SPATI ALI NTERFERENCE M TI GATI ON FOR W RELESS COVMUNI CATI ON [ 0001] The
present application clains priority to provisional U S. Application Serial
No. 61/ 0580266b/14e438i t | ed " SPATI AL | NTERFERENCE AVO DANCECTHGSRINDQUWES: " fi | ed
May 15, 2008, and provisional U S. Application Serial No. 61/1 17, 852,
entitled "SPATI AL | NTERFERENCE AVO DANCE TI MELI NE, " fil ed Novenber 25,

2008, both assigned to the assignee hereof and incorporated herein by
reference. BACKGROUND |. Field [0002] THe present disclosure relates
generally to comunication, and nore specifically to techni ques for
transmtting and receiving data in a wireless communi cati on network. 11.

BaCkg(rjound [ 0003] SPAd'IeSE. INTITEIR[CER]DN(E\EIMDIrl?EGQA(fI@dl‘l‘el?(/)ldeEI ?ygdtto
provi de various conmunic eo, packe ata
nmessagi ng, broadcast, etc. mﬁgéﬁmembe mul ti pl e-access
net wor ks capabl e of supportlng mul tiple users by sharing the avail able
networ k resources. | es of such multipleaccess networks include Code

Di vi si on Ml {80BHe A&%@rgse(ltimhsaﬂﬁ%fmworlw RTINS B MEPHGRRPESHERE es s

(TDVA) net works, &1/@auacy Bl OrsPATIAID! e et R KNdEVA) ANRHIANGE
Ot hogonal FDVA Dwﬁ) networ ks, and Single-Carrier FDVA ( SC- FDVA

net wor ks. [ OBBGHNIQUES 8| fHled Naymhdin? W&t alaﬂquétSwewlkUr%yAmmmmeSealah er

base stationgj ﬁaészc eikY PROATILOMHER FAREROE T Ao ANEBEFIVAIT INE®T filed
equi prents (UEs). E may communicate with a base station via the downlink

and uplink. Nh@endm\n%ﬁ,u HR8(nth pesianad & thierrigyigneefherosf sl mperpeidigchaicsnbY on | i nk
fromthe basgggiation to the UE, and the uplink (or reverse link) refers to
the conmmunication link fromthe UE to the base station.[0005] A UE nay be
wi thin the coverage of multiple base stations. One base station may be

Eelected to serve the UE, and theB%ﬁgﬁk?h?ﬂgﬁzfe stations may be nonserving
ase stations. The UE may observe e ence froma non-serving base
| Field
[0002] The present disclosure relates generally to communication, and more
specifically to techniques for transmitting and receiving data in a wireless

communication network.

II. Background

[0003] Wireless communication networks are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations
that can support communication for a number of user equipments (UEs). A UE may
communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station to the UE, and the
uplink (or reverse link) refers to the communication link from the UE to the base

station.



station on the downlink and/or may cause high interference to the

non-servi ng base station on the uplink. It my be desirable to transmt
data i n awoenwert0dé3e achi eve good performance even in theCprsseanes2of strong
non-servi ng base stations. SUVMARY [ 0006] Techniques for transmtting and
receiving data with spatial interference mtigation in a wireless

communi cation network are described herein. Spatial interference mtigation
refers to reduction of interference at & interfered station based on
spatial nulling and/or receiver spatial processing. Spatial nulling refers
to steering of a transmssion in a direction away fromthe interfered
station to r B0%le i At EEfmaehcevithon theecavatags D& medtirde dascoratioRec éingepasspat i al
Processing T 6l&r Sud O AELEEhI @0 LOM Yk LB, LEGRIME,BRLERNRS:S Qd ROV ET
desired si gnaf1 conponent’s and "Suppress 1 nterference. Spati al Pnterter ence
mtigati on neyviag bochativef erlcddE may abscea@opgh aitdrieeenbe &omer minAgrvigaiRake [ 0007]
I n one desi gr][tof tr%nsc{n'tﬁ.i ngﬁ@ata Wth ti g?l interf&rence mtigation, a
first station® (@ DealoEafiph &}f?l&%éwsﬁ@%aﬁeéﬁer%%aﬂo EKTRFOMITon (SFI)
from a secondatidnadn theluglénkg.It ménbé ddsgadle toewhnkiimt dhfadi ainfanA@tto GEHIFRHoOAL | NQ
with the first _station. The second _station may al so receive precoding

i nformati on PYERIECE Gy deresaree L sgens I‘Qn?‘érf"%‘g%a%é}a.m%e first station may
send a data transmi ssion to the third station based on the precoding
information and the SFI in order to reduce interference to the second
station. In one design, the SFI maySUMMARY spatial nulling information.
The first staghfn my,send rhe, dabaqls anpmasionihased ontns apatial
nul 1'i ng i nformation t0 Steer ¢ FESHEME APLASHYES §R% iR TP e Y STSH away from
t he second smatigatien ih CO0G}eldsh cnemch@atign nefwarle cae vdengibdat leersin.t h Sppat i al

interference. mtigation, .a fi.rst stat.ion . 0., a UE). recei ve an SFlI
nguest so” Sulert pbaiSyihitle QbR plerBienc ' it FRENERR Tha

i S not conmmuen gatidlngllwg tahd/bhecdiver Spatial @béeing. T¥patiSmulling gefes to fByingef sent by
athird station (e.g.,. a serving cell) that is comrunicatin ith the first
station. The®{? lssgoPa‘Piacfﬁfe %@P’egﬁ?% e migeered sgtigro YF@‘CF H‘ger SR st at i on
in response {nQ ih{éﬁfel%&lsta&i%ﬂ.ueﬁéoeithgpaftiiar ploc&kmbi @RITRY d&tb&Rn IRt @kuKife and
send precoding informationto the third station. The first station ma

hird . y
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transm ssion sent by the second station to another station based on the SFI

to reduce (CEB)
[0007] In one design of transmitting data with spatial interference mitigation, a first

station (e.g., a cell) may receive spatial feedback information (SFI) from a second
station (e.g., an interfered UE) that is not communicating with the first station. The
second station may also receive precoding information from a third station (e.g., a
served UE). The first station may send a data transmission to the third station based on
the precoding information and the SFI in order to reduce interference to the second
station. In one design, the SFI may comprise spatial nulling information. The first
station may send the data transmission based on the spatial nulling information to steer
the data transmission in a direction away from the second station.

[0008] In one design of receiving data with spatial interference mitigation, a first
station (e.g., a UE) may receive an SFI request to send SFI for a second station (e.g., an
interfering cell) that is not communicating with the first station. The SFI request may
be sent by a third station (e.g., a serving cell) that is communicating with the first
station. The first station may determine and send SFI to the second station in response

to the SFI request. The first station may also determine and send precoding information



interference to the first station. [0009] Various aspects and features of
the disclosure are described in further detail bel ow BRI EF DESCRI PTI ON OF
THE DRAWWG20¢90Q43B FI G 1 shows a wirel ess comruni cat i ®0TASRe000k420§ 0011 ]
FIG 2 shows downlink data transm ssion with spatial interference
mtigation. [0012] FIGS. 3Ato 3D illustrate downlink data transm ssion in
FIG 2. [0013] FIG 4 shows uplink data transm ssion wth spati al
interference nmtigation. [0014] FIGS. 53and 6 show a process and an
apparatus, respectively, for transmtting data with spatial interference
mtigation. [0015] FIGS. 7 and 8 show a process and an appar at us,

respecti vel yto thothindee¢ion.i fike dat aat\'vdntma)stﬂlateilf&lr r¢catve rfderagrapemisiion geat byon.
[0016] FIG ho | ock a a nd _a UE. DETAI LED
DESCRI PTI ON ﬁ*ﬁglil'ﬁlﬁafﬁn% Seegﬁ)ﬁﬁ% 5% mf%Bma ‘Oﬁersftéﬂ tr?“?réta ‘be mLPé%i a f6F" Vari ous
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and ot her net T er networ k" and "systemi are often used
mterchangeaﬂll re,&c?fﬁtl\%%trt’fgt%]roﬂ may i npl enent a radi o technol ogy such as

Uni ver sal Te[(]oes]t I SbriRadimecAcas sain(édTiRA)e disdsmR000 desetibed i TiRtuet Oethildes

W deband CDIV@ WCDMVA) and ot her variants of CDVA. cdnma2000 covers | S-2000,

| S-95 and | SP¥%% st andards. A TDVA net work may i nplenent a radi o technol ogy
such as d obal System for Mbile Comunications (GSM. An OFDVA networ k may

i npl enent a radi o technol Oﬁy such as Evolved UTRA (E-UTRA), U tra Mbile
Br oadband (UMB), |EEEIREE QES(&RIH:"H)ON@EETHG?QDRAWS) | EEE 802. 20,

Fl ash- G:DN“L H%I’ re RA are par t new iversal Mbile
Tel ecommuni ¢ n Sy ?‘U\fﬁ'§ “3EPBMUGT QFer m Evol uti on (LTE) and
LTE- Advanced[(]@)ll]]E— Arlcaaehmes/\dmmhﬂﬁs tr@fisnhﬂ‘s’[h‘ﬁ vtithadpaties entdrtdfdre mifigaAon. E- UTRA,
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for the w relogi neF%Srk aidq Or v % SEWRSI ¢ AR AEnASPAEBY "wel | as

ot her wir el egsnsmitting data with spatial interference mitigation.
[0015] FIGS. 7 and 8 show a process and an apparatus, respectively, for receiving
data with spatial interference mitigation.

[0016] FIG. 9 shows a block diagram of a base station and a UE.

DETAILED DESCRIPTION
[0017] The techniques described herein may be used for various wireless
communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms “network” and “system” are often used interchangeably. A
CDMA network may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. ¢dma2000 covers IS-2000, IS-95 and IS-856 standards. A
TDMA network may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-
F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents



networ ks and radi o technol ogies. For clarity, certain aspects of the

techni ques are described below for LTE, and LTE term nology is used in nuch
of the desorigpritmssbel ow. [0018] FIG 1 shows a w rel esgCrarspamiosens on
networ k 100, which may be an LTE network or sonme other network. Wreless
network 100 may include a nunber of evolved Node Bs (eNBs) and ot her
network entities. For sinplicity, only two eNBs 110a and 110b are shown in
FIG 1. An eNB may be a station that corfmuni cates with the UEs and may al so
be referred to as a base station, a Node B, an access point, etc. Each eNB
110 may provi de comruni cation coverage for a particul ar geographic area. In
3GPP, the tefrom"palrgdhizam nmﬁedr‘?td)GanamimrRageerslﬁlearccﬁct”a@G@NB ahmy2600 an eNB

subsystem serv hi s, couver lged area pe endin cpng ext in.which the
re descr d ocunients frfom an or% 1z 10n name I engeration
termis used™ ]a provi-de  conmmu 'on coverage Tor a macro

cell, a pi COPn&iefshlpaPrbﬁCﬂb’ (GGPPZ) élﬂld/teuhmqhdssedesctr;bpéﬁet@fn gl be uséd fecthe cel |
may cover arelativ | ar e ahlc ar several Kkilaneters in
o i) and MR T ARE R RERR RS SRR aue i o8 SEHS o0 SOBEST ot on.
A pico cell nayokowed radis etchdlvgiby FoBllarigeogtaaphipecardahandhiigyesaré ow
unrestricted, acg Es th s ice.subscription. Af o, cell. may
Cover & rel algdry i Fogebiyraigni b arainopeygh Wl Romesh bl raliphn
restricted apgess by UEs having association with the femo cell (e.g., UEs

for users in the & An eNB for a macro cell may be referred to as a
macro eNB. AHO éNB f8¥ d Pews 2 gdie] eswwm@?w%arkﬂ@@a\@hlﬁl Brebe aNBIE An eNB

for a femo galvbikM®Ys@® bBEEhdREK OWaR1As MRtk eHB nih"y Achers fRNBer bR the
exanple showmn in FIG 1, eNB 110a nay be a nacro eNB for a macro cell X

eNB 110b maycwéved NdeBsellBrbandgothercistiverk [entitiesy For pseprlisitaNBlY sro aNBent o
cell Y. An eN%arEﬁé( 1%505}951&0“9{&% 96 MU b eRBSn 4B statioﬂrtﬁﬁ);orﬁﬁhhéatei\99120]

Wrel ess network 100 may al so i ncl ude rel ay “stations. relay station is a
st ati on t hat theddeiapdgnay alyodiesiefesrsil dnhasod babatsitiomdy Wededs, haélraq:m oeinatcicon from
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[0019] An eNB may provide communication coverage for a macro cell, a pico cell,
a femto cell, and/or other types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers in radius) and may allow unrestricted access by
UEs with service subscription. A pico cell may cover a relatively small geographic area
and may allow unrestricted access by UEs with service subscription. A femto cell may
cover a relatively small geographic area (e.g., a home) and may allow restricted access
by UEs having association with the femto cell (e.g., UEs for users in the home). An
eNB for a macro cell may be referred to as a macro eNB. An eNB for a pico cell may
be referred to as a pico eNB. An eNB for a femto cell may be referred to as a femto
eNB or a home eNB. In the example shown in FIG. 1, eNB 110a may be a macro eNB
for a macro cell X. eNB 110b may be a pico eNB for a pico cell Y or a femto eNB for a
femto cell Y. An eNB may support one or multiple (e.g., three) cells.

[0020] Wireless network 100 may also include relay stations. A relay station is a
station that receives a transmission of data and/or other information from an upstream
station (e.g., an eNB or a UE) and sends a transmission of the data and/or other
information to a downstream station (¢.g., a UE or an eNB). A relay station may also be

a UE that relays transmissions for other UEs.



be a heterogeneous network that includes eNBs of different types, e.g.,
macro eNBs, pico eNBs, fento eNBs, relays, etc. These different types of
eNBs nay Wweawveouitbdser ent transmt power |evels, differenPCtasesages2os eas,
and different inpact on interference in wireless network 100. For exanpl e,
macro eNBs may have a high transmt power |evel (e.g., 20 Watts) whereas
pico eNBs, fento eNBs, and relays nay have a lower transmt power | evel
(e.g., 1 watt). The techni ques described herein may be used for both
honbgeneous and het er ogeneous networks. [0022] A network controller 130 may
couple to a set of eNBs and provide coordination and control for these
eNBs. Net wor K02hint r Witeéass 13QonreP0 capbe pihombgenedpusmeehiBs thatifclvda cdBsat khaul .
eNBs 110 may al SO Commplr%g‘croe grolrg anOtﬁlR]% ag %S’S WOel?lié(%ma also
indirectly vi'a xXPr’eI &8ss or i relt ne %ﬁc‘fgﬂ Vi T llj S nay be i Sper sed
t hr oughout Wb eIhe@s)gat&townkWMataindumO&ﬂHle)frm&‘erhﬁ tgpeat ¢. Qn&raerCH’NB’SDbI | e.

