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AnGsERPId BF 8 localized mode channel structure is shown in Fig. 2. In this example .
neighboring resource blocks are assigned to four mobile stations (MS1 fo MS4) _in the
fime domain and frequency domain. Each resource biock consists of a portion for
carrying Layer 1 and/or Layer 2 control signaling (L1/12 control signaling) and a portion

camying the user data for the mobile stations.

Alternatively, the users may be allocated in a distributed mode (DM) as shown in Fig. 3.
in this configuration, a user (mobile station) is allocated on muitipie resource biocks,
which are distributed over a range of resource blocks. In distributed mode a number of
different implementation options are possible. in the example shown in Fig. 3, a pair of
users (MSs 1/2 and MSs 3/4) shares the same resource biocks. Several further possible
exemplary implementation options may be found in 3GPP RAN WG#1 Tdoc R1-062089,
"Comparison between RB-level and Sub-carrier-level Distributed Transmission for
Shared Data Channel in E-UTRA Downlink”, August 2006 (available at
http://iwww.3gpp.org and incorparated herein by reference).

It should be noted, that multipiexing of localized mode and distributed mode within a
sub-frame is possibie, where the amount of resources (RBs) allocated to locaiized mode
and distributed mode may be fixed, semi-static (constant for tens/hundreds of

sub-frames) or even dynamic (different from sub-frame to sub-frame).



Duration of assignnent 2-3 The duration for which the
assignnment is valid, could also be used to control
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L1/L2 Control signaling

in order to provide sufficient side information to correctly receive or transmit data in
systems employing packet scheduling, so-called L1/L2 control signaling (Physical
Downlink Control CHannel - PDCCH) needs to be transmitted. Typical operation

mechanisms for downlink and uplink data transmission are discussed below.
Downlink Data Transmission

Along with the downlink packet data transmission, in existing impiementations using a
shared downlink channel, such as 3GPP-based High Speed Data Packet Access
(HSDPA), L1/L2 control signaling is typically transmitted on a separate physical (control}

channel.

This L1/L2 control signaling typically contains information on the physical resource(s) on
which the downlink data is transmitied (e.g. subcarriers or subcarrier blocks in case of
OFDM, codes in case of CDMA). This information allows the mobile station (receiver} to
identify the resources on which the data is transmitted. Another parameter in the control
signaling is the transport format used for the transmission of the downiink data.

Typically, there are several possibilities to indicate the transport format. For example, the
transport block size of the data (payload size, information bits size), the Modutation and
Coding Scheme (MCS) level, the Spectral Efficiency, the code rate, etc. may be signaled
to indicate the transport format (TF). This information (usually together with the resource
allocation) allows the mobile station {receiver) to identify the information bit size, the
modulation scheme and the code rate in order to start the demodulation, the
de-rate-matching and the decoding process. In some cases the modulation scheme

maybe signaled explicitiy.

In addition, in systems employing Hybrid ARQ (HARQ), HARQ information may also form
part of the L1/L2 signaling. This HARQ information typically indicates the HARQ process
number, which allows the mobiie station to identify the Hybrid ARQ process on which the



I f asynchronous hybrid ARQ is adopted Hybrid ARQ
process nunber 3 Indicates the hybrid ARQ process the

current transm ssion is addressing. Redundancy
VEP 3Q08/PRONCI To support increnental redundanEGT/EP204EMS4S
data indicator 1 To handle Soft buffer clearing. If
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and/or constellation version. The redundancy version and/or constellation version tells
the mobile station, which Hybrid ARQ redundancy version is used (required for de-
rate-matching) and/or which modulation constellation version is used (required for

demodulation)

A further parameter in the HARQ information is typically the UE Identity (UE ID) for
identifying the mobile station to receive the L1/L2 control signaling. In typical
implementations this information is used o mask the CRC of the L1/L2 control signaling
in order to prevent other mobile stations 1o read this information.

The table below (Table 1) illustrates an example of a L1/L2 control channel signal
structure for downlink scheduling as known from 3GPP TR 25.814 (see seciion 7.1.1.2.3
— FFS = for further study):

Field Size | Comment
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© . . .
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scheduling.
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s ] ) FFS | MIMO/beamforming schemes
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o~ 8 selected.

- T
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instances may be required.




indicator' (to handle soft buffer clearing). Table 1
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allowed to use for uplink data

Resource assignment

fransmisston.




Enbodi ments of the invention reduce the anmount of

bits required for control channel signaling, such as
for exanple L1/L2 control signaling, in uplink or
NPV Further, it is desirable that sucPCRFSOHS
does further not introduce®additional problematic

HARQ protocol —error cases. ln-afirst aspect of the

i nvention, there is prqvided a Bhe fleration fas waieh ther

use in a nobile comunijcati on sggmgnhgvgﬁ&mhgusefmomer
t erlrraiigin of esgignreémg: a jregeiverfunit for receivin
sub-frame of physical rladio resoPEeEScHERIY OHE reistent

cantrol channel signal |desti ned| éshetilimgpbr grécess’ operation,
tgrmnal, a processing|unit for def_ﬁ‘rm' Hn% sed on
the received control channel sigfa ort

format of and the redurjdancy vef ?hé)g}ﬂﬁ]‘e&aﬁg}ﬁsﬁérpﬁé?%bters

dgt a packet conveying yser data transmtter

unit for transmitting tlhe protoctnodyatign peerne Paoagsize,
| gast one physical radilo resour :ﬁum@iragteﬁf'}ﬁ'oﬁﬂa&iaﬁﬂﬁﬂtthe
fgrmat and t he redundaricy versi JQE\%@} he rml?&xsallowedto

dat d i|FAShe recg
= nf%?l %SEC%" éel{'l%jf‘g@se rein the ,@eﬂémwamdﬂamea‘an@ogﬁahat

received within said subfrarre n
information field in wjich a tr ﬁ‘%rek{se? S‘Etg'?"éesc?nmper
rgdundancy version of d protoco ilrdlaofathemamsmriéormatthe UE
jaintly encoded and inthat the &%{?Eél@{n i nformati on
fileld consists of a nunber of bits yielding a range

of values that can be represented in the control
information field, whereiTeleirst subset of the
values is reserved for indicating a transport format

An@tﬁert heore redene @uggttion dn Iati_mlzdcc&ltrﬁﬁ‘ sigidling Whractureofor uplink and

es is.reserved for
oy iRsisHoR e (TAg" ChErubar- il ST A8 s syorsero,
“Natepdioin affflitdaliscassions on, PDREHe costeqtsovAupst 0Bt buailable at
. stem conprisin
hm’E ﬁw%ﬁ)%gmgﬁagn@g{?%&ﬁ‘gm%%%&he IJ(a%[;]er&érmbl l e tem nal : °
receivi ng a sub-frane of Si cal resource .
Ao HOIARADRYS 4 AT ST SR esb B SIS 55 e areacy
depiByd! t6 it QFfEtdn lcoustaés rsiittn e Jorbaaeied BGPWeHSBBAJ' Feddetails on
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ormat an redund anc¥|ﬁver3| on
1

UNHfS Rﬁ@o preosssdtsir Thid Seperafien Mpbils Camawnicatiops e ThiskedilangJohn

W:ﬁg Etslo% Ut f S0 Ehsers 1€11dp 11BSPIURANEMBadiARt T O
annel signal received wthin said sub-franme

s SREBRIAH SFaLN Sl BRI e, bl B Bt coar
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“ i j )
Tr%%gﬁ&ﬂﬁ% g'F')@ H%;olrtod??é‘k sﬂeﬂrggﬂﬂﬁbﬂé blfg))b the"RBBGHd2REy and
mm@q@iﬁmmréﬂm ERWﬁ?é’) dbitslornd heoNawt PIA Indicater (NpRAibi) are

sngﬁ’alédl Eéﬁarﬁé’!?%‘?tm Wtait N6its) fl HBGId 162 rfo?éi)eth¥lelﬁefNUi is actually serving
transport format of t ot oc

as il ARG SeionES uer (10 vidh s VA S Seat Wt ach new

tramdpdit-GRick fobetrareshifistancy version for transmtting the
user data. One enbodi nent of the invention is to

suggest a new format for the control channe

i nformati on. According to this enbodi nent, the
transport format/transport bl ock size/payl oad

si ze/ nodul ati on and codi ng schene and the redundancy
version /constellation version for the associ ated
transm ssion of the user data (typically in formof a
protocol data unit or transport block) is provided in
a single field of the control channel informtion.
This single field is referred to as the contro




data, the control channel signal for this
retransm ssi on does not need to explicitly signal the
transport format for the retransmtted protocol data
unit, but rather the bits of the control information
field indicate the redundancy version of the protocol
-data unit, while assunm-ng the transport format of the"
retransmi ssion to be the sgane as for the initial
transm ssion or to be determ ned fromthe transport
format and (optionally) the resource allocation
SUMNMARYNOF I THE DIVENEHOM I ti al transm ssi on- and,
optionally further, the resource allocation
information in the retransmni ssion. However, in other
Emisocimphitaroy theeisvantion redusetthaagipont offitsirequirsd foheontrol channel

. initial S '
siorgiigson o IR DRV EL ool SBRE LI AR of Bbuwhfik, Fusper.
it ist desirablanteai swihosolatiort Heesc untheninot mtmded:e silgjtiengl pypblematic
HAI%(ﬁe star$ tran agport format can no | onger be used for
&R SHE8WFEEPon, e.g. due to a reconfiguration of
resources al l ocated to the transnission of the ‘
In apﬁnst as;mct datize inventiorAdoeneds mgbyided A rapkjtehierminal for use in a
I ment_of th n r ol
moif At Bh 1 ah oS ThbO Rt ra Bl 14 PR 7, B or
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siong] aeatef 15 4hS mabdE 0Ginel & et BRRAr befhnRiLhdea on
the Measidad bdihttdﬂlmaﬁmnﬁgﬁal mbetrmpbndbrmartforr aud ;tn? r:édmﬁdancy
e redunaanc verS| 0

verdib (oS0 PR (R Do PG YOR AR e 307 AL et unit fo

tran%@t[t{imj tHef profbRol @dth Eﬁéﬁ:ﬁétsﬁ anlchst b gmevwal fadionrédodirce using
nitial transm ssjon, transE}ort f or mat

the i{FagiSPEt 1Pyl ST cedaaTiRY VeaieRadhddF FEterEn aatPoPacket
indiédi&d frﬁ%é@@ééﬁe‘dséd?ﬂomorhﬁtlbrﬁlﬂéllaﬁvﬁ&elrﬂthbhﬁntrol channel signal

t t Mot h
recéy%gi(r)gq?tagngaﬁé ?921@ f?;ﬁ%%%%g@gﬂiﬁ?mr% |$% tﬂ:gﬁg%dym which a

tran&%r?fd?rﬂaye?fﬁ)da fefuntibRdysv8réibh BPa bRftoddl ghRaMit ﬁéﬂjdintlyr&ricoded
new data i ndicator for_ indicating whethe

th
andtlrﬁ MM%@?@WI Bforaiiop figidorasisistragis UW“Pe'i o bifs V'?rh"ﬁg éll range
of \ltarl.égstﬁbtséérpﬁquplteggnﬂéﬁqr1 HatRnBbeinfsrmanBe fibw, kQ\'ihereln a first

ol ntly encoded the control information fi

subktiaf e YalusRS ieservehfor dngioasiag Pelfrepe femab of th%)rotoco! data

unlt%ﬁta{ Obcdnalf IR b fdstt Felirkey & @ntﬁ&%‘n@ aSFéld'uhdérHUyC\/e?smn
first and second subset in a simlar fashion as

for terrsonittihgthealsevdatal n t hi s exanpl e, use of one of the
val ues of a first subset set also indicates the

n a.tge%eﬁé"'ra&? d @13 Be tBU@ntR)rnOH%?é’lls ﬁ%@@e& B hefhBd ¥8r @4k in a mobile
initia ransmssion. I.e. in this case the val ues of

,coanI¢atlpetsy§MEepomaySIb@ tb@n@i'%'ﬂ@dstap%éwf@&f@d by a mobile

] i [
] SRRl A e 41 By A1) s By g conrol
chanmg} signat destingdrtedha il datraingln deteaﬂ@rngnbﬂseﬂe@m dheskecgived.

