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
appar at uswendio/ioss7par ti cul ar but not exclusively, to apperaromaszica net hod
for use in a multiple input nultiple output wireless tel ecomrunications
networ k. Background It has been propoged to inprove the coverage and
capacity of communication by use of spatial diversity or spatial

mul ti pl exing. By using spatial nultiplexing, the data rate can be increased
by transmitting idﬂﬁﬂigﬁlﬁﬁND APBARATWS FOR EQREBOOIR-BASES ent ant ennas but
usi ng the sane channel as BREQQGDING IN NéMOcBYSTEMS 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 contrlgl b?ﬁh ﬁhe transm ssion and receiving el enents of the nobile
station US% ation. Milti-stream si ngl e user M MO transm ssion
has been proposed and forns part of WCDMVA (w deband code division nultiple
access) , ERGRRmehts Ofthe dregentiraehtion pelatenter 8 hingthpd gjreictippdratug dref, rin

evol ution) . .and W M syst.em standards. |In single user nultiple i.nput

it pl R SR R o Rt bl < iEthod F B b et
recei vi ngultipleciditput wiredesitelesorhhmenicatibngohetwsikt eans, separates the nultiple
streans and determ nes the transm ssion synbols sent over each stream of

t he spat} | ti pl exed data streans. In the 3GPP forum LTE-Advanced has
been pr BQ&J}/ be an evolution of LTE

It has been proposed to improve the coverage and capacity of communication by use
of spatial diversity or spatial multiplexing. By using spatial multiplexing, the data rate
can be increased by transmitting independent information streams from different
antennas but using the same channel as defined by frequency and time resource and

possibly spreading code.

These systems may be referred to as multiple input multiple output (MIMO) systems.
These systems require compiex controllers 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 multiple access), 3GPP LTE (Third generation
partnership project —long term evolution) and WiMax system standards. In single user
multiple input multiple output (SU-MIMO), a MIMO receiver with mu'ltiple antennas
and receiving circuitry receives the multiple streams, separates the multiple streams
and determines the transmission symbols sent over each siream of the spatially

multiplexed data streams.

In the 3GPP forum, LTE-Advanced has been proposed to be an evolution of LTE
Rel'8 system to address the ITU-R (International Telecommunications Union Radio
communication  Sector) requirements for IMT  (International Mobile
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 equipment) will be part of LTE-Advanced [TR
36.913 v8.0.0].



Rel '8 systemto address the ITU-R (International Tel econmunications Union
Radi o communi cation Sector) requirenents for IMI (International Mbile

Tel econmmwDeati/se) - Advanced. 3GPP approved a new St udy pctrarean/oksiEAdvanced
in RAN#39 (March 2008). It has been proposed that SUMMO with 2-4

transm ssion antennas at the UE (user,equipnent) will be part of

LTE- Advanced [TR 36.913 vb. O QIt has been proposed that SU- M MO LJL
(uplink) transm ssions will involve transm ssion precodi ng techni ques and
that this precoding utilizes fixed codebooks in a subm ssion made to 3GPP

R1- 09091 5, E h 4T di
Lgdebookl(t-)trf‘ﬁft %ﬁeﬁéﬁg‘f@n%aﬁﬁgsgﬁﬁﬁ&?%ﬁvEgah’}f‘g tﬁf’/&lﬁa‘%ﬁ%ﬁ Cﬁ\ygpgge power
rati o) praReidsioroprecbding teohditubs afd $ha et praddodRigaitilizdsfixedriogabanks. have

identified that this proposal is limted to rank 2 transmssions. In the R
1- 090590 submi ssion to 3GPP, Texas Instrunents noted that |arge codebook

sets at fhukl sﬂitfnﬁ%&h Sﬁibdﬁ\ tbais‘@PF*OHﬂ(Pﬁ -PIOM B & reh g fHaQapS\’fopl@ém a Anrkenna

i nbal ance has 51 consjdered in the codebook de5|8 3 ei\ dg,l%g
062355 t(é’a§%§ﬁ|55l9§? RERGOSInoHERaPePK thakalierris: 9 BTesaVE 7 d@ Lir?t?% t these
desi gns (pexr tbosksask %w%rTét@CBQJ?ﬂy &hmelﬂﬂuﬁgﬁmbaeg;%rmdemeusmd in LTE

Rel ' 8 DL (downlink) increases PAPR but the inventors have_ identified that
this sch'éﬁ@taﬁé?vﬁé@e&t'ﬁ%tﬁ%8"&)6@9?@'6@ “W%Wﬂkaﬁ'@@ﬁ%ﬁ%m ance (e.g.
due to novenent of the user equipnent in a user's hand) into account.
Summary Accordin 0 one aspect of the present invention, there is pr ovi ded
a net hod! nctbﬁﬁ%%ﬁ%wgo FEPRFsIoNP AR N *as instivaspts tpted diat 1aspe cagebook

transm sgdteBsi@isiRdion rank do not provide significant gain.

Antenna imbalance has been considered in the codebook design, proposed in R1 -
062355 to 3GPP by Nokia. However, the inventors 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
inventors have identified that this scheme does not take the potential transmit
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
entries are such that a single layer is mapped to each selected antenna, said code
book entries comprising different antenna pair combinations whereby one or two

antenna pairs are selected for transmission.

