram of a network synchronization module (NSM) in some

embodiments.

[0019] FIG. 5 is a diagram of an exemplary field-programmable gate array (FPGA) in

some embodiments.

[0020] FIG. 6 is a diagram of a phase-locked loop (PLL) with a jitter attenuator in some

embodiments.

[0021] FIG. 7 shows propagation of a clock signal in ring- or mesh-like networks in

some embodiments.

[0022] FIG. 8 is an exemplary NSM configured to retrieve and input SSM in some

embodiments.
[0023] FIG. 9 depicts NSM redundancy in some embodiments.

[0024] FIG. 10 depicts NSM and radio access card (RAC) redundancy in some

embodiments.

[0025] FIG. 11 depicts NSM redundancy in a ring network in some embodiments.



11 0026] Most nobil e backhaul networks will evolve to be conpletely packet
based. For nobile operators, the delivery of clock synchronization over

t hese networksi/areissbe a primary issue. Unlike traditi onRCTRBR)1a/0d3SDOH
systems whi ch del i veDETATEEDi DESCRIPTION OP TR NGVENDIONI i ne cl ocki ng,

| P/ Et hernet packet data is asynchronous by design (e.g., packets are sent

and recei it hout .reference to frequen or. tine). 0027] A nobile
back ha_ulelloﬁg'ﬂvm S_FrBVbB? E?ﬁ au f@é‘iﬁf&ﬁ&’@ijaﬁ%‘i‘) bﬁH‘Q%’)@?}M@IE}?@hP]%S&@i o wi th
speci f nRildepitamel, A% &e%v&&mfe!&k%ﬁl&l@&néﬁohﬁ%f@%w Bork SNy pegPodi ment s

descri bed herein nay provide for equency an phase synchroni zati on and
do not primpacissucadimikeitrakitipayl RIld .and SPD28jemdnyhikle deljvee hmentivisiokt her net
where signifi.ca | hyest t w be needed, to inplenent it throughout a
net wor E}lﬂ%prleﬁlln—i%gqgﬁé\?ﬁ Fﬂ'\%ﬁ‘inémﬂ{éthm’e? %g"eté%afay‘s é‘?ygﬁg@n%s by destendedoy nent
embodi pREMeE Mlesehi hiRBebchiOEE vithoRYeRivé BefrddMhapa! tihy). €l ock synchroni zation

i ndependent of network |oading. In one exanplé€, enbodinments descri bed
herein may distribute a synchronous signal in the radio overhead to align
2.048 or[0é27344 Avipebif backBail petatask sraxprovadpirequsheyand/or ghag2gnchnnizationus
enbodi t S ek i r / upgraded to uti.lize some
crbodi ron 2o, AR6R 7 LTI SATRY, SBuRALRIE T e

Synchr dedepanapprovudbefrédiShMy ariorgphagsyyinthrohizhti@xaiidEnot MPEIALATIS liMk t h

m cr ovay e :H nks may retain carrier-class TDM cl ock synchroni zati on and
reducePo¥°Minimize I P migration risk. [0030] FIG 1 is a m xed-node
network 100 depl oynent with a m xture TDM El's (122, 124a-b, 126a-d,

128a-d, [802B]130m1ike sFHRhMNGhBheAr i I i NUs) 108,
170a.b 1128-d, 1Ay g e Spoarel SRt A N Al il GSenl QAP oL HtdiBa 1 NT)
prior &#pplemagt if freyghpyennctnode oURRE | 3882 nehisbikintbalearhbitazes of sigbpor t

mul tip ' n.one, e | e, each. | i,S a.part of qr conprises a
G obal GIaREkR B imeh S o net RB Y Fan Rk Mpa S BBl e e
(BTS) . iddapdndeiNbfiyw R gudinge 18fonbexanpaldmifdiméms dexAPR] oreidt iyl OVave
node. The NodeB may al so be a BTS. 0031] In the m xed-node network 100,
a mast EPUHUECRSWCRIoaPusstgnal i the sydipererhgadiopHena 0¢8 oed SAé Az BLbck sour ce
102. TheiBHHshr RaRkssiRsgi tal Hierarchy (SDH) core node 104 receives the
master clock signal 118 and provides the master clock signal 118 to the

I NUs. WD 2011/022735PCT/ US2010/ 046393 [0032] Wth the trend to mgrate
to | P, tlAGRVSMIBTSIous afbpdiments, tveo comeernmodes dfo nes@orkonsy bptipgradedttbon and

Pseudow.r.e to conbine the traffic with NodeB, To,r in the reliable TDM
cr ocks Mt o E LS ept P e uBeareain oct Fabeunger sl e,

aggr eg8yndhgoriutibRMNEbd8e INSNIRI As @%SR! R ek AnpIB] SpeFASE wilH MRHWRAGinks
synchroni zatj on becones _inefficient, blocking val uable over-the-air

bandwi 8Yh retpigcari-clashiTPM glogk synchyandzetionapd tddoee elonimnimize IBupgwtion phase
synchrgpi zation which is required for 3G and 4G LTE TDD. [ 0033] For
exanpl e, this formof clock synchronization requires that at |east one El
line be reserved for every INU supported. Since there are 15 | NU depi cted
in FIG [003015 EIG.dhianmeixed-atode heswik €00 d&Giloyrhatt with smidgere THMIHOa(1apport s

6 | NUs v El annel 4a are reserved between the INU 110a and the
| NU 1052%9‘?»3.3,63-& ﬁﬁ%fﬂ apﬁégﬁ%%ﬂl@ag crulRcatgddnisHigenbNodadnitsy daUs) 108,
110a-b, 112a-d, 114a-d, and 130a-d and Ethernet 120 for a NodeB in the prior art. An

Intelligent Node Unit is a network node able to support multiple radio paths. In one example,
each INU is a part of or comprises a Global System for Mobile Communication (GSM) base
transceiver station (BTS). Each INU may comprise or be a part of, for example, a microwave

node. The NodeB may also be a BTS.

[0031] In the mixed-mode network 100, a master clock signal 118 is provided by a
primary reference clock source 102. The Synchronous Digital Hierarchy (SDH) core node

104 receives the master clock signal 118 and provides the master clock signal 118 to the
INUs.



[0034] INU 108 al so receives data fromthe multiprotocol |abel swtching
(MPLS) core node 108 over Ethernet 120. The I NU 108 provides the data as
wel | as swoentigR22138e El channels to INU 110a. The | NU 1@8TAalSg@opu@93 des
data as WB2] aWEbﬂertrantlhemi@ateabmnhé &SM BTN atfiOmay be [cONIDd keruet her
words, gach INU util ne El ch nneL and passes t he rest of the El
channel’'t FPIUBRBHHT @y q8 lreF‘(‘i’r‘x’ lraffiquy s gd fﬂ?r ol ERdain the igkiatdp

channel 1128 INU 112a
pr ovi dej?}{k\zio%llélt@c%gﬂh&rlllel S (ii;%ghlf;%f ?ﬁbuﬁgﬁ{;ﬁ%&h lrpr oVi %esgg&% R E
channell51BUa in thiy ddnipl6aln thidldask] 2k qolr nvd dgmchnanizEiorcbaoneks memmx o INU
114bvx/n S i ngl e El .channe Ob.to ILNU 116b, [,0036]

Simlar %?Qri% l?g%bovﬁf ﬁy—zﬂrégangmitg Efm H %ﬁeﬁosmfﬁ&n EPiAtion 196 i t hr ee
El charngiost fiR6els J‘ hﬂowaﬁarmhlchmeh&%sd Ri0d desd/vgeEpshannel s 128c to | NU
114c which provides a single El channel 130c to INU 116c¢c. INU 112d provi des
two El channels 128d to I NU 114d which provides a single EIl channel 130d to
I NU 116d.0033] odiorxamids. thisifernefsleckss yackiosizaiigyutequiresythastat dmstzmtmliirintmet ween

embod nence 4 T0) e BT SheORET P Bir b BT ISR bt SRS usi ng

t he radhmlrﬂlsexlrdnﬁ:a&vecha&lﬁﬁlarlyl ﬁn@eolmw eMw@ppam@INUblssveﬁmg&haaﬁelmMascal eto
| arge |1 P back S. net wor while naintaining an | P packet transport
schene awswrwibwewﬁgw li1Qg §nd the[Iy§3H)8 (FRosk fekihe sapparisd ANEs and opg | |

appr ecifgt it haja)some enbodi ments described herein do not suffer from packet
delay variation or asymetric delays that present problems of the PTP
protocol. Further, operators nay, in sonme enbodi nents, transition from

E1l/ DS1 W‘?]Olilﬂ Uzm%%@mm@m@/f@mm@ymom lahat $Wmtx:hlmg OMBLS ) dout ed

o pTRIBE T A RIS T Frs N OF kG Pt B Ao Bl 1

di stri bhiredlssy MEOriaohz Thé lNlUQO8%ls@?ﬂréﬁldés%aﬂpésﬂbelpz?ssdesen gnadupthvntigksasi ng
aggregat ed TDMcircuits for other uses. [00391 In some enbodi ments, a

mast er [PoldkPsignal 118 is provided by a primary reference clock source 102
to the cl ock node 202. The cl ock node 202 receives the master clock signal

118 and [mtg%ll desothBewBRE &kh § 0 2%12%9&%:}&13&%8' hﬁﬁi%gg 8lLLYePhede units

(1 NUs) . 040] The cl ock no may generate a frane
t hat i ndnndisgo augmytb«baddefsorFodaszmﬁs IiNé] ll(hsprwéeshhad Elldhaﬁlmelmmbodl ment s,

a root [of0) the cl the INU 108, The over head
may benﬁgdlﬁz hc%%?ﬂﬁlﬁﬁgﬁ‘? aﬁéﬁ?ﬁha@gj ?IT HePreVidehMEhE L Shangelsval ue may
be thelgﬂamkn\m gmlwhlah YRIVURs aSERed Bf 8thnvtlt 130k ke agkKa, smmbg&s {cf%E a
random val ue pseudor andom bi nary sequence) that is at ed

the cl é\wEh@H@nzgzuéhm BYUtlHéb whwhmewdammggln@rqhammtlamtwmwémmy be
used by one or nore other INUs for frequency and phase synchronization. In

one exarphe) ! BeindAfE MOV BRI UNE ETRKaRRIERY 1§ NG 1190 ofdHh, Qe | AL OF S

at rennte site
channels 126d to INU 112d. INU 112c provides two E1 channels 128¢ to INU 114c¢ which

provides a single E1 channel 130c to INU 116¢. INU 112d provides two E1 channels 128d to
INU 114d which provides a single E1 channel 130d to INU 116d.