€..J.ndi
conly PR S8t 8R0 S T0HA Y 3ip inE edndancy version for the
protncotiats pesketetraeyingiusart data i andritoansjrating the FEQ’@@G'edﬁta packet
together with the transport format and the redundancy
version, in an alternative enbodi nent of the
invention, a respective field my be realized in the
control channel signal. According to a further
enbodi rent of the invention, the control channe
signal conprises a resource allocation field for
i ndi cating the physical radio resource or resources
all ocated-to a receiver for receiving the protoco
data unit or the physical radio resource or resources
on which a transmitter is to transnmt the protocol
data unit. In another enbodi ment, the control channe
signal further conprises a nobile termnal identifier



a redundancy version of the protocol data unit, if
the transm ssion of the protocol data unit is a
retransm ssion of the user-data. Subsequently the
base station transmts the control channel signal to
at |l east one nobile termnal. In a further enbodi nent
: of -the invention, in both ggethods nentioned above,
the base station nay also transmt the protocol data
e termnal or recel%inﬁ t he roﬁp
Gt P

on ghiikatiopte (RBkIcEh e HBL R e, TG Mot FridErs fehahryd the

reddr@bh@&@i% eNtHY picsuel daten peciet e:mrmé@m ttrlme révedied cantrol
ta unit is tragsm tted or recei

IoRRREES TeEE AS AT SIcenEB oL Fer VUi SR S frame

con@ﬁ@é@@fcoﬁtr@lﬁ'ﬁfoﬁnaﬁdrﬁf &6 @b QFRdh éj%ﬁsrwﬁtl forhat and a redundancy
transmitted or received using

versiaiy g PIREohERBIATE PITeeEeR .aa?r@ ﬁﬂﬁh{s@rw&fmk igormation

fieldSdHPrslstdf®a AOMBEYbMKstyadiRE @t raRgé ofledided it canTh& represented
protocol data unit may be transmitted or receive

in thesporgra Hra‘orsmai@ncf@id elReTeIns 2 6 PHBSab/0 1 WlHe® S reserved for

mdréd"!ﬂ% fbveat S e RotdeBRIS lung aAA Al secoMPsubset of values

- - 200 /080280PCT/EP2008/010845 14 channel signal is -

is reseeved fpr indigatingshiedundancyvpesienafor frapproittingdbgivearslalry o
sub-frame allocated to the L1/L2 control channels of .

Onét Qﬁbé@”ﬁehf &thé 'arﬁfenﬁd(r?'FsecH‘suﬁb'éétréerﬁéWf&mat for #ROEdH| channel
exenpl ary enbodi nent of thé invention the protocol

- inforgaatignuriqcording teriBisi emé@dfment hi&estarsPelfbtoraieansport Helock
srzeg)%z/fb‘épagﬁg' 'ﬂ%ﬁr% &ﬁ@g)&@ln e aHAOH@N rédl%dancy version

nplary e nent s ereln are nmain
fcongstedlatiom yersiondiat then peapcidied rrén%misann tsé it eperodria tié@t@aﬂy in
d )
fo h@%bﬁgtogglt %{?[Q%nrfo&' ﬂrﬁﬂsbgg:'ﬂ\}&?% is deVE?%gQHpﬁEﬁplié ﬁ%@tof the
confr@rafianaé! snfoanatica. Tbistsingle ﬁhldnn&fersﬁecgtmas the C@@trerlaicéma’ﬂon
' freldalqg'eﬁwr ﬂ&’? In%atyt 1%9 e%mHé%lE@ ér‘?’c}técpg ﬁﬁs}g@?%m@ﬁédﬁdancy
ermn or “group o rrolle her
verse:nbmid oE Nt abbreviated fowrens TGV ﬁeldelnacbldlonosqm@ embodiment of

e FRERE) P 5u B W b EBIghAT b Sramon

_ sizeﬂnrdebatfdnam obdipdpyseherak, tredraalundsayreesiot/oonatelsitiony varsion

: cont. st i ned ile- -
and g Ral MERE e TP B R il hibat Mty e e marcaton
withmoansingle fieltf sfrth@tomtrol tharedl infordatioh. a transport format
- and a redundancy version of a protocol data unit. are

] bi
bl P08 R Re ST B cHEIEE lftcr
as fbrhexspnptteaacDﬂ/LﬂaioatrpIadmhebsxgnayrmrgrsesara niabite barsmdnication |

ecei ed cont channel
Sy bR PoUPhE BBl SEBR Saropaehdb PErORt R bt §RadForing
userpdiraral & coragtisesr£ gontral enfamrhatibnt fisd tcbﬁmsmgrdsf é nnmhér of bits
and the redundanc n of, the protocol m
foin o BRI Toah 8N oGy BIFeBBIgM HHAb IR ansRiting
the pro@lcdl ddta uame exanple, the transport format is
transport bl ock size informati on of the protocol data

unit ecelv contr nel
In OB AT BIALY ST OCBS e e LMo PEAT ThaF CapIalgniepation
FethBMﬁ* @htodehcQrarepo r@fnaara fét&‘u@rdﬁrﬁ‘@&reﬁiirbr@O@éced)rttr@nbﬂmﬁtlng
e termnal. Accordin q¥%p E naI may
the pretaspheiaia upiang @éﬁgﬂ%mqe%ﬁ%%%f% '8 C'P'rf@ %P'&‘)‘ ocol
data unit depending on the information conprised in
the resource allocation field and the contro
information field. |In another exanple, the contro
channel signal indicates the protocol data packet to
be a retransm ssion (e.g. new data indicator not set)
of user data and wherein the nethod further conprises
the step of transmitting a positive acknow edgnent

for the received protocol data packet to the base
station, if the control channel signaling associated



Next, the nobile term nal determ nes (based on the
recei ved control channel signal) the transport format
of and the redundancy version for the protocol data
packet conveying user data, and further receive or
transmts the protocol data packet on at |east one
physi cal radi o resource usggig the transport format
and the redundancy version of the protocol dat a

' cket dicated in t rec tro i nformati.on .
FurBe i anpfiet ERETEIbNSIRPYMERE GHE i o1 o gontiy ShRbR G feld
not-k@iniys jonftlyt &coaenthe orlransbb@ rfﬂﬁthdxtomwoabere@GEMO@t efisibo asea for
ferent reference |nf t|on &based on ich, t

trangHi NG IIPSRL TR YTelRit JBNIORES | (G e?ewﬂlca¢ for

indi¢alifg WHRASIFILRS trafsAibsibh of PleQirowebl dkad Gnllt)%cé(@h&lal Far@ission
initial transm ssion, the first reference infornmation

of thesuiser Apta; BgnGeh & iR examRIf hynalRdield of tap aprtral ghanae! sidga! is
mmﬁﬂqogﬁg&ﬂgm@qmeﬁer3|on of the protocol data packet.
he transm ssion-of the WO

2009/080290PCT/EP2008/010845 16 protocol data packets
is a retransmission, the second reference is used
when det erm ni ng t he transport format and the
redundancy version of the proteocol data packet. In
one exanple, the first reference information '
i ndicates a transport format associated to the
respective value represented by the information bits
-of the control information field, and the second
reference information indicates a redundancy version
associ ated to the respective value represented by the-
information bits of the control information field.
Anot her enbodi nent of the.invention provides a base
station for providing control signaling associated to . -
a protocol data unit conveying user data in a nobile
communi cation system The base station conprises a
processing unit for generating a control channe
signal conprising a control information field in
which a transport format and a redundancy version of
the protocol data unit is jointly encoded, and a
transmtter unit transmtting control signaling

- conprising the control channel signal to at | east one
nobi |l e term nal. Further, another enbodi nent of the
invention relates to a nobile termnal for use in a
nmobi | e communi cati on system whereby the nobile
term nal conprises a receiver unit for receiving a
sub-frame of physical radio resources conprising a
control channel signal destined to the nobile
termnal. The control channel signal conprises a .
control information field in which a transport formt
and a redundancy version of a protocol data unit is
joi-ntly encoded, as nentioned previously herein. The
nobil e term nal al so conprises a processing unit for
determ ni ng based on t-he received control channe
signal the transport format of and the redundancy
version for the protocol data packet conveying user
data, and a transmtter unit for transmtting the
prot ocol data packet on at |east one physical radio
resource using the transport format and the
redundancy version of the protocol data packet
indicated in the received control information field.

“In an alternative enbodi nent, the nobile termnina
conprises a receiver unit for receiving a sub-frane
of physical radio resources conprising a contro
channel signal destined to the nobile termnal, and a
processing unit for determ ning based on the received
control channel signal the transport format of and
t he redundancy version for the 'protocol data packet
conveyi ng user data. Furthernore, the receiver unit



Fig. 3shows an exenplary data transm ssion to users

in an OFDMA systemin distributed nmode (DM having a

di stributed mapping of L1/L2 control signalin Fi g.
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ong reaa-plaasmwlerrfemtatan,, the ffiest selheh dbvaiyesweniinginare valtigethan the

sej;gr]FLdOg to(p{}m é},r a protocol data unit according to one
ment the invention, Fig. 8shows an

exenpl ary, typl cal ness I bet ween a transcei ver
MoggRyer.dig anethsr %F"‘Q'%?R‘PQHQ "‘E'P\ta"% Gty %’ES’EB‘?‘%‘P%VE{’H"” of
theaprofxeingaktadnit ie mhsidit manﬁ trepispbrid orin BMBattindiatedydhe Barhepsnding
sage Qu. bet weel n r. an .
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[ llshows anot her exanple of a control channel
fx%qgrf’é?g‘w-w{e conmon, shared field for signaling the

- transm ssion format or the redundancy version of a
in @nothec amidirent nit tmay der dssunedothehdhee fiposthission ob fthe Hefore-

menBY R Ar8fdcol FEEIHED dEmER RhsMNsGR of te JsBMEN ! iMhis case, the
vaiue of the encoded information bits in the control channel field is representing a value
of the first subset of values. Hence, in general, in case of an initial transmission, the
transport format and optionally the redundancy version of the protocol data unit is
indicated in the confrol channel signal. As indicated previously, the redundancy version

may also be implicit to the transpert format.

in a similar fashion, in case the transmission of the protocol data unit is a retransmission
of the user data, the value of the encoded information bits in the control channel field is
representing a value of the second subset of vaiues. This may be for example
advantageous in a system design, where the transport format (e.g. transport block size)
of a protocol data unit does not change between initial transmission‘ and retransmission
or if the transport format can be determined from the transport format and the resource
allocation information for the inittal transmission and the resource allocation information

for the retransmission. Accordingly, if a retransmission needs to be sent for the user



The foll ow ng paragraphs will describe various
enbodi nents of the invention. For exenplary purposes
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In a further embodiment, the base station receives feedback from the at least one mobile
terminal. The feedback indicates whether the protocol data unit has been successfully
decoded at the mobile terminal. If no successful decoding has been possible, the base
station may retransmit the protocol data unit and may further transmit a second controi
channel signal comprising a control information field in which a transport format and a
redundancy version of the protocol data unit is jointly encoded. Thereby, the second
control channel signal is associated to a retransmission of the protocol data unit to the

mobile terminal.

in one exemplary embodiment, the protocol data unit and the second protocol data unit

are fransmitted or received using the same HARQ process.

Another embodiment of the invention relates to a method for providing control signaiing
associated 0 a protocol data unit conveying user data in a mobile communication
system. According to this method, a base station of the mobile communication system
generates a conirol channet signal that comprises a control information field consisting of

a number of bits representing:

- a transport format and implicitly a redundancy version of the protocol data unit, if the
transmission of the protocol data unit is an initial transmission of the user data, or

- aredundancy version of the protocol data unit, if the transmission of the protocol data

unit is a retransmission of the user data.

