METHOD AND APPARATUS FOR CODEBOOK- BASED PRECODI NG I N NI MO SYSTEMS Fi el d of
the I nvention Enbodi nents of the present invention relate to a nethod and
apparatus and, in particular but not exclusively, to apparatus and a net hod
for use in a multiple input nultiple output wireless tel ecomrunications

net wor k. Background It has been proposed to inprove the coverage and
capacity of comuni cation by use of sgati al diversity or spatial

mul ti pl exing. By using spatial nultiplexing, the data rate can be increased
by transmtting indﬁEgH@MNDrﬁP&W b FOR CAREBOQmPASETEr ent ant ennas but
usi ng the sane channel as JHREGOONG IR NHJOSCHTEME ti me resource and

possi bly spreadi ng code. These systens nmay be referred to as nultiple input
mul tiple output (M M) systens. These systens require conplex controllers
to controlghothnt MRetd@nsm ssion and receiving el ements of the nobile
station and the base station. Milti-streamsingle user M MO transm ssion
has been osed anﬂ forms part of WCDVA (w deband code djvision nmultiple
access), gty hi @dprﬁéﬁgr”&‘f‘?r@ﬂ” PERENEr 3 PN BRE EPPRTRYA Fe i

evol ut i on)pasicdlab\biiot eydters taadpdrdts aht sSinaigbe farase immal hilpbie inpuput

mul tiple qutﬁjlcﬂt étSLf' M I\éo% tel@eaMl ND.r?cgi vzr ith nultiple antennas and

recei vi ng uf P&’/"Feeéé' vé% R |?|spr|1ew%r reans, separates the multiple
streans and determ nes the transm ssion synbols sent over each stream of
the spati &2KArABYNG i pl exed data streans. In the 3GPP forum LIE-Advanced has

been proposed to be an evolution of LIE Rel'8 systemto address the ITUR
(I nt er nat itidralbede beponadioiitatdvelis: ddviemige Rad capacoyolotntadiii@ioSes uss )

equi | ML d i . il I i i - ced.
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has been pRopysidrashed bgUravisvilting triveentlent dniemagen shieams dnaslifietert he UE
(user equizpERRhd bWusingfe 88hE cRfnnkl & AANENGERJuER PR MBoGhe01nd

possibly spreading code.

These systems may be referred to as multiple input multiple output (MIMQ) systems.
These systems require complex contfrollers to control both the transmission and
receiving elements of the mobile station and the base station,

Multi-stream single user MIMO transmission has been proposed and forms part of
WCDMA (wideband code division muitiple access), 3GPP LTE (Third generation
partnership proiect —long term evolution) and WiMax system standards. In single user
multiple input multiple output (SU-MIMO), a MIMO receiver with muiltiple antennas
and receiving circuitry receives the multiple streams, separates the multiple streams
and determines the transmission symbols sent over each stream of the spatially
multiplexed data streams.

in the 3GPP forum, LTE-Advanced has been proposed fo be an evolution of LTE
Rel'8 system to address the ITU-R (International Telecommunications Union Radio
communication  Sector)  requirements for IMT  (International  Mobite
Telecommunications)-Advanced, 3GPP approved a new Study ltem on LTE-
Advanced in RAN#39 {(March 2008). It has been proposed that SU-MIMO with 2-4
transmission antennas at the UE {(user eqdipment) will be part of LTE-Advanced [TR
36.913 v8.0.04,



2 It has been proposed that SUUM MO UL (uplink) transm ssions wll involve
transm ssion precodi ng techniques and that this precoding utilizes fixed
codebooks. In a subm ssion nade to 3GPP in R1-090915, Ericsson has proposed
a 4Tx (transm ssion) precodi ng codebook that attenpts to preserve a

favour abl e PAPR (peak to average power ratio) property of the transmtted
signal. However, the inventors have identified that this proposal is
limted to rank 2 transm ssions. In the R1-090590 subm ssion to 3GPP, Texas
Instrunents noted that | arge codebook sets at full transm ssion rank do not
provi de significant gain. Antenna inbal ance has been considered in the

codebook dESh@{l_,bc?léﬁopr?gﬁégadi ﬁdelsg-Wﬁﬁ:gait(Qpﬁﬁ?HrmWMIdné. WHO\;EJ_I\QQ&, Lhe
I nventors have.identified . that thes | gns have locused O X schenes.
e oot enb e el i B el ottt RS pHEpBats s PARR but

the inventors have identified that this schenme does not take the potenti al
transmt aptenpa. i.nbal ance (e due nt_of .the user ,equipnent in a
user's han(@') Sl ol éusr‘n@rg?ymAgt(‘:%rgg%\r% rg:s%o%hgss e“gchosg? %;#ggpresent

i nvent i on, (ttehemissios) preosdinte dodebrek hiod atemptd & pseryt ry fayoprableodARY code
book for cgptkal!d /e 1,S8140 o fyour, Q | CR, said
code book @Ioé,rrpr%)s&? n%gtg %?Vﬁpa%ﬁ)yg%?g@% r,iteésj,fa&ﬂéfﬁg?%ﬁsﬂa{c}_q{éﬁ%ﬁe@eare such
that a si njventpigyare [denifigp Head thiorreaese! isdimilet &ragk 2dispamisgians code book
entries conprising different antenna pair conbi nati ons whereby one or two
antenna pajrs are selected for transm ssion. According to another aspect of
the present ﬁ*ﬁ?‘érﬂgﬁé%ﬂ sybssin e 3RSy il g6rs Iasrumseky %t%%éb'ﬁi%@ﬂﬁ!@mé
processor canht QU rathntissicrs@anadp hegpaingsigatkanbgak for control ling

transm ssions fromfour antennas of a device, said code book conprising a
plurality of entries,. wherein said entries are such that a single layer is
mapped t o éaiehna imbalance has been considered in the codebook design, proposed in R1 -

062355 to 3GPP by Nokia. However, the invenfors have identified that these designs
have focused on 2 Tx schemes.,

The Householder codebook used in LTE Rel’'8 DL {(downlink) increases PAPR but the
Jinventors have idenfified that this scheme does not take the potential fransmit
antenna imbalance (e.g. due to movement of the user equipment in a user's hand)
into account.

Summary

According to one aspect of the present invention, there is provided a method
comprising using a precoding code book for controlling transmissions from four
antennas of a device, said code book comprising a plurality of entries, wherein said
eniries are such that a single layer is mapped to each selected antenna, said code

- book entries comptising differert antenna pair combinations whereby one or two
antenna pairs are selected for fransmission.