For sinplicit |y, four Es 120 20Db, in FIG 1
and are al sof g%?@ﬂ P8O ’16%d Zﬁl‘l@e 4 reﬂgtypgss%tli\ﬁj \)%a[y& r%y al so
be referred transast @V&Ieefeﬁfblﬁl,adlfferantrmbérh@ astal arﬂrmffaelsub@m Iobeﬂiterlﬂeﬂbﬁce na

station, etc.. A UE ma cel | ul ar er sonal | tal t ant
(PDA), a wir&I'gsy W?B’H%]Fnlfg%%ﬂrﬁé"r“é@% “E%Fﬁﬁrjﬁﬁsc‘a‘[‘f%aﬁ’e&é‘%ﬁhé@n it H%‘ﬁﬂ %‘16
device, al a(btg)mmﬂmménea@plﬁ@é@@&@nt@fé@%; and rétayeh8sBavk @a@lerlt@agni¢ W.L)
station, etc. In FIG 1, a solid |ine vvlthasm%le arrow i ndi cates a

desired dat aPY¥ANEYH 88oh Vebin Ahe dchniapesdopqribed hreiemay g usedidamkadh | i ne

wi th a singl Eorﬁ&geﬁwubﬂlﬁil%@ér@g%n@dﬁsh&%fﬂse“ ng transm ssion from an
interfering cell to a UE serving cell is a cell designated to serve a UE

on the downl [QQ&ZlandAorletwsﬂq agtrofetn 340 g@%p%@l%é@ 12 peyofoeNBh dndt&pYide i ng

cel | causi nge il fTaaCEnkd B HEOIBICNEAA! Lo ARC(Rf man chfihftibae ed cel |
observing intertference fromthe on the uplink. Uplink transm ssions are
not shown i nwih @\TBilﬂbYlasbmkhiﬂdl @NBS [ Bonay alsor@muppynidateasithorne rogfberad- 2.,
frequency di L; A jdownl i nk and single-carrier
frequency di glilres%lh 1réclﬂglvga)>§%l%s% gé%ﬂc;%&ﬂ%e upl i nk. OFDM and SC- FDM
partition t hEDOQZy]st e Eb argiwicdlispeiisexd thrcmgh@utp‘heele(s*()letwptkhh)@omd cashifdamey er s,
which are al go st%t?o Ar b?lfe;F Fgmhﬁm oﬁl §S’U | P, b6 2'39%901 HRC af A
may be modul at ed Wi da rodul at I on sy osare sent in the
frequency dostewn imn‘FI(h ICHOMrasb relfenteheo as Wes dandiand v ﬂekpeS@eBDl\A Ukhmay ot al
nunber of

also be referred to as a terminal, a mobile station, a subscriber unit, a station, etc. A UE
may be a cellular phone, a personal digital assistant (PDA), a wireless modem, a
wireless communication device, a handheld device, a laptop computer, a cordless
phone, a wireless local loop (WLL) station, etc. In FIG. 1, a solid line with a single
arrow indicates a desired data transmission from a serving cell to a UE, and a dashed
line with a single arrow indicates an interfering transmission from an interfering cell to
a UE. A serving cell is a cell designated to serve a UE on the downlink and/or uplink.
A non-serving cell may be an interfering cell causing interference to a UE on the
downlink and/or an interfered cell observing interference from the UE on the uplink.
Uplink transmissions are not shown in FIG. 1 for simplicity.

[0024] LTE utilizes orthogonal frequency division multiplexing (OFDM) on the
downlink and single-carrier frequency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM partition the system bandwidth into multiple (K) orthogonal
subcarriers, which are also commonly referred to as tones, bins, etc. Each subcarrier
may be modulated with data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM. The total number of

subcarriers (K) may be dependent on the system bandwidth. For example, K may be



subcarriers (K) may be dependent on the system bandw dth. For exanple, K
may beequal to 128, 256, 512, 1024 or 2048 for system bandw dth of 1.25
2.5, 5, Moano2@oesegahertz (MHz), respectively. The syswPemiusarndniadh nay
al so be partitioned into subbands, and each subband may cover 1.08 MHz in
LTE. [0025] In LTE, the transm ssion tineline for each |link may be
partitioned into units of subframes. Each subframe may have a predeterm ned
duration, e.g., 1 millisecond (ns), and%may include two slots. Each sl ot
may include six synbol periods for an extended cyclic prefix or seven
synbol periods for a normal cyclic prefix. The available tinme frequency
resour ces foequeb©hl2R| A6, faY, B4 par20#d foneden hrodwidhodric2s, BlSocks0 oEaCh
resource bl ock nma rtic ar t| a re C nS| e.g.
12 subcarri elseihitz ftig] r%SpQC%VEH‘E Fow2s ?)ﬁ‘dﬁh by 8%%&’8. RS e o
serving ceIImmbmmsdmdbmamummnﬂemjeo&m¢98$ﬁﬁnmﬂﬂﬁ1 mhlch IS a scenario in

which (i) th ve high interferenc om e |nterfer|ng
cel 15 on ¢ helttetint  InCHRaRS Fertrfiop Rrklies 7 RS ik Pvdy PatiaRlimi

i nt erferenceof sfu@ffhlﬁéke Bichrobfeanidingy h@rel Ngreddtambivdtdaeatiopl d. k1 nlld@ohdant
interference s rio may occur dueﬁ%anan e ex enSLOn %ﬁlch s a scenario

in which a U o 2% ICYdg TR Ot Ioelap AHHds SE P BRI JRbARL r y

anong al | cebltsnddetepeticepreBy drh@véEsydioul ®x80PK&, a indrdedl Gyclle pldfix2 may det ect
macro cell X and pico cell Y and nay have | ower received power for pico

cell Y than %@éﬁlﬂe disng erq“eR@i/é"fSt)‘Hé‘fse@é eagh hﬁiaymaebfa@gmﬂamdelm%lresmt_w to

connect to PhleeksC®ath %sdufrcetm@ckﬁﬁéymoo&sd Jaﬁrcura@{dne ¥nd ﬁec{u@ﬂ%?rrdﬁl%ibnt be
pat hl oss for macro cell X. This may result in less in erence to the

wirel ess net%bww0$ewsal@m@bﬁndﬁﬂ% rate for UE 2. A donminant interference
scenario WYBehéo 0GCUE glle c&rﬁmﬁﬁ%&té 'vﬁjéheg %%ﬁ%cécﬁlt in0£‘ dofifan€ ¥R R Gce i N FI G

1, UE 1 may close to fento cel ffave hi gh recei ved power for
this cell. Hewearss Whigk i agegpangin wahlﬁll) éhetTéEamye@)serV@mgb igtetf¢rencedfpan t o

restrioted asaosl at aneA0haTIN: bISE EAANACINGS TESRGIRH BCIRuGE! | X

with | ower recelve may then observe ence
fenmo cell Yh@hlnhéaﬂmwnﬁMmkmand'nmy:aﬁgﬁﬂmgUSEshngheumh§ffe$ehm@nmm cell Y

on the upli nhl’terfe?e%g? ce}laﬁlloaiﬂ (Elie tﬁ?a Ie%‘)ldle],llsrllqt?e[ O Elep g (S:"cemlr'i 1{18{‘ a may be

perfornmed for da ransm sSi on ot Teduce intertefence to
UEs. In one UEsmgmxmaowEdmamthMﬂmamhssamﬂ%pmqymdmugpmmn@ﬁﬂé@bd&mahi

ot on gtk Sy 585 1R e T bRASELSE MRS Pk oo
may have lower received power for pico cell Y than macro cell X. Nevertheless, it may
be desirable for UE 2 to connect to pico cell Y if the pathloss for cell Y is lower than the
pathloss for macro cell X. This may result in less interference to the wireless network
for a given data rate for UE 2. A dominant interference scenario may also occur due to
restricted association. For example, in FIG. 1, UE 1 may be close to femto cell Y and
may have high received power for this cell. However, UE 1 may not be able to access
femto cell Y due to restricted association and may then connect to unrestricted macro
cell X with lower received power. UE 1 may then observe high interference from femto
cell Y on the downlink and may also cause high interference to cell Y on the uplink.
[0027] In an aspect, spatial interference mitigation may be performed for data
transmission on the downlink to reduce interference to UEs. In one design, a UE may
determine and provide spatial feedback information (SFI) for an interfering cell. The
interfering cell may send its transmission based on the SFI to reduce interference to the
UE.

[0028] The following types of information may be available:



UE. [0028] The follow ng types of information may be avail abl e: Spati al

feedback information - information used to reduce interference to an
i nt erferasosbari4soss3 Spatial nulling information - infoPCRILSVIOSELA4t O
steer a transmission in a direction away froman interfered station,
Precoding information - information used to steer a transmssion in a

direction toward a target station, and MNulling gain information -
information indicative of reduction in interference due to spati al
interference mtigation. [0029] For spatial interference mtigation on the
downlink, the SFI may include (i) spatial nulling information for an
interfering celsl,Spatidlcacdbagk beorumech byinfolmgionalskd t® raluee intdregentd ansimi Ssi on
away froma UE, (.} recoding information for a serving cell of the UE,
whi ch may be usedn%gfe’%ﬂétaﬁl?{‘ferferi ng cell to steer its transnission away

fromthe directi o3pafislomILNe inF@hatifg —CRkdrmh@ort B&IUB, stédrid Jramdlidsiongingai n
information, and/qgr (iv) other information. The different types of
i nformation for SHicCHRRAWS figat By ipeHEgd 3@t Yescri bed bel ow. [0030] In one

design, a UE ngy @stJaiiBlifrofmARNN! inRfmENANREd (J §8RANBRsthRGioRh 4 BhLEbET i ng
cell, e.g., based on a reference signal or pilot sent by the cell on the

downl i nk. The doviawiMie tareefrssépn.asdi mat e may be given by an R x T channel
matri x, which na [ Y N I - 2 = 2. "R
R2 R T wher o R nonE el h8inectn b ibedly frabafclittloblTpd iy i preske
interfering cell ductospafaluptetierencefotigatio=l, ..., Randt =\, ..., T, is a
conpl ex gain between transmt antenna t at the interfering cell and receive
antenna r at [00RY UEForTspatsal tikterfarentb eritigition oatisndawndink,ehn SEL may inkhkede (i)

Lo o R B8PSR B A0, L2
Each row of ith conmasipoadsy fram@néE, ¢lgnaetling &édbaiatibh torlacervimgecll ette VE, ant enna
at which may be used by the interfering cell to steer its transmission away from the
direction from the serving cell to the UE, (iii) nulling gain information, and/or (iv) other
information. The different types of information for SFI may be determined as described
below.

[0030] In one design, a UE may estimate a downlink channel response for an
interfering cell, e.g., based on a reference signal or pilot sent by the cell on the
downlink. The downlink channel estimate may be given by an R xT channel matrix,

which may be given as:
h
H, =0 Eq (1)

where H;, is a channel matrix for the downlink channel from interfering cell i to UE u,
hy, for r=1,..,R and #=1,..., T, is a complex gain between transmit antenna ¢
at the interfering cell and receive antenna r at the UE,
T is the number of transmit antennas at the interfering cell, and

R is the number of receive antennas at the UE.

[0031] The channel matrix H;, includes R rows for the R receive antennas at the
UE. Each row of H;, corresponds to one channel vector h;, for one receive antenna at

the UE. Ifthe UE is equipped with a single antenna, then H;, includes a single row for a



the UE. If the UE is equipped with a single antenna, then H includes a
single row for asingle channel vector. A matrix may thus degenerate into a
vect or WwO0 2009¢4e638s only one row or one col um. The downiriuskoociasrnel
estimate may be obtained for all or a portion of the system bandw dth,
e.g., for a subband on which the UE m ght be scheduled. [0032] In a first
SFI design, the SFI may conprise a channel direction indicator (CD) for
the interfering cell. The CDI for the idterfering cell may be determined in
vari ous manners. In one design, the UE nmay quanti ze H based on a codebook
of quantized channel matrices. The UE nmay eval uate each quantized channe
matri x i n t hengodedmoolkvectas ﬁohdttdwayvﬂmarCEngeiase toleea vedorgulantthaed ethannel
matrix in the codebook, [ |c ti.ve of rtho nallty

bet ween H andoﬁwn(meﬁoﬁi%%rﬁwﬁgpgémé nP%l ]nmenmybGCbzgydgghggga e.

[ 0033] thrlanHiommw bestano puivadthf or., efach qibbanidi @reavhidhathn eUE nmiight ke i n t he
codebook. A qﬁqﬁé%fed channel matrix H, that has the |argest QH1 and

mat ches H as®¢f 'y as possible nay be sel ected and provided as the CD
for the intergsz)i nghicelfirst SHelcdfi@nne SFMaiay icsmbliseey chdisl decgemnidicaed to H |

that is naxi rrel ted t her th n. maxj nal | rthogonal to H
2 anor Db B e el L T DB PR TE el o g
codebook of quirnt eraﬁﬁ'er@halﬂldﬁé dvsEt QI{eSUEQﬂaWQﬁfdnﬁﬂi i, Nbadedbin B tdod@dok hannel
vector for each row of H. The UE may also quantize H in other manners. The

size of the @¥@EFISRaBE! laiataﬁ% E@a U@HB?’Ynﬁ‘éﬁa U erihcBientized ghampgraatifpip e
selected to ghtgidr gagtbwl | i ng performance whil e reducing signaling
overhead. The CDI tor the interfering cell may include an index of the
guanti zed channel matrix, an index of each quantized channel vector, and/or
other informationQyThéHUH ey send the CDI as SFI to the interfefd@y cel
Since the reported H, indicates the direction fromthe interfering cell to
the UE, the |nterfer|n cel | ect a precoding nmatrix to be as

ort hogonal t¥hege H déﬂﬁg”stglqb‘}nélz‘?%hé?l}%m@é1?3’6198@@%? erference to the UE

00301 L1 e second, SR AR B DSy T FIRTRI 368 BRIECHAS, 01X

may be deternlnedffnkma%$mHsnmﬁnnﬁmSmpkmcom&gm£S|gn, t he UE may sel ect a
precoding matri x, from acodebook of precoding matrices, that is as

orthogonal tmobklas pPR&& DL e malhe témpmyd &¥dattalggadided ciimaegoghtig iahgi X i n
t he codebook, as follows:
codebook. A quantized channel matrix H, that has the largest O, and matches H;, as

closely as possible may be selected and provided as the CDI for the interfering cell.
The channel matrix H;, may thus be quantized to H, that is maximally correlated with
H;, (rather than maximally orthogonal to Hy,). In another design, the UE may quantize
each row of H;, based on a codebook of quantized channel vectors and may obtain a
quantized channel vector for each row of H;,. The UE may also quantize H;, in other
manners. The size of the codebook of quantized channel matrices or vectors may be
selected to obtain good nulling performance while reducing signaling overhead. The
CDI for the interfering cell may include an index of the quantized channel matrix, an
index of each quantized channel vector, and/or other information. The UE may send the
CDI as SFI to the interfering cell. Since the reported H, indicates the direction from
the interfering cell to the UE, the interfering cell may select a precoding matrix to be as
orthogonal to H, as possible in order to reduce interference to the UE.