Subsequently the base station transmits the control channel signal to at least one mobile

terminal.

in a further embaodiment of the invention, in both methods mentioned above, the base
station may also transmit the protocol data unit to a mobile terminal or receiving the
protocol data unit from the mobile terminal utilizing a HARQ retransmission protocol. In
one example, the protocol data unit is transmitted or received using a HARQ process
indicated in the control channel signal. In another example, the protocol data unit is
transmitied or received using a HARQ process determined based on to the sub-frame
number of the sub-frame conveying the protocol data unit. The protocol data unit may be
transmitted or received using the physical radio resource or resources indicated in the

control channel signal.

in one exemplary embodiment of the invention the mobile communication system is a

mulii-carrier system, such as for exampie an OFDM-based system, and the control
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channel signal is transmitied within the physical radio resources of a sub-frame aliocated

to the L1/L2 control channels of the multi-carrier system.

Furthermore, in ancther exemplary embodiment of the invention the protocol data unit is
transmitted in the same sub-frame as the associated control channel signal.

Though the exemplary embodiments described herein are mainly focusing on outlining
the relation between one base station and one mobile terminal, it is apparent that the
base station may be serving a piuraiity of mobile terminals, and a control channel signal
is generated and transmitted by the base station for each mobile terminal or group of

mobile teminals.

A further embodiment of the invention is related to the operation of the mobile terminal.
Accordingly, a method is provided in which a mobile terminal receive a sub-frame of
physical radio resources comprising 2 control channel signal destined to the mobile
terminal. The control channel signal comprises a conirol information field in which a
transport format and a redundancy version of a protocol data unit are jointly encoded.
The mobile terminal next determines the fransport format and the redundancy version for
the profocol data packet conveying user dafa based on the received control channel
signal, and receives or transmits the protoco! data packet on at least one physical radio
resource using the transport format and the redundancy version of the protocol data

packet indicated in the received control infoermation field.

In one example, the transport format is transport block size information of the protocol
data unit, and the received control channe! signal comprises a resource allocation field
indicating the physical radio resource or resources allocated to the mobile terminal.
Accordingly, the mobile terminal may determine the transport block size of the protocol
data unit depending on the information comprised in the resource allocation field and the

control information field.

In another example, the control channel signal indicates the protocol data packet to be a
retransmission (e.g. new data indicator not set) of user data and wherein the method
further comprises the step of transmitting a positive acknowledgment for the received
protocol data packet to the base station, if the control channel signaling associated to the
initial transmission for the user data has been missed. Hence, even though the mobile
terminal has not received the control channe! signal and could not receive the associated
transmission of the user data, the mobile terminal may acknowledge “successful
reception” of the user data and may for example rely on upper layer protocols, such as
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for example the Radio Link Contro! (RLC) protocol, to take care of handling

retransmission.

In case the protocol data unit is a retransmission, according to another example, the
mobile terminal may reuse the transport format information of the protocol data unit
indicated in a control channel signal for the initial transmission for the fransmission or
reception of the retransmission of the protocol data unit. Accordingly, the control channe!
signal may be “only” indicating the redundancy version of the retransmission (though one
may still consider the control channel signal to impiicily indicate the transport format).

in another exemplary embodiment of the invention, the information bits in the control
information field of the control channel signal are associated to a single reference
information indicating a transport format and a redundancy version used for transmitting
the protocol data unit associated to the respective value represented by the information
bits of the control information field for inifial transmissions and refransmissions of the

protocol data packet.

in a further embodiment of the invention relates to the operation of the mobile terminal. In
this embodiment, the mobile terminal receives a sub-frame of physical radio resources
comprising a control channel signal. The control channel signal thereby comprises a

control information field consisting of a number of bits representing:

- a transport format and impilicitly a redundancy version of the protocol data unit, if the
transmission of the protocol data unit is an initial fransmission of the user data, or

- aredundancy version of the protocol data unit, if the transmission of the protacol data

unit is a retransmission of the user data.

Next, the mobiie terminal determines (based on the received control channel signal) the
transport format of and the redundancy version for the protocol data packet conveying
user data, and further receive or transmits the protocol data packet on at ieast one
physical radio resource using the transport format and the redundancy version of the

protocol data packet indicated in the received control information fieid.

In this exemplary embodiment, the information bits of the control information are
associated to two different reference information {based on which the control information
field content is interpreted). Iif the fransmission of the protocol data packets is an initial
transmission, the first reference information is utilized when determining the transport

format and the redundancy version of the protocol data packet. If the transmission of the
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protocol data packets is a retransmission, the second reference is used when
determining the transport format and the redundancy version of the protocol data packet.

In one example, the first reference information indicates a transport format associated to
the respective value represented by the information bits of the control information field,
and the second reference information indicates a redundancy version associated fo the
respective value represented by the information bits of the control information field.

Another embodiment of the invention provides a base station for providing control
signaling associated to a protocol data unit conveying user data in a mobile
communication system. The base station comprises a processing unit for generating a
control channel signal comprising a control information field in which a transport format
and a redundancy version of the protocol data unit is jointly encoded, and a transmitter
unit transmitting control signaling comprising the control channel signal to at ieast one

mobile terminal.

Further, another embodiment of the invention relates to a mobiie terminal for use in a
mobile communication system, whereby the mobile terminal compriées a receiver unit for
receiving a sub-frame of physical radio resources comprising a contral channel signal
destined to the mobile terminal. The control channel signal comprises a controf
information field in which a transport format and a redundancy version of a protocol data
unit is jointly encoded, as mentioned previously herein. The mobile terminal aiso
comprises a processing unit for determining based on the received control channel signal
the ftransport format of and the redundancy version for the protocol data packet
conveying user data, and a transmitter unit for fransmitting the protocol data packet on at
least one physical radio resource using the transport format and the redundancy version
of the protocol data packet indicated in the received control information field.

in an alternative embodiment, the mobile terminal comprises a receiver unit for receiving
a sub-frame of physical radio resources comprising a control channel signal destined to
the mobile terminal, and a processing unit for determining based on the received control
channel signal the transport format of and the redundancy version for the protocol data
packet conveying user data. Furthermore, the receiver unit is capable of receiving the
protocol data packet on at least one physical radio resource using the transport format
and the redundancy version of the protocol data packet indicated in the received control

information field.
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another embodiment of the invention provides a computer readable medium storing
insfructions that, when executed by a processor unit of a base station, cause the base
station to generate a control channe! signal comprising a confrol information field in
which a transport format and a redundancy version of the protocol data unit is jointly

encoded, and to transmit the control channel signal to at least one mobile terminal.

A further embodiment relates to a computer readable medium storing instructions that,

when executed by a processor unit of a mobile terminal, cause the mobile terminal to

receive a sub-frame of physical radio resources comprising a control channel signal
destined to the mobile terminal, determine based on the received control channel signal
the transport format of and the redundancy version for the protocol data packet
conveying user data, and receive or transmit the protocol data packet on at least one
physical radio resource usihg the transport format and the redundancy version of the

protocol data packet indicated in the received conirol information field.

BRIEF DESCRIPTION OF THE FIGURES

In the following, the invention is described in more detail in reference to the attached
figures and drawings. Similar or corresponding details in the figures are marked with the

same reference numerals.

Fig. 1 shows an exemplary data transmission to users in an OFDMA system in
localized mode (LM) having a distributed mapping of Li/2 controf

signaling,

Fig. 2 shows an exemplary data fransmission to users in an OFDMA system in
localized mode (LM) having a distributed mapping of L1/L2 control

. signaling,

Fig. 3 shows an exemplary data transmission to users in an OFDMA system in
distributed made (DM) having a distributed mapping of L1/L2 control

signaling,

Fig. 4 exemplarily highlights the interrelation between transport block/protocol
data unit and its different redundancy versions as well as the transport

block size/protocol data unit size,
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Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 8

Fig. 10

Fig. 11
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shows an example of a control channel signal with a commeon fieid for
jointty encoding transmission format and redundancy version of a protocof
data unit according to one embodiment of the invention,

shows an example of a control channel signal with a common, shared field
for signaling the transmission format or the redundancy version of a

protocol data unit according to one embodiment of the invention,

shows another example of a control channel signal with a common, shared .
field for signaling the transmission format, the redundancy version or other
information for 2 protocol data unit according to one embodiment of the

invention,

shows an exempilary, typical message fiow between a fransceiver and
receiver of a control channel signai according to an exemplary

embodiment of the invention,

shows an exemplary message flow between a transceiver and receiver of
a control channel signal in which the refransmission protocol operation of
the receiver is optimized according to an exempiary embodiment of the

invention,

shows a mobile communication system according to one embodiment of

the invention, in which the ideas of the invention may be impiemenied, and

shows another example of a control channel signal with 2 common, shared
field for signaling the transmission format or the redundancy version of a

protocol data unit according to one embodiment of the invention,

DETAILED DESCRIPTION OF THE INVENTION

The following paragraphs will describe various embodiments of the invention. For

exemplary purposes only, most of the embodiments are outlined in relation to an
(evolved) UMTS communication system according to the SAE/LTE discussed in the
Technical Background section above. It should be noted that the invention may be
advantageously used for example in connection with a mobile communication system
such as the SAE/LTE communication system previously described or in connection with

multi-carrier systems such as OFDM-based systems, but the invention is not limited to its

use in this particular exemplary communication network.
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Before discussing the various embodiments of the invention in further detail below, the
following paragraphs will give a brief overview on the meaning of several terms
frequently used herein and their interrelation and dependencies. Generally, a protocol
data unit may be considered a data packet of a specific protocol layer that is used to
convey one or more transport blocks. In one example, the protocol data unit is a MAC
Protocol Data Unit (MAC PDU), i.e. a protocol data unit of the MAC (Medium Access
Control) protocot layer. The MAC PDU conveys data provided by the MAC layer to the
PHY (Physical) layer. Typically, for a singie user allocation {one L1/L.2 control channel —
PDCCH - per user), one MAC PDU is mapped onto one transport block {(TB) on Layer 1.
A transport biock defines the basic data unit exchanged between Layer 1 and MAC
{Layer 2). Typically, the when mapping a MAC PDU onto a transport biock one or
multiple CRCs are added. The transport block size is defined as the size (number of bits)
of a transport block. Depending on the definition, the transport size may include or
exclude the CRC bits.

in general, the transport format defines the modulation and coding scheme (MCS) and/or
the transport biock size, which is applied for the fransmission of a fransport block and is,
therefore, required for appropriate (de)modulation and (de)coding. In a 3GPP-based
systern as for exampie discussed in 3GPP TR 25.814, the foliowing relationship between
the modulation and coding scheme, the transport block size and the resource allocation

size is valid:
TBS=CR-M -Np

where Ngc is the number of allocated resource eiements {RE) — one RE being identical to
one modulation symbol —, CR is the code rate for encoding the transport block, and M is
the number of bits mapped onto one modulation symbol, e.g. M=4 for 16-QAM.

Due to this relationship described above, the L1/L.2 control signaling may only need to
indicate either the transport block size or the modulation and coding scheme. In case the
modulation and coding scheme should be signaled, there are several options how to
implement this signaling. For example, separate fields for modulation and coding or a
joint field for signaling both, the modulation and coding pérameters may be foreseen. In
case the transport biock site should be signaled, the transport biock size is typicaliy not
explicitly signaled, but is rather signaled as a TBS index. The interpretation of the TBS
index to determine the actual transport block size may for example depend on the

resource allocation size.
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In the following, the transport format field on the L1/L.2 control signaling is assumed to be
indicating either the modutation and coding scheme or the transport block size. It should
be noted, that the transport block size for a given transport block typically does not
change during transmissions. However, even if the transport biock size is not changed,
the modulation and coding scheme may change between transmissions, e.g. if the
resource allocation size is changed (as apparent for the described relationship above).

It shouid be also noted that in some embodiments of the invention, for retransmissions
the transport block size is typically known from the initial transmission. Therefore, the
transport format (MCS and/or TBS) information (even if the modulation and coding
scheme changes between transmissions) does not have fo be signaled in
retransmissions, since the modulation and coding scheme can be determined from the
transport block size and the resource allocation size, which can be determined from the

resource allocation fieid.

