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BACKGROUND
I Field

[0602] The present disclosure relates generally to communication, and more
specifically tfo techniques for transmitting and receiving data in a wircless

communication network.

II.  Background

[0G03] 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 hink 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.
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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
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a wircless communication network.

[0011] FIG. 2 shows downlink data transmission with spatial interference mitigation.
10012] FIGS. 3A to 3D illustrate downlink data transmission in FIG. 2.

[0013] FIG. 4 shows uplink data transmission with spatial interference mitigation,
j0014] FIGS. 5 and 6 show a process and an apparatus, respectively, for
transmitting 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. cdma2000 covers 1S-2000, 1S-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-
Fi), IEEE 802.16 (WiMAX), TEEE £02.20, Flash-OFDM®, ctc. 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



100141FIGS. 5 and 6 show a process and an apparatus, respectively,
for transmtting data with spatial interference mtigation.
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network 100, ﬁ(?lll’ nPeyterm cegl caE refer to a coverage area of an eNB and/or an eNB
subsystem serving this coverage area, depending on the context in which the term is
uscd.
[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 scrvice subscription. A pico ccll may cover a relatively small geographic arca
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 fora
femto cell Y. An eNB may support one or multiple (e.g., three) cells.
[8020] Wireless network 100 may also include relay stations. A relay station is a
station that receives 2 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 {e.g., 2 UE or an eNB). A relay station may also be

a UE that relays transmissions for other UEs.
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100231UEs may be di spersed fhroughout w rel ess network 0, and each
UE nmay 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 fones, 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
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[0028] The following types of information may be available;



7 Spatial feedback information - information used to reduce
interference to an interfered station, Spatial nulling information -
information used to steer a transmssion in a direction awa n
i nterferedQIUPAYRP? Precoding information - infornati BHT@§é’89’?4d204
steer a transmission in a direction toward a target station, and

Nul l'ing gain information - information indicative of reduction in
interference due to spatial interference mtigation. 10029] For

spatial interference mtigation on the downlink, the SFI may include
(i) spatial nulling information for an interfering cell, which may be
used by this cell

precodiyng i nf orlma %é?larsﬁcg%’a%ﬂ anorlbllang ceﬁ?hgp fﬁ%@‘% i m#ﬁhn%g%/&b% Used
by the interferingteglddstebosteer its transm ssion away fromthe
direction fromth th n in

i nformation, an% / gpaﬁ?f mjlp% ﬁn%rma&%o Eo%ﬁ%ﬂﬁmxg (!:d>t : #{%eé rae%'f\r%ﬁlmsmn in
information for Sﬂircclmlya\m fobet @rintrieed a@md,escrl bed bel ow. 10030] I n
R e U e U R e g
interfering ceIT glBase On A Oreteréice” & gnatlr or by
the cell on the dmmidmﬂargct‘rsttmmicamm i nk channel estl mate may be given
by an R x T chann i
channel matri x fo%l Hﬁ’ Oal B Orm Ior(I:h lnr?eT&fOE atl ?ff reghc%an l_%nfertlﬁmfi

u, 141, for r = I.duetospdﬁalanmrfd:rememmgﬁnon.| S a corrpl ex gain between
transmt antenna t at the interfering cell and receive antenna r at
the UE, T is 00291 nurfoespatdl interdgrenet mitgatiemeathe dowitlink, they BBl heyr inelgdec@! |
and

spatial nulling information for an interfering cell, which may be used by this cell to steer
its transmission away from a UE, (ii) precoding information for a serving cell of the UE,
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:

Ry Ry, o By
h h ok

I Eq (1)
h}{,l h}t,z hn,'r

where H,, is a channel matrix for the downlink channel from interfering cell 7 to UE u,
By, for r=1,..,R and t=1,.., T, is a complex gain between transmit antenna f
at the interfering cell and receive antenna # 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 hy, for one receive antenna at

the UE. If the UE is equipped with a single antenna, then H, includes a singlie row fora



R is the nunber of receive antennas at the UE. 100311The channel
matrix Hh, includes Rrows for the R receive antennas at the UE. Each
row of Hh, corres onds to one channel vector h,, for one receive
antenna atVPRYMUEIf the UE is equi pped with a singl e PSRUSHNY442Hen
Hh, includes a single row for a 8 single channel vector. A matrix
may thus degenerate into a vector when there is only one row or one
colum. The downlink channel estimate n?y be obtained for all or a
portion of the system bandw dth, e.g. a subband on which the UE
m ght be schedul ed. [0032]1n a first SFI design, the SFI may conprise

a channel di r?&gﬁé &ﬁnﬂepg ‘Ecﬁlt Qr Igétggln)a tlﬂxrs dk ﬂelja@tn%B fa%ét&gwl?eﬁltﬁele -Eh)?ll

for the inter I ng cel rmned I n vari ous nanners.
design, the TIME rPRypr thwtlllﬂ@e Fhe, dowabiedchgmed egivastyowkbeotbtaingd et evlle@ a

channel natrl a [ h r
in the codebook, nagﬂ”'@neLéFst&ﬁ%aﬁd(z@hdi IR/%ZG{QIIC? S%‘%Lb%g& Olg?ﬂj\/l\ﬁe?lgql?#,nqlgﬁt Eex

f-th quantize® hodklsnel natrix in the codebook, OLE is a metric

i ndi cative ofghdyg orhRoGANGHI deMioP GhAVEBN b c@ﬁ}glqyla charRBAdiHEAR Bicor
Herm tian or CO | ex conj ugate

nme the 111te1fer1ng cell The CDI for the interfering cell may be determined in

various manners. In one design, the UE may quantize H;, based on a codebook of

quantized channel matrices. The UE may evaluate each quantized channel matrix in the

codebook, as follows:
Qﬁ,f =i Hg H, ||, Eq (2)

where H, is the /-th quantized channel matrix in the codebook,

Oy, 1s a metric indicative of the orthogonality between H, and H;,, and

«H» denotes a Hermitian or complex conjugate.

[0033] Metric Qn, may be computed for each quantized channel matrix in the

codebook. A quantized channel matrix H, that has the largest On, 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 H;,). 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 Hj, 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
CD1 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



[0033] Metric QH, may be conputed for each quantized channel matrix in
t he codebook. A quantized channel matrix Il, that has the |argest

H, e and matches H " as closely as possible may be sel ected and
provi ded LOEHEIGEI3 for the interfering cell. The chanREFURHOYPL20,,

may thus be quantized to H, that is maximally correlated with Hth
(rather than mexinmally orthogonal to IL). In another design, the UE
may quanti ze each row of |IL based on a godebook of quantized channel
vectors and nmay obtain a quantized channel vector for each row of
H". The UE may al so quantize Kt, in other manners. The size of the

codebook of - qiaa E}Z@ﬁbr@é&@%ﬂ%@ian-%\h}]}{;afﬁ%s 8%0%?1%‘1%&,, g??osgﬁle.s ?la@%rga yt O

obt ai n good nulling performance ere signal 1 ng over
The CDI for t%@uﬁfﬁ@@gﬂ’@wwf@@i*inﬁwoﬂwphdéf pviindex of the

guanti zed channel matrix, an index of each quantized channel vector,
and/ or other inforgratien.p,Jhe UE may send the CDI as SFI to thegq3)
interfering cell. Since 't he reported H indicates the direction from
the interfering cell to the UE, the interfering cell may select a
precodi ng matwhcxe Poisltie (ab perddiggodnat inttiee dddehask,possi bl e in order to
reduce interference to the UE. [0034]1n a second SFI design, the SFI
may conprise a pr&rolitmyiirdpdicaive efdhcthesoneBrpPytveer Pepttint er f eri ng
cell. The PML for the interfering cell may be determ ned in various

manners. |n dA@3desilyn Uk ney wiechhpresedingcmatex giebbrs dhangnatiett Wex andfis g a
9 codebook_of ,nf 6GOALRGERL M TIREFE mhi &na'as ifdSx OF thi@fﬁ&@é@ﬂgtrﬁﬂ%as  SET for
possi ble. The UE may eval uate each precoding matrix 1 n e codebook,
as foll ows: =thejipterfering ¢ate | The gglected precoding matrix may include the “best’ set of linear
combinations of effective antennas resulting in the most interference reduction at the
UE.
[0036] In another design, the UE may compute a precoding matrix P;, that is as
orthogonal to H;, as possible. The UE may perform eigenvalue decomposition, as

follows:

H'H, =EAE, Eq (4)

ot i

where Eisa TxT unitary matrix of eigenvector of H,,, and

Aisa TxT diagonal matrix of eigenvalues of H,.

