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WD 2005/ 125233 PCT/ US2005/ 020158 REDUCI NG COST OF

CELLULAR BACKHAUL TECHNI CAL FI ELD The fol | ow ng
wale®sneysd on relates to radi o systens. 5 PRI QRUTIYS2005/020158

OTHER APPLI CATI ONS Thi s application clains priority

fromand incorporates herein U S. Provisiona

Application No. 60/578, 266, filed June 9, 2004, and

titled "REDUCI NG THE CCST OF CELLULAR BACKHAUL". 10

BACKGROUND el | ul stens t oda VQj data and
si gnal i ng FFBF&F@Gnﬁé AQﬁﬁﬁ e cel

tower sites to the central offlce where the nobile
switching center is |located. 15 In general,
backhaul ing refers to getting data to the core

network, e.g., bet wedFCGHERPdsEIELR i on and the base
station controller. In sone cases, backhauling may

i ndhedéoddnding destmipiddatelates &0 gsatiof syhtenay

route (including taking it farther than its

destination) in order to get the data to its 20

destination sooner or at a lower cost. Currently, a

majority of twtRrerberkbaubTiekespplrozeryoney dedi cat ed

Ti lines. There are also sone wreless backhau

SCRONRS s¥pedcRELFRIé1yihd piority from and incorporates
herein U.S. Provisional Application No. 60/578,266, filed June

9, 2004, and titled “REDUCING THE COST OF CELLULAR BACKHAUL”.

BACKGROUND

In cellular systems today, voice, data and signaling
traffic must be backhauled from the cell tower sites to the
central office where the mobile switching center is located.
In general, backhauling refers to getting data to the core
network, e.g., between the base station and the base station
controller. In some cases, backhauling may include sending
network data over an out-of-the-way route (including taking it
farther than its destination) in order to get the data to its
destination sooner or at a lower cost. Currently, a majority
of this backhaul takes place over dedicated Tl lines. There

are also some wireless backhaul schemes used primarily in
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WD 2005/ 125233 PCT/ US2005/ 020158 short range niche
applications that utilize both |icensed and

wandosae2ded bands. Cel | ul ar backhaul primaril yPar/vb10a&620158
dedi cated T1 lines. The guaranteed bandw dth and
| atency are inportant to support 5 real tinme voice
calls. Typically, Ti slots are dedicated to particular
voice circuits or data channels. Bandw dth

Sho‘%:feC 'rcan C'n@.%h%f Fggﬂ al:goﬁ’g eﬁhé he i'p:‘?f gh%al'jootg%lmltcentsed and

aggreg traf AanT Car y d
t.he anylgﬁhdenand for data and voice are avail abl e,
# dﬁSed in the 10 majority of deploynents,
I I khaul
e e R LR W ke SR . 3 imes
typlcally made to look like a Ti line. This all ows

The agand st bpndvedthnand i leterer awssinpariand tte Fapport
used. The advant age of wirel ess backhaul is 15 | ower
reglogtinmeovipdced ced LEealypécailyi ek, sinits tare Wieddicessd to
systens are often limted in range and by terrain.
parffiend arayodeen cilmteibst of ndafsa ngharres JpublBendwitdehnet
to backhaul cellular traffic given the w de
ef favdidratiids toff alsdngr EPabvveel yhe dvackistuloftd riggrreetate
connections conpared with 20 dedicated Tl Iines.
tra3NMARYI dynaaiieadspestispt t EgpddMenti dcHdGlaidasigd demand

met hod for
for data and voice are available, but are not used in the
majority of deployments today.

While there are several wireless backhaul technologies,
the interface to these systems is typically made to look like
a Tl line. This allows the same interfaces and time slot
assignments to be used. The advantage of wireless backhaul is
lower cost compared to leasing T1 lines, but the wireless
systems are often limited in range and by terrain.

There has been interest in using the public internet to
backhaul cellular traffic given the wide availability and
relatively low cost of internet connections compared with
dedicated T1 lines.

SUMMARY

In some aspects, the invention includes a method for

backhauling wireless voice and data transmissions. The method
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backhaul i ng wirel ess voice and data transm ssions. The
met hod -2 WD 2005/ 125233 PCT/ US2005/ 020158 i ncl udes

WO e@ei129288), at a base station, a wirel ess PCT/US2005/020158
transm ssion. The nethod al so i ncludes forwarding the
transm ssion fromthe base station to a base station
controller over a shared network. 5 Enbodi nents can
i nclude one or nore of the followi ng. The method can

F ol r ;ving,.a b station . cantroller, a

inq RGBT HG1 Tacoh BRSNS B! Lo 20
transni.ssion_to the base. stati ver_the share

eraf SIRNRH 00 7he WREROReTIEs Aah R F s fpe
network. The shaLed 10 network can be the internet.

CrEARNISSIRGY SRR 5PEoPRARI BRI TIDVIUih P3G iStHEE OBuf f er

at _the base station _controller and using the jitter
confiylder; OVegompERSALE PRFWYTEter introduced by the
shared network. The nethod can al so include providing
a jEmbosimgntsecant inpdude send 315 teareo® farkdieu fiodd owhag -
jitter buffer to conpensate for jitter introduced by
t hdhshaestodecaor kncFodeareleigrirne tatardm $sisen stabion
include forwarding the transm ssion using a secure
corgnmtldesl,. aTkecseduteapsont oxidn cand feerwdSiding0 thee second
met hod can al so include determining a priority of the
transmission to the base station over the shared network. The
shared network can be a non-private network. The shared
network can be the internet.

The method can also include providing a jitter buffer at
the base station controller and using the jitter buffer to
compensate for jitter introduced by the shared network. The
method can also include providing a jitter buffer at the base
station and using the jitter buffer to compensate for jitter
introduced by the shared network.

Forwarding the transmission can include forwarding the
transmission using a secure protocol. The secure protocol can
be SSL.

The method can also include determining a priority of the
received transmission and forwarding the transmission based on

the determined priority. Determining a priority can include

assigning a first priority to voice transmissions and
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recei ved transm ssion and forwarding the transm ssion

based on the determned priority. Determning a
w@eiosn2Ry3 can i nclude assigning a first priorPCHUS05/020158

voi ce transm ssions and -3 WO 2005/ 125233

PCT/ US2005/ 020158 assigning a second priority to data

transm ssions. The first priority can be greater than

the second priority. Forwarding the transni ssion can
Sinc%yde formarging.the t{aQ%“ES ion usin voiceT%%erf. e
2891 fo PEGY O TRE Rt RO d“RaTP ™3 W R HRETANEE - LS

performng. decryption of the transnjssion at the base
PrAREH G FCOREr SFFBEST THaRFref Mo SERT<hIRG M ude

perform ng encryption of the second transm ssion  at

t h& PASE1§PatPBnCEBRERBFFEPL TR TR HKle dayvarsgng the

i nclude performng power control at the base station.
trapraitssdesniusdnenveanebever 10°P t tegitf loxdon  fihenimgthod can

cellular tel ephone. In additional aspects, the
alsgqvientlivgie pecfodwing dechupticomanf it udes:sméssiivnngt the

at a base station, a wireless transm ssion froma
bade rstatnob centtabilen. beTheuteithdd aars edend inndlidee

unit. The method al so includes determning if the 15
peroonithgrebickeputibh b8 vhéhsdcend aFatHiGadien BaANGReObase

the base station and if the second nobile unit is
stadidi redot@onasee, TheCAbtNod kb NGl $d6 dd1FRTESIFeRkming

fromthe first nobile unit to the second nobile unit
povidr I thRd3e a8t @hbOBase station. The transmission can be a
transmission from a cellular telephone.

