METHOD AND APPARATUS TO LI NK MODULATI NG AND CODI NG SCHEME TO AMOUNT OF
RESOURCES Cross Reference to Related Applications The present application
claims priority to U S. Provisional Application 61/125,961 filed on
April 28, 2008. The present application also clains priority to U S

Provi sional 10 Applications 61/048,554 and 61/048,908 both filed on Apri

29, 2008. Field of the Invention The invention relates to the field
of wireless tel ecommuni cations. Mre particularly, the present invention
pertains to resource allocation in wireless tel ecomunications. 15
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.interface between an RNC 112 and a Node B 114 is called lub, and the Tub is
hard-wired rather than being an air interface. For any Node B 114 there is
only one RNC 112. A Node B 114 is responsible for radio transm ssion and
reception to and fromthe UE 102 (Node B antennas can typically be seen
atop towers or preferably at less visible I ocations). The RNC 112 has
overall control of the |ogical resources of each Node B 114 within the RNS
128, and 5 the RNC 112 is al so responsi bl e for handover deci si ons which
entail switching a call fromone cell to another or between radi o channels
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CQ/PM) are mapped to separate nodul ati on synbols. Here, ACK stands for
acknow edgenent, NACK stand for negative acknow edgenent, and CQ stands
for channel quality indicator. 20 Different coding rates for control is
achi eved by occupying different nunber,of synbols 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
signhalling, 25i.e., the nunber of synbols to use for an ACK/ NAK or a
certain CQ/PM size. Also incorporated by reference herein (inits
entirety) is 3G°PP TSG RAN WG1, Meeting #52bis, R1-081165 held in Shenzhen,
China, 31 March -4 April 2008. Al so incorporated by reference herein (in
its entirety) is 3GPP TSG RAN1#52-Bi s, R1-081295, Shenzhen, China, March
31 - April 4,2008: "Resource Provision for UL Control in PUSCH " The

mul ti pl exi ng descri bed above was further sharpened in RANI 4/52bis:
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determ ne the si e ﬁgfg§§ontrol regi on based on the data MCS | evel . However

there are S&W vantages in the solution presented in Rl - 081295.
For exanple: Useb@ms le'fo‘i?ﬂﬁlE Mmm&memllmdtemnc ke Tafslegbploaf amet er)

10t e2{) es%-{];'HZACI& Lc?nglsts o? %»1152 pgov nEdr graner}lli(h,m&hiﬁ}) aggl raneter)
control plane (RRC) protoco! 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 Mobilit_f
Management Entities (MMESs) and/or gateways such as an access gateway (aGW). The 81
interface supports a many-to-many relation between MMEs and eNBs. Packet Data
25  Convergence Protocol (PDCP) is located in an eNB.
In this example there exists an X2 interface between the ¢éNBs that need to
communicate with each other. For exceptionat cases (e.g. inter-PLMN handover),
LTE_ACTIVE inter-eNB mobility is supported by means of MME relocation via the S1



"Un-defined" relationship between Data MCS and size of the control channel
No perfornmance results are presented in R1-081295 to show the feasibility
of this formul a. These di sadvantages require solutions in order to
adequately solve the problens described 15 above, and guarantee sufficient
quality for UL control signals when nultiplexed with UL data. Summary of
the Invention The present invention is applicable in the context of the

E- UTRAN (LTE or 3.90). 20 However, its principles are not limted to such
an environnent, and instead may al so be applicable to various other current
and fut ur e imerfast.ess t el econmuni cati ons systens and access technol ogi es.
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resources {qr BEHL ngk L r ; Lnent s t he
present i nvi'ﬁenﬂta %gﬂﬁgsghﬁg&ng% Sm tgﬁgplcl @%ﬂ"gb&ﬁ%' ‘étgoglroggé &5}1 E%ngr%?agcef t’rooqﬁ‘ﬁ eﬁefri ng the
amount of s@ntityobnt$l, IRbadercempeSiph afid ACKYPIACH] yserxdatagimbangp; feominbti@xofbl e

adapt at.i on,of, t | . gg# | [ o ar G | the.guality of the
control locharpr%%qe?gcf(%{lsg&ﬁ%m d%fvs éérf’ SY’{%‘g’%a%@;S{ glfni‘l eofﬁp%lg) 1%(54 ué’fliﬁ If/lg%*lg'd_ hecont r ol
signal i ng Btate arolidity dootroteSystetoAghitectuediivohgion (R AE) bBareraonitel sadicfytheduy of t he

Dr awi ngs oFi ¢ ] gém network. Figure 2 shows an LIE .

archi tect u%%‘ﬂlg q&%o&?ﬁ&%&?gﬂ&oﬂ mpﬁ]t and out put paraneters of proposed
resource al | ocdn¢opporasaihiemin inkis gutirety 4s BHORAN Bi@1 #30.fK1e¢B842, dndomsli nent s of

synbol spage, for di )4, 4 [ 1. S8h.0N 1.X) .and. ACI.C/ Figure 5
Shows. |1 hkaaen ARt e T PR RSt ey B el R AT o
PUSCH. 15  #50 Heldju A¢heBs, stroyass@iptiondtelatad toLiBidl signationg ivh @USEHewsrodgrealt | on
schenme as daota on PUSCH. Figure 7 shows how anobunt of control resources
vary accor b Hg to the CQ quality 20target. Figure 8 shows different BW
options perform natabminhe diffepenti control fields (ACKAACKS) CHLEPM) dleenapfid toase whi ch
is the nost inportant case wWth I si.ste | | pcation. i gure 10
shows deci si ons r&SB4Pg Hﬁ’éﬁﬁtb%s%]?&%isfa?{gfl%%&%ﬁ%owéﬁge’gw‘%@gues.

