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BACKGROUND

A telecommunication network is shown schematically in Figure 1. Mobile
terminals 10 (also termed user equipment, or ‘UE’s) such as mobile phones,
computers, PDAs, etc, are able to wirelessly transmit data to, and
15  wirelessly receive data from, various base stations 20 (also termed ‘BS’s).
Each base station may be in communication with a wired network 30, such
as an optical network. The telecommunications network may be controlled
by a network controller 40. The present invention relates primarily to the
radio access portion of the network (i.e. to the wireless communications
20  between the mobile terminals and the base stations), and so the remainder

of the network will not be discussed in further detail.

Transmissions from a base station to a mobile terminal are generally termed
‘downlink’ transmissions, whilst transmissions from a mobile terminal to a
25 base station are generally termed ‘uplink’ transmissions. Such
transmissions may be either Frequency Division Duplex (FDD) or Time
Division Duplex (TDD). In FDD, downlink and uplink transmissions are
made in separate frequency bands, such that packets can be transmitted in
the downlink and uplink directions at the same time. In TDD, on the other
30 hand, downlink and uplink transmissions are made on the same frequency

band and are transmitted in different predetermined time slots.



made in separate frequency bands, such that packets can be transmtted in
the downlink and uplink directions at the sane tine. In TDD, on the other
hand, dowwbi2nlo/@aseupl i nk transm ssions are nmade on t hepsarse2dosespwency band
and are transmtted in different predetermned tinme slots. TDD is flexible
in that the duration of downlink and uplink transm ssions can be confi gured
depending on the traffic intensity in thé downlink and uplink directions,
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of duration 5ngowkRghifte@ye.is split into transmssion tine intervals
(TTIs). Some TTls (those marked J.) are schedul ed for downlink
transm ssions, whilst others are scheduled for uplink transm ssions (those
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15 Data is scheduled in radio frames with a periodicity of Sms or 10ms. An
example of a radio frame with Sms periodicity is shown in Figure 2. Each
frame 3 is 10ms in duration, and comprises two sub-frames 5 of duration
5ms. Each frame is split into transmission time intervals (TTIs). Some
TTIs (those marked |) are scheduled for downlink transmissions, whilst

20  others are scheduled for uplink transmissions (those marked 7). It can be
seen that there are more downlink TTIs than there are uplink TTIs (in this

case the ratio of downlink time to uplink time is 3:1).

LTE requires a terminal that is receiving a transmission to transmit a
25  feedback report to the sender of the transmission to confirm whether or not
a scheduled transmission was received, and/or whether it was received
correctly (various prior art methods exist for determining whether data is
received correctly, and so that is not discussed herein). If the terminal
receives the transmission correctly, then it is required to transmit an
30 acknowledgement (ACK) to the sender. If it does not receive the
transmission correctly (perhaps because it determines that errors have been

introduced into the data, e.g. by interference during the transmission) then



feedback report to the sender of the transm ssion to confirm whether or not
a schedul ed transm ssion was received, and/or whether it was received
correct!| ywoOwarwsesepri or art net hods exi st for determ nipog/Sek@slosnedat a i s
received correctly, and so that is not discussed herein). If the term nal
receives the transm ssion correctly, then it is required to transmt an
acknow edgenent (ACK) to the sender. |If Bt does not receive the
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It can be seen that where the ratio of downlink:uplink is not 1:1 the
15 requirement for feedback reports becomes problematic. Because more data
is being sent in one direction than in another it is not simple to schedule

one feedback report for each data packet that is transmitted.

Prior art methods have addressed this problem by bundling ACK/NACK
20 data together. For example, Figure 3 shows a situation where there are four
downlink data streams for every one uplink. Three of the data streams
(those marked ACK) are received successfully, whilst one is not (marked
NACK). Because it is not possible to transmit four feedback (without
increasing the payload of the upload signal, thus reducing the overall
25 uplink performance), those feedback reports are combined using an ‘AND’
operation, where NACK takes precedence over ACK. The result is that a
NACK feedback report is transmitted to the sender, meaning that all the
data, including that which was received successfully, must be
retransmitted.
30
Thus it can be seen that ACK/NACK bundling, whilst it can improve the

performance of the uplink control channel (in LTE: the physical uplink



data together. For exanple, Figure 3 shows a situation where there are four
downlink data streans for every one uplink. Three of the data streans