A redundancy version denotes a set of encoded bits generated from a given transport
block, as shown in Fig. 4. In systems, where the code rate for the data transmission is
generated by a fixed rate encoder and a rate matching unit (e.g. in HSDPA of UMTS or
LTE systems), different redundancy versions are generated for a single transport block
(or protocol data unit) by selecting different sets of available encoded bits, where the set
size (humber of selected bits) depends on the actual code rate (CR) for the data
transmission. In case the actual code rate for a transmission {or retransmission) is higher
than the .encoder rate, a redundancy version is constructed out of a subset of encoded
bits. In case the actual code rate for a transmission (or retransmission) is lower than the
encoder rate, a redundancy version is typically constructed out of all encoded bits with

selected bits being repeated.

A constellation version denotes the constellation diagram being applied for the
moduiation of the data transmission. in some cases, this may simply refer to a specific
bit-to-symbaol mapping for a given modulation scheme. In other cases, this may refer to a
specific bit operations by interteaving and/or inversion of bit values in order to achieve a
similar effect as by applying a specific bit-fo-symbol mapping (see for example
EP 1293059 B1 or EP 1 313 248 B1 or 3GPP TS 25.212, “Multiplexing and Channel
Coding {FDD"), version 7.6.0, September 2007 available at http://www.3gpp.org)

A New Data Indicator {NDI) denotes a flag (or field) indicating whether a transmission of

a transport block (or protoca! data unit) is an initial transmission or a retransmission. If
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retHeRiddion Gind Rikly yididing the transport format (i.e. the same transport format
as used for the initial transmission of the protocol data unit that has been indicated in a

previous conirol channel signal for the initial transmission or the transport format can be

derived from other control channel signaling information as mentioned above).

As mentioned previously, as an additiona! enhancement, the new data indicator or
sequence number may be additionally jointly coded with the transport format and

redundancy version.

Utilizing the second approach of having a shared field for the transport format and the
redundancy version defined in the control channel information structure, at one signaling
instant the shared field is used to signal the fransport format and at another signaling

instant the shared field is used to signal the redundancy version.

Accordingly, when jointly encoding the transport format and the redundancy version only
on single set of reference information to map the bit value indicated by the bit
combination in the common confrol information field in the control channel signal fo a
respective combination of transport format and redundancy version of the protocol data
unit providing the user data may be needed, irrespective of whether the transmission is

an initial transmission of the protocol data unit or a retransmission thereof.

In case of having a shared control information field in the control channel signal, there
may be two sets.of reference information to map the bit value indicated by the bit

combination in the common control information field to a respective combination of
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transport format and redundancy version, depending on whether the transmission is an
initial transmission of the protocol data unit or a retransmission thereof. For exampie, in
case there is a pre-configured or fixed redundancy version for the initial transmission, the
control channel signal for the initial transmission may explicitly indicate the transport
format of the initial transmissiocn within the shared field. For some retransmissions, the
transport format of the initial transmission may be reused, so that the control channel
signal for the retransmission may “only” expilicitly indicate the redundancy version of the
retrahsmission {white the transport format may be considered implicitly identified or

known from the control channel signal for the initial or any previous transmission).

One significant difference between the general concept of the invention and existing
systems, such as 3GPP HSDPA, from the viewpoint of an efficient system operation is
related to HARQ protocol errors. In HSDPA z iost transport block (MAC PDU), e.g. due
to an ACK/NACK misdetection or a lost L1/L2 downlink control signaling camrying the
scheduling information (TF, HARQ, etc.), comes at a high resource cost and high delay,
since the RLC protocol taking care of these errors is slow and heavy. in LTE systems
(which is one of the target systems for empioying the this invention}, the hiQher—layer
RLC protocol is lightweight and fast, which allows designing the L.1/L2 downlink control
signaling to bhe less robust, which in turn allows for opiimizations disciosed herein. As
indicated above, one approach suggested herein is the use of a single/fcommon fieid in
the control channei information format to indicate the transport format and (at least
impiicitly) the redundancy version of the transmission of a profocol data unit and to jointty
encode (at least) these two parameters using the bits of the common field. According to
one exemplary embodiment of the invention, the common field in the control channel
information may be assumed to consist of N bits so that 2¥ values can be represented
and signaled. Qut of the 2" values M (<2¥) values may be for example used to indicate a
transport format associated with a given fixed or pre-configured redundancy version. All

or part of the remaining values isfare used to indicate additional redundancy versions.

Table 3 below illustrates an example, where the common field (Signaled Value) consists
of 4 bits. The first part (denoted TF range) of the totat range of values representable by
the 4 bits is used to indicate different fransport formats that are associated to a given
redundancy version (RV 0). The remaining values representable by the 4 bits form a
second part (denoted RV range) and indicate a redundancy version of the respeciive

transmission.
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Signaled | Signaled TF

Value Value (TES) RV [ Ranges
(binary) | (decimal)

0000 0o i 0

0001 1 0

0010 2 i 0

0011 3 | 0

0100 4 L0

0101 5 100 0 o
T e >

0110 6 120} 0 %
------------------------------ s B

0111 7 1150 O

1000 8 1200 0

1001 g 0

1010 10 0

1011 11 0

1100 | 12 0

1101 | 13 1 o
.............. .1"..--.."..---...—.. I g

1110 | 14 N/A | 2 &
....................................... =

111 15 3 | F

Table 3

In Table 3 above, all values of the TF range are assigned fo a single redundancy version
{(RV Q) only. Of course, it may be also possible that the respective valuesfiransport

formats are associated to different redundancy versions. This is exempiified in Fig. 4

below.
Signaled | Signaled TF
Value Value (TBS) RV | Ranges
(binary) | (decimal)
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$ In another, fourth exenplary inplenentation, it may
be ensured that the sane redundancy version as used
Y0 2905291 al transmi ssion_may be used for BCI/EP2008/010845
retransm ssion by having iftluding in the "RV range"

a val ue that -yields the sane-redundancy—version as
yi el ded by theggepues o t he 'IF range". Th S
i npl enentati pn.is. e_xe,rrpI-LfLed .i-ni.Tablle 6 be|] ow, where
the "RV rangg" gah$0 iconprises_a vapug ("110L") that
is indicating.use Df__tedundancy RV.0.] Signpled Value
(binary) Sighalygdh Val uez(depl mal) §F|(TBS) RV Ranges
0000 | e e s
0011 30 i 0
0100 | 4 | o1
0101 { 5 | 100 i 1 o
J e S e 4
0110 | 6 | 120 | 1 ©
___--________-.:-_.____--___..-:..--......L ........ &
o111 | 7 150 1 1
1000 | 8 200} 2
1001 i 9 | 2
1010 10 2
1011 11 2
1100 12 2
1101 13 0 o
_______________ imommomooomooo e boecmeeem g)
1110 | 14 N/A 1 i
....................................... >
1111 15 2
Table 4

According to the example in Table 4, redundancy versions may be defined depending on
the actual signaling value. .In one embodiment, for small transport block sizes or low
MCS levels, one specific redundancy version (RV 0} could be used and for larger
transport block sizes/high MCS levels, another redundancy version (RV 1 or RV 2) are
used. Furthermore, in anather example, the same fransport format may be associated to

different redundancy versions.

In operation, when initially transmitting a protocol data unit (or transport block), the base
station may send a control channel signal comprising a common TF/RV field having a
value selected from the “TF range”. Accordingly, the signaled value does not only identify
a transpaort format of the protocol data unit but also indicates the respective redundancy
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version. [f a profocol data unit is retransmitted, a value from the "RV range” indicating a
specific redundancy version is signaled, as it may be assumed that the transport format
is constant or known for all transmissions of a respective protoco! data unit (fransport
block) to facilitate soft-combining by the HARQ protocol.

Alternatively, e.g. depending on the feedback of the receiver {e.g. the mobile station) of
the protocol data unit provided to the transmitter (e.g. the base station) of the protocol
data unit, the fransmitter may decide to send the retransmission with the same transport
format and redundancy version as the initial transmission. Using a reférence tabie as
shown in Tabie 3, the control channel signal for the refransmission may thus indicate the
same value in the TF/RV field of the control channel signal as the control channel signal
for the initial transmission (as the “RV range" does not allow to signal RV 0). If using a
reference table as shown in Table 4, it should be noted that the “RV range” yields three
the same three redundancy versions that are identified in the “TF range”, so that the
TF/RV field in the control channel signal may always a vaiue of the “RV range” for the

retransmissions.

iIn case there should be the possibility to send retransmissions with the same
redundancy version as the initial transmission, e.g. due to using HARQ with Chase
combining as a reftransmission protocol for the protocol data units the following

exemplary impiementations may be foreseen.

in one exemplary impilementation, any “TF range” value can be signaled in the control
channel signal for retransmissions, even if the signaled value does not matching the TF
(TBS) value of the transport block (or in other words the TF of the initial transmission of
-the protocol data unit). In this case, the receiver {e.g. mobile station) simply ignores the
transport format that would be yielded by the signaled “TF range” value, and simply
applies the signaled redundancy version. Accordingly, in order to distinguish when to
ignore the signaled transport format, the receiver may evaluate the sequence number
(field) or new data indicator first, so as to recognize whether the associated transmission

of the protocol data unit is an initial transmission or a retransmission.

In another, second exemplary implementation, also for a retransmission the “TF range”
value can be signaled that is matching the transport format (TBS) of the first, initial
transmission. in this case, the receiver (e.g. mobiie station) shall typically not ignore the
signaled transport format (TBS) value, as this might heip to discover error cases. If for

example the receiver has missed the control signaling of the initial transmission {and
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hence missed also the first transmission of the protocol data unitfransport block), the
receiver may try to decode the data based on the signaling for the retransmission, since

the control signaling contains the transport format.

In a third exemplary implementation, the interpretation of the transport format (TBS)
value in the common TF/RV field depends on the resource allocation field also
comprised in the controt channel information. This means that for a given resource
allocation size, only a specific range of {ransport block sizes may be signaled (typicatly,
the transport biock size TBS is related to the amount of allocated resources — measured
in resource blocks RBs — as follows: TBS = N - RB, where N = 1,2,3,...). In case the
resource allocation size changes between initial transmission and retransmissions, it
may happen that it is not possible to signal the coirect transport biock size. In this case, it
may be advantageous to inciude an “Cut of Range” TF value in the reference table used
at the receiver of the control channel signal to interpret the content of the TF/RV field.

This latter case is exemplified in Table 5 below.

Signaled | Signaled TF

Value Value (TBS) RV |Ranges
(binary) | (decimal)

0000 | O L0

0001 | 1 b0

0010 | 2 P 0

0011 | 3 L0

0100 | 4 0
ittt Mt it o
0101 5 100 | 0 o
______________________________ ’.-...-------_:..-_-_--- E
oo e iM™mit)E
0111 7 150 | 0

1000 8 200 | 0

1001 9 L0

1010 10 0

1011 11 0
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; “Out of |

1100 12 Range”! ©

101 : 13 1 o
-------------- e

1110 | 14 N/A 2 ©
....................................... E

1111 15 3

Table 5

In another, fourth exemplary implementation, it may be ensured that the same
redundancy version as used for a initial transmission may be used for a retransmission
by having including in the “RV range” a value that yields the same redundancy version as
vielded by the values of the “TF range”. This implementation is exemplified in Table 6
below, where the “RV range” also comprises a value (“1101") that is indicating use of

redundancy RV Q.
Signaled | Signaled TE
Value Value (TBS) RV |Ranges
(binary} | (decimai)
0000 { O 0
o001 | 1 i 0
0010 | 2 i 0
o011 | 3 0
0100 | 4 0
................................................. o
0101 5 100 0] 2
........................................ hrvamevaw E
IR AU Wit M
o111 7 150 0
1000 8 200 0
1001 9 0
1010 10 0
1011 11 0
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6 I n another enbodi nent of the invention, the control

channel signal al so includes a new data indicator

(YR g whet her the data is new data/a REH{EP2008/010845

protocol data unit) or a sé’auence nunber of the

protocol dat @--tat---wWhi-ch-alt-owsthereceiver to

detect the tfansgg ssi omzof new data/ [a new jpr ot ocol

data unit. Accerding-to one-example {the-new data

i ndi cator or|tRhegsequemge nunber | ngy |be transmtted

in a separatg.fieldior. tlag in the.cont | [channel

signal. In onewmarrpl ar{a i nplNgaeNt gt ijon § hel sequence

nunber fieldlis..aneibit. . _i.p. incrementishg i s

i dentical to tqggilng tfe f|ag. Slgilarl“-’y, he new

data i ndi cat may be jnpl enente a l-bitt field.

