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METHOD AND APPARATUS TOLI NK MODULATI NG AND CODI NG
SCHEME TO AMOUNT OF RESOURCES Cross Reference to
wmedoatied6Appl i cati ons The present applicati on BCHIB2S09/005772

priority to U S. Provisional Application 61/125, 961

filed on April 28, 2008. The present application also

clainms priority to U S. Provisional Applications

61/ 048, 554 and 61/048,908 both filed on April 29,

2008. Field of the Invention The invention relates to

the field of wirel ess tel econmunications. Mre

particularly, the present invention pertains to

resource allocation in wireless tel ecommuni cati ons.
MET320biANDA PPA RAEUSRMEDINKMOBULATANGAND CODING SCHEME

industry is in WAMQW?(WR@SWR@ESQ a new
generation of fléexi € an € conmuni cati ons

t hat includes high-speed access V\,hi | e al so supporting
br oadband services. Many features of the third

Cross Befeeéindel to Rel el Applichtiohe! econmmuni cati ons system have
al ready been established, but many other features have

ylde presepieanphieation deimsmytoritia Y- ScRFefienal rzf\m%\lp}im &H1 5,961
filed o ABHESE, @gﬁfi BRSeReBRIlA LA, élﬁaisg)e?])glrt}g MG s” BRSAYiSnal

' Applicmwﬂslee/mrﬂmwdﬂlvmmsaaotmﬁlewmnvxmm Rods.| e

Tel ecomruni cati ons System (UMIS) which delivers voice,
data, multimedia, and w deband information to
Field of i IR kynas Wel | as nobile customers. UMIS is
—g'ewg'nvg—t‘o accommodat e i ncreased system capacity and
(Biednvapiahir¢latey to theffietd efwirelsss tefecommualcatibng Mgrgsarticularly,
spectrumis vital in UMIS, It is known that spectrum
the preémt IyeRMRN PEriAinSe ratuEserAllecHiang ereéwéﬂesprammaws
dupl ex (FDD) or using tinme division duplex (TDD)

schenes. Space division duplex (SDD) is a third dupl ex
Backgiquardsefi the Toventinnhod used for

The telecommunications industry is in the process of developing a new generation of

flexible and affordable communications that includes high-speed access while also supporting
broadband services. Many features of the third generation (3G) mobile telecommunications
system have already been established, but many other features have yet to be perfected. The
Third Generation Partnership Project (3GPP) has been pivotal in these developments.

One of the systems within the third generation of mobile communications is the
Universal Mobile Telecommunications System (UMTS) which delivers voice, data,
multimedia, and wideband information to stationary as well as mobile customers. UMTS is
designed to accommodate increased system capacity and data capability. Efficient use of the
electromagnetic spectrum is vital in UMTS. It is known that spectrum efficiency can be
attained using frequency division duplex (FDD) or using time division duplex (TDD)
schemes. Space division duplex (SDD) is a third duplex transmission method used for

wireless telecommunications.
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wi rel ess tel econmuni cations. As can be seen in FIG 1,
the UMIS architecture consists of user equi pnent 102

W@ iy 13be UMTS Terrestrial Radi o Access Net WoPKT/IE2409/005772
(UTRAN), and the Core Network 126 (CN). The air
interface between the UTRAN and the UE is called Uu,
and the interface between the UTRAN and the Core
Network is called lu. H gh-Speed Downlink Packet
Access (HSDPA) and Hi gh- Speed Uplink Packet Access
(HSUPA) are further 3G nobile tel ephony protocols in
tAeahibg keedpa 1 GRPActhe tUMT Saschi(ebitRAYorfs iz dfjuserTérpypment 102

(UB), tro B B taRegier ot SRBYOrADA (TR And P depge Network
126 (CIE%OKH@ T g{{ e bEMIBA e U @t}{e‘??]gr G aﬁ’l%&”lﬁlc bnd E‘l@'?nterface

I's nmeant to take even into
betweeh tield ER AN/ the CorelNsivgpke ds diabledmimr ove the UMTS nobi |l e

gﬂgnepst andar d |narc rder%etsg co P%&H\f/ar%&}%ﬁ ik Packet
fEES ?Féitpe R¥hED felt d @q qp ed Bilket Acc
Access.(ﬁ U?’%g hE ?Gg;ﬁfbﬁne agghom? ;{fbtggﬁgl/ﬂ {h%rH ess

assocl ate tht St em tect ure

(HSPAEfanhlly; i They (pBagle a @neomauvghmonﬁrylijdﬂ%NUMTSd)aeﬂbrhﬂtwoddsl
t er net rotocgﬂgéﬁ?e\% systens to efficiently transmt

allow1ng oalgglaer 11 have only use a PS (packet
%%MHWN'{EUWM Xal rﬁ&ea}@&n@gfozerc@ HahHSPA edndtlbﬁleam to

system contain 0| ce net Prot ocol
take 3 éxcehﬂ?,\rthdr dito tiafuton. ERAIRAN TEdesigneddo iroprodre ithe GIARS Mgbile
36 (Vv8.0.0, l\/arEh 2007 Evol ved .Uni vers IU .
phone ShkRBLIPrATdi AP OVAL S AR eI o U TRAN s

ﬁequenﬁ&ﬂcﬁ&ﬁ@& by Blelte LbAg TERS! EQolﬁ@i%ﬁ‘ %ETB?taﬁ@ ‘i%l&ﬁa%gﬁw with

eral | description; Stage 2 (Release 8), which is
terms likn Gastpmrza\ncbdedmeeﬁwlm;onr(éﬂér)e@n@tanrgf:t iof EUSIRAN s 50 enable all

T YD R G PRSI NER N
PS (packeP&FithedYddmdi FiN dige sda¥d EllsOVeE fihd dy@Rm will contain Voice Over
Internet Protocol (VoIP).

Information about LTE can be found in 3GPP TS 36.300 (V8.0.0, March 2007),
Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial
Radio Access Network (E-UTRAN) — Overall description; Stage 2 (Release 8), which is
incorporated herein by reference in its entirety. UTRAN and EUTRAN will now be

described in some further detail, although it is to be understood that especially E-UTRAN is
evolving over time.

The UTRAN consists of a set of Radio Network Subsystems 128 (RNS), each of
which has geographic coverage of a number of cells 110 (C), as can be seen in FIG. 1. The
interface between the subsystems is called Iur. Each Radio Network Subsystem 128 (RNS)
includes a Radio Network Controller 112 (RNC) and at least one Node B 114, each Node B
having geographic coverage of at least one cell 110. As can be seen from Figure 1, the
interface between an RNC 112 and a Node B 114 is called Iub, and the Iub is hard-wired
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The UTRAN consists of a set of Radi o Network
Subsystens 128 (RNS), each of which has geographic
w@onenssge’ of a nunmber of cells 110 (C), as canP@EIBRE@&N05772

in FIG 1. The interface between the subsystens is
called lur. Each Radi o Network Subsystem 128 (RNS)
i ncludes a Radio Network Controller 112 (RNC) and at
| east one Node B 114, each Node B havi ng geographic
coverage of at l|least one cell 110. As can be seen from
Figure 1, the interface between an RNC 112 and a Node

rather tBarl Being an alintedfadeu tFor anylNotie Bl 114 thare isionlywine RNG1b2r A Node B

. than beipng ap air interface. For any Node B 114 r
114 is 5egpgsible R EAGREARTRSSIAN @cwtﬂWO.agldrfr@gbuwsd%|19521§P§eB
s AR 5 880 850 BRALERY A0 O e
112 ha©ovepaleé @itmid by thetlogieslresausdels lo€ edl(rhd‘éd)deolh 414 withén RREGRNI 228, and
has overall control of the ]ogical resources, of each

the RN(oHi2 ipalsq zesppisibls %léalﬁﬂrserﬂzsmoalﬁ J'hicheentabsvyitehing a galt fom
one celg%s%%ﬂﬁk B ﬁet(x@r:? F@ﬂggﬂﬁhelg?ﬁ: IsQRs cufii ch entai

ching a ca rom one ce t o anot her or between
NAafiMTS ratio aktsvorks, a AEE sansuppett multiple ldMTl&atlads of different qualities

net wor ks, aUE ca p It| Ie, ppl | cations of
of servige ryrgtingsimgiiangauskys T fhe 3‘44&9 R¥eTy mp?ng% chanpels Gan he
p
multlplgk‘?cf 113% J}% e, o Séﬁﬁhl}éel Lﬂﬁg lrt1$p hﬁ%ﬁg ﬁe%ﬁtrh&b@trafﬁc from

logical tchamep;as prochssad ehd sart tcd&felphgsmalvlayaraﬂhe basﬁc dama Iunglexehanged

berweerMADaR oA ToHeF i CHER AoCan P ISRk KRB 1A compéredat an

RLC Ph&V&Ld 4 SiA@héRer. ThRin @ﬁb?ﬁﬂr&f tiO&Hled TR traﬂshnés?on time interval
conposed of an RLC PDU and a MAC header. During a

(TTD), mcuabttamﬁpottlhmks ahd eoint bthet pamsweiessire rqiehvared tcntlhe phgdical layer.

e oy SPeit, a Bt o g s CE 2 i et SETowes O signifies the Long

Term ]ﬁ%ﬂﬁfoﬁkt’fE? PERKENITRANCE Gisists dHeNBYQELETRAN Nbde BY, providing the
upper | ower case signifies the Long Term Evol Uti on

E-UTRA T4ey plailih éREC(MWHUI) gng centol pBRRE) pTeodo] terden®jons

towaraf BRATE] 38 S iy ) BB oetie® Bt Wi BT g e

conneckd@-vid g2 3eN\Bs i nterf ace t o t he access gateway (aGWN via

the SI, and are inter

An example of the E-UTRAN architecture is illustrated in FIG. 2. This example of
E-UTRAN consists of eNBs, providing the E-UTRA user plane (RLC/MAC/PHY) and
control plane (RRC) protocol terminations towards the UE. The eNBs are connected by
means of the S1 interface to the EPC (evolved packet core), which is made out of Mobility
Management Entities (MMEs) and/or gateways such as an access gateway (aGW). The S1
interface supports a many-to-many relation between MMEs and eNBs. Packet Data
Convergence Protocol (PDCP) is located in an eNB.