According to another aspect of the present invention, there is provided an apparatus
comprising a processor configured to use a precoding code book for controlling
transmissions from four antennas of a device, said code book comprising a plurality

of entries, wherein said entries are such that a single layer is mapped o each



3 selected antenna, said code book entries conprising different antenna
pai r conbi nati ons whereby one or two antenna pairs are selected for

transm ssion. According to a further aspect of the present invention, there
is provided an apparatus conprising a processor configured to sel ect one of
a plurality of entries in a precodi ng_code book for controlling

transm ssions fromfour antennas of a-device, wherein said entries are such
that a single layer is mapped to each sel ected antenna, said code book
entries cosgedied rtgn@ana]‘ @aﬁntcoa@ttﬁmaemaw @ﬂrﬁanksmgt tioeennhenahy ene or two
antenna pairs .are gg&gﬁﬁure to be sel ected m ssion. Brief

Descri pt i oﬁ Bynstiva his® VéWP@U?“Q%‘H@l%ﬁ@%GtS? ?o[rﬁgnsdp &%t i nvention

will now qescrlbed by way of exanple only with reference to the

accompanyi Rkl n i) AALED ok Pinde OO URC 2 S FRETBA LE aul.ou of @
system inclU an SChermatTe “basd Stat i on and user eq U|pnen configuration
W t hi n whi @{hﬂ&flﬁj@diﬁn@nt@sm coiguiedviensélort oy cber iphypdlidhwhtestties Fingar e 2

shows a coge @Hafgé(dk“@r E&ﬁroﬁ?lﬁg%(%%mls%ﬁé‘?rb&“fgur £@BKnaL: of Qé\ﬂ@e 3 shows a

codebook enbod in resent invention - rank Figure 4 shows a
codebook ewb@fagv\ %@gﬂ Gérﬁfé%pﬁ*%@éﬁ‘tthﬁ“rﬁ/%‘?'ﬂ’? lederis PaRRedlo ek aelectsd SHENER. a

flowchart efid b&PsodkakBibstlontREng et ahtdhhLRair 88Hbinations whereby one

or two antenna pairs are configured to be selected for transmission.

Brief Description of the Drawings

Various embodiments of the present invention will now described by way of example

only with reference to the accompanying Figures, in which:-

Figure 1 shows a schematic view of a system including an schematic base station
and user equipment configuration within which embodiments of the invention may be
implemented;

Figure 2 shows a codebook embodying the present invention — rank 1;

Figure 3 shows a codebook embodying the present invention — rank 2;

Figure 4 shows a codebook embodying the present invention — rank 3;

Figure 5 shows a flowchart of steps taken at the mobile station; and

Figure & shows a flowchart of steps taken at the base station

Description of Exemplary Embodiments

Embodiments of the present invention are described herein by way of particular
examples and specifically with reference {o preferred embodiments. It will be
understood by one skilled in the art that the invention may not be limited fo the details

of the specific embodiments given herein.

Figure 1 shows a communication network 30 in which some embodiments of the
present invention may be implemented. In particular, some embodiments of the
present invention may relate to the implementation of radio modulators/demodulators
{modems) for a range of devices that may include; user equipment 201, relays,



Figure 6 shows a flowhart of steps taken at the base station Description
of Exenpl ary Enbodi nents Enbodi nents of the present invention are descri bed
herein by way of particular exanples and specifically with reference to
preferred enbodi nents. It will be understood by one skilled in the art that
the invention may not be limted to the details of the specific enbodi nents
given herein. Figure 1 shows a comunigzcation network 30 in which sone
enbodi ments of the present invention may be inplenented In particular

sonme enbodi nents of the present |nvent|on may.relate t

tati
of radio mm%@%wtépaém?W& 1 (S YY t‘%l‘i"‘r‘%&ﬁ‘gﬁélr geTSE(?QWOgg?%[TEQt arr:asn

i ncl ude: uggr equi pnment 201, relays, 4 access points or base stations 101
whi ch conmuni cate over a wireless environment 151. Enbodi nents of the
present invention nay be applicable to comunication networks i nﬁ)l enent ed
accordi ng &mbmmamgef e ;ﬁé@ndmdﬁaoamﬁytﬂaapph@hm tacponmunisefardiotie
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a schematic v stemw thin
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conmuni cat P% SHRGEIM VLA (WS MbdahaRabasgork), ahd UWEL@MraNmmdﬁamy be a
node B (NB), an enhanced node B (eNB) or any access server suitable for

enabl i ng ukeSPIV§ui pment 201 to access wirel essly a conmuni cation system
Figure 1 shows a system whereby the base station (BS) 101 may transmt to

t he user e pne 1V|atevv|rl, tions

channel thh ?pcﬂ‘ft &’S@ﬁae hehEmRLC ViRY 8\/\3’? ﬁﬂ%tﬁ@ﬂﬁ%gﬁeﬁ%ﬂg@

equi prrent {(heBhveibn magy be dmelententsl ishehobais e The azpmawn@asw PV i3] Ehe

W lre' Essuﬁglﬁ(dwno\ﬂﬁﬁﬁtba&?@md!}h Gat WS FARPOGIEEE (NBY &h eihcBE nédwBn as the
upl ik {eNB) or any access server suitable for enabling user equipment 201 to access

wirelessly a communication system.

Figure 1 shows a system whereby the base station (BS) 101 may transmit to the user
equipment (UE) 201 via the wireless environment communications channel 151,
which may be known as the downlink (DL), and the user equipment (UE) 201 may
transmit to the base station (BS) 101 via the wireless environment communications
channel 151, which may be known as the uplink {UL).

The base station 101 can comprise a processor 105 which may be configured to
control the operation of the receiverftransmitter circuitry 103. The processor may be

configured to run software stored in memory 106.

The memory 106 may be further configured to store data andfor infermation to be
transmitted and/or received. The memory 106 may further be used to store
configuration parameters used by the processor 105 in operating the base station
101.

The transmitier/receiver circuitry 103 may be configured to operate as a configurable
transtmitter and/or receiver converting between radio frequency signals of a specific

protocol for transmission over (or reception via) the wireless environment and



The base station 101 can conprise a processor 105 which may be confi gured
to control the operation of the receiver/transmtter circuitry 103. The
processor may be configured to run software stored in nenory 106. The
menory 106 nay be further configured to store data and/or information to be
transmtted and/or received. The nenory 106 may further be used to store
configuration paraneters used by the processor 105 in operating the base
station 101. The transmtter/receiver circuitry 103 may be configured to

oper at e asbaesonf digitn aiphats t THRNENs itRF/ raaBidtbOsircLiRg €08 efayconstefitlrag tdet ween
radi o freque [ '

si gnal s, of cific_protocol for fransm ssion over (or
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The tr ansmecctieed ir@c devdrelass rourdnmeni 08 . may be configured to use the nenory
106 as a buffer for data and/or infornmation to be transmtted over or
received fromthe wireless environment 151. The transmitter/receiver
circuitry Testramnitar¢dsyer GeutoriOB mayddrthe bbesooianracibédd coonepted leagt one

ant enna foreagz%%ia\amq?g&d éeri\%bséﬂott?zir{%%%tﬁrﬂfth%%%i@Ifr%ﬁtﬁ&ﬁ%@@%a@ioQ&Qhé over the

W rel ess environnment t he user equl pnme . ré 1 the base
station i sWERBHNSRWIRPTER| Wothe Wt eArayent RR! finrfgureadttanPese Glaticand t he
second ant giid dfisPathart@Hak OHE 9kt LRtdnhAN ST Sncihe JeBERI MRerfi-0maLs. In

ot her enbog(l)grsntﬁ of the invention the base station nﬁ% have{\ n@rtg ant ennas
r epr esent eB®By°HEUEDt P EPNSAYe AL r2eEMe SRR B’UPH‘ei.erﬁ‘ GRS rd8fr ed
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may recei venidatas it oedsied i ardsntostigebrt rank-Adransreissiemui pnent 201 via the
downlink and transmts data received fromthe user equi pnent 201 via the

uplink. This data may conprise data for all of the user equi pment within
the cell of§ibaseesationminmadt Poneennasee topethat aiptwerkt plemeaisevidt ati on 101.
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from the user equipment 201 via the uplink. This data may comprise data for all of

the user equipment within the cell or wireless communications range operated by the

base station 101. The communications link 111 Is shown in figure 1 as a wired link.

However it would be understood that the communications link may further be a

wireless communications link.

