1 METHOD AND ARRANGEMENT | N A W RELESS COVMUNI CATI ONS SYSTEM TECHNI CAL

FI ELD 5The present invention relates generally to a nethod and an
arrangenment in a first node in a wireless comuni cati ons system and a

met hod and an arrangenent in a second node in the wirel ess conmunications
system In particular it relates to codebook subset restriction used for
assisting the first node in adapting a signal to be sent fromthe first
node to the second node over the radio link. 10 BACKGROUND The use of
multiple antennas at a transmtter and/or a receiver of a node in a

W reless co t y and
cover age of mﬁgh%ﬁrﬁlﬂégﬁégﬁ{%@g‘gﬁ @W'éé'g‘%%&%@@ﬁabﬁt’mﬁcg‘%ﬁ% Mul tiple
Qut put (M M) systens 15 exploit the spatial dinension of the conmuni cation

channel to inprove performance by for exanple transmtting several parallel
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20 signals to what the channel can support. This is commonly referred to as (transmission)
rank adaptation. Precoding is another form of adaptation where the phases and
amplitudes of the aforementioned signals are adjusted to better fit the current channel
properties. The signals form a vector-valued signal and the adjustment can be thought of
as multiplication by a precoder matrix. A common approach is to select the precoder
25 matrix from a finite and countable set, a so-called codebook. Such codebook based
precoding is an integral part of the Long Term Evolution LTE standard and will be
supported in MIMO for High Speed Downlink Packet Access (HSDPA) in Wideband Code
Division Multiple Access (WCDMA) as well.
Codebook based precoding is a form of channel quantization. A typical approach
30 (cf. LTE and MIMO HSDPA) is to let the receiver recommend a suitable precoder matrix
to the transmitter by signalling the precoder index over a feedback link. The transmitter
may choose to directly use the receiver's recommendation, without modification, or to
override the receiver's recommendation so signalling the precoder index actually used in
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5The desi gn of precodi ng codebooks and transm ssion rank adaptation
possibilities are a conprom se in order to cover a multitude of scenari os.
Thus, in certain scenarios, not all conbinations of codebook el enent and
transm ssion rank are beneficial to use. Still, since in practice the
adaptation process is non-ideal such ill-suited conbinations m ght be
erroneously chosen and thus hurt performance in various ways. The risk for
10 such errors may increase with codelfook size and transni ssion rank
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20 configuration request The information alternative is conveyed fromthe
second node to the first node by neans of a specific signalling format,

whi ch specific format is possible to be reused for receiving an information
alternative selected fromat |east one other subset. According to a second
aspect of the present invention, the object is achieved by 25 nmethod in a
second node for assisting a first node J]n the adaptation of a signal to be
sent froma first node to the second node in a wireless conmuni cation
system The second node is capable of conmmunicating with the first node
over a radi o SUMMARYhe second node is configured to conprise a codebook,
whi ch codebook conprises a set of possible infornation alternatives used
for assisting thHisthesiom arebiest oftheipiasant inventian togindvider ometiamisdfof i r st node
to the secontmprodeg Péperférifintedl PraliiotcestiBneond node is arranged to
select an information alternative fromthe codebook, which selected
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S iInformation alternative is intended to be sent to the first node to
assist the first node how to adapt the signal. The first node is arranged
to know a nunber of subsets, each subset conprising a part of or the

conpl ete codebook. The second node arrangenment conprises a receiving unit
arranged to receive a nmessage fromthe first node. The nmessage 5 conprises
a configuration request to restrict the selection of information
alternatives to at | east one of the subsets. The second node arrangenent
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per f or mance configured according to the configuration request. The information alternative is arranged
25 to be conveyed from the second node to the first node by means of a specific signalling

format. The specific signalling format is possible to be reused for receiving an information
alternative selected from at least one other subset.

According to a fourth aspect of the present invention, the object is achieved by an
30 arrangement in a second node in a wireless communication system. The second node is
arranged to communicate with a first node in the wireless communication system over a
radio link. The second node is configured to comprise a codebook, which codebook
comprises a set of possible information alternatives used for assisting the adaptation of a
signal to be sent from the first node to the second node over the radio link. The second
35 node is arranged to select an information altemative from the codebook. The selected



S5Flexibility and efficient support for future antenna array setups in
conjunction with precoder and transm ssion rank adaptation is yet another
exanpl e of where codebook subset restriction as in the present sol ution may
be beneficial. Sonme precoder elenents nmay | ead to undesirabl e transm ssion
properties when conbined with certain array setups. Resulting beam patterns
may for exanple distribute the transmitted energy in 10 directions which
create interference to other users, making inter-cell interference

coordi nation techniques nore difficult. BRI EF DESCRI PTI ON OF THE DRAW NGS
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alternative is arranged to be conveyed from the second node to the first node by using a

specific signalling format. The specific signalling format is arranged to be reused for

sending an information alternative selected from at least one other subset.

15 Adaptation restriction according to the present solution can help in creating more
stationary interference, when e.g. the set of information alternatives correspond to a
codebook of precoders and transmission ranks, since the time-variations of the
transmission properties decrease. This can be beneficial since it may help in reducing
burstiness of e.g. inter-cell interference. Such burstiness makes link adaptation and

20 scheduling difficult and can thus be detrimental to performance.