In this example there exists an X2 interface between the eNBs that need to

communicate with each other. For exceptional cases (e.g. inter-PLMN handover),

LTE ACTIVE inter-eNB mobility is supported by means of MME relocation via the S1
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connected via the X2. An exanple of the E-UTRAN
architecture is illustrated in FIG 2. This exanpl e of
wE2009ReMeToNnsi sts of eNBs, providing the E- UTRECT/EE2009/005772
pl ane (RLC/ MAC/ PHY) and control plane (RRC) protocol
term nations towards the UE. The eNBs are connected by
nmeans of the Sl interface to the EPC (evol ved packet
core), which is nade out of Mbdbility Managenent
Entities (MVEsS) and/or gateways such as an access
gateway (aGW. The SI interface supports a
interfaceany-t o- many rel ati on betvveen MVEs and eNBs. Packet
,lﬁat Conver nce Pr ot coI zlrls | ocat ed n eNB.
TR B Ophonich s e eshngs TanREs et fais s control,
radio aarnﬁs@h'@émwlaéorﬁ@a;bntlﬁommmﬁ Al nithn Icfhlﬁ)agttbrp&fffegom&e&o UEs

exceptional cases (e.g. inter-P handover)
in both AplTk/and divenlindNBelobon df ymobilgy pmag&mlerbynma(hﬁvlﬂﬁ at\iVE
relo atlg via the .Slinterface. The

attachmepf, s¢hedy trapsmission.of RagHig RESHEST ‘é%‘é‘ﬁ d?rrogaﬂﬁ MME),

schedut [t RRidsRn oﬂb%’dd@aﬁ‘i’ﬁ?oﬁﬁht%h %hfa&ld fré&R AREVIMP Br O&M),
nmobi ity control, dynam c allocation of resources to

and meddBsermnent od meaglremlznta’nﬂordogmbmﬁmyratlwefoe otobdity ahd acheduling. The

vavs Rt e TR SePl! ElfongTrRLLGRREEA ot s,
securityk &j’n'tr%l NAhestek COMpidGon i enctGREALAS user @a%jsﬁéfaﬁﬁs fErBHafibn of
of brdadcast information (originated fromthe MVE or

U-plan@)adkets domipagingsignsoms switohingnefdd planedon supppis of U‘Egmoblllty, idle

state migBly R} SSRe AR Gesutery R ST PetE oot i ek

and intddRBy PHIEESAJGBAS SghdimgeNBs, security control, IP
header conpression and en $)(%Cptl on of user data

dncoeporated hetiein indtsieptiraty iU H-dANPHER 159, Rb107§&@2 wghens,

Gresce SERRP0 - A0, P8p0% 557 bR BleP YBRAL Blsybfions ~ 1 rant
#50 hel@Vif Rithepis! MAsy &é@hptibrelabARD BAROESi g &i PUSCTH were agreed

ci phering and integrity protection of S signal ing.
upon.
= Data and the different control fields (ACK/NACK, CQI/PMI) are mapped to
separate modulation symbols. Here, ACK stands for acknowledgement, NACK
stand for negative acknowledgement, and CQI stands for channel quality indicator.
= Different coding rates for control is achieved by occupying different number of
symbols
* The coding rate to use for the control signalling is given by the PUSCH MCS. The
relation is expressed in a table.
= A table links each PUSCH MCS with a given coding rate for control signalling,
i.e., the number of symbols to use for an ACK/NAK or a certain CQL/PMI size.
Also incorporated by reference herein (in its entirety) is 3GPP TSG RAN WG1, Meeting
#52bis, R1-081165 held in Shenzhen, China, 31 March — 4 April 2008. Also incorporated by

reference herein (in its entirety) is 3GPP TSG RAN1#52-Bis, R1-081295, Shenzhen, China,
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I ncorporated herein inits entirety is TSG RAN W&
#50, R -073842, Athens, G eece, August 20 - 24, 2007:
wO bimbas34bT om upl i nk control signaling di scussiPEBEIB2066/005772

RANI #50 held in Athens, many assunptions related to
control signalling on PUSCH were agreed upon. Data
and the different control fields (ACK/ NACK, CQ/PM)
are mapped to separate nodul ati on synbols. Here, ACK
stands for acknow edgenent, NACK stand for negative
acknow edgenment, and CQ stands for channel quality

March 3 hdiAgpail ¢ 2008 ‘RésuesetProvidiongfor BLdSorfteal i BUSLH.” iThe

. ,achi eved, by occupyi di fferent. r . synbols The
multipleng 6scpgf%aleqyed€% fgxgpertshgrpeg WW?&&Z%”ISI %_g is given
Ry t h%cﬁ?‘-ﬁx@ﬁ%ﬁ/ﬁ@sciﬁ%e% ehAdanR mbSulSXeH ] ﬁﬁg a5 Batd on PUSCH

t abl e. tabl e I'inks each PUSCH MCS w a given

eodi n§emisatitaly cafignred «fsgrizdtvesngthe idate. MCShaad thedrele rate of

of synbols to u for CK/'NAK or a certain CQ/PM
the congrplzggnrggangés ?HP&!&?Z@@*ZP%@&@ reference herein (inits

gntir LS %i\lv . DYRSibd WHethaRlRipld dirseiel

S05 noest ft‘ﬁﬁssﬁgﬁﬁﬁg‘ﬁg m%l\,@ss T MBrch - 4 Apfil- 2008,
needed Algs ovhien eniltiple a¢reiteb ithefifferentQuéléy of Berviae (QoS) are time

.entirety) is 3GPP TSG RANL#52-Bi s, R -081295,
multipleedaz hen, China, March 3 1 - April 4, 2008: "Resource
Lt 15y §RR56PAddrBss IR 1ink HRE PUSICEH M hftflamount of

: eggir(lﬁgg%teg@govébwas ?urt%ér Sshar pehed In RANI  #52bi s?moun °
resourceX for evhtral onFRISEH uerdow tregusaargeanndiitianti pualitycfoenplids(UL)

dat a, on PUS Sem - i.cal confi gured of fset
control gl PR HBleXe AT 1 OF e 1D SOTAIL oM Bgh pree o be
taken iﬁh%&luhf‘@zhb&al?&%h?%s&rﬁ’cé& ot dsignRxt steps: Define -
the offset values. D scuss whether nultiple offsets

are needed e.g. when nultiple services with different
1. COI%O?lchMePaua%%;VI ce (S) are time
= ACK/NACK and CQI have tight requirements in terms of B(L)ER performance

= Re-transmission cannot be applied with control signals due to delay requirements
2. Data dominance
= Data quality defines the operation point for MCS selection and PUSCH power
control
* Control channels must adapt into the given SINR operation point
» Information about the symbol split between data and control must be pre-known at
both ends of the radio link in order to perform correct rate matching/de-matching
and encoding/decoding operations for different channels
3. Different B(L)ER operation point
* Data channel utilizes Hybrid Automatic Repeat Request (HARQ) and Link
Adaptation (LA) whereas control signalling benefits neither from the fast link
adaptation nor the HARQ

* Channel coding
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mul ti pl exed. The existing technol ogy does not address
how to |ink the PUSCH MCS and anount of resources for
weomwbnad46on PUSCH, or how to guarant ee suffi ciBCL/1B2009/005772
quality for uplink (UL) control signals when
mul tiplexed with UL data. There are certain issues
whi ch need to be taken into account when all ocating
resources for control signals: 1. Control channel
quality ACK/ NACK and CQ have tight requirenments in
terms OAB(L)ER performance Re-transm ssion cannot be
appbate dhaidehhasohirbe koding aad mudhb ¢éarger cddingyblockogize enent s
2. Data dom nance Data quality defines the gperation,
Boi Gentred chapms! has relafively small cpdisbiqck size and smelen coding gain
Contyr jnto the given SINR
opnga |oﬁ&%i§:}%8%?%?tnaﬂ%gﬂing out the synbol split
bet ween data and control nust be pre-known at both
ends of the radio Iink in order to performcorrec

There iy ggsentiadly 10 piipr @e-avaathe fry detadled selytpmpior dieqapblgm described

sove. RO R TRO IO A o S

data M@StlerbtHovReptdrte e qevasil didd8Ritagasdn therdoldibairedented in R1-
(LA) whereas control signalling benefits neither from
081295; er examplei nk adapt ati on nor the HARQ Channel coding

. h ‘ c0di a||r£H1 arger coding
Useg%% %{ﬁlg iﬁ;&g@&é@@%@hgﬁgﬁﬁﬁ@%@@ ?e at% Fk\giel y smal |l code

s Usddse Gilncsion g op?Q,(canetel combimedi wigh gai offsepafamiédery has only

repetition_ codjng) .

» "Un-defined" relationship between Data MCS and size of the control channel

*  No performance results are presented in R1-081295 to show the feasibility of this
formula.

These disadvantages require solutions in order to adequately solve the problems described’

above, and guarantee sufficient quality for UL control signals when multiplexed with UL

data.

Summary of the Invention
The present invention is applicable in the context of the E-UTRAN (LTE or 3.9G).

