WO 03/010979 PCT/1B02/ 02839 METHOD FOR DETERM NI NG VHETHER TO PERFORM LI NK
ADAPTATI ON | N WCDVA COVMUNI CATI ONS  FI ELD OF THE | NVENTI ON 5 The present

i nventi orwoaBat®3ot o wi deband code division nmultiple accesI/TEViEREMN

comuni cation. Mire particularly, the invention relates to the use of |ink
adaptation in WCDVA  nobi | e phone conmuni cati ons. BACKGROUND OF THE

| NVENTION 10 I n the so-called HSPA (H gh Speed Packet Access) nethod of

wi deband code division multiple access (WCDMA) nobile phone communi cati on,
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nodul ati on can bq_lmgd@yzjrmﬁ?gh%t at CWCbM @@M@ﬁﬂﬂi@]{ﬂéﬁsmdm ation

and codi ng 15 schenes ase station comunicates with a user are
adaptively sel ected based on the existing signal conditions being
experienced by the user of the cellular comunication system By using

i nk adaﬁatign,T aggg ro riate coding rate and nodul ation |evel (nunber
of bits Sgﬁiﬁﬁ signaling period) can be selected for each user.
For exanple, in ordinary quaternary phase shift (Qgig nmodul ation, one
can transnmit tRE Bresepér pasd ionadsilEtes tusiidel qstes e igtdian

poi nts, Wbk ithe amRlilUdGCRMB UdithurGRRLidR .- Wdde %Pa%l%ict%%rﬁﬁr e eight
constel | ati on points, 25 naking possible transmtting three bits “per
transiti e WAventdeadral@tesamsl ithedeiseo@fl diiirdh ydgaiat idre iamIGOMAde can

al so ben%%?ﬂ%eghoﬁgfc%%ﬁ%&?%wtﬁ g 16 QAM there are four possible phase
val ues an our possible anplitudes leading to sixteen constellation

points. 30 The prior art teaches changi ng codi ng and nodul ati on based on a
pilot signalerb®¥ehr idldi GREINAGya S/ N ratio (i.e.

10 In the so-called HSPA (High Speed Packet Access) method
of wideband code division multiple access (WCDMA) mobile
phone communication, a number of different coding rates can
be used. In addition, multi-level modulation can be used.
Link adaptation is a method in which modulation and coding

15 schemes by which a base station communicates with a user are
adaptively selected based on the exisgsting signal conditions
being experienced by the user of the cellular communication
system. By using link adaptation, an appropriate coding rate
and modulation level (number of bits transmitted per

20 sgignaling period) can be gelected for each user. For
example, in ordinary quaternary phase shift (QPSK)
modulation, one can transmit two bits per phase transition,
using four constellation points, with the amplitude remaining
constant. With 8PSK, there are eight constellation points,

25 making possible transmitting three bits per transition. With
quadrature amplitude modulation (QAM), the amplitude can also
be changed. For example, using 16 QAM, there are four
possible phase values and four possible amplitudes leading to

sixteen constellation points.

30 The prior art teaches changing coding and modulation

based on a pilot signal level indicating a S/N ratio (i.e.



1 WD 03/010979 PCT/1B02/ 02839 the coding and nodul ati on bei ng changed

based on a S/N neasurenent of the pilot signal). In response to an

i ndi cati owoaB/oaopwor S/ N ratio, the prior art teaches as ®@ua/1BoEERpHNSE

changing to a | ower nodul ation level or to stronger 5 coding (nore robust)

and conversely in response to an indication of a good S/N ratio. One

problemwi th the prior art solution is that the pilot signal nmeasurenent

i ncl udes_several._sources qof -errar,. and the_al gorithm used i he prior art
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an Ec/ | OrespbhikOchangiagutenant owsht ébdanathehh Ieasuenet $tieeheean t he
commuon gilot channel, CPICH Ec/IO standing for energy per chip to
i nt ert er 8AEEPPatMBraR@PERF aRAPNG LRSI Yerk&r $FSPORSH £ @2 i nterference

rati o), @hdibatass efF angebHok/NnrbReoprior art neasurenment of the HS- DSCH
channel quality instead of the 20 comon pil ot channel (CPICH) quality.

What is needednkSpaob@bHsiviand thasbribik agdapbaticadn TR kode! ege for use by
a nobil e phone communicating via a wreless comunication system all ow ng
codi ng rBLéChn8lgRBduMgEEEACMEREl 106 HEeEhERyETa Y FOsBIRSSe KE©&ti on 25

Syst ens, a54Chhasari§bPAha Lisxedipowee Level betused gkeniddSorDRtE: but for
ot her the power |evel varies. ldeally, what is needed in general (for
systléhs biREr 28RRR2ASPPASCi Hi2ke ifhaayl ogpeehact yordt Prirwiced ard Yuse when
fgsepvbikslphge@augé bEaps@l hbhidpBkstbl Be kil o TAXiFI M Eh B, Mgmepover
algorithm may select the wrong modulation and coding set
(MCS) 1if there is error in the pilot S/N measurement (or
other similar measurements, such as an Ec¢/I0 or Eb/IO
15 measurement, which are both measurements made on the common
pilot channel, CPICH, Ec/I0 standing for energy per chip to
interference ratio, and Eb/NO standing for energy per bit to
interference ratio), or in case of an error in the prior art
measurement of the HS-DSCH channel quality instead of the

20 common pilot channel (CPICH) quality.

What is needed is a robust and fast link adaptation
methodology for use by a mobile phone communicating via a
wireless communication system allowing coding rate and
modulation level to be changed. In some communication

25 gystems, such as HSDPA, a fixed power level is used for HS-
DSCH, but for other the power level varies. Ideally, what is
needed in general (for systems other than HSDPA) is a
methodology that is not limited to use when the mobile phone
is transmitting at either its maximum or minimum power level,

30 but one that can be used when the mobile phone is

transmitting also at any intermediate power level.