[0037] FIG. 2 is depicts a distributed synchronization between INUs using a radio
overhead channel in some embodiments. In various embodiments, a distributed
synchronization is provided between INUs using the radio overhead channel. In some
embodiments, this solution may scale to large IP backhaul access networks while maintaining

an IP packet transport scheme over the microwave links.

[0038] Those skilled in the art will appreciate that some embodiments described herein
do not suffer from packet delay variation or asymmetric delays that present problems of the

PTP protocol. Further, operators may, in some embodiments, transition from E1/DS1
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[0041] Those skilled in the art will appreciate that enbodi nents descri bed
herein may be utilized in a mxed environnent. For exanple, the clock node
202 may pwvowbndeérazssynchroni zation value in a frame that PC3/U$ed10/9es3esl to | NU
108 whisgichneyzatiee o dedibosdde ysenremizlonokannadbahlyoyipicdy tatthgathe | ReKstep gnal  or
to the INU.110a.. I .n anot her exan‘gil e he I NU 108 may

synchroni zatj on éﬂ)ug ] the IN

pr ovi d&ECRTEVIRE e BAPZ BT Bhtapes. gristing E hEnYRg:FHeuits canRs repbisedurith disvalutedien
dedi catig,hi@iibh of AREHS pdifPRastsO ' y | il

synchr oﬁri1 zat | on1 vgl ugﬁt otl RIU 1'%1282;.’ gllgﬁgz\ls/ll rreleg#gggg%g%{t%pg@s\@%%@g f%rer ein,
oper at otlerpeeg. transition fromthe use of El channels (i.e., tributaries) in
stages and nmaintain operation of the network rather than being required to
convert n entirel cket - based network 0042 sone enbodi nent s,
"N 208 WEEY, BN %%TV‘P‘F%WF e NBY'Y g%@@l%élﬁlﬁ@ra‘(}é?flgmalﬂjéfy 120. The

| NU 108fershedclgansiedel 02 tb B 6k Rde 78Y. $hOERck HEdSHNITREGNZAL [QReval ue in
the overhead of the frame while storing the data received fromthe MPLS
cor e nélpsk sigsal; I 8tand ppaijdesdbe mistehdodk agml 1T the antelligayt riode pniovi ded to one
or nmorepgther INUs (e.g., INUS 110a-110b). The frame may be a traditional
frane, a packet, datagram or any other formof data transm ssion unit. WO
2011/ 022735PCT/ US2010/ 046393 [0043] In one exanple, INU 108 may conpri se
a card ([6040], ThdlSNpk hbdd 202sancifthegINE©d08 tafygepiri@ o fheneihackhcridenal from

t he cl ocli %fge 202 anﬂégenerate the frane. The NSM may generate the

synchr Y194t o5 9 46 Wis 9_65%‘?15%"6&“\&&3’615 efbadignesis 2 $9Qjware Camprisey therilesk zat i on
val ue HB¥e id2ehdR$ usd AG908 NThEydih e 558560 B stdera synchiBRB Aod ThiSOTE
enbodi nents, frequency synchroni zation and/ or ¢l ock tyecovery i's perforned
by anoilhesyNBniZRtios @alek inlalyéd theclbtlesignal, awdlie appriaed atity théalockeignal| | | NUs
require_an NSM, In one exanple, only the INU that receives the clock signal
(e.., rfb’é‘)nd%lﬁd a leﬁg'lgmaﬁg?udpmg?%.bér.“}ryéﬁq‘ﬂeﬂfﬁ?%tﬂl’*?éfs %Fé‘ﬁ?ﬁfﬁﬁt&’a@légoﬁkr ectly
Wit h CHEdOTIRr and it 108t TR syindBdniALN eilEma W%s&pc%p(;ﬂescﬁ e Nl In a
further exanple, the INU 108 with an NSM generates a plurality of frames

wi t h al¥Ynédrfesanenayiad phaseueschramigatfona e nerexante.rthe singbnipatibiNvklad 6a Wi t h
NSM  Thg,! R RRIAS Y . . gni.zati on value for frequency
synchron?'zt)g:dison ZarlllgglIgrk‘téq%glé‘%a?be%%g@%a.ﬂﬁe INUs in between INU 108 and | NU
116a (i.e., INUs 110a, 112a, and 114a) may not conprise an NSM and may

rel ay tH@04¥an®hesedkoledsy fhehrtonilzapprainty dlauenbddimsaweeenibed heeit ay bhie | NUs

in between the I.NU 108 and t INU 116 i1] correct for jitter and wander
of t heutflﬁzaeﬁér,l a@b‘ﬁ?%?ﬂv_ér%fne%g:e S Fé?f@élea‘ﬁﬂ%i(flﬂ‘ge <YAiBAY BEVIetd on val ue.
[ 0045] syipsmidkibh b8de ida trhge Md iMdiiveRRPS 810 WHIAH mﬁ?ﬁﬁnld Y e Y

upgraded and/or configured to performjitter attenuation and/or wander
at t enubt ichngls to peovide nelpek figratos syneitapizasignehiuem thatNoh! Wal Gresnothar ot her

enbodi all INUs may not .performijitter att ion and ny not
be. upoy e SE Yy dba flay prolife SFomeEnidl bty e ot e Toan TRAT b et

i nt er f ane thehhiediciteDibe B1atknidl EX6ba6 BrovRde DEOM denA0r Ble@Ghdtr&akatldnans! ati on
between the user's external El / DS1 or C ock Synchronization Interface

f or mat Y&He & QAN 24 dnpome cpbeimgngrdeseribpd detsin opemjors hayteadsigor frismem  The

of i i T ERED { bR 1 & PRUBROGR e R RAIESIRE o RN oS, 07

t hat t tienbcimgyeduaredny coruwrhies antnielyneckartssaf nadryrki ype. 1 n one exanple, a
line interface of the EI/DS1/d ock interface may be inplenented using a

Grr i 61884 octal . LIU im | ar device. Pul se shapes may conformto
rel e\lj:tnhﬁ)@ﬁ OSEIISS&E‘FS?“FW_“E?I}“’%B}F ia eeﬁ%"cskdva;t%ﬁer%mfﬂg"c&l)fs ‘[08@129‘]6 ROVREM may
be capBemed] 20 PEEAINING0S, iR heﬁﬁ%!@?&aﬁ%@ﬁmﬁé@% %%yﬂcﬁg%ﬂ?ﬁ&wxjaﬂleom and

line codes may be software confi gur , per t utary: may support
Y cabl sxthe gyerpeagtad dhd Hmme Shppotoring dre ddtd ecéived froorthedMPIfecabnadnBib iy

swtc h{hré%a)cf)llcj)gd of ﬁ%%rah%f nl]hré%zfn?enmgy? Be Srtocx)/{cfédct)g ort1ehoer I%grfelolt}?e? H(\:I%rs%é. g., INUS
110a-110b). The frame may be a traditional frame, a packet, datagram, or any other form of

data transmission unit.



