FEMIO CELL SYNCHRONI ZATI ON AND PI LOT SEARCH METHODOLOGY C ai m of
Priority under 35 U.S.C. 119 [0001] The present Application for
Pat ent cl ty to Provisional Application No.
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filed Cctober 12, 2007, and assigned to the assignee hereof and
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with AND PILOT SEARCH METHODOLOGY™ filed October 12, 2007, and
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herein.

BACKGROUND
Field
[0002] The present application relates generally to wireless communications, and
more specifically to methods and systems to enable synchronization of access

point base stations or femto cells and pilot searching techniques.

Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication (e.g., voice, data, multimedia services, etc.) to multiple
users. As the demand for high-rate and multimedia data services rapidly grows,
there lies a challenge to implement efficient and robust communication systems
with enhanced performance.

[0004] In recent years, users have started to replace fixed line communications with
mobile communications and have increasingly demanded great voice quality,
reliable service, and low prices.

[0005] In addition to mobile phone networks currently in place, a new class of small
base stations has emerged, which may be installed in a user’s home and provide
indoor wireless coverage to mobile units using existing broadband Internet
connections. Such personal miniature base stations are generally known as
access point base stations, or, alternatively, Home Node B (HNB) or Femto
cells. Typically, such miniature base stations are connected to the Internet and

the mobile operator’s network via DSL router or cable modem.,
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by placing a forward link receiver into the femto cell.
[0009] FIG. 4 illustrates pilot phase planning chart.
[0010] FIG. 5 illustrates a concept of search windows.
[0011] FIG. 6 illustrates a method of Legacy MS is in idle state.
[0012] FIG. 7 illustrates a simplified block diagram of several sample aspects of
communication components.
[0013] FIG. 8 depicts an example block diagram of a system 800 in accordance with

additional aspcets described herein.

SUMMARY

[0014] The preferred embodiment relates to methods and systems to enable
synchronization of access point base stations or femto cells and pilot searching
techniques that substantially climinates one or several disadvantages of the
related art,

[0015] In one aspect of the preferred embodiment, there is a system, method and
computer product for synchronizing of a femto cell with a macro cell, the
method comprising: (2) receiving by a femto cell a macro cell transmission
timing; (b) synchronizing the femto cell transmission timing with the micro
cellular network transmission timing during deployment of the femto cell in
reliance on a forward link receiver signal.

[0816] Each femto cell may have an antenna gain that is superior to that of an UE
(ak.a. MS), and is able to acquire the macro system even in radio reception
conditions when UE not. In one embodiment, implementation of the forward
link receiver within the femto cell adds to the femto cell cost only moderately,
due to the modem zero-IF receiver technologies, which are well known to those

skilled in the art.



[0010]FIG 5 illustrates a concept of search wi ndows. [0011]FIG 6
illustrates a nethod of Legacy M5 is in idle state. [0012]FIG 7
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that is superi orcieatirightté s@the atmblr of usable femto and macro cell phase offsets. The
method of creating the same number of usable femto and macro cell phase
offsets further comprising: decrementing PILOT INC while leaving macro
phase offsets at even numbered increments of minimum phase spacing, thus
creating odd-numbered increments of phase spacing for PN Offsets for femto
cells.

[0018] In one embodiment, PILOT_INC is lowered by a single digit from the
macro-only configuration that had been used prior to deployment of femto cells.
This effectively opens up as many PNs for femto cells as there are for Macro
cells.

[0019] Additional features and advantages of the invention will be set forth in the
description that follows, and in part will be apparent from the description, or
may be learned by practice of the invention. The advantages of the invention
will be realized and attained by the structure particularly pointed out in the
written description and claims hercof as well as the appended drawings.

[0020] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are intended

to provide further explanation of the invention as claimed.
DETAILED DESCRIPTION

[0021] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other
embodiments. The techniques described herein may be used for various wireless
communication networks such as Code Division Multiple Access (CDMA)

networks, Time Division Multiple Access (IDMA) networks, Frequency
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npiary” is use erernto mean "serving as an

exanpl e, [6022] In the description herein, a node that provides coverage over a relatively
large area may be referred to as a macro node while a node that provides
coverage over a relatively small area (e.g., a residence) may be referred to as a
femto node. It should be appreciated that the teachings herein may be applicable
to nodes associated with other types of coverage areas. For example, a pico
node may provide coverage over an area that is smaller than a macro area and
larger than a femto area (e.g., coverage within a commercial building). In
various applications, other terminology may be used to reference a macro node,
a femto node, or other access point-type nodes. For example, a macro node may
be configured or referred to as an access node, base station, access point,
eNodeB, macro cell, and so on. Also, a femto node may be configured or
referred to as a Home NodeB, Home eNodeB, access point base station, femto
cell, and so on. In some implementations, a node may be associated with (e.g.,
divided into) one or more cells or sectors. A cell or sector associated with a

macro node, a femto node, or a pico node may be referred to as a macro cell, a

femto cell, or a pico cell, respectively. A simplified example of how femto
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t he one pl anned tarsldwehd midab tioehg acdusseidn (c.g. upon power-up) of the femto cell,
espectally indoor installation typical for femto cells, where GPS signal is weak.
[0029] In one embodiment, femto cell synchronization may be accomplished by
mcorporating elements of a forward link receiver into the femto cell. Each
femto cell may have an antenna gain that is superior to that of an UE or MS, and
is able to acquire a connection with the macro system and use it for clock
derivation (synchronization). In one embodiment, implementation of the
forward link receiver within the femto cell adds to the femto cell cost only
moderately, due to the modern zero-IF receiver technologies. The forward link
receiver may improve rejection of the femto cell’s own signal by tuning into a
carrier frequency used only by the macro base station, which is than the one
planned for the femto cell itself.
[0630] Incorporation of a forward link receiver into the femto cell allows more
flexibility in physical placement of the femto cell (for example basement, low

floors). The forward link receiver also allows for fast timing acquisition by
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enbodi ment, pursuant to determning its location, fento cell also

reports to the CpaFarfBMA AR e r synehwenizavmitsefewiih dhe atsengest pilot (with
Provi sioni ng (OAMBR) aS U3 LR thRthdly. Fhhielel BRGrEN Ry Salch B8R,

t he detected macro
and has the ability to locate pilots with very low EC/lo. Femto cell location is

fixed, thus it may spend a lot of time searching for pilots of neighboring macro
cells and integrating CDMA signals even from very weak pilots. Battery
limitation is not an issue here, since femto cell is typically powered from fixed
power grid and has fewer constrains on size, if battery back-up is required.
Further, an antenna configuration with a higher gain is used by the femto cell
compared with UE antenna.