30 but one that can be used when the nobile phone is transmtting also at
any internedi ate power level. 2 WO 03/010979 PCT/1B02/ 02839 SUMVARY OF
THE | NVENWD@BloAweor di ngly, the present invention provi desPem/ipgesst us and
correspondi ng net hod for deciding whether to performlink adaptation for
comuni cation froma first conmunication 5 device to a second conmuni cati on
device, i.e. for comunication signals being transmtted fromthe first
comuni cation device to the second comruni cati on device, the second
communi cBPBRY dof, iTee BWAMITONNg a signal received from the first

communi cation device and providing a first 10 indication of the quality of
t he signal asAreecediedlhy the psecentd dorewtiical ipdwvdedsCan appaiditeat i on

such as a signal to interference rati.o (SLR) estimte, the t hod .

i ncl udi n@nat ﬁ8r§f3888n8lﬂ?19r BeSPGh § okt dﬁgégﬂr@né’%ﬁtﬂﬁﬁ iSRS g‘l“r’tkhe
qual ity aeHapbatsbangbragomeelived by tthensec @it o msiiedldaenokd devi ce;
providinaﬁa_second i ndi cation of the guality,of the signal (such as an SIR

target vEEUECHr 601 BedSHPRRh SOENdLaER O SEVd@Can TJoStefPower control | oop)

based oncbhgual cheash @Agnaflls’ e inddicgabisan tefed He-citalHd ¥ iofstt he signal ;
and deciding to Eerforn1L|nk adaptati on based on the second indication of

20 the qGaMHPiGRTLRE SRyA&E tOnéhgesrsron FReHsatdempleyigs. &h% story

of the SkBcbargebmdhyesthieseiesd kbr @iahhe ol & siRewar &Rkl Ieem - In a
further aspect of the invention, the first indication of the quality of
t he si gn&headireterePaaupy cafid onpsleydesnancommeniicdtico daviste is a SIR

? Z &@N;&%nég Icgﬁglbho Bed tAROVRIa 10k AR FackROW; edgnenld RRIALIE RC kW edgment
second communication device, an indication such as a signal
to interference ratio (SIR) estimate, the method including
the steps of: recording at least one first indication of the
gquality of the signal as received by the second communication

15 device; providing a second indication of the quality of the
signal (such as an SIR target value provided by what is often
called an outer power control loop) based on the at least one
first indication of the quality of the signal; and deciding
to perform link adaptation based on the second indication of

20 the quality of the signal (the decision based for example on
a history of the SIR target values received from the outer

power control loop).

In a further aspect of the invention, the first
indication of the quality of the signal as received by the
25 second communication device is a SIR estimate, as mentioned
above, or an acknowledgment/ negative acknowledgment

(ACK/NACK) signal.

In another further aspect of the invention, the second
indication of the guality of the signal as received by the
30 second communication device is either an SIR target value, a
changed SIR target wvalue, an ACK/NACK signal, or a signal
derived from a series of consecutive ACK/NACK signals. 1In

gsome applications according to this aspect of the invention,



I n another further aspect of the invention, the second indication of the
quality of the signal as received by the 30 second comuni cation device is
ei t her arwBloRot@rget val ue, a changed SIR target val ue, amCATBI2N2E signal ,
or a signal derived froma series of consecutive ACK/ NACK signals. In

sonme applications according to this aspect of the invention, 3 WO

03/ 010979 PCT/1B02/ 02839 the decision to performlink adaptation is based

on whet her he SIR target is to_be changed to a value that is within sone
predet er FiRedeRaf PR bP RePLeyBt dLRinBdeREREAGR dF PRSRANGR ShRMOSTget. I n

sone apptheatiRnsaageer dsndot Bet Bhangeaspech 9h1ubethaveRtl @Arnansuccession
of SIR target change commands are recorded, and the decision to perform
link ad8pPatPsadeserrisgdomaREénnhef a predeterpiined HaHBBMTOPT consecutive

SIR tafgﬁ§n§maﬂg§1ﬁoﬂH§§€§.ar@nagbm@iBﬁﬁiikatibﬂ%f%%%%rhﬁﬁgSkB kahget or to
decrease the SIR target. In 10 sonme applications according™to this aspect

of tHe iageRctoal thesivression oh SHRCearden ohafgR commeitdsharngerecor ded,
and thecQﬁﬁ%ﬁ?Q“a&Q peLboney, ! ahda@ﬁet 8Lbalibs Q%ng%g?%r\‘m&ﬂ%r a
a pre

pr edet erm ne raction o eterm ned nunber th target change
commandsadaptetibnr isobpaedeasewhhehsrRat prgdeterfioedt ounberease the SIR

target . BsLELLiBOLREr Lasnect cAbabBe HINERLLO ot e f Lo cmmuNi cation
device is selected fromthe~group consisting of ~a nb i Fe sTAtion and a
base stathoneasd the §&Bohdrgebnmuntoatieomedeei tbei SIRhéaotkeer déwice in

the gy oup 20 sopsisLiRgAl .8 UpRiLE statien and.a.base pLation. . o stil
yet even anot aspec of e I nventl on, he I'rst "conmuni cat’i on devi ce
or the secendcesamuni odt EOR devgee chenfier noomends awee retotbedst epsl of
recordlnghgtdég§§£ogngo perform link adaptation is based on whether a
predetermined fraction of a predetermined number the SIR
target change commands are either to increase the SIR target

15 or to decrease the SIR target.

In still another aspect of the invention, the first
communication device is selected from the group consisting of
a mobile station and a base station and the second
communication device is the other device in the group

20 consisting of a mobile station and a base gtation.

In still yet even another aspect of the invention, the
first communication device or the second communication device
perform one or more of the steps of recording at least one
first indication of the quality of the signal, providing a

25 second indication of the quality of the signal, and deciding

to perform link adaptation.

In yet still even another aspect of the invention, a
radio network controller (RNC) performs one or more of the
steps of recording at least one first indication of the

30 quality of the signal, providing a second indication of the
quality of the signal, and deciding to perform link

adaptation.



first indication of the quality of the signal, providing a 25 second
indication of the quality of the signal, and deciding to performlink
adapt ati owo oBro1ogee still even anot her aspect of the i nvenPcoanBozn283%adi o
network controller (RNC) perforns one or nore of the steps of recording at
| east one first indication of the 30 quality of the signal, providing a
second indication of the quality of the signal, and deciding to perform
i nk adapt at 4 WO 03/010979 PCT/ |1 B02/ 02839 even sti.ll anot her
aspect of thei?n%%ﬁ?l%ﬁlfi &Sk @ﬂ%%g?BraﬁB?Eﬁ PﬁeLﬂﬁdFEXFPBﬁOBf Fh@ qual ity
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quality of the S|%nal as received by the second communi cation device is a

fram® er?®FOriRecd FERFR10tRe %F%@ﬁle?PBrWPéFb EBEERLGr 288PEaEHSRdI ng
statistigect®ldbgCigdnoyer a predetermned time period. The nmethod of the
i nvention has as one advantage that it 1is not susceptible to neasurenent

errors since nQ yOEasYLeMeslsnakLoPRES, aé?@cﬁmbﬁogh&eHiﬁ'v@ﬂt@@nquﬁhbty 15
i ndi cators, such as CRC checks, instead SI R neasurenents B
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advant agese Ofecdlie LoNARALOR: 10L! 4BFEOL®; BPRAEERhe! LOBLA £aRS! (8ERYi on of
t he subsequent detail ed description presented 1 n connection 20

accéfpany¥ ngleplaverger ratahiBRER) or corresponding statistic
collected over a predetermined time period.

