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BACKGROUND
I. Field

[0002] The present disclosure relates generally to communication, and more

specifically to techniques for mitigating interference in a wireless communication

network,

1I.  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.

[0005] A base station may transmit data and control channels on the downlink to

UEs and may receive data and control channels on the uplink from the UEs. On the
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[ 0006] Ther eaivdrcddRen@bore a need in the art for techniques to mtigate
interference in a wireless network. SUVMARY [ 0007] Techni ques for
mtigating interference on control channels in a wireless

conmmuni cati on network are descri bedsﬂﬁ)i RR\J’” an aspect, high
interference on radi o resources (e.g., tinme-frequency resources) used

for a contr googhanmebhdigyes Dor mitiggak Gdtebiref@NEh NGnRolr SALSY it @ wRdUGe
interference to one or nore interfering stations. Each interfering

station may “PBBYREHWNLYAKSHT Hesprbrer hegn ean atied. bk dufedegncoy o

may then al kQvikleeGOHARfefRAGNR o Qs PRSBMYE: b&ERDI bRIRET GLPHC Britigated
by sending a request to reduce interference to one or more interfering stations. Each
interfering station may reduce its transmit power on the radio resources, which may then
allow the control channel to observe less interference.
[0008] In one design of interference mitigation on the downlink, a UE may detect
high interference on radio resources used for a control channel by a desired base station.
The UE may generate a request to reduce interference on the radio resources used for
the control channel and may send the request to an interfering base station, which may
reduce its transmit power on the radio resources. The UE may receive the control
channel on the radio resources from the desired base station and may observe less
interference from the interfering base station.
[0009] Interference mitigation on the uplink may occur in similar manner, as
described below. Various aspects and features of the disclosure are also described in
further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010] FIG. 1 shows a wireless communication network.

[0011] FIGS. 2A and 2B show example transport channels and physical channels.
[0012] FIG. 3 shows cxample transmissions of data and control channcls.

[0013] FIG. 4 shows control channel reception with interference mitigation.
[0014] FIG. 5 shows a process for sending a reduce interference request.

[0015] FIG. 6 shows an apparatus for sending a reduce interference request.
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6 shows an atbpandwodsf dhe semd i ngwark’ edd Egysicnt’end efienoed irguiespeably. 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 1S-2000, IS-95 and 1S-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), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS,
LTE and GSM are described in documents from an organization named “3rd Generation
Partnership Project” (3GPP). cdma2000 and UMB are described in documents from an
organization named “3rd Generation Partnership Project 2” (3GPP2). The techniques
described herein may be used for the wireless networks and radio technologies
mentioned above as well as other wireless networks and radio technologies. For clarity,
certain aspects of the techniques are described below for LTE, and LTE terminology is
used in much of the description below.
[0020] FIG. 1 shows a wireless communication network 100, which may be an LTE
network or some other network. Wireless network 100 may include a number of
evolved Node Bs (eNBs) 110 and other network entities. An eNB may be a station that
communicates with the UEs and may also be referred to as a base station, a Node B, an
access point, etc. Each ¢eNB may provide communication coverage for a particular
geographic area. The term “ccll” can refer to a coverage area of an ¢cNB and/or an ¢NB
subsystem serving this coverage area, depending on the context in which the term is

used.
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communicate with eNBs 110 via a backhaul. €NBs 110 may also communicate with
one another, e.g., directly or indirectly via wircless or wireline backhaul.
[0024] Wireless nctwork 100 may be a homogencous network that includes only
macro eNBs. Wireless network 100 may also be a heterogeneous network that includes
different types of eNBs, e.g., macro ¢NBs, pico ¢eNBs, home eNBs, relays, etc. The
techniques described herein may be used for homogeneous and heterogencous
networks.
[0025] UEs 120 may be dispersed throughout wireless network 100, and each UE
may Dbe stationary or mobile. A UE may also be referred to as a mobile station, a
terminal, an access terminal, 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. A UE may be able to communicate with macro eNBs, pico eNBs,
femto eNBs, and/or other types of eNBs. In FIG. 1, a solid line with double arrows
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¢ Downlink Shared Channel (DL-SCH) — carry traffic data sent to UEs.
[0029] The transport channels for the uplink in LTE may include:

¢ Random Access Channel (RACH) — carry random access preambles sent by UEs

to access the network, and

¢ Uplink Shared Channel (UL-SCH) — carry traffic data sent by UEs.
[0030] The physical channels for the downlink in LTE may include:

e Physical broadcast channel (PBCH) - carry the BCH,
¢ Physical multicast channel (PMCH) — carry the MCH,
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{0033] FIG. 2B shows a mapping of uplink transport channels to uplink physical
channels in LTE. The RACH may be mapped to the PRACH, and the UL-SCH may be
mapped to the PUSCH.
[0034] In LTE, the BCH, PBCH, PCH, RACH, PRACH, PDCCH and PUCCH may
be considered as control channels. The DL-SCH, PDSCH, UL-SCH, PUSCH, MCH
and PMCH may be considered as data channels. The DL-SCH and PDSCH may also be
used to carry random access responses and may be considered as control channels when
carrying these random access responses,
[0035]  FIGS. 2A and 2B show some transport channels and physical channels that
may be used for the downlink and uplink. Other transport channels and physical
channels may also be used for each link.
[0036] In general, wireless network 100 may support one or more control channels
for the downlink and one or more control channels for the uplink. A control channel is
a channel carrying control information, which may comprise any information other than
traffic data.  Control information may include scheduling information, system
information, broadcast information, paging information, etc. Control information may
also be referred to as overhead information, signaling, etc. A control channel may be a
physical channel (c.g., any of the downlink and uplink physical channels listed above
possibly except for the PDSCH and PUSCH), a transport channel (e.g., any of the
downlink and uplink transport channels listed above possibly except for the DL-SCH



Upl i nk Shared Channel (UL-SCH) - carry traffic data sent by UEs.
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ACK i nf or mavertical axis may represent frequency. The transmission timeline for each link may be
partitioned into units of subframes. Each subframe may have a predetermined duration,
¢.g., | millisecond (ms).
[0038] An eNB may transmit one or more control channels on the downlink. Each
control channel may be transmitted on radio resources allocated for that control channel.
In general, radio resources may be quantified by time, frequency, code, transmit power,
etc. For example, radio resources may be quantified by resource blocks in LTE. Each
control channel may be transmitted in each subframe or only certain subframes. Each
control channel may also be transmitted at a fixed location in each subframe in which
that control channel is transmitted or at different locations in different subframes. Tn the
example shown in FIG. 3, the eNB transmits control channel #1 at a fixed location in
each subframe and transmits control channel #2 at different locations in some
subframes. The UEs and possibly other eNBs may know the radio resources used for
each control channel transmitted by the eNB. The eNB may also transmit traffic data on
radio resources not used for the control channels.
[0039] A UE may also transmit one or morc control channcls on the uplink. Each
control channel may be transmitted in each subframe or only certain subframes and may
be transmitted at a fixed location or different locations. The ¢eNBs and possibly other
UEs may know the radio resources uscd for cach control channcl transmitted by the UE.
The UE may also transmit traffic data on assigned radio resources whenever the UE is
scheduled for data transmission.
[0040] Wireless network 100 may include different types of eNBs, e.g., macro
eNBs, pico eNBs, femto eNBs, etc. These different types of eNBs may transmit at
different power levels, have different coverage areas, and have different impact on
interference in wireless network 100. For example, macro eNBs may have a high
transmit power level (e.g., 20 Watts) whereas pico and femto eNBs may have a low
transmit power level (e.g., | Watt).
f0041] A UE may be within the coverage of multiple eNBs, One of these eNBs
may be selected to serve the UE. The serving eNB may be selected based on various

criteria such as geometry, pathloss, etc. Geometry may be quantified by a signal-to-
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i nf or mati on, O‘W‘i ipeth %ﬁn‘gb’ﬁ? BRI AMARES PRt S Redeteqdbt thaflfh. cFor

data. Contr gk QraBt HREEE 06 bNEBS xehieduhl Aoy | Bt Rk %ew@c}’? s

i nformati on, broadcast i rif or mat i on, pagi ng¢| nfornat ion, etc
i nf ormati on W%Ké@anﬁé\“ﬁi ¥t e¥aveidheless.dsmay be Hesireble firdhnHEito ponnect to cNB

si gnal i ng, ? l\fﬂ]ﬁrkl@ﬁi]we%n%e ﬂﬁg%%tc B?h?l\gchlg%)ége fiecase

any of the physi cal anne ISté
possi bly exa:FeqNB ﬂbﬁvmﬁemﬁjaselai mherdeNARRJSGIs) much Ibwmmmﬁt ohaenaetorurgt to

oy O e SR R BB DORRERE o SHEPRS LSS S St

channel . A eafilosglicss hﬁﬁﬂﬂémc%j&y@b %th@@td tﬁ@ Sflile Rk Hcbw ik t@ad@VeaQliven data

transm ssi O?ate angf g&%vro?ll ca%lamtr)](anlaay be enhanced
[0043] A dominant interference scenario may also occur due to restricted
association. The UE may be close to eNB Y and may have high received power for
eNB Y. However, the UE may not be able to access eNB Y due to restricted association
and may connect to unrestricted eNB X with lower received power. The UE may then
observe high interference from ¢eNB Y and may also causc high interference to eNB Y.
[0044] The UE may need to receive one or more downlink control channels from a
desired eNB in the presence of high interference from one or more interfering eNBs.
The UE may also cause high interference on one or more uplink control channels at
each interfering eNB,
[0045] In an aspect, high interference on radio resources used for a control channel
may be mitigated by sending a request to reduce interference to one or mote interfering
stations. Each interfering station may reduce its transmit power on the radio resources,
which may then allow the control channel to observe less interference. A reduce
interference request may also be referred to as a special resource utilization message
(RUM), a clearing resource utilization message (CRUM), a control blanking RUM, etc.
[0046] F1G. 4 shows a design of control channel reception with interference
mitigation. For each station, the horizontal axis may represent time, and the vertical
axis may represent transmit power. A receiver station (c.g., a UE) may detect high

mnterference on radio resources used for a control channel by a desired station (e.g., a