WO 2011/ 022735PCT/ US2010/ 046393 11 0048] Those skilled in the art wll
appreci ate that frequency synchronization may be required for 2G and 3G FDD
base st atwonsiveawssfrequency and phase (relative tine) $¢maise@0iozeys on nmay
be requil08d3]f oln 3G exachplINTH OBDIDbaseprst atdanh@.g. AUNS MB that iscosdigared to

enbodi nent s, . synghr.oni.zati on b ded for eydowi res used to
transpB?Cfnv!eéléea%@?&rWatl?Wﬁ’fCg%grno% E@fﬁ"&f geﬁ‘@’fa\%ﬁiﬁ @8k i%ﬁM.maY_ [0049] In
sone eghRdhIB SnchrbBEaMERCYI KYRSHI QB m}l'u?@cl()am%m' TR § Ohdn®/Mbh S €S
ensuring master "and sl ave clocks are aligned in frequency. Phase

synchr Galiug araydhembsstetedpr ihedrasresised . Bhat cl ocks are al i gned in phase and
to thereby have the sane relative tinme. O ocks synchronized in phase may

lso b hr gnj in f : 0050]. | & i nbodi ment
i ver Pt 1o A BN o B Rep o L S EREHITRp! exi ng
(UMTS- peiyrnizdss sibetiel NS ERbte KRillsY NEthe QRti iltdppreciate thiG @NENURREYLireW th a

synchroni zati on accuracy to 5 b. Base station synchronization nmay be

needed 28 5MipBopie pmpleuanlyahRIBYY thybregsbies deldleck siandl teo. BIS UP®) dndequenci es
on the @ik perf ac % ity needed to minimze
channelt inr%aerfgrdé%bgl.sl }{}gat& B@ﬁ%g%ggégéf}?rwa@ﬁ %gSt%mup)rpe e ng{/ail?er?l st | ng
TDM netonorokher dNBg comprise ani [MSH. dhadiriksrieeaslpld, ihe ISDH 03 witPhh Nisanes. Syst ens
and net hods descri bed]?]gerei n,ggy provi de equj val ent accuracg over a

¢

packet ESHHHERLRVE P hET B it 8 ¥ichesnighioas abies FBis Ganpumay e exskived ogi es
i ncl udgy G 1 16RR%n NEEXE THEPNES 1 8RdiVEEMAe synchRRRAlioY kO YS f?&@&?‘d nt s
descri bed herein provide an option for base station synchronizati-on when
dat a seynehwsszagipe agd/er ¢la¢kdreopvesxi Shd IU TD\Ntetve¢andNEE [ 0Farrdt INGF | 16eai.eQus

enbodi e i be rein rovid ol utii ons plicable to

| P/ Et hgggget? 1@3612%21&3?96@{29 %Yé}%gﬁ‘g%mﬁaa&ﬁﬁw anﬂdﬁaé’ffﬁg'ﬁf‘?/ﬁ?mﬁﬁg 8hbodi ment s,
UMTIS-  dyrehrdiiatisn 0fluelUp] @xiddntddMhentd R N@s s ihwédnians INEavRad RIINU
frequency and phase synchroni zati on. Base stations may be phase aligned to

ensur e ¢awRkcorieghior ittercandpyandes efithe framg, eongantsorfshafremal angedhd n ti ne

(rel at {yenidnR)ioh 9fiughannel handover and m nim zation of cross-channel
interference. The phase accuracy required may be in the order of | us to |
Qus, depending on the system Currently, GPS may be required for this |evel
of accurl@84s] EXbosslskdledfin Tolrt withappl@gitethai cuch UNE MityvBoagdobiedrd@VA and
TD- SCDNA... Thﬁ%re i& no..st andardi zed ,sol uti on for ,net¥vork delivery of real
time t oo RIS pefte jiBcetiepyation alflog yanderagenyatiop of gpg or moredrsags Al t hough
f r equemyoisyREIbRABAIGRT Vs $n BihSCHEREmehRARSn S il R Iﬂ?}t Hﬁ Aot I
appreciate that sone enbodi nents nmay be used f'or phase synchroni zation as
wel | . JNtsragenyation a8 pomause opgredabdodtered 0054] FIG 3 is a diagram of an
exenplary franme 300 in sone enbodi nents. In sone enbodi nents, an | NU
constru f y . 302, 0 for network
ranagemaat Bominroht Py QRBHLSETT PpRPC ALl Ges Y EFES 10k o var d er ror
pr ot ectrit@fac¢ BBE)praQ@8e am blectavarnirasidtichbanvedstharyerhee d@era et 1 / IPS PPOCTIcRN
(e.qg., S25 kbi.tsi) ﬁxit t he fpayl oad. channel (e&%., 8Moits upwards to 300Moits).
I n one> 8RB tiop frteifpgs fephyicdsignaly tp ddilolend stemals papcsssedhwitharadip t o

const r ygtent N@ef; ¥ ‘ ‘ i@ b

conpri g%s out dolgtr@ffﬁcneia? gy ‘E%ggﬁmﬁ%%ﬁggéﬁ g?r%no?rfeg%i@é\éﬁ?ﬁagﬁ@fggtg ip(l‘:l)irrl% o and
f r om ningrdiele(dledki intecfheaindhsse skilldddb He drhwibappreviiio diarerismagaé any €. g.

Voi ce rql,?tg%r i-S stO{?ed in the glayl oad 302 aﬁrge'a S nchf] ni zatjion value is
st or ed VROE9E COVISFIOERS Hy4YPe=df o8g SHPTRIS 1eraRe ahing &l{Igwl/Glacke may
conpr i BeerfitK hialyHe ihpR&®nedi dsi@th Ciruk 1R gRTd 1884 blaPPRY 8L4iRkIG: dhAle. t iu‘?se

synchroni zati on val ue nay conprise any bit rate. In various enbodi nents,
when pHERet Hayeenfegen i wlevdnt G703 specpfortE loDSvadSlleckhiesmifacs unused. By
transferring the synchroni zati on value via the overhead, synchronization

may be 664£4P ! Tﬁé‘ﬁ@l\/l"’fn%%%”caﬂa%ﬁe“&' orf!)graYi%tlg l'Ilnazli)rll E1REY b%?quoscf%?gvﬁéreby a line
build out and line codes may be software configurable, per tributary. The NSM may support
Y cables for protection. Support for this function may be obtained by switching out input

termination resistors on the offline card.



[ 0056] In sone enbodi nents, the overhead of the frame 300 may conprise a
nessage (e.g., an SSM nessage) in this channel. The SSM nessage may
conpri se Woabug213scontrol information. I n one exanpl e, PCHAISSA1QI04ESIDTr
control [09#8} ndlthioemskilderbinitsest wiliregseageate des Creijbineg s yidiratiadtionynafbe he
synchroni zat.i.0 al uality of the clock sjgnal fromthe nmaster
cl ock ARGHSH f%ﬂ%%ﬁ?%ﬁ?fﬁlfg e\ﬁﬁt@és’lﬁ‘&%‘éﬁqkﬁ?cﬁ’ﬁéd Bhi‘félﬁfeéqtﬂﬁélﬂn@f)r omt he
Mast er sGh@ednimRbnRLaMSY éqittitor 46 hie §DrPbageN iohbnclﬁlﬁfh%ﬁ’i however,
jitter or wander nay reduce the quality of the clock signa ana’ or
synchr ¢hibpdimants, ygicheniZahien meydagecdad fohpseodew headedaytrirapo dahed TDM
accordithlg[Ji otOEPII{ ovide information regarding the quality of the clock

si gnal UShd7 OrST SUISTRR SRRk COMCGETe to other INUs.  [0057] In various

enbodi ments, a first INU nay receive one or nore clock signal(s) and/or
synchr onj00d9] omn v@helemsddifrear) feqichey syntbtoniAgord {syffonlAkbiRYnRHSQ recei ve a
second cl ock signal from another source such as a'GPS. If, based on the
nessagENPRINEHRASER) apthslae cloples qre pligned jufigetaacyd Rhase symakrontretisenend cl ock

[ I ; ' X h ‘ f I NU tili t he. new cl ock
Si gnal PRETCRERABASEHER Gre SRR LG 1 sl i B R ok

si gnal (Godbseyndyerdiadaniphade may Med besyashoaizzl adfreqicicy.he new clock signal to
ot her I NUs or custoners. [0058] FIG 4 is a diagramof a network
I n various

synchronj i on nodul e 400 in sone embodi ments.

enbodi rrellr??)g(,g] tﬁ%v?ﬁwsfﬁg)o '“d&I%WE%M@PE@T?@C%@PM@W%§ygiWDSl or

2. 048/ DElSKDuBRTiHEhEMNE SR 4k R/ |iLd @4, Channel s
for WO 5%%1/ Do ranper o 3/ 04639;@%@&%?{?&1&&?}“&3 ?%?‘lﬁ%étg’lrnd‘ék tining

i nf or makeenCcaONbs &vith arenoupkizatgimagcutaey tyvEiphbaBashanivel synconixationadip

sectio NSM 400 rovide.a rate conversion from 2.048/ 1. 544M+z to
64k H gﬁé‘l‘%}gg15%%“pc?P“n%%ﬁﬁ‘r%‘g}fé)ardefftbSP’ff‘a?ﬂc&’e RB 1O SR GERIRS on B gbsg] 1 n
sone  efimedidd®nig the hecuNDYlaAl QrabDIPHERIES taiARGIcURahndP RS ARRRbITg;sCl ock
generator 402, a 3 port RJ 45 connector 404, a sync in port 406, a sync out

port 408PPRAEHRY GHE O C4PRPEG oxeicqistisigdd Yrmstwork Tonnegtibineiaiarlaghi t (LI U)
414, a@ﬁb@éiheﬁl?%\]?gflgr PDAG RS Xﬁ%é?n{%é QHBAL &Scrthe hﬁ%ﬂ{%ﬁi‘éﬁ}rvﬁé oviding a

synchroni zati on ue to an auxili1ary channel and a provi di ng
a synchqaonilzatacomravadwee atpacketbuitched EBO66] backisoreXxBiathsles dftEDDREllular

progra bl.e cl oc ra 4 rovide a master clock signal to the
LI U 41%%‘2}0%5 K’Fg‘f%%%iéi éﬁéﬁf?ﬁ(ﬁé%@ﬂ.@m&e skilled in the art
wi |l appreciate that the clock signal may be received from any clock

gener at qoshat VEByuPEmBRNmBRL dBRriBedBErbinGirotile alNSMiOPr baselsPRBA] The quad
magnetics 410 may be configured to send or receive Information via the 3

port RIVIEBroiizaHer ten 40w sermiges Beerovetlhid apuexdbtima JiiYlinesvottO Frathebevadows i gur ed

to proy i r i i h NG out. port .40 r ei ve information via
e oy AECa SRR oKl b7 pRAR% BHigRS prtaBdt YRS bR GR

i nf or maticrowatxetade@en t he quad magnetics 410 and the LIU 414. [ 0062] The
LIU 414 may provide the information to the FPGA 416. The DPLL 418 nmay

recei ve nchroni zation_ value froma frane, The DPLL 420 may attenuate
jitter a[ﬂf};%jon Y%“OPFISmgg?ﬁi.lé‘}?P&nP%ﬁ*o?iﬂ%%fll&léloprd&ﬁl%mm?h@@imaﬁ 544 nHz.