[0033] In one embodiment, pursuant to determining its location, femto cell also
reports to the Operation, Administration, Maintenance and Provisioning

(OAM&P) system pilot PN Offsets and relative timing of the detected macro



8 cells. OCAMEP system knows LAT/LON of the nmacro cells and perforns
triangulation to determne the location of the fento cell. In one
enbodi nent, the OAMBP system sends LAT/LON i nformation to the subject
femto cel IWOANI4#8T native approach is to performa LARCIGS24088185%
fromthe physical address (point of tergination of fixed broadband
connection). Miltiple approaches could be used as check of

consi stency, resulf{»I éln a nore robust procedure. [00341
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initial years, tg a dense deploynent of many fenco cells in nore

advanced state i Kb sigedl 18shafted in meshue (nprppagatien deley tiemdhe Bawe pansaitier
forward |ink si gpalig BehieeRREl. ghmgldk%yC%{ukts,beMHr&&ew by ‘Mm irsO the
include fento cells in an advance state of deploynent, i
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Pil ot PN Phase pF%%fﬁﬁut%ﬁ% & éé%hg?wﬁl eascl% ﬁéeﬁhgiﬂo hg 19?0 P Oth of
such dense depl owirizhtas: kibiven thelye (pAM&bﬁystdne aE’Iei(piimRNaiﬂvé aed Slo@laan geep
is allowng many,(¥fsets for fento cells. [0037]1n one enbodi nent,

Pi | ot Phases (PNé ‘are assigned to the fenmto cells such that the

fento cell s @y seganab €RIPiRIPRRMamBhs pPilots. This allows the

network operator tq continue the planning practices for the macro
syst em unch&dfg8d. seeq slisalloy, the ﬁéeréfﬁéfoa’foélro% Hesufemin s¢llsHawa ipgemental

change existing pREXL G8h!thEnli@be0F fifts el at (t; ﬁdé B%g l]?cgﬁloa relaﬂve[y

depl oyment comences. Additionally, operator ou
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themto newy de rocess kKnown as
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manage the constellation size of the Pilot PN Ofsets.
11 astrat s on pur beSanEsiiE EF doRlai et ot o M b Fsh D dergf netbgrs b

in embodi ments deggrdeRdnotorihehatiizonBl OWut Asc S@tiedlyVih Rl MsiofeySme M
parameter given to the M5 receiver_ to reduce the search effort.

Sear chi ng over a’ Wi b Phess edaming mus begardfidhpraigaed i py tecalipsesndhy
propagation. |n pypicabloWhbad ahe %?%R% tﬁé-"‘tPtl B8 0kl esfnSis %?\ng

i1
smal l er than the 125 kmallowable In the i) const el [ 'atd on
exanpl e. Hence, mhey 9ébg¢teforfimideallsonsi derably reduces the recel ver's

search effor byl it r era
fenmto cells [Jg)ﬁ-guse I{' 811%1%%2%8%1?&1' ci)(l‘gr a?esf(ﬁ{'@ ?)YQQPS ons(f%le Iﬁto X I%fUCh
pil ots nust be pthevildeftmtsaellhate tapatacedcEbismaan’ delli pitogy. f athés wiidws the
each ot her. . . .
network operator to continue the planning practices for the macro system
unchanged. Specifically, the operator should not have to change existing macro
cell Pilot PN Offsets at the time femto deployment commences. Additionally,
operator should be allowed to continue growing the macro network by taking
Pilot PN Offset from a pool of Offsets that it used for existing macro cells, and

assigning them to newly deployed macro cell (process known as cell splitting).



[0039] I n one enbodinment, PILOT NCis |owered by at least 1 (one) from
the macro-only configuration that had been used prior to depl oynent

of fento cells. This effectively opens up as many PNs for fento cells
as there ¥R298P4%¥cro cells. Alternatively PILOT | NC ®§HUSEPBIRE

by 2, 3, ... etc, opening progressivelyqgnore phase offsets for fenmo
cell use. [O040]FIG 4 illustrates a pi I90t phase pl anning chart. For
sinplified illustration, total constellation of 8 phases for nacro

cel s is sh#fES] | n BANGembedimar peysem eyamelr PHQBANG i ase togaangge thes
is nore typical . cB¥teMitdnUigeQr 1laSE PRGNS, %o?%sﬁ%mﬁ%‘rﬁmeé Q?na%tbac}ﬁ
8 e on Kl

space 2mis divided into macro phase offsets In exa

results in creatfoxtclition azddlt ¢bisalsed amembediiments fdessaibed imdeeil beloivn A
bet ween each of iqi S or. ex I if offsets M

t hrough MP, are %:%&&q%%l g{"ga}% Sﬁsy%%rl%tr%%ﬁt#éw? %nn@? %lﬂstr Cregﬁléﬁq rﬁ%ﬁ?e glre e
phase of f sets f oseafodndftoric e Skachipf)04dr] fovindovanpheessapoduddeac thengakd pigft

PI LOT_INC, PN Ofsets may conprise 64 cro PN sets at 2,6128 *
ol uRers 1t angtUSId BROWPRGTRS (ByGHCT e GBI attE) S

64 femto PN O f sghdleflhed ®6 128 Km GROWDIE (odd puobercesktdibhisk, feetsdmple.
Initially, at low density of fentos, a subset of odd nunbered PN

O fsets may be uBeeref die fearpo¥inday gcopsigornily exguces ithq fecpiver usrsech pfferhe
nei ghbor |ist brpadeast BMiHiRe oFe0EL oo, t t

Message. By the tine feg‘[ o1 dlie}ﬁsoi ??fggﬁﬁkﬁ%&hd&%& %n(‘?gg- vvg%re%l\l}gﬁ%qu
have been fi el defloartd fican), deainstellationtdfeiletst inng beatrovfled, snttbatAinto cells

of fsets w thout 8] - ljgit in usion in the neighbor lists. 10
[0042] I n one enb%%i érrlétr??égtdﬁ@ ésagié?)@%l'wi ndow for fento cells reduces

search effofwe3dly alBnernyBdindue RIDOPhBEE is owicial Bauskdstby (one) from the
propagation, tine refe[enc l'ivere rom B

? at .M thr%u h dﬁ cgse

Station (BS), is™afProapeigyaiion e hadmegn ussdipripy oy degloyment ot deraiafclisy
search wi ndows. FhiGeffbetEREWSpchiap ab AGiny IPME BE (BR,ccBSEs thhre L QGSUAige
at M. t - dl/C where C = 3e5 knis (speed of light). [0044] Phase Lag

= (d2-d1)/C, BS2¢§hsi ofltghnplivelp SElepT A OF dgwercByost Bi 8. phade opening
progressively more phase offsets for femto cell use.

[0040] FIG. 4 illustrates a pilot phase planning chart. For simplified illustration,
total constellation of § phases for macro cells is shown. In an actual network,
constellation size of 64 or 128 is more typical. By virtue of decrementing
PILOT INC by 1, the phase space 2z is divided into 8§ macro phase offsets in
example on FIG. 4 results in creation of & additional femto cell offsets inserted
m between each of the original 8 offsets. For example, if offsets MP, through
MP7 are PN Offsets for macro cells, then fP; throught {P; are phase offsets for
femto cells.

[0041] For example, upon decrementing PILOT_INC, PN Offsets may comprise 64
macro PN Offsets at 27/128 * 2i, where I ranges from 0 to 63 (even numbered
PN Offsets) and with 64 femto PN Offsets at 27/128 * (2i+1) (odd numbered PN
Offsets). Initially, at low density of femtos, a subset of odd numbered PN
Offsets may be used for femtos, and may be explicitly included in the neighbor
list broadcast by the femto cell in the System Parameters Message. By the time
femto density gets high, new femto-aware MS will have been fielded and can
deal with the entire set of femto PN offsets without their explicit incklusion in

the neighbor lists,



| ag [ 0045] Maxi mrum Lag = D) C => Search W ndow. [0046] This search

w ndow i s conservative, since B52 will not be visible or significant
to MSuntil M5 is sone distance away from BSI. However, sone cushion
i s needed WORIAHHI20T onal del ay caused by nultipath. 10GFTHSE08ALS81
enbodi ment, decrenenting PILOT_I NC par after at the tine of

I ntroduction of fcnto cells does not change a macro search w ndows.
Phase spacing of the nmacro cells remains the same. Fento wi ndows nay
be snal | er {043 nmadrenc pubodiment, the spaelywindpwddar altayelisaeduses srewh effort

I A e e

1/1.2288 s = 0. 84 threpghRdOHEED fronNdiagth BatioilCEBY), diffarvoe(debekm FIG. 5

[0052] PILOT_ | NC 5,3, f aseegnds.. Mact 03 aer 0N G 5ehaPlSt 8088 s,
BS2: t.