[0034] In a second SFI design, the SFI may comprise a precoding matrix indicator

(PMI) for the interfering cell. The PMI for the interfering cell may be determined in

various manners. In one design, the UE may select a precoding matrix, from a



where P is the -th precoding matrix in the codebook, and Q@ is a netric

i ndi cative of the orthogonality between P and H. [0035] The UE nay sel ect
a precodiwg 2netmded3t hat has the smallest L and is thePoodalS2@wbiegonal to
H . The UE nmay send an index of this precoding matrix as SFI for the
interfering cell. The selected precoding matrix may include the 'best' set
of linear conbinations of effective antennas resulting in the nost
interference reduction at the UE. [0036]° In another design, the UE may
conpute a precoding matrix P that is as orthogonal to H as possible. The UE
may perform ei genval ue deconposition, as follows: where Eis a T XT unitary
matri x of ei gekb@dtdprabdibk maards, that & & ofthggohaldioddgomapossbler iThe @fE may

ei genval ues of . H . [0037],.Unitar tri i haracteri zed by the property
e 20T Vol P g S aeBodr T e o E-are” or t hogonal 15

one anot her, and each colum has unit power. The downlink channel fromthe
interfering cell ©p thd,BE has S ei gennodes, where S mn {R T}Eq@The T
colums of E are referred to as T eigenvectors and nay be used to send data
on the eigennodes of Hi u. The diagonal elenments of L are eigenval ues that
represent thehgowkis Bailtlsprseodigemetiiyenthodedsbeytk, #d, The T di agonal el enents
of L are associated wth the . T ei vectors of E. If R< T, then L may
include up to R ndh-SEPEriEiaGHxs gfgtp%ﬁ%}mgg?al%@t‘ﬁ%etn& a8 Hut he remai ni ng

di agonal elenments. The eigenvectors in E corresponding to the zero di agonal
el enents in [008Fle ofhhBEgony sclast Hpeesedingpatix thtdiag dhedmalesdh Qrr ebbHithy matri x

P . The UE | ( T i - HE L i n SFI
For the intorpur@Bkingfo i il 88y SERGh|REA MY frobiling btk hOSPOR o1
whi ch may t hte igelfeolg callplbe edéatgl predoding masrixreteg ndlle thpudrsti ssedf Pras nuch

as possi bl e Eo%gigagi%ﬁse fo.If %hifee Qlﬁ%}ﬁlg Ee%ulttigg.inuﬁi'e IL sQ%ﬁlrfelrQlcé%dugt"ilot Ghe deSi gn,
the UE may beé equi ppe% With fri |pTe receive antennas and fey detern ne a
precodi ng matEi x for the interfering cell by taking into account its

receive nullj capability.. The U derive a spatial filter trix based
on . channel R8I B oY dav i b LB o St fic? s SmE mser P LR ver
spati al procesisigoghl ftorH;aad paribie. STheOUH hag gehforns eidéhvidueCdcbmpbditivnt e

spati al filtﬁr matri x. The UE nay eval uate each precoding matrix in a

codebook wi t P8Sassumption that the

H’H,=EAE, Eq (4)

where Eisa T xT unitary matrix of eigenvector of H;,, and

Aisa TxT diagonal matrix of eigenvalues of Hj,.

[0037] Unitary matrix E is characterized by the property E” E=1, where I is an
identity matrix. The columns of E are orthogonal to one another, and each column has
unit power. The downlink channel from the interfering cell to the UE has S
cigenmodes, where S<min{R, T}. The T columns of E are referred to as T
eigenvectors and may be used to send data on the eigenmodes of H;,. The diagonal
clements of A are eigenvalues that represent the power gains of the eigenmodes of Hy,.
The T diagonal elements of A are associated with the T eigenvectors of E. If R<T,
then A may include up to R non-zero diagonal elements, and zeros for the remaining
diagonal elements. The eigenvectors in E corresponding to the zero diagonal elements
in A are orthogonal to H;, and may be included in a precoding matrix P;,. The UE may

quantize Py, (e.g., as described above for H;,) to obtain SFI for the interfering cell. The



spatial filter matrix will be used by the UE. The UE may sel ect a precoding
matrix that can provide the best receiver perfornance with the spati al
filter mawoOi2r09/THGS3UE may provi de the sel ect ed precodi ng@CratSeeoR/0a206F f or
the interfering cell. [0039] In a third SFI design, the SFI for the
interfering cell may conprise a CDI or a PM for the serving cell. The UE
may estimate the downlink channel for the serving cell and nmay determ ne
the CDI or PM based on a downlink chanh&l matrix H " for the serving cell.
The CDI may include an index of a quantized channel matrix, an index of
each quanti zed channel vector, etc. The PM may include an index for a

pr ecodi ng naUEimaymend/éretﬁﬂ ta thebeedigeg dolf, wineh swy Wiengeleala précdingheatiife, et c.
The UEnaysndt M fo the f t he
interfering gequwh t%l uannfzeﬁl ‘dﬁlll}llisklll OSSI%F ﬁoeréée?evmr?rferenﬁ% i, c}%cat es the
direction fr@osglhe Iaewu agtleel desipn thIanEJEma}t fbe eqnipged evithngubipld rateiye sel ect

a precodi ng trix t as or t hogon 0.th the servi ng cel |
o poos bi'a PHerbrhadve” pRGRe ¥ AREr ey bk o MR e BaRiEr i e
interfering eRbinti@yecdtbadling capabifits halie UBYndyelchl &b Rpdtiay filtdipatiiebasby t he

beam sel ected by the seryvi cell.. [004 .n. anot her desig the SF for
the interferPhd el chgﬂgrﬁr?eé‘@n%L%lgt q’}i? Lﬁ%pﬁgdﬁ%per é‘?&‘tYB?eéVer\RB‘i“@L
assune cert apicdsEaLifNes raRMiskidh fRNPGESSIVIIG @1l withethbEpatiDfilt@Xadiik.€ Thé he SFI
may conprise one or nore vectors that may be orthogonal to one or

o e
principal ei HEW@&FW‘@%WCPH’«%@C@W&&H@“IW picgdghook wthcan sraymmiondgbitdhhed as

shown in equghtifiefhatrRSviBBRLRRIbyAKATR! &he €8T haY gaerce@ﬁﬂey@dringsla@thk Aat
processi ng may be assuned for the UE for data transm ssion fromthe serving

cel | . The SFfanrigvidhtg begripteise perfamarcerpithethy spatist §ltermattrizmyhp & Fomehogonal
to an EffECtb%%dQ%@Ql@J:tecpﬁrfemﬁ% hfx by @GNSR the RR-RARGS AT the interfering

cell and the outputs of e receiver spatial processing at the UE [0041] In
general , spat003?] nuld 4 thdiSht desramt thorbH & thehigterfatieg ¢edlrmaygeoswiribe wPlobnpri se

CDl or PM f 2 [’R/g:fgr th?gé?{}ltlg Eélflgl“ e(IJfE m ?th%rﬂa{te Wdo&@[mll aﬁnr?e? IRy tﬁegse(f\ﬁh%

and/ or some ot or mat 1 on. he in errng c may use the spatial
nul I'i ng i nf oealieanid amytdetedretne thei (il ca Ppfldeemdiang: dvstntink cltahad] npgnx Ht.derthe t s

transm ssi Onse%v}’g},y célf{ Olmetdi?l Igalﬁlu]??l !160291 leex WUZLQ Ql?at%helln?aftg)p Eé‘lndtﬁ I %? , the

SFI may conprise”a transmt
interfering eaehlqualpghq/ph@nelh\ec&p&tm alTheul?MIi mgy inafude matlmdm fpr opradedingpy t he

E:JEI | T\r/]\llet LJE,[ E?‘l tn%thrlvrgcattore to(be usec{1 53? { feeslér%?ncgeceﬁc%g\{etlile etc]c I’,[%m[}é'l renagr gén rt{lg ring
CDI or PMI for the serving cell as SFI for the interfering cell. Since the CDI/PMI for
the serving cell indicates the direction from the serving cell to the UE, the interfering
cell may select a precoding matrix to be as orthogonal to the CDI/PMI for the serving
cell as possible in order to reduce interference to the UE. For example, the interfering
cell may schedule a UE that may be minimally impacted by the beam selected by the
serving cell.

[0040] In another design, the SFI for the interfering cell may comprise a set of
orthogonal vectors, which may assume certain receiver spatial processing at the UE.
For example, the SFI may comprise one or more vectors that may be orthogonal to one
or more principal eigenvectors of the channel matrix H;,, which may be obtained as
shown in equation (4). As another example, certain receiver spatial processing may be
assumed for the UE for data transmission from the serving cell. The SFI may then
comprise one or more vectors that may be orthogonal to an effective channel between
the transmit antennas at the interfering cell and the outputs of the receiver spatial

processing at the UE.



applying the spatial nulling information and (ii) interference power | QL
fromthe interfering cell with this cell not applying the spatial nulling
i nf or mat w0 20@v140¢38r at i ng open | oop). The UE may det er mpag/ush@otonensm t
nulling gain as a ratio of ISFI to |l OL - The transmt nulling gain my
thus indicate the ambunt of reduction in interference power fromthe
interfering cell if the spatial nulling information is used by this cell

i nstead of open | oop transnission. The ithterfering cell nmay deternine a
transmt power level to use to obtain a target interference level for the
UE. The interfering cell may be able to increase this transmt power |evel
by the trans[ﬁOﬂI]nuI In gﬁge@bisnatinhemiling1mf®plati®rafor ithel ihierfgririglcfedirm‘cafc ¢0(mpriss

applied by tEBI Ifc% e]xflerqn%an?lt B :[ ?1%4'1 A hd he?\flr%':éellﬂ'rl w&GTRE oﬁle

receive nulllng gal e’rn ering ce I ng Fomthe UE
perform ng ratemagsn. Sﬁatlntaﬂferprganehammge thospdtinendlargvinfogma@inlto ddthingndesi gn

may be espeC|aII a f e interferin wth a
Sngle ¢r anshrrodn B SRS Lo n S oot Sieaibig ¥ B bar a

nul I i ng. Thejoogzei vm mldleslgng tige$ A1 mi@wom@dsecaﬁr@smhaumﬂgtgah (DNGD aduleihg on in

i nterference_power tot rformng rec 2l ver spat i rocessi ng and
may be deterffglﬁwge Hléer élg%lc?lgé@’ agﬁw SPatid 0 WP% P‘i‘%@n@éqVFCﬁl*Pr&E)/ tﬁ‘hﬁﬁ

determ ne it$hd vaNEY ésuﬁ@twezp ihteM@bnde @5 &er Q)) floRLthe GeifdrRg el kWiithgGhigatn, €. 9.,
to achi eve the tar i nt er erence level for _the UE. The receive nulling

gai n may al s#Ppbeng dka spadigl nuHipe tinferpatiogetnd; (b einteelerspcee PP&Yefor tisem tthe UE.

The interferpgraet belMRY¥h BAY cdieA afalﬂyllﬁg%(& Q@al\ﬁﬁilﬁl ibrridi®n (§CeMangul | 1 ng
gain but rather the resulting targ i nterference eveI for the UE [0044]

The UE may seifd loen. Sibp Yhmay H@teinﬁtl@ﬂfeéﬁnﬁglt aslling gaingy gostie ospattp 4oz
interferencery Erhrg;ﬁﬂt' ﬁ)lnhn Qﬁn gl:N:y HRY ifdRIR" thS 8mBuftldf PlucBol™ idk@ferdnle

interfering cell, a ) for the serving cell, a transmt nulling
gain, a r ecepaveer i ﬂhvgln@af’pnng eqidifche enatial nyliyfeombfamaiaon is|yseb he thiestlyn, t he

UE may send hen ri I . i gn,
the UE may s er{oB6 kel Qud e B i il S n oo RORKARERARELDT,
the interferlemg teetdto obtag 3 targetinteafpencleyd 3yr thé Ghallhnmtekrinangedehbough t he

backhaul . Thgo UE ﬁgr)éas%et\?g tr%@s%vﬁ;fowe?tlevel B {) tr%h 111¥1 nfé%g ain w%%ri:thevygétﬁllﬁ' may be

dependent on no and
the UE may smﬂﬂngllnﬁorﬁEtﬁonas a@hbdabyénecelate to an |nt erfering nmacro ceII to

FRC T BTN R M A T

fenmto cell uhdeiterSdriigicell @asultii@somstha@URpeefomilhg re@eivéraipatial processing for the
serving cell. This design may be especially applicable if the interfering cell is equipped
with a single transmit antenna and is unable to perform steering for spatial nulling. The
receive nulling gain may indicate the amount of reduction in interference power due to
the UE performing receiver spatial processing and may be determined as described
below. The interfering cell may then determine its transmit power level based on the
receive nulling gain, e.g., to achieve the target interference level for the UE. The
receive nulling gain may also be factored into the target interference level for the UE.
The interfering cell may not need to know the value of the receive nulling gain but
rather the resulting target interference level for the UE.
[0044] The UE may send the SFI for the interfering cell to support spatial
interference mitigation. The SFI may comprise a CDI or a PMI for the interfering cell,
a CDI or a PMI for the serving cell, a transmit nulling gain, a receive nulling gain,
and/or other information. In one design, the UE may send the SFI directly to the
interfering cell. In another design, the UE may send the SFI to the serving cell, which
may forward the SFI to the interfering cell, e.g., via Layer 3 (L3) signaling exchanged



the UE. The UE may al so send SFI whenever requested, as described below. In
general, the SFI should correspond to a relatively recent channel estinate
i n order wo22o@abes3good transmt nulling. [0045] |n anorh@Usaspmet2p4 spati al
interference mtigation may be performed for data transm ssion on the
uplink to reduce interference to cells. Spatial interference mtigation for
the uplink nay be perfornmed in different nanners dependi ng on whet her the
UEs are equi pped with one or nultiple ttansmit antennas. [0046] In one
design, an interfering UE equipped with nmultiple transmt antennas nmay
spatially steer its transmssion in order to reduce interference to a cell.
The cel | maythesigh et Eckinel. ul’iiei (511 n@tmnmbihefsfbmatMﬁdiﬂtﬂerfﬁ@mtmg&f}tﬂ&l iay t he
cell and may, deter ) u i on, based qn t 18 mat ed
ol i ik channgt SrghdSy SRRk AR R MRS TRIG IR BT SRbEC S he

downl i nk. Thmayg ednld tthFIadt&dasdﬁtrﬁBm ﬁlElnBsrfel'laglﬁlatlb callikd émplegmnsmit eulgng as

descri bed abpve.for, t ownl | Th erferi ma
Conpr i se.t nebk fi fol indeh BRMEORRE seRdfrbir baEE: hed FakGhd e SHamd et
The cel | maysl&&ﬂdaﬁeh@ aiShiterfeding PR oion Feiith eélll oglebEtaticl brequiasitsestit @ondigonUor may use
the SFI to spati S |tstr 1ssion in direc fromthe
cel | and/or [lng ¢§§natyr élﬁ%ﬁ‘? %@A)@ﬁenet’%dﬁ%]e“?ﬁ %inéﬁs?fg?ﬁg%éw ? a cell
may perform g&eRi MBe SAL &lohRIr @AesHondhd b Ratvely RBert Rhamhbesstingte Wk oewﬂlt@ped _
with a single transmt antenna. The cell may select a UE to serve by taking

i nt o account °¥HB ePeft ErPBHIMENGE. [ 0048] The cell may obtain received

symbol s, whi g4y BearRURF @s%@&dspﬁﬁal ihterFerbndd n’ﬁtléatfbn Rfay HAYRrfSHnetiNtbS data EQ (5)
where su is a data synbol sent by served UE u, is a data synbol sent by

interfering UEyMisiigs o5 the ypbipinde rv@@?olmeffélfen%@ wplls. nkSR,aﬁ%lnH’éfPrfefqné?n served
UE u to cell icafidfor %e%p‘ﬁl?léﬁfa§'be ﬁ&@&r%d irpﬁlff%ﬁéﬁt M&Hn‘e{é'ﬁeﬁé}ﬁ&@% WileRfR)

interfering UEyto cell S, rs is a vector recei ved synbolS at cell s, nts
is a vector titﬁ[iEGt‘dweqnmpgbwahdnq%t@ﬂﬁ@?‘@ﬁ@@lt@m%@qsl s, and nis a vector of

total noise ﬁigg é: \r/‘tefhr ér%;(fe:g%ﬁ fﬁ?e‘?ﬂ%hn% qgrl':péed @Jith(iﬁL tiplg traan%Pﬁ@%}nE?e cel |

may perform processi cover data sy
may spatially steer its transmission in order to reduce interference to a cell. The cell

may estimate the uplink channel from the interfering UE to the cell and may determine
spatial nulling information based on the estimated uplink channel, e.g., using any of the
designs described above for the downlink. The cell may also determine a transmit
nulling gain, e.g., as described above for the downlink. The SFI for the interfering UE
may comprise the spatial nulling information, the transmit nulling gain, etc. The cell
may send the SFI to the interfering UE. The interfering UE may use the SFI to spatially
steer its transmission in a direction away from the cell and/or to reduce its transmit
power.