3mSR, S 44 B, R 1
aligned to ensure frames transmitted by neighboring stations are aligned in time (relative
time) for channel handover and minimization of cross-channel interference. The phase
accuracy required may be in the order of lus to 10us, depending on the system. Currently,
GPS may be required for this level of accuracy. Examples of TDD technologies include
WIMAX-TDD, TD-CDMA and TD-SCDMA. There is no standardized solution for network

delivery of real time to the required level of accuracy in the prior art.

[0053] Although frequency synchronization is discussed, those skilled in the art will

appreciate that some embodiments may be used for phase synchronization as well.
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[0063] In sone enbodi nents, a synchronization value may be received via the
sync in port 406 and/or the 3 port RJ-45 connector 404. Simlarly a clock
si gnal amiOa@p11g2eskr oni zati on val ue nay be provi ded by POE/USR@EIHYE3O3 out
port 408005\43/ OFIG Heis2 chngrﬁml@;ﬂaﬂEmeMMe AM¥in some @afhdHinTdnes. ARGAHMBPLL 416
may pr ov connecﬁ\ﬁ between the LIU 414 and the | NU TDM backpl ane bus
422. Tﬁ‘é‘ @&PEP‘EL Wgﬁﬁttslach?éneer? foRriae BrYoead 104 @V%BWéoél from (in

conj ungiisRek maﬁibeﬁqeﬂ{ QahatmRAlE MRkt Sé Aﬁﬁzehaﬂ%% Q%/'f(?% read

to Auxiliary c hannels. In some embodi ments, ctl on corrprl se
of f t hepwitesttibn G c3. stichpvahendehaxinkls mutays;@aw sngatl p}op@tlﬁn seg.i 23kBRGAT The

FPGA 416 ma ont ai r anmabl e to sel ect uxi ] iary channel
on t ho e bad Spmel sk b Pivinssio S0REItR 5 FoF Saas %ﬁfﬁﬁhscg pgipes

carryi pgaddo Q&%sﬂm&e&ﬁéu%ﬂ&o%bﬁ’#ﬂﬁ%t th@'ﬁtanﬁtﬂi)f NGO EmBSdifHisf 4 N9 may be
used on the dedi cated backpl ane tineslot. [0065] In sone enbodi nents, the

FPGA 4mscrawavapdio 1(“4-(1@Hmmﬁwutd@)unﬁa@EU@)/WUe‘h patferna fagucacy oantlgicconver t

one or defro%{&lcr%wavre &%Pgé]at ed El or DS1 inputs or the clock input

fromthe user t'he %ﬁaxf &hannel . The FPGA 416 and DPLL (418 and/ or

420) may provide rate adapt at| on to convert one auxiliary channel to 2.048

or 1.544005% t i tvenccanbmiiihyntf alitd @. g0%1&l’dat’&)ﬁ£stbﬂewu4ﬁ1@ paylopdBOPeid & towards
t he user. qng,z 066] The I TGA 416 may al |l ow a user (E1/DS1 or clock) to
be opt PBKAY afl%ﬁ%lae suttored ingihe oyeibist 3o o e{(%mléle ¢ 6§chamnm@tlpn ileg from

the baghpl-aRplise 4kbhll FhyRY%KIRE i %@gﬁlll”%ére%&tt@thtapthég (fl?on&%ﬂoﬂg/a the

backpl ane and replicate timng e to ano 0067]
| n sonmmagebogiisentyshit tate [RR@AWLGntain SRk, lwHe Phclkatdire geddirpd ralyorrpanmov e

jitter t he auxiliar hanne t he TDM b ch.t si ng] e and
RN T e e A A AR Do o R L e

speci f igrRhidanatiod Ay 5@@&0411@bmwnnwraﬁmal PARUSRAADPRL! o 1 gener at or
towards t he user for those LIU ports carrying Els of DS 1s. The

pseudor andom patter nerated may be user confi gﬁulr able to include, for
exanpl e [09%]5 In W‘?g@dlmemf OU‘BS‘ICYW of Hgxrame 3 ylaztaﬁmprlm mesagal | ones)

i I e, dio path
doun) . HETEMSs Rl R, THE Sl R0 ol Brie Pt fudoulr° P
changeinfiepenidhnéh ore aMaaiphe thet dtgucar @nirsl mﬂemtmmgompnm @tne@t@d Y' cabl e

d 0069 G d f an enp
FlD eFdOé‘?“&ﬂf"é‘%}héo‘ﬂ@ﬁ@]a?ﬂl%w“&?}%ﬁ%@%‘a rfngﬁe Q%Ir’é}?éfh@éﬁl%éht%al fromkg i ous
enbodi ﬂﬁ@t@lselO@mﬁld%rp%lﬂéﬁzﬁﬁfnﬂ%ﬂ@%a&é@orﬁh@%l‘ocﬁgkaﬁfﬁ“ % MQ%EI‘ Qvhi | e

m ni m zi n% jitter and/or wander that accunul ates as t transitions
f r om NSRY OGetydigh eAT D hadicpbBINU S22repse, hader piéten oawdndmumydedmdertbugh

pot ent i aI I n di o pat.hs before XI ti anot her. NSM 5? hop
whet hefl14hi Otn% ¥N§E/§1g\9fll AL sPIChE s} 18“ Vf‘ﬂgeﬁ-\%@éq‘?b?f’ﬁ?cﬂ%ﬂ\?loé{e & B\R&ve |inks
has t hee ﬁ)lﬂiaedaltdcad)rdhfgly o proviue enfbinidtRh régded e RefuaBEREGhatibyk Vibelie a bit
stuffing technique is used to carby si gnal s across ‘cl ock boundari es.

and/or synchronization value to other IN

[0057] In various embodiments, a first INU may receive one or more clock si gnal(s)

and/or synchronization value(s) from another INU. The first INU may also receive a second

clock signal from another source such as a GPS. If, based on the message in the overhead,

the first INU determines that the second clock signal may be more accurate, then the first

INU may utilize the new clock signal from the GPS. Similarly, the first INU may provide the

new clock signal and/or synchronization value associated with the new clock signal to other

INUs or customers.

[0058] FIG. 4 is a diagram of a network synchronization module (NSM) 400 in some
embodiments. In various embodiments, the NSM 400 provides connectivity between the

E1/DS1 or 2.048/1.544MHz clocks and the INU TDM buses’ 64kbit/s Auxiliary channels for
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[0070] In sonme enbodi nents, the NSM 400 perforns jitter attenuation of the
64 kHz auxiliary channel at the NSM backpl ane interface and potentially
ot her i ntwoRadee2mépendi ng on the performance requi r emreRCT/USROLOOMESIEXanpl e,
a radi thegquepss of asrdyingylockh ribiimeinfdreativDa@0dsld 2R IR HS30r8éL1M 6393

IP traffic) prior to

auxi | i data with ot her ckplane traffic. (e.qg.,
t ransnﬁa‘%n_sﬁ if HEGOgR S TRIAAEOVEY. Smey BiRids s onkRtiRBAem [ 0071] I n
some enbadi iR, I EKEH alﬁhiﬁ'edbugéé oF RARRESe XBY 268 Wadd B aﬁaﬂﬂﬁ%&@t a pattern

(i.e., a synchronization value) across the m crowave networ in order, in

some enbodi ments, to convey data at an average rate, but ignoring the
actual d&8P39]i t fesdme Fhbodimentagbe NsM: 400 cetapasealan iopiionpl atogtdyemplgh/c OB from