25Fi gure 11 showsstadfsropgsied ackadwiadpemennai CQf standsfor ethnad quatitg indfcatohe

presen t:20 I nvent1,0 rblﬁl;}egtu goﬁm% %atéc's orvcvsontg')r];lfisS aegi]iege% t‘;’;‘z" ot(xr:]up?i\{lvg%l e?e% xtnlmg)il;e'r 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 signaliling,

25 i.e., the number of symbols to use for an ACK/NAX or a certain CQi/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,



. Figure 13 is a BLER exanple. Figure 14 shows nunerical values for offset
with BLER data | ess than 40% Figure 15 shows nunerical values for offset
with BLER data | ess than 50% Figure 16 shows nunerical values for offset
with BLER data | ess than 20% Figure 17 shows nunerical values for offset
with BLER data | ess than 20% and 5 BLER CQ |ess than 10% Figure 18 is a
summary of nunerical values. Figure 19 describes aspects of signaling.
Figure 20 lists observations. Figure 21 describes inproved DTX detection.
10Fi gure 22 provides sinmulation assunptions. ~ Figure 23 shows control
channel peMm}rmnc@pﬂlegws(‘%mceﬂ’mﬁ}'omﬁnﬂﬂL@QJlthBLIEIFU&q‘QBIThFO 10%

Figure 24 sh gggg LTy rgﬁ)glggaq RARBSsfighort-term with CQ
BLER equal qu%%n%%{fﬂg)ﬁéﬁ% Asshomgi%o trolmchannel performance, 2RBs
(short-term with CQQIBMIRNFYSEH uses thesame modulafipnyighemes dgtaendUSEHE r ol
channel perfornpnce (shart -1 er I j f Literent PUSCH
BW options. Figure g %%t\?\%aﬁgg)%%%?‘{% sg{]%gf E%Bg{ra;aglr@ %ﬁ%@d&%"ﬁgg {'afée?(#)e

20Fi gur 8 2&esbnva sigddling Btagplied (A/N and C@) gure 29 shows a proposed fornula to
determ ne the sjze nt r.ol. reqi b d oS i.qure 30
shows of f set _dB whi g?xﬁsge 'el%gﬁfg‘go &V ﬁegs ng}sg%@ﬁce ifpfl?%f?sggrgg% bet ween

t he cont r ohegdadle.glathan atulipheckrvicbwwitlgdiffere81Qwhitywd Seivice (@dS) efedinront r ol channel
(short ter .fig re 32 provides nunerical values for offset (short term
wi th BLER T¥"™'¥E%s than 20% Figure 33 shows nunerical values for of fset
(short term wiTHe eRisthig teleiinalofyedes hdtaddress Bo4v toldk th&PUHOH MCS and amount of

10 resources for control on PUSCH, or how to guarantee sufficient quality for uplink (UL)

control signals when multiplexed with UL data. There are certain issues which need to be

taken into accounit when allocating resources for control signals::

1. Control channel quality
15 =  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
20 = 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
25 * 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



Fi gure 34 shows nunerical values for offset (short term) wth BLER data

| ess than Figure 35 shows nunerical values for offset (short term with
BLER data less than Figure 36 is a summary of nunerical offset val ues,
2RBs (short term. Figure 37 shows nunerical values for offset, 2RBs (I|ong
term. Figure 38 shows conclusions. 10 Detail ed Description of the

| nvention A preferred enbodi mnent of the present invention will now be
described. This is nerely to illustrate one way of inplenenting the
invention, without limting the scope or coverage of what is described
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The goal is to standardi ze the nethod and procedure such that both UE and
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ar r angefrenTheeis peentialyne bror26 available fadeBilod sobrions fonthe pfobla@|dechBEK at t he

eNB. This j ' i al 'HN@Q'& ' i Qni
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the Nodg B, Mk kRN 1136, A ACKINAGH] B By Mgt and may Lherefore

interpret the'rece rrec he per nce of reception could
i nproved, *i f'Ub-Hefined’| shtnchipdbiwtéi\Dith MGSsardisizn af thel controlthafidBCH. | n t he

context of ;this study we refer tq thi j | 1Jng.as DIX signaling.

The basic fun ‘{?‘35#93?%{73‘3?‘8{5 afféﬁsﬁlﬁﬁ%mt‘ﬁéﬁé e°8f?°vgthsieﬁflpl@i(lfycff Tonis
illustrated fmmblaG 3. The proposed resource allocation schene contains
"sem -static" L.nput paraneters.signalled via hi.gher |ayers: offset dB,
whioh i st REs Yoy lRat PR Ruond fitefio erkatfy S B erBlem Resset” and PUSCH
dat a channstoye, andipuirantee slfficientighaitynfor Ercontdol gigndls @henshgtiplbtedgvithiUIs (for the
gi ven cont(riag%’ signaling type) . The static input paranmeters (UL data MCS
-specific) e: coding rate (CR) of given MCS of UL data channel (e.g.,
3/1); and, Mwd (i.e., Mmd)which is the nunber of uncoded bits/synbol [2,
4 or 6 vm'tg S| C, tl:lL M., 64QAM for the given UL 10 data MCS. The out put
paramter,#&%ﬁm. v , 1s the nunber of control synbols/TTI for a
certai n nunber Thé pRedit indtntioh Gupplicable ixi the cdidxt of the E-UTRAN (LTR¢:3(9€H. t0 a

gi ven npdul.ation.and codin hene used in . the UL. An algorithmto

Cal cul e HEYSED € Bpeiies i hoL [RARLi a0 apspvitpimemeiad e By alsa b= - of f set 603
101 15 wheapplidable t varivhis ohericarrért end iy wireléss tdecheunicatrns sywfems andied)
bits/resource nt (i.e., synbol) for the given data MCS, and ri is the

|.e
ceil oper a??eﬁﬁ?ec%? %5t ounds the el enents of the nearest int egers, towards
plus infinity. Antentboditetlt dfeheoésent ifiveation tlatet, dorexatfle a8 fhellf, purtse? tHhod

UTRAN long term evolution (LTE) which is being specified in the 3GPP under the Rel. 8

25  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).



expressed using the follow ng paraneters: nunber of input bits Cri
(nunber of transmtted bits after code bl ock 20segnent ati on) Agri

. N'Pusbut (total nunber of sub-carriers per subfrane carryi ng PUSCH

mul tiplied by the nunber of SC-FDVA synbols carrying PUSCH) 5 This

rel ati onship can be expressed as: CR ill:cusell "N O=Pusbc" MVbdi ct uscl |
| nproved DTX detection can be acconplished in a situation where the
explicit. DTX signaling (e.g., such as 1 bit included in UL grant) is not

present. In these cases, it is ssi.bl e to, always r rye Neta-1 synbols
and transnit NA%F(I“g ’bﬁ‘ipﬁﬁnﬁﬁn’g 08 15 gd ?B&E%@“T%grﬁﬁ&@? tWeEhe probl em
of this apphgaahUplikiCeetre Chensl (PEISON) Mddhlatoteinh €ading SchemeQUESYa) t 0 | nprove
DTX detection is.to define th | ,sigpaling size such that a certain
nunber of | ABPU RAERESHb Rt NG o Rotibyh it EofiBnis g B sRpient od
as fol | ows:invifition, £iechanidvifshdforfanfula dvdvresented fop Sdatify thel Bmdht ofontrol

5  resources (CQI & ACK/NACK), allowing for flexible adaptation of the size of control region

for controlling the quality of the control channel. This allows for the adaptation of quality of

UL control signaling in order to meet target requirements.