In case, a new transport bl ock is transm tted

(initial transm ssion) t hdable data i ndi cator val ue

is set (e.g. to value 1) and, if a transport block is
in medthenambddireent of lthe: ineentidat theimdirmi hamel sigmotalspabciudes a new
da(ae lngrcPfols |§&Eatfl'lg v}/@tﬁje? t% dﬁécgq{eq} Qﬂalta%equllorb%! data unit) or a

uence numnb or new

sedmr@eumbﬁamrthe sprqt@f:»thdasa ewbcﬁe@ alinye herreggiver fohdetect the
tra‘n&:ﬂl%&@ﬁbfnév@&é‘@ﬁa @Wp%%of@éi&ﬂﬂ?ncy version in a

si ngl e, conmon of the control channel signal.

He ,..the NDI / | d |
ASSPIREN ' fr"%mgxamf F é[a"a e T AP o oS i may be
trapsroitidd 1irg acdepbitate fiddy od dlag in nmb carttot clidxibi!) Stgmai hintdne exemplary

m%}leﬁl%ﬁtg%l* trfe J@En& nﬁurh@& 1’: &?&FEM tverlr?t'r erﬂlﬁg L %eﬂﬂcal to

I e n I nven
togghiogtheifiag T%mﬂa.ﬂw themewidata endg:ator mav@sli@plsmeﬂﬂsé ap ed-hjt field. In

ca§@déjﬂgﬁ%ﬁsﬁbﬁr b is M rRnitRv (hf?tia‘F @rﬁ%nqgsfl&ﬁ tltié)new data indicator
|Tp icitl al so indicate new data, i,

valugds é‘"’Ffofeeg dP s@iuse) #Rde i dFaREPAS b‘S"'NBI 'eF’F‘%Fg“’B%? e sey data

indicaitdd is AdDsatl(p.g. RREt @IValuetd)er redundancy ver si ons RVs
(RV 1-3) indicate retransm ssions, i.e. could be also

Aclﬁ%ﬁﬁép{oegﬁahés eJ(Jﬁ'?pi&pl IJAI%%W tipee'sg&e%% l(u‘?nt%r or new data
indicator is Jomtly encoded together with the transport format and the redundancy version
in a single, common field of the controi_channel signal. Hence, the NDI/SN field may be

no longer required, which allows to reduce signaling overhead.

The joint encoding of the new data indicator (ND}) with the transport fomat and the
redundancy version according to two exemplary embodimenis of the invention is shown
in Table 7 and Table 8. in Table 8, the use of redundancy version RV 0 may be
considered to implicitiy also indicate new data, i.e. could therefore also be interpreted as
a NDI flag being set (e.g. NDI=1}, and all other redundancy versions RVs (RV 1-3)
indicate retransmissions, i.e. could be aiso interpreted as the ND! fiag not being set (e.g.
NDI=0})

Signaled | Signaled TF
Vaiue Value (TBS)
{binary) | {(decimal)

RV NDI Ranges
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0000 0 fo
0001 1 Lo 9
0010 2 Lo
0011 3 b0 i
0100 4 P01
-------------- )
0101 5 100 0 ; 1 o &
----------------------------- R SR SO ol
; i H Cw
0110 6 120 0 i 1 s 8
T el COTEEREET LR PR & L)
o111 i 7 11501 0 | 1 é
1000 | 8 200 0 | 1
1001 9 0 1
1010 10 0 i 1
1011 11 0 i 1
1100 12 0 1
1101 13 0 0 o 8=
S nae B S e 2E S
1110 | 14 NA | 1 0 S
................................................... E E £
1111 15 2 0 e
Table 7

Signaled | Signaled ™ |
Value Value (TBS) RV NDI Ranges
(binary} | (decimal)

0000 o | 0 1
.............. -l—---—-———--———--E—.-——______E.--_-.-_-L-_._-__-__. ?
0001 1 0 1 o 2
.............. OIS NN R MU B ¥ -
0010 2 0 1 58
o e e e e e & T
0011 3 0 | 3
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0101 5 {100 O 1
0110 6 1201 0 1
0111 7 i150 4 0 1
1000 8 200! O 1
1001 9 0 1
1010 10 0 1
1011 11 L0 i1
1100 12 0 1
1101 13 140 o8 =
_____________________________________ ] ge
: ' cED
1110 | 14 NA |l 2 1 0 E2s
................................................... E g g
1111 15 3 0 g
Tabie 8

Essentially, Table 7 is similar to Table 6 (so is Table 8 to Table 3), except for adding
another column o the reference table indicating the identified NDI setting for a respective
signaled vaiue. In general, independent from the specific exampie given in Table 7, it
should be recognized that the definition of two ranges of values (“TF range” and “RV
range”) also defines two ranges of values indicating, whether new data is sent or whether
a retransmission is provided. Essentially, selecting a value from the “TF range” indicates
a new transmission, and is thus equivalent to a new data indicator being set (or a
sequence number being incremented). Similarly, selecfing a value from the “RV range”
indicates no new data being transmitted and is thus equivalent to new data indicator not
being set (or a sequence number not being incremented). As the setting of a new data
indicator (incrementing the sequence number) typically coincides with the transmission of
an initial transmission of a protoco! data unit or transport block respectively, for initial
transmissions a value from the “TF range” should be signaled and for retransmissions, a

value from the “RV range” shouid be signaled.

Another alternative approach to the joint encoding of transport format 'and redundancy
version is the use of a shared field (which could be also referred to as a shared TF/RV

field) in the control channel information format to be used for the signaling of transport
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format and redundancy version. in this alternative approach, according to another
embodiment of the invention, it is assumed that the fransport format is generally
associated to a specific redundancy version for the initial transmission (or the
redundancy version for the initial transmission is either fixed or pre-defined). Accordingly,
in case of an initial transmission, the shared field is interpreted as signaling a transport
format, as shown in Table 9, and so to say implicitly indicating a redundancy version of
the respective transmission in a similar fashion as diécussed in some examples above

relating to the joint encoding approach.

Furthermore, it is also assumed, that the transport block size is not changing between
initial transmission and retransmission of a protocol data unit or transport biock. Hence,
in case of a retransmission the shared field in the control channel signal is interpreted as

a redundancy version, as shown in Table 10.

Signaled | Signaled TF
Value Value

(binary) | (decimal) | {TES)
00006 0

T T
oot |2 o
Toot1 | s 4o |
Cot00 |4 Lo
I
Tomo P 6 120
Cotn fo7 |0
000 o8 | o200 |
R
Twot0 o100 o
Cott b1t b
o0 |12 o
Ca01 13 oL
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Table 9
Signaled | Signaled
Vaiue Value RV
{binary) | (decimal}
0000 i O RV 0

, o001 | 1 | RVI
Ceot0 i 2 i RVZ
Tt s | Rvs
o0 | 4 | RVA
Coot 5o
Tomo | e |
oL o7 oL
Cio00 o8 .
Thor | 9 .
""" o0 | 10 ..
Ceom o1t L
Ca00 fo12 |
T
'''' 110 | 14 ireserved
i 15 reserved

Table 10

Comparing the joint encoding approach and the use of a shared field, the main difference
between the approaches is the interpretation of the bits of the respective fields. in the
joint encoding case, the same reference table is used for interpreting the bits of the
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common field in the control channel signal to determine transport format and redundancy
version of a transmission, irrespective of whether the ftransmission is an initial
transmission or a retransmission. Furthermore, in case of additionally jointly encoding the
sequence number or a new data indicator, the vaiue range that can be represented by
the bits in the common field should be separated into two ranges so as to be able to
differentiate between initial fransmission and retransmission and to thereby recognize a
new data indicator being set or a sequence number being incremented. In contrast, the
shared field approach is using two different reference tables for the interpretation of the
bits contained in the common field for transport format and redundancy version (see
Tables @ and 10 above), depending on whether an initial transmission or a
retransmission is sent. This allows more freedom and flexibility to indicate a larger variety
of transport formats and redundancy versions or may allow reducing the size of the

signaling field.

However, the receiver of the control channel signal must be aware of whether an initial
transmission or a retransmission is associated to the respective control channet signal. In
theory, the receiver of the controi channel signal may derive the information from its own
feedback, which is however not necessarity very reliable as the feedback may be lost or

misinterpreted.

Therefore, in one further embodiment of the invention, it is suggested that the control
channel signal further comprises an additional sequence number fieild or new data
indicator. In case of using a new data indicator, the interpretation of the shared TF/RV
field depends on the value of the new data indicator field, i.e. returning to the example
above, the receiver (e.g. mobile station) of the conirol channel signal either chooses
Table 9 or table 10 for interpreting the shared TF/RV field depending on the setting of the
new daia indicator. Similarly, in case of having a sequence number field, the receiver
selects the reference table for interpreting the content of the shared TF/RV field based

on the sequence number being incremented or not.

The differences beiween a joint encoding of transport format and redundancy version in
a common field and the use of a shared field will be exempiified with respect to Fig. 5
and Fig. 6. In Fig. 5 a control channel signal according to one exemplary embaodiment is
shown. The control channel signal comprises a resource allocation field {RB allocation),
a TF/RV field for jointly encoding transport format and redundancy version (“Joint TF/RV
field”), a NDI/SN field and HARQ process field. The same configuration of the control

channel signal is provided on Fig. 6.
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In Fig. 5, the transport format and redundancy version are jointly encoded in a common
field (“Joint TF/RV field”) irrespective of whether the control channel information relate to
an initial transmission or a retransmission. The four bits of the common field for transport
format and redundancy version may for example represent the fransport format and

redundancy versions as outlined above with respect to Tables 3 to 6.

In Fig. 6, the shared field approach according to one exemplary embodiment of the
invention is illustrated in further detail. The NDI/SN field may either comprise a new data
indicator or a sequence number and is used to determine, whether the control channel
information relates to an initial fransmission and which reference information are to be
used for interpreting the content of the shared TF/RV field. If the control channel
information is related fo an initial transmission of a protocol data unit or transport block,
the shared TF/RV field indicates the transport format thereof, as for example shown in
Table 9 above. If the control channel information is related o a retransmission, the
shared TF/RV field indicates the redundancy version of the protocol data unit, as for

example shown in Table 10 above.

Next, operation of the transmitter of the control channel signal according to one of the
various embodiments described herein and the receiver thereof will be described in
further detail, thereby exempitarily relating to the case of downlink data fransmission. For
exemplary purposes a network as exemplified in Fig. 10 may be assumed. The mobile
communication system of Fig. 10 is considered to have a "two node architecture”
consisting of at least one Access and Core Gateway (ACGW) and Node Bs. The ACGW
may handie core network functions, such as routing calls and data connections {o
external networks, and it may also impiement some RAN functions. Thus,' the ACGW
may be considered as to combine functions performed by GGSN and SGSN in today's
3G networks and RAN functions as for example radio resource control (RRC), header

compression, ciphering/integrity protection.

The base stations (also referred to as Node Bs or enhanced Node Bs = eNode Bs) may
handle functions as for example segmentation/concatenation, schéduling and allocaticn
of resources, multiplexing and physical layer functions, but aiso RRC functions, such as
outer ARQ. For exemplary purposes only, the eNodeBs are illustrated to control only one
radio cell. Obviously, using beam-forming antennas and/or other techniques the

eNodeBs may also control several radio cells or logical radio celis.
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in this exempiary network architecture, a shared data channel may be used for
communication of user data (in form or protocol data units) on uplink and/or downlink on
the air interface between mobile stations (UEs) and base stations (eNodeBs). This
shared channel may be for example a Physical Uplink or Downiink Shared CHannel
{PUSCH or PDSCH) as know in LTE systems. However, it is also possible that the
shared data channel and the associated control channels are mapped to the physical

layer resources as shown in Fig. 2 or Fig. 3.