[0637] 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 H,.
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 P;, (e.g., as described above for H,) to obtain SFI for the interfering cell. The



where Pt is the P-th precoding matrix in the codcbook, and QR is a
metric indicative of the orthogonality between Pt and Itu. [0035] The
UE may sel ect a ecoding matri x that has the small est Eﬁ 1 and is
the nost of PRYY dﬁﬁ? to IL. The UE may send an index of PCAIUS20P/8H3Mi ng
matrix as SFl for the interfering cell. The selected precoding matrix
may include the 'best' set of linear conbinations of effective
antennas resulting in the nost interfergnce reduction at the UE.

[ 0036] I n anot her design, the UE may conpute a precoding matrix Ph,
that is as orthogonal to 11h, as possible. The UE may perform

ei genval ue degPRRYSELd ROSFIAS tﬁeqhtb@%@g oL, ax&hﬁgayﬁﬂen(sﬁwgﬁé 'Iﬁsatr

TxT unltary matri X of eigenvector ona
matri x of ei gférli”\‘ﬁﬁflhtﬁ‘@squéﬁtlzﬂ_l’m [ YBB Mﬂblaﬁ%/feﬁm?? Flitf)(feEnF%tOdeFféct eri zed

by the properfoysgiH By el andt@ Rsibn,i B @M HGNEd bfuifPRl rvx'rz?ﬁ mulipleCRLINTS

of E are orthogonal to one anot hér, and each col urm has unit power.
The downl i nk end miag feleRing . preqdig mgriv &) thy iterfying el hagaldng into

ei gennodes, Wagh#: & mn{elel-Eé c&paEﬂ%/ TTlféQhEJmQﬁ d&fveg sPafal fiﬁgr%arirgpoagé?l as

T ei genvect ors and may be used to send data on the ei gennpdes of
111". The di ajohahenasldnuit doror seaving ecllei Gen VBl mesthemaeriorapeestenspatiple

power gains ogro@ehga}geﬂog@ammlogffmm}wam]ﬁ% eaﬁ@ﬁmie sgét@ﬂﬁmérsna% AT €
associated with the ei genvectors of may i ncl ude

up to R non- Z&F &ayi Y@f8#acad) RpReAing ma§ﬁ‘d‘“z"e?‘61§bq°5r‘”1flh%l SEYFRRYQR Algpt the

di agonal el engaiias filidrhisu®i YBIDEREEIYYShd DEETROUE %p@a@& E]Qrct:&iu{ghﬁatﬁ)@{hgt
di agonal el enents lcge{é‘ are orthoggnal to H fi and be included in

a precodi ng &MY befhgcqiper @r‘aﬁgﬁt“i‘t?éhﬁpﬂlal(Ié‘ergma“’és TheYErmyed
above for Hi "protige @btcRicRd Blebodi®f mithead IH e tighh®@rmekén. The 10

[0039]  In a third SFI design, the SFI for the interfering cell may comprise a CDI or
a PMI for the serving cell. The UE may estimate the downlink channel for the serving
cell and may determine the CDI or PMI based on a downlink channel matrix H,, for the
serving cell. The CDI may include an index of a quantized channel matrix, an index of
cach quantized channel vector, cte. The PMI may include an index for a precoding
matrix or vector to be used by the serving cell for the UE, etc. The UE may send the
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 scrving
cell as possible in order to reduce interference to the UE. For example, the interfering
cell may schedule a4 UE that may be minimally impacted by the beam selected by the
serving cell.

[0044] 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,



UE may send the SFI to the interfering cell, which nmay then select a
precoding matrix to match the quantized P10 as nuch as possible to
reduce in ference to the UE. 100381l n yet another desi t he UE
may be eq&ﬁ%ﬁggk%ﬁFh nmul ti pl e receive antennas and nayphggg?ﬂy%%mﬁ
precoding matrix for the interfering cell by taking into account its
receive nulling capability. The UE may derive a spatial filter matrix
based on a channel matrix for a servingjgcell. The UE may then perform
recei ver spatial processing for a transm ssion fromthe serving cel
with the spatial filter matrix. The IJE may eval uate each precoding
matrix in a qegapook, @élﬁﬁi,@%atﬁﬁﬁﬂlmﬁtihﬁﬂnatti*aﬁ‘tforttﬂ,ﬁin%pf@ltiﬂgaéellfrﬁalytc‘é‘ﬁl rise
matrix will be used Qy the UE. The UE may sel ect a prccodi ng HHPFIX
that can proVlelerPHE forathe infeaferna copl, %@Wfd%l“ﬁlafﬁfc@e VirYIng eileanslfps Forag other
filter matri ?qnfomioh{Ermmea&ﬂl\gIc@@mhlf@sessré s%ﬁt_ﬁa@ﬂull?ﬁlﬁeﬁfb%ﬂ&n ARG dtdrind s
SFI for the interfering cell. 10039]In a third S design, the SF
for the interfepfingmati thatean stegristiaBgnissionpvay fron tedirestiop of e User vi ng
cell. The UE pogue) estrh bRt @sibhehedibMMal BimsrRa B AehsnfiQfulinh 8.if @TNGNEs k!
and may determne the CDI or PM. based on a downlink channel matrix
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for the serviin@rfelglccRsitbhilis EQN ndt Bplying ek kedtiaNgil 16 ] ihfornSitiBE ortoP@ating

CDI/PM for the seryvi || indicates the.direction fromt serving
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order to reduce interference to e UE. .For exanple, the ipterfering
Cel Ty scheitieb TR IHRE HegeIbE T il PR AERie Bysthl BiSi
sel ect ed by tihecsgef vpendoopetahsmifsOd Oht intafeciihedl e iegrning HeanShit phoer
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exanpl e, the Bk tonmyeasoihisnrageniopmyveo levaidyahy eatnit quliihataimeyierbde spatial
ort hogonal to e. e. pri-nei.pal ejgenvectors of the channel
mat ri x 11111,nm(H Pé‘ﬁgr&%&b‘é%‘%‘?g!’ﬁ%c@% shown in equation (4). As
anot her exanpl0e43} cerlh anethar deagny dre ) atay aompriscessiivegnuitong dom @SN imd
for the UE fo : i ssien f Vi Lo The .

then conpri sevs e Rpid AR Bu' b O VR ARG uMlef ik prbpein bor Y
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11 [0041] In general’, spatial nulling information fo e Intertering
cel | may conpietese Qg grinepgy ifdigate theamgqunephredicep aptpricr@or power NG tof or
the serving c&gIE?g}g{ S OLNEL debMeQETBd i OR: i ptenf.erngnse! |
may use the spatUi a nf}ﬁ {“andgﬁﬁ‘f %J}rratﬂlrgbfrﬁ&tlﬁ’ Ja]gt e?’qug;get{ar %gcdg :e{%gb&l

matri x that ciaevst Beerinferferingrogh Sy shangleteamiag it frensmitiiewar leedd brwsaA opfthet he

UE. [0042] I n Qé\ﬁvedﬁﬁlih@;gaiﬁ, he SElachBYe &0 MREd:SEeertdc@NSR For MW LieNgrigai n
(TNG resulting fromthe nterfering cell "applying the spati al

nul I'i ng i nf orifetiveonlipecoindery Ay berfecieped imenibe pEsefrinjerisongenare farithe UE.
interference pRWRlrib@iy delIQMyt KR nbdit 8MER I ROvAGR b b tdReilDhSuicE bdin but
appl yi ng the s&gtl al nulling information and (ii) interference power
10L, ~ from t heihqt 8¢ rainggargd ittenfirense enilord YE-not  appl ying the

spatial nul i fpg4d;nf orrBUEORay @EndOREr SH1i RY BPERKSRPR) cell THESY rﬂ?%atial
determnethe_transmt,_nu_lllﬁ]gegpaln as a ratio of I1sm to L e

transmit nul | PRYEGECiHgRoR ik Silary spepisia oAl Mo Byt of
! n]E erference ponelor fa[)PQJﬂD fﬁ_h(ﬂlel s@lfvlﬁifgf 1) aﬂgélfsﬁl:cit' nulllfngtgfléﬁn, 8 R@deivalnumyt lhing
Information I's use y fthis ce I nstead_of _open | oop tr Ssm _SSI1 on.
The interferi ﬁﬁ%éé’ﬁ]er HRESMRESTer 1R AR %S’tgfl’a‘ilfg HE MBHwe &%\?@fgﬁ?ﬂﬁé@ theg
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 (1.3) signaling exchanged