Brief Description of the Drawings
10 Figure 1 shows a UTRAN network.,

Figure 2 shows an LTE architecture.
Figure 3 shows input and output parameters of proposed resource allocation scheme.
Figure 4 shows four different embodiments of symbol space for discontinuous
transmission (DTX) and ACK/NACK.
15 Figure 5 shows linkage between PUSCH MSC and amount of resources for control on
PUSCH.
Figure 6 shows CQLI/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
20  target.
Figure 8 shows different BW options performing almost equaily.
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.
25 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.



where Kis a predeterm ned nunber, e.g., 8-10. This nunber is selected in
such that it will 20 provide sufficient DTX detection performance while
mai nt ai ni ng reasonabl e control overhead. The procedure is such that in the
case when ACYJNACK is present, then the nunber of A/N (i.e. ACK/ NACK)
synbols is cal cul ated based e.g., on the equation above. In the case when
ACK/ NACK i s absent, then K synbols are still reserved. In these cases, UE
can signal either NACK or DTX. Benefit of this arrangement is that control
overhead is 25 reduced and, at the sanme tinme DIX performance is always

guar ant eed. An Bimwod shers nggpencalyalypeioppfises YWE‘?&E‘BW‘%‘&W%@*O@I ement ed by

means of functi ﬂg&k i3 sﬁoabﬁmeﬂcﬁ vEhEs foBoffdel widMBLIX ddthRss2haf ws.ed
enbodi nents, both UE and eNB contain the sanme functionality to define

Metrl. The net hﬁane%ﬁwwswem!)vawﬁoa@ﬁﬁeﬁ@@w@m@@t @E?X/(z) eNB si gnal s
of fset _dB parang I@é&é 1mow&mké%cax(v§meﬁ€r&@ée%hﬁﬁmmreLstﬁéip!zob/Jaaﬁsm ts the

gi ven contr ol Lype using Mctrl resource el enents (synbol s)
| ocat edsonBéEBL Piéd pl aces; (4) eNB cal culates Mtrl and receives

the given contrg §1Q,@§gﬁdlﬁgy§fﬁmcg%mgs Mctrl resource el ements (synbols)
| ocated on a pre- et erm ned pl aces. I n anot her enbodi nent, the offset

dB i s defined cHipue i dessribpsaspestsiof sigeslingPUSCH bandwi dt hs (or preferably for

a group PUSCH %Mﬂ?smser@ﬁoﬁxanpl e of this is shown as follows (two
groups): set dB 1 for BW< K RBs (Kis a pre-determ ned

nunber, e. g , @M@Mﬁ%@?swozeﬁigmm% RBs In yet anot her

enbodi rIF 5{@};‘, g&sgﬁ{mﬁgsufnﬁtlgﬁf med separately for different MCSs
(or pre erably An exanple of this is shown bel ow (two

groups): offs &1@@8231 Fﬁp\w cogrgm ¥ pegforremuce 2RBs (shmwm&l @Q@MﬁR
equal to 10%.
Figure 24 shows control charmel performance, 2RBs (short-term) with CQI BLER
equal to 5%.
15 Figure 25 shows control channel performance, ZRBs (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).
20 Figure 28 shows RAN] 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.
25 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 numericat values for offset (short term) with BLER data less than



. 151 n yet another enbodi nent, the offset_dB paraneter is defined separately
for different service types offset dB 1 for delay critical services
of fset _d13 2 for delay non-critical data (|l ow HARQ operation point) In yet
anot her enbodi ment, the offset_dB paraneter is defined separately for

different 20 control channels of fset_dB 1 for ACK/ NACK (N=1 or 2
bits) offset _d13 2 for CQ, N=5 bits of fset _dB_3 for CQ, N=100
bits In yet another enbodinent, a safety margin of X dBis appl i ed

on top of the offset dB 25 -paraneter. Wth regard to signalling, an

of fset _dB -40% aneter is signaled via higher layers (e.g., RRC si gnal i ng).

2 gbal g ber s HF A S et SN 30 i ek s

avai | abl e) 56%n have of fset _dB paraneter i ncI uded in the resource allocation
gr ant Wth t f ment of
the present i nve g%glﬂor‘{%l glﬁen&i\trdl& h‘g(? ?’gllt‘ng%] %%?%%qu‘g%en ned
accordi rig 20% he foI | owi ng procedure: 5 Block Error Rati o (BLER) of UL data

channel (w o 33}%4%5&% 'f?mr%c@cafgﬂ‘se{av %%?gshgﬁtegr% 40% BLER of

control channel 0 a certain nu find an

of fset dB val ueFighneGhsls:aﬂsmﬁmmltdhms@mﬂ’s&t,ﬂkﬁm(loegte&n) whi ch | s an initial
val ue for the o%fset3 3 c }1 r (may depend al so on the operation

envi ronment suc gﬁ pro i'le, TIE speed) and can be tabulated as a
default offset dB paranet er at the NB; and increase/decrease 10 the offset
dB value b ql th.e BaSHI nvedgt a/cont rol quality. Var i ous

modi fi cHt | the DTX issue, while remaining within
t he scope of thAppafemdmmbodamantomnprdmm@x'menmwwwbmmdlmmm Il be
descri bed,; them Cl ¢ NACK
to be si gngfeéeﬁiy %§ lf’%ﬂr%l ngla"%nvowzo (\’/\l}ztalusm}n eers\??l%gko K
synbol s. HmmepfﬂMnsdescﬁbednlmMasuaihmpplmmrw ng Li synbols, Li

depend 9, 080" e ARk AL ANR Ll hoc BarhALIPLSLAHRE. |

si gnal eg orszzE’hBﬁl:—bontrbksignéh’eglmwﬂhnnumbereﬁpmsfeﬁ@dlirﬁmslmtmﬂtm 20hiso si gnal

AIN Al t er na el tio v.0| ve e rrbolstos nal A/ N,
st ng’ VERPRHEUABEME SR shiink e IRE ] Yo i Bignsiclsds 54 BOR. | 1)
The goal is to standardize the method and procedure such that both UE and ¢NodeB would

utilize it.