The control channel signals/information may be transmitted on separate (physical)
control channels that are mapped into the same subframe fo which the associated user
data (protocol data units) are mapped or may be alternatively sent in a subframe
preceding the one containing the associated information. In one example, the mobile
communication system is a 3GPP LTE system, and the control channel signal is L1/L2
control channel information {e.g. information on the Physical Downlink Control CHannel -
PDCCH). Respective L1/L2 control channel information for the different users (or groups
of users) may be mapped into a specific part of tr;e shared uplink or downlink channel, as
exemplarily shown in Fig. 2 and 3, where the control chanﬁei information of the different

users is mapped to the first part of a downlink subframe (“control”).

Fig. 8 shows a message exchange and tasks performed by a transmitted and a receiver
of a control channel! signal according to an exemplary embodiment of the invention. The
message exchange may be performed in the mobile communication network shown in
Fig. 10. Accordingly, as the example in Fig. 8 is relating to the downiink data
transmission, the transmitier shown in Fig. 8 may be assumed fo correspond to base
station/Node B NB1 in Fig. 10 and the receiver shown in Fig. 8 may be assumed to
correspond to mobile station/lUE MS1 in Fig. 10. Generally, it may be assumed in Fig. 8
that a retransmission protocol, such as Hybrid ARQ, is used between the transmitter
(here: base station NB1) and receiver (here: mobile station MS1) of the data (protocol

data unit) so as to ensure successful decoding of the data at the receiver.

Mobile station MS1 is first receiving 801 the PDCCH and obtains a L1/1.2 coniral channal
signal. Subsequently, the mobile station MS1 interprets (or decodes) 802 the content of
L1/L2 control channel signal. The control channel signal may be assumed to have a
format as exemplified in Fig. 6. Next, the mobile station MS1 receives and tries to
decode 804 the profocol data unit transmitted 803 on the associated downlink data
channel with the parameters indicated by the L1/L2 control channel signal.
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In case the mobile station MS1 can decode the protocol data unit successfully (known
due to correct CRC), it transmits an ACK on thé uplink. Alternatively, the mobile
transmits 805 an NACK on the uplink, if it has not decoded the data correctly (known due
to false CRC). In case mobile station MS1 did not receive (decode correctly} the control
channel signal from the PDCCH, it does not transmit an ACK or NACK on the uplink
(DTX).

In case of receiving a NACK at the base station NB1, same will provide a retransmission
of the protocol data unit to the mobile station. As the retransmission of the protocol data
unit is exemplarily assumed to be another redundancy version of the same protocol daia
unit, the base station NB1 generates 806 a control channel signal for the retransmission
and fransmits 807, this control channel signal and the retransmission of the protocol data
unit 809 to mobile station MS1. Similar to steps 802 and 804, mobile station MS1
receives 808 the control channel signal for the refransmission and uses the parameters
indicated therein to receive and decode 810 the retransmission of the protocol data unit.
As it is assumed that the protocol data unit may be correctly decoded after having
received the retransmission, mobile station MS1 informs 811 the base station NB1 on the
successful {unsuccessful} decoding by means of an ACK {NACK).

In a further embodiment, some further ifﬁprovement to the retransmission protocol is
suggested. This improvement will be outlined with the exemplary signaling flow and data
exchange as illustrated in Fig. 9. It may be assumed that the retransmission protocol is
provided on the Medium Access Layer (MAC) of the mobile communication system and
that another higher layer protocol in the protocol stack provides another retransmission
function to ensure successful data delivery. For example, this higher layer protocol may

be the Radio Link Control (RLC) protocol.

Generally, if a mobile station misses 901 the conirel signaling (e.g. on the PDCCH) for
the initial transmission of a protocol data unit (e.g. MAC PDU), it may also not receive
903 the initial transmission of the protocol data unit as well. Furthermore, the mobile
station is also not aware of the tran'sport format that will be used for the transmission and
retransmissions of the protocol data unit and provides no feedback to the fransmitting

base station.

In case the base station does not receive any feedback for the initial fransmission, a
typical implementation of the scheduler unit of the base station considers 903 this
absence of feedback as a NACK (two-state ACK/NACK receiver) and the base station
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generates 904 and transmits 905, another L1/L2 control signaling for the retransmission

of the protocol data unit.

If the mobile station subsequently receives 906 this L1/L2 control signaling for the
retransmission. Assuming now that there is a common field for the transport format and
the redundancy version within the control signaling, the bits in the common TF/RV fieid
do not yield the transport format (e.g. transport block sizes, MCS, etc.) of the protocol
data uni, but may only indicate the redundancy version (see for exampie Tables 3 1o 8
and assuming that a value of the “RV range” is signaled for retransmission or see Table
9 for the shared TF/RV field approach). Even though the mobile station is not capable of
receiving the refransmission 907 of the protocol data unit, according to this embodiment
of the invention, the mobile stafion sends 908 a posiiive acknowledgement (ACK) in
order to abort the fransmission of the current protocol data unit (MAC PDU), since
otherwise (transmitiing NACK) the bhase station would continue with retransmissions
without the mobile terminal having a chance to correctly decode the transport block. The
transmission of an ACK causes the transport biock being lost, however retransntission of
this transport block {protocol data unit} can be taken care of by higher layer (ARQ)
protocols, if available {e.g. RLC).

A similar behavior can for example also be impiemented in case the base station (or
rather the scheduling unit) has the capability to not only detect ACK/NACKSs from but also
a transmitied DTX (i.e. no transmission of ACK/NACK) — ie. a three-state
ACK/NACK/DTX receiver — for situations where the mobile station missed the control
signaling on the PDCCH, but due to an error in receiving/decading the feedback — the
base station wrongly detects a NACK instead of DTX. In this case the base station will
send a retransmission for the protocol data packet together with an associated control
channel signal indicaling the transmission to be a retransmission, similar as for the 2'-
state ACK/NACK receiver case described above. In this case, the mobile station may
detect a protocol error and sends a positive acknowledgement to abort the
refransmissions. In case the base station correctly detects the DTX signal, the base
station may transmit another initial fransmission (indicating the transport format) of the

same transport block or of a newly constructed transport block.

The exemplary embodiments discussed above have been mainly focused on L1/L2
control signaling for downiink data fransmission. Also in case of wuplink data
transmissions, the L1/.2 control signaling may be transmitted in the downlink. As the
transmission of the (user) data is on another link (uplink), the transmissions of the data
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may take place on different sub-frames numbers than the associated control signaling
(because upiink and downlink may not really be synchronized, i.e. the timing of the uplink
and downlink sub-frames are different). In any case there needs to be a well-defined
mapping of the sub-frame the contro! signaling takes place and the sub-frame the actual
data fransmission takes place. Accordingly in TDD systems, the subframes may be

different for uplink and for downlink.

in the following further options and improvements to the L1/L2 control signaling

discussed previously herein will be discussed.

Another embodiment of the invention relates to a further improvement of the use of a
shared TF/RV field in the confrol channel signal. The number of signaling bits for the
transport format {(e.g. 4-7 bits) is typically larger than the bits needed for the redundancy
(e.g. 1-3 bits). Therefore, in case of signaling the redundancy version for retransmissions
some bits (or values) of the shared TF/RV field may for example be used to transmit
other useful control information. For example, some or all bits not used for signaling the

redundancy version may be used to signal:

- the modulation scheme as shown in Fig. 11, e.g. in case the modulation scheme
should be controlied for sach retransmission independently. In this case the code rate
for decoding can be determined from the transport block size known from a previous
transmission (typicaliy- initial transmission), the signaled resource allocation (from
which the resource allocation size can be determined) and the signaled modulation

scheme.

- additional restricted transport format related information, e.g. on modulation only, on

the MCS level, on the TBS, efc.

- MIMO HARQ sub-process information, as for example suggested in 3GPP TSG RAN
WG1 #47 Tdoc, R1-063548, “MIMO HS-SCCH structure”, November 2006 (available
at http://www.3gpp.org and incorporated herein by reference). Assuming a MIMO
mode supporting a 2 code word transmission and 2 HARQ processes, typically, the
sub process number needs to be signaled in the L1/L2 control channel, which requires
an additional bit for the HARQ process. Assuming that this bit is not required in initial

transmissions, in retransmissions this bit can be signaled on the available space.

- additional power control information for uplink/downlink control and data channels.
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or predefined hopping and resizing of the resource allocation). This impiementation may

be for example used for uplink data transmission with a synchronous HARQ protocol.

Ih comparison to conventional schemes the use of a common field for transport format
and redundancy version {and optionaliy the NDI/SN) has the following advantages. The
reduction of the L1/L.2 control signaling overhead compared to having separate fieid in
the control channel format for transport format, redundancy version and NDI/SN fields by
the disclosed concept is up to 3 bits depending on the actual embodiment. Assuming
L1/L2 control signaling formats as described in the co-pending PCT application no.
PCT/EP2007/010755, “Configuration of Control Channeis in a Mobile Communication
System” (by the same applicant, filed December 10, 2007) yielding sizes between ~25
and ~80 bits for the L1/L2 control channel signal, this results into an overhead reduction
of 4-12%. Especially, for the smafl L1/L2 control signaling formats the reduction is
beneficial (up to 12% reduction), since these are used for cell-edge mobile stations,
where the (power and time-frequency) resources per L1/L.2 control channel (PDCCH) are
large due to power and MCS control of the L1/L2 control channel (PDCCH). Therefore,
the concept of having a common field for encoding transport format and redundancy

version {(and optionally the NDI/SN) allows for an increased coverage and celi size.
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jointly encoding the ND[, the number of transport formats values further increases o 28
=253.

Furthermore, as discussed in several examples above, in implementations where the
transport format (Transport Block Size) does not change for retransmissions, which
should be the case, since otherwise soft-combining is not feasible, no transport format
needs to be signaled for retransmissions. in a conventional design, the transport format
is also signaled in retransmissions. In certain cases, the signaling of the transport format
for retransmissions can help from recovering error cases (e.g. if the receiver missed the
transmission of the controi signaling for the initial transmission). However, these error
cases are very unlikely for certain systems, and therefore, it is more efficient to avoid
signaling of the transport format for retransmissions, which saves control signaling

overhead.

The signaling of the transport format for retransmission typically causes additional
overhead in the control signaling so as to account for error cases in case the resource
allocation size is changing for retransmissions. In certain cases, it can happen that the
transport format {transport blocks size), which needs fo be signaled for retransmissions
in conventional designs, is not within the range of the values that can be signaled after
the update of the resource allocation. In this case, conventional systems typically define
an “Out of Range” value to account for these situations. In some of the embodiments of
the invention discussed herein, this “Out of Range” value is not required. since the

transport format (transport block size) is not signaled in retransmissions.
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it does not allow for a dynamic selection of the redundancy version for the initial
transmission. This is not necessarily a drawback in comparison with conventional
solutions (which may allow for a free choice of the redundancy version for initial
transmissions), since dynamic redundancy version selection is typically not beneficial

and may only be applied in rare cases.

Examples of mobile communication systems in which the principles of the invention
outlined herein may be utilized are communication systems utilizing an OFDM scheme, a
MC-CDMA scheme or an OFDM scheme with puise shaping (OFDM/OQAM).

Another embodiment of the invention relates to the implementation of the above
described various embodiments using hardware and software. It is recognized that the
various embodiments of the invention may be implemented or performed using
computing devices (processors). A computing device or processor may for exampie be
general purpose processors, digital signal processors (DSP), application specific
integrated circuits (ASIC), field programmable gate arrays (FPGA) or other
programmable logic devices, etc. The various embodiments of the invention may also be

performed or embodied by a combination of these devices.