A further advantage related to the previous one is that if the scheduler in the first
node discovers that the adaptation information signaled from a second node is not
trustworthy, it can limit the number of information alternatives to a smaller subset and

25 thereby restrict the adaptation possibilities to improve the accuracy. This is for example
the case when a codebook of precoders and transmission ranks is used. Since the CQI
reporting is intimately tied to the precoder and rank selection in the second node, this
provides a way for the second node to avoid overriding the second node's
recommendations and thus keep the CQl and the adaptation choice in sync.

30

Some adaptation schemes are designed under ideal assumptions. If those
assumptions are not met in some practical scenarios, then it may be beneficial to
introduce an adaptation restriction according to the present solution. This is e.g. illustrated
by the precoding and rank adaptation scheme in MIMO for HSDPA where for rank one

35 transmission there are four different precoding vector/matrices. Limiting the number of
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Figure 3 is a flow chart illustrating embodiments of a method in a first node.

Figure 4 is a schematic block diagram illustrating an embodiment of a first node
25 arrangement,

Figure 5 is a flow chart illustrating embodiments of a method in a second node.
Figure 6 is a schematic block diagram illustrating an embodiment of a second node

30 arrangement.

DETAILED DESCRIPTION



5 alternatives may be selected in conbination, but this may be thought of
as using a | arger codebook where conbi nations of information alternatives
fromthe snall er codebook together form separate codebook el enents. The
selected information alternative is then to be reported, i.e. sent to the
first node 100 and is intended to assist the first node 100 in how to adapt
a signal to be sent fromthe first node 100 to the second node 120. 10
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t hose di spl ayed are 35 gart of M MO f so be used
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the 5 former and Inms in the latter. Tx Rank Codebook per Rank
The second node 120 is configured to comprise a codebook, which codebook
25 comprises a set of possible information alternatives to be used for assisting the adaptation
of a signal to be sent from the fist node 100 to the second node 120 over the radio link
130. The codebook may e.g. comprise precoder matrices, transmission ranks, modulation
choices, transport block sizes, powers and/or channelization codes etc., or combinations
thereof. In some embodiments the codebook comprises one or several precoders and one
30 or several transmission ranks while in some embodiments the codebook comprises only
precoders. A codebook may contain one or several precoder matrices, also each implicitly
describing transmission rank. A particular precoder matrix may correspond to one
information alternative. In general, the codebook comprises a countable set of elements,
where each element may affect the adaptation. One way of affecting the adaptation is to
35 let the first node 100 adjusts its transmission parameters exactly as specified by the



101"

[11'

lexp(jbrk / 4) k- * 03 '*." 1 0 2

10

15

20

25

30

35

information alternative. Another approach would be to perform some kind of processing of
the information alternatives, e.g. filtering, and use the resuit in adjusting the transmission
parameters. The second node 120 may select an information alternative from the
codebook. In general one information alternative is selected, but also more information
alternatives may be selected in combination, but this may be thought of as using a larger
codebook where combinations of information alternatives from the smaller codebook
together form separate codebook elements. The selected information alternative is then to
be reported, i.e. sent to the first node 100 and is intended to assist the first node 100 in
how to adapt a signal to be sent from the first node 100 to the second node 120.

The first node 100 knows a number of subsets, each subset comprising a part of or
the complete codebook. To improve the performance and support additional flexibility, the
present solution provides a possibility to restrict selection of information alternative in
second node 120 to a subset of the set of all possible information alternatives, e.g. to
restricting adaptation to only a subset of all precoder matrix and rank combinations even
though codebook size and signalling support is tailored for a larger set of combinations.
The different subsets may be designed in many different ways. For example, a subset
may based on system simulations be designed to match certain channe! scenarios and
deployments of wireless devices so that performance is optimized. Alternatively, the first
node 100 may study the information alternatives obtained from the second node 120 and
restrict the selection to a subset when it deems the second node 120 to perform selection
of information alternative in an unreliable manner. Detecting such unreliable behaviour is
simplified in situations where the first node 100 can be relatively sure that the reporting of
selected information alternatives fluctuates too rapidly, such as e.g. in scenarios with
closely spaced antennas and small angular spread at first node 100, meaning reported
precoder should change relatively slowly as it is supposed to match the wireless channel's
correlation properties, which tend to be of long-term nature.

As an illustrative example, a simple precoder codebook for a 2x2 MIMO system is
depicted in Table 1. The notation NxM means N antennas at the first node 100 and M
antennas at the second node 120. As seen, there are separate precoder elements for the
two possible transmission ranks (Tx Rank). Transmission rank here corresponds to the
number of uncorrelated symbol streams the transmission from first node 100 to the
second node 120 is using. Codebook structures roughly similar to those displayed are
part of MIMO for HSDPA in WCDMA and may also be used in LTE. Based on



01 Table "1 10 Even though the first node 100 nay adapt the
transm ssion according to all the differgpt conbi nati ons of precoder and
rank, a further restriction of the second node's 120 sel ecti on of precoder
matrix and transm ssion rank is provided according to the present sol ution.
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Table 1

10
Even though the first node 100 may adapt the transmission according to all the

different combinations of precoder and rank, a further restriction of the second node’s 120
selection of precoder matrix and transmission rank is provided according to the present
solution. An example of a possible subset is to only allow the transmitter and the receiver

15 to use the single element for transmission rank two in Table 1. This would serve to
stabilize the transmission properties since otherwise the use of the rank one element may
create fast fluctuations of the spatial properties of the transmission which in turn may
introduce interference predictability problems for other co-channel users of the wireless
propagation medium and in the end hurt their performance. In a typical cellular system,

20 the fluctuating interference would correspond to inter-cell interference while the suffering

co-channel users would correspond to the use of a link in the own cell.