In additional aspects, the invention includes a method
that includes receiving, at a base station, a wireless
transmission from a first mobile unit to be routed to a second
mobile unit. The method also includes determining if the
second mobile unit is within a communication range of the base
station and if the second mobile unit is within the range,
locally routing the transmission from the first mobile unit to
the second mobile unit at the base station.

Embodiments can include one or more of the following.

The method can include forwarding the transmission from
the base station to a base station controller if the second

mobile unit is not within the range. Forwarding the

transmission from the base station to the base station
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Enbodi ments can include one or nore of the follow ng.
20 The nethod can include forwardi ng the transm ssion

w0 e@si1202BE base station to a base stati on contPOI/U82005/620158
the second nobile unit is not within the range.
Forwardi ng the transm ssion fromthe base station to
t he base station -4 WD 2005/125233 PCT/ US2005/ 020158
controller can include forwarding the transm ssion

fromthe base statipon to the base statian contr.olle
COT L 12T FaPed SR BE R T REVARE h At b RIS SRR (& oFhehe
internet. In addifional aspects, the _invention
bage, §taddora tey EhenPage s B a bk R AR 1% avEeLs 8y shgged
and data transm ssions. The systemincludes a base
netgiogk -on BEnFhGUPEdREEWPER eFdR 28 e eltdeynatansni ssi on
and forward the transnm ssion to a base station
corfiy gldddr-ioned asphared Hee worventEmvdinremdsescgnsystem
i nclude one or nore of the following. 10 The system
fordmdlsmliimgl wdeedebasvostatawdh dard rotdremisedehisgur Bde
to receive a second transm ssion and forward the
sysSefonthdlgRsnas aes &bat hen basef shatddtovwercdive a
shared network. The shared network can be the

windlleRiNairanbhd sBase aftiatboNat@ntii®ldanekdivel tde aabase
jitter buffer configured to 15 conpensate for jitter

stdtitdPdERd-AN rhevebag egnaptqoi&k-wdhie, base station
can include a jitter buffer configured to

Embodiments can include one or more of the following.

The system can also include a base station controller
configured to receive a second transmission and forward the
second transmission to the base station over the shared
network. The shared network can be the internet. The base
station controller can include a jitter buffer configured to
compensate for jitter introduced by the shared network. The
base station can include a jitter buffer configured to
compensate for jitter introduced by the shared network. The
base station can be further configured to determine a priority
of the received transmission and forward the transmission
based on the determined priority.

In additional aspects, the invention includes a system
that includes a base station. The base station is configured

to receive a wireless transmission from a first mobile unit to



conpensate for jitter introduced by the shared
network. The base station can be further configured

W o00d@2eB3ni ne a priority of the received tranBei/ES100$020158
and forward the transm ssion 20 based on the
determined priority. In additional aspects, the
i nvention includes a system that includes a base
station. The base station is configured to receive a

transmsmnfo firs b||.un|tt
%%@ Eo 25 5 0nan DRBbE ahh i R Ritat (o yhe S2cond
econd .nohil e ,uni,t and determ ne |f t he second _nobile

1§ 4 Switthi R 80 AntiRFRYR T GHE THhgRHte (dfe Hgsbase

station._ If _the second mpbile unit is within the
statiffe, (e theasecensd: PBR1IR Wt | Hureidhhia (teamapoe, the
route the transmssion 5 fromthe first nobile unit
bage et i98cdivd CopBipEradi £o atoedhkly et ssitdtd drransmission
Enbodi ments can include one or nore of the foll ow ng.
5 frommechsy frigmitc mobdlleounat| tdethke beswornt atdloil e ontirttolaltethe
The base station can be configured to forward the
bage atstiisgi.on 10 to the base station controller if the
second nobile unit is not within the range.
Ad i eenitikatatainbudeesnd nopaidie wWMrche following.
i npl ementati ons include one or nore of the

f ol Tranigi@tenl RaS0HR s6MDAE] HRALS , baksd Nk i3 Mt oller.
radi o system can
The base station can be configured to forward the transmission
10 to the base station controller if the second mobile unit is
not within the range.

Advantages that can be seen in particular implementations
include one or more of the following.

In some embodiments, using a software radio system can

15 reduce the cost of cellular backhaul.

In some embodiments, the software radio system allows one
to perform rapid experiments and any changes to the system or
protocol can be software downloads to the infrastructure.

In some embodiments, the software radio system employs

20 QoS measurements and mechanisms to ensure adequate bandwidth
and latency to support voice and data user requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram of a network.
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15 reduce the cost of cellular backhaul. In sone

enbodi nents, the software radio systemallows one to
w@eookorizey api d experinments and any changes to BEEUS2005/020158

systemor protocol can be software downl oads to the

infrastructure. In sone enbodi nents, the software

radi o system enpl oys 20 QoS neasurenents and

rrechani sns to ensure adequate bandvvi dth and I atency

to s Voi ce an%Fgata user uirements. BRI EF
ko op SHEC B RERD O BT PR A s bl ock
E%%{%m of a network. -6 ro WD 2005/ 125233
2608020 P38 kFAERITEHM| QF 2 Kok -agr am of a
network. FIG 2 is a block diagramof a network. FIG

3 iBlG Bl dekadbagrlintlbroramethor Sty - 4 is a flow

chart S FIG 5 is a block diagramof a network. FIG
6 iBlG 4 dekadifdgwaghafta net work. DETAI LED
DESCRI PTI ON Referring to FIG 1A, a system 10 incl udes
a miE.| & us & block2diaghaseostatnetwalrk. The base
station is connected to the internet 14 close to the
bagkimne drdar dubskcalibytan 6f ad fanetwdrk t he core
network of a cellular service provider with

DETAILED DESCRIPTION

Referring to FIG. 1A, a system 10 includes a mobile unit
12, a base station 14. The base station is connected to the
internet 14 close to the backbone and routs cellular traffic
to the core network of a cellular service provider with
lightweight, QoS mechanisms in place. The QoS mechanisms
provide the required level of service for system 10 such that
the system does not rely on the existence of excess bandwidth
to provide the required level of service.