In figure 1, there is shown two user equipment 201 within the range of the base
station 101, However it would be understood that there may be more or fewer user
equipment 201 within range of the base station 101. The user equipment may be a
mobile station, or any other apparatus or electronic device suitable for
communication with the base station. For example in further embodiments of the
invention the user equipment may be personal data organisers or laptop computers
suitable for wireless communication in the environment as described hereafter. 1t
should be appreciated that embodiments of the invention may also be applied to a
relay station.

Figure 1 in particutar shows a first user equipment Uk, 2014 and a second user
equipment UE, 201, Furthermore figure 1 shows in more detail the first user
equipment UE, 2014, The first user equipment 201y may comprise a processor 205



In figure 1, there is showmn two user equi pnment 201 wthin the range of the
base station 101. However it would be understood that there nmay be nore or
fewer user equiprment 201 within range of the base station 101. The user

equi pnent may be a nobile station, or any other apparatus or electronic
device suitable for communication with the base station. For exanple in
further enbodi ments of the invention the user equi pment nmay be personal
data organi sers or |aptop conputers suitable for wirel ess comunication in
t he environment as described hereafter. It should be appreciated that

enbodi ment sondgueHeto avdiel iton apaiptian s¢f poespyitieasrigen cireitsy 288athen. Fi gure

1in parti %%Eé’srsoﬁﬁl%%e%ofwhé&éd USeh SAWARMREEd Uﬁne%@ﬂylmﬁ’ndh@p&%ééﬁw user
equi prent UE2 2012. “Furthernore figure 1 shows in nore det the first

user equi pHenfurther corel andreerpierasy %@@F'O%Wb%mbez@mew &?vaﬁ e a
processor %m@ﬁ@dcﬂﬁsedpérﬁt;&pﬂﬁ el udeh&qOipekat kepladf adlio and/or video
recei ver/transm tter ﬁ?FLCUIt ocessor gay be configured to run

sof tware sEHOSHoANILE o B er%h@dﬁqeot}pggégpum,ﬁ t her control and

operate any operation required to be carried out by the user equi pnent such

ti f th t I I di d
decodi ng | e msion 07 Sinrce LEBEL beriblRAGY sl Bl A HoMpAGE# BETE 00 2
further cotbigpitted] and/ost erevetat Bhamanaary | 2ﬁ7’ommft fuothet debesad dnsrieret ed
and/or r eCE&A@graBIJ?? TRy u@%;f@%gf&é&&%ﬁ’@@@% cﬂ:% né PheSaRF @q&&ﬂéﬂtgur ation

par ameters us processor I'n operati the user I pnent 2011.
The menory28hy Ttl‘@ Q’GMOW syt ge rm"r@)rs}aiedﬂf’m@%ﬂ Oﬁﬁ%r'?ef(‘%f&ic(ﬁu%fh asn‘ & exanpl e,
CD or DVD boiimt, OBt ol fbohat am@%tsé)cmlagﬁarcmérﬁmmsm dsl mpy oPhardar d
drives), or anx media suitable for stor |ng¥tf &] g {ns far ocperatlng t he
pr ocessor s IMESAGT Gty BRGdns 4iaPls o SIPngnasP e CREENEh G H S

transm ttebbrﬁf@@&&ta\beﬁat@lcrr&uhérﬁlys@ﬁ)&cémbnlmemonf| gured to operate as a
configurable transmtter and/ or receiver converting between radi o frequency

signals of a specific protocol for transm ssion over (or reception via) the
Wi rel ess et transieiter/rneivdyadelstin 803ingy balcosficyreal te opTiaés 2y aniourele/ r ecei ver

circuitry %%ﬁ%rﬁﬂg %/&%él%rcﬁﬂvér@dﬁﬁﬁwé rd BRI PEN RS st@@al@oibé‘fsf)@&ﬂcf or data

to be transm over recel ve romthe wrel ess environnent 151. The
transnitt ePreiecsdiforirapsmissipn rayen e reseplionr Vigh et Wislase LHRRREER LYo at

| east one aat&pma ddhal $iG6M. VinBdraabditbmabstertdrcngy RO® nfagdeaohfiaeercy

signal s over he wirel s en the b station.10 figure 1
t he user nemey o*\’ﬁna ﬁ?ﬁﬁ‘}? s‘ﬁ‘?gto etﬁﬁ“éﬂﬂ%? OVEhE rFF?“é“atdlféw ghna 25111
to the foumm!eamtc-,avirwn%ﬁ&m Al t hough figure 1 and the exanpl es descri bed
hereafter describe the user equi pnent and the bases station as having a

processor arranged to carry out the operations described below, it would be
under st ood Tiredtansmitisrftrseivarpirasitiyf 203He confasrrd lorba Reneelep de & lpashPifcessor s

may Cconpri s@tddngd ifHebeiRhQ SRS HAFsriting Y HuR] frddieRty HEOALEEATRe witBss
processors may be inplenented by one or nore integrated circuits
environment 10 the base station 101. In figure 1 the dser equipment is shown

comprising 4 antennas, the first antenna 25144 to the fourth antenna 25144,

Although figure 1 and the examples described hereafter describe the user equipment
and the bases station as having a processor arranged fo carry out the operations
described below, it would be understood that in embodiments of the Invention the
respeclive processors may comprise a single processor or a plurality of processors.

The processors may be implemented by one or more infegrated circuits.

Some embodiments of the present invention maybe used in the LTE-Advanced
system which may be part of 3GPP LTE Rel. 10. However, it should be appreciated



7 protocol for transm ssion over (or reception via) the wireless

envi ronnent and baseband digital signals. The transmtter/receiver
circuitry 203 nay be configured to use the nenory 207 as a buffer for data
to be transmtted over or received fromthe wireless environment 151. The
transmtter/receiver circuitry 203 is_configured to be connected to at

| east one antenna for receiving and tFfansmitting the radio frequency
signals over the wirel ess environment to the base station 101 In figure 1

t he user i s shown conprising.4 antennas, the fi ntenna 25111
o t he MBHEPHRLTREsHE BB BT (o rrugn v 4O e eanany i merh iy BESGRER, bed
her eaf t@Qlt&l@QmalbgTh@Qr&lﬁﬁfﬁ@ﬂ%@{?@nbir(ﬁﬂd{ be dﬂgﬁ&% &gﬁﬂiguﬂg@? as Uwaviteg fid ]
processor arranged to ¢ y out the ope ons descri e wou e
Pder St BTN DT ‘i (L 5t DE NESRJlsH, ek f RECTUEh et V8 \wr%%%sssor s
may conghirsennsimgl e processor or a plurality of processors. The
processors may be inplemented by one or nore integrated circuits. Sone
enbodi ments of the present invention maybe used in the LIE-Advanced system

whi ch My Ql%ﬂ@ﬁ\rt{erﬁéce%@o FE:rrlﬁluEryRﬁdJS séLQonHﬂYP@éY 8b.bd ‘%;oﬁxlﬂ%t@dj b &t apRteGiAt ed

that this is by way of exanple only and enbodi nents of the invention may be
used i naHPRRYE fRft foreivigs eedrdranamitisCipe ﬁﬁ@l@ﬁt@eﬂuea@r sigalsharasdhe haiess

precodi ?‘rﬂm%ﬁﬁ%?to 1BE b3BGlRioHS®Y MfMQré $lfhé\/h§@equmn§éht(i’s MaPimgigebook

desi gn Tx (Transm ssion) antennas i s discussed. |In another

embodi néﬁﬂteﬂmﬁ%%e fiest Antene £5¢ aub thepudppiniesdazlbd o to PUCCH For mat 2 (for
-exanple with single stream precodi ng). The same techni ques nmay be applied
to soundi ng reference signals. In sonme enbodi nents of the invention, the

SU- M MAhasbdiicuge doded diuk sxarpleardesadel hereafikedesnripedbe aigat eiigment

propertL&s 15Peekhd Gl L%y BKpBEedsbr £ARRGEE SR M thed operations

described below, it would be understood that in embodiments of the invention the
respective processors may comprise a single processor or a plurality of processors. The
processors may be implemented by one or more integrated circuits.