(t hose nawbeadioABK)scare recei ved successfully, whilst onecrsenms/ofmwar ked
NACK). Because it is not possible to transmt four feedback (w thout

i ncreasing the payl oad of the upload signal, thus reducing the overall

upl i nk performance), those feedback repofts are conbined using an ' AND

operation, wher e nce. Qv T, It i hat a NACK
f eedback repor tcg?llé\ﬁ%gtﬁlgér(rll ?)trgjﬁgﬁ?’hg Cégnlgérre:gggrﬁehaen?ﬁggfﬁgttthglq%v{nt@kdat a,
i ncl udi ng t hat tahirchswagir édéi: ke pbud casdfwillink, shaust cleancktardtizstlit.ed. Thus

it can be seen t. A dl i whilst it can jnoprove t.h

per f or mance of E§ 1lSJ’pI i n%ﬁ?ﬁ&ungﬁg%n&ay(?eﬁﬁfﬁ: n?%delg%hiag?wggpl? res

upl i nkcontrol ¢hasmekionowhRUCESHheffidieraaas it nedueasehd Hewblinidennanistibe

downl i nk tr?nsmrgsi on.(in LTE the physical downlink shared channel, or
PDSCH). That is WNACK bundling may | ead to needl ess downlink re
transm ssion, which is inefficient as it reduces the downlink transm ssion
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oe - ) >
SUMMARY Accor di'ii of T1seupigds oNEpete theopropRsed; spl it B3 & mefer anplisiiRi ded a

met hod of necehd gk sandi 8bREOAIMIBILE Bk QK /M AR Ibund N f@hRd conpri sing:
receiving a signal conprising data encoded for transm ssion with a code

conbi nati on;
SUMMARY

According to a first aspect of the invention there is provided a method of
receiving a telecommunication signal, the method comprising: receiving a
15 signal comprising data encoded for transmission with a code combination;
decoding the signal to retrieve unencoded data, the decoding comprising
determining with which code combination selected from a set of code
combinations the data is encoded, and decoding the data; and selecting a
meaning for the signal from a plurality of predetermined meanings, wherein
20 the meaning is selected based on the code combination with which the data

was encoded.

Using the above method an entity receiving a transmission is able to
determine information about the meaning of the transmission from the code
25  combination with which the transmission is encoded, as well as (or even
instead of) from the data content of the transmission itself. That is, the
selected code combination conveys information, as well as simply encoding
the data for transmission. However, that additional information conveyed
by the choice of code combination does not require any more
30 bandwidth/bits to transmit in addition to the bandwidth/bits that are

required to transmit the data.



decoding the signal to retrieve unencoded data, the decoding conprising
determ ning with which code conbination selected froma set of code

conbi nat iwo0tdsekat a i s encoded, and decodi ng the dat apcasd2®@elewmt? ng a
meaning for the signal froma plurality of predeterm ned neani ngs, wherein
the meaning is selected based on the code conbination with which the data
was encoded. Using the above nethod an endtity receiving a transnission is
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code conbi nati JABSTHEC YR be sel ected fromthat set include {CAZAC 1},
{CAZAC2}, {CAZACl, CAZAC2}, {CAZAC2, CAZAC }, etc. Such a set of codes is
pref erably uni ueI¥ assigned to a particular termnal in a transm ssion
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be determ ned fromthe set of codes, cting the neaning tha
can be determined from the set of codes, and selecting the meaning that

corresponds to the identified code combination from the stored data. For
example, a look up table might be provided in an internal memory of the
receiver, which it can use to determine the meaning of the signal.
15

The meaning of the signal is preferably selected based on at least some of
the data which is transmitted in the signal, as well as the code combination
with which the signal is encoded. For example, the table stored in memory
may comprise a relation ship between each predetermined meaning, and a

20 data value and code combination used to transmit that data value.

The set of codes may comprise two codes. Alternatively, the set of codes

may comprise three codes, or four codes, or a plurality of codes.

25  In some embodiments, the signal may comprise two or more fields (i.e. two
or more portions of the signal which can be distinguished from each other
by the receiver, perhaps by their location within the signal, or by some
other means). The meaning of the signal may be selected based on which
of the two codes is used when transmitting each of the respective fields.

30 The fields may comprise distinct portions of the signal, for example, a

chronologically first half (or ‘hop’) of the signal and a second half (or



corresponds to the identified code conbination fromthe stored data. For
exanple, a |look up table m ght be provided in an internal nenory of the
recei ver ,watlzoo3stsecan use to determ ne the neani ng of trhe/sEc@sabiocThe
meani ng of the signal is preferably selected based on at |east sone of the
data which is transmtted in the signal, as well as the code conbination
with which the signal is encoded. For ex#&mple, the table stored in menory
may conprise a.fel.ation ship between each predeternm ned nmeani and a data
val ue and code ESib MAE ¢ BIOUREE PEPL ISR T §RLPOHEEIITRE FReEE, of
codes may conprdagearidwsaconesigndl feetioatomeinyng & hfesate signglodes may conpri se
three codes, or four codes, or a plurality of codes. In sone enbodi nents,
the signal may conprise two or nore fields (i.e. two or nore portions of
the signal whioh ¢dtushed dbsid, npelinshathgf thamieadbeod hely bymphe feedidcker ,
perhaps by their location within the signal, or by sone other neans). The
meani ng of hedépgnal may be sel ected based on which of the two codes is
used when transmtting each of the respective fields. The fields may