More particularly, system 10 includes a mobile unit 12
which sends wireless signal transmissions to a base station
14. The base station 14 routs the transmissions to a base
station controller 18 over the internet 16 (e.g., the public
internet). The base station controller 18 subsequently routs

the calls to the mobile switching unit 20 and the mobile

switching unit 20 routs the calls to the public switched



10

15

20

l'i ght wei ght, QoS nmechanisns in place. The QS

mechani snms  provide the required | evel of service for
waymbsars23id such that 15 the system does not reCHUS005/020158

t he existence of excess bandwi dth to provide the

required | evel of service. Mre particularly, system

10 includes a nobile unit 12 which sends wrel ess

signal transm ssions to a base station 14 The base

tion 14 routs.the_transm ssi se 20
SeErannERbEs f2r E (a1 (élanalt he
ubllc |nternet% The base station controller
tragﬁﬁ@é&@énﬂ FersltsnetRrt alg & 10 WSS 1P4) smshl hg

unit 20 and the nobile switching unit 20 routs the

dispgsiesl Pgtwrenphbeikase $eepn Tonrrddsr1 15293d the mobile
PCT/ US2005/ 020158 tel ephone network 22. In sone
swigghdgionenis, 20héFEEgnEB) transverses a second network
(e.qg., internet 24) which is disposed between the
ba§égseésicancehSOObéeseﬂﬁ fargn te moikillie sgiictbhiing
unit 20 (FIG 1B) 5 Signals can also be sent fromthe
telpgblone fwictvolrd22 t €b e neobicievalrid 222t #ithehaphbbéle
unit 12 via the nobile switching unit 20, base

swisicitingn ueelt rol, | Ba&sd Ostatid nedntkd1lcand ohasatstaktone,
15. Software radios can aid in the characterizati on of

andl®Rer kepwange19f the public Internet 16 for
backhaul i ng real -

Software radios can aid in the characterization of
performance of the public Internet 16 for backhauling real-
time cellular voice and data traffic. Various types of QoS
measurements and mechanisms can be used to support such real-
time cellular voice and data traffic.

In order to reduce the cost of cellular backhaul, it is
useful to use the Internet. At this point in time, one of the
easiest ways to assure a high level of Internet service is to
connect devices close to the backbone. The location of the
device relative to the backbone avoids a portion of the
additional hops and constrained bandwidth at the edges of the
network. The excess bandwidth in the backbone of the Internet
16 today, a result of overbuilding fiber in the core, can

generally support the QoS requirements for cellular traffic.

However, as users demand services in remote locations, more
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time cellular voice and data traffic. Various types of

QS neasurenents and nechani sns can be used to
waappoe3xzuch real - tinme cellular voice and daP@r/us2005/020158

traffic. In order to reduce the cost of cellular

backhaul , it is 15 useful to use the Internet. At

this point intime, one of the easiest ways to assure

a high level of Internet service is to connect

devi ces cl.o to the.,backbone. T | ocat,i on af e
hOrfe s SRS ELIE F R BanR DA Lo SR ok, fmo i hgpe
t he additiagnal hops,and constrained bandw dth at the

Lo Cé?)tdé’élso?nfihgo%dﬁéfe%?ka Pe eXcbs'Apahd Wl sy rpREdinary

backbone of the Internet. 16 today, a result of
traffeipdis grpgrieperdi hnt Hee cone rteeﬁwo@@n@van Fheygpsrent

the QoS requirenents for cellular traffic. However,
exces sy denswdeithinthayenet cesovide erdn@id e atdsoncasoice - 8

WD 2005/ 125233 PCT/ US2005/ 020158 hops are typically
ef Figguentdd eepr deindedser vi ces in those |ocations and

QoS deteriorates. Simlarly, when extraordi nary

t r afdfdiouiss pewpecogscednibe tied cre piriwiniK effdedchbe and

current excess bandw dth may not provi de adequate

bard®RSAHH P tlitiZa@ibhCi BERéyl dARetpteimitl.s Maldiede TCP, UDP
prot ocol s can be used to provide efficiency and

anéhmfiw dish wentli BlsZ 8hH0Re - EXE@ IS Mo 1P a1 RlsUdeotocols
CP, UDP and RTP, as well as end-to-end application

1mﬂf@ﬁ%nﬁQaSo%rngceksthese protocols.

In some embodiments, existing devices on the public
internet 16 can be used to rout the calls from the mobile unit
12 to the public switched telephone network 22 using the
public internet for backhaul without requiring the deployment
of new routers or other hardware in the network. This enables
use of the Internet for backhaul on a much more rapid
timescale. It is believed that such an implementation will
result in significant cost savings for wireless carriers
today.

Referring to FIG. 2, an exemplary routing of a call over
the internet 36 is shown. In this example, base stations
located in Texas 32 and Cambridge 34, connected via the public
internet 36 to mobile switching center 38 in Vancouver. Table

1 shows the number of hops between the base station 34 located



i npl enented on top of these protocols. 10 In sone

enbodi nents, existing devices on the public internet
wagoosars2be used to rout the calls fromthe nobPCEUS2U$/020158

12 to the public switched tel ephone network 22 using

the public internet for backhaul w thout requiring

the depl oynent of new routers or other hardware in

the network. This enables 15 use of the Internet for

. ha on ch more rapid imescale. It i

in A R THen = Efhns St S 1 Sb ke, g shows
si.gni ficant cost savings for wireless carriers today.

ChdiR KRG IREES BES RS ER O 1y [RRRaR o Teves oY the
over 20 the internet 36 is shown. In this exanple,

SWhHASe 3& 3 YRECOMYEEted in Texas 32 and Canbridge 34,
connected via the public internet 36 to nmobile
SYaHIE TR ofoRi 81207.83.531384asHs Ruiidgd, 38 h8ps haR HB\WId ptitkets
nunber of hops between the base station 34 |ocated -9
WD 2005/ 125233 PCT/ US2005/ 020158 in Canbridge and the

sw {ch 38 i n Vancouver], g E e P OWS b hops
1 bet W88 the base statiéﬁgg 8. g atejoﬁ Toxa EghﬂmthQQ]]ms
swi-tch 38 in \ancouver lable 1; Traceroute to
2 207 23288688 1690mws Canreizee 90306)hops.osmxs 39.80%He | 0.877 ms
packets 1 pos (192.168.0.1) 0.436 ps 0.291|ns 0.211 ns
2 W208.qs082®1090. bos-| (64.221.90.225) 1.062 ns 0. 872
ns 0.877 ns
3 208.177.193.1.ptr.us.xo.net | (208.177.193.1) 146.914 200,582 168.402
ms ms ms
4 geb- (207.88.86.53) 170.937 204.480 187.509
00.MAR2.Cambridge- | ms ms ms
MA.us.xo.net
5 p5-1-0-2.RAR2.NYC- (65.106.3.33) 204.374 87.548 ms | 95,330 ms
NY.us.xo.net 1 ms
6 p1-0.IRT.NYC-NY.us.xo.net | (65.106.3.42) 111.932 113.313 181.227
ms ms ms
7 206.111.13.18.plr.us.xo.net | (206.111.13.18) 132.570 148.973 98.475 ms
ms ms
8 corel-newyork83-pos0- (206.108.103.177) | 20.721 ms | 127.483 148.096
3.in.bellnexxia.net ms ms

-10-




na.

dsl

.cnc.net 3 208.177.193.1.ptr.

us. X0. n

et

(208.177.193.1) 146.914 200.582 168.402 ns ns ns 4
w@e®s/1¢26% . 88. 86. 53) 170. 937 204. 480 187.509 PCT/US2005/020158