The method of the invention has as one advantage that it
is not susceptible to measurement errors since no
measurements are made, the method relying on quality

15 indicators, such as CRC checks, instead of SIR measurements.

BrRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the invention will become apparent from a consideration of
the subsequent detailed description presented in connection

20 with accompanying drawings, in which:

Fig. 1 is a block diagram/ flow diagram indicating the
well-known downlink closed loop power control, which
provides information used by the invention to determine

whether or not to have a mobile perform link adaptation;

25 Fig. 2 is a flow chart for one decision process
according to the invention used to determine whether to

perform link adaptation;

Fig. 3 is a flow chart for a second decision process
according to the invention used to determine whether to

30 perform link adaptation; and



Fig. 1 is a block diagrami flow diagramindicating the well-known downlink
cl osed | oop power control, which provides information used by the

i nventi orwD®3denes ni ne whet her or not to have a nobil e pecraBod283vk
adaptation; 25 Fig. 2 is a flow chart for one decision process according
to the invention used to determ ne whether to performlink adaptation;

Fig. 3is aflowchart for a second deci sion process according to the

i nvention use eterm erform |i nk adaptatlon and 5
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process acwdﬂjmﬂg) ddhecHehvigntdradt dts agsdd et @k tdnei ndeliethdéd cperform
i nk adaptatlo Sﬁﬁi%block diagram’ flow di agram showi ng signal 5

quality co &t Ahbodi ment in which SIR estination, outer
| oop power control and ilnk dapt ati,on_ deci sions are all perforned in the

mobi | e stati ohi9Fi §. 18 P$OBKo kaafféﬁ‘/al%lof”l HAFERGr SHPYRSE 53 98Pgnal

qual igty corajfdaglltchrphm tr A BIRY B oM hdhSI Fh @i @stsnmti on and
outer | oop power control are performed in the nDblle station, and |link

adapt at i on SEECIMS O ard iRk el O RIEHRNEIRL i cind A ik 72daphrbien

di agran flquidieAR SN NH St Nded ARl thy w1 s@Leosdi ng to an
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a radio netmork control l'er (RNO): Fig. 8 iS_ block dia fl ow di agram
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10 estimation and outer loop power control are performed in
the mobile station, and link adaptation decisgsions are made

in the base station;

Fig. 7 is block diagram/ flow diagram showing signal
quality control according to an embodiment in which SIR
15 estimation and outer loop power control are performed in
the mobile station, and link adaptation decisions are made

in a radio network controller (RNC); and

Fig. 8 is block diagram/ flow diagram showing signal
quality control according to an embodiment in which SIR
20 estimation or BLER or BER monitoring is performed in the
mobile station, and outer loop power control is made in the
RNC or base station, and link adaptation decisions are made

in the mobile station.

BeEsT MopE FOR CARRYING OUT THE INVENTION

25 The invention as described here is concerned with link
adaptation to improve the quality of a downlink (from a base
station to a mobile), but it should be understood that the
invention can also be used to improve the quality of an
uplink (from a mobile to a base station). The roles of the

30 mobile and the base station (or other network elements) are

merely reversed.



20 estimation or BLER or BER nonitoring is perfornmed in the nobile
station, and outer | oop power control is nade in the RNC or base station,
and | i nk woapwavron deci sions are nade in the nobile starconBIBESP MODE
FOR CARRYI NG OQUT THE | NVENTI ON 25 The invention as described here is
concerned with link adaptation to inprove the quality of a downlink (from
a base station to a nobile), but it should be understood that the

i nvention can,al so.be used to i.nprove the quality of an upli.nk (from a
Tobi 16 Lo a HACEOLRATRORy tfe PUFRLIGR L e SOEREE &t PR Wals & ati on
(or ot hedonalwakk el eeest sragien petEoymseldhkeddaptWDiddy QHMRAGing

PCT/ 1 B02{ 02839 _A . di he i N [ th i f
downi i nkPIERARE EORLPEN Ror PEr HRA Ak AOaIEEloheCelad@i ng  bascband -

codi ng otkoih@nfiedulal edthevehmobsed) sith tieemMisineatiidebairidh cdvdabi | e
station using,w deb?ndaj‘%de 5 division nultiple access (WCDVA) based on the
out puit offVhELIoReMPLlkA eEGRAE DAY e P66 OFo & Ar 5&Ess, one

el ement @k1thendewnl(geknalioxedoeer -newey peaRly fonRreaesTroceBREr @res both
uplink and downlin ower control, i.e. _both the UE and _the base station

k :
adj ust t P&RERPE pduEhet oWskénk0 CLRFGSr LPRPy@OYEThEBALe s PAOSEHSser vi ng a

set of nphkhesis gach opiand bher eRwnaRamn@oweadiddsicsdihe it.ranydch power
for each channel to sone target val ue.) For downlink power control, the

qual i ty KBE&sUFemBAt §he(pase ghariop F6HEMES tAgnRsTIlE Healen 9 FeEat or s)

used 4 o cloqdet e5A1,88 hg"fhfeob%%ieu%%_a}tﬁ%nt rs%'}%’I:nb ROWRN ¥ nidiAng tting to

the nobile are perforned in the nobile. Quter | dop power control can be

made i n ehehnebi Pedd L fierenlie chaginelneoriets the transmit power for
each channel to some target wvalue.)

For downlink power control, the guality measurements

(i.e. quality monitoring, via gquality indicators) used to

15 determine how to adjust the transmit power for transmitting
to the mobile are performed in the mobile. Outer loop power
control can be made in the mobile or in the radio network
controller (RNC) for the serving base station based on
information passed to the RNC via the serving base station.