Some embodiments of the present invention maybe used in the LTE-Advanced system
which may be part of 3GPP LTE Rel. 10. However, it should be appreciated that this is
by way of example only and embodiments of the invention may be used in alternative
systems.

A PUSCH (physical uplink shared channel) precoding scheme for single user MIMO
(SU-MIMO), with a precoding codebook design for 4 Tx (Transmission) antennas is
discussed. In another embodiment, these techniques could be applied also to PUCCH
Format 2 (for example with single stream precoding). The same techniques may be
applied to sounding reference sighals,

In some embodiments of the invention, the SU-MIMO precoding codebooks are
arranged to take into account the properties specific for the uplink of LTE-Advanced
system.



Some enbodi ments are arranged to take into account: |nbal ance between Tx
antennas in the UE due to for exanple the grip of the hand and changi ng of
the antenna orientation, which provide different responses to the vertical
and horizontal polarization conponents. Power efficiency decrenment due to
increased PAPR In a M MO system the performance of a radio systemis

i nproved by using spatial precoding ag a transmtter and spatial postcoding
at the receiver. Spatial precoding may conprise spatial beanform ng and
spatial coding. The spatial precoding is done to enhance the signal power

at the dsshidigtdNeadd arrdhdddodhkd e hédornf-ering power. In single-layer
beanformng, the sane signal is emtted fromeach of the transmt _antennas

wi th appr opr irbaapteabetweandhopriconas iny theal k) dyeio farisxgmole e Al of 1€ si gnal
power is maxinj | OL e ot HRCWRRRETbYIde afifcheRmbaonsay ar e
to increase %@@ﬁ%%ﬁ?@ﬁ %P?‘r%oa\rh?%%dnstrué?tig\géwggnggrniln% 'ar?d to &?{aduce t he
mul ti pat h fath thg efticat and Whrdrontal polegizatioregormznadisi- t i pl e ant ennas, the

transmt beanform .cannpt _simulta ze the signal level at all
of the recti %O%Wt%lﬁ%%‘%( Cb%%%&”ﬁggﬁ{sé%&}sggg. Br ecodi ng requires know edge
of the channel state information (CSI) at the transmtter. Sone enbodi nents
of the inventiaon use a precodi ng cogeboo _an . [, Ul ;
transmi é%iaowt"ﬂ% Y ogadten %Bﬂg%}ﬂg‘g? Prf tr?ﬁh('%%g%ggi'gngﬁne@bﬁgym%uaéan be
r eggr de%a&:%dﬁqgtét%ﬂﬁ?xﬁél’n}iitt@* Mswmhikacboﬂmﬂim astheateeivérabpitial enecndiénd Wevh e. g
turbo code. In the follow ng, t t er m nol ogy..t ran r : W used.
The t r aRepEFite HPgtRlsbegmafofip ﬁs"ﬁi“flsgﬁ ‘%q]r“cﬂd' “t %%gﬁ?‘?ﬁ ?aotﬁ?%gr?ﬂﬁs(.léﬂd%h%gtﬁi c
embodi ”%ﬂh§n@th%%ﬂa‘ﬂ‘é@ﬁéﬁéﬂhe Hbhainpties adi ngdieddeb tekiniesfedes pgned based on

one or nore of the following criteria: Precoding contains preceding
matrices that preserve the PARR of SC-FDVA (single carrier frequency

di vi si ony, r@%élé@égy%r AGLRTSIihG AMEESSE OdigndiNigSemnietlyfromeedchy of thes tremppéd f or
each ant enna. Precocling takes pot,ent‘i al .tsansr‘g'.‘1 asntigi\rmgt .Hébgibﬁ ce
into ac@mnnagywigh@pgr,opﬁﬁt,ee&@ﬁsg (and’ optionally gain) weighting suc
power is maximized at the receiver input. The benefits of beamforming are to increase
the signal gain from constructive combining and to reduce the muitipath fading effect,
When th-e receiver has multiple antennas, the transmit beamforming cannot
simultaneously maximize the signal level at all of the receive antenna and precoding Is
used. Precoding requires knowledge of the channel state information {(CS!) at the

transmitter.

Some embodiments of the invention usc a precoding codebook design for simultaneous
transmission of up to 2 cedewords. in this embodiment, the codeword can be regarded
as a trahsport block which contains data that is encoded with e.g. turbo code. In the
following, the terminology transport block will be used. The transport blocks are
transmitted from 4 transmit antennas. in some embodiments of the invention, the

precoding codebook is designed based on one or more of the following criteria:

s Precoding contains precoding matrices that preserve the PAPR of SC-FDMA
(single carrier frequency division multiple access) transmission. Thus, only one

layer is mapped for each antenna.



Cont ai ni ng antenna or pol arization selection in the codebook for rank 1
transm ssion Ensuring that each transport block is transmtted froma
plurality of antennas that can be sel ected according to the current channel
state, when transmission rank is |less than nunber of transmt antennas.
Containing Tx diversity elenments with antenna sel ection or antenna groupi ng
I n the codebook in order to mnimze the size of codebook Based on the
criteria, a codebook for a specific rank is designed with follow ng steps:
For a single-streamtransmssion: transmt antennas are grouped into two
groups, wet iPrecatinetaes petenial diansmitApntenna rabalagre igesxicpyal by one or
ant enna-t o- qﬂ%r%noqa group mappings are listed Different phase rotation
conbi nati ons between the antennas within the antenna group are listed as
codebook ent ri es Confaidingiameairayor paelkdzdtioonsadctionngltee axwde frgapk flor
transm ssion is included into the codebook. Different antenna-to-antenna
group options ar érapﬁ'@fsﬁﬁ}é‘d, and either phase rotation or a transm ssion Tx
di versity nethed Hrsusappl thed ehelt weaspbhieblack esnasnamitién riranhea apiteiityachr oup.
For a multi-st reaaerténrn%gstWafS %;lclr? r}Je selected according to the current channel state,
when transmission rank is less than number of transmit antennas.
o Containing Tx diversity elements with antenna selection or anterna

grouping in the codebook in order to minimize the size of codebook
Based on the criteria, a codebook for a specific rank is designed with following steps:

For a single-stream transmission:

e transmit antennas are grouped into two groups, with 2 antennas per group.

e After that, ail possible antenna-to-antenna group mappings are listed

¢ Different phase rotation combinations between the antennés within the antenna
group are listed as codsbook entries.

» Additionally, selection of single antenna group for fransmission is included into
the codebook. Different antenna-to-antenna group options are included, and
gither phase rotation or a transmission Tx diversity method is applied between

the antennas within the antenna group.

For a multi-stream fransmission

s Number of transmit antennas per layer is selected so that each transport block is
fransmitied from multiple antennas

o After that, all possible layerto-antenna mappings (i.e. antenna groups for each
layer are formed) are listed with restriction that only one layer is mapped per
antenna.

« When a layer is mapped to multiple antennas (i.e. antenna groups), different
phase rotation combinations between the antennas within the antenna group are

listed as codebook entries.