[0043] Time at MS: t - d1/C, where C = 3e5 km/s (speed of light).

[0044) Phase Lag = (d2-d1)/C; BS2 pilot will appear at MS delayed by this phase
lag

[0045] Maximum Lag = D/C => Search Window.

[0046] This search window is conservative, since BS2 will not be visible or
significant to MS until MS is some distance away from BS1. However, some
cushion is needed for additional delay caused by multipath.

[0047] In one embodiment, decrementing PILOT INC parameter at the time of
introduction of femto cells does not change a macro scarch windows. Phasc
spacing of the macro cells remains the same. Femto windows may be smaller
than macro, but must be larger than delay to furthest coverage of the referenced
macro cell.

[0048] For example:

[0049]  Pilot Period T =2" = 32,768 chips (26.667 ms);

[0050] Chip Period Ty = 1/1.2288 ms = 0.814 ms;

[0051] D = Neighbor Cell Distance: 10 km;

[0052] PILOT INC = 3 microseconds, Macro-Macro PN Offset Distance = 512
chips; Macro-Femto = 256 chips;

[0053] Search Window: D/(C*Tg)=41 chips;

[0054] Window as percentage of minimum Macro-Macro phase shift: 41/512 = 8%;

[0055] Window as percentage of Macro-femto phase shift: 41/256 = 16%;

[0056] PN Offset and search window planning should be such that search windows
do not overlap.

[0057] Furthermore, CDMA timing has a relatively strict tolerance. The concept of
search windows relies upon this strict timing. Femto cell timing can be adjusted
based on knowledge of femto location, even if GPS is not available.

[0058] In one embodiment, femto cell latitude and longitude (LAT/LON)
knowledge is used. It is unimportant how femto LAT/LON is obtained, e.g.,



[ 0053] Search Wndow. DOf (C*To) = 41 chips; [0054] Wndow as percent age
of m ni mum Macro- Macro phase shift: 41/512 = 8% [0055] W ndow as
percentage of Macro-fento phase shift: 41/256 = 16% [0056] PN O f set
and sear cWVMHA8HM anni ng shoul d be such that search REAGSHISHB Hot
overlap. [0057] Furthernore, CDVA timingjjhas a relatively strict

tol erance. The concept of search windows relies upon this strict

timng. Fenmto cell timng can be adjusted based on know edge of fento
| ocation, even ifddegss databags loglup. HP@latiomo 8] etheromsatsnb JdF mgptity and

femto cell latitpdgiAnd of 6Rdbd Hete o@%ﬂekgé%‘)s% %Q&Wb@%tfgﬁs KSR knbbm it

uni nportant how fenmto LAT/LON is obtained, e.g., 11 address database
| ookup, triangul &eispyiem (lscoteportanbhesy adiveed)dent ity and | ocati on(s)
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macro neighbor BS(s) and femto cell, and corresponding phase delay(s) AT(i) =
D(1)/C, where C is speed of light.

[0060] Femto cell measures phase shift difference(s) it sees T(i) — T(0), but cannot
on its own determine absolute phase shift(s). The phase shift(s) are provided to
the femto by the OAM&P system.

[0061] OAM&P systemn can perform necessary computations for the timing advance
caused by propagation delay, e.g. from the closest macro BS - AT(0). OAM&P
can convey this timing advance to the femto cell. The femto cell adjusts its
timing reference by advancing the received system time from the closest: Tp =
Tr(0) + AT(0). Alternatively, weighted average from multiple macro BSs may
be used. Note that this is one-time operation prior to commencing femio

forward link transmission.

[0062] Pilot Search Methodology Legacv MS Support

[0063] In one embodiment, in order to support MSs with legacy searchers (un-aware
of femto cells), a subset of femto cell constellation (LS — for Legacy Set) is
initially assigned to femto cells meant to support legacy MSs. Additionally,
neighbor list of each and every macro base station is augmented by adding the
complete Legacy Set. This is necessary because these legacy MSs have no
awareness of femto cells, and must search for femto pilots as if they were macro
pilots.

[0064] FIG. 6 illustrates a method of Legacy MS is in idle state. In one
embodiment, Legacy MS is in idle state on macro network and operates on
frequency Fr, which is also used for femto cells as shown in Step 602. In
addition to macro cell pilots, Neighbor List also includes a subset of femto pilots
reserved for legacy MS operation. When MS detects femto pilot of dominant
strength it begins idle mode demodulation of femto cell as shown in Step 804,
then MS detects new SIDg/NIDr as shown in Step 806.

[0065] In Step 608, MS completes femto selection and sends registration message to

femto network. In Step 610, macro network tries to determine if MS is



[ 0059] I n one enbodi ment, QAMBP system conputes distance(s) D(i)

bet ween macro nei ghbor BS(s) and fento cell, and correspondi ng phase
del ay(s) ATéi%} = Déi)/C, where Cis speed of light. [0060] Fento cell
neasur es PhASWNHI% difference(s) it sees T(i) - T(0) PCHIS2008ANS’! on
its own determ ne absolute phase shift(g). The phase shift(s) are
provided to the fento by the OAMEP system [0061] CAMEP system can
perform necessary corrput ations for the timng advance caused
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convey this timgg,agvance to the fento cell. The fento cell adjusts
its timng reference by advancing the received systemtinme fromthe
cl osest: TFI[®66l (0)t shonlr by appaeaideththet thel tpachines disrea] may dreaigwldmantad in

o e e TR RS o Bl Pl dittes. fhoh® 180G WIS ARBEERLER

prior to commencli ng or war I'nk transm'ssi o
Sear ch Met hodol ogmy begardyméﬁecﬁmp’gimietss HOOES [that man de dafd ophdrie ptultipldaccess

order to support NBs w archers ware of fento. cells),
o Slbset of T ot B ERICSRS DAL AL Sl pspuE cugyprsspymugioston T
initially assigngditie WREER cedsh SerMBAR! Hdde, dEPRFthinhPAAE YorMBanicate with
Addi tionally, neighbor Iist of each and every macro base station is

augnent ed by addPHgO%t HECERPT OB wgdrpsmssionsten thej fgrvpud asd agvprse links.
because these | egaCH-MVRI mﬁ\(@r d&%ﬁ}r@reeesta 119 c ol Bt Rc86h Lisic ﬁ?m%@&g&&

search for fento pilots as if they were nmacro pilots. [0064]F
illustrates a neptind &f thedewynas kel ithe irdvassestliake(or| nplovkg refers to the
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on frequency FF s al'So Used o cell's as"shown'in
602. In additi oncdromnmicationclédid mai |t sstabmelneghbxara kingle-ialsigld-nc | yetes, a
subset of fento

detects fento pi i{tlp sz}ﬁ ﬁ%ﬁtéﬂ%ﬁﬁgﬁgg ?mt%j ﬁég%ﬁf fé{bmvgsg'gte%s

denodul at i opoegf] femt RIRE bysasn &h infilti %smﬁtme&nh@ Aeaatsc
SI DF/ Nl DF as shown in Step 806. 8%665] I gtcg?'ep 608 onpl et esﬁf g?rjtwo

sel ection and sefa¥Y¢ apiFaIas T g2 feasaigEor.o A MIMO chamngl. Rtned by the Nr

transmit and Ny receive antennas may be decomposed into Ng independent
channels, which are also referred to as spatial channels, where Ny < min{Ny,
Ng}. Each of the N5 independent channels corresponds to a dimension. The
MIMO system may provide mmproved performance (e.g., higher throughput
and/or greater reliability) if the additional dimensionalities created by the
multiple transmit and receive antennas are utilized.