[ 0043] I n anot her design, the SFI nmay conprise a receive nulling gain
(RNG for the interfering cell resulting fromthe UE perforning
receiver s §tialtproce55|ng for the serving cell. This de 3n nag
especiaIIQB 6%Ppﬁéﬁﬁe if the interfering cell is eqU|pB ﬁ“ﬁ‘“
single transmt antenna and is unable to performsteering for spati al
nul ling. The receive nulling gain may indicate the anount of
reduction in interference power due to f)he UE perform ng receiver
spatial processing and nay be determ ned as described bel ow. The
interfering cell may then deternmine its transmt power |evel based on

the receive %}okégme 92ikBaul €T WE bRy 361 RY Sritd e s&fﬁ&gﬁfy LR WaiENRS
| evel for the he receive nulling gain nay al so factored into

the target i ntefepeienoa mabilisy of g UtEhféldl}JEq’“‘fbhé‘ ¢rrfaciprp. eFPln@‘a’@@PJ ther gz

not need to kpawchie Wl #e Bferthi @pﬁfe}f@n@%dcw&ug@bﬁbtaLﬁtansrnat Rfingt he
resulting target interference |evel for the UE. [00441The UE na% send

the SF1 for ttrYethiSr?tﬁ@Pv@f irgmeility qopdidemise e WhathealE ingy sprdeipe ABkat 2

mtigation. TiGvepkdte fBY iROHRIE HRodr fél;)lto @éll WMt OF qaaEaestdnetc&{dﬂt%lf&g
cell, a CDl or a PM_ for the serV|Q%: , a transmt nulling gain,

recei ve nul | it Wai Ak Qfamer 2l Ay Hf‘&‘%eﬁﬁ‘tef givester]: gndestidst o™ hi e
may send the ShéradlideeH kiouldcdiRsbohdies tdtivalg r6cehd chadidl @nMkRen ofBSIIN,
the UE may seq%?the SFI to Ehe serving cell, which may forward the
SFI to the i ntoH gt ignsediulting. 4 ° "via Layer 3 (L3) signaling

exchanged  12[gb45) ough ahdiker b@ﬁ&h@d{;a} a&hﬁ. &lee aﬁ(ﬁﬂdayt Mcﬁﬁﬂmeﬂtﬁn@dma

el ettt 5 B0 SRR o P, B S e
and possi bly o a
faster rate tm@itigmionFbehd Qﬂinlagaamélbﬁfcﬁ?ﬁbd mtdﬁnff@mbiamet-src&pamntg ofl hkih&rg
by this cell @nﬂﬁé | ow.nD Ilh Y. gﬁ$ ilon for the UE. The UE may send
the SFI at a 'O giefreratiped §1tharq Feyarls FRgmbmigidy fenmto cel | under
5\;1 atic or quaﬁ'ﬁf&}t atlh mngamgnt g:oantefgﬂaﬁng be ethpe‘HhﬁﬂllJBulﬁply ngﬁslﬁt sreeﬁldasSFl
enever requested,. as described below.
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i nformati on bgeds erannhtsioast japditeetebnigtal ifont arenk [and/er, 9. redugs utﬁgramsnyt of

t he designs Gribed above for the domnlink. The cell may al so
determne a transmt nulllqﬁﬁgaln , as described above for the
downl i nk. Thel08#l f dpn anpther lénfaeeqlln@awpermly reqsingi igterferpise pling 4br an

nul ling inf Orm%% UE Q&u %ﬂe@%ﬁpémﬁgﬂ ll én@ﬁiltgtﬁi!eﬂla elthg celTnﬁngQQ!EJt aWto

send the SFI to the inter erlnﬁ he 1 nterfering U y use the
SFI to spati afervp by ek iptp accoyd fieritedirsa UEn a direction away fromthe

cell and/or tmohﬁducﬁwcH?m@f@ﬂﬁﬂh&m@&M@&bmiQ@ﬁﬁhﬁ?b@@&ﬁﬂ&ﬁa@es'gn a
cell may performreceive interference hulling f

r,=h, s +h, s +n =h, s +n, Eq (5)

us i uy Ls

where s, 1s a data symbol sent by served UE u,
57 is a data symbol sent by interfering UE j,
h,; 1s 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,



interfering UP equipped with a single transmt antenna. The cel

select a UP to serve by taking into account the interfering UP.
[0048]The

as:

éFmQPBGBObtaIn recei ved synbols, which nay be ex?resse

h", s" +n" ,Ecl (5) where su is aPH&U32W0%/MaN

sent by served UE u, sf is a dat a synbol sent by interfering UE j,
a channel
hi3 is a channel vector for the uplink ghannel frominterfering UE |
13 r, is a vector of received synbols at cell s, n, is a

to cell
vect or

S,

vector for the uplink channel fromserved UP u to cell s,

of total noise and il DL&LGF RAGR sEUGRPk lifOM UE |, at cell s

n, is a vector of total noise and interference at cell s, and

n, is a vector of total noise and interference, except from UE j, at cell s.

[0049] The cell may perform receiver spatial processing to recover the data symbols
from the served UE and to suppress/null the data symbols from the interfering UE. The
ccll may sclect 2 spatial filter vector m that (i) matches h,, for the served UE as closcly
as possible and (ii) is as orthogonal as possible to hy for the interfering UE. In one

design, the spatial filter vector m may be determined based on a minimum mean square

error (MMSE) receive filter and may be computed as m=gR h _, where ¢ is a

us»
scaling factor and R,, is a covariance matrix 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 signal-to-noise-and-interference ratio
(SINR). The cell may also determinge a spatial filter vector in other manners,

[0050] The cell may perform receiver spatial processing, as follows:
§u=mrs=’su+ns 2 EQ(6)

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

#; is 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 reccive 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 Ipye from the interfering UE with the cell
performing receiver spatial processing and (ii) interference power I, gxp from the
interfering UE without receiver spatial processing by the cell. The cell may determine
the receive nulling gain as a ratio of fryp to L rye. 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

may

S

of total noise and interference at cell s, and n, is a vector



[ 0049] The cell may performreceiver spatial processing to recover the
data synmbols fromthe served UE and to suppress/null the data synbols
fromthe | erferln UE. The cell may select a spatial filter vector

m t hat (|) o 1", for the served UE as cl osely a§C56§§WﬂP@”5nd
(1i) is as orthogonal as possible to h, for the interfering UE. In
one design, the spatial filter vector mmay be determ ned based on a
m ni mum mean square error (MVBE) receivg filter and may be conputed
as m=a Kir h.., where ais a scaling factor and R /" is a covariance
matrix of the total noise and interference. In another design, the
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recei ve nul |l ingi@atulling Qhintt UenkgkiRy biplicddle ih Fsbtb ldefGyrhdn@h tiheh Gadnl
perform ng receiver, spatial proces for the served UE. The cel

may estimate P § t“éaryfsé'r“"éﬁ’éf Pewe e“hﬁﬁs pirdomot Brve ol e &F fegintoEesiig h

the cell per fIOEsmHt@cd’ eGefitvehureRAbf rlrs PIeEESTERGd ARerulig UE ind¥ BS fredegince
power ./"" RAT fromthe interfering UE wthout receiver spatia
processi ng bﬁ“@ﬁENBQﬂV”m?ﬁb cell may determine the receive nulling

gain as a ratjoesypf /1TRATel ﬁaajL&@i tHRAFI fof iR ifiteeiny &P Uthk ISRDm@ad ofpfiedy/(i)
thus indicate th unt. o tion in interference_power .due t.