conpri se distin%t portions of the signal, for exanple, a chronologically
first half (or "PRopm§the (MY sib§nalmpipmetededBnd halmte (BViHeh' YUPFNe fiel ds
may conprise atdlbéshmSh@Rdn BREdHON conprising feedback data and a second
signal portion containing a reference signal. As discussed above, the
meaning that is selected may conprise feedback data. The nmet hod nay be
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to a conplenentarg aspect of ‘the invention there is provided a nethod of
transmtting ane @b@gwwmamgmteéﬁcgmwl@dﬁ@nrﬁegmhémlmct;w@pﬂsmg:

identifying a message for transmission, the message being selected from a
plurality of predetermined messages; selecting a code combination from a
set of codes combinations, each code combination corresponding to a
15 predetermined message; encoding data with the selected code combination,
and transmitting the encoded data, wherein at least one code combination
of the set of code combinations imparts a meaning to the signal that is
different from an unencoded meaning of the data, and wherein the code
combination with which the signal is transmitted is selected based on the

20 which of the predetermined messages has been identified for transmission.

The signal may comprise two or more distinct fields, and a code from the
combination may be selected to transmit each of the respective fields. That
is, the same code may be used to transmit all of the fields, or a different

25 code may be used to transmit at least one of the fields, or each of the fields.

The data for transmission may be selected from a set of predetermined data
values, each data value corresponding to a code combination and a
predetermined message.

30



identifying a nessage for transm ssion, the nessage being selected froma
plurality of predeterm ned nessages; selecting a code conbination froma
set of cosexwmasbisaati ons, each code conbi nation corresponGERYSHOHI06T
predet er mi ned nessage; encoding data with the sel ected code conbinati on,
and transmtting the encoded data, wherein at |east one code conbi nation of
the set of code conbinations inparts a nfaning to the signal that is
different froman unenc?d%d me of ..t he t and wherein the co
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code may be userg to transmt at |east one of the fields, or each of the
fields. The’ datidef Brethqda ity SeMBHshegenpEating) &edberls reparty dmregpect of

predeterm ned daledvogalduRs, QACHIndatiR Vst cC @ @aRARELIRE hAy acdiRsi®se
conmbi nati on and a predeterm ned nessage. As di scussed above, a transmtting

termnal may cOHpiiize? 8lwakiyrspidcEaprackiarerét or ed data which rel ates each
predeterm ned nessage to at | east a code conbination, and possibly a data
value and/or field relation. The method may conprise generating feedback
reports in resgdetmyhoq segibpddpdmentedst] eéimendjvisiva dpdsagstapin whighsni ssi on
may Comprisg buRdlhid & MkdsAliohvresaley feaADAGH! GRAIH S ol NrdRbhiod may be
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transmtted in g,s5Qcend, QRRYSIAE idbARHHY 88 R G5) LORpliSe Fundling
information (such as feedback reports) as if the ratio were X/Y:1, wherein

Y<X, and Y#0. That is, where the ratio of downlink to uplink

I5  transmissions is not 1:1, but is X:1, a terminal sending a feedback report

will assume that the ratio is really lower than in reality. For example, if two

codes are assigned to that terminal, it may assume that the ratio is (X/2):1.

Any of the above methods may be implemented in a code division
20 multiplex system, by assigning at least one terminal in the system with
more than one unique code. Preferably, where more data is transmitted in
one direction than in another, all terminals required to transmit in the
direction that is allocated less transmission time should be allocated more
than one unique code.
25
According to another aspect of the invention, there is provided a method of
conveying information in a telecommunications system, the method
comprising:
identifying a message for transmission, the message being selected
30 from a plurality of predetermined messages;
selecting a code combination from a set of codes combinations, each

code combination corresponding to a predetermined message;



(where X I). In that case, identifying the nessage nay conprise bundling
information (such as feedback reports) as if the ratio were X'Y. | ,
wher ei n YWXQ 2arh3¥15®. That is, where the ratio of downli rkTiSE200pl0510K7

transmissions is not 1:1, but is XX | , a termnal sending a feedback
report will assune that the ratiois really lower than in reality. For
exanple, if two codes are assigned to tha&t terminal, it may assume that the

ratio is (X' 2): 1. Any of e ahoye t hods ,may_be j.npl enented in a code
di vision multipl ex g'f/%slotdénrﬁ 8%?/ Wa‘lss%ﬁr??%&tegtcofi%gé?ggﬁ{éo ‘éf'ii nal in the system
wi th nore than one unhguieticpde.enPodfdedahl y, where nore data is transmtted