[0047] In another design, a cell may perform receive interference nulling for an
interfering UE equipped with a single transmit antenna. The cell may select a UE to
serve by taking into account the interfering UE.

[0048] The cell may obtain received symbols, which may be expressed as:
r,=h,s,+h, s +n =h s, +n, Eq (5)

where s, is a data symbol sent by served UE u,
s;1s a data symbol sent by interfering UE j,
h,, is a channel vector for the uplink channel from served UE u to cell s,

h;, is a channel vector for the uplink channel from interfering UE j to cell s,



fromthe served UE and to suppress/null the data synbols fromthe
interfering UE. The cell nmay select a spatial filter vector mthat (i)

mat ches we 20ew140d38 served UE as cl osely as possi bl e an@C{itiSponos44284

ort hogonal as possible to h for the interfering UE. In one design, the
spatial filter vector mnmay be determ ned based on a m ni num nean square
error (MVBE) receive filter and may be conputed as m=a Rh , where ais a
scaling factor and Ran is a covariance hatrix of the total noise and
interference. In another design, the cell may evaluate each entry in a
codebook of spatial filter vectors and may select a spatial filter vector
with the best signalateotonof sesiaddyimbtleatfeelence ratio (SINR). The cell may

al so determne a Spaglvg‘ct rof#otaﬁ"rml\éggrgcpmterfnrence a?F(TlfTHnncFrs [0059] The cell
may perform recei'Ver “Spat =mr =u +ns , Eq

(6) where su is alsabedmctoedfﬂs);ambmke afndrmtsﬁesme:@l ddEepu fromridE )at ¢edl st he noi se and
interference after the receiver spatial processing at cell s . The
processi ng sf004M i nThoeditmayrpefo)m rmyivhesppl@rl bmemiﬂgftmrecmctheslmﬂas&mbdler in

each synbol period. The cel | eterm ne th e ng gain

For 't ho ot cPrR PR et Fugrer ol e % S pra i ATt erhdnats ol

processing f el ﬁqd@eseﬁeefa/qﬂuuﬁilteirh@tcﬁem thafdy metshds R for (hb)serNé’tiEEfa@bl@E’tﬂﬁ power

| RXP fromthe int ferln tht cel|. perfao ecel atial

b ocess ng. aRPEHPE THGE R eoactysley ShHbleRE PO AHETHHCel Ferk R UE

wi t hout receilqgin, Gpapdtial ﬁlwraeca&ﬁhm@ymé deRemiaed basedhiea afdimuf®caey@ie ne the
receive nulling gain as a ratio of IRXP to Ino_Rcp - The receive nulling

gai n may t hugrern@dfMaterachige disuatd ofay rhsdessrivisd 4Snniﬂﬁ@8r3'e,yewh@fer§0m¢ due to

the cell perfo ?ﬁ% rec ver spati.al proces 1 celcl ma?( rovide the
receive nullfcf‘}B“% WrtaB el h %VFF%WCFHBMUE ﬁ‘?etot? PPisey ANG HECTfeRNET ¢ ing UE
may cal cul at gnothek aEget, tHel'o@H Sivyt cvlQue lcadhedn@ly ih @lcoldbBolUbs ipyitidlaich Geckdi O
account the receive nul %thal n to ohtain a tar getl nterference | evel for

the cell. Th#&d fﬁ%yefreieéWﬁ@‘“ TR yedsy Ve B pet gkl dersess-tu- NICHRSAT G "2fidwer by

the receive (EHNR? MPheQR(1 hay 200 aetrmiiR€a GRakihl fﬁﬁyvéiﬁir%{maé}@nalnh@rsre(?ﬂ ve nul I'ing
gain for a specific _pair of served UE and interferin If the UE pairing

is not desirH9f¥ tHh ceélﬁéaywrfprwelﬁ%ﬂse%naépr@mﬁiég@ﬁg@Wéd (e.g., average)
receive nulling gain or the worst case receive nulling gain based on a
variety of UEs that_gight bg served and their channel conditionsgghe use
of

where §, is a detected symbol for served UE u, and

ny 1s the noise and interference after the receiver spatial processing at cell s.

The processing shown in equation (6) may be performed for each subcarrier in each
symbol period.

[0051] The cell may determine the receive nulling gain for the interfering UE
resulting from the cell performing receiver spatial processing for the served UE. The
cell may estimate (i) interference power Izyp from the interfering UE with the cell
performing receiver spatial processing and (ii) interference power I, zxp from the
interfering UE without receiver spatial processing by the cell. The cell may determine
the receive nulling gain as a ratio of Izyp to ,, rxp. The receive nulling gain may thus
indicate the amount of reduction in interference power due to the cell performing
receiver spatial processing. The cell may provide the receive nulling gain to the
interfering UE. The cell or the interfering UE may calculate a target transmit power

level for the UE by taking into account the receive nulling gain to obtain a target



receive nulling gain may be especially applicable in fento deploynents in
whi ch each femo cell may serve only one or few UEs and may have only one
or few i nwerbh@ridng3UES. Hence, a |limted nunber of pairecofUsSs@owetodJE and
interfering UE may be present in a fento deploynent. [0053] The cell may
send the SFI for the interfering UE. The SFI nmay conprise (i) spatial
nulling information and/or a transmt nulling gain if the UE is equi pped
with nultiple antennas, (ii) a receive hMulling gain if the UE is equi pped
with a single antenna, and/or (iii) other information. In one design, the
cell may send the SFI directly to the interfering UE. In another design,
t he cell mayinsefecnthiev@Rbr tho cell. s€he/intgfeorg UEahayt bealilntoeinérersenyy tidismie. g. ,
via L3 signal| negbeﬁg:harég%d hhrou h t he backhaul. The serving cell may then

send the SFIPY6" the i Rt erfmelrllnﬁéal . The cell may send the SFI at a suitable

rate. Quanti @@s2jon The cdilheaySkdterminge theresa@bvenilbek gain tbtaapevifiomir dpatved|

nul ling. The sane.or .differe | eyel s. of. quanti zation e used.for the
Sh1 sent oveP e iring el the- P ing i 60T, R AR VDo B
Spati al i ntettekpred Bkl bgrided rectioé niiliee doiwol iitkw@stcbabletdie AFENNdEin

performed in various mann .. I.n .one design, atial interference
mtigation fBarsefi\O‘g'i‘ VEEY ‘?*ﬁﬁ%ﬁ?} nyght; i“@ﬁ%‘?%"dl tﬁﬁ%ﬂlaﬁ%ﬁl F%}Wﬂ@a&(fﬂ@ﬁsa& of
bei ng per f or peglv@hiilibd gaik nfi§)be cFkial¥ apiiceble SPRbt@ HeplGYin@hisah &6 dath i gati on

may be triggered when a domnant interferer is detected. In one design, SFI
may be sent Simigcdlimpyperae palyone o &ppEE rnd gryibare PHY On¢ &F Efcitsietingat i on.

I'n anot her degi.gAencel 1iARM RELS LN pa Bk clvell AFesRAn BN Y &Y RAY be pRIGH mMay
reduce S|gna]|ng over head. For exanple, SFI may be sent if there is a

noticeabl e ¢ @tq deplovimcripat i al nulling information, the transmit nulling
gain, and/or go§§ I e¢fl é’e‘i’lhrﬂw 4e|h<:i‘ﬂle%‘1 Ror the SterfeMfIEOE! HBe SPRRGECInthrkbE) SPati al

nul l'ing information or the nulling gain exceeds a certain threshold. [0055]
The spatial $mtidrfudingniptormptidngandionrn trashiingliog WoséthbPd hedeppedreith be used

dupl exeq. (1o e Bl MBS PR O SRR O SRR AR Mo el oo oo
separ at ef r equelofiig hdrenelfgmatiod b okakesegh, thespomsesdndrthe $id dieoiy fortke may not
2 UE may st M E ot e ASRAR R Binc B Y Sl srdhe sl il ™
det er m ne SFintdfeseg UBne.gheiadSwignalinlg cxhbizngeal thraagh dredeckhand ThendvingeclSFI t o
the interfer }ngg th%%lsleﬂd t%g Slq'?%c{hie tl)r?tgrfg‘l%%v[?E. '%hg gel:lf may send the SFI at a suitable

rate. Quantization for the SFI may be selected to obtain good spatial nulling. The same

or different levels of quantization may be used for the SFI sent over the air and the SFI

forwarded via the backhaul.

[0054] Spatial interference mitigation for the downlink and uplink may be

performed in various manners. In one design, spatial interference mitigation for a given

link may be triggered when warranted (instead of being performed all the time). For

example, spatial interference mitigation may be triggered when a dominant interferer is

detected. In one design, SFI may be sent at a suitable rate to support spatial interference

mitigation. In another design, SFI may be sent when triggered by an event, which may

reduce signaling overhead. For example, SFI may be sent if there is a noticeable change

in the spatial nulling information, the transmit nulling gain, and/or the receive nulling

gain, e.g., when the change in the spatial nulling information or the nulling gain exceeds

a certain threshold.

[0055] The spatial interference mitigation techniques described herein may be used

for frequency division duplexed (FDD) networks as well as time division duplexed

(TDD) networks. For FDD, the downlink and uplink may be allocated separate



may al so estimate an uplink channel response for an interfering UE
determ ne SFI based on the uplink channel response, and send the SFI to the
i nterferiwg20B/14833al so descri bed above. For TDD, the deemitisadommetoupl i nk
may share the sanme frequency channel, and a channel response for the
downlink may be correlated with a channel response for the uplink. For a
TDD network, an interfering cell may estinmate an uplink channel response
for a UE based on a reference signal frbmthe UE, estimate a downlink
channel response based on the uplink channel response, and use the downlink
channel response to steer its transmssion in a direction away fromthe UE.
An i nterferi figuueicynehpniadls @négtdhmebrﬂpmwﬁcbri th& dowalnrkeiay estp@mlsétef well a cell
based on a ref rence d% fro

response basec} F e e\ﬁ'ﬂse i tlﬁ]?'lél}% nlﬁ %Or ane]?lsb ne%w &En tllﬁaé, i llmap

response, ﬁkachannel
response to &csvaﬂmk ichantlrraspeniessi mmerfelangjdeﬂlﬁmﬁtérmmmy)aied omt}terr@mlhhlk An

interfering station nay t 0 obt LN S base nits ne

bot i mare. o SOt TRet e L% e R s e ariie” £ 28T o

[ 0056] Spat i Aby |arsbeersﬁ1ﬁaterma1pmnk |cgamgbnsmye e @umm@feh@ngonrdetarrgnysml i nk
usi ng variou sages and ti exe tinelines
e o b ouBysit I8 et il R R B Rorifte ot T4 05 S o AT RBIA e ARG it nk
are descri begesbedeabolD0Bd] TIEDGhe 210SM0ME il BEIfikGRayofhare G0 \Wihk rﬂﬂ@q@b@&ﬁ

transm ssion schene 200 with spatlal interference mtigation. For

sinplicity, #aapelpandhdyFRANBH]FSRORE LeIlsdovmitl meyabricqr tqdewith aghgnrsl i n Fl G

1. Cell X isredp o'“h@éfé'rﬂﬁdl{oﬁhll F@a D heidk, la§11§é}fe|r19$@élf1%ﬁ}l' BGinfa®l dn apﬁmUE 2.
Cell Yis a serving cell for UE 2 and is an interfering cell to UE 1

[0058] Cel | shapeg) rm«me fupd/R brsabome refrerce sigad dromaiic Hvestirging doaghnk hat UE
1 is observi a&nﬁ'élQé%pbr%%'aie@ro‘ﬁr{ﬁ@uﬁﬂlktclﬂgn&f’%%dn% am'f%e RX 0PIk GEhdel X MRY

receive pl | ot measur enent reports rom UE 1, he reports may I ndi cat e
and/ or i dent fepgonsg foovggr nthtremsmsslqngn @glifectipn mlylfrom ey eAd intprf@me UFequest

to UE1to a r

and/or (ii) g&{ gf;- ?njesr’lﬁe&%é\ sogﬁgrﬂ{ gﬁeégﬁg?%gsq%ra\i@r%&g% Pﬁ g rét%eh&g#@ﬁ request
may i ncl ude frami bescl,ypamaefan nplokneinmh respensddmised bie dheh dovorlink Sihanrear |y,
Chseryi myn BRSE R 8% A G BT 8P YIRS LB
request to UEzszf 1tr«im almkcelllE Ah mcerfide'mgastmﬁdmenanmusbmdol(srd otttann iSAt basbéon itg cel |

X. [0059] UE ma rt{ac | ve,t h[ SFI ues ing.cell X In

esponse to (HATGA Ty IaLb iy s RETE KEBE S Enanne

response for[0086]er f Spdtiap it@Fdrene mitigation may be supported for a given link using
various signaling messages and timelines. Some exemplary timelines and messages for
spatial interference mitigation on the downlink and uplink are described below.
[0057] FIG. 2 shows a design of a downlink data transmission scheme 200 with
spatial interference mitigation. For simplicity, FIG. 2 shows only two cells X and Y and
two UEs I and 2 in FIG. 1. Cell X is a serving cell for UE 1 and is an interfering cell to
UE 2. Cell Y is a serving cell for UE 2 and is an interfering cell to UE 1.
[0058] Cell X may have data to send to UE 1 and may have knowledge that UE 1 is
observing high interference on the downlink. For example, cell X may receive pilot
measurement reports from UE 1, and the reports may indicate and/or identify strong
interfering cell Y. Cell X may send an SFI request to UE 1 to ask UE 1 to (i) determine
and send SFT to interfering cell Y and/or (ii) determine and send feedback to serving
cell X. The SFI request may include various types of information, as described below.
Similarly, cell Y may have data to send to UE 2 and may have knowledge that UE 2 is
observing high interference on the downlink. Cell Y may then send an SFI request to

UE 2 to ask UE 2 to determine and send SFI to interfering cell X.



and may determ ne SFI for cell Y based on the downlink channel response,
e.g., as described above. UE 1 may then send the SFI to interfering cell Y.
UE 1 may wib=2009%—0d30at e t he downl i nk channel response foPCIrius2&0¥i2ng cel |

X, determ ne precoding information (e.g., CD or PM) for cell X, and send
the precoding information to cell X Simlarly, UE 2 may receive the SFI
request fromits serving cell Y, estimte the downlink channel response for
interfering cell X, deternmine SFI for c&l| X based on the downlink channel
response, and send the SFI to cell X UE 2 may al so estimate the downlink
channel response for its serving cell Y, determ ne precoding infornation
for cell Y, Hlﬂd9]senHIEt1rma)pree¢iwihn§FI refloastriom on se:r@ingebll XY.In fd3086§ oGkt | X may

recei ve the QIEIGCOI%IS{'IQJE l['f na%l %@ tlfler 80\)¥nlIJEnk CB nntel reuponse% %or 1rgerq%ri at eflfﬁFr ed UE

2. Cell X may ermne aab’reco gta Transni ssion
based on t hearpir mepdetngnmmﬂﬁr fmtaebﬂY baseth doBhd daWthﬂd’lﬁlaﬁlr_dl réspomse UEg2.as Cel | X

may al so determ.n t pgwer to f dat a

Cranem ssi onTBELEA BV AUt BRE T w5 T e etE T, OF ethdrie.