However, its principles are not limited to such an environment, and instead may also be
applicable to various other current and future wireless telecommunications systems and
access technologies.

An embodiment of the present invention relates, for example, to the UL part of the
UTRAN long term evolution (LTE) which is being specified in the 3GPP under the Rel. 8
Work Item, and also relates to resource allocation for non-data-associated control signals
(such as ACK/NACK and CQI) transmitted with UL data on the PUSCH (Physical Uplink
Shared Channel). Data non-associated control signalling can be multiplexed with UL data by

means of time division multiplexing (TDM).
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There is essentially no prior art available for
detail ed solutions for the problem described above. R
WO 0@912R67 presents a fornula to determ ne the BCHEB2069/005772
control region based on the data MCS | evel . However
there are several disadvantages in the solution
presented in R - 081295. For exanple: Useless term
Kc (can be conbined with the offset paraneter)
Usel ess function, 1og2(), (can be conbined with the
of fset paranmeter) "Un-defined" relationship between
Dadlad G theenste einy mvehitiorhis acnethod hnddppareshis folbinkage between

Physicd Rlink renirehGhamel (BISEHS Meatlgoiand Cosinedhetie MCY) and
amountddf‘:t@&\(]t?%g ?&'ec%gfrsgéﬂ PEsed. U.I\i:c%‘?ﬁgg 20 Qerrglgﬂ ethBodiHRANIFh/ present

sol ve e problens described a and guar ant ee
inventisnfafrhedhenismouma/drtfyrniula atdl presenteddbr sialjingtte anhemt of control

o AR T Bb8re ST ke 5 ST esion
for conFPhrrﬁ?@fgL (ﬁda]—i’l?y gf;]thé c9fttol HRNYRY Cfhis Al GwePHok i Rlaphtiah Bf §dlity of

0 su an environnent, and iInstead may al so

UL contre] sigpdlingahloeder do umet target oiqueementsr ent and future
wi rel ess tel econmuni cati ons systens and access
t echnol ogi es. An enbodi nent of -the present invention

Briefﬂe@k;ﬁ#ﬁén Pigemgg, to the UL part of the UTRAN | ong
which is being specified in the
FiRPe Lisblews ¢ BARAEN neBvatbr k [tem and also relates to

EFarhpeLRRLLE SR and O0l) tranem tted w th UL

18- 08 et S Rl e

Figure fIshoesifonr diffapentabwdipents of symbol space for discontinuous
transmission (DTX) and ACK/NACK.

Figure 5 shows linkage between PUSCH MSC and amount of resources for control on
PUSCH.

Figure 6 shows CQI/PMI on PUSCH using the same modulation scheme as data on
PUSCH.

Figure 7 shows how amount of control resources vary according to the CQI quality
target.

Figure 8 shows different BW options performing almost equally.

Figure 9 shows the 2RB case which is the most important case with persistent
allocation.

Figure 10 shows decisions regarding control signaling on PUSCH, and open issues.

Figure 11 shows a proposed scheme according to an embodiment of the present
invention.

Figure 12 shows offset_dB with BW allocation.

Figure 13 is a BLER example.
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means of tinme division nultiplexing (TDM.Included in
the present invention is a nethod and apparatus for

wo povkaspaebet ween Physical Uplink Control ChannedT/1B2009/005772
(PUSCH) Mbodul ati on and Codi ng Schenme (MCS) and anpunt
of resources for control on PUSCH. According to
certain enbodi nents of the present invention, a
mechani sm and/ or fornula are presented for scaling the
amount of control resources (CQ & ACK/ NACK), allow ng
for flexible adaptation of the size of control region
Figure bhliosts iungerichkevajues! fot yifadt witheBICER tdatal lesshbamé0%.

This allows for the adaptatjon qof ity .of UL
e by Sha Rmarisal Yalpes T’OJ{T@W@%‘(%&@ less than 50%.
| ' - B iff LNl Foegur e
R L TR il v o i R LR R 1
Riguld 1 2showsenuntergral eal @esshowiset ytht BIalER datat lpsstthan 20% and
paramet ers. of proposed resource allocation schene.
BLER_ﬁ(Hd?Sétha‘b@\%s four different enbodinents of symbol

ra Qinsh A r AU cAINaRE ssion (DTX) and
g@?ﬁtﬁcﬁa Fi guér}g 5s ovvg Iiﬁ%age bet ween PUSCH MSC and
Riguoen19 ddscribesoaspeds of ognalmgt r ol on PUSCH. Figure 6

hows_CQ /PM on. PUSCH usi ng the sanme nodul ation
Elﬂ#‘é"n%o B%tsaggeévaé’ﬁ’n&usm Fi gure 7 shows how amount of

i YA DTREeRHbAY to the CQ quality
?gg%{e?i d{:sigégﬁlﬁgﬁghoms di ffé:?igﬁt BW opti ons perform ng

Eigmesfi prpwalel gimHatgen sss@mptionss t he 2RB case which is
H]geurgg tshoiwrgpc%rn r% éha%ralglepe%o%agcee[ Ekﬁts ?srl]ltortgtlexl'm Cv%}tfl %I BLER
equal to 10%. ’ |

Figure 24 shows control channel performance, 2RBs (short-term) with CQI BLER
equal to 5%.

Figure 25 shows control channel performance, 2RBs (short-term) with CQI BLER
equal to 1%.

Figure 26 shows control channel performance (short-term) performance comparison
for different PUSCH BW options.

Figure 27 shows control channel performance (long-term).

Figure 28 shows RAN1 Status.

Figure 29 shows a proposed formula to determine the size of control region based on
data MCS.

Figure 30 shows offset_dB which compensates for the performance difference
between the control and data channel.

Figure 31 shows size of the control channel (short term).

Figure 32 provides numerical values for offset (short term) with BLER data less than
20%.

Figure 33 shows numerical values for offset (short term) with BLER data less than
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Fi gure 10 shows deci sions regarding control signaling
on PUSCH, and open issues. Figure 11 shows a proposed
wa@edvenss4arcor di ng to an enbodi nent of the preskCI/IB2009/005772
invention. Figure 12 shows offset dB with BW
allocation. Figure 13 is a BLER exanple. Figure 14
shows nunerical values for offset wwth BLER data | ess
than 40% Figure 15 shows nunerical values for offset
with BLER data | ess than 50% Figure 16 shows
nunmerical values for offset with BLER data | ess than
40%. 20% Figure 17 shows nunerical values for offset with
BLER data | ess than 20% and BLER | ess. than éO%
Fiiguis & SROWSMENEEHUAYCTOr ATRRE(PRoal tevn) with BIARdita logs than
50% descri bes aspects of signaling. Figure 20 lists
" observations. Figure 2 1 describes inproved DTX
FFehee BS showdhghigrical alpesofor dffSetshoe tthpwith Bl IHRptata bess than
Fi gure 23 shows control channel performance, 2RBs
20%. (short-tern) with CQ BLER equal to 10% Figure 24

- f TR -f ermn
W@%&%{nesual %thlc?ﬁgé}o&ﬁ gurgeSZ'éﬁggéé\}}s%ptggxtr?tl)E ol
Fhane 8 shewrd numarivabyald&Bor offbal 2RBe(lohg wirinhh CQ  BLER
equal to 1% Figure 26 shows control channel
BESUTS A BaRRES ¢GBISIONEer ) per f or mance conpari son for
di fferent PUSCH BW opti ons.

Detailed Description of the Invention

A preferred embodiment of the present invention will now be described. This is
merely to illustrate one way of implementing the invention, without limiting the scope or
coverage of what is described elsewhere in this application.

This embodiment of the invention provides a method and procedure to determine the
size of the control signal region with a number of pre-defined input parameters. This
embodiment of the invention contains an algorithm that utilizes those parameters as an input.
The goal is to standardize the method and procedure such that both UE and eNodeB would
utilize it.

Another topic covered by this embodiment is the arrangement supporting the
enhanced DTX detection of ACK/NACK at the eNB. This is achieved by means of special
ACK/NACK dimensioning.

Generally speaking, a DTX situation relates to the failure of DL resource allocation
grant. When DL resource allocation fails the ACK/NACK(s) associated with the PDCCH is
missing from the given UL sub-frame because the UE has missed the DL allocation and
therefore has no reason to include an ACK/NACK. If existence of ACK/NACK is not
signaled in UL grant, the Node B cannot know that the ACK/NACK is not present and may

therefore interpret the reception incorrectly. The performance of reception could improved,
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Fi gure 27 shows control channel performance
(long-term. Figure 28 shows RANI Status. Figure 29
wW@e bawa3repr oposed fornmula to determ ne the si zeCDIB2009/005772
control region based on data MCS. Figure 30 shows
of fset _dB whi ch conpensates for the performance
di fference between the control and data channel.
Figure 3 1 shows size of the control channel (short
term). Figure 32 provides nunerical values for offset
(short term wth BLER data | ess than 20% Figure 33
if the esRetBe AR bitdd sigmdledi UhPUSCH dh the bmitéxt o€ i} stotly,Rwe refer to
BLER datap&ess t han40% Figure 34 shows nunerica
this sigpalling as PIX Ygralle- (short tern) with BLER data | ess

(]lsi‘%g)ra? Q@c%ogﬁf§ ﬁ&%}_a@&ﬂ@h@ gﬁg So'gﬁ? ntY@igéﬁn ];l:soirllugtfrgtgi n FIG. 3.