20 Outer loop power control can also be made in the base station
based on information passed to it by the mobile. Referring
now to Fig.'l, in the inner loop (also known as the fast
power control loop), a downlink (DL) signal arriving at the
mobile station transceiver 11 is tapped by a module for

25 performing signal to interference ratio (SIR) measurements
(or some equivalent measurement). The SIR measurement module
compares the SIR of the DL signal to an SIR target, and based
on the comparison, issues a power control command to the
gerving base station transceiver 12 to increase or decrease

30 transmit power. The power control commands are multiplexed
with the uplink signal and so transmitted to the base station
transceiver 12. The demultiplexer of the base station
transceiver extracts the power control commands and provides

them to its power amplifier. In the outer loop (also known



controller (RNC) for the serving base station based on information passed
to the RNC via the serving base station. 20 Quter | oop power control can

al so be mMadasionndrhe base station based on information pa®€FdBo202839 by t he
nobile. Referring nowto Fig. 1, in the inner loop (also known as the fast
power control |oop), a downlink (DL) signal arriving at the nobile station
transceiver 11 is tapped by a nodule for 25 performng signal to

interf i Al t).
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03/ 010970aP&dt | BO2HQ283%nasa bhe skewrpowee eentrahel eepbr theedewnl i nk

signal is exanm ned by a decqding and quali, measyur enent nodul e,. whi ch
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nNeasur engatefMUHL 85t PheehernmtoeinbireRspover deerkagk bheommrndarteti ssue.
The decision whether to adjust the SIR target is based on a bit error rate

or frameterFbiPtyt eherk ¥BREhEFhERCNESSEL¥eHf TFRrRReOFelTdbility. A common
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Al t hough a fast ﬁomer control loop (the so-called inner ,
Although a fast power control loop (the so-called inner

loop) is shown and described in Fig. 1, the invention in no
way makes use of a fast power control loop. The invention
15 makes use only of either SIR target increase or decrease
commands provided by the outer loop, also called the slow
power control loop, or ACK/NACK signaling, as described

below.

Now, according to the invention in the preferred
20 embodiment, link adaptation is performed by the mobile (i.e.
the coding/modulation level is changed) in each of the

following events.

1) The SIR target reaches a predetermined maximum or

minimum value.

25  2) The SIR target is some predetermined amount below

(above) a maximum (minimum) SIR target.

3) A predetermined change (positive or negative) in the SIR

target is detected.

4) A predetermined percentage of some predetermined most
30 recent SIR target commands are commands to alter (increase or

decrease) the SIR target used by the base station.



| oop) is shown and described in Fig. 1, the invention in no way nmakes use

of a fast power control |oop. The invention 15 nakes use only of either SIR

target i rwo@a®e9rr decrease comands provi ded by the out @CThB@283 so

called the slow power control |oop, or ACK/ NACK signaling, as described

bel ow. Now, according to the invention in the preferred 20 enbodi nent, |ink

adaptation is perforned by the nobile (i.e. the coding/nodul ation |evel is
event s, reaches a

changed) in ch.,of the .follow 1) The SIR target
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make (WRPPENYSHRNEROABBTL, e9BNEBE 0BREE) SLBELPRe (BHESENSt BNCONCEBr the RNC)

cani30 dededihiee Wisht | 1 DKk adapbehi 98nt b "RBLE e SBALLEaMRKR2RH3S Q0

signal the mobile. If the outer loop power control is made in
the mobile station, no signaling is needed, but the mobile
station already has the SIR information needed is already
available. No matter where the link adaptation decision is

15 made for downlink quality control (in either the mobile
station, the RNC or the base station), link adaptation
decisions (as opposed to the information used to make the
decisions) are signaled to the base station (unless the base
station makes the decisions, in which case the decisions are

20 known to the base station) so that the base station will
change its MCS accordingly. The particular changes the base
station is to make to the coding/modulation level when any
one or more of the above events occur are not the subject of

the invention.

25 In the foregoing description, it has been assumed that
the outer loop power control is made for a shared packet
channel (i.e. the downlink shared channel DSCH or the high
speed downlink shared channel HS-DSCH) (i.e. the quality
control is for a shared packet channel), based on quality

30 indicators derived from signaling over the shared packet
channel. The same decisions (for the same shared packet
channel) can also be made based on the associated dedicated
channel DCH. (The associated DCH is an ordinary dedicated

transport channel; it is power-controlled using closed loop



signal the nobile. If the outer |oop power control is nade in the nobile
station, no signaling is needed, but the nobile station already has the

SI R i nf orwatosomIneeded is al ready available. No natter wreraBe2esidg nk
adaptati on decision is 15 made for downlink quality control (in either the
nobile station, the RNC or the base station), |ink adaptation decisions
(as opposed to the information used to nmake the decisions) are signaled to

the b . Cati Y . i oh
R T e i e
station wdp amdamge bé¢ siMGSoacchaddogey. wibe paverslll hasehahgesohbe base

station is to .make }o %he codin /nndu%ation Igv I ¥Fen a ¥ pne or nore of
the abov¥ RHE HoburTATR Mt TRETGUAF ekto 87T PRellRvEREEEnIO%8 I n tho

f or egoi ngpvikes cddpi o, fot bastbethinagsthedatbhatiatbd DUHearkoapefofior
control is nade far a.shared packet .chanpel (j.e..the_downlink shared
Chanhol TERe 1Tk fadnce CheRaiathai She "BRn, the ciarner Retpetty (1 ol the
quality control is_for a shared pa t t chan elé, based on ualitg 30

ndi cat or s derPYETAT O SHENGPFREC0SR EREIShal BITRARRePT GREARBFE The same
deci si onsorfrhi@idd hes Seiek ShadgtapacketiecLBasnetputdanbal basbe sade based on

t he associ at ed dedi cated channel DCH. The,associat?d FCH is an ordinary
dedi cat Pt R pordt cHARFERECP t SPES pBWRFT cOREFBRPE HE'n@rcaﬁgﬁﬁa?SOp 9 WO

03/ 0109783 Rty | BlhHP 8391 peypeingonhtoks . both thoet-ast upl onadchespsand the
sl ower outer |oop and may be in_soft handover with several base stations

or $€ct A3 )ITMRIAEHE TBRTRRESVFEKued BYTEnECBUPEr MFEOBOUpEUBF control for
control lddO=dieg asspei abedrDCHIK 8- Usadc-fobrs aRKI Bankir-Bkeadant ation
deci sions for the shared channel.
succession, a higher bit rate could be used. For example, an
up-indicator would be generated whenever an erroneous frame
1s received, and a down-indicator would be generated whenever
15 a correctly received frame is received. Naturally, more

intelligent logic could also be used as events 3 and 4 above.