i nterferencecstienaed tht afowni? chanel/ mﬂpoﬁﬁd(ﬁﬁfr 1;sr§eﬁ?1ﬁ@.télblf( d%fﬂnlné(pl‘&ydlhg’len §
transnmit a resource ua erence signal wit ecodi ng
matrix Px anH‘%‘HFlatéont an Itorlg‘% or F%{/él 3’8 ﬂé %e RsC mgWEﬁ PRUGY © glé%qual to

Pdat a, x or asisRhgduver Sliagnre&flvd:'d@tQEIXreefueEtefr&ﬁleﬂbeQerﬁhQQéﬂh &Oresﬁmht@tthés a
transm ssion that is known a prior a transmtter and a recel ver. The

RQ ref er enceovell @héha%ﬁveaaogﬁf farelnreéﬁee?%%l&ﬁe&ém@e&@m cglb X besegrPndhe ot . The

RQ ref er encgogdiBRa&hadiRY reBfonde, 2h&8ERGHE %ﬁ?f@&b@l@(s'mglm@emo WkitBteAhe
precoding matrix and/or may have a variable transmt power level. Cell X

may al so sendovaHinRohamghiganonse o WEsaviaagelby, detmping prscadine B rgticneior X, The
RQ request @yyaaﬁgséﬁlgtgﬂ;rgcog n%}rﬁatﬁoﬂ%‘o&haﬁne' quality for cell X based

on the RQ reference signal and to send RQ to cell X Simlarly, cell Y
may det er mi nB080]pr eCeldlXnganeeceiv thegrecoding enfpraxratigm framt Yl A ol sk Frl s ed on
the precodin ryratho 9{”‘:}4 t 1 le. Y. qay al so
determ ne a gl}ééfr%ise% g%p%v\en?él eve '§P é%gljﬂle Qﬁjsr blntF’ rg%%lgl;lt)réonsn% éosrl Ccl)alr?based
on the transtrtsmmgiohibagpdga the preopdibfE inforntaien tframgTéE li adethé SFefrom Ukvel for

UE L. andror oot Refl 0LOUIBLLRL, (GRLli XolBiellion, Lrgnsrks: A0 Alpfsler ence

signal with preco a transfi‘t’ power | eve ,
whi ch may bebagdiah theotrd?nslmtta;ullmg gnmﬁﬁlhm Qeﬁlsmgetoﬁteffeianca] leveCéddl UY 2ray  al so

my T ocei ve PRE RO PRy aRaRECEl haft PR sanenf e thfS e Y 1
reference signal with precoding matrix Px and at a transmit power level Prorrs.x, which
may be equal to Pguqx or a scaled version of Pgy,x. A reference signal or pilot is a
transmission that is known a priori by a transmitter and a receiver. The RQI reference
signal may also be referred to as a power decision pilot. The RQI reference signal may
be a steered reference signal sent with a precoding matrix and/or may have a variable
transmit power level. Cell X may also send an RQI request to UE 1 and/or other UEs
served by cell X. The RQI request may ask UE 1 to estimate the channel quality for cell
X based on the RQI reference signal and to send RQI to cell X. Similarly, cell Y may
determine a precoding matrix Py to use for data transmission based on the precoding
information from UE 2 and the SFI from UE 1. Cell Y may also determine a transmit
power level Py, y to use for data transmission based on the transmit nulling gain from
UE 1, the target interference level for UE 1, and/or other information. Cell Y may then
transmit an RQI reference signal with precoding matrix Py and at a transmit power level
Prorrsy, which may be equal to Py, y or a scaled version of Py, y. Cell Y may also

send an RQI request to UE 2 and/or other UEs served by cell Y.



the RQ request fromits serving cell X. In response to the RQ request, UE
1 may estimate the channel quality for serving cell X based on the RQ

r ef er encewei2goval4g63Br om al | cells. The RQ reference sigmairasewy/oai2zoow UE 1
to nore accurately estinmate the channel quality that UE 1 can expect for
data transm ssion fromserving cell X by taking into account the precoding
matrices and transmt power levels that the cells expect to use. UE 1 may
determine RQ, which may conprise an SINR estimate for the channel quality,
a nodul ati on and codi ng schenme (MCS) determ ned based on the SINR estimte,
etc. UE1 may send the RQ to its serving cell X. Simlarly, UE 2 may

recei ve the RQbl]ref BEehmey sdcgimaltlg RQbrefareict sighalafrdmYceds XweldlY aswethes RQ
request from,it er Vi Y. UE,2 estimat e t channeﬂd uality for
serving cel mhglé%lslie%r mpgoe Semr}‘(ﬁjceuxmli{ﬁew 4 ghcﬁ rfﬁﬂueT’ ]ég] Tl X
may receive éslmmaR@he ﬂrannallanlﬂty fachetiglcell lXEba:ked ar thd®(H refe@neigsisdmm sel ect

an MCS based roce s data f 1 in accordance th the
ool ot eq o B e ARG EBfkPE RERE nhhalrk e b PeronE e SRS so be
referred to asngelyediyhacUBS Shgepeetfor @tasma{meleluhlbmgogrsamng cenc(byTtbnangiomnl i nk
grant may indicate the a55| ned r.esources, the S8 ? dtUgCS tc. Cell X
may send t he™HoHPIH K GParf prdng gatycey Ang “’taP%{]Pf%H‘P‘ﬁ%r St‘g‘ feﬂstj’épi"t Ry

recei ve the gRWIIE DkagldaRimiad® @ Qi hehigiaindy téansaias SNOR eﬁﬁﬁht@ﬁa}f tiledeniel t he
received transm ssion in_ accordance with the sel ected MCS.

gener at e ackfitiibedy8RERRIACK) cPing SR Cithidghrhag b?ﬁﬁfic%ﬁ @W\ﬁ@{%er t he

data is decos&%qlafeore{cecwtm fo}lay iséhaetht WQI WEislsePRYe s8NY. t Sigild@S wpfompption to
its serving cell X Y may simlarly send a data transm ssion to UE 2.

[ 0063] FI GS. regave e mléﬁeﬁﬁnqersag%lmf@m Hs Xond Yeas seadjers thedtQl megucdofigin ithk dat a
transm ssi Onse?@lﬂge g8 vn Tk G mgy esl'c:-ﬁfété the lchan'ﬁ@iyqdamyt folagérymg %El‘?“\ft dORfmigt Mnore

UEs for possible data transm’'ssion on a set frequency resources
(e.g., one oRQeréSQﬂéé@R@etOlﬁP]d)Eks) The ini t| aI UE sel ection may be based
on various f rs i ells,
channel inf oﬁﬁkﬁ oné %Efse% r?ﬁ?%&f#%r%ulgt% Lgbrg?tfafnﬁ%&ggs it

qual i ty- of - selert ee M@@)Sased @quhfr EQémr@ pro@tdatk fopd E h maccadance intirthe (e.g.
orouaneut LALGOSSEL, ol S R SIRTIE 0l G5 1T 5, Rty 20
X2 i nterfaceto a3 al_r'&E)urc'Ehe&gmh@ctaeidhddﬁhngrglytmbetccCﬂhs iddenlad @xanttneaytiadicarel y
schedul ed UEﬁl'e as%?‘é:ngd resources B¥e sgec(iIed MCS, etc. Cell X may send the downlink grant and
a data transmission to UE 1. UE 1 may receive the downlink grant and the data
transmission and may decode the received transmission in accordance with the selected
MCS. UE 1 may generate acknowledgement (ACK) information, which may indicate
whether the data is decoded correctly or in error. UE 1 may send the ACK information
to its serving cell X. Cell Y may similarly send a data transmission to UE 2.
[0063] FIGS. 3A to 3D show transmissions of messages for the downlink data
transmission scheme in FIG. 2. Each cell may initially select one or more UEs for
possible data transmission on a set of time frequency resources (e.g., one or more
resource blocks). The initial UE selection may be based on various factors such as the
priorities of the UEs in different cells, channel information for the UEs, downlink buffer
status of the cell, quality-of-service (QoS) requirements, network optimization criteria
(e.g., throughput, fairness), etc. The channel information for the UEs may be long-term
and may be exchanged between the cells via the backhaul, e.g., an X2 interface in LTE.
The selected UEs may be considered as tentatively scheduled UEs. Each cell may send
an SFI request to each selected UE, as shown in FIG. 3A. Each selected UE may

determine and send precoding information (e.g., CDI) to its serving cell and may also



an SFlI request to each selected UE, as shown in FIG 3A. Each selected UE
may determ ne and send precoding information (e.g., CDI) to its serving
cel | and wayo@/socaet er mi ne and send SFI to each interfercmgiSe@dlosizndi cat ed
in the SFI request for that UE, as shown in FIG 3B. [0064] Each cell may
receive the precoding information fromeach selected UE as wel| as the SF
fromeach interfered UE. Each cell nay honor or dismss the SFIs fromthe
interfered UEs, e.g., based on utility l&vels, priorities, etc. Each cel
may schedul e one or nore UEs for data transm ssion on a set of tine
frequency resources based on various factors such as those descri bed above
for initial WEerseheamtlisonl SHHde cawhaiterd@ing,cell nalieth adthie od] tg(s) farphat DE, t he
same as or dleerentFﬁf §1the initially selected UE(s). A given cell my
not be able {0 p a SU|tabIe precoding matrix for a selected UE, e.g.,
due to schedUMﬁﬂg cEmmhmﬁnn@@mm&enmbmaromﬁghﬁ@mﬂnanﬁbh&mdcaﬂ&uummﬂanay t hen

hedul t Y | 1 b
ool fo uoke b i seb fam 5Bl s e iR MBSk skl fam ™ 0
conflict w timeG@bdfer UBRCG. $TRYaséd@utd N &tk epridhtids, ewhiFabh 6EYmbe sdhedde

affected by the interfer e fromcell X This erX|b|I|t may, al | ow cells
to schedul e YEsCtRAE Obg?{%fﬁ’““t‘SW?’S&‘h e S ph M) fragasliey © %%%CF%%S Pb the

cel I's. [0065{arkas mceal duckmiytheRtdeidibaatdy P foe GagdiINgE maetcﬁm E® cbi@eellQhe t he
schedul ed UE(s)  and naK al so determne a transmt power |evel to use for

data transm ¥8péied BRehmas e theaypmeris ot ddfreenhfromahe idfdpesieated Uital ‘as wel |
as an RQ reglu@lﬁ&eutrﬁaﬁ@& e 261088 BhRH a WhtabRSHr&dd@ND nhatriFfoBa sdetedUB! ¥ n cell

may send RQ requests and SFI requests to different UEs. For exanp cel

Y may send afiuesp|schesglieg eonflict etween tipt gl andyanothes sply aad Ry th%éﬁhé@tle to UE
4. A cell may,alsQseps éggnpfeegéﬁ?trﬁa)l 91165‘1’1&%&1@&901955 ﬂa?rbetdﬂgblé%rﬁségt of

time frequency resources to allow the cell "to nmake an opportunistic
schedul i ng deutble orechdisethati fHEE Rdus td %bﬁuﬂlh@s@ﬂmgvﬂh@aléﬁ sechagiuthedd UE may

the. dosi gn- S N pciieh iy B LUTER o B8 PPk b el S Tequest
to a UE to afkibihey & wldovseelth ©FchddoleadEs titae nfag rlienefitfednh thel spatad dichios
design, an i %ﬁ@ﬁ Otﬂg gll may send an SFI request to a UE to ask the UE
to send SFI The SFI request may al so be sent by ot her
entities. FofOOé&]arrpEex;h ctehendyﬁietmmlnautmmdmgsmm;d&)cusdéombe schndhISFUE(D a
strong Inter f er I A also hétermlne a transmit power level to use for data transmission. Each cell
may then send an RQI reference signal as well as an RQI request to each scheduled UE,
as shown in FIG. 3C. A given cell may send RQI requests and SFI requests to different
UEs. For example, cell Y may send an SFI request to UE 2 and may later send an RQI
request to UE 4. A cell may also send RQI requests to multiple UEs for the same set of
time frequency resources to allow the cell to make an opportunistic scheduling decision
based on the RQIs from these UEs. Each scheduled UE may determine and send RQI to
its serving cell, as shown in FIG. 3D.

[0066] In the design shown in FIGS. 2 to 3D, a serving cell may send an SFI request
to a UE to ask the UE to send SFI to an interfering cell. In another design, an
interfering cell may send an SFI request to a UE to ask the UE to send SFI to that cell.
The SFI request may also be sent by other entities. For example, the UE may
autonomously decide to send SFI to a strong interfering cell.

[0067] FIG. 4 shows a design of an uplink data transmission scheme 400 with
spatial interference mitigation. For simplicity, FIG. 4 shows only two cells X and Y and

two UEs 1 and 2 in FIG. 1. Cell X is a serving cell for UE 1 and is interfered by UE 2
on the uplink. Cell Y is a serving cell for UE 2 and is interfered by UE 1 on the uplink.



[0067] FIG 4 shows a design of an uplink data transm ssion schene 400 with
spatial interference mtigation. For sinplicity, FIG 4 shows only two
cells X awo2¥0%mde3swo UEs 1 and 2 in FIG 1. Cell X is &Czarseomg4eed | for
UE 1 and is interfered by UE 2 on the uplink. Cell Y is a serving cell for
UE 2 and is interfered by UE 1 on the uplink.[0068] UE 1 nay have data to
send to its serving cell X and nay send a resource request. The resource
request may indicate the priority of th&request, the anount of data to
send by UE 1, etc. In one design that is not shown in FIG 4, UE 1 does not
send an SFI request to interfered cell Y. For this design, interfered cell
Y may send SFOI06$]O UEE;i lfmaﬁlhhveYda@betoeaend fess tamang sgbXiaall nilaytsend errﬁnmee
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1 may then ttharsFlintayaomPe dpefie maniag information (e.g., a CDI or a PMI for cell Y) to
allow UE 1 to steer its transmission in a direction away from cell Y.
[0070] UE 1 may receive the reference signal request from its serving cell X, the
SFI from interfered cell Y, and possibly precoding information from serving cell X. If
UE 1 is equipped with a single transmit antenna, then UE 1 may determine a transmit
power level Pguq1 to use for data transmission based on the receive nulling gain from
cell Y, the target interference level for cell Y, and/or other information. If UE 1 is
equipped with multiple transmit antennas, then UE 1 may determine a precoding matrix
P; to use for data transmission based on the precoding information from cell X and the
spatial nulling information from cell Y. UE 1 may then transmit an RQI reference
signal at a transmit power level Prorrsi and possibly with precoding matrix Py.
Prorrs1 may be equal to Py or a scaled version of Py, 1.
[0071] Serving cell X may receive the RQI reference signals from UE 1 and UE 2.
Cell X may determine the channel quality for UE 1 based on the RQI reference signals
and may select an MCS for UE 1 based on the channel quality. Cell X may generate an

uplink grant, which may include the selected MCS, the assigned resources, the transmit



signal at a transmt power level P RQ -RS/\ and possibly with precoding
matrix P1l. PRQ -RS may be equal to Pdata.x or a scal ed version of Pdata. x-
[ 0071] Sewoi2ng/aed3B X nay receive the RQ reference sigmarasteoomddrt 1 and
UE 2. Cell X nay determine the channel quality for UE 1 based on the RQ
reference signals and may select an MCS for UE 1 based on the channel
quality. Cell X nmay generate an uplink grant, which may include the

sel ected MCS, the assigned resources, tB® transmitpower |evel to use for

t he assigned resources, and/or other information. Cell X may send the
uplink grant to UE 1. UE 1 may receive the uplink grant, process data in
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resource request and an request may be sent in up1| subfrane t\ , SFI
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uplink subframes spaced apart by L subframes.
[0073] In the design shown in FIG. 4, a resource request and an SFI request may be
sent in uplink subframe #;, SFI and a reference signal request may be sent in downlink
subframe 7, an RQI reference signal may be sent in uplink subframe #, an uplink grant
may be sent in downlink subframe #4, data may be sent in uplink subframe #, and ACK
information may be sent in downlink subframe #. Subframes #, t, 73 #4, t5 and 7 may be
separated by the same or different number of subframes. In one design, uplink
subframes #, #; and #5 may belong in one uplink interlace, and downlink subframes #,, #4
and 7 may belong in one downlink interlace.
[0074] In one design, the resources for messages and data transmissions may be
explicitly conveyed. For example, in FIG. 2, an SFI request may ask for SFI for
specific data resources, an RQI request may ask for RQI for specific data resources, etc.
In another design, the resources used to send messages, the resources used to send
reference signals, and the resources used to send data transmissions may be implicitly
conveyed. For example, in FIG. 2, an SFI request may be sent on downlink resources
Rsrrrpg and may ask for SFI for downlink data resources Rpara, which may be linked

to Rsrrreq. The RQI reference signals of all cells corresponding to the same data