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 to each



antennas of a device, said code book conprising a plurality of entries,
wherein said entries are such that a single layer is mapped to each

sel ect ed wotzerm@s678ai d code book entries conprising difPer@apreooansanna pair
conbi nati ons whereby one or two antenna pairs are selected for

transm ssion. According to another as?ect of the present invention, there
is provided an apparatus conprising a processor configured to use a
precodi ng code book for controlling transm ssions from four antennas of a
devi ce, &déded 08fieRODK s8i@MRHESI Bebka diftibsaldobiprisingedifforet, anfeenei paisai d
entries are such that a single IaYer is,naﬁfq% t 0 eachsel ect ed ant enna,

sai d codeNPReRlQaE W eE-DY RN WP RGteNemara afe ShEERA P IS MRS nat i ons
whereby one or two antenna pairs are selected for transm ssion. According
to a further aspect of the present inventign, there is provided an

appar at UACEHHpg te  fgrther gepRd $§ Bre RIBsERtJIMesHOR, dherg i PIovisRd BY PP al i ty of

entries édin;?riémdcf%%ira&s%deort?@%cf W M TRld bhG traBmyi siskamss finoan four
antennas of a device, whereinsaid entries are such that a single |layer is

mapped tRresading seredwel fanceniriingstrnsnisiensotion foHt Aneanasrha SHY:
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configured sel ected for transm ssion. Brief Description of the
Dr awi ngssaidcpde Hoekisotiicrsaiprisingtditerphleadenns prieAeBIRAIRNT WAYRPYESEr i bed by

way Of "CxAIRl Sugilbaisidle LRRIAATE Bhsdifed i aRaNILIER, Fi gures, in whi ch: -

Figure 1 sho a schematic view of a systemincluding an schematic base
station and user equi pnent configuration within which enbodi nents of the

i nventi ofBYeSinlidPLa SfincgEi gure 2 shows a codebook enbodying the
pr esent rnmnvﬁ—mﬁxeﬂl'—gp‘g ; ure 3 shows a codebook enbodyi ng the present
invention - rank 2 ;

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 6 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 to preferred embodiments. It will be
understood by one skilled in the art that the invention may not be limited to 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 4 shows a codebook enbodying the present invention - rank 3; Figure
5 shows a flowchart of steps taken at the nobile station; and Figure 6
shows a fwoweotvanse7of steps taken at the base station De®CTiEpRéconszh2

Exenpl ary Enbodi ments Embodi ments of the present invention are described
herein by way of particular exanples and specifically with reference to
preferred enmbodinents. It will be undgrstood by one skilled in the art that
the invention may not be limted to the details of the specific enbodinments
gi ven hesRbss ?Jﬁh%%r%a%eséfélmsal 0G QARTLI comtriLptate b Ve rkwiddlesn embifonmend me
enbodi nents of the present invention may be inplenented. In particular,
some enbGti ments of the present invention may relate to the inplenentation
of radi o nodul at ors/ denodul ators (nodens) for a range of devices that may

i ncl ude: user equi pment 201 , rel ays, access p% nts or base. stailo s 101
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whi ch e nts of e invention nay be I nplemented is shown. The
conmuni cegcelyArssyst em 30 Is shown with a base station 101 which nay be a
node B (NB), an enhanced node B

With respect to figure 1, a schematic view of a system within which embodiments of
the invention may be implemented is shown. The communication system 30 is
shown with a base station 101 which may be a node B (NB), an enhanced node B
(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 receiver/transmitter circuitry 103. The processor may be

configured to run software stored in memory 106.

The memory 106 may be further configured to store data and/or information 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 transmitter/receiver circuitry 103 may be configured to operate as a configurable
transmitter and/or receiver converting between radio frequency signals of a specific

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



(eNB) or any access server suitable for enabling user equipnent 201 to
access wrelessly a communi cati on system Figure 1 shows a system whereby

t he base woavioons¢7BS) 101 may transmt to the user equi poemP2¢ogEF318D1 vi a
the wirel ess environnent comuni cati ons channel 151, which may be known as
the downlink (DL), and the user equi pgent (UE) 201 may transmit to the base
station (BS) 101 via the wirel ess environnent comruni cati ons channel 151 ,
whi ch may be known as the uplink (UL). The base station 101 can conprise a
pr ocessopaseanuMdigital sieyalbeTRO rhnghitietretoiveotitautty 108mapéreatdnfiguret! to he

receiver/transmtter cjircuit 03., The , pr.ocessor be canfigqured to run
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st or e datckeRBE4OMm thefvaraekigwirtimés transm tted and/ or recei ved. 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
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antennas is needed in order to support rank-4 transmission.

The base station 101 may be connected to other network elements via a
communications link 111. The communications link 111 may receive data to be
transmitted to the user equipment 201 via the downlink and transmits data received
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. it
should be appreciated that embodiments of the invention may also be applied to a

relay station.

Figure 1 in particular shows a first user equipment UE; 201, and a second user
equipment UE; 201,. Furthermore figure 1 shows in more detail the first user

equipment UE4 2014. The first user equipment 2014y may comprise a processor 205



both configured to transmt and receive signals. In other enbodi nents of
the invention the base station nmay have nore antennas represented by the
dotted anwerrn/8m in figure 1. In one preferred enbodiPoEmP00008HY2 be 4.
Four receiving antennas is needed in order to support rank-4 transmn ssion.
The base station 101 nmay be connected . to other network elements via a
comuni cations link 111. The communications |link 111 may receive data to be
transmtted to the user equi pnment 201 via the downlink and transmits data
recei vedednfigoneidheo usetroledtd ppenitioR0af i Bedén%r/tmhi‘.rﬁkter TdwiceitrdaR@3.nAe conpr i se

data for all of the user rrent thin, the, cel rel ess
oot PR Pt BT R sobivts Btekeiny St 2% i BRmstAY cat i ons
i nk 111mig fekameohiiolf drdiUsserdteashyapérativfl reqifiked idqy@mhed but/\@yuthé r

under st ood .t hat the conmuni cati link may furthe Iess
oot SERAE, U 5 R e0n ey Hetreeq abargFeoly. aude SidoHgee 201

wi thin té’tﬂ:oﬂﬂi%dodecbﬂmgbﬁ%ﬂje‘ﬁ‘t@iéd%e &Qéctrurﬂ‘@%éeétdt woul d be under st ood
that there may be nore or fewer user equi pment 201 within range of the base

station 10 1 . The user equi pment nay be a nobile station, or any other
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detail the first user

drives), or any media suitable for storing the programs for operating the processors,

configuration data or transmission/reception data.

The transmitter/receiver circuitry 203 may be configured to operate as a configurable
transmitter and/or receiver convert'ing between radio frequency signals of a specific
protocol for transmission over (or reception via) the wireless environment and
baseband digital signals. The transmitter/receiver circuitry 203 may be configured to
use the memory 207 as a buffer for data to be transmitted over or received from the
wireless environment 151.