Another topic covered by this embodiment is the arrangement supporting the
20  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

25  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,



A further enbodinent of the invention is one where DTX and ACKINACK share
an overl appi ng synbol space. ACKINACK can utilize different synbol space
than DTX, as shown in FIG 4A. O, DIX/ NACK can utilizes the sane synbol
space, as shown in FIG 5 4B. Anot her enbodi ment of the invention is
one where DTX and ACK/ NACK have non-overl appi ng synbol space. ACI UNACK can
then utilize different synbol space than DTX, as shown in FIG 4C. DTX NACK
can utilize the same synbol space, while ACK utilizes different synbol
space, as shown in FIG 40. olf DTX and ACI C/ NACK have non-overl appi ng
synbol spadéthe EXistercanf AN Wit ig mighadal is Ul HUSGS duithe gontextt bf Al Studil vweerefeatoi vel y,
DTX i s not ,si I e when AINis transmtted. The present

i nvention p@g\%é@gé‘g?g%ﬂl}%ﬁ@%hene to size the control channel for PUSCH.
The met hod is ajihd basialfiretiéralitylfotdefiniog the eize b4 emtrolapglopis ilbiss4tehin RIGs®s. The
met hod 15 is_applicabl e f L1 ki n C Ok Wgnal s (ACI UNACK and CQ ).
The schene. TBREPorE Hofie losficp silell BB bt MR rgidion el B0y
bandwi dtshs.viallkigheslagera loifiey dibeedlich & the qualityzliffkrerse tetdes thegiemt doatiolichaninelpr oved

wi th reduced d. . e Jnvention incl a,varie f .concepts,
sone of mhiaﬂﬁpgggﬁgﬁam Rharash aﬁldy;‘g%lfz b Egh né’gl b ro‘fr}lccgﬁv\%?%??ahfl% {){tso&%égeu%‘écé‘r st ood
t hat the f ebhtemhsigapliagtypept Frectutic putfparaeeers @©hndatarddaS vipedifid@ree amdingatteer i n

oy Tt eSS A o 4, ASERE B G OB 11,

concept whinoinbérsf ancoddd hits/synobmd i3, 4 iong with QPSKl 1 6QAMN, 1QAN] fot the@iven UL

substanti al | t4.C 1 nput parangeters; .providi ng.a ural.it f.signalled
i nput plf'a?r a %gés’i t\hﬁd’ u@@&%f meEﬁr’:%mﬁrﬁoemNg'ﬁﬁg tg% S bgﬁgélcgf‘t?%’ Sﬁ%@ﬁﬂ fﬂ‘but

par amet er s azetannhnget of gohtuo] algnating dfts @)gnal | ed i nput paraneters an out put
paraneter indicagtiv f.a nunber. pf. contral |.s . pe apsm ssion tine
interval for anﬁtg{rrrlorglﬁ & 652 86 wﬁogf’ﬁ é?tbaﬁglcpﬁmhﬁg%?’?g?se\c}\ﬁneé%p%'g’élgfgo% put

par anmet er teéakiuiate Mctrlacambe illustrata@lasdolbwsodi ng schene for an uplink. An
enbodi nent of the present invention includes a second concept, which is the
first concept wherein said determ ning_ of the_output paraneter enploys a
cell operation on a quantity that incl }}esC& roduct of a nunber of control
signalling bits nultiplied by a caqding| rasg,dijvided by a number of uncoded
bits per synbol. 5An enbodi nent of*"¢hel pr#seny i nvention includes a third
concept, which is the second concept re’n g$aid nunber of control
signalling bits is one of said signall'ed i nput paranmeters. An enbodi nent of
the present invention includes a fourth concept which is an apparatus

conpr i SisNgivhere ﬁ:{&&'raf:ﬁlinf iR ﬂe\ﬂu&h@ga_r & the htindtet b?/(cwedﬁ?@ﬁ;saﬁbf lalenhymﬁ.@,t ic input
parameters; to neaps for praoyidi a.plurality of sjgnalled input

par amet er s?ynél??a?ﬁ:'ég%%‘v?“cﬂa%dgf\%ﬁ?a%hbsp 4‘? apgfiations éﬁPﬁ%&‘Fﬁlﬁg‘F’&f PL i nput
paranmeters and said plurality of signalled input paranetergg an output
paranet er fsaraes injegerssowardy plsinfipity. dbthopld be 89thd Brbthp krm rransiipdeplet tine
interval for an anount of control signalling bits, wherei'n*aid out put

par anet er &pr@tcdasing tha folchih@Pparietasnd codi ng schene for an uplink. 15An
embodi ment of the present invgption includes a fifth concept, which is the

fourth concept UeheEPHinRY bEs bpan s(hpwperof trapsmaitad s aftercpde Rlepkput  par anet er
enpl oys,a ceil &gﬁr L on a quantity that includes a product of a nunber
of con??ol si gna |I§%ﬁq81?ts multiplied by a coding rate divided by a nunber
of uncoded bits per synbol. An enbodi nrent of the present invention

i ncludes a sixth concept, which is the fifth 20 concept wherein said nunber
of control signalling bits is one of said signalled input paraneters.

10



An enbodi ment of the present invention includes a seventh concept which is
an apparatus conprising an uplinking nodule configured to provide a
plurality of substantially static input paraneters; a |layer configured to
provide a plurality of signalled input paraneters; 25 and a processor
configured to determne fromsaid substantially static input paraneters and
said plurality of signalled input paraneters an output paraneter indicative
of a nunmber of control synbols per transm ssion tinme interval for an anount
of control S|gnaII|ng bits, wherein said output paraneter relates to a
nmodul ati on and cd gNﬁﬁﬂ’e(rEtdloumbmofmibfcnmerspersubframmcaamngdhussm of the
present invention |ncludes an %a%gig conceg mhlch |s t he seventh concept
wherein said pr ols EATYENG ntity that includes
a product of a nunber of control S|gnaII|ng bits nultlplied by a coding
rate divided a number of uncoded bits per symbol. S5An enbodi nent of the
pr esent |nthq¥%1ﬁnﬁhmﬂaﬁh%§XPéstﬁdﬁ§h concept, which is the eighth concept
wher ei n sai q?ﬁ&mo r@entrol signalling bits is one of said signalled