[0074] In one design, the resources for nessages and data transm ssi ons may
be explicitly conveyed. For exanple, in FIG 2, an SFI request may ask for
SFI for swechivwogata resources, an RQ request may askPCoOUSRQY/0f4004
specific data resources, etc. In another design, the resources used to send
nmessages, the resources used to send reference signals, and the resources
used to send data transm ssions may be inplicitly conveyed. For exanple, in
FIG 2, an SFI request may be sent on ddnlink resources RsFi-REQ and may
ask for SFI for downlink data resources R DATA , which may be linked to
RsFi - REQ The RQ reference signals of all cells corresponding to the sane
dat ar esour c eBsRDAT ARpaaymay evdrlap, sogtbattUi&st cablBscasan thesasUmerfetracd gisatved
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information gescribed below. [0076] In one design, an SFI request sent to a
UE may |nclude one or nore of the followng: Each interfering cell to
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for spatial 1nterference mitigation on the downlink may 1nclude the information

described below.
[0076] In one design, an SFI request sent to a UE may include one or more of the
following:

e Each interfering cell to which the UE should send SFI,

e Time frequency resources on which to determine SFI,

s Uplink resources to use to send the SFI,

e Priority of the SFI request,

e Target interference level, and/or

e Other information.
[0077] The interfering cells may be identified based on pilot measurement reports
sent by the UE to the serving cell. In one design, each interfering cell may be identified
by a short cell identifier (ID), e.g., 2-3 bits for each interfering cell, in order to reduce
signaling overhead. In another design, a bitmap may be used for a set of interfering
cells to be reported by the UE, and each interfering cell may be associated with a bit in
the bitmap. The number of interfering cells may be limited (e.g., to six cells) in order to
reduce signaling overhead. The interfering cells may also be limited to cells with

received power within a predetermined value (e.g., within 10 dB) of the received power



[0077] The interfering cells may be identified based on pil ot neasurenent

reports sent by the UE to the serving cell. In one design, each interfering
cell rmay Wo 20eeravd3Bi ed by a short cell identifier (1D), PeT@IS20000842bits for
each interfering cell, in order to reduce signaling overhead. In another

design, a bitmap may be used for a set of interfering cells to be reported
by the UE, and each interfering cell nay be associated with a bit in the

bi t map. The nunber of interfering cells2hmy be linmted (e.g., to six cells)
in order to reduce signaling overhead. The interfering cells may al so be
limted to cells with received power within a predeterm ned value (e.g.,
within 10 dB)f ¢ s¢rhiegcelt elheEpuayercod Sthe el intarfgriogbéll inTivateUn ﬂna)SFEend SFI
to each |nterfer{ng cell indicated in the SFI request. [0078] The tine
frequency resgurces on which to deternine SFI may be all or a portion of
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The resources expli.ci i ndi cated by the SFI red
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(AF), expedited-forwarding etc. [0080] In one design, SFI for an

i nterfering E&ENPrifgY. |Trhé|pae@tycn@/ leﬂq%tﬂ@dé@ healycs|(f-gwil iy 2 bitgdaredice nul | i ng
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serving cell, "etc. Transmt nulling gai'n and/or recei ve nuI | 1ng gain,
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and/ or O hefollowingr ma%/i on. [0081] ThegCDI or PM for t he | nterfering cell
SR OphépaIigrnuHIE]n% f?lFot}rYliclt?o%, e.g., CDI or PMI for the interfering cell, CDI or
PMI for the serving cell, etc.,
e Transmit nulling gain and/or receive nulling gain,
e Time frequency resources on which to reduce interference by the interfering cell,
e Target interference level for the UE,
e Priority of the request to reduce interference by the interfering cell,
e Type of feedback information, and/or
e Other information.
[0081] The CDI or PMI for the interfering cell and the CDI or PMI for the serving
cell may be determined as described above. The CDI/PMI for each cell may be
provided with sufficient resolution (e.g., 8 to 10 bits) to achieve the desired transmit
nulling performance. The serving cell may request the UE to send CDI/PMI for the
interfering cell and CDI/PMI for the serving cell at the same time to enable accurate
scheduling coordination between different cells. The transmit and/or receive nulling
gain may also be determined and reported, as described above.
[0082] The time frequency resources on which to reduce interference may be
explicitly indicated by the SFI (e.g., with a resource index) or implicitly conveyed (e.g.,

linked to the resources on which the SFI is sent). The time frequency resources may



cell may be determ ned as descri bed above. The CDI/PM for each cell may be
provided with sufficient resolution (e.g., 8 to 10 bits) to achieve the
desi red tweansmt4063al | i ng performance. The serving cel |l may/usegeast2or he UE
to send CDI/PM for the interfering cell and CDI/PM for the serving cel

at the sanme tine to enable accurate scheduling coordination between
different cells. The transmt and/or receive nulling gain nay al so be
determined and reported, as described abbve. [0082] The tine frequency
resources on which to reduce interference may be explicitly indicated by
the SFI (e.g., with a resource index) or inplicitly conveyed (e.g., linked
to the resoucwesomrsubliing m ¢resulSFmd, sauged Jubbafide it angeubifraampu e mdpardeseur ces

maycover one, gyBRandsl f..0ne SHPHL8MEne AL LLE! SrstBRAnS. A ANG FUREraTe. a
subband over nufti'ple subframes, or sone' o ern%lne-freq%en di mensi on.
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a w deband depl qy t . nore than 5 VHz ndw.dt h) , ate. SFI may
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The type of f)@ﬁdbaﬂedhdﬁfﬁédrll‘ﬁﬂ{ pzltylmy deiypﬁbEfewtem?a{fommo&ﬁ}ayd@mti ses (i)
CDI correspondi t ot he chann, etween the interfering cell.and the UE
and (ii) PM Wgﬁg‘g tl?1€a§/ﬁ1t?8m8§§fa?§§$ﬁ%m’ss8?wl}¥gmé}éel‘1%3181’6{ t’?\ge Le BiYKErE one or
both types ofeli dufl GEBE by R¥IRRt weg e lusdady thakdrnge sghad URgERRG 08¢ On at

t he interfering cell. [0083] In one des%gn, an RQ request sent to a UE may

i ncl ude one 9 bombrigpssfoft REOPIaoRPhge usafthdort Pt AdydHmgodreto8 Brhavni ch to
determ ne RQnerfeldRt bdlK resources to use to send the RQ, Priority of the
RQ request, and/or Qher information. [008ﬁ5 I n one design, an RQ
reference si P83 maip g depighsmi RQlegausyt wnicteld UE may daglefleame @r pesoefrtbes in
subframe andgjgyionvey a precoding matrix and a transmt power |evel that
wll likely be used on correspondi ng resources in subframe t5 =t3 +A ,
where D may be *a Tinkdaqainfy esourddyentwhamgeilttepomeRQl.evel in the
correspondi ng re yr ces nag be tpe ) ge gﬁ or different fromthe transmt
power |evel conve RO S@&fepg?é %g"signal, e.g., depending on QoS,
channel quality caigdity dARSRQEGuest, An@me design, all cells may transmt
their RQ reference signals on the sane resources and nay use
¢ Other information.
[0084] In one design, an RQI reference signal may be transmitted by a cell in
designated resources in subframe #; and may convey a precoding matrix and a transmit

power level that will likely be used on corresponding resources in subframe #, =¢, + A,

where A may be a fixed offset. The transmit power level in the corresponding resources
may be the same as or different from the transmit power level conveyed in the RQI
reference signal, e.g., depending on QoS, channel quality conditions, etc. In one design,
all cells may transmit their RQI reference signals on the same resources and may use
different cell-specific scrambling. This may allow a UE to measure the desired signal
component from a serving cell and the interference from interfering cells based on
different scrambling codes for these cells. The RQI reference signals may enable
accurate measurement of resource-specific channel conditions with relatively small
overhead. The amount of overhead may be dependent on the desired resource
granularity.

[0085] In one design, RQI from a UE to a serving cell may convey the channel
quality of the time frequency resources explicitly or implicitly indicated in an RQI
request. The RQI may comprise a quantized channel quality (e.g., of four or more bits)

for each of at least one layer to use for data transmission to the UE. Each layer may



different cell-specific scranbling. This may allow a UE to neasure the
desired signal conponent froma serving cell and the interference from

i nterferiwgo@/14863dased on di fferent scranbling codes f®cTiuse@e/oeehds. The
RQ reference signals nay enabl e accurate neasurenent of resource-specific
channel conditions with relatively small overhead. The anount of overhead
may be dependent on the desired resource granularity. [0085] In one design,
RQ froma UE to a serving cell may con¥ky the channel quality of the tine
frequency resources explicitly or inplicitly indicated in an RQ request.
The RQ may conprise a quantized channel quality (e.g., of four or nore
bits) for eachresfondtto [aespsatial chenklaper M Qustenfid riradathe servamgserllstsitbnUEo t he

UE.  Each | ays, €%y & s%onod tl(s?e 3 gha %126% h%gr?‘erlmeaht £ aNLase ernn%ll from
t he serving c& o thé bE e ﬂdl al 80 qnp vse uanfl?'ze channel
quality for élﬂb&ﬁ'&allvaljdelforaﬂkﬂl aaldmbﬁdleayentT}alR@Iahwlgomowam addintlicatoal
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The nessagestrahiksioansm ssions for spatial int erfer ence mtigation on the
uplink may i Mde ﬁl% i nfor ITB.tI on sjml ar to t or mat.i.on desc&i bed
above for sp [ PSP ER R s st P OBﬁpat“ﬁ nic?ﬂ?ma\g?all)’&ront f) other

i nformation. uhiRR&fly ihdudB ikkBEhGidn sithileEtoBY inf@meticaRles@bdd MovBBr sPatiad
control segnent that may be c|leared of other transm ssions. For exanple,

cell X may r’é‘éeéﬁeﬁéc%mﬁtgﬁ‘t“?“oqn thedoratink pad on g other iplormatiengnd possi bl y ot her
cells to seg@ I's ﬁn&(e%m 5UE ﬁaaﬁénh SKI arf/ R BN 2S@RE0ISEE MG ﬂﬁgna} 0 a

cell using or I n one design, the nessages and
transm ssi onBe ¢legred %@th%rl trﬁnﬁ@éml@r éﬁ%éxam:tl? gal XomayrEgiciye 2 QNI ApEMAH t o

reduce si gnatj, 'ﬂﬂzsq}{%éﬁ‘@’aﬂrd ﬂ:o%’srlb@)&ﬁ{éplcéls tB RESSHAY GRS @éls%%%l@giesAW

transm ssi ons shown I n be sent once every scheduling interval,
and schedul|ﬂilg}’@t’éldlsgimﬁ@(fe@GIIUQIH@OEQI\@%O@I&XWEEU@% ng matrices and

transmt po Ji evehls )OHMSIQIE Txh@!s%lgsfség%g ath etrﬁl@lrn IsiBn %}egﬂhhln gltérf&é?lr Y al. A

schedul i ng i terval may cov ranmes in one it nterlace or sonme ot her
sui t abl e dur mitigation Bzyhbd nulesdnadal mayedupe Isigddingub¥arkeaes EBgacedipdpahe by L

oubtraree.  SEOgHL Sy LS (AL L 0GR, VRSSTLASED Y 5, B age

anot her desi gpheduliog ipevai mdesnhedahﬂr@dhaismng (c.q, e sdagel pragodingahandess and
transmit power levels) may be valid for the entire scheduling interval. A scheduling
interval may cover M subframes in one interlace or some other suitable duration. Each
interlace may include subframes spaced apart by L subframes. Scheduling intervals for
different interlaces may be staggered in time in order to avoid long initial latency caused
by sub-sampling. In another design, for persistent scheduling, a message may include a
persistence bit to indicate its validity for an extended period of time.
[0089] The messages and transmissions in FIGS. 2 and 4 may be sent on various
channels. For example, in LTE, a cell may send SFI and RQI requests on a Physical
Downlink Control Channel (PDCCH) to UEs. In one design, the cell may send an SFI
request or an RQI request using an existing downlink control information (DCI) format,
e.g., with different scrambling for a cyclic redundancy check (CRC) to distinguish the
SFT or RQI request from other types of messages. In another design, the cell may send
an SFI request or an RQI request using a new DCI format. The cell may send multiple
SFI or RQI requests jointly in the space corresponding to one PDCCH using different
CRCs. The cell may also transmit downlink grants on the PDCCH to scheduled UEs.
The cell may transmit data on a Physical Downlink Shared Channel (PDSCH) in one or



persistence bit to indicate its validity for an extended period of tine.

[ 0089] The nessages and transmi ssions in FIGS. 2 and 4 may be sent on

vari ous owenn@/=063Bor exanple, in LTE, a cell may send S8FEI/uspeRQ204 equest s
on a Physical Downlink Control Channel (PDCCH) to UEs. In one design, the
cell may send an SFI request or an RQ request using an existing downlink
control information (DCl) format, e.g., with different scranbling for a
cyclic redundancy check (CRC) to distinguish the SFI or RQ request from
ot her types of nessages. In another design, the cell may send an SFI
request or an RQ request using a new DCI format. The cell may send
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subcarriers in the same subframe with NxSC-FDMA or in different subframes to enable
use of higher transmit power for each part. The various messages and transmissions in
FIGS. 2 and 4 may also be sent on other data and/or control channels.

[0091] The spatial interference mitigation techniques described herein may increase
dimensionality on the downlink as well as the uplink. The techniques may provide
substantial gains in unplanned deployments (e.g., for coverage extension), restricted
association scenarios, and other scenarios. The techniques may be especially
advantageous in scenarios with few served UEs observing high interference from few
neighbor cells (e.g., femto deployments) and in bursty traffic scenarios.