00.
pS-

MAR2. Canbr i dge-
1- 0- 2. RAR2. NYC-

95.330 nms NY.us.xo.net ns 6
pl- 0.1 R1L. NYC- NY. us. x0. net (65 106. 3.42) 111.932

ms ns ns MA US. X0.net 5
(65.106. 3.33) 204.374 87.548 ns

11Q Q1Q 1Q1 227 5516
9 206} ddrds- ﬂrﬁmik&ulm posis . ) (206908 PR(88) 11 133U85 18) 31B22557() 248.051
148} 973 98.475 ns  ns|ns 8 core |-pewyor k83- posO-
(20p3-nI@INexIanBy) 20. 721 s 127. 483M148. 096MS ms
3.ip.bellnexxia.net ms ns_-10 WD R005/ 125233
PCT 0158 9 ¢ a S 6 93.072 04.338
1020 5&%@%@%&39) 133, SR TRELBT S BF ARG 0L 90072ms | 94338 ms
i n, pel |l nexxi a. net ns ?s ns 10 64.23Q5243.2£§
(64| 230. 243. 238) 269. 19 93. 072 ns| 94. 338 m 11
COT £t = Vancouver - post 0 {64230, 229 qI*yd ar 5
11 106| 692 1-ygnamgerRos}-i i «rféﬁ%%&&fi)a h &t 1 206-692 93.993 ms
di s4 ouver - posG- 206. 108. 101. p6) 92. 230 ns 91./601
s 9 m%;;a(ﬁn%l ms
12 dis4-vancouver-posé6- (206.108.101.66) |92.230ms | 91.601 ms | 91.677 ms
0.in.belinexxia.net
13 69.156.254.254 (69.156.254.254) | 104,744 104.470 103.289
ms ms ms
14 bint1-vian2.hc.BC.net ‘ (207.23.240.232) | 102.966 - 104.999 103.303
ms ms ms
15 telostech2.BC.net (134.87.24.62) 170.350 128.600 120.643
ms ms ms
16 134.87.54.6 (134.87.54.6) 116.420 132,120 111.732
ms ms ms
17 207.23.93.38 (207.23.93.38) 111.607 127.547 125.545
ms ms ms
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0. 1n. bel i nexxi a. net 13 69. 156. 254. 254 (69. 156. 254. 254)

104. 744 104.470 103.289 ns ns ns

14

wheosii2azBan2. he. BC. net (207. 23. 240. 232) 102. 96BCT/042099@20158

103. 3

03 ms nB B

170. 350 128.600 120.643 ns ns ns 16 134.87.54.6
(134,87.54.6) 115.420 132.120 111.732 ns ns N6
207.23.93.38 (207.23.93.38) 111.607 127.547 125.545 ns

15 tel ostech2. BC. net (134, 87.24.62)

17

s 8% gg% % ﬁ:“ %AO%?F( 020158, . T
tracerou%&em% % § fé ‘?18 %ﬁgﬁa‘:kets
38 byte packets 1 comsa- (208 6. 233. 1) O 276 ns 7.027
me 0. 262 15— I TTtr. et 2 W3O=fw =176
(144. pF8139. 237) pGSS. Qg&ﬁhs 17.0646 mss 137-02_.71mm 0.262 ms
TS24. 5 runtlgnk.net 3 sl -bb23-flw2- (144|232.12.174)
8. 653 E°'46'°239 ns| 19.150 ms Q. sprintlihk.net 4
sl -bbR25-chi-6- (14 232 9 9'%) 37 363 ns R7 972 nw
2 37. 075-5w30-fv-$pu0k NI hinnisnst.2587)9 12308 mseptdssoms | 10711 ms
(144.232.20.156) 7)/.978 nms 73.854 ns 73.p91 ns
TS24.sprintlink.net
3 s-bb23-fw-2- (144.232,12.174) | 8.653 ms 46.239 ms 19.150 ms
0.sprintlink.net
4 skbb25-chi-6- (144.232.9.25) 37.363 ms 37.972 ms 37.075ms
0.sprinflink.net
5 s-bb21-sea-1- (144.232,20.156) | 77.978 ms 73.554 ms 73.691 ms
O.sprintlink.net
6 skgw11-sea-8- (144.232.6.118) 119.849ms | 73.350 ms 73.333 ms
O.sprintlink.net
7 s-teleg-4- (160.81.36.14) 82.840 ms 74.541 ms 74.457 ms
O.sprintlink.net
8 core2-seattle- (206.108.102.197) | 74.743 ms 87.826 ms 74.935 ms
posO-
1.in.bellnexxia.net
9 core2- (206.108.102.210) | 83.550 ms 91.493 ms 78.653 ms
vancouver-
pos10-
1.in.bellnexxia.net
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O.sprintlink.net 6 sl-gw 1 -sea-8-

(144.232. 6. 118)

119.849 ns 73.350 ns 73.333 ns O.sprintlink.net 7

W@ keosa

bes 4-

ms  O.sprintlink.net 8 core2-seattle-
(206. 108. 102.197) 74.743 ns 87.826 ns 74.935 ns posO

(160. 81.36.14) 82.840 ns 74.541 nBCTGS2085020158

1.in.bellnexxia.net 9 core2- (206.108.102.210) 83.550
ms 91.493 nms 78.653 ns vancouver posl1l0- 1.in. bel
____nexxia.-net -12 WO 2005/125233 RCH-US2005/020158—10
10 di s4- v@aaseuesiver-( 2D@04.08.100.20)7 09820 520 8488 nd85 | ME9.792 ms
159. 792 nms pos9 0O} in.bellnexxia. net 11
69. 1560®@%4. 254 (69| 156. 254. 254)| 78. 796 np 78. 648 s
78.711 ms 12 bint|- (207.23.240.232) 82| 164 ns 8].627
nms 78| BBkelexignghp. hc. BC. net 13 Tel ost eph2. BC. net
(134.187.24.62) 87.D21 ns 100.408 ns 84.4R3 ns 14
11 134. 87451k 654 334 8 7(6545@54%%)54 F81756 88- 7[L%.6m rd01| 78511 ms
nme 15 207.23.93.38 (207.23.93.{38) 136.840 ns 110./697
9877315
12 bint1- (207.23.240.232) | 82.164ms 81.627 ms 78.636 ms
vian2.hc.BC.net
13 Telostech2.BC.net | (134.87.24.62) 87.021 ms 100.408 ms | 84.433 ms
14 134.87.54.6 (134.87.64.6) 97.545 ms 88.719 ms 101.795 ms
15 207.23.93.38 (207.23.93.38) 136.840ms | 110.697 ms | 98.773 ms

As shown in tables 1 and 2 above,

routing the call

utilizing the available internet connections can provide

adegquate quality of service.

It is noted that the number and

contribution of the hops towards the edge of the network

comprise a significant portion of the delay.