i nput para Ls-X__——2®a enbodi ment of the present invention includes a
tenth concé@hﬂmhlcﬁams a conputer program product conprising a conputer
readabl e nedi um havi ng executabl e code stored to therein; the code, when
executed by a processor, adapted to carryout: providing a plurality of
substantial | y dinptoved Dmubtcm‘ﬂ)naﬂe&emceqmmismdimlh sigpatiorpwhirathie typlioft DIBYNnal | ed

i nput para and.de ubsta tially static .jnput

oy At or SIS e TS AP oR oOfeBR o TRRRh O e pekeS G peiibBly

par amet er tormdmyatasmldf:tﬂaymbﬂbmdtmhsmmm orsliy'l’ibodng thisisyrhbal spave.S S| on time

interv r_an ontrol nal | ing bit ein said output 15
par anedbr Py e R Hentor R B in BB Sisetoie kR o (i An
enbodi nent of tOnewasmﬂouemnéhdamnonnmddﬁﬁastlmmzhtﬂﬂmgndmngmmhthaMi ch is
the tenth conce d er i ng_of t t put parangter enpl oys
a ceil opef 5‘? g"?&?@ﬂ@kﬂf ﬁoéf vfaﬁ%@ Bﬁ%?dg@tca% gﬁ%gsr of
control m@aﬂavlv%lng bits nultiplied by a codi ng rate divi ded by a nunber of
uncoded bits per synbol. 20An enbodi nent of the present invention includes
a twelfth concept, which is the el eventh concept wherein said nunmber of
controlissignalling bits is one of saif,gi §Ralll ed i nput paraneters.

Addi ti onal enbodi nents of the present]i n\m!ptl opn i nclude one wherein CRis
iteratively calcul ated, based M T Fax C T-iar_ds( gt ng rate, including the

i npact of control signals 25 and posst bl e*soundi ng reference signal (i.e
not based on CR of MCS). Still a further enbodinment is one wherein CRis
based on the nom nal . coding rate, not including the inpact of control

si gnal s andhqpOKds Dpredetdmiingd mgmbesfeay. e&qHETBisgm&ber 1sY£Iect&ﬂﬁidiuelnhelr‘ib®ﬂi nent is

one wherein di fferent nam c ranef of fset dB
T gy Pogfeutiidie BT defbriol it Endonte R bmatiame el BR0E S ot o
wher ei n t heverhehdatThe provédusd ig madhlthan in tharchsé hﬁeﬁmmmglstlﬁésamu therithbul ated in a

o Regar i TS BeBAR G e e it b StoRaorol Sont ol

on PUSCH, thecded\Nher?SOKMNACK israbdint) éres Kr@ﬂmona&uﬁnwsmed feithadeedses,AJEont r ol

oL 10 8 S RO i G ek 5 ARGty 10730

di f ferent wedretdald, itltl@dsdﬂe(xﬁ@lﬂ%ﬁonﬁﬁcéﬁlﬂ»}ayagﬁrmaed to separate
10nodul ati on synbol ferent cod rat c?s for,.control. is achi eved by

f
occupyi ng di f f &V boﬁ‘ﬂ‘r‘?ﬂtequ&fp reERtYeRto Blemenfed by megns e for the
cogltrol Siﬂﬂt&lohdlﬁyﬂﬁwgunm.hyIﬁblﬁbo?tl’ﬁ@réf&ﬁﬁeme&iﬂe@tb&ioﬁﬂﬂEhﬁdﬂi@reSSGd in a
tabl e.
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In RANI #52bi s (described and incorporated by reference above), sone
further details were 15 agreed upon: CQ/PML on PUSCH uses the sane

nodul ati on schene as data on PUSCH Sem -statically configured of fset

bet ween the data MCS and the code rate of the control signaling (A/N and
cQ) Here, a fornula is proposed to determ ne the size of control region
based on data MCS. Also 20 presented here is a nunerical value set for the
of fset paranmeter. These val ues can be used to design the higher |ayer
signaling needed to configure the offset paraneter. The proposed formul a
cont ai ns t bentfimthk samerfgnatiendlitstbatfire Metdu Thomethodtomrsisst () elNB deffines &rehi gher

| ayers: t,,d fference agni rol channel
and PUSCH ﬁé-ﬁg-tdg @%%fg aesorlﬁgthé mﬁnetﬁuntt)hgﬁs con%ﬁ u?a'téséﬁ\gcr?g &ng bits (for
t he gi ven easmitothe gtvglmwntrnkyslgzrgmag typh esihf MdizltresoiMCSelemedta(sgaibolshdodatedar anet er s

k d [ 1

Wod- Nunbeh £ B e astales (DENE el Mot febest eMneqpfoliontig) oy

16QAM 64 Qipk udidgdMcrl tdsanmnidmantsc(éymhmtso looitedsomdymt-gdét@ihlinadpdaces. i s cal cul at ed
foll ds | ch I

as 1ollows. g%l\(/{%'leé UIB{)O %1&1?‘3”? sate%lB Isva%%n&aecig amtaggor?lbf#'eaeg Eﬁ%{)ﬁo channe

size to the nea\[?;1 I'nity. The
supported baideiitsgorgreferaig fut a group PRISCbibandwidths)e An examplpofithis ik shogn as

assunpt i ongolmad for % ven control signaling on PUSCH. It is al so noted
that due t S0P PESYAY i on reasons it may be better to tabulate the

rel ati on of of fssedffsed®B sl fgnBW <K RBsI(K BfafpsedeterniBied hambeeyag. 1) * , i nstead of
signaling the of f The of fset paraneter depends on the
BLER oﬂ%ratlon p‘? t%&%ﬁ@dg& fand It is assunmed here that offset
dB paraneter i Slnsﬂgmaherdmhbcﬁmﬁﬁ,ﬁheb@s%ald&]@ankbt isdefiried @egfagdtdlpr differens. conmon
of fset dB ter f al | sufficient ~a conmmn

of fset_dp A REeErertS « oy 4GS Am arirRie: it P b Sty oo ERBRY

Per si st ent tssc,-heam&u m_lribﬂQPSKng bandwi dt h dependent offset_dB -paraneter
is a special case t sm ssion bandwi dth is not used
with the persistée se gﬁ@o% %ﬂ& %gﬁé‘gﬁghows si nul at ed/ opti mi zed val ues
for thesof f set IRt padtasiemnbsdimbit, thebfset [@Btpatdink{eeis@bfined 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
20  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
25  —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



of fset _dB paraneter is needed for ACK/NACK and different CQ sizes.