[0092] The techniques described herein may also be used for inter-site packet
sharing (ISPS) and cooperative silencing (CS). For ISPS, multiple cells (of the same or
different eNBs) may send a packet to a single UE. Each cell may send its data
transmission to the UE based on precoding information determined by the UE for that
cell. For ISPS, each cell other than the serving cell may steer its transmission in a
direction toward the UE (instead of away from the UE) based on the precoding

information from the UE. For CS, an interfering cell may reduce its transmit power



[ 0091] The spatial interference mtigation techniques described herein my
i ncrease dinensionality on the dowlink as well as the uplink. The
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for coverage extension), restricted association scenarios, and ot her
scenarios. The techni ques may be especially advantageous in scenarios with
few served UEs observing high interference fromfew nei ghbor cells (e.qg.,
fent o depl oynents) and in bursty traffigoscenarios. [0092] The techni ques
descri bed herein may al so be used for inter-site packet sharing (ISPS) and
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send the datar 4 PRNSIGrakd it station. The first station may then send the data transmission
based on the spatial nulling information to steer the data transmission in a direction
away from the second station. For example, the first station may select a precoding
matrix based on the SFI from the second station and the precoding information from the
third station. The first station may then send the data transmission based on the
precoding matrix to the third station.
[0096] In another design, the SFI may comprise spatial nulling information and a
transmit nulling gain indicative of reduction in interference to the second station due to
use of the spatial nulling information by the first station. The first station may
determine a transmit power level based on the transmit nulling gain and may send the
data transmission at the transmit power level. In yet another design, the SFI may
comprise a receive nulling gain indicative of reduction in interference to the second
station due to use of receiver spatial processing by the second station. The first station
may determine a transmit power level based on the receive nulling gain and may send

the data transmission at the transmit power level.



based on the spatial nulling information to steer the data transmi ssion in
a direction away fromthe second station. For exanple, the first station
may sel ecwoaopreadi ng matri x based on the SFI from t hePsgasaessens on and
the precoding information fromthe third station. The first station may
then send the data transm ssion based on the precoding matrix to the third
station. [0096] In another design, the SFI may conprise spatial nulling
information and a transnmit nulling gain27ndi cative of reduction in
interference to the second station due to use of the spatial nulling
information by the first station. The first station nmay determne a
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[00100] The first station (e.g., a UE) may receive an SFI request to send SFI for a

second station (e.g., an interfering cell) not communicating with the first station (block
712). In one design, the SFI request may be sent by a third station (e.g., a serving cell)
that is communicating with the first station. In another design, the SFI request may be
sent by the second station. In any case, in response to the SFI request, the first station
may determine SFI for the second station (block 714). The first station may send the
SFTI either to the second station or to the third station, which may forward the SFI to the
second station (block 716). The first station may also determine precoding information
(e.g., a CDI or a PMI) for the third station (block 718) and may send the precoding
information to the third station (block 720). The first station may thereafter receive a
data transmission sent by the third station based on the precoding information (block
722). The first station may also receive a transmission sent by the second station to
another station based on the SFI to reduce interference to the first station (block 724).

[00101] In one design, the SFI may comprise spatial nulling information. The first
station may determine a channel response from the second station to the first station.

The first station may then select a precoding matrix, from a codebook of precoding
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cell for the UE The the SFI directly to the interfering cell.
Al ternati veI f?{]éprlﬁﬁaﬁaé}aégagyﬂﬁ @F to the serving cell, which may
forward the mnM]o FIE. § siioavsf2ddsizg ofehlappdrais 860 fortré@nSip $B4 Ofith @patiahe
uplink, the Initerrf'sé%engé arhtitlgatlorgm >zlApparatus 800 includes a module 812 to receive, at a first
station, an SFI request to send SFI for a second station not communicating with the first
station, a module 814 to determine SFI for the second station, a module 816 to send the
SFI, e.g., to the second station, a module 818 to determine precoding information for a
third station, a module 820 to send the precoding information to the third station, a
module 822 to receive a data transmission sent by the third station to the first station
based on the precoding information, and a module 824 to receive a transmission sent by
the second station to another station based on the SFI to reduce interference to the first
station.
[00105] The modules in FIGS. 6 and 8 may comprise processors, electronics devices,
hardware devices, electronics components, logical circuits, memories, software codes,
firmware codes, etc., or any combination thereof.

[00106] FIG. 9 shows a block diagram of a design of a base station/eNB 110 and a
UE 120, which may be one of the base stations/eNBs and one of the UEs in FIG. 1.



conprise a cell, the second station may conprise an interfering UE, and the
third station nmay conprise a UE served by the cell. [00104] FIG 8 shows a
desi gn ofwearro@pppes3at us 800 for receiving data w th spat ipall/tiseaenienence
mtigation. Apparatus 800 includes a nodule 812 to receive, at a first
station, an SFI request to send SFI for a second station not communicating
with the first station, a nodule 814 to determne SFI for the second
station, a nodule 816 to send the SFI, 8 g., to the second station, a
nodul e 818 to determ ne precoding information for a third station, a nodul e
820 to send the precoding information to the third station, a nodule 822 to
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[00108] At UE 120, antennas 952a through 952r may receive the downlink signals
from base station 110 and may provide received signals to demodulators (DEMODs)
954a through 954r, respectively. Each demodulator 954 may condition (e.g., filter,
amplify, downconvert, and digitize) a respective received signal to obtain input samples.
Each demodulator 954 may further process the input samples (e.g., for OFDM, etc.) to
obtain received symbols. A MIMO detector 956 may obtain received symbols from all
R demodulators 954a through 954r, perform MIMO detection on the received symbols
if applicable, and provide detected symbols. A receive processor 958 may process (e.g.,
demodulate, deinterleave, and decode) the detected symbols, provide decoded data for
UE 120 to a data sink 960, and provide decoded messages to a controller/processor 980.
[00109]  On the uplink, at UE 120, a transmit processor 964 may receive and process
data from a data source 962 and messages (e.g., for spatial interference mitigation) from
controller/processor 980. Transmit processor 964 may also generate reference symbols
for an RQI reference signal and/or other reference signals or pilots. The symbols from
transmit processor 964 may be precoded by a TX MIMO processor 966 if applicable,
further processed by modulators 954a through 954r, and transmitted to base station 110.
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934t, respectively. [00108] At UE 120, antennas 952a through 952r may
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ant ennas 934andiyrogss Brodehsy Teeth ahmiguss desggbed }&éﬁt“éc Bongs H2pndPSetect or
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nodul es at base tion ormor direct process 500 in FIG 5,
process 700 [M1HI]G THqose afdiibnn dteraetrwwﬂdmwmdfthﬂt inthenatier land sjgieds descr i | bed
herein. Procgss a - ul e 1
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voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.
[00112] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.
[00113] The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-

purpose processor, a digital signal processor (DSP), an application specific integrated



and may provide resource grants for the scheduled UEs. [00111] Those of
skill in the art would understand that information and signals may be

repr esentwo 208/mge3any of a variety of different technol egiras2eam44204

techni ques. For exanple, data, instructions, commands, information,

signals, bits, synbols, and chips that may be referenced throughout the
above description may be represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, opdlcal fields or particles, or any
conbi nation thereof. [00112] Those of skill would further appreciate that
the various illustrative |ogical blocks, nodules, circuits, and al gorithm
st eps descr i bediti(ASEOnadeld pngramilable etedirsg |(BBUA & ohethai rograpmbble ilog¢ enent ed

as electronig har d [e cpnguter.softmare QL CR i nations of both., To
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clearly i|luStrate i's 9 nterchangeabiti’ty of hardware and Softwar
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of the present disclosure. [00113] The various illustrative | ogical blocks,
nodul es, andMTPRERGEEOTIBSeRTIEAN b & AReets BrenXiothsT tus8 coRfiirabistr e herei n

may be inpleanifd @he RRPE A NEhdMoliNo@ageBMAlRUARASH BERE&RMOWith andi gi tal
signal processor (DSP), an application specific integratedcircuit (ASIC), a
field progratifeeiue katie may bagmpedigdadirctly wthaedwase. dhp sp?ﬁmm wodegprecyed i ce,

di screte gat gy 9n,ddalsiStiPh doRBinGrobSHEqLE. Nak AWk Se GHIRNGRE Rxid®hin ANY
conbi nation thereof designed to performthe functions described herein. A
gener al pur poBé&Mnmsgess dlestrapmpey, RONLanaprp ROV, mperyi REPR@Mamewpryat i ve,
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terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[00115] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly

termed a computer-readable medium. For example, if the software is transmitted from a



by a processor, or in a conbination of the two. A software nodul e may
reside in RAM nenory, flash nenory, ROM nenory, EPROM nenory, EEPROM
menory, rwoieeseersedhard di sk, a renovabl e di sk, a CD ROWCTaS2emp420her form
of storage medi um known in the art. An exenplary storage nediumis coupled
to the processor such that the processor can read information from and
wite information to, the storage nedium In the alternative, the storage
medi um may be integral to the processor32The processor and the storage
medium may reside in an ASIC. The ASIC may reside in a user termnal. In
the alternative, the processor and the storage nmedi um may reside as

di scret e conpeméntsrvien oaothserentommwalusing (a@m;aql chble offer optinoibk, Wiampl ary
designs, the furactl %scr et ed in tvvare

firmeare, or P4h NI acs ohne ﬁ g%?! ere%essn@c}ln rent ed |arsl I%Bafréf\/@\i\éaredéo
functions rramldmwsztepﬂeni tinc@ixial cabris nfidet: e)cltmvﬁﬂe asisogdepai; DRAr, er IvﬂEBﬂel’SSJCtI ons
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that facilitakéismt Daksheékisof asais&Digeh ahclpmgb@m& RN(ODE Ipkadie, bpti@not her .
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general pur pglé% (gg}g%ﬁfgré?tﬂ%/d a(bg@ gBﬁ’ﬁ?fu@l CE%W&&X}W@%&WFEY %‘%]&y not
limtation, gyffaueOoNRidt &laph@RsRD! ®hine diids %ﬁro@%pﬂatﬁeoﬁ&my R 1RRRROM
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magneti c st ofagkingass dghe 6'?0V§rﬁh%13r?é%0 hedcided mathinc s 5edu8kaOPRIar ry or
store desireg,phR0h&n@ code neans in the for m of instructions or data
structures and that can be accessed by gener al - pur pose or speci al - pur pose
comput er, or [01Hdnelbg Pisviepodesciartioy @é&leaHISCMPrﬁdg aroyided és engple any persomny
connect | on 1 SafiiaAR B of b ShIFEDr BecCRTTIGR L SRARRL oI, (JHAE dRXBARL S, 1T
the software is transmtted fromawebsite, server, or ot renote source
usi ng a coaxwdl b@%ﬂlés’ affpatyat toofhpiecskdbed|ie, thet W,sﬁmédh@p@npl;lc ﬁl‘l@ﬂlmleﬁl defigpdcri ber
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in the definjti a cl.
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Conmbi nati ons of the above should al so be included within the scope of
conput err eadpioll 7] WHAT IS CLAIMED IS:



medi a. [00116] The previous description of the disclosure is provided to
enabl e any person skilled in the art to nake or use the disclosure. Various
nodi fi catworngo%@odsBe di sclosure will be readily apparentcCrascévoses2skil | ed
in the art, and the generic principles defined herein may be applied to
ot her variations w thout departing fromthe spirit or scope of the
di scl osure. Thus, the disclosure is not intended to be limted to the
exanpl es and desi gns described herein b3 is to be accorded the w dest
scope consistent with the principles and novel features disclosed herein.
[00117] WHAT IS CLAIMED I S: CLAIM5S 1. A nethod of transmtting data in a
W rel ess communi cati on network, conprising: receiving, at a first station,
spatial feedback information (SFI) S?ﬂaﬁﬂygﬁ second station not
comuni cating with the first station nding a data transm ssion from
the first station to a tikd cﬁ‘tt?énkrﬁﬂtnpéaéﬁg P &1?@es§':c|onﬁ19m[c§%ﬁﬁetwork
interference to the second station. 2.” The method of claim 1, further
conpri si ng: ¢®@#¥isyighg precodi ng |nfornat|on fromthe third station; and
selecting a prec n and
t he precoding |nﬁg%ﬂg??qg£f}8???ﬁg @ﬁml§£g§§%p§§9ﬁgﬁg€gﬁgggfﬂy§g&£g@
transni ssi onstatgongeheonimereating with tistfirsttsttivorando the third station based on
Lhe precod ng malichdine # dud MEndRLAGQh o) AL Micdion 10RIRINANG 150 GART] S8
spatial nulling in frati o erei ﬁ ta fransm ssion is sen by
the first stSflitomdhlatsmd:rfewnd;dtetlmsad;qnalstanui.l ing information to steer the
data transm ssion in a direction away fromthe second station. 4. The
met hod of claim 3, wherein the spatial nulling informati on conprises a
channel directi or.i ndiThan@thof GBtLrinot, fartlpr eeoghisig: mat ri x i ndi cator (PM) for
the first station of. c rein the SFI conprises
spatial nulling Hﬁ%ﬁ?ﬁ%?fﬁﬁmgﬂﬁpQn?Fﬁﬁ§W$% Hﬁﬂqﬁﬂgldﬁén i ndi cative of
reduction in int esrefeetﬁ@nacpree@hﬂg@a@@aﬁm &t @k iSON frdmethé Oecus® stafiort 41 thpat i al
nul i ng |nfornaaf y the Jlrst tlon y

precoding in ormatlon rom the t 1r statlon and wherein the data transmission is sent

from the first station to the third station based on the precoding matrix.

3. The method of claim 1, wherein the SFI comprises spatial nulling
information, and wherein the data transmission is sent by the first station based on the
spatial nulling information to steer the data transmission in a direction away from the

second station.

4. The method of claim 3, wherein the spatial nulling information
comprises a channel direction indicator (CDI) or a precoding matrix indicator (PMI) for

the first station.

5. The method of claim 1, wherein the SFI comprises spatial nulling
information and a transmit nulling gain indicative of reduction in interference to the
second station due to use of the spatial nulling information by the first station, and
wherein the sending the data transmission comprises

determining a transmit power level based on the transmit nulling gain, and

sending the data transmission from the first station at the transmit power level.



wherein the sending the data transm ssion conprises determining a transm t
power |evel based on the transmt nulling gain, and sending the data

t ransm sswonrrodwv@na3she first station at the transmt poweCTIUSe@b/ 064200 he

met hod of claim11, wherein the SFI conprises a receive nulling gain

i ndi cative of reduction in interference to the second station due to use of
recei ver spatial processing by the second station, and wherein the sending
the data transmi ssion conprises determdng a transnit power |evel based on
the receive nulling gain, and sending the data transm ssion fromthe first
station at the transmt power level. 7. The nmethod of claim1, wherein the
SFI is sent by the sedbndwﬁmdmfohﬁmb\Mﬁﬁﬁmﬂméﬁqswm@mmmahndNeBMBm§gﬁmo an
?,I[:;t Ir gﬂueSt ?Fﬁlcatlvbeyqﬁ‘ tﬁolnrlrsltmts e%ér{c(?) t?% seconc? sl%atlolnsd?l;[@]?t IIJS% %f % Oel%et}esﬁa gﬁri.ond
request to th@c@hngdwsﬂmtummutaamsk:mhewh@mndhsmamhmpthnd&enwnSEhmbm at

| east one |nterfer|ng station. 9. The nethod of claim1l1, wherein the first
station conpfi"¥85°a serving cell, the second station conprises an
interfered user a@wrmmﬁfgtat(aldﬁhupaw& leeebdshd oilths r@tive Aultiogpdin, a8 a served
UE. 10. The net hod ﬁﬁ im9, wherj; hp receiV|q% t he SFI cqp i ses
recei ving the SFI°°8 ﬂ%t @a‘?ﬁénﬁnﬁfséqnf e et egtiphi ¢ etFa\??fH’éPB‘é?r Ver1. The
nmet hod of claim9, wherein the receiving the SFI conprises receiving the

SFI sent by the interfered UE to a second cell and forwarded to the serving
cell. 12. The method dfearediahof clagpdr ehereinyie Bl issed DY ihoirceumiioads a user

equi pment  (Ugk firdt RBLSEHARG 0flcAb 2ARFE %ﬁés't §@8 b thel I 1QL4iBH 6Fa ERkth staBDE t he
third station conprises a serving cell for the UE. 13. An apparatus for

wi rel ess contfuhs waendoirtiotonpri si ng: neans for receiving, at a first
station, spatial feedback information (SFI) sent by a second station not
connunicating with the first station; andneans for sending a data
transm ssi on from-t he Themsthodtohelpionl.tferther compresingt at i on based on the SFI to

reduce interfer e%%ﬁdihgaﬁ 881 RGERING R @hb Mtion - asil R RAPPALAMUS sHa S m 13,

further conpris
at least one interfering station.