the cel T oar rpil ARTRE Sty OBioERMRr b DR 55 TGS B F Pt tth de
t he recei ve nutlkiplagntemiag) (iﬁ)ca réd’&&ehﬂiﬂleg g if g UIs Tnappee hith @ kinglb entenna,
interfering UE

by taking |nt%ﬂﬂgﬁ8ﬁ%¥ml “?%%%lve eh?%%ﬁ wdgﬁH%§§§@gL§¥ﬁth8Qﬁégﬁ =

14 interfering UE. In another design, the cell may send the SFI to a serving cell of the
interfering UE, ¢.g., via L3 signaling exchanged through the backhaul. The serving cell
may then send the SFI to the interfering UE. The cell 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



interference level for the cell. The interfering UE may be able to
increase its transmt power by the receive nulling gain. [0052] The
cell may the receive nulling gain for a specif] ir of
served TJggégéﬁhﬂgerferlng UE. If the UE pairing is nok E@@&ﬁ&%ﬁ@?
then the cell may calculate the expected (e.g., average) receive
nulling gain or the worst case receive nulling gain based on a
variety of UEs that m ght be served andstheir channel conditions. The
use of receive nulling gain may be especially applicable in fento
depl oyments in which each fento cell may serve only one or few UEs
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15 [0857] FIG. 2 shows a design of a downlmk data transmission scheme 200 with
spatial interference mitigation. For simplicity, FIG. 2 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 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 SFI 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.



frequency channels, and a channel response for the downlink may not
correlate well with a channel response for the uplink. For an FDD
net wor K, stimate a downl i nk channel response
interferiﬁ&yggg&%ﬁ eterm ne SFI based on the downlink Eﬁgﬁﬁ§QW&mmM
response, and send the SFI to the interfering cell, as described
above. A cell may also estinmate an uplink channel response for an
interfering UE, determ ne SFI based on jghe uplink channel response,
and send the SFI to the interfering UE, as al so described above. For
TDD, the downlink and uplink may share the sane frequency channel,
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interfered UE 2. Cell X may determne a preceding matrix Px to use
for data transm ssion based on the precoding information from UE |
and the SE]_f 2. Cell X may also determne a tr

| evel Pdat Oi&ﬁg}“{ﬁég for data transm ssion based on th%a?wwéﬁeé’?ﬁ)‘fnm
nulling gain fromUE 2, the target interference |level for UE 2,

and/ or ot her information. Cell X may then transmt a resource quality
indicator (RQ) reference signal with pjecoding matrix Px and at a
transmt power |evel PRO-RS, X, which may be equal to Pdata, X or a
scal ed version of Pdata, X. A reference signal or pilot is a
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[ 0064] Each cell may receive the precoding information from each
selected UE as well as the SFI fromeach interfered UE. Each cell may

honor or %ég@ﬁﬁ&; SFI's fromthe interfered UEs, e.ggcgﬂg§0§gloﬁg?4e

utility lev riorities, etc. Each cell may schedul

UEs for data transm ssion on a set of tine frequency resources based
on various factors such as those descri bed above for initial UE

sel ection. For each cell, the schedul edigUE(s) may be the sane as or
different fromthe initially selected UE(s). A given cell nmay not be
able to apply a suitable prccoding matrix for a selected UE, e.g.,
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cel | . The SFlavedepletsthervels. al so be sent by other entities. For

le, th , Gl .
ntert oring T T JosbPRPHRMpREa HRgkR: BERY Sl donP ahiiNbE
transm ssi on ¥dheayelsgGBteyminha pemitglowienleed fevnse doalat tranguitsian . Eaflpeell

sinmplicity, F){n% il éi} %Hg%Remeféretn\é\%@ﬁL %ﬁv%g@?ﬁjR& %H&s%t%acwgaleétg@ggliaz

in FIG 1. Ce : servi ng and I's interfered
2 on the upli#khogeinFI§. 3G A gyer ¢allmepysend R@loequars andaiid raquestsrie differsnied

by UE 1 on thgeyUptdr Biemplcl 81l PARGLG of st AVE (2 &dtn%gsi%dscﬁcpad RG1

serving cell X and may send a resource request. The resource request
may i ndi cat e ¥efkesige Ubrd: 14y cadf mayrpdsorserflel requeia toaprdtile UB$ fog Hregameses eind

by UE 1, etc. ihdnQRendesb&estdhaliow Se BAL o HRRMN bibofiliRtic dehefind HOES
not send an SFI requeSt to interfered cell Y. For this design,

interfered cebaedonthyRQbpmaimse UFs.UJEach schedled BE may éatorminsand fradl RQT to

spatial interfakRNeecMat sBahiPM@YpUE 1 is desired. In another design
that is shown in FI'G send an_SFI request to interfered

4, UE | may
cell Y to askl08@fl] ynihs dgeensarne HRY S@n®: spyrvipgeelmay senden BFhggguest so
send a refereqce s gnak B ORI SFN hESAMERg c@MUAS tanbBeraddsighy #Ach
cell to determ ne spatial nulli ng i nformation or precodin
i nformation fBfertgjing cell may send an SFT request to a UE to ask the UE to send SFT 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, FTIG. 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.



[ 0069] Serving cell X may receive the resource request fromUE 1 and
possi bly an SFI request fromUE 2. Cell X may send a reference signal
request t g.ask UE 1 to transmt an RQ referen Cel |
X may al sgvgg?gé"rlriﬂﬁﬁe precoding information (e.g., a CDI %3&'83&@%0# or
UE 1 and may send the precoding information to UE | (not shown in
FIG 4). Cell Y may receive the SF1 request from UE |, determ ne SF1
based on an uplink transm ssion from Uggl, and send the SFI to UE 1.
If UE 1 is equipped with a single transnt antenna, then the SFT may
conprise a receive nulling gain and/or other information for UEI. If

UE 1 is equippeskiwi tie Mibdyivaleddd ANSAd {o Iﬁ.%ﬁﬂﬁf&ﬂ xt&]ﬂr]n hendEtesiBde
conprise spatial nulling information (e I;M for ceII

Y) to al | ow UEIUESt oTh§t"é“€F“°F feguest B1HY mdéfgiedhe Prr*Pf%&Y af ‘rhéé‘iqfi% eyt 8im

cel | Y. [0070§ddzo LeridBy UL icY & ctnlaaegi@ftﬁartwsmmahd @cm@saoefs Leeid S
serving cell X, _the SFl frominterfered.cel] and possib

precodi ng i nf 8 HALTHR (S BHFSER §Phg- d6r hlsxlems? ‘UE*f@qu %e“éaﬁ%b@d S in a

single trans fTUE 18 dlIeRNRterhineNthbEsphtidlByterft@dRE Mifgtign by XS Mid dRRVET In
d on the receive

| evel Priam' g}ﬁﬁu e. faor data transm ssion bas(ﬁ

nul ling gain ¥ %“é‘lgl”‘?‘t s g F e Uit ePpeteRhpbShlacpst fpintefped ool
and/ or ot her m&mmofm detdmidE ahd $e8id S8ELIcOPEA. WE D niailelsbd Pin@ ot eRRSES
ant ennas, then U 1 H eterm ne a rec di n% Eglﬁrlx Pi . to USF f]OI’
data transni sE¥ aB%fsé’ 17 EiEp el F‘h@l PheFP FaY (oIFePin seiaf nling, g
t he spati al ninl’dnlnﬂgmIoﬂfn@dfdﬂi&iohﬂﬁrnfah&ﬂfoﬁﬁl‘ﬁl1 Y. UE 1 may then transnmt
an RQ refere

transmt power |eve -RS. |, an
possi bly wit hfbﬁ&%co eﬁvdngrrﬁﬁf EP[ECCBREF ' RE!TC %V*‘J@R"SHEE a“fi(yo*iﬁg’&n?”i
or a scal ed VSHIStcﬁlE’stﬁ‘meﬂiﬁll acdirx hﬁ@?eh]:iSedsfvlleﬁrg s[gﬁhllrecﬁiesﬁf&))ﬂJE eaedsk @Ethe
reference UE 1. eterm.ne the
ARGy o Lt S e e B E T e
sel ect an l\/CS(engra UH d altadie dordfE t hel mimascne khcqmbd‘hhg/mfdfmhtion)(o oyl (not
gener ate an UBl | n Cﬁ&} Cew %Q rccéb 1&9 g}flld 1é uet!t%} QE f?egefn%/?éisr‘#e lg]aesed

assi gned resour cés) trans
assi gned resoar uemlnﬂatrddsonssmn Hilem Wiafl ommmnd)the SBetol UEXE. rrH}UISer‘rﬁjecmzipaed

P accor dance s Fnth et HEE el G, Uabi Rty R B 6885 87 @
t he assi gned etegoupoetion @e|UE X HAIE i@creumeedt\hél ld@ltlple treEnstAngsiaenthér om