in one direction than in a otherél al | .term'dnals hgcu;ired to.transn?t in the
direction that is afi68APe4q &8l tUNEHEE 18R TIRECEFBUTYBdss it 8%t ed nore
t han one uni quehceodectedcady dinftgndtionanot her aspect of the invention, there
is provided_a nethod of, conveyi.ng information in el.eco ni catj ons
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message bei ng sehgekng det@miginglwitidbvihich @fde Roaeh fI07 RedtIILHEATRS set
selecting a code conbination froma set of codes conbi pations, each code
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sel ected code conbi patdity tAOAmkERBS MKt itAGshi8inapdedudatdiraligcedvi ng the
signal conprising data encoded for transm ssion with the selected code
conbi nati on; d@ESEETIHIRemeIsgars Misraibthe BewaghBneheed kiged on thecfcodi ng

compr i si ng get b pibMiaRgn WithwWhihahe a9dey&erkbaat i on sel ected fromthe set

According to a further aspect of the invention there is provided a
telecommunications system comprising a plurality of transmitters and at
least one receiver, each transmitter arranged to encode its transmissions
15 with a unique code, and the receiver operable to identify which of the
transmitters is an origin of a transmission by identifying with which of the
respective unique codes that transmission is encoded, wherein at least one

transmitter in the system is allocated more than one unique code.

20 In such a system more information can be transmitted in the same
bandwidth, by using the selection of the code or code combination for a

transmission to convey predetermined information about the transmission.

According to another aspect of the invention there is discussed terminal for
25  atelecommunications system which is arranged to carry out one or more of
the methods set out above. Such a terminal may be a mobile terminal, such
as a mobile phone or a laptop computer, or may be a fixed terminal, such as

a base station.

30 According to a final aspect of the invention there is provided a computer
program encoded in a computer readable form, which is operable in use to

cause a terminal in a telecommunications system to carry out the method of



of code conbi nations the data is encoded, and decoding the data; and

sel ecting the nessage for transm ssion fromthe plurality of predeterm ned
nmessages,wotrerngiznisshe message i s sel ected based on the eousEc@wshbsat i on

wi th which the data was encoded. According to a further aspect of the
invention there is provided a tel ecommuni cations system conprising a
plurality of transmtters and at |east ofe receiver, each transmtter
arranged to en ?e it ansm ssions. W .t h acuni gue _cade, t receiver
operabte to adnt iy TP RRIMERe IR bt fal FLSuRaT nfRgt My b8
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transm ssion i s _encoded, wherein at |east one transmtter in the systemis
al | ocat ed nore'tH#lone uni que code. In such a systemnore infornmation can
be transmitted in the same bandw dth, by using the selection of the code or
code conbi nat i 1.8S1L.0N nye redeterm ned i nformation
about the t angﬂpig{Bﬁskiﬁgiﬂhiiﬁﬁ%Bhiﬁﬁﬁﬁéyﬁggﬁect of the invention there
i's discussed term nRigufren 8 o &hemamuRprabh AT HYEtLMMdGimbSicaidnanged to
carry out one or nore of the nmethods set out above. Such a term nal may be
a nobile terminal, %¥R™4s a nobile phone or a | aptop conputer, or may be a
fixed termnal, such as a base station. According to a final aspect of the
invention there is provided a conputer programencoded in a conputer
readabl e form whi cﬁl%e dpdeat| a8 xampde of 8n ddilisbarsmisyipp Akgmg prygture

tel ecommunijgati ons {uatsaP JeRict@lifyy out the nethod ofany one of the nethods
set out above. Such a conputer program may be encoded on a nobile phone SIM
(subscriber identity nodul e) card, for instance.

Figure 3 illustrates a prior art ACK/NACK bundling scheme

Figure 4 shows a PUCCH data format (known as format la/1b);

15
Figure § illustrates an embodiment of an ACK/NACK bundling
scheme;
Figure 6 depicts an embodiment of a modified PUCCH data format;
20
Figure 7 sets out a method in accordance with the invention; and
Figure 8 sets out a complementary method in accordance with the
invention
25

DETAILED DESCRIPTION

As mentioned above, in LTE each mobile terminal is assigned a unique

code, e.g. a CAZAC (constant amplitude zero auto-correlation) sequence in

the frequency domain, with which it encodes its ACK/NACK transmissions,
30 so that the receiving base station can distinguish between simultaneous

feedback transmissions from the different mobile terminals using code

division multiplexing (CDM). At its most basic, the present invention



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic depiction of a
prior art tel econmunications network; Figure 2 shows an exanple of an LTE

t ransm sswonofowaesest ructure with 5nms periodicity; Fi guPeT3ERdoBOSIOEAL €S a
prior art ACK/ NACK bundling schenme Figure 4 shows a PUCCH data format
(known as format la/l b); Figure 5 illustrates an enbodi nent of an ACK/ NACK
bundl i ng schene; Figure 6 depicts an enbddi nent of a nodified PUCCH dat a
format; Figure 7 .sets n.accorganc %? th theohnvEntLoq; and

qi
Figure 8 sets Sat'ey %to%gl%teﬁ?‘%eg‘{anégge rlr!%r 8%1]’ ARd PLESE %S%Chw £ ferming