An advantage of the present solution is for scenarios in which the channel has
certain long-term properties that are in line with a subset of the adaptation possibilities. In
25 such situations, the number of erroneous decisions in the adaptation selection can
potentially be reduced if the selection is only among elements which are appropriate for
these long-term properties. Again taking Table 1 as an example, this codebook is
primarily intended for a setup in which both the transmitter in the first node 100 and the
receiver in the second node 120 are equipped with spatially separated antennas.

30 However, by restricting the adaptation to the first two rank-one elements (the two unit
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(RRC) or Medium Access Control (MAC) element, or possibly be signalled on some
broadcast control channel. The first node 100 would then determine on what kind of
restriction to use. The overhead incurred by the needed signalling is typically negligible
since it should be sufficient to update the adaptation restriction on a very slow basis.

25 Figure 2 illustrates a combined flowchart and signalling scheme of some embodiments
according to the present solution.

201. The first node 100 knows a number of subsets of information alternatives, which
potentially may be all different subsets of a codebook. The first node 100
30 determines which at least one subset from the number of subsets to request the
second node 120 to restrict to. Which subset to be determined may be based on
deployment scenario and/or reliability analysis in the first node 100 of the second
node 120 reporting to the first node 100. It may also be determined by a search for
the “best” subset by trying different ones and selecting the one which maximizes a



11 performance netric, e.g. systemthroughput. 202. The first node 100
sends a nessage to the second node 120. The nessage conprises a
configuration request to restrict the selection of information alternatives
5to at | east one of the subsets determ ned under step 201. The
configuration request may e.g. conprise a bit map where each bit represents
a certain information alternative and where a bit value of one would nean
include in subset and a bit value of z& o woul d mean exclude in subset. 10
203. The second node 120 perforns the configuration according to the
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assi sting the adapfiguration réuest.si gnal to be sent fromthe first node 100 to
t he second node 120 in the wrel ess communi cati on 30 system 110, according
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205. The second node 120 sends the selected information alternative to the first node

100. This is performed by sending the information alternative using a specific

20 signaliing format. The signalling format may typically involve certain bits that include
signalling of the information alternative. The specific signalling format is possible to
be reused for sending an information alternative selected from at least one other
subset. Typically, several subsets can reuse the same signalling format. Such reuse
is a distinct advantage since it reduces the number of different signalling formats

25 that need to be designed, implemented and tested.

The method steps in the first node 100 for assisting the adaptation of a signal to be

sent from the first node 100 to the second nade 120 in the wireless communication

30 system 110, according to some embodiments will now be described with reference to a
flowchart depicted in Figure 3. The first node 100 is capable of communicating with the
second node 120 over a radio link. The second node 120 is configured to comprise a
codebaok used for assisting the adaptation of a signal to be sent from the first node 100
to the second node 120 over the radio link. The codebook may comprise precoder

35 matrices, transmission ranks, modulation choices, transport block sizes, powers and/or



12 channel i zation codes. In sonme enbodi nents the codebook conprises one or
several precoders, or conprises one or several precoders and one or several
transm ssi on ranks, or conbi nations thereof. The second node 120 is
arranged to select an information alternative fromthe codebook, which
selected information alternative is intended to be 5 sent to the first node
100 to assist the first node 100 how to adapt the signal. The first node
100 knows a number of subsets, each subset comprising a part of or the
conpl ete codebook. In sone enbodi ments the first node 100 is a base station
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302. A message is sent to the second node 120. The message comprises a configuration
request to the second node 120 to restrict the selection of information alternatives to
20 at least one of the subsets, which at least one of the subsets may be selected in the
step above. The configuration request may comprise a bit map where each bit
corresponds to a certain information alternative and where the bit value may
indicate whether to include or exclude the information alternative in the subset.

25 303. Aninformation alternative is received from the second node 120. The information
alternative is selected among the at least one subsets configured according to the
configuration request. The information alternative is conveyed from the second node
120 to the first node 100 by means of a specific signalling format. The specific
format is possible to be reused for receiving an information alternative selected from

30 at least one other subset. In some embodiments, the specific signalling format
comprises certain bits that include signalling of the information alternative.



To performthe nethod steps above, the first node 100 conprises an
arrangenent 400 depicted in Figure 4. In sone enbodi nents the first node
100 is a base station and in sone enbodi nents the first node 100 is a user
equi pnrent. The first node arrangenent 400 conprises a sending unit 410
arranged to send a 5 nessage to the second node 120. The nessage conpri ses
a configuration request to the second node 120 to restrict the selection of
information alternatives to at |east bne of the subsets. The first
node arrangement 400 further conprises a receiving unit 420 arranged to

re](c:el vet an inf oTormf:)mmtmlnﬁelhdtﬂstep@ﬁow@ﬂhéfmr&ﬂ@qod c&ﬁﬁ@se&taﬁ -arrZr'igf‘emeé\t g
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confi gur at |sﬂmer@rqlapslgnentmeuﬁrsn Oodmtomﬂaabareﬁqn@mene is arranged to be
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specific S|’gnal i Qﬂ f or mat ecl orma
for recei¥imgssage fathe sorend sRde 120 hame%ag@ép@eﬂm a‘mﬁmtaathneamesbhehmt her

subset. 15 second fdte 128 td@etriat AR Selettioh o infRmatish mﬂﬁnde’s(lo%%a&%ﬁég# fh%g the
first node %g’ggtm adapting a signal to be sent fromthe first no