The transmitter/receiver circuitry 203 is configured to be connected to at least one
antenna for receiving and transmitting the radio frequency signals over the wireless
environment to the base station 101. In figure 1 the user equipment is shown

comprising 4 antennas, the first antenna 25144 to the fourth antenna 251..

Although figure 1 and the examples described hereafter describe the user equipment
and the bases station as having a processor arranged to carry out the 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



equi pnent UE1l 201 1. The first user equi pnment 201i nay conprise a processor
205configured to contro! the operation of a receiver/transmtter circuitry
203. The woaomgwss70may be configured to run software stece®reovoneimwzy 207.
The processor may further control and operate any operation required to be
carried out by the user equi pnent squ as operation of the user equi pnent

di spl ay, audi o and/or video encodi ng and decoding in order to reduce
spectrum usage, etc. The nenory 207 nay be further configured to store data

and/ or | nf tion.tag be transmitted and/or recei . Th I
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magnetemone Re7yag auktiifersfor Idagmyo die tarsmiiedvevsr, ororecaivpdrigamahsuviralese f or

stori . f ans for operating the processors, configuration data or
trans%%é’é“ﬁh%ggépti on data. The transmtter/receiver circuitry 203 may be

configured to operate as a configurable transmtter and/or receiver
converting between radi o frequency. signals of a specific protocol for
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to use the nmenory as a buffer~for data to be transmtted over or
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circuitry 203 js copfigure 0. nnect | east one antenna for
receij\l/l""ﬁ1 G- t@aﬁ?ﬂ??%nﬂaish@ @igﬁgovﬁﬁaﬁgﬁp&@ %Bﬁ'al s over the wireless
environnment to the base station 101 . In figure 1 the user equipnent is
shown conprising 4 antennas, the first antenna 251 n . to the fourth antenna

251 14lthough fisugn1ranfithe exanplandeesriing bereglist deseiPs dhe HPEE PIHEEGMhe

the usgs {REUWABR ktation as having a processor arranged to carry out the 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 signals.

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.



and the bases station as having a processor arranged to carry out the
operations described below, it would be understood that in enbodi nents of
t he i nverwODaniotss7Tnespect i ve processors may conpri se a SCmEPR00PO6I6BSOr Or
a plurality of processors. The processors nmay be inplemented by one or nore
integrated circuits. Sonme enbodi nents_ of the present invention maybe used
I n the LTE- Advanced system whi ch nmay be part of 3GPP LTE Rel. 10. However,
i':] shpulfj be appreci at edprotocol for transm ssion over (or reception via)
t he rel ess environnent and paseband digital signals. The
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enbodi ments of the i'nvention may be used in alternative systems. A PUSCH
(physi cal uplink shared channel) precoding schenme for single user M MO

In single-layer beamforming, the same signal is emitted from each of the transmit
antennas with appropriate phase (and optionaily gain) weighting such that the signal
power is maximized at the receiver input. The benefits of beamforming are to increase
the signal gain from constructive combining and to reduce the multipath fading effect.
When the 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 (C3!) at the

transmitter.

Some embodiments of the invention use a precoding codebook design for simuitaneous
transmission of up to 2 codewords. In this embodiment, the codeword can be regarded
as a transport 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:

e 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.



(SLJ-M MO) with a precodi ng codebook design for 4 Tx (Transm ssion)
antennas i s discussed. In another enbodi nent, these techni ques could be
appl i ed aveaotooloRIICCH Format 2 (for exanpl e w th singl eprstrmParmopsaendi ng) .
The sane techni ques may be applied to sounding reference signals. In sone
enbodi nents of the invention, the SU M MO precodi ng codebooks are arranged
to take into account the properties sgbecifi c for the uplink of LTE-Advanced
system Sonme enbodi nents are arranged to take into account: | nbal ance
between Tx antennas in the UE due to for exa IF t he grip of tEe hand and
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the verti Cx%l)ré'i{]fj hori zontal polarization conponents. Power efficiency
decrenent due 10 increased PAPR In a M MO system the perfornmance of a
radi o systemd sConfairing carbgnngs ionpotqrintatiah seledi imgthe cadebeots fart ek &nd
spatial postcoding at the receiver. Spatial precoding may conprise spati al
beanf or m ng and"@RPE8Ocodi ng. The spatial preéecoding i s done to enhance

the signal popegnalriddanhse dechatrbRspthibek db Mrahshittede fiom e fislufatity miwer .

I n single-layer beanformng, the sanme signal is emtted from ea&% of the
transmt ant ennastenhas thpbceprbatselemied caqearting goi BisacHjegachfniei g#ts ng
such that the sjanal N i t | oy The benefits
of beanf orm ng gntt'gorg\ﬁﬁ%%séé%'g%%ﬁ‘g ng%ﬁ%%%fﬁ%%%%&%@b?%e comnbi ni ng
and to reduce t Tentaihingpakh divessityy etdrhents. wWitherartérena essdection leoasangnniapl e

antennas, the transmt beanform ng, cannot sinul.tapeously .maxim ze the
signal |evel at9EUPIRG inthe GoseRPYR InsM &%”ﬁ?\'ﬂ“ﬁ ﬂ-teoa,zr%oficsodgg]gal? Precodi ng
requi res know edge of the channel state information (CS!) at the
transmtter.

Based on the criteria, a codebook for a specific rank is designed with following steps:

For a single-stream transmission:

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

o After that, all possible antenna-to-antenna group mappings are listed

» Different phase rotation combinations between the antennés within the antenna
group are listed as codebook entries.

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

the antennas within the antenna group.

For a multi-stream transmission

e Number of transmit antennas per layer is selected so that each transport block is
transmitted from multiple antennas

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

e 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.