Nurmeri cal val ues presented in Table 1 can be used to estinate the nunber of
bits needed to configure the 20 offset dB -paraneter. Based on these
results, in order to mnimze the control overhead, we propose that offset
dB paranmeter related to A/N 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) 25 Periodic CQ and scheduled CQ nay require
their own offset dB -paraneter. When si gnal i ng ACI UNACK on PUSCH, an
i nport ant bigmalieg.t Peadistent Vs (ifeo tHoes haxiogmo idpdamicet Ubgrint dveilabile cBIbéve 0- ACK

br esence obtbepreRtAfBpted TR S Reb ool ol 10 LU0 POT B the
presence of ACKWitl\Eigard $o defiaition bf effset_HB+valnben eumiidimen fof theifebthCioventivhol s
Formul a_naj Bec iy B oo 83! QAR arobod o ShE Pyl Ehdeples 11 €1 1
know edge BhwokErrbtRatip (BEER)ex Ubf data@hanNeliv/oHARQBEHimited it @ cettainNuwmbei cal
peeod f O CF 7 HEER SROAE Hinct AR '&%t°%%5n AR - Ao F i TH) o) o0
50% 5% 0. 1efifset_dB value which satisfies the quality criteria, which is an initial value for the offset_dB
-parameter (may depend also on the operation environment such as channel profile, UE
speed) and can be tabulated 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}.

N- CR

= e
—offcet_DTX _dB

10 10

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
Metrl symbols to signal A/N.
L2 =max(M_,,K)

L3=max{M_,,L1}

13
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A further embodiment of the invention is one where DTX and ACK/NACK share an
overlapping symbol space. ACK/NACK can utilize different symbol space than DTX, as
shown in FIG. 4A. Or, DTX/NACK. can utilizes the same symbol space, as shown in FIG.
4B.

Another embodiment of the invention is one where DTX and ACK/NACK have non-
overlapping symbol space. ACK/NACK can then utilize different symbol space than DTX,
as shown in FIG. 4C. ]5TXINACK can utilize the same symbol space, while ACK utilizes
different symbol space, as shown in FIG. 4D.

If DTX and ACK/NACK have non-overlapping symbol space, DTX can be signaled
simultaneously with A/N. Altemnatively, DTX is not signaled in the case when A/N is
transmitted.

The present invention provides a robust scheme fo size the control channel for
PUSCH. The method is applicable for both non-persistent and persistent cases. The method
is applicable for ail kind of contro] 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 substantiaily 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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An embodiment of the present invention includes a second concept, which is the first
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 third concept, which is the second
concept wherein said number of control signalling bits is one of said signalled input
parameters. )

An embodiment of the present invention includes a fourth concept which is an
apparatus comprising: means for providing a plurality of substantially static input parameters;
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
modu]a.tion and coding scheme for an uplink.

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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An embodiment of the present invention includes an eighth concept, which is the
seventh concept wherein said processor employs a ceil operation on a quantity that includes a
product of a number of control signalling bits muitiplied by a coding rate divided by a number
of uncoded bits per symbol.

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

An embodiment of the present invention includes a tenth concept which is a computer
program product comprising a computer readable medium having executable code stored

10  therein; the code, when executed by a processor, adapted to carryout: 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 a2 number of control symbols per
transmission time interval for an amount of control signalling bits, wherein said output

15  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.

20 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

25 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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Anong ot her things, this enbodi nent of the present invention provides a
detailed fornula to determ ne the size of control region based on data MCS.
It is also proposed that 10 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 ACYJNACK and CQ .
15 Table 2. Nunmerical non-quantized values for Mad paraneter, 1@0, offset
dB vari es Baedyvibepregndnveatieh @someompagies srembpdinmat whendsdrwleidpnad 0. 00 0. 50

1.00 1.50 ZiDftip 8 thd-fAbwiddotkh is tabulated in a predetermined way (i.e. not signalling the
offset_dB directly):

~gffser _dB

10 0

5 Regarding linkage between PUSCH MCS and amount of resources for control on
PUSCH, in RAN1 #50 held in Athens many assumptions related to control signaling on
PUSCH were agreed, as described in TSG-RAN WG1 #50, R1-073842 (described and
incorporated by reference above):

s Data and the different control fields (ACK/NAK, CQI/PMI) are mapped to separate
10 modulation symbols

» Different coding rates for control is achieved by occupying different number of symbols

» The coding rate to use for the control signaling is given by the PUSCH MCS. The

— relation is expressed in a table.

In RAN1 #52bis (described and incorporated by reference above), some further details were
15  apreed upon:

¢ CQI/PMI on PUSCH uses the same modulation scheme as data on PUSCH

o  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
20  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:

. offset_dB performance difference between the given control channel and PUSCH
Y 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:

17



QPSK 1/10 10.0 2 150.0 168.3 188.8 211.9 237.7 266.7 299 3 QPSK 1/6 6.0 2
90.0 101.0 113.3 127.1 142.6 160.0l 179.6 QPSK 114 4.0 2

e« CR: Coding rate of given PUSCH MCS (e.g., 3/1)
o Miupa:  Number of (uncoded) bits/symbol of PUSCH MCS, (2, 4 or 6] with QPSK,
16QAM, 64QAM.
Myt is the number of control symbols/TTI and it is calculated as follows:
NG
3 M, = “ﬁ s
10 W

where [ rounds the control channel size to the nearest supported integer value, towards -
{plus) infinity. The supported integers are based on the coding/repetition/puncturing
assumptions made for given control signaling on PUSCH. It is also noted that due to
implementaﬁgn'r_%asons it may be better to tabulate the relation of offset_dB signaling and

—offset _dB
10 term 10 ', instead of signaling the offsef dB directly.