The pl‘bpoétdiwﬁlﬂ:fe)alleéatmmmhema torthins Edemiastaties m;ﬁﬂRBSraﬁﬁMﬁ tignalled
ure_ 37 shows nunerlcg, values for offset,
s

via higltzqirggn})/e?ﬁ ;ﬁgett_éBmvmchllﬁmeéluglgtysqﬁ nee-betwveey the given control channel
and Pl@?b}?glltg gh&x%f Pﬁ t(Ie\lL g’?lecglfé% %ﬂ%lqlrl]l\lrll{eb\r%? IBI(: %&%@F&Bﬁﬁlﬁ)ﬁlﬁd&or the given

controld;@ﬁhn@ 8te) TThs siatic imgyue pyratmeters (U daatMC8nspeskic) afe: codlng rate
he invention, without [imting the sco

(CR) ob gV ER I S b o HHng (s 3D ber Muad e om which 1 (e
numbeg%cggédd B/ yHHo%‘ £R9Y &ﬁggﬁst t® AJ\ZIV&{GAR/H B AR5 UL

proc dure to er M ne
data MCS. The output parameter, Mctrl (i.e. Meut), is the number of control symbols/TTI for

a certain number of control signaling bits (N).
Mctrl relates to a given modulation and coding scheme used in the UL. An algorithm

to calculate Mctrl, can be illustrated as follows:

CR
M Mod

arl = | T _ofet_dB

10 10

N

where the fraction in the numerator is the number of (coded) bits/resource element (i.e.,

symbol) for the given data MCS, and 7 is the ceil operation, which rounds the elements of

can be also

the nearest integers, towards plus infinity. It should be noted that the term
Mod

expressed using the following parameters:

PUSCH
K USC.

e number of input bits K.

(number of transmitted bits after code block

segmentation)

10
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size of the control signal region with a nunber of
pre-defined i nput paraneters. This enbodi nent of the
W0 pooensi4eon contains an al gorithmthat utilizesPeBe09/005772
paranmeters as an input. The goal is to standardize the
met hod and procedure such that both UE and eNodeB
woul d utilize it. Another topic covered by this
enbodi ment i s the arrangenent supporting the enhanced
DTX detection of ACK/NACK at the eNB. This is achieved
by means of special ACK/ NACK di mensioni ng. Generally
o SREERYNGY B I 6t ikt ONsubCdaRli€rs péﬁdbﬁﬁmfedtb}r?‘fng Paf Sl
resour ce &f | ocati on grant. When DL resource allocation
fraultiplitdBy deHuMNEKO S C TN SinstsblytdriyiddPUBDEAGH i s
m ssing fromthe given UL sub-franme because the UE has
m ssed the DL allocation and therefore has no reason
Thi l%g i ncl udebean Aé(g‘,K/ CK. If existence of ACK/NACK is
is relagonshin can be FXPRCSEyd 45 ant | the Node B cannot know t hat
CR t herubBK/\NAGIK | s not present and may therefore
i (9P he reception incorrectly. The performance
M, of réﬁpéf)cf’i on could inproved,if the existence of AJN
bit is signaled in UL PUSCH In the context of this
study, we refer to this signalling as DIX signaling.

. . : L : o
AP IO XL S T Pen s B ot DT

signalinigg@@ursuch ad 1 bitatidlodedsiaidngrantris actseseat in tiesatdses, it is possible
i nput paraneters. si gnal | ed_vij

hi |, S:
to always resge Mtrl wmbalsiand trapsmgiy M‘S& %ig?hﬁé P%‘%é Zﬁlg SYRY $PR¢fe
i . and N
Howevl, Wil G0RA! oS ABBRELY Rflc B Oe i BotiEad, 00 N

@inearayco impraive D TK deientor ispe defindlthe contaoli sigriahipg size such that a

ar anet er ta -specific re. coding rate
certain ?ﬂ@p@eroqf @éwﬁgmbﬁﬂa ‘ﬁaYéﬁsﬁ?%a\éq%- ?B? 5@? ca by pregepjed as
followsvirod (i . e., Mwd)which is the nunber of uncoded

%its/symbol [2, 4 or 6 with QPSK, 16QAM 64QAM for

the given UL data MCS. The out put paraneter, Mtrl
(i.e. Mctrl), is the nunber ofcﬁo trol synbol s/ TTI for

N -
= max( _—mﬂi"f—"‘;’; ,K)

10 10

M

ctrl

where K is a predetermined number, e.g., 8-10. This number is selected in such that it will
provide sufficient DTX detection performance while maintaining reasonable control
overhead. The procedure is such that in the case when ACK/NACK is present, then the
number of A/N (i.e. ACK/NACK) symbols is calculated based e.g., on the equation above. In
the case when ACK/NACK is absent, then K symbols are still reserved. In these cases, UE
can signal either NACK or DTX. Benefit of this arrangement is that control overhead is
reduced and, at the same time DTX performance is always guaranteed.

An embodiment of the present invention can be implemented by means of

functionality shown in FIG. 3. In one of the preferred embodiments, both UE and eNB

11
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a certain nunber of control signaling bits (N). Mtrl
relates to a given nodul ati on and codi ng schene used

WO poobhas46).. An al gorithmto calculate Mtrl, CBEI/B2009/005772
illustrated as follows: CR N- MMwbd art = -offset _dB
10 10 where the fraction in the nunerator is the
nunber of (coded) bits/resource elenment (i.e., synbol)
for the given data MCS, and r 1 s tne ceil operation,
whi ch rounds the elenents of CR the nearest integers,
towards plus infinity. It should be noted that the

containlted SinfeafunboraligooMybide 81qrle The dldﬂlsdd’@mﬁﬂseé C(ll) eNBmi@ﬁnes the
araneters: nupber_of input bits K SCH (
offset_dB;{RbeNBrsigmalsiafisetiBaarameier t@ﬂb% REq &R Pélﬂﬂéﬁ’f Mctfl and

v R L3R sy PSS e R i s

ona pr@ﬁet&&ﬁ%a&%ﬂ’(ﬂﬂ%éﬂéMhﬁg M?iti$@hﬂ réboives thel gtvérnesinopsignalling
type uséggwgter}weréngg%%?gn&sts (s?r%%g{_s') loc-ell-tecFl) %ggslasrg%gte%mﬁle%i\ﬁacseg !

In another embodiment, the offset_dB is defined separately for different PUSCH
bandwidths (or preferably for a group PUSCH bandwidths). An example of this is shown as
follows (two groups):

» offset dB_1 for BW < K RBs (K is a pre-determined number, €.g., 5)

» offset dB 2 for BW =K RBs

In yet another embodiment, the offset_dB parameter is defined separately for different
MCSs (or preferably a group of MCSs). An example of this is shown below (two groups):

= offset dB_1 for QPSK

= offset dB_2 for 16QAM and 64QAM

In yet another embodiment, the offset_dB parameter is defined separately for different
service types

» offset dB_1 for delay critical services

* offset dB_2 for delay non-critical data (low HARQ operation point)

In yet another embodiment, the offset dB parameter is defined separately for different
control channels

» offset dB_1 for ACK/NACK (N=1 or 2 bits)

»  offset_dB_2 for CQI, N=5 bits

» offset dB_3 for CQI, N=100 bits

In yet another embodiment, a safety margin of X dB is applied on top of the offset_dB
—parameter.

With regard to signalling, an offset_dB -parameter is signaled via higher layers (e.g.,
RRC signaling). An (initial) offset_dB related to ACK/NACK can be part of broadcast

12



Mbd K bi,s Inproved DTX detection can be acconplished

in a situation where the explicit DIX signaling (e.qg.,

w@ /138671 bit included in UL grant) is not prECEM2009/005772
these cases, it is possible to always reserve Mtrl

synbol s and transmt NACK or DTX using this synbol

space. However, the problemof this approach is the

excessi ve control overhead. One way to i nprove DTX

detection is to define the control signaling size such
that a certain nunber of ACK/ NACK synbols are al ways
signalirige Fefsigeht Ule(ied éltose having nprdgaamicalUBgrdmlabaileble) Cih have

MMctrl = max(,.Mod -offset dB ,K) 10 10 where Kis a
offset_qf3 parameterinfdefich i resuree allggation efeRt s nunber is

g\%kl?&%ﬂ tb 'ﬁeﬁ#l?i%ntot?%ffsétt dl?owaluep{u?é(ﬂlggdiﬁllém ofthé gtes%)ﬁ'lvention

et'ection performance while maintal ning reasonabl e
includes @ nietidd whereineahel offddiedB isodedthed acésdiag ehithetfallowingtprecedure:
case when ACK/INACK is present, then the nupper of A/N
5 Block porRann@RLARRS Ly dasorinmel CupElAROLt |abebing ycertpnumber
., 400 F OShtRP e, HnlifedGRRe, Wath AHHMEE . 118%); f
(e'g’4%%’§§f%%§%t% sy 8“3% fé’ﬁ‘geds?ﬁ)le? reserved hi thes‘g ind an
offset_dBsalae whichosatisfésghajuaity beteriblKichiis dXitidBenakkifor the offset_dB
this aryang nt is that, control overhead is reduce
-param@%(maa{tdepﬁ@e dshan fher@)emvenﬁéwemﬁaﬁééa} & ﬁ}%%rof?le%E
speed) SR YeqBilated as a default offset dB parameter at the NB; and increase/decrease
10 the offset_dB value based on the measured data/control quality.

Various modifications can be made regarding the DTX issue, while remaining within
the scope of the present invention. Now, two novel embodiments will be described; let us
call them Option 1 and Option 2.

If no ACK/NACK to be signaled on PUSCH, then Option 1 involves always reserving

15 K symbols. However, Option 2 involves always reserving L1 symbols, L1 depending upon
the data MCS and another offset_dB —parameter (offset DTX dB).

CR
MMod

~offset _DTX _dB

10 10

N-
Ll=

If ACK/NACK is to be signaled on PUSCH, then Option 1 involves using L2 symbols
20 tosignal A/N. Alternatively, Option 2 involves reserving L3 symbols to signal A/N, or using
Mctrl symbols to signal A/N.