Sone enbodi nents of the invention use a precodi ng codebook design for

si mul taneous transm ssion of up to 2 codewords. In this enbodi nent, the
codewor d wanotwiose@gar ded as a transport bl ock whi ch contrarmee@anssithat is
encoded with e.g. turbo code. In the follow ng, the term nology transport
bl ock wll be used. The transport bIQ%ks are transmtted from4 transmt
antennas. In sone enbodi nents of the i'nvention, the precodi ng codebook is
desi gned based on one or nore of the following criteria: Precoding

contains pr e%OdAFE&(qHR\'}é|i,C§§ratn:§ﬁi%$6ﬁW Hi@eﬁgﬂ?rrﬁéfﬁ%.doéar%:é': ugésd;)érTh%Sn

carrier frequency diviston mu e access ansm ssi on. y one
| ayer i s mappedtihe@Enteands withiatha.anf¥reawoghong. t akes potential transm t

antenna i nbal ance into account by one or nore of: o Containing antenna or
pol ari zati on selection in the codebook for rank 1 transm ssion o Ensuring

that eagibuid ASRRidd RhACY E8dBSHIS Hekidpd cBh%'iHig? PhothaPAPR YresdH/Rgnasdt hat

can be sel ected according to the curréent chann state, when tranSm ssion
rank anienes setardion pueteting optiers et comtradiciery. ARt pieaévingRregodgsst y

el ements, with enna.sel ection of antenna drouping in.the c K..in
or dor N Wkt 7 YEPREETOE RS hstlmBEh HAGEES HBne At nERAE B REu b ok
for a(apaechlis,Cpo@BK bodsEes icethaihy frahdraii igemi)Shal die aussdnghen WEeam
transm ssion; transmt antennas are grouped into two groups, with 2
ant entiARSHEEIOG I8 (et POWEE Witedat | al | possi bl e ant enna-t o- ant enna gr oup
mappi ngs are listed Different phase rotation conbi nati ons between the
antennas within the antenna group are |isted as codebook entries.

The codebook may be designed to contain PAPR preserving precoding matrices.

Nevertheless, codebook can also contain precoding matrices that do not preserve
PAPR.

When looking on the specific codebook designs, it should be appreciated that
embodiments of the invention may be used with transmission 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 to the UE. The second pilot sequence is 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, precoding
vectors with QPSK rotation combinations between antennas within antenna groups are

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



Addi tionally, selection of single antenna group for transm ssion is
included into the codebook. Different antenna-to-antenna group options are
i ncl uded, wendieioséter phase rotation or a transm ssion TeCuiBresmwios3teret hod
is applied between the antennas within the antenna group. For a

mul ti-streamtransm ssion Nunber of transmit antennas per |layer is

sel ected so that each transport blocRlis transmitted fromnultiple antennas
After that, all possible |ayer-to-antenna mappings (i.e. antenna groups for

each layer are fornmed) are listed with restriction that onl [
appetAspart aiERR STOLVRARCRT dDSe 41 RaysBer PEeRRTeEHRE: S ek (e | °
ante S | | ' ' itve
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power |imted, whereas precoding wth antenna sel ectiongéénd, t hus,, ,power
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In the cclagebookI de%%%? pre%gd%gprvggtlo% evgntrt] hgr%tenna selection elements are
designed so that antennas with high spatial correlation, that is the same polarization
direction or adjacent antenna positions can be selected. Thus, only a subset of possible
antenna selection combinations is included in the codebook, in one embodiment of the

invention.

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-PSK rotations.

In one alternative emboadiment of the invention, entries 11-16 (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.



enbodi nents of the invention may be used with transm ssion ranks 1, 2, and
3. Rank 4 is not considered in follow ng. A rank 4 codebook may be

provi ded,woprigiokétown t echni ques. Rank can be regarded asTtareomiwostier of
different transmt streans. In the case that pilot signals are typically
precoded and the codebook contains eq?ries with a Tx diversity nethod
requiring an antenna specific pilot, ‘two pilot sequences need to be
allocated to the UE. The second pilot sequence is used only when Tx
diversity is used. Rank 1 The values in the tables represent the anplitude
and phase when a layer X is mapped to antenna Y. Antennas are grouped into
2 gr ops cinblhaliofs treprrasnpantepna piricdf aed phbeé rotatien dditnger entemna paitsh QPSK
rotation conbi nati ons between antennas within antenna groups are forned.
Addl (T@rRYAPIe AL BHIanG: NS &te-4ieprasant thealaJpaing Seieple GBhHRING SMENTRed.
In t i t i i on,
g, TERRR PRoda) SerES BMAY L2 Y EnEPe ol iR Zerpss

si npl antérnak Beasd My with QP SiSpatationi betwBEo o Tosli TiysSABENNARE3 bodet havef

i Tx di ' is that .it all f t | | d k
dosi crAMeROSE Jncerc e 9ts B Yaond io B a8 BRenBa e ey A RdPces
i f BRSKheran®ifa boupsefte afferiedMhad 8farEamchhag 2cadehaekpagtivens are shown
in Figure 2. There are three tables shown. The first table is where STBCis

used and the second table is where BPSK is used. In the third table, the
codeb 1.S..desi i i i-0Q, i : ;

ol ar S Spdie SPBARE cterhS i b fadBkl s 681G MBS, yithBachpein¥iing, o)
pr ecogdlicogtetetHeos ameirdtatiant @nisistht eate dor thkedimentGentriesgesi gned so t hat
antennas with high spatial correlation, that is the sane polarization

direction or adjacent antenna positions can be selected. Thus, only a
subsefoPthd@fsti &l e tables, the 11" to 16™ entries have STBC on two out of the four

antennas. This is so when the UE is not at, for example, a cell edge, it may have power
headroom on power amplifiers. Then it may be better to concentrate transmission power

on good antennas.