Therefore,

it is

believed that with a connection closer to the internet

backbone or other public network of a data network service

provider, there may be enough excess bandwidth to consistently

meet the cellular backhaul QoS requirements with no QoS

protocols or lightweight QoS protocols.
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As shown in tables 1 and 2 above, routing the cal

utilizing the available internet connections can
w@e@sieke33 adequate quality of service. It is npCEUSI00#020158

the nunber and 5 contribution of the hops towards the

edge of the network conprise a significant portion of

the delay. Therefore, it is believed that wth a

connection closer to the internet backbone or other

c network of a data networ V|der
BB s Foreuli ey ¥ Bt °‘Bsa‘?{8g?"§%%ﬁ\i 15T rDepe ity e byte

10 neet the cellul ar backhaul qu requirenents Mﬁth no

Q@S protocols or IightmePﬁ tps protocols. -13 WO
2005/ 125233 PCT/U82005/020158 Tabl e 3: traceroute to
vafrtrbseedyr—rmabsorg—{(24-—2397 11415136 hops
1 nmax, 38*MVk¥ndpackets: 1 *° * ({nternal |network
node) * * * (jntarnal network|node) 3
acs-2@9§§y$W%#3 (24.]1239. 114. 151) | 25. 417 np 26.531 18
34, 788 ns 151, zoom nternet.net{4 acs-24+239-114-
2 (24. 239+« %@ﬁyéﬁl) 25.1561 ns 20.258 ns 52. 069 n®s
151. zoonmi nternet. ndgt As shown ih table 3| above,
rout i{ mghidiensegd)l utill i zi ng the
3 acs-24-239-114- (24.2392.114.151) | 256417 ms 26,531 ms 34.788 ms
151.zoominternet.net
4 acs-24-239-114- (24.239.114.151) | 25.561 ms 20.253 ms | 52.069 ms
151.zoominternet.net

As shown in table 3 above, routing the call utilizing the
available internet connections can provide adequate quality of
service. The voice is transmitted using the RTP protocol, and
there is potential backhaul bandwidth savings through the use
of RTP header compression. This use of IP and other standard
internet protocols provides a smooth path to transitioning to
internet-based backhaul. It is noted that placing the base
station near the internet reduces the number of hops. The
impact on number of hops and total latency of transmission is
significant. Placing the base station near the internet

backbone (thereby reducing the number of hops) can reduce the

-14-
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5 avail abl e internet connections can provi de adequate
quality of service. The voice is transmtted using

w0 b@sRIR3pr ot ocol, and there is potential backEemEUE2005/020158
bandwi dt h savings through the use of RTP header
conpression. This use of IP and ot her standard
i nternet protocols provides a snooth path to
transitioning to 10 internet-based backhaul. It is

noted that placing the base _station near the internet
1atP@8Mcé§dtﬂ%sﬁﬁﬁﬁ%%“ﬁg“ﬂba§weﬁh€ QRFacProlChbifiber of

hops and total l|atency of transmission is
tragpgacfitednt . Pl aci ng the base station near the
i nternet backbone (thereby reducing the nunber of
hopb)ileahheetncerneie 36 4£vdcedds) proyides excess bandwidth
PCT/ US2005/ 020158 | atency and ensure a hi gher |evel
capabl@8ff proviiiey ddemsrtiesdasn. afdiiltdonad raubingt 36
typically provi des excess bandwi dth capabl e of
proRedvuirdsngnédéequaire 0By dsditseghalo pawviidg She adequate
procedures and features nay be used to provide the
Qofdiegdate 108883 deF i et d Dadeitt it iesSi S situations. As
descri bed above, the use of multiple hops between the

basg gkati-98eanghée, base datdOmaenyiel hepsCBBtween the
i ncrease the signal |atency. For exanple, a typica

e Ettln CICERL .40 SORE VARG hufaferanie one
ge of the
s ig@l%ltl %‘Een@‘?s eFSP ggxér%’f Ery %:leaﬁk Sle®nlt connection
goes through several hops and bandwidth constrained links at
the edge of the network. These edge routers and links are a
major contributor to the overall bandwidth and latency of the
connection. ISP’s may choose to charge a higher fee to connect
close to the backbone, but it is likely that this fee will
still be much lower than Tl costs today which can range from
$400 - $2,000 per month, depending upon location and distance.
In order to test the operability of replacing T1 lines
with a communication path utilizing the internet, various
testing has been completed. A typical connection between a
base station and base station controller using existing T1
lines can be used to measure the baseline bandwidth, latency

and jitter for comparison purposes. The traffic load was

generated by standard GSM mobiles, wirelessly connected to the

-15-



maj or contributor to the overall bandw dth and | atency

of the connection. ISP's may choose to charge a
whe@haes2Bee to connect close to the backbone, PGTIUS1005/020158

is likely that this fee will 15 still be nuch | ower

than Ti costs today which can range from $400 -

$2, 000 per nonth, dependi ng upon | ocation and

distance. In order to test the operability of

lacing.Tl1 lines with a ¢ ication path utilizin
sm{tﬁdp o e DaFEr FEREOT ast1Hy Had BUET O SeEq. TRpLaced
pi cal, connection between a 20 base station and_base
Wlt‘sb( mb&ﬁccamteénﬁérca%v%tw%tﬁ%gg Ti 35 FEOEadHEIHsed?) -
to neasure the baseline bandwi dth, |atency and jitter
The sffesirpaci bendpifpbsbatenye anhfFittanagrmmaeasured using
generated by standard GSM nobiles, wirelessly
simidmredoed contheions O Yo ATS3e REDUSIGES/.020158
software radi o base station. The Ti connections were
refluaced thiet hnpubtictélnterveetiaoimecti ase (F. ghe msblic
shown in FIG 1A). The effective bandwi dth | atency
intagrthdd,t e iveke tipas us e damsl tat ionrlearel @ad and failure
conditions as the baseline experinment. 5 Due to the

redbRirEAiaglalles ivabi al | eDthaugts esdfvidee valdHI& Qos
internet, various types of application |evel QS and

mediidi¥h® 1CGALEr YoakEpUesS fabhtny alddaughes ekicets, TCp-
wi t hout QoS nechanisns is al so possible. In many

. sty[l%llret 't']r.%n%\{r&tsg%n { no§té(ﬂ)§rc§§rfa[@ens@1§§eth' Saaeh will

appropriate, since the data

be too o0ld by the time it is re-transmitted. Other approaches
involve embedding error correction into the data stream so
that lost packets can be reconstructed, or rules for dropping
or repeating packets in the event of a loss. The most
important parameter is keeping the call alive. In cellular
systems, callers are accustomed to occasional drop outs or
degradation in voice quality, but a dropped call is a
significant problem. The recovery mechanism must insure that
the mobile unit does not determine that the call has been
dropped and terminate the connection.