L2 =max(M_,,,K)

ctrl >

L3 =max(M,,,,L1)

13
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An enbodi nent of the present invention can be

i npl emrented by neans of functionality showmn in FIG 3.
whpooonss46f t he preferred enbodi nents, both UE BemIB2009/005772

eNBcontain the sanme functionality to define Mtrl. The

nmet hod conprises: (1) eNB defines the offset_dB; (2)

eNB signals offset _dB paraneter to the UE, (3) UE

cal culates Mctrl and transmits the given contro

signalling type using Mctrl resource el enents

(synbols) located on a pre-determ ned places; (4) eNB

calculates Mctrl and receives the given contro

Si naIIing type using Mctrl _ resource_el enments
(s bt embeditianicef the nyepfion isemeHereB T ansebCKANACK share an

anot her, [ ffset i fined
overlari D floaf SoRE ATRIMALKS el st Sk fllpe tan DTX 2
shown B{ EIGI 80! 9r,/DTXANACHUWanRIdHE: haRshk 8ihiBol sphde, 8XsHtRiitin FIG.
of this is shown as follows (two groups): offset_dBJ

4B. for BW< K RBs (K is a pre-deternined nunber, e.g., 5)

f f dB 2. f = K RBs.| '
Pt pioedinth of Wedpisnid iydhe Wherf BEK AR BFEPORATK have non-
overlappiref Shdl spdcSS ACK/NNCK @b ey viiligé aiffer&ft sMab6) spad¥ithan DTX,

exanple of this is shown bel ow (two groups):

as shovaf indhG. € .| DT &/N&EEKcanostilizettheiRnre syorbol sigard whide S4&awilizes
. I.n t. anot her, enbodijen the of fset_dB parameter is
dlffere‘&esyﬁglospgg%ﬁgn]i’(’e‘m/lnf_d%ﬁ'd‘fl?*f erent service types of fset

IBDITXf 2d AEKAYACK KdvedonSseMhsifitg syphbsl 8pacdBDZ X @in be signaled

delay non-critical data_ (I ow HARQ operation point) hi
simultapeeushnwith &Y' Ne fdtsanatinigly, B Re isofot signalgd ipthepaes when 4/N is
transmgﬁ%fined separately for different control channels
fset dB | for ACK/NACK (NI or 2 bits)

The present invention provides a robust scheme to size the control channel for
PUSCH. The method is applicable for both non-persistent and persistent cases. The method
is applicable for all kind of control signals (ACK/NACK and CQI). The scheme works in
different operation points and in different PUSCH bandwidths. The signaling need is
minimized, and DTX detection is improved with reduced overhead.

The invention includes a variety of concepts, some of which can be briefly described
as follows. It is to be understood that the following concepts can be further combined with |
each other in any multiple dependent manner, without departing from the scope of the
invention.

An embodiment of the present invention includes a first concept which is a method
comprising: providing a plurality of substantially static input parameters; providing a plurality
of signalled input parameters; and determining from said substantially static input parameters
and said plurality of signalled input parameters an output parameter indicative of a number of
control symbols per transmission time interval for an amount of control signalling bits,

wherein said output parameter relates to a modulation and coding scheme for an uplink.

14
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offset _ dB 2 for CQ, N=5 bits offset dB 3 for CQ,
N=1 OO bits In yet another enbodi nent, a safety margin
woboox188B67 s applied on top of the offset dB - pRCHEDE 005772

Wth regard to signalling, an offset_dB -paraneter is

signal ed via higher layers (e.g., RRC signaling). An

(initial) offset_dB related to ACK/ NACK can be part of

broadcast si gnaling. Persistent UEs (i.e., those having

no dynami cal UL grant avail able) can have offset_dB

paraneter included in the resource allocation grant

Wi émbedimest dfahélplebdtit inventioh itlideet seddndabotiéept,amhich is the first

enmbodi nent of the present invention includes a nethod
concepiybeisithsaicdetemiging OJ thg eutpetfpaFsaetelcBRIaY hy ceibopgsation on a

quantltg ﬂ#alt % "g%ﬁ gl 9{@&95%%18&%f %51[11%1 S1 aﬁl&étﬁi’s@lugﬁ%&%y a coding

cert

rate dl\ﬁdlé&)lﬁya ﬁﬁnﬂenofﬁﬁ%ded%@eﬂﬁyﬂlﬁmt r 0| channel is limted
into a certain nunmber 1099 ; find an offset dB

v erebegiment ofthe Brepey u@\f?@%aty idlydes athirdeengeptymihich is ghe second
f
concrf LAl L n b OBl PO B AR i
parametdtgnnel profile, UE speed) and can be tabul ated as a
default offset dB paraneter at the NB; and

ﬁ%mh@@m@a&qféla%greﬁm inyfention ingdes p feurneengepiivhigh is an
oppars IS SEHER12h205 0Ll bl O LR S0 ramecrs

means ﬁzirtplné\ndmga paalisy fos1gthHecprr@aepdramawﬂl tahd meamofir démnnlmng
vel d| ments will be descrl let us call th
from sa@g

em

ﬁvwrfnfﬂa sas,npyhparameterspnd m@m of signadled inpué garameters
an outp%ﬂﬁg yﬁgér 1&&\7\%@@?@? h ﬁﬁniaﬁf "?Jﬁlgrgf ﬁﬁﬂ@%’éﬁ&@?x@?gi}&tﬁg interval
for an dﬂlotmy obodrerol lsignalﬁpg bis,nghargiarsaidromtpld tparabicteraeldteanot her

modula(t)lfofnsag 'coc?lng sC rez;lnrge o? gm plfnflkS et DIX dB). CR N -

An embodiment of the present invention includes a fifth concept, which is the fourth
concept wherein said means for determining of the output parameter employs a ceil operation
on a quantity that includes a product of a number of control signalling bits multiplied by a
coding rate divided by a number of uncoded bits per symbol.

An embodiment of the present invention includes a sixth concept, which is the fifth
concept wherein said number of control signalling bits is one of said signalled input
parameters.

An embodiment of the present invention includes a seventh concept which is an
apparatus comprising: an uplinking module configured to provide a plurality of substantially
static input parameters; a layer configured to provide a plurality of signalled input parameters;
and a processor configured to determine from said substantially static input parameters and
said plurality of signalled input parameters an output parameter indicative of a number of
control symbols per transmission time interval for an amount of control signalling bits,

wherein said output parameter relates to a modulation and coding scheme for an uplink.
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MZ = Mdd -offset_DTX _dB 10 10 If ACK/NACK is to be
signal ed on PUSCH, then Option 1 involves using L2
W@ wbosr6t1 0 signal A/N. Alternatively, Option BCT/IB2009/005772

i nvol ves reserving L3 synbols to signal A/N, or using

Mctrl symbols to signal AN L2 =max(Mclrl | K)

L3=max(Mcirl ,L)A further enbodi nent of the invention

is one where DTX and ACK/ NACK share an overl appi ng

synbol space. ACK/ NACK can utilize different synbol

space than DTX, as shown in FIG 4A O, DTX/ NACK can

Wni dohbeelim etiteof shempresaptriniens praime Judas ars bighth doncéfitGvhidB is the

Anot her .enmhodi.rent of the.invention i.s one where DIX
seventH e iy KRR SHENPEOSEO1T5 SEIPICY3 1 ) CBgration OB g alamtiy that includes a

producté%?)ﬁ(( ARHEr 68 Borktha @i[_g'idglilng éﬁs %irlf}(i;i%ge%rﬂy SYTRR! 1aP@GRIH 132 number

, as shown in CK"can utilize the
of uncodadrbits perisgimbshace, while ACK utilizes different synbol

space, as sh in FIG 4D. | fDIX and ACK/ NACK.have .
ABrerendimed s At B st mcltics & B Eoneghaitich i the ighth

concepBWHEiARROMRh Ber Wf thntfY] Nignﬁilh%rﬂ?@tié Y& of s_afaTQf%ﬁa‘ﬂeH @hput
signaled in the case when A/N is transmtted. The

paramefrrgsent i nvention provides a robust schene to size the
oSSR e R o B B P SoBBBL VAR 4 computr
prograﬂ(ig}m@t ¢SnpHhg £ 8bthButbPieaddble KieBRinPhaviRNEXRlitabletdAb Stored

CK/ NACK ‘and CQJ . The schenme works in
by a processor, adapted to carryout: providing a plurality of

therein; the code, when execute
substantially static input parameters; providing a plurality of signalled input parameters; and
determining from said substantially static input parameters and said plurality of signalled
input parameters an output parameter indicative of a number of control symbols per
transmission time interval for an amount of control signalling bits, wherein said output
parameter relates to a modulation and coding scheme for an uplink.

An embodiment of the present invention includes a eleventh concept, which is the
tenth concept wherein said determining of the output parameter employs a ceil operation on a
quantity that includes a product of a number of control signalling bits multiplied by a coding
rate divided by a number of uncoded bits per symbol.

An embodiment of the present invention includes a twelfth concept, which is the
eleventh concept wherein said number of control signalling bits is one of said signalled input
parameters.