t he second 120 in a wireless conuni cati on system 110, accordi ng to
some enbodi mentEhevirst hodeandngemiestotO0ierthencorhprid@s aeéai\mgamntmo arrhhguaapar t

d ted ; catin th
Gep 10 | Ol i AN A e AT o o B
conpri sel@® isaHangseito bopsletted by serondmede if2@amangthe ableagtomeisbbsets nf or mat i on

alternativ fl t from
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node 120 is copyeyad from dhe secprd poden1204e Hefisstingde 409 by means\af arspesifia he
codebook. |sigrsting fermiat dhith Bpecifid Torntn il silsledo 8@ deﬁ@@ fop f&@mﬁg apmatrices,

tr ansii si Ot a0 andRdNeAbIBRITAR §Tss; bANROU LRI oCk i zes, povers

and/ or channe on co n SO ‘e codebook conprises one
or sever &% precoders or, conprlses one or several precoders and one or
several transm ssion ranks or conbinations thereof. The sel ected
information 30 alternative is intended to be sent to the first node 100 to

assi st the firsthefeedigiersipihe secarmpadeiRa fariagrisling U Brst nads(10Aéie 100 knows
a Su gbelr( Ol;acﬁalpbﬁg?é §:ﬁ%£g&$b Mﬁteﬁﬁ tﬁ@rretrﬁogbngo & Aasbcdid ndle hﬁtﬁnml&%f g
codeboo n. sQnme 0 e second no er ment an

in some enbFMEHECR Fygtqm ?iqs aﬁ%‘ﬁ%‘"ﬁ qme %{n%)oglggergst Wi, "Bsteﬁ?égfu?EB

conpr i seo tleferenceps a fidwchaft4lepioted i Riguses.oind secahe rb26 12@ Eaiapatsie of massage
fromthe f '6o?ﬁm % *hzrfﬁ%ft %&é?&?ox&???édné ?‘h&&?:% H&efetiéﬁrls request to

restrict the se ect I ormat1 on ternati ves ast one of the
subset s. configured to comprise a codebook, which codebook comprises a set of possible

information alternatives used for assisting the adaptation of a signal to be sent from the
first node 100 to the second node 120 over the radio link. The second node 120 is

25 arranged to select an information alternative from the cadebook. In some embodiments
the codebook comprises precoder matrices, transmission ranks, modulation choices,
transport block sizes, powers and/or channelization codes. In some embodiments the
codebook comprises one or several precoders or, comprises one or several precoders
and one or several transmission ranks or combinations thereof. The selected information

30 alternative is intended to be sent to the first node 100 to assist the first node 100 how to
adapt the signal. The first node 100 knows a number of subsets, each subset comprising
a part of or the complete codebook. In some embodiments the second node 120 is a user
equipment and in some embodiments the first node 100 is a base station. The method
comprises the steps of:

35



5 502. The second node 120 configures the selection according to the

recei ved configuration request, 503. The second node 120 selects an
information alternative anong the configured at | east one subsets. In sone
enbodi ments the codebook conprises one or several 10precoders and one or
several transm ssion ranks, or conbinations thereof. In these enbodi nents
this step may be perforned by selectingsan elenent in the subset that
optim zes a performance netric. 504. The second node 120 sends the

sel ected inf ' er ive to the first node 15100. The information
alternative ?g{rgt'l}\e\?%@b& ??%?#Pﬁ%@&@ﬁﬂ?ﬁﬁwqmmetfmttmée 100. The ReE8agt00 by

usi ng a speci fi ccosmpynes 4 cordighratioratequadttciesiBRA: EbicctbAt | 5. ROssi ble to be
reused for sendigt R8st dp %fm@ts.bﬁ&tal ternative se ecltg Fﬂo(r)rhﬂ?l{;fﬁ E'I?'E'géi‘ve@ne
ot her subset. In sone embodi NENLS T he specific signalling format conprises
certain bits that include signalling of the information alternative. 20

To perfornst 562. TEHeWedorsd iae 128 ond node . 120 conprises an
arrangenment 600 depicted in Fi Sﬁ'ﬁ gFeg?'ﬁes%ger%o%ﬂ%m"?ﬁa'ﬁtﬂée feR@ivesbcond node

100 is a user eqUI'PHERONZRRHeS some enbodi ments the second node 120 is a
base station. 25 The second node arrangenent 600 conprises a receiving unit

610 arrangedsg ' age fromthe first node 100. The nessage
conpri ses a cgﬁfﬁhggsr%g% o’ﬁdgggﬁégfd? 8n infrmation alternativeameng the corfigureéian nat i on

al ternatives to least pressitbsetadn sbme lembstibatshe chebo&’@onﬁagg%n%re&g% veral, |

arrangenmepny 600 I | configuration unit 6
conf i gur e the S(-'f-"}cr %t???'gr? ngg@%%sréﬁgrafléar}s%ssﬂ)&{@?veg Fwinagensahereof. indhesest .

30The second nof&'earimentsdive stepamy taperoemetyngpldcting amel8RLRAGH ih%%uHﬂsMha@so
arranged to sel eptimies & péfsrmahédReRbt €rnative anong the configured at | east
one subsets. The second node arrangenment 600 further conprises a
sending unit 640 arranged to send the selected infornation alternative to

the first ndd4. Toesecbind nbdd momhﬁmeéﬁelééfe@aﬁfg?g?agbﬁa ﬁﬂg%jthg(ﬁgsgggﬁmveyed

fromthe cond first node 1 usi ng i C
si gnal | i ngsef or né?@q\ﬁ‘ﬁﬂ’@ﬁ"‘éagg’i?'?%a%’?wr%a f@&%ﬁﬁewdapdama theofirbe

reused for sendNPge 1P byrisingrasspiecific sigbaingefoimen, viadrespeslc fonam i€podsifbty ONE
ot her subset. be reused for sending an information alternative selected from at least one other
subset. In some embodiments the specific signalling format comprises certain bits

that include signalling of the information alternative.
20

To perform the method steps above, the second node 120 comprises an
arrangement 600 depicted in Figure 6. In some embodiments the second node 100 is a
user equipment and in some embodiments the second node 120 is a base station.