UE 1, decode fihayi gjgywnggm% SANRITRL Hor B0 10 NPCACH 4 PUPEIRE 97 10

based on the decod orrratl onto
100721In the dém@ﬁigimnﬁawnm@w@ﬁ aglirecgpn awaqﬁm@cellr?ﬁy be sent in

downl i nk [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 Py, 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 [ is
equipped with multiple transmit antennas, then UE [ may determine a precoding matrix
Py 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 FProrrsi and possibly with precoding matrix Pi.
Pror.rs) may be equal t0 Pyug,1 or a scaled version of Pogra 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



subframe is, SFI may be sent in uplink subfrane t,, an RQ request
and an RQ reference signal may be sent in downlink subframe t3,

may be se k subframe t4, a downlink grant an

sent in dgﬁﬂkgﬁﬁﬂéﬁgfrane ts, and ACK i nformati on may %g%@éﬁpgﬁﬁmﬁ
uplink subframe t6. Subframes t, t2, t3 t4, 15 and t6 may be
separated by the sane or different nunber of subframes, e.g., by two
to four subframes between consecutive syybfranmes used for

transm ssion. In one design, downlink subframes ti, r3 and ts may
bel ong in one downlink interlace, which may include downlink

subframes spaced:y RR@NS Wbty ok ﬁetua&%@a‘e@soumem/& RRY il§imiafioh. SEif Rbh&
val ue. Uplink subfrants Li belong in one uplink interlace,

an
whi ch may i ncieibidiedplinn graeitsf Yl de U5 paeadreepiar the pplink gumfiregepssdata m

[0073] I n the QesiGbe SHAAe isBlediddOMdE, add rseﬂowdee tFANHESIn 80 theafksiBidd
request may be sent in uplink subfranme ti, and a reference si naI

request may OEWER: tF! ﬁd{ml ‘ie?f’k"est]}‘bfl"’rt%l%“ﬁ“ss'ﬁﬁ er@ UE df dscedicee &g

may be sent itnbikdisK dsteifiia ekt iBforadiol Bhied fon GheddcodTBY rdd8t, SRNEcnl Ehe
downl i nk sub%@q%gm data nmay be sent in uplink subframe ts, and ACK

i nfor mati on orgfien - Ebwnl i nk subframe t6. Subframes ii, is,t3
t4, ts and t6[0my bensmoads@h&dmbry it REG, SRR ST rdfuést @fa@ne somTh Rowalink

subf ranes. e desi | i nk subfranmes, t3 and bel
oo ool | e & SR o ot R G Pty oy BOL K S o
in one downl imkrdngd eighadeeny BOQRAnl dowantiek dﬁﬁtag:ﬂ,zg,tltr@l ﬁl@ﬁﬁurs&ﬁSn fupkink

nmessages and data tran ons be e cit nve ed. Fo

ex arrplge in FUESTARE Ly °§I‘3fa? %r&?}é’g? X%Va‘é SeI“b‘rn dlgi'flh orofanEds FP%AE}& a
resour ces, arnnfa@hatroeq:we% sdémyn akik fsﬂ:rfraﬁl@f( fSubfrapsal, fze,J(,]I 6 i ataad g, may be
resour ces, etc rces sed. t en
reasages. "t ne pEaBLRCEE e B EAOLplrRe pERBREERS il wb R fhgemes

resour ces usesktwan sce)mi:cniafb asubfransmiséifons a:rmysshe i pbie |dbdlgn (rtommy(ed

II.: gg Oﬁ?gggl eRs f}@ﬁ%ll:e% témfa an('? ISSII'.:Hla F%%ilce %%:Iog(%a Oown mlS( 1Pgerler(ce,d aFV\Q néago nclgtg:
RDATA, which dmylllt.liesubfrmkwpmd REF(byL2 BQfraifibe wRGE Lr eéyebecang suisblgnalus. of

all cells cor ot

ver| ap, so t ROTR IR, b B CARPOARh o BRI EES SRR ﬁ%}u%

t hese UEs f r owmliak bubfemntssspacthepaBitly Lrmmbfidmeessent on upI i nk resources
Rsm which | l

the SH roquady ™, | ISRell ANl R L R RSt b Bl

RQ request nwyt lbelphlémubﬁﬁm@mvﬁ’fﬁ ﬂmka reé@*mge sigual m.t REQbast maipwablﬂc
for RQ for ] e

RROTREQ Thedsq}%ujdl&k B g%fglr%rﬁﬁen ! ?yeﬁga%lﬁ hqa e %éa?gfe%cﬁ Ak 6ran
sent on downl !ﬂlﬁkber%gtomrfle\eslmklsz@fﬁgeandatmw bfeseselntupbﬁ( Slubffrfirmﬂ(fs,raeééﬁﬁces
RRQT, whi ch ng¥-Rgik! r !BBQ%7

explicitly i ndl%cat 1ejd H?E%??lénpll%%g%ﬂedk&gﬁ Tﬁ e re teng%crggnglngﬁrég}lb& may
be sent on doWaiptak by dBodteR 9T FélﬂﬁfgfenRsm@h‘H ‘Pfa%}lbﬁf@m@ﬁey Ing opst deséshi glink
matrix and a LGRS SRONEmdye¥Rhe mmbﬁ 1% GlerPiRe, AR iRk dRk&mes £, 4
resources RDATA 100751The mesSsages and transni ssions for spati al

i nterference #itd Hathelone egne dovwpinkdderass-i ous types of information.

For exanple, fobes)mesisa@e dednt e REARTeS &ir M8sabQr andRAal i?dnsxh@gﬂﬁfsflﬁfg%y:e
mtigation on the downlink may include the i nf or mati on describ

bel ow. [0076] PRIGHE cefesyeyn, Fﬂzirﬁxeril?ie r lequ@st2 apnt! feguest ory ek frndil Jere
one or nore Ofpediie@ddiDicbAMe)@h RQI request may ask for RQI for specific data resources, ctc.

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 SFT request may be sent on downlink resources
Rsrrreq and may ask for SFI for downlink data resources Rpara, which may be linked

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



Each interfering cell to which the UE should send SFI, Tine
frequency resources on which to determne SF1, Uplink resources to

use to se Priority of the SFI request,
|nterfereﬁgggﬁgggr&;and/or Q her information. [00771Tﬁg$hﬁFQW%€Fan
cells may be identified based on pilot neasurenent reports sent by

the UE to the serving cell. In one design, each interfering cell may
be identified by a short cell identifiey (1D, e.g., 2-3 bits for
each interfering cell, in order to reduce signaling overhead. In

anot her design, a bitmap nay be used for a set of interfering cells

to be report edsdaseed iagAT,kJ%ay @aéhagas%hhdt mta ehie e breGRY ﬂotamerﬁ%n@esc%@&b@it ed
with a bit in the bitnma interfering cells nmay be

limted (e.g.by these E)‘&f'é’@l qﬂsﬂ)eﬂﬁ r?harsaémaff Be feBURIcw ik Ej’ﬁ%f?eﬂ&%\)’é’r“ﬁé%

The interferi wegmq(eh |t doRinkl @gbub&s Immgge&&e& @ 6&dl He WL RequBE @k VRS be
power wthin apﬁﬁgdetern1ned Vv within 10 dq% of the

recei ved powefP! BF“?WQ*%QFvsﬂdf%§ﬁ1 AR RET BT Y8y e A st on dgwalide,
interfering c&idurdeﬂm&@b%dd iy bdkEFoSRO] fol dbiafink r&qQ&Z&R]{QﬁS,twm may be

frequency r eshn e t R%;n RE?)Ah Jl"hethf)mgyelgee e@mqgeds bFaseJTa ry an RQI rel'erence signal sent

on downlink resources Rrqrrs and may be sent on uplink resources Rrqr, which may be
linked to downlink resources Rporreq or may be explicitly indicated in the RQT request.
The RQI reference signal may be sent on downlink resources Rrorrs and may convey a
precoding matrix and a transmit power level to be used on downlink data resources
Roara.
[0075] The messages and transmissions for spatial interference mitigation may
comprise varicus types of information. For example, the messages and transmissions
for spatial interference mitigation on the downlink may include the information
described below.
[G076] In onc design, an SFI rcquest sent to a UE may include one or more of the
following:

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

¢ Time frequency resources on which to determine SFI,

e Uplink resources to use to send the SFI,

e Priority of the SFI request,

s 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 2 predetermined value {e.g., within 10 dB) of the received power



portion of the system bandw dth, e.g., a subband, one or nore
resource bl ocks, etc. The resources may be explicitly indicated by

the SFI , by a resource index) or inplici

, ﬁ%&ejgﬁ)g’%&?ﬁe resources on which the SFI reques%k¥lgg§0§?\?§'§1204
[0079] The priority of the SFI request may be determ ned based on
various factors. In one design, the priority may be determ ned based
on a nediumto long-termutility functi@n. The priority may al so

include a short-termpriority differential over the |ongterm
priority. The priority may be quantized to few values (e.g., | to 2

bits) to redugensdeSiiRldeMITRYBENRGDend SF1QH BacH Siftbi@iing LOLINBLAQS inlie SBY
be determ ned by the type of data to send, e.g. best effort (BE),

assur ed- f or wlf#hitHg (AF), expedited- f or war di ng (EF), etc. [0080]In one

desi gn, SFI f[omgm e %Meeﬁdqﬂ&cyeésbure@yonl mémede%ﬁm@rsyma pefantdie
fol I ow ng: d%atlal nul | i.nformation ., CDT or PMI tfor the
interfering d&fo! oEtht Sbﬁ‘e”ﬁRﬂ“d‘f‘”&Fh B-Be? %}@P%dnejw@émore rgpopree blogksggig nflte

nul I'ing gain Iacra)d{c@qrmayes@é;eﬁﬁcmyiddicangd gk, SFI quﬁ&t fae W&you[c%iﬂiékﬁﬁs
on which to reduc ?lnterf rence the interf Tar et
i nterference ‘P’@ﬁ‘éﬁy‘f"d}i’e}’?ﬁ§ E’ e@%ﬁ’ﬁf?sf)k‘:’cqﬁfon “ﬁg’hﬁ éé‘iq“‘fsblsls
i nterference [og79t he Hhebﬂdsﬁt? bf Mg SERkchuest myPR Ricrhaarthasko ﬂf’;@uﬁsﬁﬁétd}@n
and/or  Qther nlo?u]; 8ersqg?i tlhe priority may be determined based on a medium to long-term utility
function. The priority may also include a short-term priority differential over the long-
term priority. The priority may be quantized to few values (e.g., 1 to 2 bits) to reduce
signaling overhead. In one design, the priority may be determined by the type of data to
send, e.g. best effort (BE), assured-forwarding (AF), expedited-forwarding (EF), etc.
[0088] In one design, SFI for an interfering cell may include one or more of the
following:
e Spatial nufling information, ¢.g., CDI or PMT for the interfering cell, CDI or
PMI for the serving cell, etc.,
e Transmit nulling gain and/or receive nuliing gain,
¢ Time frequency resources on which to reduce interference by the interfering cell,
s Target interference level for the UE,
o Priority of the request to reduce interference by the interfering cell,
s  Type of feedback information, and/or
o Other information.
[0081] The CDI or PMI for the interfering cell and the CDI or PMI for the serving
ccll may be determined as described above. The CDI/PMI for cach 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 resocurces on which to reduce interference may be
explicitly indicated by the SFT (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



[0081] The CDI or PM for the interfering cell and the CDI or PM for
the serving cell may be determ ned as described above. The CDT/ PMI

for each e provided with sufficient resol uti .g., 8 to
10 bits) t%gb %ﬂgﬁﬁ‘{?g the desired transmt nulling perfogﬁg{]ﬁgé‘gwﬂﬁm
serving cell may request the UE to send CDI/PM for the interfering
cell and CDI/PM for the serving cell at the sane tine to enable
accurate scheduling coordi nation betweepy different cells. The

transmt and/or receive nulling gain my al so be determ ned and
reported, as described above. [0082] The tinme frequency resources on

whi ch to redug®erdib Qlth&ligNER: mankbem%eielsﬁwahaé lh&s‘ysﬁ@ﬁm DYurbil ook
(e.g., with a resource index) inplicitly conveyed (e.qg., linked to

the resour cesHHPIGATRIRMER @r &frpe ?‘§61§@?ﬁ§eq“qfﬁé dimengioy. r@@f-’u@ﬁ’é@’ eBoiflces
my 23 covermgng @d]uab@nﬁ ﬂnﬂn@ﬂ@ 1St reaa@,t W il aRd %&%ﬁﬁ#ie bNnRRe

subfranme, a subba over | e subfranes, or sone
time- frequenc@ar{j? P%’HWid'ﬁHeseB?f?‘SrsiFﬂ gnay rhe e g*,:q:aclpréeyg b%ﬁhwd‘f’@ﬂ‘t he

priority in theidahb ré®ee esliback Paydoddl deba {)\Q di'efﬁﬁtdﬁ?(:llﬁi% nﬁaﬁim? may rif&ﬁ@te )
e sen or _eac e.

than 5 MHz bandwi dt h) ar at e SFI

bandwi dt h por‘f’l?e\ﬂlr rihg F%Hﬁ%é‘ﬁ%ﬁ&@é&?&“feﬁ%vﬂ@&&o the-phanpe) Bervegn thf'e@msfa%ws

i nformati on naY shdfhe CEtad WhetMiahat i bSEdedwm@rsbnmg cll of thdWE. Either one
corresponding to the chgnngq@abet Wee erin ceII and the UE

and (ii) PM ¢ 5w gl t'%’ymf“h g seicdylg doeisiopat s

one or both tMﬁfﬂSnﬂgfcci Lnformati on may be useful for maki ng scheduling

oot 510, 2l R P 225 e 3l
frequency resfollswies: on which to determine RQ, Uplink resources to
use to send t he- R?irhe frequency resources on which to determine RQI,

s Uplink resources to use to send the RQI,

e Priority of the RQI request, and/or

o Other information.

[0084] In one design, an RQI reference signal may be transmitted by a cell in
designated resources in subframe 13 and may convey a precoding matrix and a transmit

power level that will likely be used on corresponding resources in subframe 7, =7, + 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 RQT 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



Priority of the RQ request, and/or Oher information. [0084]In one

design, an RQ reference signal may be transmtted by a cell in
desi gnat e rces in subfranme /3 and nmay convey a precodl ng matrix
and a traﬁ'g{’r?‘fﬂ%%\ﬁ% level that will likely be used on EHPF@Q%%Han

resources in subframe /5 =/3 + A, where A may be a fixed offset.
The transmt power |evel in the corresponding resources may be the
same as or different fromthe transmt power |evel conveyed in the
RQ reference signal, e.g., depending on Q©S, channel quality
conditions, etc. In one design, all cells may transmt their RQ

reference si %ﬁb@omtotmaﬁaarsﬁm{naslwzqﬁﬁo%ﬂ%neﬁﬂoﬂa%1% QhideelefN the UE.
cell-specific _scranblin is may allow a UE to nmeasure the desired

si gnal conpon€t Rt gy ?@efwwge @euentgRdl chywel agalipy B enbwe flpxgmand a

interfering cglfsnhpsad fOadi Jdﬁ@ib@di‘iayéc rrasriabt B8y AQA&mpliQa hiles cator
cells. The Rgmreference signal s may enabl e accurate neasurenent of
e

resour ce- sp ©-ghahAd ot ?:Ilbﬁtf)oﬁ’sc%"@h Uenumbey of \iaysra o] Uy BF Hekd.
The amount ofyRvgkdead nay be dependent on the desired resourceI
granul arity 85] I.n one desi froma UE to a serving ce may
convey the cﬂhg%él g IResspeRT 2 "HH?“W%%O“P forgtratinl yrtpr&e s @E%gag%bp? ety

or inplicitl Yuphﬁ!ldm@ﬁhleiddd(ﬁb @ﬂam‘f&@on gleﬂm&the inftB@nakR6d ddi@Ibe§ WIRE Fo? §patlal
guanti zed channel u \é rﬁ four ? q{%re bits) for each of at
| east one | ayBFrte qtﬁére“ga P %dqv?“é‘ﬁ‘%?ﬁdég igipthepinf@atigE.  Each | ayer

my 24 [0087] In one design, a UE may send SFI and/or RQT on a control scgment that may
be cleared of other transmissions. For example, cell X may reserve a control segment
for UEs 1n cell Y and possibly other cells to send SFIs and/or RQIs to cell X. A UE
may send SFI or RQI to a cell using OFDMA or NxSC-FDMA,
[0088] In one design, the messages and transmissions for spatial interference
mitigation may be sub-sampled to reduce signaling overhead. For example, the
sequence of messages and transmissions shown in FIG. 2 may be sent once every
scheduling interval, and scheduling decisions (c.g., the selected precoding matrices 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 eyclic redundancy check (CRC) to distinguish the
SFI 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



correspond to a spatial channel in a M MO channel fromthe serving
cell to the UE. The RQ may al so conprise a quantized channel quality

for a bas d a differential value for each addit.| er
The RQ ngflég%gé‘m%%nprl se a rank indicator (RI) (e.qg., P@?%@@”ﬁ\m wo
bits) to convey the nunber of layers to use for data transm ssion.