0, ? Nunber of transmt antennas per layer is selected so that each
transport block is transmtted fromnultiple antennas After that, al
possi bl e | ayer-to-antenna mappings (i.e. antenna groups for each |ayer are
formed) are listed with restriction that only one | ayer is mapped per
antenna. Wen a layer is mapped to nultiple antennas (i.e. antenna
groups), different phase rotation con?bnations bet ween the antennas w thin
the antenna group are listed as codebook entries. 10 o Alternatively, a
transm ssion Tx diversity nethod can be applied between the antennas within

the antenna gr eupaltdrbathBRY bardRmsdisd Tk ileraityCReRRAandes heplicelosst@ban Ng

bot h PARR preserving and antenna sel ecti on precodi ng options is not
contradi ctory. PARPaplessas withiy the ePBINAGYY: used when UE transmission is
power limted, whereas precoding with antenna selection (and, thus, power

boosting of remaining transmt antennas) may be used when UE transm ssion
is not Poskauld iha meted ek & ceesu ARFIODecERNYA epth PABR! BichePpRand
preserv ; : : n

Pt ccod: A enRe RPREL 87 PRl boAT K CBh e RRP R BRERPRET ¢
codebooksedwihgnd)E trenghisaibd i eowppiireitschvée redsapreepriog Wth ntenmR sefrstion

cons def e opd B nateio SRR ARG kR e, A e M e

t echni gtressmiBaink is ant lreverdigdteded as the nunber of different transmt
streans. In the case that pilot signals are typically precoded and the
codebook contains entries with a Tx diversity nmethod requiring an antenna
speci f i @hpi tedgbobkwompiy| It designedcies cosieth PéFHe patdenday getetadindenddBcesThe

second P\Ielvg%hglggsl{egg abook uc%%da sgl é{on\’t\ggnpr@éo&hg\f er%eslfr‘:tcgs RatU3& Ct‘iot preserve

PAPR.

When looking on the specific codebook designs, it should be appreciated that
embodiments of the invention may be used with tfransmission ranks 1, 2, and 3. Rank 4
is not considered in following. A rank 4 codebook may be provided, using known
techniques. Rank can be regarded as the number of different transmit streams.

In the case that pilot signals are typically precoded and the codebook contains entries
with a Tx diversity method requiring an antenna specific pilot, two pilot sequences need
to be allocated o the UE, The second pilot sequence s used only when Tx diversity is

used.
Rank 1

The values in the tables represent the amplitude and phase when a layer X is mapped

to antenna Y.

Antennas are grouped into 2 groups with 2 antennas per group. After that, preceding
vectors with QPSK rotation combinations between antennas within antenna groups are

formed. Additionally, precoding vectors for antenna group selection are included. In the



Rank 'I The values in the tables represent the anplitude and phase when a
|l ayer X is mapped to antenna Y. Antennas are grouped into 2 groups with 2
antennas per group. After that, precoding vectors with QPSK rotation

conbi nati ons between antennas w thin antenna groups are forned.

Addi tionally, precoding vectors for antenna group selection are included.
In the 11 case of antenna group selettion, there can be either phase
rotation, e.g., BPSK (binary shift keying, between the transmtting
antennas, or sinply Tx diversit ., Space-Ti ne Bl ock-Coding STBC. The
benef i t Cafe rmfsanigwwg@uwe@pt@mutgerpw ha eliar phgse srtaksy & %o%§%t(b(r@ﬁhl | er)
codeboo S r trix
i ndi ceslél? ﬁ%ﬁ@@ be?Wé,l%% ?@Qﬁ%@égﬂﬁ%n@é&ﬂg@ [?{Jéﬂ%lp ’y%ﬁvgﬁ#%c%dg g(gékﬁ%%r?ons
are shomwmﬂtrggjﬁéBQ Tihéeeefirod usimgekx dta@'lséﬁlssﬂhab\kh allmﬁ%fqrum@ne qoamast i s
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In the example shown 3-PSK rotation between the selected antennas is applied (in PMis
where antenna selection is presented). It should be noted that also other phase rotation
constellations can be used, based, e.g., on QPSK or 8-P3K rotations.

In one alternative embodiment of the invention, entries 11-18 {i.e. antenna selection
entries) are taken from table 3, and entries 1-10 are selected from Householder
precoding vectors used, e.g. in the 3GPP LTE Release 8 DL 4Tx antenna codebook.

In column 1, the precoding matrix indicator is listed. These indicators are from 1 to 22,

The tables lists for each of the four antennas the required rotation or Tx diversity.

The zeros indicate that the associated antenna has not been used for transmission.
Rather the transmission power {which may be kept constant for UE) is concentrated on

the antennas having favorable channels,

In both of the tables, the first 10 entries show that each of the antenna has a rotation of
0.5, -0.5, 0.5] and -0.5j.



In colum 1, the precoding matrix indicator is |listed. These indicators are
froml to 22. The tables lists for each of the four antennas the required
rotation or Tx diversity. The zeros indicate that the associated antenna
has not been used for transm ssion. Rather the transm ssion power (which
may be kept constant for UE) is concentrated on the antennas having
favorabl e channels. U The conbi natiops represent antenna pairing and phase
rotation between antenna pairs. For exanple with table 1, PMs 1 to-4
represent the foll ow ng antenna groupi ng: antenna group nunber 1 conprises
antennas 1 and 2 and antenna group nunber 2 conprises antennas 3 and 4,

with QPSK rotatign between groups. Thus antennas hav sane fhase in

g‘, a
t hese r b compiRgionsipresenbagienpe PREING ﬁﬁ?@ 'Y EB’BVBG

the ant P&’@aﬂﬂ% Rith4i8e ANPENS430-4 rB8Pféseniand f@lawﬁy@ﬁeﬁnaﬁ@@ Uémgr especd i vely.
As can be se the antennas can be regarded as bein %'9%5'55’@ EB%CP W th each

pai r bedneypalungieit egompEsesaartensal i96H 2 phipslensadh MPBPY st 10
ent 1 eShntohls S Al fh UpSikGolllh B8uddiegblbd TiRSLANBRM Biha hauge STEC

on two the four antennas. This Is sO he UE is not _at,

exanpl ewme@@l&a‘ae G‘dg‘@Selr@Wﬁaﬁmmtf@V}hﬂmﬁl LEEGIRE @He"ﬁﬁﬁ/\@ﬁouﬁnﬁ] PW%HO Then
|t may Qeth?ea%e%er{ngtﬁoﬁw%%@rﬁ&%r%stfQr'ﬂ'?ﬁ”aﬁé'aﬂfénﬁ@%ran‘ém goqRcagnnas. In the

second of ere are 12 entries where there is rotation provided
for only tvvo of the antennas. One rotation value is always 0.5 in this

exanpl eé f P es%%gﬂ% Qﬁﬁémi/%arﬂ?%?égg}gs%q %QBQ”H %S plals, \MEH 8hctl pANEHHFST ON

power t | ue nmay be varied. In one
enbodi maidcatahtticcans iotationf Gihis isdhe hasefoa i firae1d @mfﬁfﬁ‘ﬁ)on of anplitudes may
be nore inportant. The other rotation value is -0.5 or 0.5. As an exanpl e,
the precoding vector that is expected to maxim se the SINR ( nal to

i nt er f eFenciee finit o6 thauaatoms ahet i wut plitenbfesepvsl 5768 qvmtwqm@ub@géh%ﬁ%wi on

receiver I sel ect ed. T ].Rﬁ§

esti mat &8 e&?f’%l ﬁé'& '?F’BPH R%H&bggn%?tg mnce S| eadc(%m;ﬁg rreneg?oneg t he

absol ut @edadosasol powvhearmplfices. Mt nbemeh dedetter mr@apﬂrateau@swmepower
on good antennas.

in the second of the tables, there are 12 entries where there is rotation provided for only
two of the antennas. One rotation value is always 0.5 In this example. In one
embodiment, it an aim to nbrmalize the total {ransmission power to 1 {4x0.5%2=1).
However the absolute vaiue may be varied. In one embodiment, considerations for the
phase and the relation of amplitudes may be more important. The other rotation value is
-0.5or 0.5.