In one such alternative embodiment, for downlink quality
control the coding/modulation level decided on in making a
link adaptation can be based on acknowledgement/ negative
20 acknowledgement (ACK/NACK) signals generated by the mobile
station upon receiving the downlink signal transmitted by the
base station. The modulesg for determining what link
adaptation the base station should make can be implemented in

either the mobile, the base station, or the RNC.

25 According to an embodiment based on ACK/NACK signaling
by the mobile for downlink signal guality control, if a
packet ig not correctly received, the quality of the downlink
is poor and the coding/modulation level should be adjusted to
compensate for the poor signal conditions. Preferably,

30 instead of making decisions based on only the most recent
ACK/NACK, the BS or the RNC makes link adaptation decisions
based on several most recent ACK/NACK messages. For example,
if certain fraction of recent ACK/NACK commands were NACK

commands, the mobile would use a more robust (lower bit rate)

10



I nstead of successive SIR target increase or decrease conmmands, a link
adapt ati on deci sion could be based on a function that generates sone ot her
i ncr ease Wopp/oow7decr ease (down) signal quality indicat oPST/IB02/@83er a
up-indicators 10 are generated successively, a nore robust MCS woul d be
selected. If several down-indicators are generated in succession, a higher
bit rate could be used. For exanple, an up-indicator would be generated

wh . . L b
gonor at S Sneroarengety BCB & Trs P EraBPeol FUE RELELRL PR )
more i rdeldbgent ¢Dgrecenul BCH/NACHecuswands evesat 3CR aodmdndboven | n one

such alt ative. enbodi nent., far.downlink quality control the

Sodi ng/ MSGUIHTEHT B et Hei e bh TR FalT R aCS | PRECRESt at i on can be
based ornBoknowt edgbyent honegadhbuet ROS avkndM edgeabatt EACKENACK) signal s
generated by the bile _station uﬁonﬁéggeivin% &he dommlinkdsi ngl
transm (ST Y REBE 5t WFORTS The | 8PP TefEY ni APHG  whA' I Fnk
adapt at ilpighide dase sdedinos should pakeeTantbe ifphesentadni numbethef the
nobil e, the base station, or the RNC, 25 According to an enbodi nent based
on ACK/ NHFCSTHHER i MK By BHRAFOBTF e B STownl i nk signal quality control

if a packet is not correctly, received, the_qualit f the downlink is
poor and the QEKF?EJ%%dB@%??OhSI%v%?rgﬁﬁﬂ?ﬂdbﬁgaﬁFﬁggéﬁePB gé%ﬁﬂeﬂ@ate for

t he pooraskgmedk CONGhAL ONS . bir eher bty , s8Qcipst cad Q%lﬂﬁki B@gHETi Ssi ons
based on only the nost_recent _ACK/ NACK, the BS or the RNC makes |ink
adapat | GHE-HEEY sFOMstObased BRESETEPAI NABstOr BESnt 2 ACKRABRCHBESRges. For

exanpl e,prdde£SrtSed £&agttOPnOhe REEALe ACKENAGK E@n'%_gﬂﬂérﬁ\elﬁnNACK
commands, the nobile would use a nore robust (lower hit rate) 10 WO

03/ 0109 7@ awHat Bop/ b g3bown where the decision is made based on the
first two events described above, i.e. whether the SIR target

provided by the outer-loop power control has reached a

15 predetermined maximum or is close to a predetermined maximum
(within some predetermined margin), so that more robust
modulation and/or stronger coding is needed. If the SIR
target reaches or is near a minimum predetermined SIR target,
then link adaptation is performed in which less robust

20 modulation and/or weaker coding is used, which would provide

a higher data rate.

Referring now to Fig. 3, the decision process used to
determine whether or not to perform link adaptation is shown
where the decision is made based on the third event described

25 above, i.e. whether there have been a number of consecutive
SIR target changes (or up/down quality indicator commands)
provided by the outer-loop power control, or a number of
consecutive ACK/NACK signals (which can also be considered an
up/down quality indicator command), in either the up

30 direction (or NACK gignalg) or down direction (or ACK
signalg) in excess of some predetermined limit L1 (for up
commands or NACK signals) or L2 (for down commands or ACK

gignals) .
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MCS. Conversely, if a certain fraction (not necessarily same as above) of
recent ACK/ NACK conmands were ACK conmands, an MCS providing a higher bit
rat e woulwolg/oswrected. Alternatively a nore robust MCS womldEodxes3vel ect ed
if a5 certain nunber of successive NACK conmands are issued, and a higher
data rate MCS would be selected if a certain nunber of successive ACK
commands are issued. O course there is a correspondi ng enbodi nent based on

ACK/ NACK si gnalLi t base ati,on r l.ink_signal 10 qualit _
control . Refe%%?%gr%%a/?nggé.Fgg'tﬁé Eé%ig%%ﬁSlﬁFbg’§§e5§e3'F%'&§¥¢rnlpe
whet her detasmine pkefbem birnkotadapbatrifomm & isikowdaphterd dohd sdeticsiron i s

made bas ik wp _event s, descri bed. abave, .i.e. whether the SIR
t ar get %ﬁ%g?d%ggbgé%géagﬁtéF- 895 Pofe Sgngpgl%ﬁ§§tbe§aﬁ@& al5
pr edet er deaedibedi abover ﬁseclwhetherathbeéeha@ntﬁﬁﬁ.@B&ﬁ?%ﬂembug%hln sone
redeterpin rgin), so that nore robust dul ati on and/ or stranger
odi vy | BoheeabacY) PL: igte) RPerAPlE: PPBHERe SToP IR EREHE ta AR
predetereinhdrstﬁbtapget,dbhﬁndﬁka&tadngQ&ignhﬁghp@hb@gﬁp@ek@éﬂydgé | ess
robust 20_nodyul at i and/ or weaker coding is used, which would provide a
hi gher dﬁFae?E%%F g@?e?Fiﬁﬁcﬁoﬁﬂgﬁa B4 3, the decision procesahused Lo
determ ne whether.or_nof to perform./lipk adaptation i s shown ere the
decision is n&gesﬁggég %ﬁ PﬂgeFﬁFPBdeggﬁF dBsEPpp@geESTEBGve, i.e. whet her
there hawebbeaement nuahgr oof tEENSBEVELME S-Sk Beliakg@hreharges skar tup/ down
qual ity %ndicator gonnands) provi ded by the outer-loop power control, or a

numdér ~ of F1E8REeRUTTTLS RER) RACROs i gkl 89pRkPERCBan baIts 6 hise 18TRsitdered an

up/ down guabi tympReh&eAdar be9MHBNGhehi B BEERSE chhenUBn30 odier 8¢t LR (or NACK
signals) or down direction (or ACK signals) in_excesS of sonme.
predeterﬂ?ﬂgan?Fﬁ?? ok ?b%r gpision processes illustrated in Figs. 2

through 4.