(e, TOULBRGIPAES AR AP RSt b SRR TR BeBbES P11 o

her ewi tihgnetids@03 2] ckfRRIe e 4 16 178N GRIPL IS & 180 dHRF s 4k @S$hoFpsiagnal
(LOS) al arm mux 504 which receive information fromthe LIU 414. A source

sel ect 449 grazicomayiscd PP 420Her paexidbopa smghwnizatien vass &l ar anxitisgy Sounell n some

enbodi I i - pLQVI to,the FPGA 416 fromthe LIU
414. Aqﬁ(ﬁﬁﬁg&%%&%?g%g%@%@g Oglé%Elg%{a%g?toviP%u% he mux 502. The cl ock
signal may be at 1.544 or 2.048 MHz. The PLL 506 may downconvert the cl ock

si gnal f[0060]t h&otéddmdple the thmpiogbddmable4&ckidendrato640Khiay pldvadea sigsted ed i n
the art wll apprecj hat t ock si gnal downcopverted to any
val e Kk SigRBOR L Sk S S B S UET A 415 PEBGaBHEAdBRE S mar
sequenGgl] GprBSheIRNHALIOKk 20311 Wy MR S&IRIIaTER aﬁl%aBEi@ eneratJOH m4y &€ cond

cl ock signal may al so be recei veg by the AIS 510. A %ux 514 may ‘sel ect

bet weemayhet b¢ apktt of dad¥SMM00he AI'S 510 or the PRBS fromthe PRBS gener at or
508. The mux 514 may be controlled by a signal indicating a | oss of signal

f h 4 fail. i PLL 51 k., .lf.th is.al f
Lot "SO0bH} e kB Bl 8B P Rk S8 i B Beb St o
from t BeoAIRS-$5Ennéter Aux IMitheR e Gedaha@stiéshE 0abidyby codffighied tb providel4. The

frame caonfi gz RAM 520 may be configured to control nux 518 to control
pl acendHereFtionda g s¥nG FHPLEA08 9T (eee1YE IRQrmpomminls sy Re inaprst 4352 The qkpo74)

The f i g - : =
Synchr Rt e syl Y M BT AR S AT SRR ccei ve

t he syhdtrdddi zati on value fromthe mux 524. The Aux denux conprises a
jitter attenuator 532, a PRBS nonitor 528, and a PRBS | ock detector 530.

The PRB it recei.ve the.synchronj zatiqn val ye PRBS

| ock det g%r géﬁﬁﬁfﬁ?é? iR?%Vlge Q@ﬂ%ﬁ??%ﬂth%%%oﬁ?ﬂ?%g@%
jitter raktvenugheiroR3aict aRRURSHR S fidnid erhe(DPLEAY) nffy attBfatYReR i zat i on

val ue fromthe nux 524. The PLL 534 may upconvert the synchroni zation val ue

fr om t Kenyertthepynghraafatien ivalgg fromed4kHz t 2d 864544 He o Simarhy, thed2BLIVAEY . WO
2011/ 0%@%&?%6%&9%9{1 Qér?\?’e?tg‘[he synchronization value from 2.048/1.544 mHz to 64kHz.

[0063] In some embodiments, a synchronization value may be received via the sync in
port 406 and/or the 3 port RJ-45 connector 404. Similarly a clock signal and/or
synchronization value may be provided by the the sync out port 408 and/or the 3 port RJ-45

connector 404.

[0064] The FPGA/DPLL 416 may provide connectivity between the LIU 414 and the
INU TDM backplane bus 422. The FPGA/DPLL 416 functions may include clock rate
conversion from (in conjunction with a programmable DPLL) to 64 kHz, and TDM bus write
/ read to Auxiliary channels. In some embodiments, the FPGA 416 function comprise off-
the-shelf devices such as the Xilinx Spartan 3 1000 series FPGA. The FPGA 416 may

contain a programmable block to select one auxiliary channel on the TDM bus for the

12



[0075] A nux 538 may sel ect between a 1.544/2.048 MHz reference signal and
the signal fromthe output fromthe PLL 534. The nux 538 may sel ect the

1. 544/ 2. 006 2MH202813§nal if the PLL 534 lock fails or thePPREBS20100ke3d2t ect or
530 i ngugasesfaatrpink @8 ar 1THd MHS cotRs. BhetuRRBSarglaleestattiog ndidoe @6dohhe mux
546 ma r(f eiv tglfepout%p fromthe nmux 538. The 'flux 544 sel ects between
t he si é“heae 1REdi DR IMEY AI'S 540 and the PRBS from the PRBS generat or
542. The mux 544 may be controlled by the lock fail signal fromthe PRBS

| ock det/@ossr B3QAaehesdikifis bk @%hf@%df@PiHYQS%nﬂﬂﬁhzﬂrﬂgy PRI of the
nmux 544 is provided to the LIU 414. The mux 546 Is controlled by a master

r ef er efidie aapsPivadr conyesiaingor ninee pedn thred dSdgnaRd0IBoMbE! sipgsalr tndodtkhe

out put . X 8. ..The out put qf X 546, Vi U 414, 0076]
ULPUC e P R Sr OBt QP B BN 2o it oy w907
534 mayrdyededia@i ddaptafbid-to convE® Bl duxfilidey cRaringl @ 200405 amBQf MZRb e 600 With a
jitter attenuator in sone enbodi nents. A PLL on the FPGA 416 (or el sewhere
on t he ‘NBMPEnhgld heorgserdnets LdRaHgeo s gosnwivasdsdheissr. snoot h phase
variations of a clock. The PLL 600 depicts a nodel of a PLL whereby the

i ncom ngoeaseCcK T4 n i'pﬂ1 \ v der 2); down 1o a
conmon gorrpgri so%%ﬁ%qﬁ%n@?ygl?&fgggérﬂg t((ﬁ%)@aS. lpﬁggog%{gﬂ) B¢ pgl(r()m%%yf% CL_ phase
det ect ont towllputpurpyrtd éedna thidogtifiihg #ombGRSbadkplahe)drTh vies way ENSMO400Thi s may
be an out put tcI ocrk .ahisarrpl e o% 1whl ch. may be fed back to the phase detector
604 t o YL P AATFOURInERe thsbAKBlABR R PHENS timgie dievte Lo ahen t he
systemNUhe dividers 602 and 612 may convert input to output frequencies.
For instance, 2.048MHz may be divided by 256 to give a conparison frequency
of 8 kHz and the VCO 610 output of 64 kHz nmay be divided by 8 to match this
conpar i J886%]r edfuraregeminliments, thaEPPds4ltind RIIHE (4l8raation 20X mehenSK | nput

t o backplale direetlon | m ratlo n.be used in the reverse

di rectiHﬁ glﬁ h%@s]@i}{yﬁ%}ﬁﬁl fro etrg'eat M DI lil%lntﬁ%is.l%%,a Pylinte ré‘&l(?@l?pfrequency
changi ngpt spyenbeideq i 828¢ fltyyanged dridegs febigicaions dahs FPGALLRay ploveie.a and
using the divider counters to address FIFO 614 wite and read pointers.

Wth aPSUCPHBReM pAUEE sgpsraior rvardoihe axapl boserelLepptitory inerdohuer A 181 i pt | op)
and whefe haekstdndddPafférh g@ggaﬂgﬁﬁlaﬁmﬁg@%} &%fig&ﬁg]qu (?I%C\Mdet fogtegaexggle mpxi;mal |y

apart, thu2 al lowi ng for "system i phaSe varration bsor bed and
data tendbe passed without or with little error. [0079] The sel ection of
| oop filter 608 may set the order of the PLL 600. In one exanple, a

ti ' | | fil 08 b d to_gj d
o der 1 J908Y; 7Hfs KRGAA Bumer PPouin AR aMbed e Bt ks PBSTs e act or s
These thsaithiagtpnal SRyt W 200id pRA2I63eHCFIURZOhO FPEE39R Mlay erdmideibhhey | evel

of jitter and wander presented at the output and considerable opportunity
i s avalPablnepedanespiq ehaprpdenchdins opgyhesheyitheetardipoperpiing iff pE8OJCdFEYG. 7 shows
pr opag@z;glgﬂlog%opn&! ock signal in ring- or nesh-like networks 700 in sone
enbodi nents. I'n sone enbodi nents, a PRBS random pattern is transported over
the Aux channel. Cock quality information or other status information may
be stor d8069H t REG.chiannkdgran ofian toeraplhgviicdviptaphimgable galetaerapaFPea) ¢l 9ck
sources in th %?se of failure. . [008%] The network 700 conprises of a
ring bAIBSHERAARR U YaseeFabegipientsothe FPggh 4 Ky periayms sherlehurs with base
st at | 0Bsnvékibn flheion/ W Hile thifimiAdSiitdr2Rd/of $Anddidhat azaﬁmulzg S t'ﬁP(élozﬁo' All
nodes may be interconnected by tadio. There nay be two % clock sources
732 andap3dons|frpng digd! b wotherd M backiplaned@aso reloepatke ard ohwakls fhrowgha Mast er

GPS as pgtggtmlyblgzlmoy\’\{ag% p%[f{s%\é?dre exiting at another NSM. Each hop whether between
NSMs via the backplane or between cards via microwave links has the potential to introduce

jitter and wander especially where a bit stuffing technique is used to carry signals across

clock boundaries.