[n 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 normalize the total transmission power to 1 (4x0.5%2=1).
However the absolute value may be varied. In one embodiment, considerations for the
phase and the relation of amplitudes may be more important. The other rotation value is
-0.5 or 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 vaiues 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



antenna sel ection conbinations is included in the codebook, in one

enbodi nent of the invention. In the exanple shown 3-PSK rotation between

t he sel ecwedosmtosestnas i s applied (in PMs where ant ennaPSe/EPetoossivs
presented). It should be noted that al so other phase rotation
constell ati ons can be used, based, lg on QPSK or 8-PSK rotations. In one
al ternative enbodi nent of the i nventi'on entries 11- 16 (i.e. antenna
selection entries) are taken fromtable 3 and entries 1- 10 are sel ected

from HeusRbal ety BRGAH PARNERtSHE ey & the I i ATRPL TR RLcasRe O

4Tx antenna co r 8codi A GRtor Tu

| i stqubwé'hesﬂstnmtedaiecmeeualt\eoirrsrmdlotf@uzantem tabl es lists for each of the
four antennas the required rotation or Tx diversity. The zeros indicate
that the associ ated antenna has not been used for transm ssion. Rather the
transghsgioon power (which may be kept constant for UE) is concentrated on

t he antennas having favorable channels. In both of the tables, the first 10
ent r i Asteghes areagroeipedl iofo Zhgroapsesitia Zhastennast per grour, \its eacd. &teonsj and

The copbinati ons,represent antenn ri.ng _and,.phase, rotat.i on_bet ween
ant ordiR B REPoRa' GRS AR i e, SRy ARBRR By SR SRR A, Bhat8
f ol | ontatibrand.gNBP K QBRaR@ phaRbesHIR Keyiig), BMBRiatibneObdthieepsthanbaeArasl and
2 and antenna group nunber 2 conprises antennas 3 and 4, with QPSK rotation

bet weithigr @Rk antening aeueR s formad AltamadvelyntheiRagan b Thélbersibne - Isi nce
t hey 1§ § 8 ups
are anpamhahd BOSEUTnG efldh, He uioheS rdppel tojte, taiRe RLEndReARE
t he agioepnssicbarvdebook gesipdressitbén NG enmd gnamcrdsng wnathix eadibe p adepdreing if
al | ocat e otati (Thi sth ase,.for the first_10 eptries).
For e ERSEEr BETRE R BrE I heirhalfing forebadl REUS PSRNt RFBESR: v put
of the four
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 to fourth antennas allocated to each of the first and

second data streams or layers.

The values assigned to each antenna in the first table 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 that 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



antennas. This is so when the UE is not at, for exanple, a cell edge, it
may have power headroom on power anplifiers. Then it may be better to
concent r ave 2016arnseTssi on power on good antennas. |n theprsempeaositthe
tables, there are 12 entries where there is rotation provided for only two
of the antennas. One rotation val ue h% always 0.5 in this exanple. In one
enbodi nent, it an aimto nornalize t total transm ssion power to 1

(4xQ. 5L2=1). However the absolute value nay be varied. In one enbodi nent,

pordeulf be TR o s sRRRT A AR BobiEuin 3, akiiAguaE 8
precagsjng vector that is expected to maximse the SINR (signal to

interference noise ratio) at the output of equalizer in the base station
receiver is selected. This can be estinmated based on existing channel
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absol ute values in e change e anplitude may be the sane
for adre appliedntaeréto butgdifferenproresdomthevacteonas e adsigneantel theutkspestive

bei ncreased when only two transmt antennas out of the four are used so
that '@¥&Ssame power is distributed between two instead of four antenna.
Rank 2 Antennas are grouped into 2 groups with 2 antennas per group, wth
each antenna group mapped to one |l ayer or data stream After that,
precddanly3vect ors with phase rotation, e.g. BPSK (Binary phase shift
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antennas whereas layer #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 resulting
codebook options are shown in Figure 3.

In figure 4, the first table applies 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 to 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:



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 (wombloerwyeé7eodebook design. The first table of FipgumP2@9i0s3tthe BPSK
codebook design and the second table is the STBC codebook design. As with
Figure 2, the first columm representﬁ the precoder matrix indicator. The
second colum indicates the antenna nunber. The third colunm represent

| ayer 1 and the fourth colum, |ayer 2. As can be seen, two of the four
antennas are allocated to each of the two | ayers. Different precoder matrix
I ndi cators have different ones of the first to fourth antennas allocated to

each of et h8infle cdrriengropestiszdardahaintdinednehic isls&ylebBafOThé’EVAdjmeaﬂSngned to
each antenna in the first table are 0.5 and -0.5. Wth BPSK el ements and
two | ayar sCodehaak size can bptkephsmathwhich @a@@Sn@@Hﬂﬂefewaxé sprlseignailiagi on

bet ween ant.enpas rf;.ﬁi_ _are mapped to different layers, in sonme enbodinments
of the |nvent|on € 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 constell ati oul d, be used with
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the use of transmit diversity which again assists in keeping the codebook small.

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 to spatial layers is performed. This may be

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

In S1, a codebook is received, or information identifying the codebook. Information
identifying one of the entries of the codebook is also received.

In S2, the received information is stored in the memory 207.

In S3, the data stream(s) are precoded in accordance with the information of selected
entry. The precoded data streams are then transmitted 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 channe! conditions. Preferably, the
instantaneous channel conditions are determined. The channel is the channe! between

the user equipment and the base station.



that each transport block is transmtted frommultiple antennas, layer # 1
mapped to 2 antennas whereas | ayer #2 and 3 are nmapped to a single antenna
each. Thusoeaohiosa@deword or transport block is napped t ®C2/RPR@RORI162
antennas. The precodi ng codebook contains 6 different |ayer-to-antenna
mappi ngs and applies BPSK rotation or, Tx diversity (e.g. STBC) between the
antennas used by layer # 1. Such a cddebook design results in 12 or 6
precoding matri x indices, depending on if BPSK or STBC is used. The
resul ti ng codebook options are shown in Figure 3. In figure 4, the first
tabl e applies BPSK rotation and the second table applies STBC The first

col unn degeirfialfdh i9Rthdehgs s amnehrioblme taraiminidatioant anm Dtdenevordihbe next
colums are for the first to third layers. In each table, g\é %ﬂﬁ
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t abl es, e values o can assi gned the second tabl e,
STBC numbbeoﬂahan@NﬂﬂdaﬂubUEanmL|ed. In rank 3, layer 1 uses two antennas.
Since the same data is transmtted fromtwo antennas, STBC is applied over
t he antennas mapped to | ayer 1. However, |ayer 2 and 3 use single antenna

each, | pfd ﬁé}&%te;sirrfsf ﬁfee@ésedﬁbﬁoh ScRORY alcbBEDSAICBASANbANAAE and HCIEBERE | S
not appl i ed. Some embodi ments of the invention magl have one or nore of t he
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useful in keeping the codebook size snall The antenna pairing reduces the
nunber of conbinations for phase rotatio ant en
pairsind ”epW@aFﬁ'eﬁfﬁcQﬁﬁggb k W@Wgﬁp‘? E‘XFP%OQEa'Fl ﬁ?”tc@/ t&? a‘ﬁ%ngqlé'p@ent
sane pabaidtdahyi Miormation 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 antennas.