25 The second node arrangement 600 comprises a receiving unit 610 arranged to
receive a message from the first node 100. The message comprises a configuration
request to restrict the selection of information alternatives to at least one of the subsets.
The second node arrangement 600 further comprises a configuration unit 620
arranged to configure the selection according to the received configuration request.
30 The second node arrangement 600 further comprises a selection unit 630 arranged
to select an information alternative among the configured at least one subsets.

The second node arrangement 600 further comprises a sending unit 640 arranged

to send the selected information alternative to the first node 100. The information

alternative is arranged to be conveyed from the second node 120 to the first node 100 by



The present nmechanismfor assisting the first node 100 in adapting a signal
to be 5 sent fromthe first node 100 to the second node 120 may be

i npl enented t hrough one or nore processors, such as a processor 430 in the
first node arrangenent 400 depicted in Figure 4 or the processor 650 in the
second node arrangenent 600 depicted in Figure 6, together with conputer
program code for performng the functio of the present solution. The
program code nenti oned above nay al so be provided as a conmputer program 10
product, for instance in the formof a data carrier carrying conputer

]Lo_r ogr am SOdﬁ ysing goepetific ﬁbmajimhm,aﬂmmtspaaﬁuﬁibr?mﬁw&&ab%ia'ﬁﬁn%ébatg%g r%@ste? the
irst node . e,such. carrier may be in the form
of a CD ROM g?%%“%?%?%@%@@%%ﬁ?ﬁ'%ﬁ @W"@f st oggother sybspler s such as a

menory stick. The conputer program code can furthernore be provided as pure

rogram code on Fheprese i Qr cond node
Ii)zogr enot el "8 ﬁtﬁ?ﬁ%@ﬁgﬁﬁgfgﬂw&gﬁgﬁ E‘gen@rg% é&},?égqo 2 F’ﬁaasl?? shal |
Al

be interpr ei/ Sgniiom, ﬁ\\g%t RPYs &SecrphRPdeyt 20demshesimplementegddbrongt one2f The
p;ﬂe)sg_nt i tnvermdare_lprdcessmltﬁ. shdwﬁsedob&sbgﬁoabméﬁira%% g@%eﬁ{eﬁ{ &fo{ deflicted in

enbodi nent s. roatiyes,,. modi fications and equi val ents nay be
used. Ther ef oe@'{rétg lr‘??a*“g t(rjo\efgggoﬁg\é@f%ﬁfg‘mgﬂ&ﬂ %arfﬁpe%"%&?ﬁpﬁ?dlim Fr'th“%érﬁg t he
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CLAI M5 1, Met ) ! SSI S t he adaptation of a
signal to be "lg[g%tréq‘??rgr%&t‘i@??t@g? aé\%‘%gg‘?’ffg{ﬁ%%og&%%%oﬂamﬂ% RF8) in a
wirel ess cHhRiRAUch{ar distanse indhe farm o datarrarrier camyingetenpued @yodoen nedectapabl e of

communi cat i ngevibiiing the pFReREAIABH RhéHBENg RYESd iﬁtortﬁ&'h&tc r'(:)d'é%bgg tﬁpﬁ‘gsr?%‘?é?‘ggs “gde

(120) being configured to conprise a codebook, which I
set of possi lﬂ°§e ﬂ%ﬂ#ﬁw&y%ﬁarg?rtrg?m inJhasfora ate CBIRQM disst it isdowrverdensiileat i on
of a signal twithinthes data cniers duok ab amsémarp eiick( TROdonsutdrippogiath @Bdk &pde
futhermore be provided as pure program code on a server and downloaded to first node
15 100 or second node 120 remotely.

When using the word "comprise" or “comprising” it shall be interpreted as non-
limiting, i.e. meaning “"consist at least of*.

20 The present invention is not limited to the above described preferred embodiments.
Various alternatives, modifications and equivalents may be used. Therefore, the above
embodiments should not be taken as limiting the scope of the invention, which is defined
by the appending claims.



10(120) over the radio |ink, from whi ch codebook, the second node (120)
Is arranged to select an information alternative, which selected
information alternative is intended to be sent to the first node (100) to
assist the first node (100) how to adapt the signal, the first node (100)
bei ng arranged to know a nunber of subsets, each subset 15conprising a part
of or the conpl ete codebook, the nethod conprising the steps of:

sending (302) a nessage to the second l6de (120), the nmessage conprising a
configuration request to the second node (120) to restrict the selection of
information altgpgatives to at |east one of the subsets; and 20recei ving
(303) an information alternative fromthe second node (120), which
information alternative is selected anong the at | east one subsets
configured acc0£dh@ to the confi&sratiqn request, and which information
alternative is to g&”@dﬂ?ﬁ'@hﬁ‘?"ﬁé‘ dorragsintingdhe¢ adaptatioo of h sighalits be 8al &ofn100)

by means of a spetheffirst n6de1@b) toR%ebOd Wde (Y94)§ i S d .S, possi bl e
to be reused for ﬁ@@g&eiﬁ/itnr%ggn iﬁé@rm&t ieén %ﬂqaeﬁlﬁgtgﬁ/ée"%s_"féﬁ%ﬁe%s F‘%h] at

| east one ot her s e fisst npde (109) BRIt F2R3Rls of sommapnisating withihe $esondnadee
further step of :(120) owteteadio lmkng (301) which at | east one subset of the
nunber of subsets, tg@,k cond node 120 to restrict to. 30 3.