€ invention
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assigned a uni que code, .e.d. .a CAZAC (constant anplitude.zero
auto-correlati%ﬁ?it&ﬁﬂ%ﬁ%@gFﬁopﬁgnppgdﬁ%ﬁbV%HHWﬁgﬁi”V@(%“%hﬁbﬁwrécgncodes
its ACK/ NACK t nansATKStgasthas® trBadmittee, beaebMhpGit balsieh shoat ithe neaile

di stingui sh_between sinmultaneous feedback transn ssions fromthe different

mobi | e t er nPnal'€ M8 s CHAe i T S SrFeaf s itpItERFRE SCeDMp. PAAECT lps WSSt basi ¢,

the present inveNtdc@NASS it@REnaAt scl RaScandgNoPith® rhfsishiah, franth paedrer abl y
each nobile termnal nore than one uni que code, rather than one, as in the

prior art. A r @CEIVEMICHATE IBeGITBH "R Datslernt i85 derPitrHen akttdch #%r mat i on,
in addition tocbheimEKnok NAEKrAatha &hamiisord.r aNfMebd&darebinuls0Rcling at

whi ch code the nobile term nal has chosen to use to encode its
transni ssi on. PROYEE t theul ase wifagian  with extra  information, without actually

10 transmitting any extra data, meaning that the actual number of bits used for

the transmission is the same as in the prior art.

Figure 4 shows the format for feedback reports that is currently favoured
for LTE by the 3GPP (3" Generation Partnership Project). Each TTI in the
15 physical uplink control channel (PUCCH) should conform to the structure
shown. A TTI is split into two halves (or hops) each comprising a field for
ACK/NACK data 7, and a field for a demodulation reference signal 9
(which is used by the receiving terminal to decode the data). The current
LTE format allows up to two bits of feedback data to be transmitted in a
20  single TTI. Prior art bundling schemes allow a mobile terminal to transmit

either ACK (0) or NACK (1) in a single bit.

As discussed above, ACK/NACK data is routinely bundled together in
order that transmissions can conform to this format. However, when more
25  than one code is assigned to each mobile terminal we have found that the
granularity within a bundle can be improved, whilst still retaining the
PUCCH format discussed above. The mobile terminal is able to convey
more information in each bit of feedback, because the choice of codes
provides more alternatives than the simple choice of ACK or NACK
30 allowed by the prior art. In fact, simply assigning each mobile terminal

two CAZAC sequences can allow a mobile terminal to transmit twice as



the receiving termnal selects neaning for the transm ssion froma set of
possi bl e predeterm ned neani ngs based on its determ nation of which code
conbi nat iwo 20m/03685d for the transm ssion. The codes arePCHSE200808106D
provi de the base station with extra information, w thout actually
transmtting any extra data, nmeaning that the actual nunber of bits used
for the transmssion is the same as in thé prior art. Figure 4 shows the

format for feedback.reports that is currently favoured for LTE t he 3GPP
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receiving termaadet bot heEigde: 7,hBe datealion ThRireyarefdivib erhOfdtpiucaldsews up to

two bits of feedback data to be transmtted in a single TTlI. Prior art
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(1) in a singl ashil .anbstAligtpeianed alavak MINOEKrdatah pasieut i mebse bundl ed
together in order that transm ssions can conformto this format. However,

when nore t han [BifPeghdediraiofsdhghaged & BabHnHehilPe ieByHiSHAD WEOWMEEE f ound

that the granuly@{drd Yhewt hilRi 3uAdOWRGAIEs1EM DB LATN AU B stdinl, S cStdalst to
retaining the PUCCH format di scussed above. The nobile termnal is able to

convey nore inft¥ peicr ¢al (whighctow tbusfler dlbdbuic keedbeakainsiécativgs dmei ¥ of
codes provi@es .gnig #hd BLRGI RS dIRARe hQILILITR & ARk GE 1Pfin ARG O NACK

allowed by the prior art. In fact, sinply assigning each nobile term nal
two CAZAC sequepdbs4:@anhal iown ardeple identiér iermagssege tor amrsmit thevigrganalsmuch

information in atsgﬁﬁesoi'?q'xapitkvicéa){s %Jn?v\ﬂl;ﬂglkt g'l?s q{?emalb?e tifrwrni&alto KOW the

message as it actually does.