As an example, the precoding vector that is expected to maximise the SINR (signal to
interference noise ratio) at the output of equalizer in the base station receiver is
selected. This can be estimated based on existing channel estimates obtained from a

sounding reference signal.

As mentioned, the absolute values in the table may be changed. The amplitude may be

the same for all antennas in a given precoding vector, and that amplitudes may be



the sane for all antennas in a given precoding vector, and that anplitudes
may be 13 increased when only two transmt antennas out of the four are
used so that the same power is distributed between two instead of four
antenna Rank 2 Antennas are grouped into 2 groups with 2 antennas per
group, with each antenna group mapped to one |ayer or data stream After
that, precoding vectors with phase rolation, e.g. BPSK (Binary phase shift
keyi ng), conbinations between the antennas within each antenna groups are

formed. . Al t ernat vel there can he Tx diversity, e.g., .Space-Tine

B ock. I Bt URrery e S e st (B Bk v sk o St HBATSF oup.
Such cogetwenls digab@ad besehIwbinst@adsf fduPdfe@ed.ng matri x indices, dependi ng
if on BPSK or if STBC is used. The resulting codebook options are shown in

Figure 3. The benefit of using Tx diversity is that it allows for nore
conpact Raped | er) codebook design. The first table of Figure 3 is the BPSK
codebook design and the second table is the STBC codebook design. As with
Fi gure Antam@staresyroeRidiifie e prawevith Enantpprasoler g (Wit aesit aptennaThe
second gRlUNThabPE ¢R1R8 HNG SNHSRNGAHTSer th L cfing Qb4 r4ment
| ayer 1§and th'ng ourth col um, ?ayerrééz," %serctaﬁﬁ é?%ccyaené,: tm%owﬁtfg%ggur

ant enna&taien. & 9o BRBEd(Hirarg apasef shith &eying), | coparigatioDsf fedwean the exteteasnat ri x
i ndi cat giginhaNg dhibhes n eaftd r t | ocated to
each of t!hle i‘é{%{r st anﬁ ?&uﬁdsﬁa@gmégr%%é&ég@ﬁ M’)éé‘%réséghrﬁ% ﬁgﬁﬁégﬁ ’s(g'lﬁgned to
each anbeaperTime ttheclkFCoding thethivecrtie anBnaae mappsd toi the BPSK layestaptargaand

two | ay i [ " . tion
pet weon SuPe cuan copalfok i Ris 052 &y oPuieBo Bl tdfx NG BRREIR Fents
of the PnEEHiH onif STRE ivabedsTareshling abdabookloatiens aret srewrsisdrighase
rotation; in here, the BPSK constellation

The benefit of using Tx diversity is that it allows for more compact (smaller) codebook

design.

The first table of Figure 3 is the BPSK codebook design and the second table is the
STBC codebook design. As with Figure 2, the first column represents the precoder
matrix indicator. The second column indicates the antenna number. The third column
represent layer 1 and the fourth column, layer 2. As can be seen, two of the four
antennas are allocated to each of the two layers. Different precoder matrix indicators
have different ones of the first fo fourth antennas allocated to each of the first and
second data streams or layers.

The values assigned to each antenna in the first fable are 0.5 and -0.5. With BPSK
elements and two layers, there are 12 options. There is no need to have phase rotation
between antennas thal are mapped to different layers, in some embodiments of the

invention.

The values in the table relate to the used phase rotation; in here, the BPSK constellation

is used (to keep the codebook size reasonable). Alternatively, the QPSK constellation



is used (to keep the codebook size reasonable). Alternatively, the QPSK
constellation 14 could be used with the associated values in the table
whi ch may al so include 0.5] and - 0.5]. In the second table, there are
three options given where the antenna each have STBC are applied thereto
but different ones of the antennas are assigned to the respective |ayers.
Rank 3 Wen transport bl ock-to-Iayer nppping fromLTE Rel'8 DL is assuned,
transport block #1 is mapped to |ayer #1, and transport block #2 is mapped
to layers #2 & #3. To ensure that each transport block is transmtted from

mul ti pl g, AbENRRE wilrBne askdciiRRARRIdn ZhaRbeNNARhWRES 886 Ilchyier0.8Ramnd 3 are

mapped to a single antenna each. Thus each codeword or transport block is
mapped €8j.2 transnit antennas. The precodi ng codebook contains 6 different
| ayer -t o-ant enna mappi ngs and applies BPSK rotation or Tx diversity (e.g.
STBC) between the antennas used by layer #1. Such a codebook design results
in 12 o Bemesooditatge.ntherd srei thesiecerdiond apendiviredhe enteppaieagh heYBETBL used.

g‘l)%f}e(?&ﬁ.d’ﬂe% of ﬂ%ﬁéﬁr@sﬁé&é%éignéﬂ b 1188 rBs ghctild e

The resulting
first thﬁ é@ﬁ%ﬁﬂg*@gé’ K rotation and the second tabl'e applies STBC. The

first ciyamn is the PM and the second colum |ists the antenna nunber. The
next columms are for the first to third layers. In each table, |ayer 1 has
two antennas assigned to it, whilst layers 2 and 3 each have a single

ant ennaRasg&igned to them The | ast columms indicate which ones. In the

second_ MUberapat etk b Gaoghe Mok ERE RASER rRrEh paeRh bock®, o
two ant gnmgsapSbdaelayécisame tdatport blotk #Assmrepped fo loperswa &a#HBermassureTBC i s
PP < A S G TR B Pl PSSR RN Rl 20
Thus, SEBfenihss Mitere@pldyed#2 and 3 are mapped to a single antenna each. Thus each
codeword or transport block is mapped to 2 transmit antennas. The precoding codebook
contains 6 different layer-to-antenna mappings and applies BPSK rotation or Tx diversity
(e.g. STBC) between the antennas used by layer #1. Such a codebook design results in
12 or 6 precoding matrix indices, depending on if BPSK or STBC is used. The resuiting
codebook options are shown In Figure 3.

In figure 4, the first table appliies BPSK rotation and the second table applies STBC. The
first column is the PMI and the second column lists the antenna number. The next
columns are for the first to third layers. in each table, layer 1 has two antennas assigned
to it, whilst layers 2 and 3 each have a single antenna assigned to them. The last

columns indicate which ones.

In the first of the tables, the values of 0.5 and -0.5 can be assigned. In the second table,
STBC or the value 0.5 can be applied. In rank 3, layer 1 uses two antennas. Since the
same data is transmitted from two antennas, STBC is applied over the antennas
mapped {o layer 1. However, layer 2 and 3 use single antenna each, and thus, different

data is sent from these antennas. Thus, STBC is not applied.