Additional embodiments of the present invention include one wherein CR is
iteratively calculated, based on the actual coding rate, including the impact of control signals
and possible sounding reference signal (i.e. not based on CR of MCS). Still a further
embodiment is one wherein CR is based on the nominal coding rate, not including the impact
of control signals and possible sounding reference signal. Yet another embodiment is one

wherein ACK/NACK and CQI have different dynamic range for offset dB parameter.
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di fferent operation points and in different PUSCH
bandwi dt hs. The signaling need is mnimzed, and DTX
wa@ledeasi4on i s i nproved with reduced overhead. A¢EIB2009/005772

i nvention includes a variety of concepts, sone of
whi ch can be briefly described as follows. It is to be
understood that the foll ow ng concepts can be further
conmbined with each other in any nultiple dependent
manner, w thout departing fromthe scope of the
i nvention. An enbodi nent of the present invention

And, therprésenieiaventionraiso enoomppssesm ethbodimanthwhéreth the nglaticyi ofg:

. providi a pluralit f gubstantjally . static input .
SIgnalhﬁgraaainﬂ}leglé9 G oW aigil 37 & predtepmintd Y - ot Righelling the
(%ﬁaxggggggﬁfrs; and determ ning fromsaid substantially
—static input paraneters and said plurality of
signal |l ed i nput paranet e -#n out put paraneter
i ndi cative of a nunberl®f ‘control synbol s per
transm ssion tine interval for an anount of contro

oot b L SRR AR R S
PUSCIETRRANEDS0 REIAERA RRS9dHy asQMEHIdnS elhieg ke! e@nircﬁ‘_s%ﬁﬁﬁ’x@on

concept, which is the first concept wherein sa
PUSCHistees agrerdngs ddscribed ok R AP Vb 1780, RPI73842 @esaribed and

. oper at i on uantity that includes a product of a
incorpqreiEh BY 1freBg o8 o1 gnal | ng bits multiplied by a
. Da@é)ﬁibdliﬁe H%fne@erﬂ'cﬁhlg@l%éws Qxcwmex cQIPMIdRINBbed tH8&parate

synbol . enbodi nent of the present invention
maduddtigdsymbolshi rd concept, which is the second concept

+ DR SR 3 900 B G oo

o  ThEREdIAL 256 ude L Hel RAbNGEMIRS ifgi oMby the TISEAMERI The

i's an apparatus conprising: neans for providing a
relption ilexprgsssfl isalahlential |y static i nput paraneters;

i R QPR DR P BBl P SRV bt v

agreedﬁfj&ﬁt antially static input parameters and said

urality of signalled input paraneters
o COQI/PMI on PUSCH uses the same modulation scheme as data on PUSCH

e Semi-statically configured offset between the data MCS and the code rate of the control
signaling (A/N and CQI)

Here, a formula is proposed to determine the size of control region based on data MCS. Also

presented here is a numerical value set for the offset parameter. These values can be used to

design the higher layer signaling needed to configure the offset parameter.

The proposed formula contains the following semi-static input parameters signalled via

higher layers:

o offset_dB performance difference between the given control channel and PUSCH
data channel (in dB)

. N : number of control signaling bits (for the given control signaling type)

The UL data MCS -related input parameters known in advance are:
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an out put paraneter indicative of a nunber of contro
synbol s per transmission tinme interval for an anount
w@booens4sdl signalling bits, wherein said out ppCT/IB2009/005772
paraneter relates to a nodul ati on and codi ng schene
for an uplink. An enbodi nent of the present invention
includes a fifth concept, which is the fourth concept
wherein said neans for determ ning of the output
par anet er enploys a ceil operation on a quantity that
i ncl udes a product of a nunmber of control signalling
o CRoits Qodirgnhiesd gyenPEHAHNCBALg.,d/Mi ded by a nunber
of uncoded bits ol t of the
: Weseﬁ{umw@afqneaffqdaipt%gbﬁ EURCEAES 2 4antmitsQpsK,
16? Q?Kwponcept wherei n said nunber of contro
ignal 1T ng bits is one of said signalled input
M.y is frermumdice b contiol eyrhbels/THi tand it is balcyated amtfollawsent i on
i ncl udes a_sevent h,concept which is an apparatus
conpri sing ﬁgnggblinking nodul e configured to provide
a plurality ofpygubstantially static input paraneters;
a | aydfecd fTgEFed|to provide a plurality of signalled
i nput parapepers; and a processor configured to
det erm ne ron1sai substantially static input
where parratfisehscamd] sharthedize al the yieartstsuppuatelddateperpiatue, towards
paranmeters an qutput paraneter indicative of a nunber

(plus) I@ﬁm% e SHPROyte é‘llt§gff5é Are; hagers o tisicofing(rRetitignaripauring
assumpﬁ@n?ﬁ%@for ve‘ﬁ%@hﬁ@# s1%°‘ﬂ g oln'I‘ing U js MShGEA th%{"klﬁje to

put par anet er ul'ation and codi
1mplem:eniaam§ rdasonsanmiap be bkttdirto eaﬁmlnje therl'elatlf)n ofieffser i gnalmg and

ntion includes an eighth concept, which is the
dgz%ﬁﬂ p sor enpl oys a ceil
term 1 oper at’ F%S%g%ﬁ&zgﬁ n\égﬁ% ﬁ{e Oj%}a%Bl({l]%F{EPZes a product of a

The uﬁbarpafaﬁnst&r&epahds&mna BLBERJopiritfonpdifitl GHIPUESCIa® and CQI. It is
codlng rate divided by a nunber of uncoded bits

assmneé;msd at offseio AB paTamater iosignpled yiacRRGisignalingit Netice fhe' following:

¢ o TP A B RASF R RUSCCDR BYRDER, oneort

e a c@fnnﬁﬁhl (ﬁﬁ@ﬂ_@B@Jaf&%téﬂ’fbﬂ tifferent bandwidth options is sufficient. Persistent
scheduling requiring bandwidth dependent offset dB -parameter is a special case since
the adaptive transmission bandwidth is not used with the persistent scheduling.

Table 1 shows simulated/optimized values for the offset dB parameter. We note that different

offset_dB parameter is needed for ACK/NACK and different CQI sizes. Numerical values

presented in Table 1 can be used to estimate the number of bits needed to configure the

offset_dB —parameter. Based on these results, in order to minimize the control overhead, we

propose that

e  Offset_dB parameter related to A/N signaling is configured using 3 bits (around 6.5 dB)

e offset _dB parameter related to CQI signaling is configured using 4-5 bits (around 1.5
dB)

Periodic CQI and scheduled CQI may require their own offset dB —parameter.
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paraneters. An enbodi nent of the present invention

i ncludes a tenth concept which is a conputer program
w@e@das46Tonpri si ng a conmput er readabl e nedi unP¢EIB20¢)/005772

execut abl e code stored therein; the code, when

executed by a processor, adapted to carryout:

providing a plurality of substantially static input

paraneters; providing a plurality of signalled input

paranmeters; and determning fromsaid substantially

static input paraneters and said plurality of

Wignalignating A@KME(EIQ watPiF SCH naroint goutaniiaswertbatareeds to be taken

i ndi cat unber of. caqnt.r ynbol s r
into accpafs A1IdT SorATR HHAElemy BeStirin JHDE i AL LG hasithe
knowleﬁ%egib%lu{ g'l@%r&'eﬁcce ofMEKAY R CRabHpOY Y Ho@@b@f@f & 1n!f<ﬁjxrféh@ﬁ about
ul'ation and codi ng schenme for an uplink
the presentzodfi AEKINACK: isevpilable then the ammbctnoﬁ A\GK(MA@KaSymbols needed
elev nth conc

rein
must besheays ﬂ@ygﬂﬁmﬁ?ﬁ‘i@e&mﬁ 5® a?ﬁsaﬁha;s ‘ﬂﬁﬂwﬁ’%eed for
K/N% t |aHS’lﬁ5th@ REQREGF
AC O%K aﬁ@eﬁgﬁhgﬁ%ﬁﬁ% @g%atﬁglo l?ﬁglékg%?s mul ti Ip)) lied by a
ACK/N&K og PUB@E di vi ded by a nunmber of uncoded bits per
synbol . An enbodi nent of the present invention
includes a twelfth concept, which is the el eventh
concept wherein said nunber of control signalling bits
is one of said signalled input paraneters. Additiona
enbodi nents of the present invention include one
wherein CRis iteratively cal cul ated, based on the
actual coding rate, including the inpact of contro
signal s and possi bl e sounding reference signal (i.e.
not based on CR of MCS). Still a further enbodinent is
one wherein CR is based on the nom nal coding rate,
not including the inpact of control signals and
possi bl e soundi ng reference signal. Yet another
enbodi nent is one wherein ACK/ NACK and CQ have
different dynam c range for offset dB paraneter. And,
the present invention al so enconpasses an enbodi nent
wherein the relation of
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15

signalling and the following termis tabulated in a
predeterm ned way (i.e. not signalling the offset_dB
wal2eoeasi4y) . -of fset dB 10 10 Regardi ng | i nkageP@OEIB0E05772
PUSCH MCS and anpunt of resources for control on
PUSCH, in RANl #50 held in Athens many assunptions
related to control signaling on PUSCH were agreed, as
described in TSG RAN W3 #50, R -073842 (descri bed
and i ncorporated by reference above): Data and the
different control fields (ACK/NAK, CQ/PM) are mapped
to separate nodul ati on synbols D fferent coding rates
for control is achieved by occupying different number
of synmbols The coding rate to use for the control
¢ . s
TablE} ARl G GlsBF ofber 45 Syl sl pon FAE bR i R luliie, 2RBs,
i ncor porat ed by ref #lecicmnehowd)km/bonme further details
were agreed upon: CQ/PM on PUSCH uses the sane