It is noted that whilst embodiments may have been described in relation to user
equipment or mobile devices such as mobile terminals, embodiments of the present
invention may be applicable to any other suitable 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



direction or adjacent antenna positions, the codebook can be kept snall.
Finally, there is the use of transmt diversity which again assists in
keepi ng twe 20mdebstok snall. Reference is nmade to Fi gurePBTP2@/0sdions a
flow chart enbodying the present invention. This is carried out by the user
equi prent. Additionally |layer mappi ng (i.e. how transport bl ocks (code
words) are mapped to spatial |ayers id performed. This may be perfornmed in
the UE, corresponding to | ayer de-nmapping in the base station In S 1, a
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necessary the sel ected precoding may be used in any necessary
retransmssion. In this regard, reference is nade to Figure 6 which shows
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stati is arranged tp detern,ne the channel conditjons. Preferabl t he
hot e melESERa Tl BeGRAVERS HREnST el b B det predrssors llagkanne)
bet wegiliduleenfRis aaveitERNin A6l dHwebas®odiménteNmAy dss emplotdénted whhiflede as
to the rank of the communication - T2. In other words the nunber of data

st r eaF1R9GnecH RlrEality ohadata piepessing entitieh @andigredatanprocessris e ARPHIIIEIYt he

thodi di | _ .
the rird oPSEHEHACT proaferd BREE, ShodBt nply FRLucal BF  HhpkoRibeiBe™ ' ©
st at | embeeineartts, wheo dedueaktcoacedmiier. die @Erod ram codelbmroduenfor wrovddied tba t he

channel cgnditions and/or the nature of the data streans. Preferabl t he
codenaRaton ey des Sfosed an Badderoyiechhy iMSanm oh Ao GUECE HasGiuM SURAIAS Bns.

carrier disc, card or tape. A possibility may be to download the program code product via

a data network. Implementation may be provided with appropriate software in a server.

For example the embodiments of the invention may be implemented as a chipset, in
other words a series of integrated circuits communicating among each other. The
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.

Programs, 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.,



In T4, the sel ected codebook entry and codebook is sent to the user

equi pnent. Alternatively, information identifying the codebook may be sent,
wi t h t he wodetwoks7entry. I n alternative enbodi nents of trhe/EPatesilen, at
the receiver side, for exanple, in the case that denodul ati on reference
signals are not precoded, the proces§$L 105 of the BTS receiver needs to
cal cul ate the effective channel by c ining the selected precoding matrix
wi t h channel estinates Enbodi ments of the invention nmay be used with fewer
anten t o r r t@n

embod e Cosy Mg B Tl 8 ra bR G B dng B I Y B
devi cH¥sh'Statiamicanohi | e term nal s, enbodi nents of the present invention nmay
be applicable to any other suitable type of apparatus suitable for

communi cati on via access systens. A nobile device may be configured to
enabl § MSRoRY Abiel? R WARE APE BEGIIIAILREISs SxBMmETHATR! nbOfRRAS bf aRo
appropriate nu t|-ra 1o inplenmentation. I's also noted that although

cer t ainveatibndiheratae meiﬁmrtﬁmsm mndo:bﬂcailo@Sewb'ychV\ayayobe gnadplie thet h

refer exenplifyin ures of,certain nobi net and
2w v BeBsef sl Ui R i e ) bl BR8Pl s d8ines
ot her pitheadHpR ned Mhaiffs. communi cation systens than those illustrated and
described herein. 't is also noted that the term access system may be
understood to refer to any access system configured for enabling wreless
comuni cation for user accessing applications. The above descri bed
operations may require data processing in the various entities. The data
processi ng may be provided by neans of one or nore data processors.
Simlarly various entities described in the above enbodi nents may be

i npl enented within a single or a plurality of data proce55|ng entities
and/or data processors. Appropriately



adapt ed conputer program code product may be used for inplenenting the
enbodi nents, when | oaded to a conputer. The program code product for

provi di ngvoheloopss7at i on may be stored on and provi ded byCwEe®@9InF31a2 carri er
medi um such as a carrier disc, card or tape. A possibility nmay be to

downl oad the program code product vi ?[9a data network. |nplenentation may be
provided with appropriate software in“a server. For exanple the enbodi nents
of the invention may be inplenmented as a chipset, in other words a series
of ir}&@glrhﬁéed circuits comuni cati ng anong each other. The chi pset may
conprise m croprocessors arranged to run code, application specific
integrated circuits (ASICs), or programrable digital signal processors for
perform ng the operations described above. Enbodi nents of the inventions
may bk pratMetBed CAMPESINGus conponents such as integrated circuit nodul es.
The desi grhs‘?rf]gll bgﬁré%cﬂﬁggoﬁ?rbﬁﬁktf@ %ﬁr@%d’?faﬁ’é]ﬁisls?ng%cﬁn% MeANEOHRS ed
process. Conpfex and powertful software tools may be avall able tor
convetavity said cgile Howketorerising a plunaldy o4 rintries] wheareincsaid idrntride sirgsuckady
to be etched gnd forned on a,sem conductor substrate. .Progra sucgh _as

t hos B G AREIe bV, TodBaPSd e Saon VR E e rERE: GA] (GRA Foah P dEnce
Desi agompfisiSgtlifstent afhhbasdll @ofinatidneRhéedl| ohd BHtWo Mehied paRs and

| ocat e conponents on a sem conductor chip using well established rules of
desi geeleeteddon trarsmispioar i es of pre-stored desi gn nodul es. Once the design
for a sem conductor circuit may have been conpl eted, the resultant design,
in a standardi zed el ectronic format (e.g.,Qpus, CGDSI|, or the |like) may be
transii tt el metredsasiadaimadcinoclairabt, canprsingaprolviding ar piufality dof gerecoding
fabrication. It _is, noted, herei hat whil e the above describes exenplifying
enbodbariR: 8268 Of REI Hiperl NG HOOKR BPISHF SosIE AT\AISSRer s rali

nodi fi cati ons which may be nade to the

3. A method as claimed in claim 2, comprising providing four precoding books for
ranks 1to 4.
4, A method as claimed in claim 3, wherein a size of a codebook of one rank is

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

5. A method as claimed in claim 4, wherein a size of a codebook of one rank is

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

6. A method as claimed in any of claims 2 to 5, comprising determining a rank and

selecting one of a plurality of codebocks in dependence on the determined rank.