In addition, as mentioned above and as should be clear
15 from the above description, although a fast power control
loop (the so-called inner loop) is shown and described (in
Fig. 1), the invention in no way makes use of a fast power
control loop. The invention makes use only of either SIR
target increase or decrease commands (provided by the outer
20 loop, also called the slow power control loop), or ACK/NACK

signaling.

Figs. 5-8 illustrate different embodiments of the
invention for quality control of a downlink signal in respect
to where link adaptation decisions are made, and where the

25 other modules can be located used in embodiments relying on

an outer power loop.

Referring now to Fig. 5, signal quality control
according to an embodiment in which SIR estimation, outer
loop power control, and link adaptation decisions are all

30 performed in the mobile station.

Referring now to Fig. 6, signal quality control

according to an embodiment in which SIR estimation and outer

12



commands or NACK signals) or L2 (for down commands or ACK signals). 11 WO
03/010979 PCT/1B02/ 02839 Referring nowto Fig. 4, the decision process
used to dwDesn109® whet her or not to perform|ink adaptati ®aTiiB0o2(283n where
the decision is made based on the fourth event described above, i.e.

whet her there. has been a high enough 5 percentage of some previous nunber
of SIR target changes in either the up or down direction (or a high enough

percentage o ith o] gw%% j S S .d.b st that in
t he pre?gQ?%déog%%ogéﬁen } éﬁy ?Egmggo%g-gggcgggggeeggﬁggg%fegﬁgéd to

10 triggeinla admpsaohohoddoibinksadapt mafeninbohet basenesation;al so

conpr ehends basi ng such a decision on any one or any conbination of the
deci si on procksgesrihyusvwatedFig. Figssignathgoadht®. contzddi ti on, as

menti oned above and as_should.be clear .15 f . d ripti.on,
aIthoyghaEG?Eéfn%ogﬁra%oﬁ?$8ﬁlm ) pl%twglgg-%gg:éggﬁﬁ%gggpo%pa nggﬁgmn and
descslFeﬂoé@npo&ég.cdmtrbheakavpetfonmbd ho why mekédeuscasfioa,f asd power
contro oop. The inventi.on,makes use only of eith SIR target increase
or decreg%%kc%%%BEﬂgl?Br89F6§6°8§ fhe 889§r130%b o%&calso cal led the slow
power control _l oo or Al < _signalin Figs..5-8 illustrate different
enbodi nent s o?efﬁg%iPﬂvﬁﬂ%rgﬁ %69-q5a|ﬁ%9n%3nﬁP%§18? a° gﬁﬁﬁink signal in
respect at@ovbeng tbnknadapbdimentdeai shaph SIR eaddmaaridnwoer BIERe 25

ot her nodul es can be | o¢at ed gsed in.e dine%tg rel Eg npnou%%rpﬂter power

| oop. RePERrPABLHOWPE EFgPeBiogMGHalt tqhari IyPddft £5 oOP

10 power control is made in the RNC or base statiomn, and link
adaptation decisions are made in the mobile station. It
should be appreciated that the link adaptation module could
just as well be located in the RNC or the base station,

instead of in the mobile station as shown in Fig. 8.

15 In some embodiments of the invention, the link
adaptation algorithm could use a frame error rate (FER) or
block error rate (BLER) or corresponding statistic collected
over a predetermined time period (e.g. the statistics could
be collected block-wise or could be collected using a sliding

20 window). An appropriate MCS would then be selected based on
the measured statistics. Thus, if the measured FER/BLER is
above a predetermined target FER/BLER, then a more robust MCS
would be selected, and conversely, if the measured FER/BLER
is below a predetermined target, a less robust MCS would be

25 gelected. Preferably there is only a single target, i.e. one
target which is such that if the statistic is less than the
target, a less robust MCS is used, and if the statistic is

greater than the same target, a more robust MCS is used.

Scope of the Invention

30 It is to be understood that the above-described
arrangements are only illustrative of the application of the

principles of the present invention. Numerous modifications

13



according to an enbodi nent in which SIR estinmation, outer |oop power
control, and |link adaptation decisions are all 30 perforned in the nobile
station. Wefoeriomy now to Fig. 6, signal quality control PaxaBodi2ez to an
enbodi nent in which SIR estimation and outer 12 WD 03/010979

PCT/ 1 B02/ 02839 | oop power control are perforned in the nobile station, and
i nk adaptation decisions are nmade in the base station; Referring nowto

Fig. 7, si t r.oi o) SIR
L9, T BAOTE S 6 SO alen 20601 PO, g SO0 TEibed L £ S|
st ati on,irarithe |anakt adidgieut orepkect Siontrem etlmadecope t ok FNE, pr%@@trl ng now

to Fi 0. h SIR
(0, P18 B )R il RIS Phoq R 19,0 0, A0 IDRCL T Ly el S
out er Iommdﬂ£h¢nmﬁnnsxnmdoirrangmm&nta the RNC or base station, and i nk
adaptation decisions are nade in the nobile station. It should be
appreciated that the |link adaptati on nodule could just as well be | ocated
in the RNC or the base station, instead of in the nobile station as shown
in Fig. 8 15 In some enbodi nents of the invention, the Iink adaptation
algorithmcould use a frane error rate (FER) or block error rate (BLER) or
corresponding statistic collected over a predetermned tinme period (e.g.
the statistics could be collected bl ock-wi se or could be collected using a
sliding 20 wi ndow). An appropriate MCS woul d then be sel ected based on the
measured statistics. Thus, if the nmeasured FER/'BLER is above a
predeterm ned target FER/BLER, then a nore robust MCS woul d be sel ected,
and conversely, if the neasured FER'BLER is below a predeterm ned target,
a |l ess robust MCS woul d be