The offset parameter depends on the BLER operation point of PUSCH data and CQL It is
assumed here that offser_dB parameter is signaled via RRC signaling. Notice the following:
e acommon offset_dB parametler for all the PUSCH MCSs is sufficient
¢ acommon offser_dB parameter for different bandwidth options is sufficient. Persistent
15 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 offse_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
20  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)
25  Periodic CQI and scheduled CQI may require their own offset_dB —parameter.
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60.0 67.3 75.5 84.8 95.1 106.7 119.7 QPSK 1/3 3.0 2 45.0 50.5 56.7 63.6
71.3 80.0 89.8 QPSK 1/2 2.0 2 30.0 33.7 37.8 42.4 47.5 53. 3|

When signaling ACK/NACK on PUSCH, an important issue that needs to be taken
into account is the DTX-to-ACK problem. Results in Table 1 assume that UE has the
knowledge about the presence of ACK/NACK on PUSCH. However, if no information about
the presence of ACK/NACK is available, then the number of ACK/NACK symbols needed

s must be heavily over dimensioned. It is also noted that different formula may be need for

ACK/NACK and CQI in the case when UE has no knowledge about the presence of
ACK/NACK on PUSCH.
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59.9 QPSK 2/3 1.5 2 22.5 25.2 28.3 31.8 35.7 40.0 44.9 QPSK 3/4 1.3 2 20.0
22.4 25.2 28.3 31.7 35.6 39.9 160AM 1/2 2.0 4 15.0 16.8

Table 1. Numerical values for offset dB -parameter, non-persistent scheduling, 2RBs,

TU channel, v=3 km/h
Offset (dB)
QoS N
Data BLER CQI BLER |A/NBER 1 5 10 30 80 90
50% 5% 0.1% 7.0 2.0 1.9 1.4 1.3 1.3
40% 1% 0.1% 68 | 256 | 31 | 22 | 22 | 22 |
40% 5% 0.1% 6.8 1.8 1.6 1.2 1.2 1.2
30% 10% 0.1% 6.8 1.1 1.1 0.8 0.8 0.8
20% 5% 0.1% 6.5 1.5 1.5 1.0 1.0 1.0
20% 1% 0.1% 6.3 2.7 2.5 1.5 1.5 1.5
20% 5% 0.1% 6.3 1.2 1.2 0.8 0.8 0.8
- 20% 10% 0.1% 6.3 0.5 0.5 0.4 0.4 0.4
5 10% 1% 10.0% 5.8 2.4 2.2 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
10 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 CQL

15
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18.9 21.2 23.8 26.7 29.9 160AM 2/3 1.5 4 11.3 12.6 142 15.9 17.8 20.0 22.4
160AM 3/4 1.3 4 10.0 11.2 12.6 14.1 15.8 17.8 20.0 16QAM 5/6

Table 2. Numerical non-quantized values for Mqn parameter, N=30, offset_dB varies

between 0 dB and 3 4B
N 30
offset_dB 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Data MCS CR Mmod Mcitrd
QPSK 1710 10.0 2 150.0 168.3 188.8 211.8 237.7 266.7 2989.3
QPSK 1/6 6.0 2 80.0 101.0 113.3 1271 142.6 160.0 179.6
QPSK 1/4 4.0 2 60.0 67.3 75.5 84.8 95.1 106.7 119.7
QPSK 1/3 3.0 2 45.0 50.5 56.7 6§3.6 71.3 80.0 £89.8
QPSK 172 2.0 2 30.0 33.7 378 42.4 47.5 53.3 59.9
QPSK 2/3 1.5 2 225 25.2 28.3 31.8 35.7 40.0 44,9
QPSK 3/4 1.3 2 20.0 224 25.2 28.3 31.7 35.6 39.9
160AM 1/2 2.0 4 15.0 16.8 18.9 21.2 23.8 26.7 29.9
16QAM 2/3 1.5 4 11.3 12.6 14.2 15.9 17.8 20.0 22.4
16QAM 3/4 1.3 4 10.0 11.2 12.6 14.1 15.8 17.8 20.0
16QAM 5/6 1.2 4 9.0 10.1 11.3 12.7 14.3 16.0 18.0
B4QAM 172 2.0 [ 10.0 11.2 12.6 14.4 15.8 17.8 20.0
64QAM2!3 1.5 6 7.5 8.4 9.4 10.6 11.9 13.3 15.0
64QAM 3/4 1.3 6 6.7 7.5 84 8.4 10.6 11.8 13.3
640QAM 5/6 1.2 6 6.0 6.7 7.6 8.5 9.5 10.7 12.0

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

10 of the particular hardware of the system, and will be compatible with other system
components and /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

15  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.

20 1t 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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1.2 4 9.0 10.1 11.3 12.7 14.3 16.0 18.0 640AM1/2 2.0 6 10.0 11.2 12.6 14.1
15.8 17.8 20.0 64QAM 2/3 1.5 6 7.5 8.4 9.4 10.6

of the method, system, mobile device, network element, and software product under
consideration. A person skilled in the art will understand that the steps and signals of the
present application represent general cause-and-effect relationships that do not exclude
intermediate interactions of various types, and will further understand that the various steps

s and structures described in this application can be implemented by a variety of different
sequences and configurations, using various different combinations of hardware and software

which need not be further detailed herein.
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11.9 13.3 15.0 64QAM 3/4 1.3 6 6.7 7.5 8A 9.4 10.6 11.9 13.3 64QAM5/6 1.2
6 6.0 6.7 7.6 8.5 9.5 10.7 12.0 5 Each of the enbodi nents descri bed
above can be inplenented using a general purpose or specific-use conputer
system wi th standard operating system software conformng to the mnethod
descri BEdAhEY 6LAIMARAS:sof tware i s designed to drive the operation

1. A method comprising:

providing a plurality of substantially static input parameters;

providing a plurality of signaled 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 signaling bits,

wherein said output parameter relates to a physical resource with given modulation

and coding scheme for an uplink, 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 and a coding rate

divided by a number of uncoded bits per symbol.

2. The method of claim 1, wherein said number of control signaling bits is one of said signaled input

parameters.

3. The method of claim 1, wherein said substantially static input parameters include a quality

difference between a conirol channel and a physical uplink data channel.

4. The method of claim 3, wherein instead of signaling said quality difference directly, a relation is

—the quality difference

tabulated of the quality difference and a term 10 10 in said quantity.

5. The method of claim 3, wherein said quality difference comprises at least one offset parameter.

6. The method of claim 1, wherein an offset describing a quality difference between a control and

data channel is one of said signaled input parameters.

7. The method of claim I, wherein a coding rate divided by a number of uncoded bits per symbol is

obtained from a resource allocation of uplink data channel.

8. The method of claim 6, wherein a different offset parameter is used for acknowledgement and for

channel quality indicator.