7. A method as claimed in claim 6, comprising determining the rank is one and

selecting an associated codebook which allocates said antenna to the same layer.

8. A method as claimed in claim 6, comprising determining the rank is two and

selecting an associated codebook which allocated two antenna to each layer.



di scl osed solution w thout departing fromthe scope of the present

i nvention as defined in the appended clainms. CLAIMS 1. A nethod conpri sing:
usi ng a pweconrge7oode book for controlling transm ssi ORETRPRIME3IG2
antennas of a device, said code book conprising a plurality of entries,
wherein said entries are such that a,.single |ayer is mapped to each

sel ected antenna, said code book ent?ﬁes conprising different antenna pair
conbi nati ons whereby one or two antenna pairs are sel ected for

transm ssipn, 2. A nethod l.ai ped_ | |. A I Vi d a
plurdaity ’gfm%t%ggoq:ﬁ ﬁla"’ﬁ%%@i,&aé%cﬁ‘?o%o"@rsﬁg 8‘3%5‘?%8 bth%tg%bgnﬁ:(gf%?%i at ed
Wi th ghd ssiBERid A dsbkiatéd coddemidiodhih allozatedivior antemina t3, ore yer sindga

provi di ng four  precodi nfg books for ranks 1 to 4. 4. A nethod as clainmed in

cl ai reingle aptenna to ead ofdwerothetgyeFook of one rank is different froma size
of a codebook of at |east one other rank. 5 . A nethod as clained in claim
4, wherein a size of a codebook of one rank is bigger than a size of a
codebtihk oA raethbdtey clammid irbany pretdding akeina| avimredin a punglityf ofcentrias of ato 5,
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CONPI 44§} iMhaRg thé 8afhdse @itioand sel ecting an associ ated codebook
whi chétglﬁ?%cdgée‘gélsai dI gntenﬁa to the salma | ayer. 8. A nmethod as clainmed in

claim®6, conprising determining the rank is two and sel ecting an associ at ed

debppk whi ch,, ali 9 ; ; jymed
oo Brm o e e PRier 2RV Bf RBRrkQ) BTTE WRE 2 gl DOER BRSSO TEC,
as s oCleabe gresudimp Wookhis Clrrahdent 86 etvitevesaithtamberina intonat leagktonangaia, with

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

12. A method as claimed in any preceding claim, wherein at least a plurality of
different entries of at least one precoding book provide different respective phase

rotation combinations

13. A method as claimed in any preceding claim, wherein a plurality of entries of at

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

14. A method as claimed in any preceding claim, comprising controlling power with
which an antenna transmits in accordance with a number of antenna which are

transmitting at the same time.

15. A method as claimed in any preceding claim, wherein at least one antenna pair is

arranged in accordance with spatial correlation properties of said antennas.

16. A method as claimed in claim 15, wherein said different spatial correlation

properties comprise at least one of antenna polarization and antenna position.



single antenna to each of two other layers. 10. A nethod as clainmed in any
preceding claim wherein a plurality of entries of at |east one precoding
book is awvoanpesd’o di vi de said antennas into at | east ®oE/EPaINH05IGE h at

| east one pair having the same phase rotation 11. A nmethod as clained in
any of clainms 1 to 10, wherein a plurality of entries of at |east precoding
book is arranged to divide said anterﬁa into at |east one pair, with
different antenna in at |east one pair having different phase rotation. 12.

A et hod | ai I [e I C n lurality of
G 1T el iy TaoRLAE SielY AT G eflihgcd o8 fn”ﬁ?& %&hr%@% sE8e S, i

r espagidepeokpseEdesttainsait dvehdityadpmies ddbr tﬂomﬁtbndamafd s¢loetddi antanya
preceding claim wherein a plurality of entries of at |east one precoding
book R&l-arranged to only use one pair of said antennas. 14. A nethod as
clainmed in any preceding claim conprising controlling power with which an
antenna transmts in accordance with a nunber of antenna which are
transtB.tt i/hgnethod m claimed innafny precedingndainn coasprising fredsinitting gt (gastedeéng

cl ai n&d wher N | eas Fttycg nna pair is arranged in accordance with
spat i FNpery Pﬁ'f ik ﬁrpiiﬁ@ AN d antennas. 16. A nethod as clained in

claim 15, wherein said different spatial correlation properties conprise at
| east one of antenna polarization and antenna position.17. Method as
clai iR | nA SOeTRWoRYMCEQIPASING WFedraMhcede masss asiaptem e perfarng any of

codeq[ﬂglgbt é]féfng'?‘ﬁ{h%%éd‘ﬂb ?%ﬂ.loty applied over two antennas of a

sel ec d as ciained in any preceding claim
conprising transmtting at | east one transport block froma plurality of

ant eng&. 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 to each selected
antenna, said code book entries comprising different antenna pair combinations

whereby one or two antenna pairs are selected for transmission.

21.  Apparatus as claimed in claim 20, wherein said processor is configured to control
power with which an antenna transmits in accordance with a number of antenna which
are transmitling at the same time.

22. Apparatus as claimed in claim 20 and 21, wherein said processor is configured to

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

23.  Apparatus comprising:

a processor 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 to each selected antenna, said code book entries
comprising different antenna pair combinations whereby one or two antenna pairs are

configured to be selected for transmission.