[0037] FIG 3 shows exanple transm ssions of data and control channels
on the downlink and uplink. For each station, the horizontal axis may
represent WO RMIOYPARB t he vertical axis may represent frequasgpsostines
transm ssion tineline for each link may be partitioned into units of
subframes. Each subframe nay have a predetgerm ned duration, e.g., 1

mllisecond éms% 038] An_eNB may transmt one or _nore control
channel s ond¢¥& |3 HR“e Tachhecshtivd stating mpmy banRpblsaorqorneth daceds e

radi o resouc&fnl dhdimeRk8f herdetinat steuat iR tocm@r}ﬂgi mtér?er&ﬁ@e"rﬂe’ reEquér

resources may be quantified by tinme, frequency, Tode, transmt powe
etc. For exéfﬁrﬁé%mamtbﬁ’fbsernés%tﬂdé@smﬁ@:&rme qermasti tf)|a@dmtfyfenag@uticle(eg a

bl ocks in L;l[%%}il]ﬁ@%ﬂ ?9@@1&19']‘ fr ﬁg& thg%ytﬁll? mﬁ%sgaQ%Wt{)]%e%d | 9,888 erenfe on {he

subfrane or y certain sub anne
transm ttedra@h’oIasdmroeedsdddoaﬁlbomtrahchmmbi subframe in which that

control cha # Séfi} tte or at dlffeilent | ocati.ons in d|ffer§$t
subfr anes. 8 Fr CTIFSWHION fagy) Teceve t fﬁ@ué‘?\lglt?ffeé%ﬁﬁ%‘e% Siont

channel #1 adcelaeﬁsiex@id staB6@ ah® Phaly Fe@RE hits &#zlmrﬁl@?ww@tn@h thee %@tﬁﬂ‘r&s%u&@d”‘ﬁd’e@ |
| ocations in sone sub The UEs an

channel #2 at different
possi bl y ot %&F %?@BEOH&WMBWIW& r A0 BCPEY StAtien snaydessiiedhe eqqim! channel
cont r ol * changl wlr aa%a bhfish BY iiRETENEne TBRENRRY 2k BudANRE br no

traffic data on radi o resources not used for the control
[0039] A UE Higifesins® fomaths imerfoing sationond rnaamber mrre@ﬂzaldn@klsd by titetreceiver

upl i nk. Eactlaﬁ&gt ol re%ﬁ@gl?érfepg% Qﬁugt% ﬁ%[f mc ?EII'% a?iglgnqr&e

only certai franes an an sm thaed
different | mfwmgstatlifﬂnmagl‘ﬂﬁam gt dcepioss sartaingt melrESrddHyrekaWsttha:l for

radi o resoufpces d.for, each control channel transmtted hy the UE.
The UE may D#]rpgﬁgﬁﬂngl gp%‘?ﬁ‘%%e §ats atﬁ’§5|“6‘r'1‘§ﬂma¥ ?egﬁﬁr%es The

whenever t h&nédﬁrmg sECioe chdyeftsdaé tdddndtting o SHE S6MBAI pbWO4RI N drelhg Sadio
network 100 may include different t?/pes of eNBs, e.g., macro eNBs,
pi co eNBs, ¥eé?ﬁf633é‘NE§£ or fyecontyp]chgnng ﬁf“ffé?l%#tm%%/ﬁfes of eNBs may

transmt at P}‘M@]f er ?ﬂ‘Ee&%’e{educ%vlﬁieﬁcreﬁ@evﬁqgés{ 1‘35}39% uS QG ARk E\{t%g%ence

and have different inpact on interference in wreless networ
For exanpl eon fAewrlinkermyoheipnirly es welhiaghplinkagestrol choowady. Redret Lt(te'ffgence

20, Vet 5] YRRl RS 1 HIES N IR ot RSO0l

mul tiple el\lennﬁmer Of contresehamidBsiormayivbelislel ected to serve the UE. The

AU L e Jt SR R AL AR
interference request (e.g., in a unicast message or a broadcast message) to one or more
interfering eNBs to request reduction of interference on radio resources used for one or
more downlink control channels from a desired ¢NB. Each interfering cNB may reduce
its transmit power on the radio resources to allow the UE to receive the downlink
control channel(s) from the desired eNB. An interfering eNB may be (i) a high-power
macto eNB for a scenario in which the UE connects to a low-power pico eNB with
lower pathloss and lower geometry, (ii) a femto eNB for a scenario in which the UE is
close to the femto eNB but is unable to access this eNB due to restricted association, or
(tif) an eNB causing interference in some other scenario.
[0050] For interference mitigation on the uplink, an eNB may send a reduce
interference request (€.g., in a unicast message or a broadeast message) to one or more
interfering UEs to request reduction of interference on radio resources used for one or

more uplink control channels for this eNB. Each interfering UE may then reduce its



8 noise ratio (SNR), a signal-to-noise-and-interference ratio (SINR),
a carrier-tointerference ratio (C/'1), etc. [0042] The TIE may operate
in a dom neEaRSIY erence scenari o in which the UE maycalisesw@snegh
interference fromone or nore interfering eNBs and/ or may cause high
interference to one or nore nei ghbor eNBs.igHi gh interference may be
quantified by the observed interference exceeding a threshold or
based on sofelFhaewe g theiradio Aesquierh Enllaw ther NG énesscive divavilinkpgytrol
occur due t@ndiedEoaPIRNEELI Ng to an eNB with |ower pathloss and

| ower geonetry anong the nmultiple eNBs detected by the TIE For
exanpl e, th¢0AIE mayn deg designs foo bethiRke dovaroik ¥ind nplinkatheabhiadlchirowsmay be

recei ved power . f Xt eNB_ Y ver t.hel es it Yy be

desirabl e f\éﬁﬁqeﬁgﬁtﬁﬁgﬁgéﬂﬁ@%% oefg?\'lB %%l ?ﬁﬁ?%ayajaetaﬁf%%e %B‘Pm%‘NE%‘OBk‘T?Is
| oner than ségnepat W OESmbpreqaddB iMerfdirigseMBY td edudeintafeeencé oM Yrimary
(which may be a.pico eNB) has | ower transmt. power as_conpared
to eNB Y (whPEH! ﬁ%}niﬂﬁ OE %Elémqueﬁh%% orgihe amnHpk h@e GESIEeE R 2l Ge@iRE
X with | onelnt@ ks to k@mSe inflREdnEE 81 REpIFRYy REn A USHEL L Bn tHRSIplink.

w rel ess network to achieve a given data rate, and network capacity

may be enhat¥dl [ ddngcaingsloransn requatte prryberised &revraions oprigtingl ssonarios.
due t ict oAl l; N d
occur due t g, bESkdsdmt ?éau@éa%@ge%w%gugge&ﬁg@med% tﬁ)ﬂ%ﬁ%e§s.eéflj% oy

may have hi gh recei'ved power for e ver, t e n
abl e t o accéstsctemBltiyled gbiBs.0 ¢.ge shased oedloas st gtilotsipreantlava (L RR3) roe cdthéro

unrestricte i [ recejyve 0 . The .may_.t hen observe
high interfé @%&éf/‘ﬁ%&mﬁéﬁ%&%ﬁdﬁ%@ gfeg%\é\ggﬁs émhlrlgﬁ al ﬁtpélPPé‘?né Pi‘&%‘elf’g
CNB Y. [ 004eise ThtorlEgrpywereedhitdt caClel dtectiiesven birdiseint O3 ob¢ving high
control channel.s from g}ﬂdﬁf?}]ifr%? eEIB in the presence of high . _

i nt er f er enc & FFEHE RN Hinkn e LRV efehstgredido rferemiee gy, using oliffereate
high interf essenee @@t Bdrt)TBF §dd Bl M s HTQlimBloRB SISt SUR 8§ G ducing

interfering eNB. [0045]1n an aspect, high interference on radio
resour ces udHefargice and svuring thehewsn @rlowg refiadivaivt weskiedBsisgn bedetbateyl. alhe

request to i : J, 1t 1:ng. st at |
Each 1 ntert SrenafehBnBAlS] S5Rs 1o Mindlse TDREk]! SEURLNDIR SHLE 384 -
resour ces, wrcotirryraynchivereativn eignilhe Lddnt Tlol UEeaynddsire @ advsaranceNR sdth

interference, A u interference request may also be referred to

as a special ¥ g%téﬁ’?sc%n%ui T gie?%lf:{ A hEEs gaeé‘s ® Ifzfi\%v,e RCOF BXrY ﬁ%wa@gc?ﬁpté‘é[
utilizati onchasslages( CRUMBCHR froonthisodND| am lohé gesRl\VitheeUE. mayf Q046] refkde
4 shows a design of control .channel reception wth_interference .

Ti 11 gat i on, TRGICTREEHORE & ATCRHEENENES dhusucs neTiERCF apfisighont e,
and the ver tdsgakesAded BRYhd QOKRIERNEodORREMnbI(DOMGH - thé\ de8&A1 MO, Tn one
station (e. a UE) may detect high interference on radi o resources

used for a 365}%% dhe Eifampe pskyihednigeeiingaNBs i pend reducg. integferenoagiegiigstsdto
eNB) at tingfit recei 3 hal I AR J-RIgF ( ect |

decode the cgntyg%%ﬁ%qﬁggllxgﬁgénﬁﬁh}gg éfg?roéldﬁg#a%?%ﬁc%%gg(frcﬁ&t € %i gare
i nt er f er enceplitkeenirelodiaveals GteatthoPRAGH) sdng frosehe UZ to eltbudssired eNB. In one

interferencg_requesttQ. an interfering stati ée. ., .8 hel ({mlg %@)

e 12 Po RRAToCE TG Tt Fradh td PR & S R SR PG

on the radi Mmterésgrt@smarséded: die rhitnCaRES Preabiddund| may] MR 4L Infdtering UES

interfering, st gt ian By receiye the |ieducel (nterference request %rom

t he to reduce ntertference on uplink control channe (55.
[0053) In one design, reduce interference requests may be wused to reduce
interference on the PDCCH and PHICH for the downlink and on the PUCCH for the
uplink. The PDCCH and PHICH may be used to schedule downlink/uplink data. The
downlink data may comprise a random access response (or an access grant) to the UE
and downlink handshake messages. The uplink data may comprise uplink handshake
messages. Interference may also be reduced for other downlink and uplink control

channels for initial access.



recei ver/sender station and may reduce its transmt power on the

radi o resources used for the control channel at tinme T3. The receiver
stati on nayorewapssest he control channel from the desiredTaisaboonsisd
time T3. The control channel may observe |less or no interference from
the interfering station and may be correctjjy decoded by the receiver
station. The reduce interference request may be valid for a

particul ar @4 i ordn oPRelcpignet freducn dnistierenasnreausst plagrber ealidcfor jat duration

transmt POWSYerfil ihitgl hadio A%fg%&%sinféﬁfg{ég%eoﬁt%ﬁﬁQﬁﬁfhmg' ?%?gg p?éd to

during the entire duration, whi my e ering
stati on may 2Hew uleUE tapemintunicatg vath thdrdesireddBlaftpoingial beessl Ron ckdmaple, a
radi o resourg for the control channel starting at ti T5.
[0048] I n ge%%cﬁ% tﬁrglge ﬁ'gcg ’icﬂ‘tleesf &Y e & g JestE lﬂtﬁgjerﬁgceuéoéoa ggrafl%d%
i nt er f er encenarghdowstblish <anhealonchdansakgotat Wegdr-tam WwprfeRdce aitigdbn,
channel s. Reduce.iz&ag ﬁaﬁ{)ence requests may al so be used to redu

d duce
i nt er f er enc&Eort Uik pmapRicston bepwussprths desiah shIBsang ingrferipg sNBEY)-

channel s f ol fdate/Bferfctdnke B4R aliobLhdeNERERN ! HR AL e B ®Nce
downlink, a UE may send a reduce interference request (e.g., In a

uni cast nmess¥YElRE doprsanplase Tebiuey) redusconteribrenpprequesit may dei syt if
eNBs to reqyesha rlﬁ%{%g{é%ﬁ?sr %%r l'gﬁé\-%eﬁ?e%geﬁ?é; rr%@ign %Fesﬁgrc%@éﬁéae gefgroer

one or nore down channel s Ired c
i nt er f eri ngexBtiongf 2 pdercedict siterfaasrirdqupawer on the radi o resources

to allowth to ceiv he downlink control channel(s) fromthe

desired eNBfng] i nt[{ae(rafl et linﬁeéﬁeéell\]lée Yy fﬂ’g by ‘?f{-q%g%rh(aﬂé%vrﬁf) YN 4
a scenario operatidrcih 4 bénnttitd @@RBEA TB Mad sbiiva PQeE iMbCReRbBeiMeltto an
| ower pathl oss _.and |Lower geonetry, (ii) a fento eNB for a scenario in
whi oh the UBTFETRRGNE 1 rHHES R BIGReRIOR oM ST ESqUsoca b dor piesor

eNB due 10 hieé BowhIRMH RRSAChAM R Troh dedited)eNd) BNBISRUSINIY may be a target
interference in sone other scenario. [0050]For interference

mitigation 6WBdeingdlandver ah2 eBingagNig din theacqnaehiebmione. e Aheinenigang eNB
J eque.St (e. Ehay alldd ng&lgl"cgﬁéé int P RRAIE es@tcpﬁfégg Fosrte &P ﬁ%)re&g re@gaio%r
more interfering UEs to request reduction of I'n erfierence on f adr o

resour ces usedidioresomessasedior enaipl ok upbnit caltrobttanmed senf Homtthd SEedBie