14



25 selected. Preferably there is only a single target, i.e. one target
which is such that if the statistic is less than the target, a |ess robust
MCS i s uswo,03and7¢f the statistic is greater than the sameTHROQIEB39 a nDOre
robust MCS is used. Scope of the Invention 30 It is to be understood that
t he above-described arrangenents are only illustrative of the application
of the principles of the present invention. Nunerous nodifications 13 WO
03/ 010979 PCT/1B02/02839 and alternative arrangenents may be devi sed by
those skilled in the art w thout departing fromthe scope of the present
invention, and the appended clains are intended to cover such

nodi f i cathansiandlaimadgésents. 14 WO 03/010979 PCT/1B02/ 02839 Wat is
claimed is: 1. A nethod of deciding whether to performlink adaptation for
conmuni cati oA fhethod bfrdEC¢dmngnWbathen tevperfpomalinkeedagtebiwnni cati on

device, the second.co atlon vice mi. Nl Lgnal ceived from
t he firs%o€oﬁnﬂﬁ? a%?gyu degP@e an rﬁ?o@?@ﬁﬁalga?ngtaeg %ca%?o% of the
qual iz y eécthé csmguaicas1becdevedebythbeseeonddcommunncaaﬁbnndéeucee, t he

net hod conp ri.si.ng the, ste 10 .a)_recordi east _one, f.irst

"at cat s SREBIELRE usiohsEoreorizear bran bS) EluRy e ORy PREEsdEEn

ConnuniCdév@ﬁed&MderobldmhgvadEmgsa sadandtipdi odt the qhaﬂheyqualth¢ of

the signal sed on the %ﬁt one first indication g t.he q%ﬁﬁlty of
d

t he si gnailgnaﬂda&srﬁsfeazé dPP{g §] B@FPBFWFPF‘WE%SS‘ t5%% 67 VE5Se t he
second inegheat tenpeistihg gual stypef ofhe signal .

10 a) recording at least one first indication of the quality of

the signal as received by the second communication device;

b) providing a second indication of the gquality of the signal
based on the at least one first indication of the quality of

the signal; and

15 ¢) deciding to perform link adaptation based on the second

indication of the quality of the signal.

2. The method of claim 1, wherein the first indication of the

quality of the signal as received by the second communication

device is either an SIR estimate, or an ACK/NACK signal, or an
20 FER or BLER or corresponding statistic collected over a

predetermined time period.

3. The method of claim 1, wherein the second indication of

the quality of the signal as received by the second

communication device is either an SIR target value, a changed
25 SIR target value, an ACK/NACK signal, or a signal derived from

a series of consecutive ACK/NACK signals.

4. The method of claim 3, wherein the decision to perform
link adaptation is based on whether the SIR target is to be
changed to a value that is within some predetermined margin of

30 a predetermined maximum or minimum SIR target.

15



2. The nethod of claim1l1, wherein the first indication of the quality of
the signal as received by the second comruni cation device is either an SIR
esti mat e,woro3am9MCK/ NACK signal, or an 20 FER or BLER or PconBes283vdi ng
statistic collected over a predetermned tine period. 3. The nethod of
claim1l1, wherein the second indication of the quality of the signal as
received by the second comunication device is either an SIR target val ue,

a changed 2 t e A ngql r.a .gﬁ? ived from
a seri esgbf %@%ﬁ%ﬁ?@&%&#ﬁb@@@%@%ﬁ eérﬁs $64d O0%1‘ C ait%?gl,e\év\her ein
t he deci shang¢ ocqemdnds até nkeaulafedt o | Butidsed wirensiet ldre desiSliRnt ar get
is to be_ changed to.a value that is within so redeterm mar.gi n. of 30
" or edet EPrEABEo MR Hi SPE 1 T A et VRS o RO rs e

PCT/ | BO2AG#@B8H ob.cdhectwt hvsd IR ciaddrt3,cheiereidonanssidzcess el lof SIR

targ ch e commands are recorded, and further wherein.th ecision to
bor £ 6t m FEEROE dip METHERTS HAS b it & DrRRAATR (A SHirber of
consecut tyeg&t R target change commands are all 5 either to increase the SIR
target or to decrease the SIR target. 6. The nethod of claim3, wherein a

succession of SIR target change commands are recorded, and further wherein
t he deci sl onThé om@ehidar ot | ¢hkimdaptviiddin s aset g osheifheyIiRa target

predetermned 10 fraction of a predeterm ned . nunmber the SILR target, change
P ormandsCaRB9e; CHEPREGE | 1ee credo RIS Tod Hrgas i Reddr e a6
target. ¥o gbefoehhDonefadhsidt don Wherneided heh fuleatheao MMpiRRiteamindeyi ce

is sel ecged fromthe group consjstin f a rg)bile 15 statign and a base
st ati%n &AhACthE sBEONIPED BHEF rfﬁag?ﬁrcet e SIR target change

commands are either to increase the SIR target or to decrease

the SIR target.

7. The method of claim 1, wherein the first communication
device is selected from the group consisting of a mobile

15 station and a base station and the second communication device
ig the other device in the group consisting of a mobile

station and a base station.

8. The method of claim 1, wherein the first communication
device or the second communication device perform one or more

20 of the steps of recording at least one first indication of the
quality of the signal, providing a second indication of the
guality of the signal, and deciding to perform link

adaptation.

9. The method of claim 1, wherein an RNC performs one or more

25 of the steps of recording at least one first indication of the
quality of the signal, providing a second indication of the
quality of the signal, and deciding to perform link

adaptation.

16



is the other device in the group consisting of a nobile station and a base
station. 8. The nethod of claim 1, wherein the first conmunication device
or the seworndoommuni cation device performone or nore 2@cofiBexiess eps of
recording at |east one first indication of the quality of the signal,

provi ding a second indication of the quality of the signal, and deciding
to performlink adaptation. 9. The nethod of claim1l, wherein an RNC
perfornms one or nore 25 of the steps of recording at |east one first
indication of the quality of the signal, providing a second indication of
the qualdty Bie thetlsodnaf , clain deciviisueiro Yer faoignali dor adidehathen. 16 WO
03/ 010979 _PCT/ 1 B02/0Q 9 10.-.Lhe t.hod aof cl-ai i signal for
whi ch t hE? %%%’f%%‘%i%%%%et%ahﬂ%ﬁ@ e ReEL A eI B d%‘? t he
second ceanoind cabrmumn et ten | dewsesl o5 wdhsis d drasd d ifivke aaddpikat i on
decision_iLs different fro put ociated wt 5 the sign f. whi ch the
link adaptaRTont FecTSTHRtT Jn%cf%fgfeﬂ?n%ﬁtdréﬁfa:}jﬁtus‘—’ls’fsé)rClélecelaédiwr'TL%Fh\Ahet her to
per f & m theksiqeabt b ovhich cloemuinlic aidagst triam alddirssitore drmumideat i on
device to a second comuni cation device, the second conmmuni cati on device
exam ning a signal received fromthe first 10 conmuni cati on devi ce and
provi di ngia finsdppadhicasi bor odedhdingudiethewftd hersigmalliak recei ved by