[0068] A MIMO system may support time division duplex (“TDD”) and frequency
division duplex (“FDD”). In a TDD system, the forward and reverse link
transmissions are on the same frequency region so that the reciprocity principle
allows the estimation of the forward link channel from the reverse link channel.
This enables the access point to extract fransmit beam-forming gain on the
forward link when multiple antennas are available at the access point.

[0069] The teachings herein may be incorporated into a node (e.g., a device)
employing various components for communicating with at least one other node.
FIG. 7 depicts several sample components that may be employed to facilitate
communication between nodes. Specifically, FIG. 7 illustrates a wireless device
710 (e.g., an access point) and a wireless device 750 (e.g., an access terminal) of
a MIMO system 700. At the device 710, traffic data for a number of data



femo network. In Step 610, nacro network tries to determne if M5is
12 authorized user. Authorized M5 will be registered and served there
as shown in Step 612. 1006611t should be appreciated that the

t eachi ngs YHePrWPH9%Y¥y be inplenented in various types of CEHMAIBIEHRL on
devices. In some aspects, the teachingsjsherein may be inplenented in
Wi rel ess devices that may be deployed in nultiple access
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a wireless device 750

N I LY TS N TG ST
TX MIMO processor 720 applies beam-forming weights to the symbols of the
data streams and to the antenna from which the symbol is being transmitted,

[0073] Each transceiver 722 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies,
filters, and upconverts) the analog signals to provide a modulated signal suitable
for transmission over the MIMOQ channel. Nr modulated signals from
transceivers 722A through 722T are then transmitted from Nr antennas 724A
through 724T, respectively.

[0074] At the device 750, the transmitted modulated signals are received by Ni
antennas 752A through 752R and the received signal from each antenna 752 is
provided to a respective transceiver (“XCVR™) 754A through 754R. Each
transceiver 754 conditions (e.g., filters, amplifies, and downconverts) a

respective received signal, digitizes the conditioned signal to provide samples,



streans is provided froma data source 712 to a transmt ("TX') data
processor 714. [0070]1n sonme aspects, each data streamis transm’tted
over a respecti ve transmt antenna. The TX data processor

formats, cOREYHY interleaves the traffic data for ei@ﬁ“@é‘f"é’o?ﬁ’ﬂeam

based on a particul ar coding schene selgcted for that data streamto
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streans to NT transcel vers "XCV 722A throu 722T. I n sone

aspects, th&0T® M Norprcswes 8t ieablyl qlwnwanwhr@h pronepding Whtrss toouse
the symbols of thfcHRLR mid ﬁa”gggg% QM7 iR’ 8 PR G Rsage

synbol is being transmtte transceil ver recer ves
processes a respeguinsggsymigok mtexeamon@nqbawﬂ{dahmmenmn rodaga mazabg»g?n
signals, and further condlt 0 ( A es

upconverts) the ZRAFSE WPERE Y @ C‘eabﬂ%(}? 8@851 iy ARt gﬁ?dg’ly Sﬂ%ng?fF?rayloe
for transm ssi onomotkér cbﬁ@oﬁdnﬁ{[af@ﬁbadmﬁb 750NT nodul ated signals from
transcei vers 722A rouggﬁ;ﬁZT are then transmtted from NT_ant ennas

724A t hrougl®724T, Thesis By ey 3K; CPRBrGe VWS 73pes phdnformation

transmitted nodujcgt@sheShbahSuAERicnaRRi M B réé&e%r&aﬁam@ééﬂ%reveme
through 752R and the recejved signal fromeach antenna 752 is

provi ded to a relpemessoge s ihggueqosed by axRatn prsgisor R wdichzaspRecdersh

transceiver 754 condigt,Q0S, itk of gAtL Et‘?era L hith g&urc%ﬂ}% modulated b

downconverts) a respective receive gltlzes e’con onéd

signal to provi dmodaniot €80, couditioned by the transceivers 754A through 754R, and
transmitted back to the device 710.

[0078] At the device 710, the modulated signals from the device 750 are received by
the antennas 724, conditioned by the transceivers 722, demodulated by a
demodulator (“DEMOD”) 740, and processed by a RX data processor 742 to
extract the reverse link message transmitted by the device 750. The processor
730 then determines which pre-coding matrix to use for determining the beam-
forming weights then processes the extracted message.

[0079) The teachings herein may be incorporated into various types of
communication systems and/or system components. In some aspects, the
teachings herein may be employed in a multiple-access system capable of
supporting communication with multiple users by sharing the available system
resources (e.g., by specifying one or more of bandwidth, transmit power, coding,
interleaving, and so on). For example, the teachings herein may be applied to

any one or combinations of the following technologies: Code Division Multiple



and further processes the sanples to provide a correspondi ng
"received" synbol stream [O0075]A receive ("RX') data processor 760
then recei ves and processes the NH recei ved synbol streans from NH
transceivé?gzwgﬂfﬁg ed on a particul ar receiver procesSERYSREPRTHue
to provide NT "detected" synbol streans;s The RX data processor 760

t hen denodul ates, deinterl eaves, and decodes each detected synbol

streamto recover the j,c data for data stre The =
processi ng by thetHs G%&%r)ﬁ‘é’gﬁ@%r Ble“ TP &W@M@‘ 1 4ideband

performed by theciﬁxm/l g@m&s $OHighdSheddpidier TREEHAL qHSIOC e SSQEp A4
at the device 710. rocessor 770 periodically det’erm nes

whi ch pre-codi ngsyi{“r"ﬁmﬁi let'Dé %@SIP@IM@E@&&%@SOMTDM%) pygens s Ereqgagy
fornmul ates a revgf [ TG BT84 XeTQHTal i
and a rank val ue 6?)%4 owaﬁtiﬁ@dgta rrgrmryh j7395rtnaly stl{é %dﬁ{f}%gr%m cogg&
data, and ot her F]am”hatqystnmaseﬂﬂb%mhle prequass or DiFk@nor aniﬂréw Access

conponents of thg ' 0077].The r v rse |ink . nessag

conpri se vari ous@%’é}éﬁﬁf %?%%‘nﬁli lherrglﬁ ﬁﬁce{sﬁete(&%‘?ﬁﬂ?ﬁ %‘ﬁelesg
link and/or the ceoeinediodadystesit éxﬁplﬁymghﬁe rt&cﬁfngﬁ heteiK nipSAdesiged to
t hen processed b%%P TX data rocesaor ecei ves

traffic data for PG ERC BF MEEgstn ?rFl%é ?Srléfﬂsac‘g“&%sooédgﬁéé WHEDMA,

{nﬁdul a:] e%% a mgﬂtst:@w; %@%th&%ﬂ%ﬂd@?ﬁﬂdﬁhjd Ahﬁn%rgnﬁ fngj%ietn?t%ﬂ;emo
roug an ransmtted bac o the device e

devi ce 710, the %@wﬂ%/éadsasdﬁavgswl lerestid Radipi AwsepgUERA)E e@amae; dy
t he ant ennas 724 t r V- e u e y
a denodul at or ﬁﬁ&f %L%glo% ppggésﬁ&%g W@Mdﬁt%ﬂp%\gegs% ﬂ?}tg
to extract the r eLERSE | Thk iesdetfe t¢ahaviegy tctoeetsbI,S—i(m@ dévAsc end 38-856