[ 0086] The nessages and transm ssions for spatial interference
mtigation on the uplink may include (igs information simlar to the

i nformati on descri bed above for spatial interference mtigation on
t he downlink and/or (ii) other information. [0087]In one design, a UE
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persi stent schedukl lgzo f)negsagewhay Q may) bddmo@ er B sihenctkerhietigi, ahe
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the cell may se an exi st I'ng
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ser ol 1 | Shy HEL PRAMIIBSH ICEA BT 18, i gl by
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format. The cg}, e t he
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one or 25 several HARQtransm ssions. he cel may al so transmt
dedi cat ed ref BP®Hce Biegpatiabinisrfereras IPFE@HI teéhlmééf@ﬂéﬁd b9 Elg 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, cach 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



[ 0090] A UE may send SFI, RQ, and/or ACK information on (i) a
Physi cal Uplink Control Channel (PUCCH) if only control information
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or a PM) for the first station. The first station may then send the
data transm ssion based on the spatial nulling information to steer

t he data ], nin adirection away fromthe sec .on
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28 matrices, based on the channel response to reduce interference to
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30 At base station 110, the uplink signals fromUE 120 may be
recei ved by antennas 934, processed by denodul ators 932, detected by
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UE 120. [00110] Controllers/processors 940 and 980 may direct the
operation at base station 110 and UE 120, respectively. Processor 940
and/ or other processors and nodul es at fgase station 110 may perform
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31 plify, 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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1. Anethod of transmtting data in a wireless communi cati on network,
conprising: receiving, at a first station, spatial feedback

i nformati Qﬁo@%ﬁlog%em by a second station not conmuni %?‘hﬁgﬂ(’%%%ﬁ gﬁ

first station; and sending a data transm ssion fromthe first’s

to a third station based on the SFI to reduce interference to the
second station. 2. The nmethod of claim11, further conprising:
receiving precoding information fromth® third station; and sel ecting
a precoding matrix based on the SFI fromthe second station and the
precoding information fromthe third station, and wherein the data
transm ssi on ¢iguis €A$ICH, rofiold pegfainirablc Sh@tairon (APGA) e othbi Hrdgahahble Mogic
based on the (E)rvecogi n maattri X _t3: The ({ret_hoq of claim 1é t\/\/nerei n
the SFI conpri®E& SEAFT a8 0 1 TRY Phi S St TEHe a2 h &P EI R h 9T 8Pa
transm ssi on ¢ombéetidn thygredhdesfghedsto wtfatn dre fhasieck describbe hapiat | Algeneral-
nulling information to steer the data transm,ssjon in directio
avay from t hebLissopg S gk & Berffdunbd RTRIE ShPthan ity SoefRepd e

t he spatial nanyldomgniionklopromsson rotaripr, nsescoatrdiva on ethte ciackiod. | Arprocessor

i ndi cat or (CD . ' ix.indicator (PM) for the firs
station ol B RREGRRLIS BN GEL Sl (B < ok siiiot 8
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llevel based o sél&ﬁreth'é:% %Ha tbe@%!a&i&ﬂdi&@til){]iﬁ ll%gal%%ggisg%g%’l(gﬁloﬂg% %ecuted

transm ssion fromthe first station at e transmt
by a processor, or in a combination of the two. A software module may reside in

RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such that
the processor can read information from, and write information to, the storage medium,
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[00115] In ome 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 & computer-readable medium. For example, if the software is transmitted from a



34 6. The nethod of claim1l, wherein the SFI conprises a receive
nul ling gain indicative of reduction in interference to the second

station dugobmodsRsPf receiver spatial processing by thersReROH204
station, and wherein the sending the data transni ssion conprises

determining a transmt power |evel based on the receive nulling gain,
and sending the data transm ssion fromthe first station at the
transmt power |evel. 7. The nethod af2 claim 1, wherein the SFI is
sent by the second station to the first station in response to an SFI
request sent by the first station or a fourth station to the second
station. 8. webhiee, nervdnod odfer odmmiensofirce fising i evaxipbenplei Shongptics@hldj mgstain

SFI request t -.tgﬁ-tt] 'brg-b%tﬁﬁi%L% ' e ird stati.on to_send SFI
to at | east n_lel’ I %‘t&ef oFi nlg set(ag I (r%Y %%iélggsqelcll}%&r’%%sﬁ%c %fu%gﬁr%df 1r%‘?’f',’ and
wher ei n t he ficgwasg, ddnohe coaxpt icelds fives el?tiﬁi qaflectiidicd pdve DSEC ondvireless
station Conprigasiog {ueh 8L tlaRY, H3E! wBUIRARD! o Wohuaef Al wk ek O
station conprises a served : . The nethod of claim9, erern
t he recei vi ngmedaen SHEsk andrdinci ssased leeesdi, viahugies branr8ft| diss €0 D), Basert dig, optical
interfered UR;l04t08 RaLYENGGBVD ﬂ%pé%-d'slh&ﬂq}?ﬁﬂ dch‘é%f éﬁ-@idmc Susyall
wherein the recéi %n the SFI' conpri recel vi nggt e ‘ sent by 't he
interfered URcprgduge seatso mergassichllyanshifeo iser dendoduce tdat seticellingvithe lldsers.
Combinations of the above should also be included within the scope of computer-
readable media.
[00116] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[00117] WHAT IS CLAIMED IS:



12. The method of claim1l, wherein the first station conprises a user
equi pnment (LIE), the second station conprises an interfered cell, and
the third station conprises a serving cell for the UE. 13. An
apparatus for wrel ess conmunication, ffnprising: means for

receiving, at a first station, spatial”feedback information (SFl)

sent by a second station not commu- nicating with the first station;
and means for sending a data transmgsi@pgfromthe first station to a
third station based on the SFI to reduce |nterference to the second

station. 14. ,The a rat,us~of cl aim, 13, ther co SI n neans for
ot ving o dooki ARG GEAraRsthiiisadiki 18 3 w0 PIGE ans
f | ectg ed on the SFI fromthe second

or selec dﬁtﬁoﬁlﬁ@?\ﬂﬁﬂ@gcﬂﬁp?r mﬂ?%

station an recodi nt n fromth s atl
wherein the B@@@Wl%s ﬁtsal St §t§§1ﬂna‘ ﬁ@ﬁtﬂaﬁft ain tﬂ@ﬁ

third station c@mﬂ'ﬁ ﬁj%ﬁ? f
claim 13, \/\/neril ég{]_ﬂ?%‘orm” s spati ap nuI l'ing i nﬁl g]%th
wherein the dat SEI‘»E\TQEIQih, BQ ent by the first station based on
the spati al
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13, wherein theS‘@ﬂ:uoao ASFhda iregl uer anterforenaa to the
transmt nullin ive of reduction in interference to the
second statiagn %e@épgi gg%t g’?i nul ling infaormation by the

first station. \m@ﬂ@od leéJ E@Bﬁ} gﬂrt%&de@@lpﬁbSIdga
L;gggmof] S't oA %ﬁﬁmﬁgﬁ@aﬁéalﬁ uﬁ‘%}ﬁh THAST8 rh theStHirdRRioh S4eld
selecting a precodmg matrix based on the SFI from the
second station and the precoding information from the
third station, 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 transmis-
sion 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 indica-
tive 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.




means for sending the data transmi ssion fromthe first station at the
transmt power |evel. 17. The apparatus of claim 13, wherein the
SFlI conprises a receive nulling gain indicative of reduction in
interference to the second station due,to use of receiver spati al
processing by the second station, and erein the neans for sending
the data transm ssion conprises neans for deternining a transmt