Each interfarin JoBE eX‘e# heril L c%uccg its ) 10 tran rriﬁ pover on t he

radi o resourcées to alﬂgw Y& %ﬁ% P et \S/B“Fﬁ@%‘jglﬁq R e gopmypicate with

channel (s) ftheadwsirddseN#ESor handover or connected mode operation. For example, the UE may
attempt to access a target cNB during handover and may ask interfering ¢NBs to reduce
interference on radio resources used for a control channel carry an access grant from the
target eNB. The interfering eNBs may reduce their transmit power to allow the UE to
receive the access grant from the target cNB.
[0056] Reduce interference requests may also be used during operation in an idle
mode. For example, the UE may be idle and may send a reduce interference request to
ask interfering eNBs to reduce their transmit power on radio resources used for
transmission of pages and system information by a serving eNB. The UE may send the
reduce interference request in every wakeup cycle or every few wakeup cycles. The
interfering eNBs may reduce their transmit power on the radio resources to allow the
UE to receive system information and monitor for pages from the serving eNB. Reduce
interference requests may also be used for other operating scenarios.
[0057] In one design, a reduce interference request may be sent as a unicast message

to a specific UE or eNB, which may be a dominant interferer. This may be achieved by



1005111 n one design, for both the downlink and uplink, the control
channel s may be divided into nultiple control segnents Each eNB may
be assi gnedOany9pesas y control segnent. A TIE may requesicTivse@obensng
eNBs to reduce interference on the primary control segnent of its
desired eNBs on the downlink. The desiredijeNB may request interfering

UEs to reduce ipnterference on its primary control_ segnment on the
upl i nk. [ 005¥fudiRegs &E dpatey (D oneech diuadhesremesst pEhe ssaifie 3/E onelNBuray
operating SGENANhORqudsh 28081 88} OBs of SMIGK f requests may
be used for initial qlélcgceass. A UE rr?alg)/ det ec%}‘%uhﬁéiﬂg{%&%% s, e.g.,
based on | oWf®8lLse Ipianethey ¢esiganblrakic IRPE eoe rofuhermayybrinons z atiltdmnst

signals tra 1 S. | s:.a.pllot sent w.th

reuse and/ o%ﬁ%%%ﬁ%%?*@??ﬁ?ﬁ& tTh@gnﬁkﬁ %@ eé’%‘ﬂ@amél\}@wgﬁ “dfhéatlgrﬁ‘étl\ﬁ)s
UEs obser vi ngcdll G¥s innhesd enrangeumlD tdrehdannhitikreqhaw FeUdeE 6eéeBSn tie
di fferent eNBs usi ifferent resaour t least in part) for pilot
transmissi ofi ”ﬂ%ﬁp . SRAVRY: P to%NE%E)?S %ﬁ@ﬂ@?ﬁ@gnp}:ﬁtg? fe§Pehce and
ensuring t hagoseyen 1piyedtmolkr Hediat,i ¥ ebotcvank FeRRE c@leRemtlebeCktlas a
The ot her s%gnchr oni zati on S|8nal S _nmay conprise a prinmary

synchr oni zaPTAcast BrsreciedialBeeoiy yitkipedspben wags ofths ireuest. Bach TE
The UE may desiBend @ ' oss and | ow geonetry
and may need to rece?%gﬁﬁithg?e(}ﬁo&?%%%m nﬁﬁi%gg%%'rol channels (e.g.,
t he PBCH) f o0t hi sAreirforing stadonldsit gnan inedeiEravipjerd efid raduce dutesference
interferenc t j tingd. cNBs to request .interference .
reducti on o‘rﬁecﬁlgsgillﬁgﬁrag{s%uﬂrhgé%{%“gé%v%ﬂl 3 Fﬁ%ne&%vﬁll " e%%thﬁr}edpteﬁré%%?t@)
from t he desiayeltciddBrhether ankorde st gismidshie tiqusay Taskddcheon AbEbE adcd®Bn

eNBs to send reduce interference.requests to thejr UEs to request
interfer encgarﬂ%’du%ﬁ%sns ‘?Saﬁieoprﬁcé'ggﬁc & THAWS: 11BY IGRAsLS b Be (enfrelk

control chagR&hs!()efod -whidth eedRBACH erfe@fle i 0oubiity, Hetd @ikt B&1iAE St6 e drhe
eNB. In one _design, the UE nay send a random access preanble to

access the HE¥{Gg stalpn mayehangr ghefieniaigby NElupag igdraasmit phwer am dsmadio
access pr eaphbeoddsddPio: 45K dohiSol i N UES £ -

interference onc_upl ? nk éont rCQI %hg}%\aﬁﬁlﬁg) bﬂjfog@%%?lﬁéﬁ%&ge%}%ﬁ?duce 1S
reduce i nt efrtenghpeveragubs ralioreyolyessis edower Ieedee., rntlervireind?iGe 4por to

The PoocH andeRiahe bl P SRLfaPRecstuant e msre ARy R

downl i nk dastatighy ste@ripriagsam@sic@incomace essdiSpelsende@n thdradRGeSBirces.
grant) to the UE and_,dawnlj nk handshake pessages. The uplink data may
conpri se up Pﬁ%aﬁ’gﬁ’dg’r‘fdﬁt@r RS I0E, MAYRCEIONR PR EENEER Platcstsmtial rwl ik 8
for other dewsdtionlkf arRdentRl stikonCoRtH R HhanRELenéOr i nitial access.

11 [0054] I n _one design, a reduce interference request may be valid
for a durat i¥8lkovdr Ppgydesigns p apduge ideréerense [resgstimeaymonmeyethe deemeie power
mtigation _ Y/ cJo]us j it h the
desired eNBRg? ?‘g?th???/(}u?glﬁggdgtggg& %ﬁ%r%%eég?r%vlgg?ﬁ gadgigucec‘f%ﬁ%sgg }%rr L})ehr(fcé;(%
request maynigee s@iol tlpnndsude intatfenfgtaivoendyothemraducaits wmsmitngvwenewth
to establis 0 t d negotiate | onger-terminterference
it gac i on, e ot RER Rl Aab B3R kR T OB GEL AP ¢St drRa
eNB and i nt &hé enterficringNB{tion. méy eatheee thenpehibey @nte seeldestiondysadl sotHe
used to extend t.ge durati og of interference reduction. For exanple, a
subsequent FENTIRPIWRT&F Y& 08 Mserefieh Sxhichmay e commeyerfoyphe kpmgst) and the
negoti ati ongectived pONg 161 BT IhBtQftRN(RARE mBylledRdk@Bd B) theNRerEAUPAIRS
before expiration of a prior reduce interference request. _

[ 0055] Reducéhf Aatgieraiee pladon auhichen refge s stnpaitupaseer duy thegralimntiosuecs
events and JON 1 M gequa :

interfer encg@gﬁlﬁ%& 11: {(I)&cgrrllt%?nt %r%tgg)ln% e %%Erdg%gge?fé?eﬁlt@ %E‘%@?Sg%(t:gery
reducti on ohighgwiver, rtegoil meaysbeugest toahe emralenstatmmr anddicennd hnak teondeminant

channel s fr Bl%rferg'.esﬁrne%ise Nc?s’e, -[cgg igl%IS'fleIrir?gd s?a”}{%n n%Xy br%ch?éet ﬁg gr?z;[nsrgw Bpower
substantially on the radio resources. The converse may be true if the interfering station

recetves the request at low power.



[0057] I n one design, a reduce interference request may be sent as a
uni cast nessage to a specific UE or eNB, which nmay be a dom nant

I nt erf er er’wOTN9999883) be achieved by 12 including a Tl EBardsedmbyzi¢d D)
or acell IDin the request. The specific UE or eNB may act on the
request, and all other UEs or eNBs may igngre the request. [0058]In
anot her desi a reduce I nterference request nmay be sent as a

mul ti cast m@gg;g be 1B es@piggf aureducs ingsEenca Hequepininap dn¢ieis €pe Progrore

i ncluding ig cﬁcﬂb@{trop%héﬁ%le% fé@ﬁée fn@fek&'lcé hel“l%eltadloofes&régsoﬁﬁgd lfﬁ' fr

the set, in the request. Each in the set may act

request, andpegifiedgpniapl cimyclg) reNBse lﬂwm lgmnrleterﬂaeng gefinas thn a{i@bﬁgjeslgn
yet anot her q‘@(ﬁjcg nl%te@er [FC%%&L@JC%‘[%%?[ Qf%@é’lﬁg ya% GISn(-)aLX'CC.bSeOHSW 1} ?(% li_ci,*%uce

br oadcast nessage e rece on tange
request. EauzttexﬁEemue @NBntcHating stationeng)i then tddecerlww&]smmmwea@t the Rpddiféed

request 0060] An interferin ation that is a nt ended reci |ent
of 'a reduE:erar %é?%%%cén ryga?ia I S £ f&ﬂucteh@*%r%aﬁ&e%feqUﬁstvia%f SlRyide

manners. | Nioendlies ugél tof fertiMcBifiRr leftfirdh AkdOfdr TRAY of &kdeonide thhels 0
honor or dism ss the request. This decision nay be based on various

factors suchCREXaHEe: gy ﬁi‘?ﬂrF@ ?NB'f mi gendery il chdpael o diffesant sadyt rasprarces
control chappglisidd Ba%d Wﬂ'a% gﬁﬁﬁﬁoﬂ Mcef LG 8N Ophd éddc%%g.%ér@&e request

network | oading, etc. The |n ering station nay honor the re
by reducing maﬁlspm?ldﬂsﬁhn pelbéﬂer Tlon intéréermg diNG mesyobw ebls tasmcerfapr tItehedxo

control chapnglte)ued 0% hOLSELARISHA SRR eSSk b3 ol AL

power on th o res
4) or to zetle kiovwer hofpirgnkmtticns Al sdi@ninenfetdnes lreapie@ 85 elks pas)de Eﬁh@:

interfering atio | so spatially steer, its transm ssion in a

manner to ré%lﬁrcnéat’loﬁfl% tggétﬁ@émgﬁdf%@s off g8 %W@E% ?%Fi(s}sxarrple

the interferaosd] st ahiodn deayn, RETAEHEFRRY SRR N ieguc&:l 1@501@an§m$t%Weﬁbn K]y

inthe direction of the sender station obser Vi [}g@ cgsa i nterference.
gn

[0061] I n ondqeasiqyaesocpse gifde far ransr 9le FOHT 0REY {ndicsipdely @hweduce

transmt pOWRErference request. The interfering station may transmit on other radio resources not
used for the control channel(s). In another design, the interfering station may reduce its
transmit power during a time interval covering the radio resources used for the control
channel(s). For example, the control channel(s) may be sent on radio resources
covering S subcarriers in L symbol periods. The interfering station may reduce (e.g.,
blank) its transmit power on all subcarriers in the L symbol periods. The interference
from the interfering station may be so high that it may desensitize (or desens) a receiver
at the sender station. This design may avoid desensitization of the receiver. In yet
another design, the interfering station may reduce its transmit power on one or more
interlaces including the radio resources used for the control channel(s). Each interlace
may include every Q-th subframes in the transmission timeline, there Q may be equal
to 4, 6, 8 or some other value. In general, the interfering station may reduce its transmit
power on the radio resources used for the control channel(s) and possibly additional
radio resources, depending on other considerations.
[0064] In one design, a reduce interference request may be valid for a predetermined
duration {e.g., 100 ms), which may be known « priori by both a sender station and an
interfering station. In another design, a reduce interference request may indicate the
duration over which it is valid. An interfering station may honor the reduce interference

request for the specified duration or may counter with a different duration. In yet



| evel of the request and a target interference |level on radio
resources used for one or nore control channels. An interfering

st ati on nayoReRMGII8EHuUce its transmit power such that tPETISAEIEN032163
station can observe the target interference |level on the radio
resources. The interfering station nmay estigmate the pathloss to the
sender station based on the trapsmt power |evel of the request