15 Once the terminal has identified the feedback message that it requires to
transmit (S1), the terminal looks that message up in its internal memory.
That memory stores data identifying a set of all possible feedback
messages, which can easily be predetermined when the ratio of downlink to
uplink transmissions is known. Each predetermined message corresponds
20 to a unique combination of a data value and a code combination. Thus, the
terminal looks its message up in the set to identify what data it should
transmit, and what code or combination of codes it should use to transmit
that data in order to convey its desired meaning. Once the terminal has
selected (S2) the code combination and (if necessary, as discussed below)
25 data for transmission, that data, along with a reference signal, is encoded

(S3) with the selected code combination, and transmitted (S4).

As set out in Figure 8, the sending terminal (which was the origin of the
downlink transmission, for example, a base station), on the receipt (S5) of
30  the feedback transmission from the receiving terminal, decodes the signal
to retrieve the original, unencoded, data (S6). To do that it needs to

determine the code combination with which the data is encoded. That may



transm ssion alternatives instead of the conventional two. As set out in
Figure 7, the invention requires a receiving termnal, such as a nobile
phone, t ovohenk3eiset her it recei ved each data packet corcesERys/os®eusual ,
and to generate a feedback indication for each packet. Those feedback

i ndi cations then need to be bundled for transm ssion. However, where there
are four downlink streams for each uplinkZ2stream in contrast to the prior

art (which woul n all four, feedback, i ndications,into one report), the
punal e F2NEafsn ale STy ok 8 e deent

t er ni nal VIS THe UTakend SR 9y 4:2.
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it has tw ce as, many upli bits_.avail e in which to send the nessage as
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its internal, mengry.  That mary stores data identifying a set of, all
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rati o of downl icdlkret@ionphithk WiEan$8isé ofasoh hak 6dMlicd ERE bighh e detoskdThined
nmessage corres ogﬂds ta a uni que conbination of a data value and a code
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what data it shRal thet hmab3ertdrmifdoriiahticO@R AporOIRIINAY ! N 1@hskiRdes. 1t
should use to transmt that data in order to convey its desired meaning.

Once the terni nd* Kadngr@inelthesoymppiss dhrdeccebppidattangreodado (e samscessary,
as discussed bekow pl@@@l@ﬂ%ﬁ%d%@@%?%b%’intiEaﬁ*nté#ﬁﬁlamelgbﬂmlnw‘sgliac@ a

reference signal, is encoded (S3) with the sel ected code "‘conbi nati on, and
transmitted (SA)canmg PathoirpnimisEpy(Pd Ging that slondi mgomertionnil ordwhioch was

the origin of th&ify what feedback the receiving terminal has transmitted. Thus the
code combination which is used alters the meaning of the data transmitted,

rather than simply being used to decode the transmission.

15
For example, an ‘“ACK’ encoded with a first code might be interpreted to
mean ‘ACK, ACK’, whilst an ‘ACK’ encoded with a second code might be
interpreted to mean an ‘ACK, NACK’. In that way, four pieces of feedback
information might be sent in two bits, as shown in Table 1, below.
20
Code used for Value of ACK/NACK | Interpreted by BS as
transmission data
CAZAC 1 ACK ACK, ACK
CAZAC 1 NACK ACK, NACK
CAZAC 2 ACK NACK, ACK
CAZAC 2 NACK NACK, NACK

Table 1: Four alternatives are provided by the choice two codes in

combination with the value of feedback data

An example of such a method is illustrated in Figure 5. As in Figure 3, a

25 mobile terminal receives four streams of downlink data for every uplink




downl i nk transm ssion, for exanple, a base station), on the receipt (S5) of
the feedback transm ssion fromthe receiving termnal, decodes the signal
to retri ewe20tw3erssgi nal, unencoded, data (S6). To do t iratr/SERORGEMST t O
determ ne the code conbination with which the data is encoded. That maybe
achieved in any suitable way, such as by using trial and error (e.g. the
base station tries to decode the signal With each code conbination, and
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rather than SlﬁﬁbMv@ﬁb@@e&%BdeQedﬁcﬁﬁﬁs&ﬂﬂdk&@ﬂ§ﬂ5%ﬁb%ﬂ&mﬁﬂﬁa@%&ﬂﬂie an
" ACK' encoded with a flrst code mght be interpreted to nmean ' ACK, ACK
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"ACK, NACK 10 | noulnlaads e YreedAUk rBhSELErahe fReARRCKN Bf QEJW%*OQ:B { ghto be sent
intw bits, as shown in Table 1, below. Table 1: Four ernati ves are
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3 @ is ACK, whilst the feedback report for the second group 15 is NACK. Thus
the mobile terminal microprocessor determines that it needs to transmit

15 feedback of ACK,NACK. As before, however, the mobile terminal is only

allocated one bit in which to sends its feedback report on the uplink. It can

thus transmit only ACK or NACK, and not both.