As described above, various QoS mechanisms can be used to
ensure the latency and quality of the signal transmitted from
the mobile unit 12 to the public switched telephone network 22

over the internet 16. Since the internet 16 is a shared
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10 be too old by the tine it is re-transmtted. O her
approaches invol ve enbedding error correction into the
wa@l2108/13028kam so that | ost packets can be PCT/US2005/020158
reconstructed, or rules for dropping or repeating
packets in the event of a | oss. The nost i nportant
paraneter is keeping the call alive. In cellular 15
systens callers are accustoned to occasi onal drop

out degradation.in yoice uallt u dr oppe

ne Gk i §200PgnPPRORHELBY OB GH T SR A 8
must insure that the nobile unit does not determ ne

enYYf e 6§@IQﬁ§slﬁe@ﬁ1nH?5%%%d5 thathithare tfenot an
connection. 20 As described above, various QS

intRIGHERTILONS 1aithBevaied Servies UFer tiHe |atsdderand
quality of the signal transmtted from the nobile
uniin E2neo emmbedpmbhice , safimthetbn et@pinme aget Wer ks2g in
over the internet 16. Since the internet 16 is a

datsharesvorks WO 2086422823880 FCH/ £IS200S (2005 &la tre tiwwi kg
it can be beneficial to use various techniques to

t imdks Wie dxftatenieh@ oQASihs thai néareud. stic tHikatcaddagr @ heS system
not an interruption in the voice service for the

wo S LS IKTBlaking S0MBatiROdEABAE Sty AEHE ESI O GRIHYIRIE 183N fewer
be used in 5 data networks to insure a snooth fl ow of

vof@d |cHala ! kBg nthi ABAGOhi £XhER Bud VAL, idtddiirds .

network. In this case, the system would be naklng a

qLEﬂéﬁégfﬁ%@a%'tflb(aggogfsy§ygﬂofd'fﬂkfdaﬁg'multlple mobile
units 72, 74, and 76 and a base station 78. :In operation, the
mobile units 72, 74, and 76 generate signals and rout calls
through the base station 78 to a base station controller and
telephone network over the internet. Due to the variability
of the bandwidth available on the shared network, the base
station 78 can limit the number of mobile units and additional
users for which the base station will concurrently process and
rout the voice calls. If the internet is busy or does not
have available bandwidth to ensure a predicted QoS, the base
station 78 will reject the transmission from one or more of
the mobile units.

Referring to FIG. 4, a process for insuring a QoS for a

call during times of extreme load in the network is shown.

The base station monitors and determines 82 an available
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voi ce calls but maintaining mninmmaquality standards.
Referring to FIG 3, a system 70 includes nultiple
worR@shes2330 units 72, 74, and 76 and a base stBCT/082088020158
In operation, the nobile units 72, 74, and 76
generate signals and rout calls through the base
station 78 to a base station controller and tel ephone
network over the internet. Due to the variability of
t he pandw dth ayvail abl e_on the shared network, the
bark Ot o SPPoRlSBRACFIATE | P RIS ho: PESe
units and additional users for which the_ base station
staGiqn CoRc PEPENERYLRPHCAREIGAP (oiR RedaFd égdcqepdtor the
If the internet is busy or does not have available
respardd dtime foenshreringrearkeed MFS1le Melpgsé Pifgt PaRket
78 wll reject the transm ssion fromone or nore of 20
dogshewatplmirioyidel esprieiee rnagstoeG of hangwidéds figr can be
insuring a QoS for a <call during tines of extrene
usddad ien netaricetwodktesmbhewnt tHdmee bias emstuathi bendwidth
nonitors and determ nes 82 an available -17 WO

ava 12 523 2nRCTEUS2080L 020188 1dasidve fltduadfi tyh&oghar edice
networ k. For exanple, the base station can ping

caBNAdiffed@Nicee tBB hBEwHEELWOI Bagdd dNiHO mddi@ired
response tinme for the ping packet. While using a ping

baRBfkfin  49RS LGk BEQYLER @cPERRISSs NBASW @Rl Ak enough

bandwi dth, it can be 5 used as a netric to determ ne
baﬁéwfdmﬁ[%xj%u%%%%ghtﬁ@ngﬁﬁg&hcall. If there is enough
bandwidth, then the base station routs 90 the call through the
base station over the internet to the base station controller.
If there is not enough bandwidth, then the base station blocks
86 the call such that the call is not routed over the internet
to the base station controller.

Referring to FIG. 5, a system 100 including multiple
mobile units 102, 104, 106, and 108 and a base station 118 is
shown. In operation, the mobile units 102, 104, 106, and 108
rout signals through the base station 118 to a base station
controller. The mobile units 102, 104, 106, and 108 can rout
both voice and data over the network. For example, mobile
units 102, 106, and 108 are shown as transmitting voice data

110, 114, and 116 which mobile unit 104 is shown transmitting

data 112. 1In general, the latency required for voice

-18-
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avai l able to ensure a particular |level of quality for

a voice call routed over the network. Based on the
wore@saezesd bandw dth, the base station detern PEFUSRI0$/6020158

there is enough bandwi dth to support the voice call

If there is enough 10 bandw dth, then the base station

routs 90 the call through the base station over the

internet to the base station controller. |If thereis

not .enQugh bandw dth, then the base station blocks _8
trapREisarPIS LR PRELTT He %%ﬁ%rﬁf YU tey SOy P ?ﬁwer fhan
internet to the _base station controller. 15 Re ££
the datpacysreguiyefefPd d 9HE FFRE TSR e PHEbFPe
units 102, 104, 106, and 108 and a base station _ 118 is
vargiadia i tvn ofpshat Percwididh b i lele 0 He shegedipgtwork,
and 108 rout signals through the base station 118 to
thea Homee s¢pstiponll8opan skt thive tmsismd sgrhions tipe, fepgsome
106, and 108 can rout 20 both voice and data over the
tramimieiski onsSodneradpt eto nadxidunt Uit $HE)Dant@8 dthndf10Be
are shown as transmtting voice data 110, 114, and
netlbhi chrmekiaihplani i f 1fHe isetshin ity ans izt heag cdpéaity,
112. In general, the latency required for voice -18 WO

the? M2el 29233 oRCTA USROASAOPAL Sthe i aIEHiSSTi0MS of0 tRBsaata
a desired quality level is lower than the |atency

tréﬁgﬂﬂé§¥$n50%yaadﬁkédéféﬂﬁﬂﬁééi&ﬁheﬂléidJQ HRut 1 to 3
variability of the bandw dth avail able on the shared

d@quThe shifting of the transmission time for data
transmissions based on the available bandwidth allows users to
more effectively use the bandwidth available on the shared
network.

In some embodiments, the shared network can include a
guaranteed bandwidth for a particular user. For example, if
the network supports dedication of bandwidth, the base station
can be allocated a sufficient bandwidth to ensure a particular
level of quality for the transmission of calls.