(whi ch may B’éot%rﬂs?é%oa FRAUE BUSTESERISS f9IusHi dnavyh YadiddPy 8 dursgini that eipg) be
of the requagfentiiiosonBBY mbde: ]?;H?ﬁfﬁé{ér‘é‘ Gori¥e FdiBed NREAIR ABISARUEQARY S for
The interfering station may then reduce its transmt power on e
radi o r esoufdbsenhconirdi pliginpels 1o differchinpesriting srynariast inan beewsedoiase] whi
reduce inte : e I r Lt b | ose
o the senddrarmrrsiaBtiE®hnith delkuqthbe B ror bORMIL e TR R BRR
case, the i mquedtdonaygpgsigathamrel nay be edli foriab ambonmndninte ipeviich a page might

subst anti al on.th adi o, resources. The converse e true if the
interferi nghéé(tSe tit%?‘n%l—%c‘gir?flél © “ﬁeé{:efeélaﬁé‘ﬁm% or|aown§8{,\g$¥ne T D BLRICRS
one desi gn, gent edyoe vand e6farensat bEaMest wWiRY ihitdi £AER 1O PETEHeADNE yet
specific control channels to reduce interference. The radi o resources
used for thé“%tb%rc‘i?qsfg@d ac AN MG FRAFIGR | TEQUCSiElpY pRe kislvinds{misgly until it is
interferingrsloptd on. I n another design, a reduce interference request
may i ndicate specific radio resources on which to reduce

i nterferencéV68h it ssdues inigrfaseneeiromrentamay fre menteid Lc maines o reasnseirliable
power on th i fel i : 1 yet her, desi gn
reduce int e(r?efcgﬁ gbglccg ﬂ(r?égrc? &IZ%J'E Qyngéﬁ&ge?%\gllgggaél%' olr%n(%t1 :ag% ug}a(iargé%cgdfgfb @?rﬁ?ﬁe
radi o r esourggsst osgdbefrgreated and senmondtiptotimeoio imbaiva edcsptidnauf thea@fdse, Ina
desired eNB may_.S nd a_control. %Egnnel on different radio reso rc,eﬁ
det er ni ned B%%ged SRR HSpISATR PIRNEISnER [Siiast AMBePF SFit, at e psstyGhe gher

i nterferenceafigeupeieriaith fivayirdepihbe 68lle thid thd RQuéN LT featl Mo aNRBRY
be able to ascertain the radio resources use or the control channel

d f
based on t h&abdt| m st gRlsrdiseiebyr Ibc Feljudaey shrekdRBOk mowrbe tespisriag for
function. AtHeeI@glfef[ﬁto Wt grbedans Qh% rYu&st TH@Ynté}er?ng%H?f‘éh% s:?.gfle CRC to

i nformation used determ ne radi o resources used for cont
channel (s) . 449068} Fhcthprethd serjugt is eaeeiverd exrfoetly.nghs CRO way reyca Blaedrm

its transm o] . ' [ for,one.or re
control chatrilar?gl 2{?5’%@%}? g{%ﬁeﬁgﬁa{fl?gﬁﬁ(&%ﬁlﬁ%ﬁgrre(ﬁ%% P bR s V%ggyer‘?’

i nt er f er i ngsighanigowhivhynaybampsnictlady apilfveble iadhor irratienesedotion@addio
Stat on oy PRUERIR B EPiR AP RS AR RGP P A VR 8Pt g
the radi o reseuiaagers&eehshey rlibifle cORbiG, vahaniey b8 )desi®le @XRNMALE Sequehie

control channel (s) %y pbe sent on radio resources covering S
subcar ri er sy MIBLET FRAGBFIOG rgpantt noyeer ifeiam ok Epfsipesiod of Bmenay reduce

(e.g., blan m(}é.ﬁ{ S tFI@U%@hBWQQVH%EiﬁQ'&f al frog4bsas 'fcires'éﬁdih% atrb@uck iﬁxmgrhcc
periods. The interference fromthe interfering statioh may be so high
that it mayassnsiat vreegsotomiewiensipn ackvarlkei \Pepcest 5§themag drderfoshat bpn.

Thi s design i it 0 f .Lhe recej .. Ln yet. anot her
o goe=t DoslRk AR LATISL L b 0, LSRR NSE, o tphinaL e
or nore int @063Les Thastnddr stgridnheay dudicohigh sterfaesewaeadid edsotibes Gedforal

channel (s) Each,interl.ace, may, i ncl yde .e y th suhfranes in the
transni ssi oﬁmﬁorlr%}f%nﬁfél,bytahdﬁl élddtﬂﬁ’??%@l%é@% T%C%,tmg? 4PND MY SREPH Y
val ue. | n gefgeahandelRaickdrbed kBsverr BTB ok @theMBBANRES UE Ethbd Bdibliedhalobies.
power on the radio resources used for the control_ channel (s) and
possi bl y addit SEHsl St B RHSIRCRE Uk FeisaTGs gRisTeisRseqn the radio resources

consi der at i g9 fol @041 PREnESESIRR. ' f :
may be valid f or0 a pr endlgt erm %e(_g’!c%g rsallia ? (%ﬁdj k%.?gsl.e?& %Ol%ﬁr%g? ?O\Aﬁrl?gﬂ&?rféé?g
be known a priiay iblasy Shok Hn ane deser thesendensiatimdnanidemifi tegnferfgring station
station. | nat?dqﬁﬁ)}f'gernd Q&sﬂe%st 2 arlﬁgéégtemés%g%rté 81'11%?19&11&%%%&3 gtat?c%y In another

design, the sender station may send the request as a broadcast message to the interfering

station as well as other interfering stations within reception range of the request. In any



[ 0065] A reduce interference request may be sent in a nanner to ensure
reliable reception of the request by an interfering station. In one
desi gn, thoeeduesdli nterference request nay be repeat ecdcans2®ent2ics
multiple tines to inprove reception of the request. |In another
design, the reduce interference request may be sent at progressively
hi gher transmt power with power ranping to ensure that the request
can reach t e e 8508F StHEPISRa Teafve tha cpritol shempben e sadimresenrespdiqng the
redundancy gheeh sLEROLIBAYS RS, ILRETRISHe uctiNfay BINSTHELAD hraRREBAES
to the request. 'Fhe i%t erfeir%?ng gt at i ’onerrrgtg;leusea){ﬁe%%%%ato% 20?12r mﬁltﬁe
whet her t he chagelexstmultiple sertiol shiannelsr ddeIsgnder beti@RG2yregndreettone kqlesteto
alarm rate. Lo yleANALORG, 83l Ate LB LoAMCe ¢ QLEL erence request
may be sent via Layer-3 signaling, Irch may’be particularly

appl i cabl e {06BEneWor ntefdare ndtigation v theatowalink,ath @endeseitios ety bsadJE.
for control _.channels. The reduce interference request may alsqQ be .
sent in ot h&t OHafitirs e SUgEIesH1an A &° # BREghaans i i m%btéansmlt
desirabl e shoae lh@, ROhe desifelystitlonEsy bE QBIES bORnR LhiANSHnt wRIPWaHW
for an extended period of tinme. [0066]FI G 5 shows a design of a
process 500TRBIMISEOHGTHEVA: rlBdnedern drsignt Bednieeierieg saden may e featte base
comuni cat | gRLACLMAr KsriBlEP G8&Ss, 2 HBMAR PSR ?Jrﬂéd % f

station, whi ck; ma besgl1 TIE ors’gglbase gt at ibon,o e.d. Ppanﬁlgﬁ%?qg&?oe%sf
station, et &ati¢royel ultestristed desesst Thé O mayy detedt dlot inkarfghing heserstasion haeed
on radio re [..a.: I annel by a desired station
(bl ock 512) sgﬁg‘ﬁ%%??ﬁéﬂg%gﬁﬁéfﬂ%r%agS%ngg rleg)élsed %}10& t he channel s
descri bed apas@] f offol iifferbarerat heitigaivaroneths uphinlgtthesend@ditfion may be a base

technol ogi es. .The sender. station en te a request to reduce

i nt er f er enc&*B® e‘n]"eéfgfl’&g ?@%‘B’Lﬁ“@ggg i g‘éﬁ ﬂEgPOttsﬁ’é’eg g?’l thegpase patipye pnd the
(bl ock 514) dasied RBYoS ARG bE RScEREUES tert@ BNth BLE' floh NThs baldeP tatdl aek
516). In one desjgn, the sender station ray identify the interfering
station andUHEEEE HptioReadethgclspiredsstaiapnman siso thesybyyestationg i $het Wiseless
interfering,st@kion. In another design, the sender station may send
the request as a broadcast nessage to the interfering station as well
as ot her i ni®7Pkri Ay ost atebignsthai sechiler stemephio penantgehofrequhg toeiguieds a
In any 15 . nder..station may receive the nt.y ol channel
on e radi SaREL, bl e JET B AhE o el FEFHalet it E BT i e R
general , thesadefgpuest comryl bleanﬁf:lpbh dc?;d@ﬁ@ bdhe dnerfedniyt stadong laanmitiépbf the
mul tiple control channels. The sender statiop may send a secon
oquent 1 o BEH AP d BT RIRcidr BUVOE 1B Crol e gy B RaRees; e
needed. [ 00@&fiet oven m[&eﬁ@ﬂg@esmstvhg@,tth@ﬂi&ﬁy bh@e eB: dilfer itBAnSBRAR
station may be a UE. In one design, the interfering station may be a
nmacro base PATIHNNAMORMICEH gh transmit power |evel, and the desired
station may pi Had: : i ] I ] owar
| evel. In a%@?ﬁgr élgglngrchl ’ef?ﬁ %?IE% %Irlt?}r?grg& Eﬁcgaé@fara%tefgg{ﬁ? g]:n(‘fu gpfbég@e
station wi t mayeagpand theedREde tegequastd Thh € Remay bel usst dtyi toninteafyribe statigei too