The processor 73 ich. h&: c n trix to use.f
det er ni ni ng t he %%%%@o%ﬁ@%%ﬂ%@n?}w Eﬁ%%ﬁ%wp%ﬁse%bgal
nessage. [0079] ThetdnedohiMusic h(emimnmﬂamnbe{“a}smy p%@t@tbmt ﬁctwaﬂd 814§
types of communicati on .S ste tﬁ%}(ﬂ/ or system conpaonen

aspects, the tealHIHHEt Herdlig B&Y &hH 83 &aolvs UWt ErIéT%%c)eégEE

system capabl e oéozsupmm B00169PPHR0E 2D, ARWOEDMB!lctd, PERASENSTRY, and
sharing the avail able systemresources (e.g., by specifying one or

more of bandwi dt #5M ¢ranairiof Upbinisel Mebith Fejccommumiqation Sygem AREMIE orhe
For exanple, the, %fg@ (“LTE”
conbi nam)ons of th olqg%virnl ﬁlg{' tE%éc 0 %lg?de%pdoic%ﬁd]“g?%n SI oﬁ%ﬁ}fjﬁﬁ TE

15 system, an Ultra-Mobile Broadband (“UMB?”) system, and other types of
systems. LTE is a release of UMTS that uses E-UTRA, Although certain

aspects of the disclosure may be described using 3GPP terminology, it is to be
understood that the teachings herein may be applied to 3GPP (Rel99, Rel5,
Rel6, Rel7) technology, as well as 3GPP2 (IxRTT, 1xEV-DO RelQ, RevA,
RevB) technology and other technologies.

[0080] The teachings herein may be incorporated into {(e.g., implemented within or
performed by) a variety of apparatuses (¢.g., nodes). In some aspects, a node
(e.g., a wireless node) implemented in accordance with the teachings herein may
comprise an access point or an access terminal.

[0081] For example, an access terminal may comprise, be implemented as, or
known as user equipment, a subscriber station, a subscriber unit, a mobile
station, a mobile, a mobile node, a remote station, a remote terminal, a user
terminal, a user agent, a user device, or some other terminology. In some

implementations an access terminal may comprise a cellular telephone, a



Access ("CDVA') systens, Multiple-Carrier CDVA ("MCCDVA'"), W deband
CDVA ("W CDMA"), Hi gh-Speed Packet Access ("HSPA, " "HSPA+") systens,
Time Divi siﬁn MJI tiple Access ("TDVA") systenms, Frequency Division
Ml ti pl e A¥QEYE OPEEBI\/A") systems, Single-Carrier FDVA FCEESEIRO79581
systems, Orthogonal Frequency Division {ltiple Access ("OFDVA")
systens, or other multiple access techniques. A wireless

conmmuni cati on system enpl oyi ng the t.eachi ngs herein., be desjgned
to i npl enent oneccﬁrgle ngpg‘%/n&n grsgen lglﬂﬁtﬁ’"a@mioﬁgld&éﬁcg%m%,erlegg%@ﬁ?l
W CDVA,  TDSCDMA, 10ap @“WiLeY stsiidi) dafetidnal i SRVAsMAMQT IO ABY a ildRd IR MEMyviR
radi o technol ogy such as Universal Terrestrial Radio Access ("UTRA)"

cdma2000, or sonBAVHhWHCIESIORBIHEY CANITIAY: (06 60el edenvuiBiA PAYRESRENIaTiCD
Rate ("LCR'). The,odam2000,i8chnolRay ,1&&?{1%5@13},%@99 prela %e%ﬁs téllfﬂg‘%t herein
e chnol‘ogy

| S-856 standards. A TDVA network may inp nt a radio t
such as G obal Sysy é hepdvbisi |iatoGo phensi Eat.i ®usllylarGivhy .or Ama@Fivie), a

network may i npl a dio chnaol uch as Eval veqd UTRA

(" E- UTRA") | Juatch iy Choatd %R%%p.r}ié‘, R geputigyid ’ioﬁsﬁ?%h/i‘rli",“able
etc. UTRA, E- UTRéymmnitlg GSNt@(ees. papdrsoabl dand vatsmat), dbditdreinment device (e.g.,
Tel econmuni cati on System (" UNES"@. The tea(ipi n her ei n may. be

i npl enented in a? qeyi5G 2refe cuts Heptgllie i), @ pigbalposifjpning system
U tra- Mbile Broadhandr oWt se¥:dlemRvianBaOlh@hfikMee %o bmeNalce@bvia a
LTE is a rel ease of LTMIS that uses E-UTRA. Al though certain aspects
of the discl osur &iass Bedivescri bed using 3GPP term nology, it is to

be understo hat i i N1 i
R e e s G
1XEV- DO Rel 0, RevMpdeRew Bydia eetivarkl wgirolian @ RN Gy a bee shatbo(iBSS), a radio base

100801The teachipgs. h i, may. he. incorpor.at i ato_ (e. . .

i npl emented wit hlg[%t?oé]r F%?rsf Pl A% C\‘?gtf?@f 3d%$@§p6§’ra§gﬁ§@§el((g. gption
nodes) . Idn sone a‘HﬁmﬁL&; transodider ﬁ;ﬁctgm_, (“AFW, melhedsraeciyer Mphaoenied a
in accordance wifh.the.teach erein may conprjse an access point
or an access ter 'Sff‘aﬁem‘feogﬁﬁgl%ggfx B EifIded sgricg 8 és%gest & OFFHBE Otltsiﬁr;ﬁ‘mﬂar
conprise, be inplgfiRblogy. as, or known as user equipnent, a subscriber
station, a subscriber unit, a nobile station, a nobile, a nobile
node, a rentft&lst atlf 60me ASPERRBMOS &8 HACCeH PABEY M eGMTERR an 4Cqegenode

agent, a user dei’gr GConfthu QiBn Qﬁgﬁﬁ tsﬁEH“'aﬁ‘ Qécggsy nodler}nfylo I vide fOf ex

i npl ement ati ons an access term may conprise a ce ar te ep%mr%%,
a 16 cordl ess t ednaptiong fororses sttwnrli (@ig.isavideo arcp nethvododuch AShP Iyternet or

phone, a wireless | | loop, (“WLL'),stati,on, a petsonal. digjtal
Peststant (- poa- BT ncrERyadvridt FLOHER o PeRElRBRE el b Rervore
capability, or san®rdinber asatctsabloge prapesstd aptlte vibde(cqomnestas Wriiml)
w rel ess nodem Accordingly, one or nofe aspects taught herein be
i ncorporated intf ﬁccﬁﬁoﬁ%ef\(’é".‘bc’f Sé.’m@e‘i’tF‘Eﬂ gﬁﬂgﬁﬁﬁﬁ@ orfl §ijr‘j‘dfl?n=p‘ﬁéhg§%{ bg
conputer (e.g., ahéRit@Pihat Bnd6F bR tROAPIRIFAL bOPodBW 6€in Jome cases,
portabl e conputing device (e.g., a personal data assistant), an