Met hod according to @Fglg%g%g\q\%gﬁ ‘e’fﬁe'?%“@?‘éfﬁd CoOMRnE? icAdeRgok.whigh i s based
on depl oynent scefrfiebeckagimnises betabpodsible iafoahgtivinaitematives used foF agistiag ( 100)

f th d nod i | | 17 4 t hod
according £o any 'é‘g(;?ﬁ%”"‘f“?ﬁ?‘%‘?%°tb§ﬁéﬁ‘§ﬁ"* FRIr2PS® 1POY}ame seénidpesod)

S perforn]é)d by s Leventheradio links bset by trying different subsets and
sel ecting the one whiranwhiah codebobk, ahd$dcoRd ABIRIE 20584 hirdnged fo sdiith D

according to any cl.ai 1-4, wherein the configuration request
conprises a bit n@%ﬁgorn ea"gggﬁveo?”f‘rce8?'?%'?%5\%’?3{'@ altepnativeisrinterdegitohe i on

alternative. sent to the first node (100) to assist the first node (100) how to adapt the signal,
the first node (100) being arranged to know a number of subsets, each subset
15 comprising a part of or the complete codebook,

the method comprising the steps of:
sending (302) a message to the second node (120), the message comprising
a configuration request to the second node (120) to restrict the selection of
information alternatives to at least one of the subsets; and
20 receiving (303) an information alternative from the second node (120), which
information alternative is selected among the at least one subsets configured
according to the configuration request, and which information alternative is
conveyed from the second node (120) to the first node (100) by means of a
specific signalling format, which specific format is possible to be reused for
25 receiving an information alternative selected from at least one other subset.

2. Method according to claim 1, comprising the further step of :
determining (301) which at least one subset of the number of subsets, to
request the second node 120 to restrict to.
30

3. Method according to claim 2, wherein the step of determining (301) is based on
deployment scenario and/or reliability analysis in the first node (100) of the second
node (120) reporting to the first node (100).



6. Method according to any of the clains 1-5, wherein the configuration
request 10conprises a bit map and wherein the value of the bit indicates
whet her to include or exclude the information alternative in the subset.
7. Method according to any of the clains 1-6, wherein the specific
signalling format used in the step of receiving (303) an information
alternative conprises certain bits 15that include signalling of the
information alternative. 8. Mthod accdfding to any of the clains 1-7,
wherein the codebook conprises one or several precoders, or conprises one

or several precbd¥ethodacconding ranyey tlealaihs 23SWh&sinQhe §t Bﬁdeté}hn ﬁ{‘{%@at I ons

Codebook som i scs PAaREER) BRI @ PipBle by Eﬁ?eambsetﬁaﬁéﬁéwm the

choi ces, transporenewhigkmeaximizes aperiemmnaadietic. channel i zati on codes. 2510.

Met hod accor di ng to any of the clains 1-9, wherein the first node (100) is
a base station._11l. Mthod according to any of the clains 1-9, wherein the
first node> 100% Methgd ag@Fd'féﬂq'L?i%Wéﬁt%e cizimg 34, wheraipdhe eonfigwetimrdquesde ( 120)

for assisting a ftdnyrise®8l 6it mbBWhetdedchDit38RES o be sent
fromthe first noggerrﬁ‘a%OO) to tgheesecondinode Eaé}?a?ér?ngm\j\*mm*

conmmuni cati on sys f[e_LO) t he second node (120) bei ng capabl e of
comuni cating with the first node (100) over aradio link, 18 t he

second node (1%0) debook, whi ch codebook

conpri ses a se%‘0 Q@%@?%&’f"ﬁq Qﬁ)?%f{h %ﬂ"r? ?rf'\?g g@f”?‘éﬂ" requestting the

adapt ati ortO0of a s¢QfHREISes dbibmapend wheesin thhealf.le pkthe bib itdlicatt Gdhether fohigclscond

node (120) over taxtiadd Pelis ok, the second node (120)
Bffnation BREAMIE Fthe QOISR

Is arranged to sel ect an

7. Method according to any of the claims 1-6, wherein the specific signalling format
used in the step of receiving (303) an information alternative comprises certain bits
15 that include signalling of the information alternative.

8. Method according to any of the claims 1-7, wherein the codebook comprises one
or several precoders, or comprises one or several precoders and one or several
transmission ranks, or combinations thereof.

20

9. Method according to any of the claims 1-7, wherein the codebook comprises
precoder matrices, transmission ranks, modulation choices, transport block sizes,
powers and/or channelization codes.

25 10. Method according to any of the claims 1-9, wherein the first node (100) is a base
station.