or Teer 0 basg sl 8D B FRIAS! T AEORE, FLRIE SR SSbSEln
sent by therdujase catyabh@nbut[iQ06RkMwr (@, evifles dover fadei gR) it® Bnaife td@ble
uplink, t herescg;r)}go%rofs t&lg tréq%gst.rm% a?l%th%r Hgsslgen, the sender station may send the request
multiple times to improve reception of the request by the interfering station. The sender
station may send the request at higher transmit power after each time to further improve
reception.
[0072] In one design, the request may be sent by a UE during initial access, and the
control channel may carry an access grant for the UE. In another design, the request

may be sent by a UE operating in an idle mode, and the control channel may comprise a

paging channel and/or a broadcast channel. In yet another design, the request may be



station, the interfering station may be a first UE not served by the
base station, and the desired station nmay be a second UE served by

t he base svareeMsThe sender station, the interfering Fcatusemy/omenes
the desired station may al so be other stations in the wrel ess
network. [0070]1n one design, the sender gtation may generate the

request to include a transmt_power_ |level of the request, a target
i nt er f er encéet dyng hapdoygef p 4 o Jusias operationigerronpctadiaodsdin theUE. The

channel , anyjdenlyi tc?mahnime with e TRRiNg valdkiatbh mlthg%wr&ly cf?ffnn{:lﬂgor

desired station, “information identifying the control channel or

radi o r esoutersrench enidgitoni fon dee dransihisgon.t Aée reyestgnay dsavbe et forether

priority of . t. other information, or any conbination
t her eof . [08{}%??{#9%%?1 &si gn, the sender station nay generate a CRC

for the reqi@s8] andnway degigpend/E heyGRA tie kst @ouresterfelihe bERGtatay, d3e
used by the interfering.statjon, to det for error in receivin he

request. | ndSSﬁé‘gﬁJe% %h, & ﬁ&OtéE‘érané‘rg“sﬁ'ﬁﬁi?%ﬁlaﬁaﬁ?n Bidrenyrst ?Oe‘&%'i’%‘flg%ﬁﬂlsf

once but i ns@tiBMIEeh gy Brwaid thh reub e theGRGFeliRt Bike kQLHGNSMIEe backhaul,

reliable reception of the request. In another design, the sender

station may SefiCTHBEMEELERIONMARY fopprae radipiespucesipresense ée 8t airsiomd
the request \hy bAEH-NE@NR AT r&bffcbOR hINEVRENASE sfich WY Rk
the request af higher transmt power after each time to furt eyr

i nprove r ecé&pt indnmafigo &2 henUBnelndes i agathet Hesigre dere strvimgybabre stegort ayl the
UE during iajLl eSS carry an access
grant for t e PESETSqnRe bamiRll Ole G RRARky Y60 Rl
oper ati ng i mphuk adioeesvogtes, vathdut eiggani b edqueh dipaethe By conpri se a

pagi ng chan nd/ r oadcast annel . | t anot her ,design, the
Fequest nay 24716 19608 By h-endapapoinoREr SOt Fopurav et
in a connect&fleddephyarishe0Umciulibe a WkodiBy 6 COMTUREGATigh WMtérferéhct &nViabR
base station via the control channel for interference mtigation for

dat a transnf&eyises uspAdor el chyehbys s detredestationot mednlerd 16 e eardreig a

scenarios. request to reduce interference on the radio resources used for the control channel, a
module 616 to send the request to an interfering station, and a module 618 to receive the
control channel on the radio resources from the desired station.

[0075] FIG. 7 shows a design of a process 700 for receiving a reduce interference
request in a wireless communication network. Process 700 may be performed by an
interfering station, which may be a UE or a base station. The interfering station may
receive from a sender station a request to reduce interference on radio resources used for
a control channel by a decsired station (block 712). The interfering station may
determine the radio resources used for the control channel based on information sent in
the request, a known hopping pattern and an identity of the desired station, etc.

[0076] The interfering station may reduce its transmit power on the radio resources
to reduce interference to the control channel from the desired station (block 714). In
one design of block 714, the interfering station may reduce its transmit power on the
radio resources to a lower level or zero. In one design, the interfering station may
determine the pathloss from the sender station to the interfering station based on a
transmit power level and a received power level of the request. The interfering station
may then determine its transmit power for the radio resources based on the pathloss and
a target interference level for the radio resources. In another design of block 714, the

interfering station may steer a transmission on the radio resources away from the sender



[0073] I n one design, a UE may send the request to an interfering base
station, as described above. In another design, the UE may send the
request t ovVORIHLA8YI Nng base station, which may forward PCHEISe@guNEsées t o
the interfering base station via the backhaul. The interfering base
station may reserve radi o resources in regponse to the request and
may send the reserved radio resourges to the serving base station

whi ch may f 8P#eE-d Fonallidspigrindhs Bﬁefgeamg HE2HOP maynredaee ifh Femanit gewsigier 2
the servingpRasRrihad ueRiaNd db&idnheiched bPahdASBess ! Gtd QRafi determined
conmuni cate via the backhaul to reserve downlink and/or uplink radio
resources, WRRYCH®Otat deaptgnggaransier for g uemiestt ¢-pailctponupl, chaosh4heEpGratig
shows a design.of .an apparatus 600 for sending a reduce interference
request. Apparatus 600 includes a nodule 612 to detect high

i nt er f er encé005] r adioo int@Spence estigrsionl oh tire dovedink rthé sendeamatetion myayébe a UE.
desired station, .a nodul 14 to .generate a request .tq reduce .
"hter fer ancd S1F e Gt feriita P Mk B S riiero e Shin et Fetdnpbrensiit
modul e 616 powselrdelf iRl thedusst stabioRMaly et pies bN GnRb dhicOaticAN@virg a low
nodul e 618 to receive the control channel on the radio resources from
the desiredt@psif gaver lguets)Ipanether destans the igkeslierpe stion prap de s fenmig bagsy
recei ving agfh@elGhihi REBELETROGE JROUESHesitdd attin’ ShPDE £ PRHWRI FRTé Bhse
network. Process 700 nay be performed by an interfering station,

whi ch may bétajonmith unegstygicd asqess: | kon Intanfieserica ttigasion ey thet dowindink rthy sender
receive fro td . i r

radi o resoureagt BRLEE p Bhddiiaint BtRTe sRpERLS e s G UERGIERLEBy e
(bl ock 712) basehgationt end dweidegirst @dtioonmapie detemdi GE seived badhobase station.
resources used for t contral .channel bas on information sent i
e requost 115 SEHSACRYE ARG BT P Mt i Mecited SUrt FHG raate e
station, et ctatip®Qd GeRhig:lésdnerfoar.i ng station may reduce its transmt

power on the radio resources to reduce interference to the control
channel frof¥e dddlx ¥ sbpusivlepinn gk mpparatuy e fefe sicginings apicdese

714, the | n‘itﬁéﬁf&éﬂc@gew i 8 eﬁ‘@f?(s REFHERIdES 8 rhdd@Rsgiat to%%ehggmtéq&nder

radi o resources to a l[ower l'evel or zero. In one design,
i nt erferingsétion k siuptyo tduer ipferferenpreopradiel rosnmirdes osadtfhea semipd channel by

and & recel dapisd bRl Rt 4% BRSRL, il oIz Pty REAELd G on
may t hen detlermilinecsotsedt toandnt intgréanerce tothe thdral ablinaclrfeso theclesrddaseidn.

on t he pathl and.a t et | rference | evel for the radio. .
Pesour coo | 1TRRor R S in B aB $35, cobinay dkehein g Tobiat fiiees
may steer ahkfdaasiEsdeoel@rohlRe compbenfse BRlthC aiscuaWerehty) dTev-5€ BElRK,
17 station. For all designs, the interfering station nmay reduce its
transmt poREM™AECO4es, Fied 8t AW FORBEAEM? HETS8h, a duration indicated by

the request o) a_duigabl @BdR bRl Al 88 2 Uedih BF a bRASIaBAENBRI BRLE!

for the request, e.g., the control 1c annel, the operating scenario,
etc. [0077] kBt 130awérchanasinleseonsi af itepahdse statenstchBsdodont akthe (s igs EHdel. In

station may ghe d@siéﬂ,z'base station 110 is equipped with T antennas 934a through 934t, and UE
120 is equipped with R antennas 952a through 952r, where in general T>1 and R 21.
[0081] At base station 110, a transmit processor 920 may receive data for one or
more UEs from a data source 912, process (e.g., encode, interleave, and modulate) the
data, and provide data symbols. Transmit processor 920 may also receive information
for control channels and possibly reduce interference requests from a controller/
processor 940, process the information, and provide control symbols. A transmit (TX)
multiple-input multiple-output (MIMO) processor 930 may perform spatial processing
(e.g., precoding) on the data symbols, the control symbols, and/or pilot symbols, if

applicable, and may provide T output symbol streams to T modulators (MODs) 932a



In one design, the interfering station nay be a nacro base station
having a high transmt power |evel, and the desired station may be a
pi co or fow@oomassixtati on having a | ow transmt power Pcaxskooohszies
anot her design, the interfering station nmay be a fento base station
wWith restricted access, and the desired stigti on nay be a pico or
macro base station with unrestricted access. For interference

mi tigation BHOtHE dbuiAch Medulats 936 e Prosewa EIPCAENP dypuaselnd stieast (ean,
the interfe r I t

Stati on, and e toelcPaq I duphi Sinple faeBf 136 ERGuor F oG e
base st at i oprocTHsde.geneiviertse andlag amphiy, filkresrflaiconycs) ticiooppt sl dieam
desired sta her t he l.e

[0078] FI G Ed %@say%&b 4 ngn%; End%’nﬁéff g%?}alsgﬁ? O%‘F%ése?%aﬁémﬁoh 8321
reduce int enfagﬂaerﬂwammmephestfan&mpw%ﬁmmr&(gh 93¢ kasgesivelynodul e 812 to

receive fro ender ion a r t to_ reduce interference. on
radi o resou[BcﬂggF Ifnfs)rlag %‘ﬂ’tﬂ% ’Fﬂ’f%lil 96?‘ may serive dhs o wk, signal
a nodul e 81ﬁohpbdsedtaﬁen tlmramﬁnrﬂaquﬂae SdccidBd kidhAE ft@ﬂklﬂ@dﬁﬁt@i%'(@@NWDs)
the radi o resources to reduce interference to the control channel

fromthe de@Pteliraight$dn. resyegtvady- Hseh demaddaor A5EneEs, copdisinn (8 endijter,
conpri se proGBRFOuewn&InSEk! Y 8RitH8Y h GRSeciR AVEL& glg}{%lct%s obtain r acewed
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bl ock di agr
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1. In this Gteﬁib(gmfroinaﬁbRsieﬁlbﬁlﬁﬁtom4HShreﬁgh e dpanfoinii MIMOtdR0EGH S34R
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transmt preeessessd2Q., mxotase] dé%i@l@éa@e 208 de@ethe H&E&ed@ﬁnﬁco'lsoﬁ}d%ldc

data source 912 proces encode, interl|eave nd nodul ate) the

data, and pPesprerk defatfar é{ﬁwﬁ%‘?é" aT4%eh Stk 968 é@bﬁ%iﬂfGMOMym&@@tmn for
receive inf g5 Ry bl@éﬁn@l@ﬁn&ﬁaﬁ&q{lteﬁg%&% (}%e@c@% Q%ﬁﬂoﬁgry b&INE 850,
interference requests froma control rocessor 940, process the

i nf or mat i on[0083H perx/ﬁhd@pbrdmat YE 1§9mm¢r§miwrocream R4 rr(a'yrxf)ccwe and process
mul tiple-in esso 0