In some embodiments, the system can include a jitter
buffer at one or both ends of the backhaul link to compensate
for jitter in the shared network. In general, signal
processing systems include some jitter which is a random

variation in the time required to complete any particular

task. At the lowest levels of the system, the jitter is due
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the base station 118 can shift the transm ssion tine

for sone 5 transmi ssions in order to account for the
whanduetsh of the network. For exanple, if theP@EUSINK020158

is at or near capacity, the base station 118 can

del ay the transm ssion of the data transm ssions by a

predetermned tine, e.g., about 1 to 3 seconds. The

shifting of the transmission tinme for data 10

ra mSSI ns based on the avail.ahl.e bandw d L

to JLRAMrS SRAPGCEr | BRCTVET T hR & T S vt F VEPFEM?‘@O
on the shared network. In sonme enbodi nents,

chiggy FegusEtwBERSEENtP nR | BlRreS Rfthr arﬁ%&&g%?d\?mea’faﬁsf ofhe
a particular user. For exanple, if 15 the network

J i iggp sromesdEdpravphable bardWrrTRdidte e @etmrkon can
be allocated a sufficient bandwi dth to ensure a
penfammiagtlear Thevalitoer qoaffeys fean tdnsuneandyits $hen sgptem
calls. In sone enbodi nents, the system can include a
wiljli tdcmtinief ter pabcens sighals antlomdsdrite thaeok lraulthe
link to conpensate 20 for jitter in the shared
sygteimwarsersl Angapebabansegnith prloe asslicigrsy sioammnicekidas
sonme jitter which is a random variation in the tine

prdt@Hdl e&ehowteAPkeai anyaRar i ttdarexisask irAtthieh@etwork.
| onest | evels of the system the jitter is due -19 WO

2005{ 12a@33nmBehAdS200%/ BRO15&: I dwrdnalL RikRCt-8dios can

such as the relative tine at which two
allow the functionality of the base station and the base

station controller to be allocated as desired. For example,
in a cellular link, the encryption/decryption of the data can
be moved to the back end (e.g., the base station controller)
side of the link. In addition, other functionality typically
executed in the base station controller (e.g., power control)
can be moved to the front end (e.g., the base station) of the
link.

One exemplary re-distribution of functionality between
the base station and the base station controller is shown in
FIG. 6. A system 130 includes multiple mobile units 132 and
134, a base station 136, and a base station controlier 140.
During typical operation, certain switching operations occur
at the base station controller. Therefore, if a mobile unit

132 desired to call mobile unit 134, the transmission would
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chi ps request access to a shared bus. At higher
|l evels, the jitter cones fromvariable and
w@n@saeh2a3 abl e network performance. The jitterChusioese20158
can ensure that the system5 will continue to process
signals and present themto the systemusers in
accordance with the rel evant conmuni cati ons protoco
even when significant jitter exists in the network. In
sone enbodi nents, fhe use of software based radi os
trayelg FrOReMPRALe i GAAF i 137 dF° (e REse Sstatien éﬁg eRg across
base 10 station contrqller to be aIIocated as de3|red
netmgrketafpke, thenbase ef Fa 190 |G rQlier 140.
encryption/decryption of the data can be noved to the
tragsol seadn( eay. inthedwas el atenrdw it dhter rieasnissiga - of In
the link. In addition, other functionality typically
addmuiuwbedhbntrhnsmaseismawilﬁlnﬁnuﬁnﬁIaeDO@eign,O§OMbe
control) 15 can be noved to the front end (e.g., the
barlRse 3t afi askwotkt hes. | i k.a Gref wwenplasyd system, some of
re-distribution of functionality between the base

thes ltiitehiagd rhhec basgl stat ¢an wonigweld &roms theovaskenstation
FIG 6. A system 130 includes nultiple nobile units

conk3%13RE 200184, tAcbBSSe SEBdt Toh 13 . andra hasPlst ath@Nbase

controller 140. During typical operation, certain

staWdrCRRRY cQRCHALLPASHOCEE 2 &1t Mg BRSeSERLILRB to a
controller. Therefore,-if a nobile unit 132 desired

caltloeec%ﬂ tﬁ%b's!aﬁeuﬂégelééatigﬁ éﬂ@rﬁn&s't%nm@%ledcalgocan be

routed at the base station. Routing such calls locally at the
base station reduces the backhaul bandwidth because the call
never transverses network 138.

While in some of the embodiments described above, a QoS
mechanism is used, other embodiments exist in which a QoS
mechanism is not implemented.

There has been described novel apparatus and techniques
for reducing the cost of cellular backhaul. It is evident
that those skilled in the art may now make numerous
modifications and uses of and departures from specific
apparatus and techniques herein disclosed without departing
from the inventive concepts. Consequently, the invention is
to be construed as embracing each and every novel feature and

novel combination of features present in or possessed by the
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WO 2005/ 125233 PCT/ US2005/ 020158 travel from nobile
unit 132 to the base station 136 and across network
wa®snes2she base station controller 140. Thi s PCT/US2005/020158
transm ssion can introduce |atency in the
transm ssion. In addition, the transm ssion wl|
require a portion of the 5 bandw dth of network 138.
In a software based system sonme of the switching
functionaljt an be ved, from the base stati.qQn
AR P PRGTPGIDRE DHCEIR TG S LB RG golely
the base  station 136 can determne_if_a call is being
by it sipits ta 2041 FEEPBNOE hERe AP LRI and i f so
then the call can be 10 routed at the base station.
Rothey sigef emgntational pyeavitivn Hhasaang iadn the
reduces the backhaul bandw dth because the call never
folkanisverslesmsst work 138. Wile in sone of the
enbodi nents descri bed above, a QS nechanismis used,
ot her enbodi nents exist in which a QS 15 nmechanismis
not inplenented. There has been descri bed novel
apparatus and techniques for reducing the cost of
cellul ar backhaul. It is evident that those skilled
in the art may now make nunmerous nodifications and
uses of and departures from specific 20 apparatus and
techni ques herein disclosed wthout departing from
the inventive concepts. Consequently, the invention is
to be construed as enbraci ng each and every novel
feature and
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novel conbination of features present in or possessed
by the -21 WD 2005/125233 PCT/ US2005/ 020158

wa@ppanzes and techni ques herein di scl osed andPdT/Db108%1020158
solely by the spirit and scope of the appended
clainms. Qther inplenmentations are within the scope of
the following clainms: -22 WO 2005/ 125233
PCT/ US2005/ 020158 What is clained is: 1. A nethod for
backhaul i ng_.wi rel ess voice and data transni ssions,
t hPAEL hBdCLdRPPEstPY: receiving, at a base station, a
W reless transm ssion; . 5 forwarding the transm_ssion
frém t Remphbedsfer | Rarkhpul ingadd rel&eFoNOd6Rt ABF €72
over a shared network. 2. The nethod of claimai,

trahgmigeionsnprhei mgthod kWK IFGNI4t t he base station
controller, a second 10 transm ssion; forwarding the
secendivingsnabsadpat®e shativase astdttiedessospnehession;
shared network. 3. The nethod of claim1l, wherein the

5 sh@oedandtingr khe 16rawapis sien £roon-thei base sebwdok. td. a

The nmethod of claim 1, wherein the shared network

base station controller over a shared network.

2. The method of claim 1, further comprising:
receilving, at the base station controller, a second

10 transmission;

forwarding the second transmission to the base station

over the shared network.

3. The method of claim 1, wherein the shared network

15 comprises a non-private network.

4. The method of claim 1, wherein the shared network

comprises the internet.