[0070] In some embodiments, the NSM 400 performs jitter attenuation of the 64 kHz
auxiliary channel at the NSM backplane interface and potentially other interfaces depending

on the performance requirements. In one example, a radio access card may combine the
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[0082] In case of GPS receiver or link failure a swtch may sel ect
different input as a clock source. Selection may be done based on SSM
nmessages Wo.2011/02213di cating clock quality information or POTHER019103G303

i nf or matxibiagy, dawhwth oihedbadplase quiflci (bye.,dP taffed) peikr toaemismédioatth@aghai nput .
The foll owm ng di agram depi cts clg{k propagati on when |ink between two

r out er S99 BT ¢ igrowaxg IAdiUNSIWRES ween routers 702 and 704). [ 0083] The
Aux channel may carry nessages (e.g., SSM nessages) in addition to a

synchr onjgaai}i Ofn ¥@h&Embddim@AR, ¥ BIREE. A WGRAnAel ShB S :99Morh arR paRad ated by
E1l/DS1, the SSM nay be carried in the E1/DS1 overhead. The NSM may al so be
abl e t 6l-caF ychiopizSSM valusageess themoigriwag4 nktwssk duxider.dn yomh ambedimeS8M
nmessages _nmay. he extracted at NSM i nput e.qg., . bot /[ DS1 and 64 Kbps) and
i nsert g%lc% Vz% ﬁ?tﬁ Gt & averjgsgats blﬁﬁg%odﬁ?é ti%%%‘ﬂﬂq rq@'ﬁ‘tltsf’f’l?t Eée RISHASERY A detur e
conpr i 38%vifg H4hKNSS a0 frbinahy TOMBA&PIMBISON mphRMsets ®Ctet@ref@é § YmBothed
synchroni zati on value, may provide a way to carry clock traceability

i nf or metock mylsRiad; yprte thesenpyrts Whighenay dereg fusrtiqrDaf) the PLESEsaripd be

confi gyred;dor DSL inputs. This configuration may be on per port basis.
Further, Sa-bit used for SSMinformati on may be selected for El inputs.
This configuration may al so be on per port basis. [ 0085] The NSM card may
extract [88R2]i nflae FRGIAOML G moyrcdhpidSIminn 0l snd(lokwest stpnal (128 )edarandugdp4 it i nto

64 Kbps ,auxili.ary _.channel.. \We 1/ DS1 i nput does not have SSM i nformation,
e NGBS HCrE I GERUGR R ot Lo Iy e HECHBI 1) SHRRAGIRRn { he o4

Kbps chanagd/or €O 1ARSHuk 3P4 1 SorhCShbGtleNSM agﬂpsi $na 'Beif%ﬁ{%ﬁ}fal cl ock
to generate WO 2011/022735PCT/ US2010/ 046393 64 Kbps Strea SS

i ndi cat¢ g FPégu# pnrom theLEY 4ad. Al RIdk S0Gregy xeeivagler tleck sigtad vBdth&kops channel .

[ 0086] mbodi, nent,s, t recpv clock froma 64 Kbps
channelsw’t ﬁggﬁg ﬂﬁﬂ}alﬁ%@ baesr}{/lwi%%gé)lr 2&4}8\3&4{?‘r @ﬁ? ?LE 5@2% YNSIYEE 'S nd

i ncl udelocheigh@rdrm ki DRL i pNfrom 1t e/ DenerAd 6rIKIer. DRk sRbdut the Waen 64
Kbps channel is not avail able due to upstreampath failure and the NSM uses

an i nt &flhaprresigieithat shaydpdy sigral mayhetovnepaerted o BsmalyrdiB®t i ng " equi pnent

i nt er nahwhtBSK: ~ r onfigured as
an indep‘évnd(entrtfl:c{r.lrgsI Itlﬁgrhaﬁso %ﬂ%r%ﬁgeég%g&%&}%@%&%ﬁgﬁh%%?gﬁqﬁ%%)e may

i ndi cagendritat Sdthehipbengatova @BBShi - di recti onal conmuni cation with anot her

device and that direction of clock propagation could reverse dependi ng on

overal | rk statuys. .[] 0088 n the /[ DS1 si.gnal com out of a
port is @gilég(r)a?\e’&c ‘f‘ﬁ&di ﬂé“aglﬂb%'@yghﬂ?ﬁ‘ﬁr&ﬁ%eﬁl@i tﬁ%ﬁ%%\}\gsArIB%?g‘bH‘_aY hr ough
the sagBeq®etweed it 166 RBHA of e8I 10W: @k PRBS BRI the PRBS saMatdidogat i ng " Do
not use for synchronizatron" may be used for this output.” This may limt or

pr eventThe me|d IHgepshe qontreBerkbearbigailnadicatinga lossuftrégnapbpmsho LI di4 nay

i ncl Ud?aifﬁ% B'tathe §§M§16ft8 E&Et iIPﬂﬂEre is a loss of signal or failure of the PLL 506 to lock,
the mux 514 may select the signal from the AIS 510. The Aux Mux 516 receives the output
of the mux 514. The frame config. RAM 520 may be configured to control mux 518 to

control placement of the synchronization value on the TDM backplane 522.

[0074] The frame config. RAM 526 may control mux 524 for retrieving a
synchronization value from the TDM backplane 522. An Aux demux may receive the
synchronization value from the mux 524. The Aux demux comprises a jitter attenuator 532, a
PRBS monitor 528, and a PRBS lock detector 530. The PRBS monitor 528 may receive the
synchronization value and the PRBS lock detector 530 may receive a signal from the PRBS
monitor 528. The jitter attenuator 532 attenuates jitter (if any) of the synchronization value
from the mux 524. The PLL 534 may upconvert the synchronization value from the jitter

attenuator 532 (e.g., from 64 kHz to 1.544/2.048 MHz).
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[0089] FIG 8 is an exenplary NSM 800 configured to retrieve and i nput SSM
in sonme enbodi nents. FIG 8 conprises conponents of FIG 5 as well a

def raner 8020t0nLi3gured to retrieve SSM from t he TDM buPCOUSLOM0I0¢63081X .
channel .[00T% SAMnoay3demapsevétdedvavear ], F4/DS8 #m{z?retbferfd’ea@ﬁsarﬂ%e Those
skill ed. |r1 the art wll %rem ate that the framers 804 é@be a part of

the LI tjeBaldresp heruippdEeny s PLL 330 dore myed3tomae prleqt sheNishA4/286aNHMey i n sone
nbodi bl
enbodi gBALIST thlerPL\Léfszx%g% g{@f%ﬁpﬁwm&g@l ({§§J¥F§% 'X[%neéfa%& faﬁﬂ%hg?ugpefa y

coupled™to an may provi
synchr &#0.2la¢ PBRS\eaheretor 642, hlﬁd Iﬂkﬁnufﬁm ey redefveRRCoutput fran cherrate 588. there is

I f h d h t I
Vi o ELABE S 08T DIRsR T FRLEECFCE HBTLHE ALSIH0 ABbIEGTSIPRALS t he. fuo
NSMs sPRBS dgeﬂé)ﬂdﬁo? 5&2 Ofthé Hﬁx%&@n@d}%etd%ﬁtrglgid byHRe i‘(fck%ﬂ lgﬁ?lsﬂ’gnt] the @%#l?dancy

is provided if one of the two NS ai | IT only par one ail
(e.g., leRdeicapnd3Q @nd/hIethNSML153ﬂalo¢kefdllmgtelgdab RROUtmp wf theayuwbédpisovi ded t o

t he ] i ments al may be
recei vgd) VYdePI%NEhe)ITIHeA‘ &%’f 5%118 Cﬁﬁt‘g%% é’|ad}}?<5t%r|r§§5qn€§§gppbg&rtgéglie%d by
NSM 2. bétﬁveélﬁlﬁlmmﬂrMHzfs inhBarflrthé SuBhih G S 838 he output of mux 546 is

2011/ 022735PCT/ US2010/ 046393 found inaccurate, the NS I\EZ may provide a

synchr Bivieditohlydiite to the RAC based on the EI/DS1 clock signal.  [0093]
Further, in sonme enbodi nents, a single NSM may support bot h recel ving a PRC

si gnal |[nom} I ?ﬁébte ng%dl%){ﬂe ﬁg%gﬂﬁg,ﬁagéaﬁa? h‘é"fJLLS_‘i(ﬁ A/ b 1L §C ch‘gtn 2

ot her port. a port or a S of 1s ot erw se t he
NSM mabe mguvllltleLs: he synchroni zati on val ue associated with the E1/ DSl cl ock
signal to the RAC [0094] FIG 10 depicts NSM and RAC redundancy in sone

enbodi I lou 0 NSM 1 and 2, may be operabl
coupl eg%p @)7%] Elﬁi@s @<t @mmﬁg&ﬁﬁa@&) "ﬁﬁ%‘ﬂ ter qtﬁn%ﬂ%‘néﬁﬁlﬁﬁp}?@ﬁtnéentst h:os Y
Ci I cui i\ BILIOWH d@ssﬁdlmwmremwgre% th@NS érﬁ!r'}‘ be H&&El?%gl:@r lhé&me% but may

al so provide redundancy if one of th . I'n so odi ments, the
conpon&it/er eegsitle pleage ivarigtiogs of @ clegl. Ebe BEb@0D demgtﬁ jaumaddl oha RLEWherdyk s

receiv ose ski inthe art will

appr emﬁlgt Iég%%ﬁhg Oﬁpgreao%l{}gays eaér“gggd‘s{) hb fcr?ltv)lr%ef ?@%ﬂ&néﬂa PREY / Ds1. As
I v v e S P ﬁ‘?‘ef%* e N el quitaidy DR

i nput %Fﬁg ﬁ%oppfy‘&‘f é@éd‘“htlﬁl gﬁh@sm‘@wlﬁs@@)mﬂy bq gogsputElack, a sngdptt s NSM

" eQUNARRLY, rhdl B (elBINIBHHOP: Rl 696@4%00%@% Rop! BefnsPag! ment s,

1 may be supported by a mast er point in the
net wor ROSIIRIN® thﬂ.DIPILLLﬁf)DI’IB.ﬂEiSS}’BthEI, fedbvidep ;6012 tnd§12 may cemaiteinIRG2 oalpack.