11. Method according to any of the claims 1-9, wherein the first node (100) is a user
equipment.
30
12. Method in a second node (120) for assisting a first node (100) in the adaptation of
a signal to be sent from the first node (100) to the second node (120) in a wireless
communication system (110), the second node (120) being capable of
communicating with the first node (100) over a radio link,



information alternative, which selected information alternative is intended
to be sent to the first node (100) to assist the first node (100) in howto
adapt the signal, the first node (100) being arranged to know a nunber
of subsets, each subset conprising a part of or the conpl ete codebook,

10t he nmet hod conprising the steps of: receiving (501) a nessage from
the first node (100), the nessage conprising a configuration request to
restrict the selection of information ®iternatives to at |east one of the
subset s; configuring (502) the selection according to the

recei ved confi gur at itnsetbnd nanes(ti 20) be:ngSi;ehﬁﬁﬁ'éd‘lg cg,‘@gtﬁge @ébdegg&r %Bz)n .

al ternative anon b G gast .qne subsets; sendi ng (504 e
sel ected i nfor mﬁo’gﬁﬁoé)ﬁi? g&hg%élssagse? éf Roﬁﬂg?i'rﬁg[f"q%'a@"?rﬁﬁfs, usdiferassigting mat i on
alternative i s cdheadartation ohr sigoal sebesent froniehd Ard0Nodeq100) & thi E8dond A& 0de

(100) by using a 3P®Gvédthe PddiRk! I Ng format, which specific signalling
format is possible to be reused for sending an information alternative
sel ected fPom at | edOM Whigh erdgbeoks theseeondimde (120 iscareapgest diselgctan cl ai m 12,

wher ei n the codetinfoimationpitérAgtive WAictDSelScRtAhRIM AR MEAIReIOintend@f B €S ONE
or sever al precods.‘%wl

t hereof and whereln Pﬂ%d%ﬁgﬁdg?1®gg’g%?ﬁsh‘bg ?‘%@%‘?g&ég&dé gg‘ﬁi?qc;:?t t;gtsgg:ngl:: : \c/)gs
is performed by sel dutfirstnode (10pheing airangel ¢ W@hu?lﬁ?ﬁéﬂﬁsg@ﬁiﬁﬁet
\aﬁ;]; gir gatn(r:]g ggélfai)%g’l?ﬁgo 3 P%é{s]&gh%gog'?c')%é?,gdet&%°gg¥rp?i ses a precoder ana a
transni ssi®n rank. theimethagegroprisingdls stepsioft o cl ai m 14, wherein the codebook
conpri ses precoder Iﬁ@deiv}'r@q501)farrﬁéb‘éﬂ'@’§ﬁ&ﬁ the fttode [I0Y Rl 338&382 %r%&%ing
transport bl ock SaI czo%ﬁgurgt%\aeréqsueg? tgr}gstr?crt th%hsaeﬁgteiér: gfail;[\flor?natigr? al?esrhatives to at
least one of the subsets;
configuring (502) the selection according to the received configuration
15 request;
selecting (503) an information alternative among the configured at least one
subsets;
sending (504) the selected information alternative to the first node (100),
which information alternative is conveyed from the second node (120) to the first
20 node (100) by using a specific signalling format, which specific signalling format is
possible to be reused for sending an information alternative selected from at least
one other subset.

13. Method according to claim 12, wherein the codebook comprises one or several
25 precodersor, comprises one or several precoders and one or several transmission
ranks, or combinations thereof and wherein the step of selecting (503) an
information alternative is performed by selecting an element in the subset that
optimizes a performance metric.

30 14. Method according to any of the claims 12-13, wherein the codebook comprises a
precoder, or comprises a precoder and a transmission rank.

15. Method according to claim 14, wherein the codebook comprises precoder
matrices, transmission ranks, modulation choices, transport block sizes, powers
35 and/or channelization codes.



19 16. Method according to any of the clains 12-15, wherein the specific
signalling format used in the step of sending (504) an information
alternative conprises certain bits that include signalling of the
information alternative. S 17. Method according to any of the clains 12-15,
wherein the second node (120) is a user equipnent. 18. Met hod
according to any of the clains 12-17, wherein the second node (120) is a
10base station. 19. Arrangenent (400)1?n a first node (100) in a wireless
comuni cation system (110), the first node (100) bei ng capabl e of

comuni cating with a second node (120) in the wireless communi cati on system

(110) over a rgdi ' d de,(,L20) Dbei configured to

conprise a codgg&élg@d%%réﬁég%ae@g%@%c%%? ﬁg'eé ‘%@’%’8’(‘ t@qqs&%@g F'gpﬂ"’]gr{PG'F‘ﬁat i on

al ternatives usedsedbin thassier of sendina (504) apinfannationaditemativeycrmhprises Getaireits f r om

the first node (M)nciueeEigﬁalﬁ?%('ﬂ%zigf)%ﬂﬁatfoﬁ%ﬂémgﬁ r the radio link, from
node

whi ch codebook, the secon I's arranged to select an
20i nformatTon alternative, which selected information alternative is

i ntended, to bt7.sMethod accohing torady oftas elalme)D)-18, Whaks fik sbihdlotis 1128pH ( 100)
how to adapt the the first node (100) being arranged to know a

' J
nunmber of subset é‘,gérg%gﬁmgﬂbset conprising a part of or the conplete
codebook the first node arrangenment (400) conprising: 25a sending unit