Oﬁsemﬁ)” af H roYa! coehoom o dat o oR DLICCL] o ot At

oal la,

1

QOS el e oo N d"“’at‘"a' P,E;S“’“'Ln‘”I‘L' T4
Da@ﬂﬂ R?\“ .LBL B): NN% Igﬂnnl LD VRN O WA i u.— ugo: 90
Bl B Lo adm Lo T 20 T ADT 14 Fi1E | 13
0% [ 1% L 0% L, 68 1 25-1 34 ["22°1 27" | 22
409 T T0T8% S P 0% B, 18" 1 16 .7 12-F 12 1.2
1A [ S A U 4 A s it WM M Y
OUCID. ballsvc uosyfu I.OJ (yICDI 5”6.51“’ I1I'I5?I Cl1ls yC.fO 10 10
20%llcl] "y |1u;cucu lU OJWII | g.ll §3l 62‘ 1 b?lﬁ dlﬂSIB 615 15
20%. V! ’PUb%‘*} for '”“JEW'”“ 8.3 112 ',qVE. M908 0.8 0.8
5% - SV T &g, TPU} Pg FHELE S 3] 5 §U 0\ 04 | 04 0.4
10% 1% 10.0% 58 | 24 | 22 1.3 1.3 1.3

Among other things, this embodiment of the present invention provides a detailed
formula to determine the size of control region based on data MCS. It is also proposed that
this formula be used as a method to size the control channel on PUSCH. The proposed
formula minimizes the signaling burden and keeps the control channel quality at the target
level. Furthermore, it can be applied for both persistently and dynamically scheduled data and
for all kind of control types such as ACK/NACK and CQI.
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hi gher | ayers: offset dB performance difference
bet ween the given control channel and PUSCH dat a
web@nnad461in dB) N : nunber of control signal PEDIER00%005772

(for the given control signaling type) The UL data MCS

-rel ated i nput paraneters known in advance are: CR

Coding rate of given PUSCH MCS (e.g., 3/1) MVOU.

Nunber of (uncoded) bits/synmbol of PUSCH MCS, [2, 4 or

6] with QPSK, 16QAM 64QAM Mctri is the nunber of

control synbols/TTI and it is calculated as foll ows:
Tablet2t Nuntezical nronqoantized vaduesofor Ml piranredér, N=30, offserf B varies

near est supported ibétogen OV ugd tagwar ds ( pl us)

infinity. The supported integers are based on the

codi ng/ repetition/ panct Uring assunpti ons nmade for

gi ven cont otet 8 gnAl.00ng! o®.5PUSCHI09 t || 159 Afbeq 250 3.00
Data MQ$at dbf2 t o0 MWAdl endfefat | on redsons i1 nmay hetter tq
QPSK{/Ah Y] P8 the 2ol at {1850 of #H8f3sdt 1;818: S %kﬁ: i ngf‘gl’;d 266.7 299.3
QPSK 1 6.0 r ol 10000 | 1030 L s 160.0 179.6
TR 70 W L A SO LS £ MO 5. oS | 1067 [ 1107
QPSKA3 Toraart ot oCCT  Ya50" ' Bh5o L. bR7 O "“6‘36 SRS S T80, 89.8
QPSKH)2© DLEG‘ tT YT g TTH 85 7oty gdt d B %75' ‘[ T533 59.9
QPsKZRSHITEYs TTET € H T1d Oh{55€ BBz Par apgEs € 739851 [ONas £U [VIgdo 44.9
apskBREC|STgRal i ng; NOTipe The 25al TJoWwdT | 3s30NNDR, 7 35.6 39.9
16QAMD1/2 $ €1 2.01B |par anel er15io0r | al1b.st Ne MIHCH M1aS || S23.8 26.7 29.9
16QAMUE 11 C1.8Nnt] a4 conmoin.30f f s@e.6 dB pex anetid’ flor 17.8 20.0 22.4
16QAMIY/4 { er BB1t banélwi dt MO®pt | o1d2i s stG| ¢i eltl, Pens8 stient?.8 20.0
16QAMHpdil-2 ngl nﬁlli 0inBOhandiPdt H ddbhenderi.70fif cA4.3 dR 16.0 18.0
64QAM 142 nn%?pr i cgn <.pp1 Oal | cdd2 gi ndebt he 14&25‘11{ 98 17.8 200
64QA| heo o fa¥al L h < 8"I4‘\f LIS il £ h10f6ho hA"gl nwl'a 15.0
T T eff“,““"ga eh-—tebiusad-w L0 e T05 T s | 133
64QAW 6I ,uu 21|£3' WA} :HJ-S.GII JLGﬁ LILI IATI.7.\6U-IL JP: 'g:- 4\ VSAI \.\,:-J10‘7 12.0

I Ul l IIC Ul'l 5SE1L U pal alict cr . v 1T1UL Lt Tiat UI I1 CI TITL

Each of the embodiments described above can be implemented using a general
purpose or specific-use computer system, with standard operating system software
conforming to the method described herein. The software is designed to drive the operation
of the particular hardware of the system, and will be compatible with other system
components and I/O controllers. The computer system of this embodiment includes a CPU
processor, comprising a single processing unit, multiple processing units capable of parallel
operation, or the CPU can be distributed across one or more processing units in one or more
locations, e.g., on a client and server. A memory may comprise any known type of data
storage and/or transmission media, including magnetic media, optical media, random access
memory (RAM), read-only memory (ROM), a data cache, a data object, etc. Moreover,
similar to the CPU, the memory may reside at a single physical location, comprising one or
more types of data storage, or be distributed across a plurality of physical systems in various
forms.

It is to be understood that the present figures, and the accompanying narrative

discussions of best mode embodiments, do not purport to be completely rigorous treatments
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of fset dB paraneter is needed for ACK/ NACK and
different CQ sizes. Nunerical values presented in
w@aiwbasiseran be used to estinmate the nunber of POI/IB009/005772
needed to configure the offset _dB -paraneter. Based
on these results, in order to mnimze the control
over head, we propose that offset_dB parameter related
to AN signaling is configured using 3 bits (around
6.5 dB) offset dB paraneter related to CQ signaling
Is configured using 4-5 bits (around 1.5 dB) Periodic
of the riEthod)gistern hiadbil ede vy, nework elpiieng aht softwanerprodics ended B

| A NACK PUSCH, .
conSqurﬁ{af{sx? it Sled HEAPE puat et e o ME QSisRl afdhe
present b gﬁ%ntr T ?é riepdi %Qﬁse%ﬁ%ffeﬁt tetutibAtlips ﬁm@&éﬁ@feextcﬂﬁe

lh gp know ed

ge about the presence of
1ntermdaiﬁﬂrlterhnume of varidusrtppdasndml wil ﬁmheyallmdetstmdethpxrths eammls steps

Jsaval .abl e, t t he nunher of
and st%eﬂe%@&hﬁm igRtioRSaY Fynef%gwntfgﬁ)efﬁsmw‘afdo e
ﬁﬁ@lr SR | @Y.

Sequen@AéC%a ﬂl%\%K an%lﬁ%%j lqjdluéfét he u%gisfg& e(% UE aﬁ%? > Egﬁ%ﬁg\%{{eeaélg (SOftware

which rded mbt bhfuriheedeaited kereiACK/ NACK on PUSCH. Tabl e 1.
Nunerical values for offset dB -paraneter,
non- persi stent scheduling, 2RBs, TU channel, v=3 kmh
O fset dB Anong ot her things, this enbodi nent of the
present invention provides a detailed fornula to
determi ne the size of control region based on data
MCS. It is also proposed that this formula be used as
a nethod to size the control channel on PUSCH. The
proposed formula mnimzes the signaling burden and
keeps the control channel quality at the target |evel.
Furthernore, it can be applied for both persistently
and dynam cally schedul ed data and for all kind of
control types such as ACK/ NACK and CQ . Table 2.
Nureri cal non-quanti zed val ues for Mnparaneter,
7V=30, offset dB varies
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between 0 dB and 3 dB Each of the enbodi ments
descri bed above can be inplenented using a genera
wEpn3R6Dr specific-use conputer system w t hPGL/EBRAEV 5772
operating systemsoftware conformng to the method
descri bed herein. The software is designed to drive
the operation of the particular hardware of the
system and will be conpatible with other system
conponents and 1/ O controllers. The conputer system of
this enbodi ment includes a CPU processor, conprising a
WHATSISHOLAINMEDdS8ssi ng unit, nultiple processing units
capabl e of parallel operation, or the CPU can be
2istriauted.acrpss one or nobre processing units in one
1. CPHPHF8ns, e.g., on a client and server. A
di%g TYurE PRI IsaBstaHHA11Y 3N lﬂpu@ Barfdfnetiad;a Storage
nd/ or transn1SS|on medi a, I ncluding nagnetic nedia,
ppavidiag aphdakity qfargnehdamué@eramﬁm,)an@RAl\/p read-only

AeEBlite Tbrsn Lot an i g PR BT ohd5ef alraliy af

mgnallei‘i lﬁbﬁkqiaﬁan@ay@aﬁ@utﬂ@ pardahidfer ikAERIVe Dt AGuBMRr 8f cIMRoE symbols per
pes of data storage, or be distributed across a

transmqsislun thietigteofal &I}@lamaium,yﬁ@@ml signalmgiitss forms. It is
be ungerst od th ent gures

th .
et S0 P b Rt e ey e R S8R Bical PO ER it e WBodulation

andcmﬁﬁ?gﬂkﬂﬁﬁb§m1gﬁnﬂpt purport to be conpletely rigorous
treat ment sof the nethod, system nobile device,

network el ement, and software product under

2. IRABIREY M CoRE-SREE deler i of 0 Bl Butshstes rptovs a
%@xﬂ) bp&@ﬁérpéh & QRAIRER MHat GRNRIeah pesdiR Lo Burfibdrafficontrol signalling
rel ationshi ps that do not exclude internediate

ibits arudienliedrby agfoding ratadivides by a nambenpf undoded hisy per symbol.
understand that the various steps and structures
described in this application can be inplenmented by a

3. L |n@dth(od3<5f dlaifd Brelivreis e aidafi@eter anNcoriN biggaliad biewis one of said
usi ng vari ous di fferent conbinations of hardware and
sighalled apwinasametesd not be further detail ed
herei n. WHATI S CLAIMED | S:

4, The method of claim 2, wherein said substantially static input parameters include a

quality difference between a control channel and a physical uplink data channel.