" ecor ai nOBPCTBLSE B TPPERL W KSR | GBI (e S GaTT B it BEJAR ot

t
recei vedtbyat 8€cSes 0BGE@NIEHIE Cart | v idd, devd Cﬁfdl;q)ad In:e:armmﬁmratmowi ding a
second iQQ%E?éiSQaﬁinEQS gugiééglqgeceived from the first
10 communication device and providing a first indication of the
quality of the signal as received by the second communication

device, the apparatus comprising:

a) means for recording at least one first indication of the
gquality of the signal as received by the second communication

15 device;

b) means for providing a second indication of the quality of
the signal based on the at least one first indication of the

quality of the signal; and

c¢) means for deciding to perform link adaptation based on the

20 second indication of the quality of the signal.

12. The apparatus of claim 11, wherein the first indication
of the quality of the signal as received by the second
communication device is either an SIR estimate, or an ACK/NACK
signal, or an FER or BLER or corresponding statistic collected

25 over a predetermined time period.

13. The apparatus of claim 11, wherein the second indication
of the quality of the signal as received by the second
communication device is either an SIR target value, a changed
SIR target value, an ACK/NACK signal, or a signal derived from

30 a series of consecutive ACK/NACK signals.
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t he signal based on the at |east one first indication of the quality of
the signal; and c) neans for deciding to performlink adaptati on based on
the 20 swowmndiiomdi cation of the quality of the signal. 1PCTIB&/@pgparat us
of claim1ll, wherein the first indication of the quality of the signal as
received by the second comunication device is either an SIR estinmate, or
an ACK/ NACK signal, or an FER or BLER or corresponding statistic collected

25 over predeterm ned tine.period.. 13. .The .a ratyus..of. claim 11, wherein
t he secoﬂﬁ'i NS SAFRHE2OF° t e r?tl)/:;l’of‘"’]r{ eelsff%%laq dejleglr%el(?@l \%(e)d by the
second peRfuHhCRinoNnedeytL£eids £ thededrorShRdtargetthealsI®, targeanded SIR

target value, an ACK/ NACK signal, .or a signal, derived from 30.a series of
consecut??gbﬁc%ﬁﬁ%%s?%n%l : uﬁf%@ﬁd‘%%%’?@ BET™ 892 8LOER. The
appar at Usag&ig! @f M ISreddies Bhinddangbeing @y tniinipetff IR ldatigeadapt ation is
based on whether the SIR target is to be changed to a value that is within

sone predetermned nmargin of a predeterm ned maxi mum or m ni mum SIR
target. 5515. THEeappRBd @lsSodf cld b mA3, whdherial i asrueeessirpfoSI8 R

target change commands are recorded, and. furthe rein the .decision to
performF?ﬁge*éd"é}b?%‘W orPTEARAE - O T ST Het &7 r%’(ﬁ%‘”&f&eﬁﬁ‘n‘% of
consecut §¥ei St Bt 86 gedr EGAAJEL G0 ramdistisa t dde iad |baaiddein tuhdubeease the SIR

target or tQ decrease the 10 SIR target, 16. The apparatus of claim 13,
wher ei n BY8teE8%Ri B GRUBPRE ‘?%r‘@%l?s%q%é’ﬁg‘ée ég}éﬁiaé’&?r Fegma,

further wbergin thenefecs SifréHsPfROrMA i TRt ddrbasedhen
whet her a predeterm ned fraction of a predeterm ned nunber the SIR 15

targét chaRge2€vRfands are either to increase the SIR target

16. The apparatus of claim 13, wherein a succession of SIR
target change commands are recorded, and further wherein the
decision to perform link adaptation is based on whether a
predetermined fraction of a predetermined number the SIR

15 target change commands are either to increase the SIR target

or to decrease the SIR target.

17. The apparatus of claim 11, wherein the first
éommunication device is selected from the group consisting of
a mobile station and a base station and the second

20 communication device is the other device in the group

consisting of a mobile station and a base station.

18. The apparatus of claim 11, wherein the first
communication device or the second communication device
includes one or more of the means for recording at least one
25 first indication of the quality of the signal, means for
providing a second indication of the quality of the signal,

and means for deciding to perform link adaptation.

19. The apparatus of claim 11, wherein an RNC includes one or
more of the means for recording at least one first indication

30 of the quality of the signal, means for providing a second

18



or to decrease the SIR target. 17. The apparatus of claim 11, wherein the
first comrunication device is selected fromthe group consisting of a
nobi | e stwDiod01@ned a base station and the second 20 conmum®CTABII28EEVi Ce i S
the other device in the group consisting of a nobile station and a base
station. 18. The apparatus of claim11l, wherein the first conmmunication
device or the second conmunication device includes one or nore of the neans
for recordi 1 | east pr ndi i_Qn t ality of the

si gnal , {n%g%ga O?’A %fo%%ﬁmugazlggs}}ecooﬁlfk{%n&ﬁ aaﬁdn%%P ?‘%@g%ugﬂ&ty of the

si gnal , dentdimanso feritteo diingk taadgpdrefdrom.| | nk adaptation. 19. The
apparatus of claim1ll, wherein an RNC i ncludes one or nore of the neans
for recording at |east one first indication 30 of the quality of the

si gnal , 2@ansTHermgriond dihgeleiseddnd wienadr0 3@l 6GEeaaPCTorBeRL 62880
indication.o he | i f_the si I s f : ci di to perform
i nk adaf)rtl% %%%%oagé?ﬁ%gr%%lol&%@fo%%émsi%%a%%% eirr?%{eﬁgggi %)%a?gF or which

t he 5 ndseabvmndncafmiinecajuain tdewafcd hes sisgrblasas beedisvgdrby flhek5 second
comuni cation device is used as.a basis for a lLink_adaptation.decision is
G 1T or enftpp ot Lt e AR e S R g Y R e Bk

adapt at | one detdrsd DNEds whakeh tHD link adaptation decision is made.

19