entert ai nment defalaizelyaog-portgblenysi ¢ devi ce, a vi deo device, or a
satellite ragien). a1 abal, ot LORL ¥ 1 CE, 1.0

sui tabl e deglﬁcge] t hat ng’s %o%”??éjuer ﬁ%ﬁ%%&gﬁékﬁ%&a&ﬁ%l gaglgﬁré of
medi um [ 0082] Antrarsoeidisg poi/nt regelyinganforing®n ibe namplviectesstreahnas(e.mrvia a
known as a NodeB, .an eNodeB radi o network controller. ("RNC'), a
base st atton (ot EMPERTR Th8 U BelieriRe S B, blists lpckn oy
control | er ("BSChnpluda dppspritteadibeeiniftios tiafeifoce ¢OBI®ichts @.4,r Abaaeil vier
function ("TF"), a. rﬁdi 0. transcei vgr, a radio router, a basic, service
set ("BSS'), an BRUSBNAKEHSRIROBCLRIO porpBENFate yia adWiaV IS ICdiu: | ar

t er m nol ogy (00B$1083]A @i1EREELRIS REGIBmMANRIR ifokh or Alte IRLEIS cRnHidatiBRY
conpri se an access node for a communi cation system Such an access

node may provi delinksorthay #fp| Rased optheett i aharyiseosupnort qing Heitahls kwireless
communication technology. For example, in some aspects a wireless node may

associate with a network. In some aspects the network may comprise a local



100841Al so, it should be appreciated that a wirel ess node may be
capable of transmtting and/or receiving information in a

non-wi r el (e.g., via a wired connection). Thus, a receiver
and a tragé(irf@?@&%@s di scussed herein may include apprBET[iUﬁ:fO«Q&'Q79381
comuni cation interface conponents (e.qgy electrical or optical

i nterface conponents) to comuni cate via a non-w rel ess nedi um

[ 0085] A wirel ess node may corm?gni cate vi og;a or, nore Wwrel ess

comuni cation | iHk% ERY 8 BaSed B EYO6t h wigless dpyct e n§ppport or
sui tabl e wirel esgh&MneLRE 68¢ bi0Rol@E ARAHOG T WhelesEHMMRIRcation 1§AABlogies,
aspects a wireless node may associate with a network. In sone aspects

the network may RBIEPIsY dandsedsisuch os dhase dirsestert Rersin &-ani GRMikeBDMA,
netvor k. A wi €l @BMARHIHATRINBLBPRT i A 95 BFY 14i5RaitP S PRB AR fy

;
of a variety of wireless communication technol'ogies, protocols, o

standards such awippérbgeotliydsesusednher giore ¢lea gariehODME e Rivding@F@IM]ation
OFDVA, W MAX, W - Fi nd.so Sinm a.Wmreless no ma .
oxJ.: hultﬁjéégur?%_l éa{é%nes. n Ivfirrele\és rGddM may ?hu801rnf;1d g%oaﬁé{oRaate

support or ot herw sée nore orf a varlety (0}
nodul ati on or nuddnpohents (. saihaneafacesd) toviesteblBhl and oslamimiyatt Ritsoreng] micte

appropriate conponents (e.g., .ait. interface to establjsh and | .
communi cate via BHREHr° L&“‘Wl?‘é[l s“sg@rfﬁ'ﬁﬁg%’étoiré’ °f PAIRSSLSQIHgURiFRLion
above or other WeglgloRfesC PENEMANDEL, b Wircl REHGHR! RG] @SnpriE®h Wik REPhscdver

wi rel ess node may. conprise a wireless transceiver with associated.
transmtter and V&R @pspeipted STRBSRIEIRE and FaEIVRiRPMINRFRIE dhay apdyoigslude various

components (€. g.gonfiodfRl @SNeLighar §er|%9ﬂor§ i i 'Si r%ﬂélf %g%g%ﬁ% i tacilitate

facilitate comrunication over a wireless ne 8 depicts
an exanpl e bl ockeaimagrieationpver agyistiesnn8d®ni.n accor dance with

addi ti onal cts i bed herein.., System rovi . an_appar at,us
Fhat ton’s otPRACE ® EHEREARTC T SLERIL RCLEMFR. B P30 RREE Bl
800 can i ncl ude aldpionaladsptars ddscritpdiioesn Bystrra®X), providbs &6 appfapitus that can

S0P neer e, wBMERSATE USSR Re RoTEEM 5 GRS S
comuni cati on | i fkraBB5ef BedIdeirgka8ls8cH &, mmmglg,g%c%ﬁiamgtﬁ%s 810,

nodul es or nmeans over conmunication |ink 805, ) VWil e the

speci fication de¥esrBesqsay $3% diaging Ream £, becrting Mepess¥if: cieatingninean,
those of ordinaryseskislf &ﬁlﬂe?@d"ﬁe%\/@&nﬁrﬂﬁdi%noﬁnﬁ %spra‘%ﬁeﬂéin able to
i nvention without departing fromthe inventive concept. For e%arrp e,
t he teachi ngs hetwimumedtiewith othei modiles awidaohed: penmwonikatendimbré0s. but

are equal ly i capl. ket -.swi tched d i.n.network el nts.
[00881Those[0§Eﬁl I e?@ﬁhﬁ: Eﬂﬁeeggcrg 15&\%11?1? %e;s gt?egt g%gm?ﬁatex?nﬁ?%% nQaft6| Bn PRRE™
signal s may be rapsesnenthost afsirdipagrkilbéanadevase ivetipions ofl ttef @esent invention
t echnol ogi es and techni ques. . For. exanpl e, data_ instructions,. )
commands. i nf or mi{{FOh SCRAT G s e RastsPRC FoprraRRic e derabingmlereia
referenced througheus clrbif-SHRUE] HESGHI RErh&s B@ﬁr@_@qﬂaﬁ?%ﬁﬁ&%@% B¥cket-
vol tages, currents, electromgnetic waves, magnetic fields or

particles, opti C%Yitcﬁlf‘iéﬂ‘a@aiﬁﬂe%’&ﬂi glgmerds. or any conbi nati on t her eof
[ 00891Those gakdy!l | ednbf dfiRqak theWird ditf MHdeREM AR R6IRE BN bh&EighdlS may be

various illustrative _
represented using any of a variety of different technologies and techniques, For

example, data, instructions, commands, information, signals, bits, symbols, and
chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or
particles, optical fields or particles, or any combination thereof.