spatial pr OQ%é Sff@}]ﬂ B(j Bte SO,QI%E r%%ogaﬂhngo I)ma%O? & C(%Ergl %’a%nggl%&f?%@%orﬁg‘?% I
synbol s, andhftafergick ofeqeystsb s, cbﬂtroaiﬁﬁi)mcabdre%(nndﬂlimy fAb@lY i fk@n Ttransmit

out put synbol stre to. T nod 932a 18 through 932t,
Each nodul aP??rccsé%rZ%%V%r]’Bcpé‘é@Hﬁﬁ’ S@%Wédﬁ?ﬁﬁoré %EFPPE‘P?@%@““}”
(e.g., for GFMsekbs raodhm@btmdnthmgwswtmémérﬁttga (8% sEaeh 110 At
nodul at or 932 may. further process convert to anal og, anp

filter, and %ﬁﬁc%aﬁ\‘i’érlti? theainbink ﬁlﬁm’éaﬁﬁm YEs {30 may the r@?ﬁlﬁdrﬂwaalﬁ@m% i9 %
signal . T dowaldsnkpsdgRahiatias: &wt@i%%ﬁﬁ% &ctﬂcfc%gj%q{ggﬁp[l%g%%]b%d

transmtted via T antennas 934a f rou respectively

UE 120, ant énihasp@sdacd by @)Eﬁghw@m}cemw&o@ibwm thia da@evwd [infoknasiog sedt by
from base sb%tlﬁgn 110 and may provide received signals to

denodul at ors (DEMODs) 954a t hrough 954r, respectively. Each

denodul at or [(@B84] rraﬁoﬁﬂﬂldﬁrt/bmeséﬁ‘s @40 ahd DEEMmay altmptti thy opatIMACH YL diation
and digitiz pective re ed si obt ain recei ved

sanpl es. ELO ﬂ‘é‘%ﬁ% t ﬁsp%ﬁe ﬁa r‘?cﬁfsf’ﬁg‘?é mcg@e%téeftm%%ﬁ%%ﬁ%@odules at
sanpl es (e Base $tQIonOFDMma@t ferfbrrh Qrofitedt Prdc@&es00eth F}(‘}rb9|t§ redied Miliced
detector 956 may obtain received synbols fromall R denodul ators 954a

t hr ough 954rntef&é¢mépmfhﬂw1@éw@§s I@HI@ Hetorredust (nsef fesgnep en thej downlink,
appl i cabl e, yang &ﬁé}girﬁﬁ?%@fﬁ(\tﬁ@%cﬁ?ﬁ@% ld@sorrﬁ‘e &@1'11"%’1‘(956 s%?§§ C?(?I‘?Ptﬂ&y

process (e.g., deno el nte ecode) t
synbol s, pr pigioghson 60 deetiudkat A lﬂlﬁ)rlZOJEnayZﬁbrfonnaordéteat srontssgﬁ@o mﬁd‘ 5 to

provide decpeqlﬁgst ' @Btﬁ:‘égam{e%refngg Of% r&’owrﬁ%nrﬁ%c%ssaggo "& dl"![%e 7 to reduce
interference on the uplink, and/or other processes for the techniques described herein.

Memories 942 and 982 may store data and program codes for base station 110 and UE



110 and UE 120, respectively. Processor 940 and/or other processors
and nodul es at base station 110 may performor direct process 500 in
FIG 5 to weguespisirduced interference on the uplink, mpOIOSIEGE63 N
FIG 7 to reduce interference on the downlink, and/or other processes
for the techni ques described herein. Procggsor 980 and/or ot her
processors zg& nodul.es at UE 120 may performor direct process 500 in

FIG 5 to requdstPerétited sicetlre? egwﬁhqdﬁ@ Bt Giika trpRepEEsien o the
(N FIG 7 { Qoh@HCAMdWALRL LRI RACHOMe HIBMPLLAK ARAEARLIGEs
in. 942 and 982

processes for the techniques described her Menori es

may store dé@85Shnd Theeyeiathilt bdths aftoyoubhsredesstandi that infoOnativd Aok sigh6ls 120,
respectivel " r 4 h far, data transm ssion
on the dovvn?sie ﬁ%rasﬁsgég Hsﬁﬁkﬁinﬁéiﬁe& %?,' ildggeréégz%cﬁ P%lgglﬁ? 3?1‘% éecg of'eh elgor
schedul ed UEsamjjlQOBH, Timasetiofs, edambndsninfdreadon, signalsdbity)demboianthdt dhags

i nformation_ and signal s ma represented using any of a variety of
di fferent t &8 f’ergfeé‘?ﬁ’ﬁgq 3@8@8’&&&1}6 B ?Veea"é? fon” gigy oe represented by
i nstruct i onsoltgeTRALtSs, eimh@ma%teﬁe Rvavéd, %%hélic Rl dsSor ARG SpticANGblds or
chi ps that may, @e referenced. t hroughout the above description nay be
r epr esent ed PBYIC\FdHIF dppeeombipatio fhascole| ect r onagneti ¢ waves, magnetic
fields or p el esp g | -1 . k I
ther eof [ 0050 Sehose oo ol I s AR HEE sRECC URE i tarRl IRRIAAAbLEN
various il | ckst nodul¢sogiitsaits, binsic Rigorithod whoeps | desiritedi ins cormmedical gothi them
steps descri I i A e _discl re herein

i npl ement edldg%glg% rgél;é I%oﬂinn?l%g ﬁgpgl%%%}l{egoaﬁ%hcgrpﬁgg? f%air%,cogﬂp%y st¥fvare, or
conbi nat i onsombinitink.of Twtie| € bigardy Lilistratatibis tihieschimeebithaon Babivhiet 3hd
of hardware 31!{",? sof t.war.g vgrfi ous il Iusb rative conponents, bl ocks
modul es, ci PEITEE, VeURY PRV eRAPagents Sraies atiesus: gachaiens haye pegn
ternms of thdederibstndbol© peetdlly- in Wigk Bethe R YGhLbRRY. WRtHeE Yuch Functionality is
i npl enented.as hardware or software depends upon the particul ar

appl i cat i on TBHEMERIS] gh terere aF oS weiepdrpatrlsowpanh dieorsavialar anplieation and
Skilled art uaafPcdi¥aih@hhoRAonReoARAPHREM SHINCE LRATRLLLY, fbihRhY (A
ways for each particular application, but such inplenmentatio

deci si ons sHegtibedhdanchendlint én practiegl veays clusiady rartweparappliatibn,obutt heeh

f th dj, 56/ 11008711 i ous .|| i
001 cal bl odREeTRRAICARTIR B Y SEGTERARL A i R Toom, e

t he di scl osewope bétheipressmylisosumpl enented or perfornmed with a

general - pur processar, di gital .si.gnal progessor (DSP), an. .

appl i cati on?@éiki f i8S AE8YY Q{“é‘ﬂaq%}’?ﬁe%}f‘%lqg%éw,og ?%"ia@fid’_“ﬁ\“%ﬁgii%ﬁﬁ%llé
gate array ¢&mGAjonovittthblsclRfae haiihiebd BHldn @M o Perfha WalHe, SALAIL
or transistor logic, discrete hardware conigonents, or _any conbination
t her eof desPYREY RIBCENT B difiehaenal MEedesns (AeR)e an BBRlicAderepnscifix integrated

gener al - pur S MG L oo
alternati ve?ﬁfﬁe@_sgggzsﬁs)%? %;%%a{g]§g%%%gﬁﬁ§;Pr g@%rcgﬂsag%&%ablc logic
control | er, deniess odigmiete ogdtergr tansitent éogimcdismrete Merpwareessuponemy, at smy
be i npl enen as - ! i f ti devi ces. ., a

conbi pat 1 onc oA sEAEREF BREER 18 poFRIE Yl AR ERFpef pitein. ®A general
M Cr opr 0Cespwpsse s nripbe armicfoppiceses Soris thauleaia)iug)eid @Bcasbdr nad be
DSP core, or an(%/ ot her, such confi 8Er ati on. [TOH)SS!)The steps of a

met hod or afGori AHOGRSEPFIEN: FHRUElHnBRTPORIAIEHOE Hale Maghipgs dy @ocessor

herein may heyenrbodisictbiesid ¥cdnbildiofd WRESpitigAesiedst VRl § cHMGHhEon of
executed by a processor, or in a conbination of the two. A software

nmodul e may fe5P8e 2t RAMIGHRIFBESHSOTT | i sHUREYOQf, DTRONPIOBIFEAS, OEPROM more
mermory, EEPRQYIBEREN s in conjunction with a DSP core, or any other such configuration.

[0088] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed
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,



20 registers, hard disk, a renovable disk, a CD-ROVM or any other
formof storage nmedi um known in the art. An exenplary storage nedi um
i s coupl edVO30PHYBBEY ocessor such that the processor ca®CTARa009/032163
information from and wite information to, the storage nedium In
the alternative, the storage nedi um nmay be0integral to the processor.
The processor .and the.gto dj ide in an ASI The ASIC
may reside |9 ydemd q‘éﬁ* ?{gclwagfr‘i;%{h Eﬁ%@ﬁé’f?‘@’ othgr BHP iragsmediig
the storagekn®ei Wnhea. rase:mpisy HofGe Mo [I:D&ilﬁl@& $o th3 (Rodé8RF such that
terminal. [0Q089]1n one or nore exenplary designs, the functions
descri bed i eCbrEhisat sdoRting (1ga prd Waiks Iptoam@now for tatoeage srediymy.
conbi nati onpt her@ehatife, t%&k&@%@&um%@qﬁé WRER d ﬁa@ FAURGHE O ggxesp&
stored on or transmttéd over as one of more-instructions of ¢

a conput er - peddeebiterape diedimm Guypuside in aacaBliCe Tbdi eSICnohydesdebint & user
conput er st m*nﬁll”n cation ne ncl udi medi um
that facili e[?\glgd F?I gnt %pgo%?va COMPUtEP Odlﬂgn?tf’?ag%n&%g’ %@erel‘s'cﬁie as
anot her. A sltsone&gmmpseﬁhnas imayisheematiyalavai | abI e media that can be
accessed by neral ose or ci al, purpose .conput er y . way of
exanpl e, Hfhﬁgf | i"Pri 95 gn‘m@uﬁ’f‘f’ ufl"éfgnls’eé}&aﬁ?ré’“ﬁ%%ldﬁs%‘gﬁd may be
conpri se m%pla%ﬁteﬁﬁﬁmwﬁ@' REMvaE, HrhBfarQPéd & &Jnﬂ:'fnaﬁ%ﬁ)rﬁ%of If
magneti c di sk stora Cge or. ot her rragnetl C storage evi ces, or any other
medi um t hat TRRIAMERS @e@%l%élﬁ@n@}wngwé)emm R Op S ABAdCDER AR
in the formpfe (Rehdda bPP&n Q‘%ﬁ {’éﬁ&a':lﬁfeeﬁeﬁﬂlq aal ﬁau@@fha@e?ole media
accessed by a general - purpose or sp C|a pur pose conputer, or a
gcner al - pur pebaepboth peropete peregrosedip rut @ssounicastios medariycleding et inediuins
properly teg adabl medi um. For e e, ,f th

sof t war e is gar?g%&?s{rg%} rrc?r%%a u%r PEELR F{pg} on Xla‘[O%DJWe oh'ﬁfmt‘g storage

source usi nmedlacﬁ@xbeadnyca&bxlleeje fﬁqbcb&ltha@pdﬁ (3 amaéhls@i byt Ap&iced ppdoke or special
digital subscrlber | i ne (DSL | es ﬁhnologles such a

infrared, rBiP8% SHPYcr t?i‘é‘ﬁ‘p hdn 6‘85( Fitation, spch P?%Fﬂr(fﬁ%qable

cabl e, tw stirdiapahlcombBte R@JMVR@M PRIV hopliagivesy &H&*b;%%all afy %ﬁg :
radi o, and m crowave are incl ‘'uded in the definition of medium

and di sc, aggRdd dikreange orRIUdRREnEmYeiaRS dewices(TBYY ofhes aredipmsthat can
opti cal dis be u%d% Eﬁ{f)[ ?ﬁes'%(ﬁ'@tdbél % arﬁ YR mednk 8P fm%ﬁ%}%cgbﬁé—c{r%&a
S usSua roau | SCS

di sc where dis dat a nmagneti call

r epr oduce daftr'a?ﬁ(rpﬁt mtflaﬂhhtycam ‘tterﬂct:fass@rlsy a @mﬂmlﬂmtpoeﬂ er mecmhmiram\mmputer

shoul d al sombg ngal edos\(/:\n tr ! cc1ai © 3! C% uter-read bI e. | &

[ 0090] The previ&s SSRPT 5T i°8h fp f‘hé C8‘7*‘8 5% 8 FOCEE Fd’mpc y

enabl e any rr.ems«bm c&hpﬂth&dadafﬂletrha&luaﬁi FoioexamisR, Ifl’chmﬁwtdi‘has thsehiB&sdém a