Further, the various embodiments of the invention may also be impilemented by means of
software modules, which are executed by a processor or directly in hardware. Also a
combination of software modules and a hardware implementation may be possible. The
software modules may be stored on any kind of computer readable storage media, for
example RAM, EPROM, EEPROM, flash memory, registers, hard disks, CO-ROM, DVD,

etc.

Furthermore, it should be noted that the terms mobile terminal and mobile station are
used as synonyms herein. A user equipment may be considered one example for a
mobile station and refers to a mobile terminal for use in 3GPP-based networks, such as

LTE.

in the previous paragraphs various embodiments of the invention and variations thereof
have been described. It would be appreciated by a person skilled in the art that
numerous variations and/or modifications may be made to the present invention as
shown in the specific embodiments without departing from the spirit or scope of the

invention as broadly described.
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35 In Fig. 5 the transport format and redundancy
version are jointly encoded in a common field ("Joint
TF/ RV field") irrespective of whether the contro
channel information relate to an initial transm ssion
or a retransm ssion. The four bits of the conmon
field for transport format and redundancy versi on nay
for exanple represent the transport format and
redundancy versions as outlined above with respect to
Tables 3 to 6. In Fig. 6, the shared field approach
according to one exenpl ary enbodi nent of the
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field approach). Even though the nobile station is

not capabl e of receiving the retransm ssion 907 of

the protocol data unit, according to this enbodi nent

of the invention, the nobile station sends 908 a

positive acknow edgenent (ACK) in order to abort the

transm ssion of the current protocol data unit (MAC

PDU), since otherwise (transmtting NACK) the base



10.

- additional power control information for

upl i nk/ downl i nk control and data channels. WO

2009/ 080290PCT/ EP2008/ 010845 40 - informati on on the
resources used (by the base station) or to be used

(by the UE) for the ACK/ NACKSsi gnaling. This

i nformati on maybe e.g. an explicit indication of the

res -

b s oofl iR AERtdngld B bE8EE %t E iRy b Yatue of he
fi elenceded uﬁermaftimn HRY in lﬂieocairatdl ohamfel ficld.is féﬁresentlng a value of the

re e nformati o i 7 i s rmbe

(oL EISY of Sl o Bhde e WeRslsdion i tgpiewcs! data unit is an
r et rigitisntraasisson vheaisehgatdase station has the
flexibility to choose what to signal in the

retransm n It should be noted, that in a
furt ﬁ@%g‘?%@ﬂ' aGFOIdNg fonoraef BlaimE drie o Whereinrbe value of the

Si grsmlcb&€d Inforhi=aioh itk e thef &fntr'of‘bl‘iérﬁ‘ﬂei Fuga'?ssmp?éée‘mﬁg a value of the
and optlonally in addition for select

r et ris{ssHbsst é’ﬁsth@fs%oﬂﬁo‘?tltbéét ofl aelyegniin .caFaube tsansmission of the
0" rbtobSldathaft £ AlianERsdih b1 RBSELE 4 Wi thout a

control channe I'n t I's case the control informtion

for being able to receive the transm ssion of the
assdednediiepiesnigd aceerdimguio Qnenafyclbmsdérto \Be tvhereimthéd@alue of the

con £ ssion o

e ochbgS L A1 8 18 Pt Plohe AT B efeBlod e of e
of tsheomqt emlmednlof daluasyini ¢aser thehtearishgsigo of tHeopidcoRB8ta unit is a
redur};(fjanc ver sh%{r; for t%e retransm ssi ons may be

pr edefqREUssIen §F hEdiser dalGur ce al 1 ocation may be

derived fromthe resource allocation of an earlier

tr afsgi memmwte(rmm[ acd@r@mgcmi oﬁ@%@lé[aﬂ‘nﬂs al toealhemriPkhe bits of the
predeflr](yﬂ o%% ﬁg reS|2|n of the resource

B ¥ GRarel o e d fiaheaiceds dne Hapssst fopna.adeguedancy version
usedsé®for yRhs Mkttt SrofReMbSS! Mt é’l"fdtehn@w%%@ fﬁ'dﬁ:‘%%sfor indicating
HARQ protocol . In conparison to conventi onal

t heWhethes thentrarsrisaioniasitiee ptatoeal datapenit isfar miial wansmission of the
redy o sion (and optionally the NDI/SN) has

the following advantages. The reduction of the L1/L2

control signaling overhead conpared to having
sepwhatein fusel of pnet ¢fetheonaiues afhthenéist fsubret sébrlso indicates the

R R s e T R S

dependi ng on the actual enbodi nent. Assuming L1/L2
conTh@IinJllgrtaIInmngl zﬁtmomhng tawndesfarlaied! k7t Wherein the redundancy

co- I cat PCT/ EP2007/ 010755,

ol pE oo BRE bR TR RiETE" PHna Yot Aria n the profocol data
Conunitis dfakd onpcdhidiredby the sane applicant, filed
Decenber 10, 2007) vyielding sizes between -25 and -80

bi f he L1/ | ch | |
resUi Slapi gergﬁnéﬁg%g (R GG brMSHroR. haogontol channel signal i
Espaethed tdmpfigifg ah€edu@akt dubite? fFeWHd‘?Hauﬁ%qq@ gb&@ence number of

formats the re uctl on i s benefici al

r eI PFYRYGOl dafahpRitt hese are used for ceI | - edge nobile
stations, where the (povver and time-frequency)

r eSTHY RRBIIP Emiiddilacch qug')

due to pO\I/ver ran I\/Cg (%gﬁ roI Q]? ﬁ'{éhe‘lf%) CO% rSI {:ﬂrgl%l signal is
chafHﬁ%?r GOMRISING aTiew datariadicatos flebhlodpatlmg Mhamenyleatransmlsswn

f j rt..formt an
e o date, G e 4 SRR oo Brs & miprigns the user

foma&n i ncreased coverage and cell size. WO
2009/ 080290PCT/ EP2008/ 010845 41 Furthermore, the use
of a common field for encoding transport format and
redundancy version (and optionally the NDI/SN) in the
control signaling also allows signaling nore
transport format sizes. Assuming that e.g. in total 8
bits for transport format, redundancy version and
NDI /SN (5 bits TF, 2 bits RV, 1 bit ND/SN) are used
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12.

13.

14.

15.

In the previous paragraphs various enbodi nents of the
invention and variations thereof have been descri bed.
It woul d be appreciated by a person skilled in the
art that nunmerous variations and/or nodifications may
be made to the present invem8 on as shown in the
speci fic enbodi ments without departing fromthe

spir of the i,nvention as  broa )

ol Miptie U oBlaL AR P AP Sl e TRodAl 43 wherein the contro
shouttthnbel Signahfurthieptoethprisas dsdoudde LISCARBRORINEBF dicating the
have been, ouflined in relation to a 3GPP-based

comRISEaL fasfie F5SQWRe M depRwCee AlipPRIPddy aigeeeiver fangeceiving the
pr evirdtezos @atd QRg Hia’tﬁ'é Bf)h'y@l'célt ﬁfdnf Q'eg&‘?rcg(%’np resources on which a
term nol ogy. However, the termnology an

des dfANsMilER ipfo ?Wésm'émedUQf@ﬁhtﬁia meit s with respect

to 3GPP-based architectures is not intended to limt

the 1Hd Rfobi) feot LONSot Py SUEh .

syst ens. R %gém%ggldg?(g)? mg tgxgifear?gzéggﬁs gﬁeeﬁ \ﬁﬁ?rﬁ@ the control
Tecieaag! maﬂlg‘udUWdcmpmsesna abaivle terrainahidemtfier field for indicating

bet tt nn%%ﬂgr%?@@%c& fﬁné{H Ezgﬁ'ﬁlﬂﬁgthgft gr%enpreceixe the control

undeuhanmjd;mml_l imting the invention to the described
speci fic inplementations of processes and functions

in ni caft. net wo Nevert hel ess,
the i %p&g)glé%g n%u%‘iﬁ?é A He e Ohﬁiﬁ”ﬂ‘é t dadid, ywherein the control
applchenhelmgmbasawm@@h%l@:ﬁﬁaﬁ@é{@gﬁﬁ?d in the

Techni cal Background section. Furthernore, the
|nvent| may be also readily used in

con % Eé}
t he 1PEmRRle P‘r"éﬁ{tﬁ%O @ﬂ:@%@@@ Hyclees 4dop13, wherein in case the
CLApMocOl dAtd" DA’ id ergiréﬁ?émlggbn ‘f&ethbrhsélr @BPJ ltﬁe blts gf the control

conmryni cati on system the nobile termna

a r dbematien fisld mpb;derazaﬂ@@ mdi@tlagéhmisfn%fhfﬁnfﬁrmhw ||rrdactated by the
r adi@ngif L!ﬁt%%?tf?@g&[tr‘oﬂd?&n?at%ﬁ%faol channel si gnal

destined to the no e termnal, ‘a processing unit

for determ ning based on the received control channel

si gfiamethiod for aime jora mobilermpmpuricationheysterduoetapdsing the following
ver gf I packet conveying user :

d taeBE %H @%Rﬁﬁ%%@teﬁﬁb% or transmtting the

prot ocol data packet on at | east one physical radio

1 estagetngua isnb-ftamee of ahgsicaltratior maduss doh®rising a control channel

red e n of, .t rot ocol data packet

i nd%ﬁggg%%\ét'ﬁ/e({%eg‘?é%%q k‘?gﬁ "EBﬂIE rol information field,

wherein the control channel signal received within

sal dleteubmhgaimsedo:rmﬁheSfGSeIGeat eotitr6llchaph&Irdigidl e fra®dpbrt format of

ort format and a redundancy version
of %”dpﬁl?t E?é‘tb'Pa 3 versian g’?éh? Grelery) date Raskielpenvening user data,

t haandg he control i nformation fleld consi sts of a

- nunber of bits yi el ding a range of values that can be

represen& n the control information field, wherein

a f3nsmidiggs ? RIPlacak dgta pasketson gk dsassprieophysical radio resource
I ndigiiad o r I

i £ T (RSH S TORA AR A Candoy) B, of B¢ protocol data
i ndiackel indicatedd thrieeived eopirolinfoonatiorafigdi t t i ng t he

user data. 2. The nobile term nal according to claim

1, whekgin the first subset of val ues contains nore

val ues than the second subset of values. 3. The

nobil e term nal according to claim1l or 2, wherein

t he redundancy version of the protocol data unit is

inplicit to the transport format indicated by the
correspondi ng value of the first subset. 45



186.

17.

18.

18.

20.

4. The nobile term nal according to one of clains 1
to 3, wherein the value of the encoded i nformation
bits in the control channel field is representing a
val ue of the first subset of values, in case the
transm ssion of the protocolggata unit is an initia
transm ssi on of the user data 5. The nobile term na
acco, 4.  wherein the val ue

.cl
of t'{qgl 903%@3&58%%@%@ f8ﬁe’l5‘?‘i! é’Vlﬁhﬁl A sWntrame comprises a control

c haninfdrrfatien dicld i &HiIGS @NtrhAshdRt Y@rH%ﬁ h
subset or'éﬁ{e second subset %% val ues, é?{dngc%ggh@%y version of a

t r arfRfeCe] dpiagnitane igintrasceredand unit is a

retransm ssion of the user data. - The nobile term nal

accdn dhatané BoMR itbrkafin Rl i I, Lhgval ue :
of the encoded i nfornat |ndmnFe%iC§%’llérs1 %2‘@&%{ Pgﬁ'ts Jielding a range of
char¥fe{est that gan e espresanted iny the vahina lnformbaonsaérdndvherem a first

subsghs&f o e transni ssion o
ororarsr offs Ghies' B 685 Fed 147 LRERT,A HsPoefie fr of the protocol
dat #atarpeit godid seqomdrdubaét efocadiel Bg*e&@v@@%rqndﬁaﬁid@ redundancy

1 f. 1h I f
i era ot RS Enti Medel palatpor ¢ format. &

redundancy version used for transmtting the protocol

dat dhennetheddaaonting datciairnnts, oak&einf Bk firsdkqalch B9 values contains
V\he%err Vtr &ran M SSi on of the protocol data unit
e vVaIues thary s°§'|°8ﬂ sHbsaiof valeps.dat a, and wher e| n
use of -one of the values of the first subset set also
i ndTuatmethb@acbdsran@rmOsaaaﬁmQforhhewﬁﬁféw&g re‘&ﬁ{,aa%@' arsion of the
na

to be.an |H|t| al _.transni ssi on
accBIUPTR) fateoritnibotis cfrapliplt fot ¢hey, travspodti fomie indicated by the .