(0089] Those skilled in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, methods and algorithms described in

connection with the examples disclosed herein may be implemented as



| ogi cal bl ocks, nodules, circuits, nethods and al gorithnms described
in connection with the exanples disclosed herein may be inpl enented
as 18 el ronj rdware, conputer software, or conbinations of
both. To Sfé&&ﬁbﬁprustrate this interchangeability of PRATGAEFE 3}
software, various illustrative conponenis, blocks, nodules, circuits,
met hods and al gorithns have been descri bed above generally in terns
of their functionality. et her such functionality j.s inplenmente

har dwar e orsof AP BERGE LR Ete oAt SF rapbipi clioh dhc ey
desi gn const r ai nfiRistrd®P @sie dntedhdnigeab@ite rofl HarEyksd end sSkbdrk,echridhi iIRARSIve

may i npl enent the described functiognality in varcéi ng, ways for each
particul ar appl i EHRFBRNSHHIOCk FROGWES eifsHtsarmehedetids plgrathaor g hesn

be interpreted agesgamsl M@ SGRAMNNULE (oM BRirSARREofint hewREESeRich
i nvention. 100901 The various illustrative |ogical blocks, nodules,

and circuits deséwmplwdlitn icompleoenisa o hhrdvae oxaspbivas diepanidesen the

herein may be i t 0. perf.o i . I )
processor, a di gp %@@% %&gﬁéﬂﬁygo%ﬂedséo (%?E}&gﬁ%{a&g%ﬁi %Ig |egﬁve§apﬂeé¥sﬁl%
i ntegrated circubkill¢d&iti@ns reayf gl dgr desritlel dugdibealay myar(ihPGAYs dor
ot her progranmabl e, | ogi c.device,. discrete.gate or _.transistor |ogic,

di screte hardwar ‘éacéo‘??%bﬁ]féaﬁtai’?ﬁﬁm%n@’tcs&}%i“ﬁglﬁnﬁﬁta?%a%cbsl‘m’&es@iobﬁ'e‘a’ttb(‘}
perform the funchitdpstcdas eiished RpirRirdfrof (BERBHEOF tREPRIPCINRERGRS SOr
may be a m'crogrocessor,_ but 1n the alternative, the processor nmay be

any convent {938 pridcessiers lesktivelperal Hogpsorprtlrnlang cirogis desgiied in
machine. A procegsRectFRY withS theD @xdrRLL MHRIRN aRrcdn Ciﬂ%b'ﬂéaﬁlhggmgﬁted or
conputing devices, e.g., a conbination of a DSP and & m croprocessor,
a plurality of nbafumedwébsmensralonepwr prasesonicigipl Hems pocesspm(DSP), an
conjunction with_a. cQr he cenf.i gur ati on.

100911The net hod& 81?35 “g%’?‘?‘f‘ %e%gt}é%r%%‘B‘%é(‘?%%@’oanﬁglgtlgé@ﬁ%’g%“‘gﬁleﬁ%?g array
exanpl es di scl os@Pd¥er @i stherapropemenbiediogid divicecdikaretc rpatvasom@rsidtor ilogia,

sof tware nodul e execut.ed. by a processor, or in a conbipation, of the
tvo. A sof tvaro RBGEIAHEYYS CRPRsBons, A FembRylon PECH freisdry © ree
menmory, EPROM nemmer funciiRBREMcABAD hiscid. € JAS eicSal-pdfode dirddesso? may be a
renovabl e di sk, a,CD-ROM or any other form of storage nmedi um known
in the art. A st BYGAYEOFRENTURYt RIS alteBiE elhe tBogepser By sy cogytional
that the processfiocCadt, baARILATALEBIIONe! 0P TucARRH L2 ol o
to, the storage nedium In the alternative, the storage megl um nay be
integral to the p¢vedesored Bricoptboreies of camuiting dewtasr agea neubinmionnyf a
reside in an ASI 0 r e | ar dinent s

the functions degggi éid[anglié%érg?e%gﬁé%eﬁﬁg%ﬁy ng%ﬁg}r&a\%%r%%e%%g%f ?%roamore
firmvare, or anymimofbemtdronint kenjandtionl fwithnal dShtede,i br safvt waltee, sidhe
functions nmay be %{ﬁ.oreﬁ on or transmtted over as one or nore
instructions or EBYEYSH% conputer-readabl e medi um Conput er - r eadabl e

medi a i ncl uggs1)bot IThe OMPUbEY of taBioAi@ns T8 ENcALAN h CORIBNAML Hiih0heMBindles
i ncluding any nediumthat facilitates transfer of a conputer program

from one pl ace t disgpwsdrsrein meayihsr appodisd glimcibain badewy. Basoiimre meddica
that can be accegagthc®¥ydh HOBRMICE: inBY YRYinorC AP bEo. 2N MR e module
linmitation, such conputeér-readable nedia can conprise RA

EEPROM CD- ROM omapté¢seic ingtAManerdorgkilashonagey, Relyheemeryd ESR OM orcarpey,
or other magneti i of he iymt be
used to carry or ng%refgﬁg%gﬁ%5g%§%r5’?%r%g@§5é£ ?er?rl %Vﬁglgfdéqu mat)@ 'R(Eﬁ\ﬁl’ orany
instructions or datafestrefcitemgs nedaint kiadwic anthberrac dessege Medaim may be
conputer. Al so, an 100 ection is ‘%%Fe{ll% terned a conputer-readabl e
medi um For exanf'®ledite heprocssiar gurhethptsthe progesspr gan dead: ipiprge qrpgind
server, or other wHeMBiemsR 6 Ltht SoRge he@RaX i @lthCaRhfitivd iRelor@Rd hedium
cable, twisted pair, digital subscriber |ine (DSL), or wreless

t echnol ogi es sucHendeiinesal dthe Prsewsor afhe posPsod, the HeFrse meedise xia|

reside in an ASIC.



[ 0093] The previous description of the disclosed exanples is provided
to enabl e any person skilled in the art to nake or use the present

i nvention, Vari nodi fications to these exanples wll he re
P HiyLiy y

I di |
appar ent s killed in the art, and the generic BF?%@?%W%@&M

defined herein may be applied to other @xanpl es w thout departing
fromthe spirit or scope of the invention. Thus, the present

i nvention i t intended to be |linmted to the ex l.es sho her ei,n
bt s 0o bR or BLERS b e el S T it TR A ROCHRC B s
and novel feat urigglaheddonatrdi@igi saftward) fithikalel ¢ My EXiliM e tHédbof. 1f
| NVENTI ON ARE AS FOLLOWS: 1. A nethod for synchronizing a fento cel

with a macro cel mplempgateddn weivpgcibe dpmgons wae b s dimertenspittedpyer as

transm ssion ti ngfadyf How @stRASR Geldde e LAl Qe NROE hidim! €GapYEr
in the fento cell; and synchroni zing the fento cel

transmi ssi on ti nicadpble media insludechash eanputerrstoragei reedioandtdomimgidation media
reliance on the | i nk- i .. S I _ f i
1 wherei -t he. rERE Sy nEGEEERL KE AL b e & & DEPTE Refeflifut
3. The net hod of pledeafonanbtler. 2A sthageinrdiaheaf be way dviilable medieitheercan be
permts a fast timn cqui sition by a fento cell. ..4. The t hod of
Py Tone of o ai e OSE CoRter ¥ SR ORIt Gl Per e amaH e
in determ ning geegibenhtdatad @@?ﬁiis@RAM, Hdnea, EEPROME €D-ROMor dthét optical
met hod of claim 3, wherein the fento cell receiver configuration

i ncl udes a hi gh §&frsiarEenHasnetindiskdiiageaos piber MBenshs Sipraasrdevices o PR

met hod of any ongn&im&didth Mt darl 1R uded WGRS P stEQQie?iYe{aﬁﬁ?@% zailid iﬂ!@hekform

timng derived at the fento cell fromthe nmacro ce orward lin
signal is shift eef insiructions afuletat sruprisp agdthiabcandes argeskedoby acoraprie. ddkd,

ranemiter to L LM bobsEr iRk MOFSIAAANG MR OB )

advanci ng t he syifiche enfteat iiomrahsnmited) fratn & hecblientsorveeldr e attlbtegdoyrce
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line
(DSL), or wireless technologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such
as infrared, radio, and microwave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of
computer-readable media.