Var i ous m)difijcatlons to the disclosure wll gcéeadhly apparent to
[

those ski | | 01 PRE P 1ONAAFMPRSOYERBITE 2 5PN PPlesT b PPHe B Wi fuistpd

may be appl bg€ d1§1ta@§ﬁlﬂ5nb@'hh@tﬂ)91%[}5 oMk rBIRS te SRBRL ek RECH dsQRE-4:BE r8@bI dnl
or scope of 21 the disclosure hu the disclGsure is not intended

to be |ini téﬁﬂ?‘da‘f%éhe@xﬁlﬁmoé@ala?@@égﬁgﬁBtIQjé%]%fralfb@ﬂe%éﬁlélfPﬁlbmr ieles
pe_accor ded defihidoSiich S Uffar Q184S G mithllave Ve RickIUCY B R AHLRRVS

features disclosed here
medium. Disk and dlSC as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[0090] 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



[0091] WHAT IS CLAIMED I S: 22 CLAI M5 1. A nethod for wireless
communi cati on, conpri sing: generating a request by a user

equi pmrent WORYIOBSIEduce i nterference on radi o resour c@STUS@NEM6HA
control channel by a serving base station serving the UE, sending the
request to an interfering base station; 2] receiving, at the UE,

the control ,channel on_the radio resources fromthe serving base
station: anff€ ‘%Sdosu’éeo%@ﬁi thg lsr‘fg’s’x}\ﬁetlﬁ nptigteadsd, oy yaied o1 the cemRlessand

the control defignn@scilRl lendi®hheience: BidotdatthON il sQpt Ronsistent with the
transm ssion, wherein the generating the request conprises

gener ati ng PHECIPIgyiktovefeptiep dgelosad heeist one of a transmit power

| evel of the request, an identity of the serving base station, or
priority of the request. 2. The nmethod of claim1, further

conpri si ng: [0091]  QHSCK INGLAIMED H:er f erence on the radi o resources
used for the control channel by the serving base station, wherein the
request is sent in response to detecting high interference on the
radi o resources. 3. The nethod of claim11, further conprising:



identifying the interfering base statiogpcausing high interference on
the radi o resources used for the control channel by the serving base
station, wherein the request is sent as a unicast nessage to the
interfering base station. 4. The method of claim 1, wherein
the request is sent as a broadcast nqﬁiggﬁ:to the interfering base
station and other interfering base stari § wi thin reception range of
the request. 5. The thpq of claim1, further conprising:
detecting the int erfé@ﬁ@oﬂg‘grewg? S1Si COMBAN OB CORNTHWE euse pi | ot

(LRP) or a sync %%ﬁ?!%ﬁ%td RAust gﬁahls&eeﬁﬁip?%ns\gﬁﬂ BLE0]cE 11tBTerBASEn radio

station. he method of claiml1, erein the interfering
base st at i omonseaustddoma bade] shaneldry hserving basef staton servamstihe U ower

| evel , and wherein.the servi base station is a 23 pico or fento
base station_ha&?ﬁ@ﬁgﬁg8%%ﬁﬁq8P5H§W#F“E3%E?S@%Wbl lower than the
first transmt pQeRfing 8@k UE, the contrbl cABel B O thd® reeb@bdd fom WELSIiRg
the interfering base stationis a femo base station with restricted

access, anbasgiéat®nhanche serving base station is a pico or macro base
station with unrgstrict

SR B Srving brseariol Vs (LA Gurbe R BT (he

wherein the gene

request toiitaddruae ratticheastor dp tehsmistishget interference |level for
the radi o resources used for the control channel, an identity of the

interfering bas&hstes thegengptingiths Ferpetowmpgisnt Emprangs thraeaenst toonclude at
channel or 1&&?@056%‘%'5191‘&591‘?18?‘6%? tevel bf tﬂ-é"x%ﬁﬂgstt %qdé}{tit)z Eﬂh@sérvlng}earag étgtion,
a cyclrc redundancy

the generating thé request conprises generdting

check ( CRCpr paoritylod theaggest.,, and appending the CRC to the
request, the CRC being used by the interfering base station to detect
for error in receiving the request.

2. The method of claim 1, further comprising:
detecting high interference on the radio resources used for the control channel by
the serving base station, wherein the request is sent in response to detecting high

interference on the radio resources.

3. The method of claim 1, further comprising:
identifying the interfering base station causing high interference on the radio
resources used for the control channel by the serving base station, wherein the request is

sent as a unicast message to the interfering base station.

4. The method of claim 1, wherein the request is sent as a broadcast
message to the interfering base station and other interfering base stations within

reception range of the request.

5. The method of c¢laim 1, further comprising;
detecting the interfering base station based on a low reuse pilot (LRP) or a

synchronization signal sent by the interfering base station.

6. The method of claim 1, wherein the interfering base station is a macro

base station having a first transmit power level, and wherein the serving base station is a



10. The nethod of claim 1, wherein the gending the request conprises
sending the request multiple times to inprove reception of the
request by the interfering base station. 11. The net hod of
claim 10, wherein the sending the request multiple tines conprises

di h h
Further i pBYR Tk aRts SOkl SR PR Rt BTl Wb

station. transmit g@dverTbelnet hod of claiml1, mhereln the sending the
request conprises sending the request via Layer 3 signaling.
13. The nmethod of claim 1, wherein the control channel carries an

access grant f of t heTHgmeth%ﬁ of claim. 1 lﬁﬁlereﬂ]&eqﬁgﬁgrg&%@asg lsf?l ils a fe

wherein the UP is opéerating in an idle node CORtY
channel cobpseistation atith restsittednecess, aad pagtahg thehsanmed baa dtaamb rmﬁle@st
channel carryi stem | fornatlon 15. The method of claim
1, mhereln“Fﬁ%ﬂ§§ﬁ§%§@1W§ SBFSTHERD 356°Kandover of the UE or during
operatlon in a connected nDde by the UP. 16. The net hod of
claim1, further conprising sending to the interfering base
station a secon8. reqﬁhsnkﬂmﬁeﬁmﬁmdlhm&enheﬁemwema@@yﬁmmmnwmdhﬁha

radi o resources R r, Wir SS _conmmuni cati on
conpri si ngSomprises gﬁ?er?té‘%tg‘e 6‘?9(1116% 8 z'%‘%rﬁt Iﬂagtémﬁ gla?@éﬁtll %’EWE el for
oper at i vel yheGaMbeedoatkeh esegi%@ﬁ@tc@n@olrc%gﬁmtantleeﬂzﬁylupﬁellméﬁéﬁ@g@ﬁee on
radi o resources used for a control channel by a serving base station

servi ng t hetaym, or enfemmdionridentidviog she eontrahcliannerof érd madiolrasmressat i on,
to receive the control channel on the radio resources fromthe
serving base station, and to comunicate with the serving base

station via thegcont mak nieangicid@r , Whesid eeeRe&atihd the 2éduest dotfpridat a
transm ssi on,

generating a cyclic redundancy check (CRC) for the request, and

appending the CRC to the request, the CRC being used by the interfering base

station to detect for error in receiving the request.

10.  The method of claim I, wherein the sending the request comprises
sending the request multiple times to improve reception of the request by the interfering

base station.

11.  The method of claim 10, wherein the sending the request multiple times
comprises sending the request at higher transmit power after each time to further

improve reception of the request by the interfering base station.

12.  The method of claim 1, wherein the sending the request comprises

sending the request via Layer 3 signaling.

13. The method of claim 1, wherein the control channel carries an access

grant for the UE.



wherein the generated request includes a4 |east one of a transmt
power |evel of the request, an identity of the serving base station,
or priority of the request. 18. The apparatus of claim17,
wherein the at | east one processor is operatively connected to detect

high interferen on i u . the. nnel
by the serving gg’se sﬁt’h gﬁ %}?10% éa%ncga%?lgl’é@%%l#ﬁ%q%éeg%?f E’ ?ﬁn%qﬂéégdcl)%glgﬁ?’oand
det ecti ng kihgtein thicenhesletheenad tompesdsadieastrons 0fit eging channel arkG brAAdcast

apparatus for Wi rel ess conmuni cation, conpri sing: nmeans,

execut abl e Binng ‘E%’é’l‘ngeﬁ’ﬁﬁebh’élgqm{@@)‘-, for generating a request to
reduce interference on radio resources used for a control channel by
a serving base station; neans, executable at the UP, for sending the
request to an indberf dhengthddagdelamal, wdrrein the requesiain senteaaghabioeciadf

the UP, for, receiving the control channel ;on th adi o resources from
the servin %@gé’ré‘t‘%‘?gr?ﬁ?fat%n aggunnec e%mﬂ%%l?iétfhe cutabl e at the UE
for communicating with the serving base station via the control

channel for interference mtigation for data transm ssion, _
wher ei n t he genébat edhe awptiestofiotedinuld dertleer compasingne of a transmit

poner Level o Ui eRiEE BBl Wb B A R TR Bl

conpr i si ngreduction on the radio resources.

17.  An apparatus for wireless communication, comprising:

at least one processor of a user equipment (UE) operatively connected to
generate a request to reduce interference on radio resources used for a control channel
by a serving base station serving the UE, to send the request to an interfering base
station, to receive the control channel on the radio resources from the serving base
station, and to communicate with the serving base station via the control channel for
interference mitigation for data transmission,

wherein the generated request includes at least one of a transmit power level of

the request, an identity of the serving base station, or priority of the request.

18.  The apparatus of claim 17, wherein the at least one processor is
operatively connected to detect high interference on the radio resources used for the
control channel by the serving base station, and to send the request in response to

detecting high interference on the radio resources.