The problem of how to transmit two pieces of information in that single bit
20 is addressed by using two different CAZAC codes for the transmission. In
the example shown, the mobile terminal looks up its desired feedback, for
example in a copy of Table 1 stored in its memory, and determined that in
can send its desired feedback message by transmitting data indicating an
ACK feedback if, during that transmission the mobile terminal encodes its
25  transmission with CAZAC code 1. When the receiving base station
receives ACK data encoded with CAZAC 1, it compares that combination
to a corresponding copy of Table 1 stored in its memory, and interprets that

transmission to mean ACK, NACK, in accordance with that stored protocol.

30 The base station thus knows that the first group of data streams was
received correctly, but that it needs to retransmit the second group of data

streams. In accordance with this example, only two data streams are



nmobil e term nal receives four streans of downlink data for every uplinktine
slot on which it is allowed to transmt feedback data. As before, three of
t hose strweammioselssecei ved correctly, but one, marked NRCKSE2®soewme] ved
with errors, or not received at all. The nobile term nal conprises a

m croprocessor 11 which groups the received streans into two groups (i.e

as is the ratio of DL: UL were 2 :1, not 44:1 as it is in actuality). In a
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transm ssi on. Inthe exa he nobile term nal |ooks up its
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and det er mmped thdafoinatAnnhsciRdesit S desired feedback nessage by
transmtting data indicating an ACK feedback if, during that transm ssion
the mobile term nal encodes its transm ssion with CAZAC code 1. \Wen the

{ ﬁ;f' \élorr:g 2gtse - AdvANin PRSHY 8SteCH-AAL 20.50E A0L taWih RsiGRAMCHL pliECEOPAr €S
i i
has two fields, the reference signal field 9 and the data field 7, and also

comprises two distinct portions, the first and second ‘hops’. Rather than
15  simply alternating between two possible codes, as discussed above, it is
possible for a terminal sending a feedback report to use both codes in the
same transmission, in order to provide more transmission variations. For
example, a number of different fields can be determined:
e Data field: the portion of transmission comprising the ACK/NACK
20 data itself;
e RS field: the portion of the transmission comprising the
demodulation reference signal,
e Hopping field: the first and second ‘hops’ shown in Figure 4; and
e A combination of these.

25  This is referred to herein as ‘field-distinguished detection’.

Distinguishing between the fields in which two CAZAC sequences are used
gives eight different alternatives, as shown in Table 2, below. All eight

alternatives can still be transmitted as a single bit of feedback data.
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Table 2: Eight possibilities are provided when distinguishing between

transmission fields, and considering the value of the feedback data.

5 Figure 5 shows an example in which, during a TTI a first CAZAC code is

used in the reference signal (RS) field, whilst a second CAZAC code is
used in the ACK/NACK data field itself.

It will be appreciated that this allocation scheme is different to the prior art

10 scheme shown in Figure 2, because the present scheme of ACK/NACK

bundling or combination requires the base station to identify the received

CAZAC codes, and to map t he received CAZAC sequences to different

fields within the transmitted signal, as well as simply decoding the received

signal.

15

Providing more options allows more feedback data (e.g. six data streams) to

be bundled into the same transmission. For example, six downlink streams

can be bundled into a single bit with the same granularity as two downlink

streams using a prior art method, or feedback can be sent for three

20 downlink streams in one bit without any bundling at all.
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Thus the base station receiving the feedback transmission need not
necessarily be configured to use the value of the ACK/NACK data to
10 interpret the feedback report at all: the report might be based solely on a
field-based determination, whilst the ACK/NACK data field could be used
Indeed, the ACK/NACK data field might be omitted

altogether from a transmission, and only a reference signal transmitted (e.g.

for another purpose.

if the hopping field is used).
15
However, it will be appreciated that taking into account the third ‘field’
provided by the value of the ACK/NACK data increases the granularity of a
transmission.
20 Figure 6 illustrates one example of hopping-based CAZAC allocation
scheme, wherein one CAZAC sequence is used for the first hop, whilst

another CAZAC sequence is used in the second hop.
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fferent types of 'NACK, NACK (acg.AQﬁ>data at all is being
option 2 :/1, 1, 1, 1), which 1lg%f Hdicatea fault i1 no