Some embodiments of the invention may have one or more of the following advantages:



15 Single carrier properties are maintained which is suitable for

LTE- Advanced UL, Codebook size can be kept snmall which neans that there is
a small signalling overhead in DL- The antenna pairing is useful in keeping
t he codebook size small. The antenna pairing reduces the nunber of

conbi nati ons for phase rotations. Further by limting antenna pairs to
contain antennas with significant spatttal correlation, e.g., the sane

pol ari zation direction or adjacent antenna positions, the codebook can be
kept small. Finally, there is the use of transmt diversity which again
assists in keeping the codebook small. Reference is nmade to Figure 5 which
shows a | OWsaRl LorghaeLrgs bREmARESER whitk Litibie HLPELAREL BE out bY
t he user equipirent. Additionally layer napping ‘zl .'€. how transport bl ocks
(code wor ds) Cadebankpgieel can beplednit simdllaybick meametHabdiined.is Bhémalhaignbling
performed in &%ﬁei@m Gor.r esponding to |layer de-mapping in the base station
In S1, a codehodk s T ecei ved, or information identifying the codebook.
Information identifying one of the entries of the codebook is also

receive t he recei

| n,S2 d_infar ion,i,s stored i he memory 207. In
55° %t ne Thar gt RofeYdie cBndhoThe BRuthakae Srelk THcamRReY bafingn of
sel ect ede@m@syhemmu@rr?ﬁm@bimms Sbr eaafe wtatirbrtnerrmgans.m |Miagb bwdngﬁ
respective antennas. |f necessary the selecte r ecodi ma used in any
necbesardits B PEBR b i Wit ERNEohMoRla rar i 6.4 L ST BORREIRE 6
whi ch shifrasticst &gl jadeint BnteRya Besitens, tiedecstdboby chih Beh@pesiialntFily, therelis, the
erm ne the, chanpel con%{t@iog%g?,ﬁfr ef erably,

Che. i ot ERE PO HEh FOBERsisl HteP Ao el is the
channel between the user equi pnmrent and the base station.
Reference is made to Figure 5 which shows a flow chart embodying the present
invention. This is carried out by the user equipment. Additionally layer mapping {i.e. how
transport blocks (code words) are mapped o spatial layers is performed. This may be

performed in the UE, corresponding to layer de-mapping in the base station

In 81, a codebook is received, or information identifying the codebook. Information
identifying one of the entries of the codebook is also received.

In 52, the received information is stored in the memory 207.

In 83, the dafa siream(s) are precoded in accordance with the information of selected
entry. The precoded data streams are then transmittéd by the respective antennas. If
necessary the selected precoding may be used in any necessary retransmission.

in this regard, reference is made to Figure 6 which shows steps which may be carried
out by the base station.

In T1, the base station is arranged to determine the channel conditions, Preferably, the
instantaneous channel conditions are determined. The channel is the channel between

the user equipment and the base station.



16 A determnation is nade as to the rank of the conmmunication - T2. In
ot her words the nunber of data streans which are to be transmtted at the
same tinme is determned. In the enbodi nent discussed, the nunber of data
streans can be up to mwhere mis the nunber of antenna which the UE has.
In the next step 13, the base station selects a codebook based on rank and
a codebook entry based on the channel ¢conditions and/or the nature of the
data streans. Preferably the codebook ntry is selected based on the

i nst ant aneous channel conditions. In T4, the sel ected codebook entry and
codebook is sent to the user equipnent. Alternatively, information
identifying the codebook nmay be sent, with the codebook entry. In

al ter natg u@teerﬁib@ﬂomwmdefasttbdhe nardnof tha commurieatioscelT ¢ ein %ﬁlaéWOfdﬁrthe

exanpl e, i se t hat dul at i e oded,
AT et 3 S e wHETAHLE B B3 RLARE e Y SBphinge o
channel Ry eapBBINMEMGIigdNesEE lties hedbpr efotaa seans car beiurhtoghavirse rest theat es
Enbodi nents of the inv n%; be used with fewer antennas than four or
mor e t haimksiief gRieERAYEIC %EI Sted that whilst enbodi ments may have been
described in relation to user equi pnent or nobile devices such as nobile

termnals, enbodinents of the prese i nventi op,may, be a I | ny
ot her suntednexitsigre Iafthgheae &t 'Q“ssﬁpaf%‘f‘b? queiﬂoog(?ﬁﬁ%%%5?%#@?%0%%%5@
syst ens. o A RHenA8YiEnR@YtohgtieeNhQUr ©d raurendlthedatastebmdi Prafewbty

access technol ogi es, for exanple, based on ropriate |ti-radio
i mpl enerthacpdeboakienty inpelgcigdthaacd ARTGINERE ﬁOBgP‘? ? ?fﬁgtgq%nt s may have

been descri bed above by

In T4, the selected codebook entry and codebook is sent to the user eguipment.

Alternatively, information identifying the codebook may be sent, with the codebook entry.

In alternative embodiments of the Invention, at the receiver side, for example, in the
case that demodulation reference signals are not precoded, the processor 105 of the
BTS receiver needs to calculate the effective channel by combining the selected

precoding matrix with channel estimates

Embodiments of the invention may be used with fewer antennas than four or more than

four antannas.

it is noted that whilst embodiments may have been described in relation o user
equipment or mobile devices such as mobile terminals, embodiments of the present
invention may be applicable to any other suilable type of apparatus suitable for
communication via access systems. A mobile device may be configured to enable use of
different access technologies, for example, based on an appropriate multi-radio

implementation.

It is also noted that although certain embodiments may have been described above by
way of example with reference to the exemplifying architectures of certain mobile

networks and a wireless local area network, embodiments may be applied to any other



way of exanple with reference to the exenplifying architectures of certain
nobi |l e networks and a wireless |ocal area network, enbodi nents nay be
applied to any other 17 suitable forms of conmunication systens than those
illustrated and described herein. It is also noted that the term access
system may be understood to refer to any access system configured for
enabl i ng wirel ess comunication for usér accessing applications. The above
descri bed operations may require data processing in the various entities.

The data pr.ocessi ng may be provided b ns of .one or nore data
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code pr GUYED FRNVIOHEA fRenabaRg WislesrERTIMHIaRN &fBEaT REAFSEIN0ineHcatieatied to a
conputer. The program code product for providing the operation may be

stored gn and provided by neans of a carrier nediumsuch as a carrier disc,
card or '18F@ovAdgsIdiedianeta)ionaaye endire dakal Rseepseing in thegratieue sadtien. dbact vi a
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California and Cadence Design, of San Jose, California may automatically
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(e.qg.,
chipset may comprise microprocessors arranged to run code, application specific
integrated circuits (ASICs), or programmable digital signal processors for performing the

operations described above.

Embodiments of the inventions may be practiced in various components such as
integrated circuit modules. The design of integrated circuits can be by and large a highly
automated process. Complex and powerful software tools may be available for
converting a logic level design into a semiconductor circuit design ready to be etched
and formed on a semiconductor substrate.

Frograms, such as those provided by Synopsys, Inc. of Mountain View, California and
Cadence Design, of San Jose, California may automatically route conductors and locate
components on a semiconductor chip using well established rules of design as well as
libraries of pre-stored design modules. Once the design for a semiconductor circuit may

have been completed, the resultant design, in a standardized electronic format (e.g.,



18 Qpus, GOSH, or the like) may be transmtted to a sem conductor
fabrication facility or lab" for fabrication. It is noted herein that while
t he above describes exenplifying enbodi nents of the invention, there are
several variations and nodifications which nay be made to the discl osed
solution w thout departing fromthe scope of the present invention as
defined in the appended clains. 19 @INB 1. Apparatus conpri sing:

a processor configured to use a precoding code book for controlling

transm ssions fromfour antennas of a device, said code book conprising a
plural i tey,of @RbH | §Sine WREY Bia) 1RAIENGRHEH €5 addemistisductdiafabacaiondbsilityayer is
mapped to each sel ected antenna, said code book entries conprising

di f f er entabéfrdabiicaganr conbi nati ons whereby one or two antenna pairs are
selected for transm ssion. 2. Apparatus as clainmed in claiml1, wherein
said processor is configured to control power with which an antenna

t ransni tis is motckc berim deatwvhile thenahber describesesnammifyion emodipansnstt eng at
the sanme_tine. : r [ g i d ' jed

pr ocees P LoR Ry AFETo0k U] YA iR, FRF pldbifeaful dnRitingy MR

t r ans pordisdibsecksdiutom witpiutidapartipg domatieesneae of the present invention as defined

in the appended claims.