[0093] The previous description of the disclosed examples is provided to enable any
person skilled in the art to make or use the present invention. Various
modifications to these examples will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied to other examples
without departing from the spirit or scope of the invention. Thus, the present
invention is not intended to be limited to the examples shown herein but is to be
accorded the widest scope consistent with the principles and novel features

disclosed herein.



7. An apparatus for synchronizing a fento cell with a macro cell,
including: a forward link receiver foeY%receiving macro cell
transm ssion timng, wherein the fento cell synchronizes fento

cel | traps ] smssion timng in
reliance o@“?ﬁkgﬁ f\}\\f}aﬁr%g;gql w\’%@‘)@%@f“ﬁQLLWThe appar at us of
claim7, V\,herel n the forward link receiver | npl enments a zero-| Fd —
receiver. parat us. of cla erein the fqrwar in
recei vglr per ™ ttpwd%? HeNppigng § o t&&%@“’?ﬁ %Iﬁa%? V%aﬁ?&lﬂé]@?f@mm%. The
appar at us ofrecawyngaln@femto !l alanBnisticninfing e b &latrotcbieddeas widraaldilink receiver
recei ver a§5| sty determ ni ng geographi cal |ocation of the fento
cel |. %he apparatus of claim 10, wherein the fento cell

recei ver corsizmc@wnanngalm ‘n‘emeal detl @ansanidsioghingey wittatht aGa cell faktidkiogtiging in
steered_ heam qgégorwar The ai{l)par atus of any one of clainms 7 to

11, whéféirn the® sy ncml%knrle%eé‘fcfg)lﬁn imng derived at the fento cell from
the macro cell forward link signal is shlfted intinme due to

Fecer var O 198mhol GETRE, AR Sk R RL P s e R eR e

transmtter to the femo cell recei verlis corrgcted by advanci ng the
h e ccordin

b i A b o R P i P

t her eorapqmshte)ncb@defmmomem.udl ng: a first set of codes operable to
cause a conputer to receive the fento cell transmssion timng froma
mcro cell, due to a forward link receiver in the femo cell; and

4. The method of any one of claims 1 to 3, wherein the forward link receiver assists in

determining geographical location of the femio cell.

5. The method of claim 3, wherein the femto cell receiver configuration includes a high gain

antenna, including a steer beam antenna.

6. The method of any one of claims 1 to 5, wherein the synchronization timing derived at the
femto cell from the macro cell forward link signal is shifted in time due to propagation delay from a
macro cell transmitter to the femto cell receiver; wherein the propagation delay from the macro
transmitter to the femto cell receiver is corrected by advancing the synchronization timing at the femto

cell accordingly.

7. An apparatus for synchronizing a femto cell with a macro cell, including:
a forward link receiver for receiving macro cell transmission timing,
wherein the femto cell synchronizes femto cell transmission timing with the macro cell

transmission timing in reliance on the forward link receiver signal.
8. The apparatus of claim 7, wherein the forward link receiver implements a zero-IF receiver.

9. The apparatus of claim 7 or 8, wherein the forward link receiver permits a fast timing

acquisition of macro cells.

10. The apparatus of any one of claims 7 to 9, wherein the forward link receiver assists in

determining geographical location of the femto cell.



a second set of codes operable to cause a conmputer to synchronize the
femto cell transmission timng with tBe macro cell transmission
timng in reliance on the forward link receiver signal. 14. An
apparatus for synchronizing a fento cell with a macro cell, the
apparatus including: neans for receiving the fento cell transm ssion

tim ng Ifir omke BR@FBusGELkim M@ hér@inahd mwated rdckiRl coRBRABH incRidéshienifletito
cell; and synchroni zing the fento cell transm ssion

means for
timi ng AR F‘ﬁlédlﬁﬁEFtBGrﬁ‘gquaH’taP?‘fﬁ}%arn ssion timng in reliance on the
forward |ink recei ver Si gnal 15. The appar at us of claim 14 wher ei n
the for rd i nk recel ver | enents er o- cei.ver. . Th
appar atlgkgl hEIaBﬁaFﬁt‘TZ? g ol’gnPWf&s it} e ‘Pm?aSE‘éf“(‘}’é‘lg B dorlvad st the
conf i glﬂérﬁﬁoiceim frbif Gtk S0 @umlgﬂardgalk@lgaﬂtlmci it thﬁe &ait6l plab&pti@edely from a
antenna is stleer ahl e, g heﬁ “pgs)ar atus of any one of clains 14 to

ERIDEES

16, whérasioFefl Fansmiiieris Ge YEr pernits a fast timng
acquisition of whesheeGedgagation I8ay ﬁmt@pmfoatauﬁma& 130y fane caf cl ai ns

14 to 17, . wherein rvvar link receiver ts in determning
geogr apHicEs! F‘B}E"é’tefigﬁ a%ﬁﬁﬂ%l%t ¢ BRE OGO timpg o %ﬁi I%B;S‘glraﬁ‘i{ gl any

one of clainms 14 to 18, wherein the synchronization timng derived at
the femto cell fromt el.l forward link signal is shifted in
time dué to %?O&ﬁ)&&magﬁﬂ %[Nn Fivihe CTRET Sregate Sk LNT herpom (e epties
fent o agdlldidgecei ver, wherein the propagation del ay fromthe macro 22
transmtter t i i

& t he f 0 caﬂ?l receiver is correchgtg f\dvanm ng the
synchr oni zat? ‘8 5t |°r’§1°?ﬁ‘gg REAOILO FRIFE OTBfCT BBt 9‘“’2:6 K2R5E$508 tiphe
synchr drinza Agracdl] dwto €@Irkardihbredei s aOMe fea@b Lell; e net hod i ncl udi ng:

a second set of codes operable to cause a computer to synchronize the femto cell transmission

timing with the macro cell transmission timing in reliance on the forward link receiver signal.

14. An apparatus for synchronizing a femto cell with a macro cell, the apparatus including:
means for receiving the femto cell transmission timing from a macro cell, due to a

forward link recelver in the femto cell; and
means for synchronizing the femto cell transmission timing with the macro cell transmission

timing in reliance on the forward link receiver signal.
15. The apparatus of claim 14, wherein the forward link receiver implements a zero-IF receiver,

16. The apparatus of claim 14 or 15, wherein the femto cell receiver configuration includes a high

gain antenna; the said high gain antenna is steerable.

17. The apparatus of any one of claims 14 to 16, wherein the forward link receiver permits a fast

timing acquisition of femto cells.

18. The apparatus of any one of claims 14 to 17, wherein the forward link receiver assists in

determining geographical location of the femto cell.

19. The apparatus of any one of claims 14 to 18, wherein the synchronization timing derived at
the femto cell from the macro cell forward link signal is shifted in time due to propagation delay from

a macro cell fransmitter to the femto cell receiver, wherein the propagation delay from the macro



receiving the first cell transm ssion tlnlng fromthe second cell due
to a forward link receiver in the fird2 cell; and synchroni zi ng
the first cell transm ssion tlnlng with the second cell transm ssion

timng.nr. ce on the forward ecej ver signal .
9 transmxger to 91 %emto CBIPIGCCIVCI‘ 18 correctedqay advancing the synclronization timing at the femto

cell accordingly.

20. A method for synchronizing a first cell with a second cell, the method including:

receiving the first cell transmission timing from the second cell due to a forward link receiver
in the first cell; and

synchronizing the first cell transmission timing with the second cell transmission timing in

reliance on the forward link receiver signal.