9. The method of claim 1, wherein the first station comprises a serving cell,
the second station comprises an interfered user equipment (UE), and the third station

comprises a served UE.

10. The method of claim 9, wherein the receiving the SFI comprises

receiving the SFI sent by the interfered UE to the serving cell.

11. The method of claim 9, wherein the receiving the SFI comprises
receiving the SFT sent by the interfered UE to a second cell and forwarded to the serving

cell.

12. The method of claim 1, wherein the first station comprises a user
equipment (UE), the second station comprises an interfered cell, and the third station

comprises a serving cell for the UE.

13.  An apparatus for wireless communication, comprising:
means for receiving, at a first station, spatial feedback information (SFT) sent by

a second station not communicating with the first station; and



means for receiving precoding information fromthe third station; and neans
for selecting a precoding nmatrix based on the SFI fromthe second station
and the pweco@Wmge3dnformation fromthe third station, amdTiisesoiom2dhe dat a
transm ssion is sent fromthe first station to the third station based on
the precoding matrix. 15. The apparatus of claim 13, wherein the SF
conprises spatial nulling information, and wherein the data transmssion is
sent by the first station based on the $patial nulling information to steer
the data transmission in a direction away fromthe second station. 16. The
apparatus of claim 13, wherein the SFI conprises spatial nulling

i nformati on and an@mam@nmn&nghhhngugmmnﬂbmdhmaﬂmthOﬁmmeduauhbdsmnml

i nterference tQ th nd st at u 0_us the spatial nullin

i nformation By %% %?Sggore ?H”ﬂ%“mcepmhaﬁmon S%@nneang for sendlnggthe
data transm ssion conprises means for determning a transmt power |eve
based on the tra ul li ng gai q? ans for sending the data
transmission fro 4the ’fl?iﬁa arag‘fsoﬁ [o]ahmg? TEPANEME power level. 17. The
appar at us of cIanﬂumBﬂnma£ﬁﬁgqﬂ&hem§ﬁﬁmﬁﬁmmﬁﬁemsmamﬁ@g@magammlI|ng gai n

i ndi cative of reductign |n jnterference to the s 4ﬁcggﬂ% tion ue.to use of

recei ver spatial PBra3% &Y SFIRGIBY Wi EBHE Rt o ﬁ@?ﬂ’ﬁﬁ@oﬁeans

for sending &duerhepledodingin StinSEdnOfo e EH¥RR i & Q5tiIHE AltSw i @¢in Bt RtaNi-4hkMBPsian
transmt power |evel based on the receive nulling gain, and nmeans for

sendi ng the taey foputhe fss et to Fltﬁr?]i“f%%at’foinrb%%edﬂlélﬁRS?FOQ‘cngtnﬁé“’% ransnit power

| evel . 18. An apparatus for wi rel ess conmunication, conprising:at |east one
processor configured to receive, at a first station, spatial feedback

i nf or mat i on ( SFI)15sentThpypparates ofgleine 481 wheraigt the SFgamprases septdl orlinge fir st

station, andi @368 af %&%nttﬁéﬁém&r?shﬁ&ofn 9%k 'B? tlfd Fu%tt statho@lta@d dnOp@ third

station based on thé SFI to reduce interference to the second station. 19.
The appar at uspatfl millgignmibgnationep eicar thadatattrangaistionive diresties swry framcbaf i gur ed
to receive precoding, nformation fromthe third station, to select a

pr ecodi ng

16. The apparatus of claim 13, wherein the SFI comprises spatial nulling
information and a transmit nulling gain indicative of reduction in interference to the
second station due to use of the spatial nulling information by the first station, and
wherein the means for sending the data transmission comprises

means for determining a transmit power level based on the transmit nulling gain,
and

means for sending the data transmission from the first station at the transmit

power level.

17. The apparatus of claim 13, wherein the SFI comprises a receive nulling
gain indicative of reduction in interference to the second station due to use of receiver
spatial processing by the second station, and wherein the means for sending the data
transmission comprises

means for determining a transmit power level based on the receive nulling gain,
and

means for sending the data transmission from the first station at the transmit

power level.

18.  An apparatus for wireless communication, comprising:



matri x based on the SFI fromthe second station and the precoding
information fromthe third station, and to send the data transm ssion from
the firstwetatwam3so the third station based on the preeocdiusgoomms420x. 20.
The apparatus of claim 18, wherein the SFI conprises spatial nulling
information, and wherein the at |east one processor is configured to send
the data transm ssion based on the spatial nulling infornmation to steer the
data transnmission in a direction away fBomthe second station. 21. The
apparatus of claim 18, wherein the SFI conprises spatial nulling
information and a transmit nulling gain indicative of reduction in
interference to tdnéeastawrpjo%micmﬁgdwd tbaeagsre, afa fitvestgipan spdtiahfekdbianlg

Lg;?{ gﬁ? IeSn t g¥0d r\(qs%étseéttbatal S%antd spagl\%% Ir‘10t| ceoir}lg utngc%tlr%wn}? %Lﬁésg?%ngr{s (r)ah% SSor 1S
nul I'i ng ga|nwsamﬂawamsmndn$helﬂamahéﬁansnmmsm@mmﬁd@mn@hbuédbﬁﬂwgﬂﬁtoon at
the transmt g g aratus of claim 18, wherein the SF
conprises a ¥§w§“WﬁfﬂﬁW¥t%§w5%PH ﬁﬁ%ﬁbatlve of reduction in interference to
the second station due to use of receiver spatial processing by the second
station, and whergin e at | east. one processor nf | ured to determ ne

a transmt power PevelThp 08820, ¢helaingJéi eﬁU}I#%dl %ﬁh 1A ES 5 éhd t he

dat a transm gsifigtirell iORCdiReprbdddsiy isfonhdtRA fdkn thb eildrsamisith sQeMehrdce¥ss . 23. A
conput er program product, conprising: a co uter-readable medi um

conpri si ng: cBaBixfared o fhg $ig frgm 1@5@@%%@%alteet%re%mgéltféiwon demghe | ¢ st

station, spa{hhlﬁlstailsﬁcm%sénawda@éﬂra&@m(s%%h YroReME fiRY s@iGLeARdihstatatign not
comuni catin e first station, and code for causing the at |east one

conmputer to g@ﬁﬁmamﬂaﬁﬁp¢¥%ﬁ@W%SS|on fromthe first station to a third
station based on the SFI to reduce interference to the second station. 24.
A nethod of receiving data in a wireless communi cati on network, conprising:
determni ng spat i fdédapkatonpbelaan ildnwheFin)thypFh coinprtes spaital owllitnr a

second stati fr?llgorﬁl%oncoame? liNGatMehdd B rddeldt iS bRy SRAM B2 b SFI

for the second station
transmission based on the spatial nulling information to steer the data transmission in a

direction away from the second station.

21. The apparatus of claim 18, wherein the SFI comprises spatial nulling
information and a transmit nulling gain indicative of reduction in interference to the
second station due to use of the spatial nulling information by the first station, and
wherein the at least one processor is configured to determine a transmit power level
based on the transmit nulling gain, and to send the data transmission from the first

station at the transmit power level.

22. The apparatus of claim 18, wherein the SFI comprises a receive nulling
gain indicative of reduction in interference to the second station due to use of receiver
spatial processing by the second station, and wherein the at least one processor is
configured to determine a transmit power level based on the receive nulling gain, and to

send the data transmission from the first station at the transmit power level.

23. A computer program product, comprising:

a computer-readable medium comprising;



receiving a transm ssion sent by the second station based on the SFI to
reduce interference to the first station. 25. The nethod of claim 24,
further cwoppesi4ngg3 determ ni ng precodi ng i nfornmati on byCrhis2409084206t at i on
for a third station; sending the precoding information to the third
station; and receiving a data transm ssion sent by the third station based
on the precoding information to the first station. 26. The nethod of claim
25, further conprising: determining a fdfst channel response fromthe
second station to the first station, wherein the SFI is determ ned based on
the first channel response; and determ ning a second channel response from
the third station to tché for caslsingatalbzisome qm@uetwmmeput@dbstismgoil,mpuiahati on
iS det erm nefl aSgg nformattlon sSen Chas[c]cnoen sga%%r?no comm nlcatln Wlt Q glrsgt)f Cl al m
24, wherein the [ conpri es spaP?’aI Idl I'ng i nforna g wherein the
transm ssi onstatonsarnt by the second statl on based on the spatl al nulling
information to steer th ransm ion.in a direction y mthe first
Stati on. 28, The et hod st FERARHE® Huliei ah PRETELR R ot PRI HPbr o i on
conpri ses a fibanhelirstistag@®t tooa thiitdditadh Masdd@al the GFI & pueOidicAgren®t foi the

i ndi cat or (PM% or. the second station. 29. The nmethod of claim 27, wherein
the spatial PM $%°Pnf or mati on conprises a channel direction indi cat or
(CDI) or a precoding matrix indicator (PM) for a third station sending a
data transm ssmn to the first station. 30. The nmethod of claim 27, wherein
the deternining tde spatieiiodngf ricalyinenfast Hhta SircksmspmEwEiCHiepFVATng a
channel respafsfisfizom t he second station to the first station, and

selecting a precoding matrix, from a codebook of precoding matrices, based
on the channel relsfomining waiddaedbackningrmatienSFD) by ¢ Hstfsiation for apscond and

wherein the §t%nllgltC&M{lﬁﬂl&gngg,fltgqﬁgaﬁrgtq&nggrrpr| ses the sel ected precoding
matrix. 31. The nethod of claim?24, wherein the SFI conprises spati al

nul I'ing i nfor mat isspdianthe §Ft foaﬁsﬁﬁqonﬁaﬂah@mgmbal n indicative of reduction in
interference to tljégen‘flh%§graﬁstrﬁgsﬁ&l”seg{;%rdih\%ﬁgcr%gflS\Iati&bﬁas%cﬁ’%ﬁ e sEUb e

informati on by the sec station,
interference to the first station.

25. The method of claim 24, further comprising:

determining precoding information by the first station for a third station;

sending the precoding information to the third station; and

receiving a data transmission sent by the third station based on the precoding

information to the first station.

26. The method of claim 25, further comprising:

determining a first channel response from the second station to the first station,
wherein the SFI is determined based on the first channel response; and

determining a second channel response from the third station to the first station,

wherein the precoding information is determined based on the second channel response.

27. The method of claim 24, wherein the SFI comprises spatial nulling
information, and wherein the transmission is sent by the second station based on the
spatial nulling information to steer the transmission in a direction away from the first

station.



the transm ssion is sent by the second station at a transmt power |evel
determ ned based on the transmt nulling gain. 32. The nmethod of claim 24,
wher ei n twe 28M/14e633pri ses a receive nulling gain indi caftcrasedosneoct i on in
interference to the first station due to use of receiver spatial processing
by the first station, and wherein the transm ssion is sent by the second
station at a transmt power |evel determ ned based on the receive nulling
gain. 33. The nethod of claim 24, furth& conprising: receiving an SF
request froma third station comunicating with the first station, and
wherein the SFI is sent by the first station in response to the SF

request. 34. The Zﬁet hddie ofactbbdi ah Asim \¥iervdierei hbe fspatsd rslﬂllatgi c'mfomttpmi ses a
user eqU|pnent t he nd stat onprises a nt.er. |1, and
the third st armBheLbalshie AEET00 uplidlcs Cof PR pleSial Bl Jathi PRIERY o
claim 34, mh&meumndhanmendlng the SFI conprises sending the SFI to the
interfering cell. 36. The nethod of claim34, wherein the sending the SF
conprises sending the SFI to the serving cell to forward to the interfering
ce:: BE The ngthmd qmccma%6325‘dmhemﬂinm&?ﬁnﬁhés@mﬁMahMQ@ Qﬁﬁﬁﬁ?&@; a .
ce the second. station conprises an er erln user pnment (UE), an
the third st TR OIS AL Ow@défémé@lbyrﬁﬁéeca g g o ?f‘t%ﬁ%{%ﬁ%s f or
Wi rel ess CONMIHMIGRkibLOEondME ANk ia HafkGnissidA0 shef fakt s@@b@r m ni ng spatial feedback
information (SFI) by a first station for a second station not conmuni cating
with the first station; neans for sending the SFI for the second station;
and nmeans for recgy Vi AGeandhANSNLER 07, $EOEInOYe td%rn%ﬁﬁlgntﬁe Spafal @miiRased on
the SFI to reduce interference to the first station he appar at us of
clai m 38, fulmfdigetiQoiepiiisisng: means for deternining precoding i nformation
by the first stati@imfify erhilol fhsslid! 0 1ndTRARS sfafibn RERCHRG R, Blzecodi ng
information to the thlrf station; means recelving a

transmi ssi on sentselyytinghepreeiding @@tati,l @Wlb@@é@ooln of Pr@cqﬁinr@cm@trlc@ b?fﬁf:dwmatl on

to the first th%tcﬁgulnglnresponse to reduce interference to the first station, and wherein the spatial

nulling information comprises the selected precoding matrix.

31. The method of claim 24, wherein the SFI comprises spatial nulling
information and a transmit nulling gain indicative of reduction in interference to the first
station due to use of the spatial nulling information by the second station, and wherein
the transmission is sent by the second station at a transmit power level determined based

on the transmit nulling gain.

32. The method of claim 24, wherein the SFI comprises a receive nulling
gain indicative of reduction in interference to the first station due to use of receiver
spatial processing by the first station, and wherein the transmission is sent by the second

station at a transmit power level determined based on the receive nulling gain.

33. The method of claim 24, further comprising:
receiving an SFI request from a third station communicating with the first

station, and wherein the SFT is sent by the first station in response to the SFI request.

34. The method of claim 25, wherein the first station comprises a user
equipment (UE), the second station comprises an interfering cell, and the third station

comprises a serving cell for the UE.



40. The apparatus of claim 38, wherein the SFI conprises spatial nulling
I nformati on, and wherein the transmssion is sent by the second station
based on wbeoepabdzal nulling information to steer the tPamArse&9i0e1204é n a
direction away fromthe first station.
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35. The method of claim 34, wherein the sending the SFI comprises sending

the SFI to the interfering cell.

36. The method of claim 34, wherein the sending the SFI comprises sending

the SFI to the serving cell to forward to the interfering cell.

37. The method of claim 25, wherein the first station comprises a cell, the
second station comprises an interfering user equipment (UE), and the third station

comprises a UE served by the cell.

38.  An apparatus for wireless communication, comprising:

means for determining spatial feedback information (SFI) by a first station for a
second station not communicating with the first station;

means for sending the SFT for the second station; and

means for receiving a transmission sent by the second station based on the SFI to

reduce interference to the first station.

39. The apparatus of claim 38, further comprising:

means for determining precoding information by the first station for a third
station;

means for sending the precoding information to the third station; and

means for receiving a data transmission sent by the third station based on the

precoding information to the first station.

40. The apparatus of claim 38, wherein the SFI comprises spatial nulling
information, and wherein the transmission is sent by the second station based on the
spatial nulling information to steer the transmission in a direction away from the first

station.