C ock sourcin 1 at the ]o de B may be an eNode B
functi {(S)requeﬂlgﬁfq qg%rclﬁt?f&engéé‘@z%ﬁﬁqﬁl&o‘ff@ag B?‘l 23«%?@1@&?18 CW@R@“‘)PEWSPFFE%’
erl\rlggdl gmmz altRBe V@O 18 oafpht B84 PHOMJBE danded thies NSNhEY BEDEQRP ARt he
e e

frequency. This is one possible configuration of the NSM input to backplane PLL direction.

Similar ratios can be used in the reverse direction.

[0078]  Pure jitter attenuation (i.e., without clock frequency changing) may be achieved
by setting the dividers to equal values, and using the divider counters to address FIFO 614
write and read pointérs. With a suitable phase detector (for example the commonly known
JK flipflop) and when locked, the PLL 600 may align the read and write to be maximally

apart, thus allowing for system induced phase variation to be absorbed and data to be passed

without or with little error.

[0079] The selection of loop filter 608 may set the order of the PLL 600. In one
example, a proportional and integral loop filter 608 may be used to give a second order loop

with independently settable loop bandwidth and damping factors. These two factors may
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[ 0097] The above-descri bed functions and conponents can be conpri sed of

I nstructions that are stored on a storage nedi um such as a conputer
readabl e wodbum227BRe i nstructions can be retrieved and exeast@Ed/obssIn

pr ocessletermiSonte lexaryljiesr afd Wwasier presdntunisat alicco8Qittand tensidyrsge appRsgy and
firmare. % qe exaggjes of storage medium are nmenory devices, tape, disks,
integrét@@‘%??&hﬂy NIz dhess fQict SIVeTRsSMhst r uct i ons are operational when
executed by the processor to direct the processor to operate in accord with

enbodi me@80I0f FHAET HARGAbpdANGNE POockTHOSE iblihe! Edndsh-1 Jric@h6h fnam | 1 ar
W th igg?rugtions, proc§§§%§(s), andogtogggé ne%lun1s %%85@? ﬁ%e p#esent

i nvent some egbgdisenishdal sarhevmbeditiienised BRBSaendom pm&mpisarapsmr’@ddn}vanmm. |t
will be apparent .to,those.skilled in the art that various nodifications may
be VE?&%%%WB? 7%&5&?P%§¥@f§?6%8§@§(W§Hémﬁﬁdn FREHOTGRBLEE HeMdn €%n be used
Wi t houtchg@pByd dsng afl6 0 FwitBeinD EP AL a8 € Rk AburkECinRRESRAbF fAAYRNL | on.
Therefore, these and other variations upon the exenplary enbodi nents are

i ntended to be covered by the present invention. WO
2011/ 022998 HeTThsperorlo4eBosnmisgs aka ring bagkbeye wishfewmpuiesi708: 7¢¢, #0@ck

conf i gyf&dod GRS RiuPbAeSlRSks F1@9R4, 714, 716, 718, 720, 722, 724, 726, 728, and

730. All nodes may be interconnected by radio. There may be two GPS clock sources 732
and 734. In some embodiments, all nodes receive a clock from a Master GPS as shown

below by arrows.

[0082] In case of GPS receiver or link failure a switch may select different input as a
clock source. Selection may be done based on SSM messages (e.g., indicating clock quality
information or other status information), which indicates quality of a clock received at each
input. The following diagram depicts clock propagation when link between two routers failed

(i.e., at the x between routers 702 and 704).

[0083] The Aux channel may carry messages (e.g., SSM messages) in addition to a
synchronization value. In one example, when a clock signal is propagated by E1/DS1, the
SSM may be carried in the E1/DS1 overhead. The NSM may also be able to carry the SSM
messages through 64 Kbps auxiliary channel. SSM messages may be extracted at NSM

inputs (e.g., both E1/DS1 and 64 Kbps) and inserted at outputs.

[0084] In some embodiments, the NSM architecture comprises a 64 Kbps auxiliary
channel which, when used to carry a synchronization value, may provide a way to carry clock
traceability information (SSM information). Frame format SF (D4) or ESF may be
configured for DS1 inputs. This configuration may be on per port basis. Further, Sa-bit used
for SSM information may be selected for E1 inputs. This configuration may also be on per

port basis.

[0085] The NSM card may extract SSM information from E1/DS1 inputs (when
available) and map it into 64 Kbps auxiliary channel. When E1/DS1 input does not have SSM
information, the NSM card may include a SSM indicating “traceability unknown” in the 64

Kbps channel. When E1/DS1 input is lost and NSM card uses an internal clock to generate
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a root node configured to receive the clock signal, to generate a first
frame including a first payload and a first overhead, and to generate a
second fre@eoimel13di ng a second payl oad and a second ove@CHABA)1008ES93 i r St
over he&d Khpsptresn.ngS$Msydichingnieqapiment ineiiat clakesapbe ierted mekoskapal , and

the second overhead al so conprising the synchroni zation val ue; a
radi o Gﬁwgl network in communication with the root node for transmtting
the first frame and the second frane; a first child node including a

first ph@sgel 0ksdROBnbENIFEQNAGHHE NS [dBFEL ‘é%l&cﬂ?rd(nil hgk K‘brg

%ﬁaxﬂ.ﬁﬁ’ to
perform cl ock recovery including frequency synchroni zation using the

synchr &9 oM may veel SV anfarmiteonffrens thegakbpd diokndl @og jncanid the SSM a second

child nade incl.uding a nd se |logk |o and configured to receive
the sedSd PP ga T G AOER Gon” e8P s Pty T S e

synchr enigsaichfpatisiagretade tsyNSRI @BE Zatn@Ral Mo 2BskiRE 1A8S PHEpRNase | ock

| oop. 2. The systemof claim1, wherein the radio channel network includes

a m cr owdY Bdifatipprequipment iernshdedkmmaty ke usedn 1, wherein the first child
node is configured to attenuate jitter of the first frane. 4. The system

of cl ai whar et 0 ] I gur . erate a first series
of r amebs7lNAE DS Bl MORGALEA AL MACEMALR HANERE LR LAY
synchr opaizaThehpaidl mede they indivatefthatshe pat pesidel bf-dae®i®nal domnlit@cBivat em of

claim4, wherein the root node is configured to generate a second series of
f r ames “Granpher Q%Vd%ﬁ?dldéﬁ‘i‘tlddFeﬁté)‘Hb‘)faFi‘bthRSg%étl?rh%p { Feyerss depeadingron

synchr gérzRhbdY dhitgs for the second series of frames. 6. The system of
claim1l1, wherein the synchronization val ue includes a pseudorandom
sequence. 7. The systemof claim4, wherein each of the first series of
synchr or09881i ofVheal tﬁ@EI/iDgS 1t signag eemingautef a port is generated using the clock, which

originally was received through the same port, and the port is configured as “pair,” the SSM
indicating “Do not use for synchronization” may be used for this output. This may limit or
prevent clock loops. In some embodiments, all other ports output may include actual SSM

information.

[0089] FIG. 8 is an exemplary NSM 800 configured to retrieve and input SSM in some
embodiments. FIG. 8 comprises components of FIG. 5 as well a deframer 802 configured to
retrieve SSM from the TDM bus over the Aux. channel. The SSM may be provided over
E1/DS1 #1-3 by framers 804. Those skilled in the art will appreciate that the framers 804
may be a part of the LIU 414 or the FPGA 416.

[0090] FIG. 9 depicts NSM redundancy in some embodiments. In various embodiments,
two NSMs, NSM 1 and 2, may be operably coupled to an RAC. If one of the NSMs fails, the
other may provide a synchronization value to the RAC. Further, if PRC is inaccurate or there

is a loss of signal, either NSM 1 or NSM 2 may provide a synchronization value via E1/DSI.

[0091] Those skilled in the art will appreciate that the two NSMs share inputs from the
PRC and the E1 / DS1. As a result, redundancy is provided if one of the two NSMs fail or if
only part of one NSM fails (e.g., PRC input to the NSM 1 failed but the PRC input may be
provided to the RAC by NSM 2).

[0092] In other embodiments, the PRC signal may be received only by the NSM 1 and
the E1/DS1 clock signal may be received by NSM 2. If the PRC signal fails or is otherwise
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WO 2011/ 022735PCT/ US2010/ 046393 8. The systemof claim 1, further
conprising an MPLS node configured to provide data to the root node. 9.
The syst ewpabiigi2aism 1, further conprising an internedi aPeTASR010/0mSdE

conf i gfiowd ihacneceitheeNSMe2 fiay ptovideansyntiironizhtien v00d tonbeR ATehRe€oh iR i r st
child e1 ves theflrst frame. 10. The systemof claim9, wherein

t he inr%gﬂﬁ%{i?af Sightli d node is configured to attenuate jitter of the first
frame. 11. The systemof claim1l, wherein the overhead further conprises a

cl ock qu@bd3y MRERAIR some embodiments, a single NSM may support both receiving a PRC
signal in at least one port and an E1/DS1 clock signal in at least one other port. If a port or a

PRC signal fails or is otherwise inaccurate, the NSM may provide the synchronization value

associated with the E1/DS1 clock signal to the RAC.