4. Apparatus conpri sing: a processor configured to select one of a
plurality of entries in a precoding code book for controlling transm ssions
fromfour antennas of a device, wherein said entries are such that a single
| ayer is nmapped to each selected antenna, said code book entries conprising
di fferent antenna pair conbi nations mhereby one or two antenna pairs are
configured to be selected for transni$sion. 5. Apparatus as clained in
claim4, wherein said processor is configured to determine a rank and
selecting one of a plurality of codebooks in dependence on the determ ned
rank. @LAMIparatus as clainmed in claimb5, wherein said processor is
configured, when the rank is determned to be one to select an associ at ed
codebook which allocates said antenna to the sane layer. 7. Apparatus as
claimed,in ch aﬁh? Mﬁ&&; eiqn said processor is configured, when the rank is
deternlned to &l ect an associ ated codebook which allocates two
20 antenna t® reaeksdoayernfiguged Agpasatairasodingi stk ibrok| @irne@trollieg ei n sai d
pr 0cess flnd i GOAL HOMTBth abifRstAIS ddRle, LagdBLeTBhOINbRIRP LN ERy lp Sel ect
an associ at ed codeboo mﬁlch al1ocates two antenna to one | ayer nd

single ﬁﬁftnéﬁn\ah%@me‘a?% epfies e oveiethal aydnge laygr isamsaper HB@%@W é‘P'a@?ﬁ%d in any
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books, each of said precodi ng books being associ at ed th a respective
rank. whereby one or two antenna pairs are selected for transmission,
2. Apparatus as claimed in claim 1, wherein said processor is configured to confrol

power with which an antenna transmits in accordance with a number of antenna which

are transmitting at the same time.

3. Apparatus as claimed in claim 1 and 2, wherein said processor is configured to

control the transmission of at least one transport block from a plurality of antenna.

4, Apparatus comprising:

a precessor configured to select one of a plurality of entries in a precoding code
book for controlling transmissions from four antennas of a device, wherein said entries
are such that a single layer is mapped {¢ each selected antenna, said code book entries
comprising different antenna pair combinations whereby one or two antenna pairs are

configured to be setected for transmission.

5. Apparatus as claimed in claim 4, wherein said processor is configured 1o
determine a rank and selecting one of a plurality of codebooks in dependence on the

determined rank.

6. Apparatus as claimed in claim 5, wherein said processor is configured, when the
rank is determined to be one to select an associated codebook which allocates said

antenna 1o the same layer.

7. Apparatus as claimed in claim 5, wherein said processar is configured, when the

rank is determined to be two to select an associated codebook which allocates two



10. Apparatus as clained in claim9, wherein four precoding books for ranks
1 to 4 are provided. 11. Apparatus as clainmed in claim9 or 10, wherein a
size of a codebook of one rank is different froma size of a codebook of at
| east one other rank. 12. Apparatus as clained in claim1ll, wherein a size
of a codebook of one rank is bigger than a size of a codebook of a higher
rank. 13. Apparatus as clainmed in aky of claims 1 to 12, wherein a
plurality of entries of at |east one precoding book is arranged to divide
sai d ant8leABZ G 978 Iaer | east one pair, with at |east one pair having the
sanme phase rotation 14. Apparatus as clainmed in any of clains 1 to 12,
wherein a plurality of entries of at |east precoding book is arranged to

divide gai d AfLR0Saé BbhatinkRASH, YRRkl prdddsbods EdMigaRd, antemaa in at
| east onelgalr havlngoggfferent hase rotatlg aratus as cl ai ned

] n. 15, ¢ i
in any 6FNICP&RIREMINadgo P2 thigedp srichn Paspiaty E)Wﬁbéﬂol‘tv@? aligeres WAt entries

of at | eaghnoneoqy legadindg HANK amenvd Bexaah iof avemheriegpect i ve phase rotation

conbi nations 16. Apparatus as clainmed in any of clains 1 to 15, wherein a

plurality of entries of at |east one precoding book is arranged to only use
one pair, of Raug antennas. 21 1ﬁ.m $f&9hus as .claimed in any of clainms 1
to 16, ﬁherelwaé? Péﬁé%'@ﬁg'%ﬁpéﬂ g @g e tF?mFQQQQFHHGQSHf%Oé%%ﬁrdance

wi t h spaturalty obpreebdibg ool epar i egd pfecsdingd banttelpriag associated with a

respective rank.

10.  Apparatus as claimed in claim 9, wherein four precoding books for ranks 1 to 4

are provided.

11.  Apparatus as claimed in claim 9 or 10, wherein a size of a codebook of one rank

is different from a size of a codebook of at least one other rank.

12.  Apparatus as claimed in claim 11, wherein a size of a codebook of one rank is

higger than a size of a codebook of a higher rank.

13. Apparatus as claimed in any of claims 1 1o 12, wherein a plurality of entries of at
feast one precoding book is arranged to divide said antennas into at least one pair, with

at least one pair having the same phase rotation

14.  Apparatus as claimed in any of claims 1 to 12, wherein a plurality of entries of at
least precoding book is arranged to divide said antenna into at least one pair, with

different antenna in at least one pair having different phase rotation.

15. Apparatus as ciaimed in any of claims 1 to 14, wherein at least a plurality of
different entries of at least one precoding hook provide different respective phase

rotation combinations

16.  Apparatus as claimed in any of claims 1 to 15, wherein a piurality of entries of at

least one precoding book is arranged o only use one pair of said antennas.



18. Apparatus as clainmed in any of clainms 1 to 17, wherein said different
spatial correlation properties conprise at | east one of antenna

pol ari zati on and antenna position. 19. Apparatus as clained in any of
clainms 1 to 18, wherein at |east one entry in said codebook provides
transmt diversity applied over two antennas of a selected antenna pair.
20. An integrated circuit or chip seficonprising an apparatus as claimed in
any of clainms 1 to 19. 21. A user equipnent conprising an apparatus as
claimed in any of clains 1 to 3 or any of clains 9 to 19 when appended to
claim1l. 22. A user equipnment as clained in claim21, conprising four

ant ennas’- 28pp3matgadeclatnad ib RNy eheirimsing 18nwagipiareatazst A NeNwedini n any of
clai ms tQudist Dradglll inrPdiboRfand RitBpadial SordPath ProRPRANMIGH i tficrhas M 4.

18, Apparatus as claimed in any of claims 1 to 17, wherein said different
spatial correlation properties comprise at least one of antenna polarization and

antenna position.

19.  Apparatus as claimed in any of ¢claims 1 to 18, wherein at least one entry in
said codebook provides transmit diversity applied over iwo antennas of a selected

antenna pair.

20.  Anintegrated circuit or chip set comprising an apparatus as claimed in any of

claims 1 {0 19,

21, A user equipment comprising an apparatus as claimed in any of claims 1 to 3 or

any of claims 9 to 19 when appended to claim 1.
22, A user equipment as claimed in claim 21, comprising four antennas.

23. A base station comprising an apparatus as claimed in any of claims to 4 to 8 or

any of claims 9 to 19 when appended to claim 4.