9. The method of claim 1, wherein an uplink data channel is punctured according to said number of

control symbols.
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10 of the particular hardware of the system and will be conpatible with

ot her system conponents and I/O controllers. The conputer systemof this
enbodi ment i ncludes a CPU processor, conprising a single processing unit,
mul tiple processing units capable of parallel operation, or the CPU can be
distri bmt/eda@anams soroprésingr mpas éorpraoedigesa pigralnyiof subistantgle setic mputeatame@tst ons,
e.g., on a i-ent rrs of data
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appl i catpuoprraparerde i npl enent ed by a variety of different sequences and
configurations, using various different conbinations of hardware and

sof tware whi ch need not be further detailed herein. WHAT IS CLAIMED I S:
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met hod of " cl erern said ts is one of
sai d sipgia@bted i nput paraneters. 3. The net hod of cl ai m 1 V\/nerei n said
substantially static input parameters include a quality difference between
a control channel and a physical uplink data channel. 4. The method of
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control 1 data c anne sai I nput ~par anet’ers
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divided by a number of uncoded bits per symbol.

16. The apparatus of claim 15, wherein said number of control signalling bits is one of said

signalled input parameters,

17. The apparatus of claim 15, wherein said substantially static input parameters include a quality

difference between a control channel and a physical uplink data channel.
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9. The nethod of claim1, wherein an uplink data channel is punctured
according to said nunber of control synbols. 10. An apparatus conpri sing:
means for providing a plurality of substantially static input paraneters;
means for providing a plurality of signalled input paraneters; and neans

f or defi&rienpprgptisaddlagai 4 vdatsstiagtead af $ignag bg@taidoquihip diffeparadecdy. s rdnignsai d
plurality of signalled input paraneters.ai,oud-p4t paranmeter indicative of a
nunber isgfibutatritaof die gesinbdifisreperant ptamwfilssi onwt i me iimsad qmhtithor an anount of
control signalling bits, wherein said output paranmeter relates to a
nmodul ati on and codi ng schene for an uplink, wherein said neans for

det er milhi Tig apparativent olatop Ui, wharcarseitdepalenpifieresceaompiifes epeasatrieofistn a quantity
that i Eﬁ gs a product of a nunber of control signalling bits and a coding
rate dfvi by a nunber of uncoded bits per synbol. 11. The apparatus of
cl aim 10, wherein said nunber of control signalling bits is one of said

si gnal egl A n%ﬁutn{ﬁ{aﬁéﬁe Glfom ndvin &hceuta%ﬁ)eoc%dtfi&ﬁ" d%‘ére%' cileowF L&l pyal d
subst afiti‘al IC |npu? par dheters i nc erence between
a cont pgirockranrghptethth earphygi p@l\ndmgl & pluadigt af swbammlly sle&c e pappafest us of

claim . wher ej S | ly, a
el ari Bt bl 3 ARRUR bl CRR R 3 bRk heitl WMELRRAR B0 V.
and a irppnpatOdetds mdqaldd)hqaﬂamtof slgnalled_mpufmwnarmmmwumt @:ﬁrambtan rmhmwe wher e| n
sai d qk{ajnﬂ tr36f g!)rftlfo?:_ﬁn%%?s }9@9%5%&1?5?011%1}14 1%%?\;&1 N n Jn‘fo%lgtt fpc%l:lt?‘(ﬂ‘esg%%gﬂmg gi?s’
apparatus co -an uplinking Ule conflgured 1 rovi rallty
of substhemini saﬂdloytpsitlalrzinmtdrm@ues tpanmrbtae@rsanda;Oﬁiag(eqhem@lﬁfrlagupladt whergin @aud de a
pl urali p fi 0

Get er mingmiting ORE Bl ch BB BB G Sperill B RLORRT AL SR OHAE o

pl ur al amymbffr ogccgltrail d@dihnglbmanparcm wresihaded by zpunbpad ametalbils peisgabélve of a
nunber of control synbols per transm ssion tine interval for an anount of
control signalling bits, wherein said output paraneter relates to a

nodul agi chheantpwodiaighls oledime of okina?0, bkieinsaidwhebaiof catiotsignaioebgos enpl oys
a ceil i . that includes a product of a nunber of
contrologg‘%{s%glsﬁﬁﬁggb@%l%a eEartgycodl ng rate divided by a nunber of uncoded
bits per synmbol. 16. The apparat us of claim15, wherein said nunber of
controb, %&Q@hkﬁt&%&f big \ﬁnﬁm&%‘?c@ @'wcﬂlex%ln%%'shﬁknhﬂ UL P ARl fefys 17 The
apparatus of ¢ § erein saild’substanti t IC Input paraneters

i ncl udmcaldq@amlmydlffprﬁrﬁoer’om@@ bmnm!@ha@eb@ﬂtarpbysmh@hnbﬂatadmmaelphy5| cal

upl i nk data channel . 18. The apparatus of claim 17, wherein instead of
signaling said quality difference directly, a relation - the quality

di f f er @hcEhe compuieiyeddable hedimtdi elaipual. ivhyred ihfted ehggnatinglsead quelindifbraicen sai d
quantity. 19. The apparatus of claim17, wherein saitnquadaitadi fference
conpr i daectlyt a relatipn g riehulsteidsest fhpaﬂﬂdﬁmdéfefeﬂcQ@ﬂd Ateronpit er readabl engeidi um
havi ng exgeaut abl e code stored therein; the code, when executed by a
processor, "adapted to carry out: provi ding a plurality of substantially
static input paraneters; providing a plurality of signalled input

par AMELEr fro AR ASERAAE MoBln! draM s 31 duskish ATk LifreRhad dofupliQR Y 1cRRr amret er's
and said p “Ura Ity of i gnafnl I nput parameters” an out put pararret er

i ndi cathvelfsgfpazameiatber of control symbols per transmission tinme interval

for an anount of control signalling bits, wherein said output paraneter
relates to a nodul ati on and codi ng schene for an uplink, wherein said
determ ning of the output paraneter enploys a ceil operation on a quantity
that includes a product of a nunber of control signalling bits and a coding
rate divided by a nunber of uncoded bits per synbol. 21. The conputer
readabl e nedi um of cl aim 20, wherein said nunber of control signalling bits
is one of said signalled input paranmeters. 22. The conputer readable

medi um of claim 20, wherein said substantially static input paraneters
include a quality difference between a control channel and a physical
uplink data channel. 23. The conputer readabl e medi um of claim 22, wherein
instead of signaling said quality difference - the quality difference
directly, arelation is tabulated of the quality difference and a term
10inin said quantity. 24. The conputer readable nmediumof claim22,
wherein said quality difference conprpses at | east one offset paraneter.