[0094] FIG. 10 depicts NSM and RAC redundancy in some embodiments. In various
embodiments, two NSMs, NSM 1 and 2, may be operably coupled to two RACs (i.e., RAC 1
and RAC 2). In some embodiments, this circuit provides the advantages of the circuit
depicted in FIG. 9 but may also provide redundancy if one of the RACs fail. In some
embodiments, the components depicted in FIG. 10 may be used in conjunction with clocks

received from a ring network.

[0095] Those skilled in the art will appreciate that the two NSMs share inputs from the
PRC and the E1 / DS1. As a result, redundancy is provided if one of the two NSMs fail or if
only part of one NSM fails (e.g., PRC input to the NSM 1 failed but the PRC input may be
provided to the RAC by NSM 2).

[0096] FIG. 11 depicts NSM redundancy in a ring network in some embodiments. In
some embodiments, PRC 1 may be supported by a clock (sub-master PRC2) at a different
point in the network. FIG. 11 illustrates the node supporting the remote PRC2 clock. Clock
sourcing for PRC1 or PRC2 at the local eNode B may be an eNode B function. NSM
clocking may be transported in AUX1 and AUX2. In other embodiments, PRC 1 and 2 are
not provided and the NSM synchronizes the eNode B.

[0097] The above-described functions and components can be comprised of instructions
that are stored on a storage medium such as a computer readable medium. The instructions
can be retrieved and executed by a processor. Some examples of instructions are software,
program code, and firmware. Some examples of storage medium are memory devices, tape,
disks, integrated circuits, and servers. The instructions are operational when executed by the
processor to direct the processor to operate in accord with embodiments of the present
invention. Those skilled in the art are familiar with instructions, processor(s), and storage

medium.

[0098] The present invention is described above with reference to exemplary

embodiments. It will be apparent to those skilled in the art that various modifications may be
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12. The systemof claim 11, wherein the first child node is configured to
sel ect between the synchroni zation value and a second cl ock signal based,

at | east wWO2pawr®22736n the clock quality nmessage. 13. A REThSA1004¢P3 Si ng:
gener atnadg and othet kmbpdjmahts cge hensli withoubgteartirgofrom olstebroaddr iscgie dfitigare

i ncl udi_n %,fir.t |l cad and a fiyst overhead erein the first overhead
conpr i ?é%e lg‘ffﬁli‘ﬂ?o eﬁ%?feo YRR YRS URED HieFRR Ml h aMbOBREI S ng, by
the T oaiteitRdeo bacseaansy e aiBeinfididodg a second payload and a second

over head wherein the second overhead al so conprises the synchronization

val ue; transmtting the first frame and second frane over a radi o channel
network; receiving, by a first child node, the first frane; per f orm ng,
by the first child node, clock recovery including frequency synchroni zation
usi ng the synchronization value and a first phase-lock | oop; receiving, by
a second child node, the second frane; and perform ng, by the second
child node, clock recovery including frequency synchroni zation using the
synchroni zati on val ue and a second phase-lock |oop. 14. The nethod of
claim 13, wherein the radio channel network includes a m crowave
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network. 15. The nethod of claim 13, further conprising attenuating jitter
of the first frame by the first child node. 16. The nethod of claim 13,
further cwopeigizerssgenerating a first series of frames fom/use@ofiegs child
node by the root node and generati n§lamki rst series of synchronization
values for the first series of frames. WD 2011/022735PCT/ US2010/ 046393

17. The nmethod of claim 13, further conprising generating a second series
of frames for the second child node by the root node, and using the first
seri eslof syAsiyienicambticingval ues for the second series of frames. 18. The
met hod of clajm 13, wherein the synchroni zation value includes a

pseudor andoft sk Genigured tpgenqrie agledkodens cl ai m 13, wherein each of the

first serieg SYA6H QJHf?gﬁfeidqg ré’c@l\}éqﬁe j:lgcll anzﬁ,""tgege}{@rlaéé%‘ first frame including a

first payload and a first overhead, and to generate a second frame including a second payload
and a second overhead, the first overhead comprising a synchronization value based on the
clock signal, and the second overhead also comprising the synchronization value;

a radio channel network in communication with the root node for transmitting the first
frame and the second frame;

a first child node including a first phase lock loop, and configured to receive the first
frame and to perform clock recovery including frequency synchronization using the
synchronization value and the first phase lock loop; and

a second child node including a second phase lock loop, and configured to receive the
second frame and to perform clock recovery including frequency synchronization using the

synchronization value and the second phase lock loop.

2. The system of claim 1, wherein the radio channel network includes a microwave
network.
3. The system of claim 1, wherein the first child node is configured to attenuate jitter of

the first frame.

4. The system of claim 1, wherein the root node is configured to generate a first series of
frames for the first child node and to generate a first series of synchronization values for the

first series of frames.

5. The system of claim 4, wherein the root node is configured to generate a second series
of frames for the second child node and to use the first series of synchronization values for

the second series of frames.

6. The system of claim 1, wherein the synchronization value includes a pseudorandom
sequence.
7. The system of claim 4, wherein each of the first series of synchronization values is the

same value.
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20. The nethod of claim 13, further conprising providing data to a ro

node froman MPLS node. 21. The nethod of claim 13, further conpri si

recei vi ngwohelfi2ess franme by an i nternedi ate chil d nodePCramseelod4639dt node

bef or e8t he fThe systayhpf damodifurtbersiongsistigenfMPES nbdaomfiguRa. to phevidedsod of

claim2l, further conprising attenuating jitter of the first frame by
G i

i nter

{OLORFF-d node. 23. The method of claim 13, wherein the ove

further conprises a clock quality nessage. 24. The nethod of claim?2
furthep, comphé sysian SELBRA | NGrR&t WRGRisiRCnSHRERERRE 2R Héue;&k&gguéa% a

cl ock

signal based, at least in part, on the clock qualit sage.

syst enfeseiypilissiingtrame &ogrthe corimodebefdret the e ehidd rode re¢aveds thé Gryaframe.

nmeans

for receiving the clock signal, for generating a first frame

el udipg, g (oL 0ot At BleRUTRISAY 808 BRRET D,

frame
conpri

second overhead al so conprising the synchronization val ue;

i ncl udi'ng a secon _
fittagfahstinchiamal zat i on val ue based on the clock signal, and the

channel netwﬁagN%%%ggnnunicatiqn wWith the root node for transmtting

first #Pane

eeighd Yheass;the overhead fusthescopipripes aderk quabiudi ng

ot
ng

t he

r head
3,
second
25. A

second
r head

a radio

t he
a

first plageel ock 1oop, and configured to receive the first frane and to
perform cl 6ck recovery including frequency synchronization using the
synchroni zati on value and the first phase | ock | oop; and

12. The system of claim 11, wherein the first child node is configured to select between
the synchronization value and a second clock signal based, at least in part, on the clock

quality message.

13. A method comprising:

generating a clock signal;

generating, by a root node, a first frame including a first payload and a first overhead
wherein the first overhead comprises a synchronization value based on the clock signal;

generating, by the root node, a second frame including a second payload and a second
overhead wherein the second overhead also comprises the synchronization value;

transmitting the first frame and second frame over a radio channel network;

receiving, by a first child node, the first frame;

performing, by the first child node, clock recovery including frequency
synchronization using the synchronization value and a first phase-lock loop;

receiving, by a second child node, the second frame; and

performing, by the second child node, clock recovery including frequency

synchronization using the synchronization value and a second phase-lock loop.

14. The method of claim 13, wherein the radio channel network includes a microwave

network.

15. The method of claim 13, further comprising attenuating jitter of the first frame by the
first child node.

16.  The method of claim 13, further comprising generating a first series of frames for the
first child node by the root node and generating a first series of synchronization values for the

first series of frames.
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a second child node including a second phase | ock | oop, and configured to
receive the second frame and to performclock recovery including frequency
synchr oniwatoarm2essing t he synchroni zati on val ue and t hePsgaseelopasse | ock
| oop. 17.  The method of claim 13, further comprising generating a second series of frames for

the second child node by the root node, and using the first series of synchronization values

for the second series of frames.

18. The method of claim 13, wherein the synchronization value includes a pseudorandom
sequence.
19. The method of claim 13, wherein each of the first series synchronization values is the

same value.

20. The method of claim 13, further comprising providing data to a root node from an
MPLS node.
21. The method of claim 13, further comprising receiving the first frame by an

intermediate child node from the root node before the first child node receives the first frame.

22. The method of claim 21, further comprising attenuating jitter of the first frame by the

intermediate child node.

23. The method of claim 13, wherein the overhead further comprises a clock quality
message.
24. The method of claim 23, further comprising selecting between the synchronization

value and a second clock signal based, at least in part, on the clock quality message.

25. A system comprising:

a clock configured to generate a clock signal;

means for receiving the clock signal, for generating a first frame including a first
payload and a first overhead, and for generating a second frame including a second payload
and a second overhead, the first overhead comprising a synchronization value based on the
clock signal, and the second overhead also comprising the synchronization value;

aradio channel network in communication with the root node for transmitting the first
frame and the second frame;

a first child node including a first phase lock loop, and configured to receive the first
frame and to perform clock recovery including frequency synchronization using the
synchronization value and the first phase lock loop; and

a second child node including a second phase lock loop, and configured to receive the
second frame and to perform clock recovery including frequency synchronization using the
synchronization value and the second phase lock loop.
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