5. The method of claim 4, wherein instead of signaling said quality difference directly, a

relation is tabulated of the quality difference and a term in said quantity.

6. The method of claim 2, wherein said quality difference comprises at least one offset

parameter.
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1. A nmethod conprising: providing a plurality of
substantially static input paraneters; providing a
w@beawabisy of signal ed i nput paraneters; and PCT/IB2009/005772
determining fromsaid substantially static input
paranmeters and said plurality of signalled input
paraneters an output paraneter indicative of a nunber
of control synbols per transmission tine interval for
an anount of control signaling bits, wherein said
out put paranmeter relates to a physical resource with
7. diheanethodlof clhind b, wheteinc offsetddseribing arqualityulifferslice Between a
The rrethod of clalml éh ein s jd determ ning of the
soppekanddaneheanel dnpne,gisaid signaledinprbpargRetsit- a
quantity that includes a product of a nunber of
control signalling bits nultiplied by a coding rate
8. diheéi ietHodyf daim ipeherein dcuakintedtediviled by asymbet of Sncodbdbits per
met hod, of c¢laim 2, wherein said ndg;?er of contr ol
Syeal isoytainadsfrom agesouste as%caﬂogx ink dafa,phapnel.
paraneters. 4. The nethod of cl ai m2 V\herel n said
substantially static input paranmeters include a
9. ikl hétliodlof ¢leine howhdreinviedifferenc offtet phraatesorielsedfdr a
physi cal uplink, data channel. 5. The nmethod of claim
&CKWY@F%WQ%%‘E% cg?‘m&"? @HQW H@il%aé‘?rd quality
difference directly, a relation is tabulated of the
quality difference and a termin said quantity. 6. The
10. r‘ﬂtehmthmd of:¢latimml 2whexbiarani uplimkiddtacphahndl ys plifchieedacerding to said
ris t one offset paraneter.7. The nethod
eapﬁ?@tro@\mﬁ%lﬁ an of fset describing a quality
di fference between a control and data channel is one
of said signaled input paraneters. 8. The nethod of
11.  cAmappatatusdrenmrismg codi ng rate divided by a nunber of

reodsd bl suRer ol o5 0bLaLned, oM a, esour ce

means for providing a plurality of signalled input parameters; and

means for determining from said substantially static input parameters and said
plurality of signalled input parameters an output parameter indicative of a number of control
symbols per transmission time interval for an amount of control signalling bits,

wherein said output parameter relates to a modulation and coding scheme for an

uplink.

12.  The apparatus of claim 11, wherein said means for determining of the output
parameter employs a ceil operation on a quantity that includes a product of a number of
control signalling bits multiplied by a coding rate divided by a number of uncoded bits per

symbol.

13. The apparatus of claim 12, wherein said number of control signalling bits is one of said

signalled input parameters.
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9. The nmethod of claiml1l, wherein a different offset

par anmet er

w@abi1s3sei ndi cat or .

is used for acknow edgenent and for channel

10. The nethod of cl ai m 1, PeitrEB2009005772

an uplink data channel is punctured according to said
nunber of control synbols. 11. An apparatus
conprising: neans for providing a plurality of
substantially static input parameters; neans for
providing a plurality of signalled input paraneters;
and neans for determning fromsaid substantially
static input paraneters and said plurality of
raneters an output par anet er

14. Thqsalﬂ’g’%lﬁlﬁe‘&é’l 3 put Sacﬂ S‘e}&ﬁc}ml@] y §t9% Hiput parameters include a
oGRS S el

to a nodul ati on and codi ng scherre for an uplink. 12
The a para us of claim11, mhereln saj d
15. Theapparaii &anaf 12, whersin stead af sigaaling Séwpcu@ izf%eqnpe directly, a

relaﬁBR salrale teﬁ%fﬂleoc?{ﬁﬂw dif efe!ﬁ@é %c{‘%is&%ﬁtsiﬁigﬁ‘iﬁgﬁ’t‘gt of a

er of cont si‘gnal 11 ng
codlng rate divided by a nunber of uncoded bits per

16. TheApRiaris it i o PPBTEUH G ARG RLLorF e SABPGPESAghot one offse
parsth&Ba

Il ed i nput paraneters.1l4. The apparatus of claim
12, wherein said substantially static input paranmeters
|nclude a quality difference between a control channe
uplink data channel. 15. The apparatus

and a si cal
17. Anﬁ?pai?tﬁgﬁ%iﬂn SIerein i nstead of signaling said quality
g uaFEﬁﬁHg grodife@ohliYured té BloRtde plulitPotdudlGaidly M& input

ity difference and a termin sai'd quantity.
parametEng adpysaicanfigired tocpravide apluraherdadi srgr@ﬁccumuaparameters and
glpfrgc%gs%? %gnfc gurngc{ %oscﬁe%enarlltiné gl%tsalc{] substantlzﬁfy static input parameters
and said plurality of signalled input parameters an output parameter indicative of a number of
control symbols per transmission time interval for an amount of control signalling bits,

wherein said output parameter relates to a modulation and coding scheme for an

uplink.
18. The apparatus of claim 17, wherein said processor employs a ceil operation on a quantity
that includes a product of a number of control signalling bits multiplied by a coding rate

divided by a number of uncoded bits per symbol.

19. The apparatus of claim 18, wherein said number of control signalling bits is one of said

signalled input parameters.

20. The apparatus of claim 18, wherein said substantially static input parameters include a

quality difference between a control channel and a physical uplink data channel.
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paraneter. 17. An apparatus conprising: an uplinking
nodul e configured to provide a plurality of

w@ewstiagasi al |y static input paraneters; a | ayePCT/IB2009/005772
configured to provide a plurality of signalled input
paranmeters; and a processor configured to determ ne
fromsaid substantially static input paraneters and
said plurality of signalled input paraneters an out put
paraneter indicative of a nunber of control synbols
per transm ssion tine interval for an anmount of
control signalling bits, wherein said output paraneter

ulation an

21. Thel gpppige tgla?@@dgﬁsﬁf%m@ag et e L holifRace directly,

relaBbf ?setﬁﬁﬁlﬁteﬁ 5P RV GuafityCh FrereAPE At & RPmARA sAdGuamidyt y that
I ncludes a product of a nunber of control signalling

bits rrultlplled by a codi ng rate di vi ded by a nunber

22. ThegpAR L PP TR O AR i BrencE SEPPR R drosCoraotse
paraﬁﬂ&ex‘?f said signalled input parameters. 20. The

apparatus of claim 18, wherein said substantially
static input paraneters include a quality difference

etween a control .channel. and a physical, upli
LR DT P RES B o PRAHEs ceadapiaesiun ey B
executa%ie &Ide RRrédefedt; dhdlbdtel ekl btdcate@nys pHbE&SS, ¥daphed to carry out:
relation is tabulated of the qual ity di fference and

pmvmdmgma@an@lhtwéﬁubsﬁqmlanﬁ statih énpap paresretess;of ¢l ai m 18
fference con‘%bdrses at | east one

Bfofvé gagﬁg%é&g?mggglle ADRY BTG ETS am pr oduct

deeRhinfig oA salARBStatidl SRR iBpirgHiMetéid whdGaid plurality of
executag?@bcode st ored ?hGYEIﬁp t he code, mhenp v

signalledxeplutr@mrmgtera ap gt peemeted pstientive of  apmpenef control symbols per
transmigsggr\éﬁg{ ?tgwaﬂ‘ urrazﬁlalrr{ (f)f Sontrd gig}lél?hlg iéuSt atic input
wherein said output parameter relates to a modulation and coding scheme for an

uplink.

24.  The computer program product of claim 23, wherein said determining of the output
parameter employs a ceil operation on a quantity that includes a product of a number of
control signalling bits multiplied by a coding rate divided by a number of uncoded bits per
symbol.

25. The computer program product of claim 24, wherein said number of control signalling

bits is one of said signalled input parameters.
26. The computer program product of claim 24, wherein said substantially static input

parameters include a quality difference between a control channel and a physical uplink

data channel.
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providing a plurality of signalled input paraneters;
and determning fromsaid substantially static input
w@araire4er s and said plurality of signalled i npai/B2009/005772

paranmeters an output paraneter indicative of a nunber

of control synbols per transmssion tine interval for

an anount of control signalling bits, wherein said

out put paraneter relates to a nodul ati on and codi ng
schenme for an uplink. 24. The conputer program product

of claim 23, wherein said determ ning of the output
paraneter enploys a ceil operation on a quantity that

i ncludes a producgt of. a.n er of control .signalling ..
27. Thegqmapuies) Hr%%néw@'gﬁt 8f eloim k#g’? Vhermdrbel sgreing srg Sxialicy
. - r .
iff@lentiOGRERY. DRI 1RUIRAL of (B quallip JIRTEALL R RIOR fiSaid

quaatignal | ing bits is one of said signalled input
paranmeters. 26. The conputer program product of claim
24, wherein said substantially static input paraneters
28, T o e 2 B KR R b orE P BBt a
leagpioag vffset pamthetdr. of cl ai m 26, wherein i nstead of
signaling said quality difference directly, a relation
is tabulated of the quality difference and a termin
said quantity. 28. The conputer program product of
claim 24, wherein said quality difference conprises at
| east one offset paraneter.
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