I I | di
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SFI to reduc @W#%c?ef%ﬂ%ﬂ@tslé‘éw exel drased ag thehgeceive
apparatus of claiuhling gwier eiwl t he at | east one processor is
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to select a precod Iﬁ'ﬁ matri x _base e secon
and the precod| U RS 1€V6Mh t he third station, and to send the
data transm &i bier maathed of cdaist dyiwhareinhthe I T istsiobybtised
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to deterni fl@read tUIsRYSS ?Q\i\@ﬂt (CIR), hadethethifE sta@betbnipldeia
transm ssion fromthe first statfon at the

gain, and g CUEP
transm t po r pgr at of c]aim 18, Wnerelnthe
SFI conpri se iﬂéﬁem%tm&(?ﬁg?@ﬁ%n f‘é’ﬁ?ﬁ%é reeRiydngo the SHI
i nt er f er encOMPrisas secoridingg eo‘ﬁFdlmmbbgrsﬁl@ﬁnten@me’r UHpad the
processi ngsbirvime cdgond station, and \/\herel n the at | east one

processor | s nm.ne ansm t.power |evel .ba on
t he receive &iﬁgﬂ;“gﬁ %ff:?) 1sr'e’lngﬂtvﬁ eﬁfﬂ%t a?%‘ﬁﬁ”é’%@?xgghe
first stat P@ﬁﬂﬁrlﬁt%l’??@h‘émg F] egait by the interfered UE to a

second cell and forwarded to the serving cell.

12. The method of claim 1, wherein the first station com-
prises 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 (SFI) sent by a second station not commu-
nicating with the first station; and

means for sending a data transmission from the first station

to a third station based on the SFI to reduce interference
to the second station.

14. The apparatus of claim 13, further comprising;:

means for receiving precoding information from the third

station; and



37 23. A conputer program product, conprising: a conputer-readable
medi um conpri sing: code for causing at |east one conputer to receive,
at a first station, spatial feedback information (SFlI) sent by a
second station not commrunicating mﬁth e first station, and code for
causing the at |east one conputer to s nd a data transm ssion from
the first station to a third station based on the SFI to reduce
interference to the gsecond station. 24. A nethod, of receiv dat a
in a wirel essgamsnieaselactagw precoding mgtna;eb@srﬂ:dnomgtﬁggSFzL

f eedback i nfor

not communi cat I”ﬁ&'b ttﬂ'%: Cgh(gtgtg %iﬁl ng%’lrﬂ s?gnrédi)%c?ﬁﬁﬁgﬁﬁéhﬁﬁwn

second station: famin the thzrd station, and wherein t e data transmission
1s sent from the first station to the third station based on
the precoding matrix.

15. The apparatus of claim 13, wherein the SFI comprises
spatial nulling information, and wherein the data transmis-
sion 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.

16. The apparatus of claim 13, wherein the SFI comprises
spatial nulling information and a transmit nulling gain indica-
tive 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 com-
prises

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.



receiving a transm ssion sent by the second station based on the SFI
to reduce interference to the first station. 25. The nmethod of claim
24, further conprising: determ ning precoding information by the
first station for a third station; sen%l; ng 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

[ . hod .of €l ai 2 f h i Si : ..
deternining a 19 an Saa s SR sonitiuiiilion. hmprising
first station, aphes gl Elgﬁé"@réﬂesEEhrcteéfiﬁgr1 ?B%eﬂ'\‘/et e %'ﬁf%[n?’%-
sl G Bl r e
oy 199, besation hoe cagpusianle) weap ey Statiodarttc
L"éui Smem (UP), %%st%éi%@ E‘iaé%ﬁl’é‘@%’&l% Foms the ﬁgﬁfeﬁf%ﬁi@ﬁgtsﬁb@{ thirghq
the third stati ostatoonr basedaosethenSiekd feduckeinterfered8e fthehe

nmet hod of claim | he sending the SFI conprises sending the
SFI to the inter %?P#geé%}‘?()h 29. The nethod of claim 27, wherein

t he sending thPQSWhéoathifﬁ&wQﬁ'ﬂidlgifﬂ‘el&':'wh@réﬂﬁ 18RS Wit @ ai®! bnkP

forvard to tpr}%c'e:nstseorrf bt c%n(ﬁéil.lred to receive precoding information
from the third station, to select a precoding matrix based on
the SFI from the second station and the precoding informa-
tion from the third station, and to send the data transmission
from the first station to the third station based on the precod-

ing matrix.

20. The apparatus of claim 18, wherein the SFI comprises
spatial nulling information, and wherein the at least one pro-
cessor 1s configured to send the data 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 indica-
tive 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
recerve nulling gain, and to send the data transmission from
the first station at the transmit power level.



30. The nethod of claim 25, wherein the first station conprises a
cell, the second station conprises an interfering user equipnent
(UP), and the third station conprises a UP served by the cell. 31.
The nethod of claim24, wherein the SFy conprises spatial nulling

i nformati on, and wherein the transnlsS|on is sent by the second
station based on the spatial nulling information to steer the

transm ssi on | 32. The
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I nformati on corrprsmometa'[ah ning a channel response fromthe second
station to the finstestation d se] ect,ing a precoding matrgd x,, from
> codebook of prefedartansigdlic aflitlehdiint ) speiadats
reduce int erferentﬁlﬂﬂﬂlb@l(ﬁmrﬁ‘brﬁt ﬁheoﬁrstasthtd/@?f @é)nattmﬁrépﬁatﬁbn

nulllnglnformatl es ted rec d|n mat rj x.

35. The et hod of Q\&ﬁﬁ [26) ﬁaﬂe%ﬂldl ng
i nformation and ag ’tzﬂ? t nulllng galn |nd| catlve of reduction in

[ I,rst, st.ation due to use of fhe spatial nulling

i nterference t.he
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sent by the t F-ansmt power |evel determ ned based
on the transfﬁft nu ??%gbgal ?’tnﬁ%% The net hod of claim24, wherein

the SFI conp MEIEH@uwtml feagbpalka 1nfornation 68HIgdnyta dirdtn
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by the second sfizst stataong transnit power |evel deternined based on
compr o ng: e RS ol e GERBIRaf 8 | on commun cat -
recelving a transmission sent by the second station based
on the SFI to reduce 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 sta-
tion to the first station, wherein the SFI is determined
based on the first channel response; and
determining a second channel response from the third sta-
tion to the first station, wherein the precoding informa-
tion is determined based on the second channel
response.



ing with the first station, and wherein the SFI is sent by the first
station in response to the SFI request. 38. An apparatus for wreless
communi cation, conprising: neans for determ ning spatial feedback
information (SFI) by a first station fgr a second station not
communicating with the first station; nmeans for sending the SFI for
the second station; and neans for receiving a transm ssion sent by
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the third tﬂﬁﬁ Hsed on the precoding information to the first

station. 28. The method of claim 27, wherein the sending the SFI
comprises sending the SFI to the interfering cell.

29. The method of claim 27, wherein the sending the SFI
comprises sending the SF1 to the serving cell to forward to the
interfering cell.

30. The method of claim 25, wherein the first station com-
prises a cell, the second station comprises an interfering user
equipment (UE), and the third station comprises a UE served
by the cell.

31. 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 infor-
mation to steer the transmission in a direction away from the
first station.

32. The method of claim 31, wherein the spatial nulling
information comprises a channel direction indicator (CDI) or
a precoding matrix indicator (PMI) for the second station.

33. The method of claim 31, wherein the spatial nulling
information comprises a channel direction indicator (CDI) or
a precoding matrix indicator (PMI) for a third station sending
a data transmission to the first station.

34. The method of claim 31, wherein the determining the
spatial nulling information comprises

determining a channel response from the second station to

the first station, and

selecting a precoding matrix, from a codebook of precod-

ing matrices, based on the channel response to reduce
interference to the first station, and wherein the spatial
nulling information comprises the selected precoding
matrix.




40 40. The apparatus of claim 38, wherein the SFI conprises

spati al

nulling information, and wherein the transm ssion is sent by

the second station based on the spatial nulling information to steer
the transmssion in a direction away fypmthe first station.

35. The method of claim 24, wherein the SFI comprises
spatial nulling information and a transmit nulling gain indica-
tive 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.

36. The method of claim 24, wherein the SFI comprises a
recerve 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 sec-
ond station at a transmit power level determined based on the
receive nulling gain.

37. The method of claim 24, further comprising:

recetving an SFI request from a third station communicat-

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

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 SF1 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.
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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 infor-
mation to steer the transmission in a direction away from the
first station.