19.  An apparatus for wireless communication, comprising:

means, executable at a user equipment (UE), for generating a request to reduce
interference on radio resources used for a control channel by a serving base station;

means, executable at the UE, for sending the request to an interfering, base
station;

means, executable at the UE, for receiving the control channel on the radio

resources from the serving base station; and



means for detecting high interference op the radi o resources used for
the control channel by the serving base station, wherein the request
is sent in response to detecting high interference. 21. A conputer
program product, conprising: a non-transitory comnputer-readable

medi um conpri si ans, executdbRAR th EWRCHY @Qllnﬁlu%caﬂné’ with tﬁ@%&-{lﬁg Bgsﬁf}t@on

for causing at l[east one conputer to generate a request to°re
i nt erferener thaicorsehl ochanasbfior teafarsied rhitiwatiorcfontistaliraakhainsieh, by a

serving base station, code, executable at the UE, for causing
t he atgleast on¥ %Wb%@é?n?ﬂﬁgéﬂﬂw?ﬂ%ﬁPéﬁd%§F“ﬁ@ﬂ§gémﬁpﬁPﬁ@PWﬁ&eH§§€
station, the reqRd8n iRNEEUARL &r@ih?tbgg‘e ionf &F plflﬁ‘lé!? Ibgglleg Bt |east

one conputer to receive tthe controll channel "on esour ces
fromthe serving base station; and code, executable at the UE,

for causing the,at |east one computer.to comuni.cate with the serving
base station via&the%gSWﬂpgﬁu%ﬁgﬂﬂB}{%évﬁvﬂfgwpgﬁﬁﬁce mitigation for
data transm ssi @feans for dete¥AiR18LN it ErGRRVNAME FhAILRANARECsIUISE HAERe @ntrol
| east one of a transmt power level of the request, an identity of

t he servi nghasaslbysthaserging hoge paiion inthgrept themequesiia eent in gBponse e tétoding

for wirele VTR i.cation, conprising: receiving, at an
interferingﬁﬁggr e%%%%nent (UE), a request froma base station to

reduce interference on radio resources used for a control channel by
the base station; and 26 o
21. ~ A computer program product, comprising:
a non-transitory computer-readable medium comprising:
code, executable at a user equipment (UE), for causing at least one computer to
generate a request to reduce interference on radio resources used for a control channel
by a serving base station,
code, executable at the UE, for causing the at least one computer to send the
request to an interfering base station,
code, executable at the UE, for causing the at least one computer to receive the
control channel on the radio resources from the serving base station; and
code, executable at the UE, for causing the at least one computer to
communicate with the serving base station via the control channel for interference
mitigation for data transmission,

wherein the generated request includes at least one of a transmit power level of

the request, an identity of the serving base station, or priority of the request.

22. A method for wireless communication, comprising:

receiving, at an interfering user equipment (UE), a request from a base station to
reduce interference on radio resources used for a control channel by the base station;
and

reducing transmit power of the interfering UE on the radio resources to reduce

interference to the control channel from the base station.



23. The nethod of claim 22, wherein theygeducing transmt power
conprises reducing transmt power of the interfering UE on the radio
resources to a | ower level or zero. 24. The nethod of claim 22,
wherein the reducing transmt power conprises determ ning pathl oss
fromthe base shatio far i [
| evel of the r e%gest Iﬁrhtaghdﬁtt 13 dg Zﬁlﬁf knﬂgrleﬁgth? ?c%&%%ﬁra%g&@%%&vﬁ%r@ﬁ%s
i nt erferi ngeduBinfaransthe poaer of the fnenfaas: BEsadhondichesquaddstos $ovasrdesa] or
target interference level for the radi o resources. 25. The

met hod of &f8i m 22, wherein the reducing transmt power conprises
steering a transmssion fromthe interfering UE on the radio
resources away fromthe base station. 26. The nmethod of claim
22, wherein theZﬁeduailngleﬁhcalrcﬂ’rdaimpﬂiv\wﬂlembmhbir&bsing&nhnemitgmmhecomprises

transmt power qf thelnt on the radi o resour a
pr edet er m ned dg?tﬁfrplfl‘f{lg atlf‘?rg HIQE!??&? Eta?%tﬁge i%ﬁ%t@g f’aseglo“é‘
duration d@gc@{v@u?@qelbﬁsgq)f%@huésg@ﬁg one paraneter for the request.

27. The method of claim 22, further conprising: determ ning the
radi o resources dgf@@@mﬂtgrtrmﬁ@ltcmmer of thehetarfetingy Etfhethb ambo stsavicembased

based on a h at tern f the base station.

28. The mef ﬂo c%aefnmaztﬁr ge éergefeﬁm? evef%{ g}eTréﬁi]loﬁﬁsOBEC Ps a first UE
not served by the base statl on. 29. An apparatus for wrel ess

comuni cati on, corrpr|S| at | east one processor at an

interfering usef equi bﬁﬁw@hqdwé)claé@r% @fhp@w the redueisig\eans i powehe@yaprises
station a Etﬁgrlﬁ%% tr%x?snﬁ%‘?&ﬁﬁofnrfﬁ é:rfe?fﬁ% E}%qjacglo rgssogi’geg g@a? §r§{)n V\Ee (r)r

a control ase s |on and to redice transm
of the i nt badeatdtiog. UE on the r adl 0 resources to reduce interference
to the control channel fromthe base station. 27
26.  The method of claim 22, wherein the reducing transmit power comprises
reducing the transmit power of the interfering UE on the radio resources for a
predetermined duration, a duration indicated by the request, or a duration determined

based on at least one parameter for the request.

27.  The method of claim 22, further comprising:
determining the radio resources used for the control channel by the base station

based on a hopping pattern and an identity of the base station.

28. The method of claim 22, wherein the interfering UE is a first UE not

served by the base station.

29.  An apparatus for wireless communication, comprising:

at least one processor at an interfering user equipment (UE) configured to
receive from a base station a request to reduce interference on radio resources used for a
control channel by the base station, and to reduce transmit power of the interfering UE
on the radio resources to reduce interference to the control channel from the base

station.



30. The apparatus of claim 29, wherein 4he at | east one processor is
configured to determ ne pathloss fromthe base station to the
interfering UE based on a transmt power |evel and a received power
| evel of the request, and to determ' ne transmt povver of the
interfering UE £gr thg ﬁ%r' c ed..on i at hl oss and a
target interference Ieic/[éI égy?na 3‘%%25 ﬁhrecé a5t ONC Procegyor isy

appar at us odinﬁgumdmmterl\him;ﬁﬂﬂoésffﬁnﬂthd RBSEtaRReloRhO I RE &Ringi TSR based ona
configured to reduce the transmt power of the interferi ng UE on the
radi o resolfAREYt pyerdeys] and o s3asivied @ower sy elon theregusshiand o deteinyae ed by

the reques %rans%lt Fodir cﬁ%@fﬁtéﬁ%ﬁﬁé rf{]ﬂ]og)q fﬂl&aﬁgﬁj: r2fbudles Ib?@eﬁtoncmg Pﬁﬁfo@@?ﬁc{a s

for the request or wreless conmun

conpri si ngtarget mterftma@slaveﬁtfome rdddo oeuroes. more interferi ng user

equi pnent (UEs), a request froma base station to reduce interference
on radi o resources used for a control channel by one or nore UEs

served by the bgse Stl“ﬁéhy%liratﬁﬁgfclalmw ARy G st die r@tg:%% E?Es t he

resources of the control channel from'the one or nobre serve ,
radi o res omlrfwr&@etmrc@cc dhicagmitpoavel of tedeteffeong UReonthe raio reowces for

interferin Stc88:.8 t of the interferi UEs reducing transm:t
power on t%g SC?FBIHFQQ&#(%’S éﬁa?%lﬁgﬁgt(?dg’ tﬁ%}gq}lg&@é&durm n Jeten@?ed
The met hodbgkd ehai i dne phRERE? thi@e kdfusstf ering one or nore UEs is a
first one or nore UEs not served by the base station. 34. An

apparatus for wrel ess conmunication, conprising: at | east one

processor at a Qfse ?&trﬁgﬂng@for%rélgs% %%rr;u%%éa 1912%&181té)r1|%wrgg?]lcjgfénzg gﬂe

or nore |nterfer|ng user equl

radi o resour cestrassesttfngf toaomacmﬁxmé itaER Rl usbye@enéit (UBELa h@:q?:eﬁqmﬁ@g
by the base station, and to recel ve on the radi o resources t he

control chBefalipp sfedhes ik %@m%pé&%rv@wcwésedtfw sattiobchaageh s
havi ng red gre'lﬁ‘ﬁ§ Jr@gaquﬁﬁfbré&rgé& more interfering UEs as a
u

result of t e Interferin s reducl hg transmt power on the radio
resources in resqmmag drotht helio so@sts of the controBbhanfiel BppakadnesSorimdre
W rel ess commu risi neans, executabl e at

.2
t he base sfeéi‘t"?dlo]ﬂ’{gs’ft%? raijOarr% TE4S; hﬁgmgtr%&&ﬁ% inderirence fTam drraaicionghaie er
equi prent  {Efking QJEseﬁLher%ul{ SOH f’ht&?e?ﬁl B lleﬁﬂ EQ R E Fo &l Fﬁlj ErfRFe

on radio resources used for a control é hannel y one Or  nore
served by reeurbessio respansedn;thareguest.

33.  The method of claim 32, wherein the interfering one or more UEs is a

first one or more UEs not served by the base station.

34.  An apparatus for wireless communication, comprising:

at least one processor at a base station configured to transmit a request to one or
more interfering user equipment (UEs) to reduce interference on radio resources used
for a control channel by one or more UEs served by the base station, and to receive on
the radio resources of the control channel from the one or more served UEs, the radio
resources having reduced interference from the one or more interfering UEs as a result
of the interfering UEs reducing transmit power on the radio resources in response to the

request.

35.  An apparatus for wireless communication, comprising:



means, executable at the base station, $gor receiving on the radio
resources of the control channel fromthe one or nore served UEs, the
radi o resources having reduced interference fromthe one or nore
interfering UEs as a result of the interfering UEs reducing transmt

power on the r ag{jlegng %ﬁ%‘ia‘ﬁ?ﬁ?a’titﬂe Efs%@fﬁﬁgﬁ f%?tr%ﬂ%i{tl ul%sc;[n'e o‘rf%?ﬁo'?‘e interfering
conput er program prdduct, conprising: a non-transitory
conput er - r esataqhipreat{UiEe) corguess g a base station to redG@digterRx@ce babido at

t he base station, fBr transrrrtr)i;tting, to one or _nore interfering user

equi prrent  FE3RYSCeS Usep dof peqntyol ghangelpysencsr apgrg K hisserved by dhg base srbipwriad
on radi 0 resour gesndl 3eckutdMie & tHORE Uati6h ABPR)ceiNh UIERE Pacﬁ%fe@o&gés chf the
and code cutable at the

served by the base station; , exe
base st at i emmirdlehamet &bmithg oot therersadied ks dwrradis refoutdeshadng rediiced

h | f h d UEs, di .havin
" educed i niBPROFRCER e TG TP e PR Rail Al ORReRe e VES .l 1

of the int esfiRinigNEinbEs pbRLeh e rhdiBReutcePANREpRBe I e FAREQ. F esour ces
in response to the request.
36. A computer program product, comprising:
a non-transitory computer-readable medium comprising:
code, executable at the base station, for transmitting, to one or more
interfering user equipment (UEs), a request from a base station to reduce interference on
radio resources used for a control channel by one or more UEs served by the base
station; and
code, executable at the base station, for receiving on the radio resources
of the control channel from the one or more served UEs, the radio resources having
reduced interference from the one or more interfering UEs as a result of the interfering

UEs reducing transmit power on the radio resources in response to the request.