19. A conputer program conprising program code neans adapted to perform any
of the steps of any of the preceding clains. 20. Apparatus conprising: a

pr ocessorwoanfo@ssred to use a precodi ng code book for cearmpRén0s3162
transm ssions fromfour antennas of a device, said code book conprising a
plurality of entries, wherein said eg&ries are such that a single layer is
mapped to each sel ected antenna, sai d“code book entries conprising

di fferent antenna pair conbi nati ons whereby one or two antenna pairs are
sel e d f snLssi .1 pak a al i | ai . ein
sai dcépégoce'gFB oérréﬁlsil' %n?lﬁgﬁ?%ﬁnt %Ia@gn r’ow%cr)%érg%\ﬁﬁt ﬁP%n%S(Q:%Fé% dagrr?é)1 gHrne\g]%

t r ansgatesming Acak aadceledting onawieplupdlityof eodabubks h depetdetendn tthag at
the sane tinme. 22. Apparatus as clainmed in claim20 and 2 1, wherein said
pr oce2dgfmingddaRki gured to control the transmission of at |east one
transport block froma plurality of antenna. 23. Apparatus conprising: a
processor configured to select one of a plurality of entries in a precoding
code Pmok Apparatus aotkimed in aagniZdsivieseif said Hrocesson is moaigatedawtienitbe,
wherein said entries are such that a single.layer, is ed to each .

el el B fesfineEoodhE s BosRBEhaR, ubeaip ROk M SRR pai 1
conmbi AtehAato eSSy |HRG. Or two antenna pairs are configured to be sel ected
for transm ssion.24. Apparatus as clainmed in claim 23, wherein said
processor is configured to determine a rank and sel ecting one of a

pl urahity 0 C : : 1 Y at us
B el 2B e PRy oy DO 37 BRI Grheh 16 BlReRbant, oo ARG 0,
i s detamknisngetetroines tnéet we & selechrarasssadiateddcodatziodowhiahi atocHteés dabes

sai d antenna to each layer.

27.  Apparatus as claimed in claim 25, wherein said processor is configured, when the
rank is determined to be three to select an associated codebook which aliocates two

antenna to one layer and a single antenna to each of two other layers.

28. Apparatus as claimed in any of claims 20 to 27 claim 1, comprising a memory
storing a plurality of precoding bocks, each of said precoding books being associated

with a respective rank.

29.  Apparatus as claimed in claim 28, wherein four precoding books for ranks 1 to 4
are provided.

30. Apparatus as claimed in claim 28 or 29, wherein a size of a codebook of one rank

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

31.  Apparatus as claimed in claim 30, wherein a size of a codebook of one rank is

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



antenna to the sane | ayer. 26. Apparatus as clainmed in claim?24, wherein
sai d processor is configured, when the rank is determned to be two to

sel ect arnwexsuoxioat’ed codebook which all ocates two ant enkraTiER2@20831bayer .
27. Apparatus as clainmed in claim?25, wherein said processor is configured,
when the rank is determned to be three to select an associ ated codebook
whi ch aliocates two antenna to one | ayer and a single antenna to each of
two other |ayers. 28. Apparatus as clained in any of clains 20 to 27 claim

O P B e e

cl ai nedsti dhec bricEdR Y badlerseamarqadr tondieiciedidid abpairaisiione 4tdplst dnd paif, \witle
provi ded. 30. Apparatus as clained in claim28 or 29, wherein a size of a

codebfﬂdﬁa%ifor@ﬁa'l’ Baxng sheipamerrhaserptaton size of a codebook of at |east one
other rank. 3 1. Apparatus as clained in claim30, wherein a size of a
codebook of one rank is bigger than a size of a codebook of a higher
rank.32. A@mmratussasasiahhadi limdnj! of alaime 20db & Iysvizdeina Blutalitywbéerpiriesf at

plur Lit ntr es, of at |ea one rec di ng_book i rran ed t.o divide
e EAreAreota bS5k % tbandiit o, 8ol o Setehrit o e BREE PR ahAih gite
samne cﬂﬁé%tbﬁiéﬁria% at eashPPRRAiUCVRT alfRrémbHa3cabatioh. ¢l aims 20 to 3 1,
wherein a plurality of entries of at”|east precoding book is arranged to

divide said antenna into at |east one pair, with different antenna in at
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rotation combinations

35.  Apparatus as claimed in any of claims 20 to 34, wherein a plurality of entries of at

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

36. Apparatus as claimed in any of claims 20 to 35, wherein at least one antenna pair

entry is arranged in accordance with spatial correlation properties of said antennas.

37. Apparatus as claimed in any of claims 20 to, wherein said different spatial
correlation properties comprise at least one of antenna polarization and antenna

position.

38. Apparatus as claimed in any of claims 20 to, wherein at least one entry in said
codebook provides transmit diversity applied over two antennas of a selected antenna

pair.

39.  An integrated circuit or chip set comprising an apparatus as claimed in any of
claims 20 to 38.

40. A user equipment comprising an apparatus as claimed in any of claims 20 to 22

or any of claims 28 to 38 when appended to claim 20.



rotation conbi nati ons 35. Apparatus as clainmed in any of clainms 20 to 34,
wherein a plurality of entries of at |east one precodi ng book is arranged
to only we 2orneiopar of said antennas. 36. Apparat us asPclraireed/os316any of
claims 20 to 35, wherein at |east one antenna pair entry is arranged in
accordance wth spatial correlati onm[;r opert| es of said antennas. 37.
Apparatus as clained in any of clai 20 to, wherein said different spati al
correlation properties conprise at |east one of antenna pol arization and
antenna position. 38. Apparatus as clainmed in any of clainms 20 to, wherein
at | east one entry in said codebook provides transmt diversity applied
over 4o aftuesnaguipent aglctlined iarigm) eopmiisingddur Anteénnbggrated circuit or
chip set conprising an apparatus as clainmed in any of clains 20 to 38. 40.
A user equi pnment conprising an apparatus as clained in any of clainms 20 to
22 organy Af ‘

caui pign 08P SRty AR pRPRERIE el B ARt falys .38 270t on
conprany apclamaph 4o 48 vehersapparideddoiaaieng3of clains to 23 to 27 or any of
clainms 28 to 38 when appended to claim 23.