" eduadegndi@ERof flo At Yigkd O the initial
transm ssion of the user data in the protocol data
unlﬁhls fixed or preconfigured. 9. The nobile

t er M dNCIACE AWORYNG docIng wf Claimset it thewlasin' e value of the

chagmn@ded| | uenc

nunber dfﬁéﬂg%%ﬂ ca'%élr'hgﬁ% Re setﬂ?é % f'ﬁ[ﬁﬁ‘ﬁg?prﬁeth& a value of the
pr ofirst subsritof vatiies, il @asdtiee medvishissidr 67 B/} pREGR Hald unit is an
to 'ﬁL@|ff'5ﬂgm'w§5§5 th%W%g trol channel si gnal is

further conpri a indicator field
i ndi cating whether the transm ssion of the protocol

+ dat Bheumiathod amnoiditid it@lonkr eNsRHiras | T t®M82 wherein the vaiue of the

ret ssion of the yser data, 46 11. The nobi

t erérﬂ% ﬁg{% QoiadieRPsdn heecostroy Chpnns! i fieldds i@reWﬂéing arvalue of the
t hefirstostisselt orhdBNSdcontiof@set Wit c

resource | ocation field for |\{1ég{e(§a?rﬁrﬁ%|3§he atﬁansmls?mn of the
ra&rBOF%E‘%lﬁ UBit &y a FRiEmsissiomp heatsetidata. a r ecei ver

for receiving the protocol data unit or the physical

radite FRIIQIS GBcAHY CROYAE Y 167 dRaMmis GRS |

to transmt the p:rngt ocol dat gam@t@ T21b % F%'Bltﬁ% value of the
t e BRFREd BEUBIREPRYits i bieecontrotthanme! flelt ds r]abresehﬁﬁ%taﬂlalue of the

th S I riher .co S

toreran Srsh oF Pesr e b falB iSRRG Hrcr sl ot unit is &
tefﬂmmlsﬁlomomheupeoﬂambl le terminals that are to
receive the control channel signal. 13. The nobile
term nal according to one of clains 1 to 12, wherein
the control channel signal is a L1/L2 control channe
signal. 14. The nobile term nal according to one of
claims 1 to 13, wherein in case the protocol data
packet is a retransm ssion for the user data, the
bits of the control information field include a flag
indicating the type of information indicated by the
remaining bits of the control information field. 15.
A nethod for use in a nobile comunication system
conprising the follow ng steps perforned by a nobile
term nal: receiving a sub-frame of physical radio
resources conprising a control channel signa

destined to the nobile termnal, determ ning based on



21.

22.

23.

24.

25

26.

27.

in that the control information field consists of a

nunber of bits yielding a range of values that can be

represented in the control information field, wherein

a first subset of the values is reserved for

indicating a transport formgjg of the protocol data

unit and a second subset of values is reserved for

i ndi catl ng a redundancy version for transmtting the

user I iangihogeaceprdingde ieoe C&@dﬁmdﬂrﬁgtottg oblzérainithe bits of the control

wher Y% nta

val d’i?‘*?ﬁ*;% & Tointy SEba o Pt 8L 25reRdancy version used

ggﬁgﬂtr@ﬂ@mﬂmmﬁﬁ @g?bt“lmagf L?gtcéﬁd (%\:?iwegﬁ?t ifGicator for indicating
qﬂgﬁ Y, S| unit i.s

i mpl'l Ci ?grttgg?ﬁgswsfﬁ%g%efpé?%?' 4%#85&%6" ijtial gansmission of the

cor russpdaigi agd val ue of the first subset. 18. The

nmet hod according to one of clains 15 to 17, wherein

the val ue of the encoded information bits in the

contYBI®IBNShEl dNeert e veldisseebihe ﬁ'@StaSW%éeéfahmendlcates the
fi r StansmiReRin &fthéakdt%ol duth GAER Behﬁn it 8 2hsSisQibnof
the protocol data unit is an 1nitial transm ssion of

t he _user ﬂata 19, The method accordi ng to one of ‘
cl ai' € Mehed ageordingdpang of lairas 18do &1, whereim thedredundancy version
i nf @F BBLISEA féH tha ihiflalt ]
representing a val lue o ﬁﬂ I? ﬁ% dtaftéoilr?1| {Hﬁﬁ‘omcm data unit is -
secd‘iﬁ%ﬂ supeeenfiguredh| ues, in case the transni ssion of
the protocol data unit is a retransrri ssion of the
use t gC to.one of clainms .

Fgg?@&hv\ﬁ%%‘?@ e %}gl Lo o\?IE?fﬁe %%]'E IcLanneaf signal is further
[ nf eemRtisiog Diseguemcet nembentfietd utditéamgl thiel §éq?heln%e number of the
rep@ﬁ&%ﬁ Lﬁ’ val-ue of the second subset of val ues,

ase t thsm ssion of the protocol data unit " is

a retransm ssion of the user.data. 48 21. The nethod

acc“aiheilmtg)lledemmaakﬂccofcammﬁo dlainh a 51 Gherdie tigd Borths cﬁhﬁﬁel signal is
Elgfontro nforrrg tﬁ?nf ield |j 0|ntla)Lt/' encode th

tr anSHSE FOPBUSHRY @ neW da @QW@WJ@J%I”GW Bg yhegher the transmission
t r agfstive tproiogoltdita PIALO &R linidat tharshiit
i ndi cator for indicating I\/\I/het her t'hsé&?%%s%ﬁéggﬁkemp of the user
t hed¥¥Pot ocol data unit is an initial transnission of
t he user data, and wherein use of one of the val ues
of THenfdifisd asttharly ©Cbndbf G2 e84 ¢
transm ssi on of th g or of ocoela({ggg%afr? ?4 \Wfﬁ%rem fhe control channel
i ni Hgnal Pftﬁﬁsﬁﬁ’@ﬁﬂ%ﬁﬁ aesoqice afisichtion diel fali ingichtingiee physical
of fahR € redundapcy ver.s

be useﬁ%ﬁ?bgr&hu{% al r%tr?‘isjrrilgsa‘sﬁegﬁw%? quﬁ%ceu\grég ﬂ'&ygrgtoco! data
i n uriteopihst pbydicataadicunisouree bi xesburtePbACHRLh B tRMsmitter is to
234 cording to claim15, wherein the
cont aﬁgﬁﬂﬁéﬁﬁ Pé‘@ d%ﬁaaf] Ps further conprising a
sequence nunber field indicating the sequence nunber
of ﬁH&empﬂmﬂom:dordia@ do Wnet of 24imsThe 1504 |\ﬁhér6fn”ihﬁa+ontrol channel
accf% Fug,[to clai.m 15 v@ereln the control channe

hey, F?WQF'S%%W? lerdgrmainakiflentdtes fielsbfior indigating the mobile

fi edrehingldbrcaigralgp whaidbae téﬁﬁnél%atﬂﬁfrb%sfdjfbc%f ﬂﬂ% control channel
protocol data unit is an initial transm ssi on
r e85 ni ssion of the user data. 25. The net hod
according to one of clains 15 to 24, wherein the

COﬁhé%eﬁbérﬁ&bnﬁh@@@long%‘taﬁh ‘Pﬁg %e%vr?er i agrcg)%trol channel

all ocation field for indicating sicalr
re§BU?U§adﬂ’ﬁé§@@ﬂﬁé$aamﬁémaﬁéd to a receiver for

recei ving the protocol data unit or the physica

radi o resource or resources on which a transmtter is.
to transmt the protocol data unit. 26. The nethod
according to one of clainms 15 to 25, wherein the
control channel '



28.

29,

30.

31.

32.

signal further conprises a nobile termnal identifier

field for indicating the nobile termnal or a group

of nobile termnals that are to receive the contro

channel signal. 27. The nmethod according to one of

clainms 15 to 26, wherein the4gontrol channel signa

is a L1l/L2 control channel signal. 49 28. The net hod
wherein in case

f 26,
he. oo e B85a8lhatedor of Aeids 15 1e i tsneinn aeke the protoco

-userdatat aackehasbat@traﬁsm@mmf&f e 'uQérord'fSPaf | {3 Bltgloq‘ the control

|nclug0?_ i ?g dllcatlngthe ype of infornmati

i ndi'¢ 'B’)‘/ Hdne e arfiaegingicating thet type @(bmfommatlon indicated by the
i nf aerrdiniag bid 6f the BBtrolTRR G ccording to one of

claims 15 to 27, vvherer?n tl’r1e E@gﬁglgort format is a

tra ort block size information of the protocol data

uni t' "&Mgthadeacsering ko pee of vlaime dhtto ar, whelremetheSﬂra]ﬂs@ort format is

furt | t f
| ﬁgld;gf?g?&?rhﬂé&gs?g? glgf%ﬂﬁéﬁ %& é‘@%%’(‘é"gg%f (I:l:%@s@dtpcqggj wherein the

al | dEe8! tC@n'trWeChﬂ]’b]ell @lgrmi rfurthér Caﬂﬂdr%@ bh%sohhl% allocation field

ste t @l nds on the i nformation
cong?ﬁﬂé%%u Nt K ﬂw a’ [ffé% "GPPYEat YofPSOrEIeS aliesatetk to the mobile
contterotinginf or rratl on f| el d 30. The nethod according to
one of clains 15 to 27, wherein the control channel
ot.ocol data packet to be a

t
fle? rgggs'#n sgﬁ@ ef)elp ‘ﬂesdé%fa%w'agmempeﬂhe irffermationapmprised in the

f ur réseurcoalbchBsfidlh and it cOhtrdl FBTRALIdN figy @ Positive
acknow{ edgenent for the received protocol data packet

if the control channel

e station,
si gﬁﬂglﬂ“%@"%é&&emge@ pBe i clqinst 1fo £7 awbaiedsitom choirol channel
t hesigagrrindighies hne Rﬂ&‘fbf'@a%s ?gc }%gé_ %ereﬁhg'ﬁlssmn of user data and

accoLdl nqg1 to one of cl ai ns
conffPP&IThghe heredfasy fwﬁherreaglrnpgsemehe r stap pof ttra‘nemuﬁg a positive

of &K@ oM&R t t in_a cont

channel  si gngr@n gc?ttﬁ%@eEY%%PFq%Pga%tﬁpﬁr%tﬁoft%? baggestation, if the
t r 2P0 shamed signetlieptassociafed: faethe r;ﬁﬂaiamﬁﬁ,&pf&fme user data
Uhenr iclssdgta unit in case the protocol data uni

is retransm SSion. 32. The nethod according to one of
clainms 16 to 18, wherein the information bits are

assUlﬁ aethbd acerding gd @neeifemmws ttf 28 nﬁhh&ncomprising the step of
ndicahl e &l LARsP g% ﬁ; .mat ~and a r edundancy _

ver Si'on? uSEdrPOft IInaT «of S PoéoGet Sabt amnitdiatigatedi in a control

as whahatlegdgrian férhwe flﬁﬁéletféds\‘rﬂséi@ﬁ W th& %ﬁ§ﬁf§tsﬁﬁj| cf))rc(ef;%ftion of the

i nfO{rmtl on bits of the control infornation
i ni'ErAISMIFSIAR nols dhey otesel déta amdnins sasasthef ptdtecol data unlt is -

pr obwemidabR packet .

The method according to one of claims 16 to 18 wherein the information bits are
associated to a single reference information mdlcatlng a transport format and a
| redundancy version used for transmitting the protocol data unit associated to the
respective value represented by the information bits of the control mformatlon

ﬁeld for initial transmissions and retransmissions of the protocol data packet.