20 5. The method of claim 1, further comprising:

providing a jitter buffer at the base station controller;

and
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conprises the internet. 20 5. The nethod of claim1,

further conprising: providing a jitter buffer at the
wha®e/130233 i on controller; and -23 W 2005/ 1250GBUS2005/020158

PCT/ US2005/ 020158 wusing the jitter buffer to

conpensate for jitter introduced by the shared

network. 6. The nethod of claim2, further conprising:

5 providing a jitter buffer at the base station; and

usi ng t he |tter conpensate far jitier
i nPFgB%cE]BI s Sfter et vioPpengeten Eopd 1655,
m 1, mhereln forwardin he 10 transm ssion

1nt6@ﬁBFF§e§Yf%?ﬁﬁﬁ%ﬁ?ﬁﬁ REY sni ssion using a secure

protocol. 8. The method of claim7, wherein the secure

protocol conprises SSL. 15 9. The nethod of claim 1,

further conprising: determning a priority of the

r eéei vEdet nankod sef ontakmd, fivmidyedi F§MPHasing:

transm ssion based on the determined priority. 20
5 providing a jitter buffer at the base station; and

using the jitter buffer to compensate for jitter

introduced by the shared network.

7. The method of claim 1, wherein forwarding the
10 transmission comprises forwarding the transmission using a

secure protocol.

8. The method of claim 7, wherein the secure protocol

comprises SSL.

15
9. The method of claim 1, further comprising:
determining a priority of the received transmission; and
forwarding the transmission based on the determined
priority.
20

10. The method of claim 9, wherein determining a
priority comprises:

assigning a first priority to voice transmissions; and
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10. The nmethod of claim9, wherein determning a
priority conprises: assigning a first priority to
W oi0sa2288NsN ssi ons; and -24 WO 2005/ 125233 PCT/US2005/020158
PCT/ US2005/ 020158 assigning a second priority to data
transm ssions, wherein the first priority is greater
than the second priority. 5 11. The nmethod of claiml
wherein forwarding the transm ssion conprises
forwarding the transm ssion using voice over |P
t ceRROIBERY A Seod RIYd It tO Rk ETRBFRREFLORS.
conprising performng 10 decryption of the
whereans hhe st bvs atptine IFas d s onsederc shapother secard The
met hod of claim2, further conprising performng
priemékypti on of the second transm ssion at the base
station controller. 15 14. The nethod of claim1,
further conprising performng power control at the
base station. 15. The nethod of claim1, wherein the
transn $5é&OfetROI conprlisias 1a eardm Ssrearfiiom ahe
cellular tel ephone. 16. A nethod conprising: -25
transmission comprises forwarding the transmission using voice

over IP technology.

12. The method of claim 1, further comprising performing

decryption of the transmission at the base station controller.
13. The method of claim 2, further comprising performing
encryption of the second transmission at the base station

controller.

14. The method of claim 1, further comprising performing

power control at the base station.

15. The method of claim 1, wherein the transmission

comprises a transmission from a cellular telephone.

16. A method comprising:

-25-
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WD 2005/ 125233 PCT/ US2005/ 020158 receiving, at a base
station, a wireless transmssion froma first nobile
wa@nios/12:23he routed to a second nobile unit, PCT/US2005/020158
determining if the second nobile unit is within a
comuni cation range of the base station; and 5 if the
second nobile unit is wthin the range, locally
routing the transm ssion fromthe first nobil e unit to
the second nobile unit at the base station.
meFRE6GIHENE) afn & 602F%urt iR oy M Rd ©£6 FBPRB%F%OH
the transm ssion fromthe base station to a bas
Erost at ESRSEOMEPHLPEIRTE EhePS OH@ISH Pe SRR BORbES unit,
within the range. 18. The nethod of claim 17, wherein
f odwaedingingelf 18he regrond sicdn e owithd shwdshinagi on
to the base station controller conprises forwarding
commuaitpanen sahga 6f opn¢ HeadmsH atsitcat;i @mdt o t he base
station controller over a shared network. 19. The
netifodhef sekbanth d8bidenein thevistidredhretrangk, 20cally
conprises the internet. 20. A system for backhauling

routing €8s ¥eheemapgdiSat Brom IaNs MissitOR®billke usy st em the
conmprising: -26 WD 2005/ 125233 PCT/ US2005/ 020158 a

seRASE At e00ngeNEt JUhE8Ubd & station.

17. The method of claim 16, further comprising
forwarding the transmission from the base station to a base
station controller if the second mobile unit is not within the

range.

18. The method of claim 17, wherein forwarding the
transmission from the base station to the base station
controller comprises forwarding the transmission from the base

station to the base station controller over a shared network.

19. The method of claim 18, wherein the shared network

comprises the internet.

20. A system for backhauling wireless voice and data

transmissions; the system comprising:

-26-
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receive a wireless transm ssion; and forward the
transm ssion to a base station controller over a
w@b@saes2eet wor k. 5 21. The system of cl ai m 20, P€TYUS1965/020158
conprising: a base station controller configured to:
receive a second transm ssion; and forward the second
transm ssion to the base station over 10 the shared
network. 22. The system of claim 20, wherein the
shared network conprjses the internet. 15.23. The
sy3t BaPef s ekl of 2onikBiEh %e base station
controller conprises a jitter buffer configured to
cowpentveeca Woreless franmisddos8d BE%t he shared
networ k. 24. The system of claim 20, wherein the base
st &brwar@Othenprasssissjdn tter abieser stopfipgucegtreller
conpensate for jitter introduced by the shared
ovetrebWehkired 2de Wb 2005/ 125233 PCT/ US2005/ 020158 25. The
system of claim 20, wherein the base station is
further configured to: determne a priority of the
received transm ssion; and forward the transm ssion

based opnbthgydetRr HEN€Thim 20, further comprising:
a base station controller configured to:
receive a second transmission; and

forward the second transmission to the base station over

the shared network.

22. The system of claim 20, wherein the shared network

comprises the internet.

23. The system of claim 21, wherein the base station
controller comprises a jitter buffer configured to compensate

for jitter introduced by the shared network.
24. The system of claim 20, wherein the base station

comprises a jitter buffer configured to compensate for jitter

introduced by the shared network.

—27-



5 priority. 26. A systemconprising: a base station
configured to: receive a wireless transm ssion froma
wo poosti2azebi l e unit 10 to be routed to a seconPCTORINE020158

unit; determne if the second nobile unit is within a
communi cation range of the base station; and if the
second nobile unit is wthin the range, locally route
the transm ssion fromthe first nobile unit to the 15
second nobile unit at the base stati,on, 27, The s

of 28k ai F26SY$ L nek Q%ﬁﬁﬂl%ﬂ'n rﬁégeth§t§F?SnStthon is

controller, wherein the base station is further
furgbeti garédoesed ofwrd the transmi ssion to the base

station 20 controller if the second nobile unit is not
wi teicrrmhrerangeiorig of the received transmission; and

forward the transmission based on the determined

5 priority.

26. A system comprising:

a base station configured to:

receive a wireless transmission from a first mobile unit

10 to be routed to a second mobile unit;

determine if the second mobile unit is within a
communication range of the base station; and

if the second mobile unit is within the range, locally
route the transmission from the first mobile unit to the

15 second mobile unit at the base station.

27. The system of claim 26, further comprising a base
station controller, wherein the base station is further
configured to forward the transmission to the base station

20 controller if the second mobile unit is not within the range.
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