Comoy  ar angedis. MettRclorliRg 1085 dithd AAn3 3907 WASER e €beg htR (TEQ3FES

conprising a configuration Fequest to € secbn ct the
sel ectionI®df inf OA$AMAON- al ternatives to at | east one of the subsets; and

a receiving unit (420) arranged to receive an information alternative from
t he second nod 120), whi jnformation alternative is arranged to be

sel ected by - 32 ‘ﬁ“@gé"‘("l‘gﬁ)“%ﬁ&?&) Rvicglesscommupication systems(110),
configured accor di nthetfiostnbde (100) benty cipabla of esthrasiicatiag tithaiseboridHode (o) on

alternative is ar . he secand node (120) to the
first node (100) "L@Qgrr'@g'ﬁ%@% aﬁ'g%\é@?{g%é&é?@R&Pﬁrﬁdg%ﬂ t, which specific
signal | i n¥f f or mat | thesgeendgiode (20 being aenfiguredto ceropriseiapdelsookWiichrat i on

al ternative sel e¢bfbobk eomptiseb 838L of PRSI IMFIrmatidSAiernatives used for assisting
the adaptation of a signal to be sent from the first node (100) to the second node
(120) over the radio link,
from which codebook, the second node (120) is arranged to select an
20 information alternative, which selected information alternative is intended, to be
sent to the first node (100) to assist the first node (100) how to adapt the signal,
the first node (100) being arranged to know a number of subsets, each subset
comprising a part of or the complete codebook
the first node arrangement (400) comprising:

25 a sending unit (410) arranged to send a message to the second node (120),
the message comprising a configuration request to the second node (120) to
restrict the selection of information alternatives to at least one of the subsets; and

a receiving unit (420) arranged to receive an information alternative from the
second node (120), which information alternative is arranged to be selected by the

30 second node (120) among the at least one subsets configured according to the
configuration request, and which information alternative is arranged to be
conveyed from the second node (120) to the first node (100) by means of a
specific signalling format, which specific signalling format is possible to be reused
for receiving an information alternative selected from at least one other subset.

35



20 20. First node arrangenent (400) according to claim 19, wherein the
first node (100) is a base station. 21. First node arrangenent (400)
according to claim19, wherein the first node (110) is 5a user equipment.
22. Arrangenent (600) in a second node (120) in a wireless comunication

system (110), t he second node (120) being capabl e of
comuni cating with a first node (100) 10in the wireless comuni cation
system (110) over a radio link, t @ second node (120) being confi gured

to conprise a codebook, which codebook conprises a set of possible

i nformation al 2@&iFrsttriode arrtitgRéhend (400 p&dcdidingdo tiafn #6laNeAlid e ikt nsddABb) L0 be
sent fromthe fi rasbtasggtggon( 100) to the second node (120) over the radio

| i nk, 15from which Co 00k, the second node (120) is arranged to sel ect an
information alternative, which selected information alternative is intended

to be sent to ikl j LSt . w to
adapt the si gngjlﬂ(,ﬁrgt rfo%% ﬁFe}Q'?q:ern(segl‘ P%gé&(cz ?@’B@%é‘%ﬂﬁ‘%ﬁ%ﬁ%@@‘gﬁ%&éﬁ%%&‘QBHﬁnber
of subsets® each aM§BsWIRMSMDri sing a part of or the conpl ete codebook,

20t he second node arrangenent (600) conprising: a receiving unit (610)
arranged to re nme rst .node (100), the nessage

ive a .fromthe fi ) e |
conprising a cgﬁﬁnéﬂgﬂ??%?@iﬁ’l?eﬁw?%"?‘{?s@?q)d'iat"’ff@'g'é%F%W'B?ﬁt'ﬁ\" SYS\¢™r nat i on
alternatives to 4t10),east one of the subsets; a configuration
unit (620) arrangedd.Q [ O, . i rding to the 25r i ved
configuration requetsr{e%eemrgoq’géfqe%? ?'Sﬁ%gu‘gﬁe ‘?ggﬁﬁﬁwgé{wg@ﬁ‘qﬁrsg@dgéfo%in
i nformati & al t eihiieWirelessrengmunieation system ( tA®) averlagadiv liskhe subset s; a

di it (640 parRch | ' ; ti t
The T1rst nods (1@;% ch,‘%"ﬁf‘?s"f‘”ng??‘gﬁ°§@?§?ﬁ§??“&%“ﬁ@?%§%§2‘hﬁ?%”ﬁe' R

conveyed from 30t k 6omPrissa @ set e ppssiple infrmationsalterpatives used fonassistiniang a
speci fic signall itegadaptation of sigriaCo et fdnt thHeifigd ablié 100f BtH@Sechid Abdeanged to
be reused for serafgoglg‘éeg%é'gre;f an tion alternative selected fromat |east one
ot her subset. : 8 nd 'node arrangenment (600) according to claim

22, wherelh the seclion whishecogsaoROthe isscandunsde (2Glis@manged to select an
information alternative, which selected information alternative is intended to be
sent to the first node (100) to assist the first node (100) how to adapt the signal,

the first node (100) being arranged to know a number of subsets, each subset
comprising a part of or the complete codebook,
20 the second node arrangement (600) comprising:
a receiving unit (610) arranged to receive a message from the first node (100)
the message comprising a configuration request to restrict the selection of
information aiternatives to at least one of the subsets;

a configuration unit (620) arranged to configure the selection according to the
25 received configuration request;
a selection unit (630) arranged to select an information alternative among the
configured at least one subsets;
a sending unit (640) arranged to send the selected information alternative to
the first node (100), which information alternative is arranged to be conveyed from
30 the second node (120) to the first node (100) by using a specific signalling format,
which specific signalling format is arranged to be reused for sending an
information alternative selected from at least one other subset.

23. Second node arrangement (600) according to claim 22, wherein the second node
35 (120) is a user equipment.



21 24. Second node arrangenent (600) according to claim?22, wherein the
first node (100) is a base station.

21

24. Second node arrangement (600) according to claim 22, wherein the first node
(100) is a base station.