@ el 0eodei ved at al [ (AOK,NRCEXt endesibpatioa?l, of ACKat sofe data

vedr{e. g—apton—1D: 0, | ;0, | i i ndi cates that |the

kS) & ’ y Yy

N isoap | east %blelto receive sa%ﬁxgéﬁg’corre:tly. Provi di ng

¥ ajgopal Tqws the appi ng funct|oAztache

6 10 1 0 0 (NACK,ACK) NACK

7 I 0 0 0

8 11 00

9 10 1 1 0 (NACK,NACK) | Combination3 ACK

1010 1 0 1 (CAZAC2,

I1j1 0 1 0 CAZACY) NACK

1211 0 0 1

13411 1 1 0 (NACK,NACK) | Combination4 ACK

1411 1 0 1 (CAZAC2,

I5]1 O I 1 CAZAC2) NACK

16 {0 1 1 1

5

10

Table 4: A possible field-based mapping function

Table 4 presents a possible mapping function based on such a hopping-
based CAZAC allocation and the value of the ACK/NACK data itself. A

‘0’ indicates that a data stream was received correctly, whilst a ‘1’

indicates that it was not. Some redundancy is provided in that a number of

options are used to mean ‘NACK, NACK’. This allows the receiving base

station to distinguish between the different types of ‘NACK, NACK’ (e.g.

no data at all is being received (i.e. option 2: 1,1;1,1), which might indicate



expanded shoul d nore data streans be transmtted. By adopting nultiple
CAZAC sequences, the probl em of unnecessary downlink transm ssion can be
reduced. Wachibsedke can be smaller, neaning that the orcgisSEaossenaer of
the transmission is provided with nore accurate informati on on what data it
needs to transmt. This inproved ACK/ NACK bundling schene can be applied to
existing PUCCH format |a/lb, as discussed8above, and does not require nore
uplink resource bl ocks to he.allocated.. ver, it will be appregciated
that "the s nventt T Saaferfitiond 5P K AT HE o s ad g B BRPER GRS of e
and can be appldoatt H@adnybeingartsaivesi(ogn. wheoe 10e95aQes whochendidaadisiiat t ed are
selected from redef.i ned set .of ssages. It w |l be appreciated that

di fferent mapp?thg Pﬁﬁgfiﬁ’ﬁ’g”@ n‘sb%tng%afsf r?g’i@ Q. &t F%’Fléngat?i%qrﬁéﬂénd/or

di fferent defi nroviaiin®fsohlte rpd@rmidandy .a8so dillofver et ngdp@id Mgn@fondad abst eans)
for the above application and Jor ot her applications. The nethods above
may be i npl ehen X@G“%@i%@u@n@oﬁr b e RO OEIEigFd pr ograns stored in the
internal nenory of termnals, such as nobile termnals 10 and base stations
20, with in a network. It wi|l be appreciated that sone prior art termnals
may be nodifi ed®¥ GFICRHPY laﬁk“péfne%%ﬁoﬁ%qwcwethabwéI%tq{oagnw%ﬁ%vi di ng

those term nal sqolfhks tah@RisSioh NSdn" WET }A0Sed. SUEIHABUENE PLOHLECGhaR), PrOgram
stored on a renovabl e nmedium for exanple a nobile phone SIMcard 50 or

conput er r eadadP&NRIANIBOOSNEhseadenoltihe toypMisaisarpyided meHomprest i ck,
etc). It wily be BpRICGIaLSM hNAtw IR @t 1AB:dWB 1£adas, M ght be assigned to a
given nobile termnal in order to provide nore options. For exanple, three

This improved ACK/NACK bundling scheme can be applied to existing

PUCCH format la/lb, as discussed above, and does not require more uplink

resource blocks to be allocated. However, it will be appreciated that the

15  invention is not limited to use with transmissions of that format, and can be
applied to any transmission where messages to be transmitted are selected

from a predefined set of messages.

It will be appreciated that different mapping functions can be defined, e.g.
20  different fields and/or different definition of the parts (i.e. different
grouping of data steams), for the above application, and for other

applications.

The methods above may be implemented using one or more protocols or
25  programs stored in the internal memory of terminals, such as mobile
terminals 10 and base stations 20, with in a network. It will be appreciated
that some prior art terminals may be modified to carry out one or more of
the above methods by providing those terminals with suitable instructions,
such as the protocol or program stored on a removable medium, for
30  example a mobile phone SIM card 50 or computer readable medium 60

(such as a CD, DVD, hard drive, memory stick, etc).



codes would provide 8 options if data within a nessage is ignored, or 16
options if the data value in the nessage is taken into account. The

i nvent i orwo0ma3eiskm ted to the enbodi ment descri bed, naoelsg2008051067 Nng
resolution in feedback bundling. In fact, it wll be appreciated that the
invention could be applied to any other communications systemin which
transm ssions fromdifferent partl es are 18i stinguished in a CDM way. For

exanpl e, suchat mmnlc mrra be simlar_to that shovvnln
Figure 1, conpri s\?hp%g arg’lprem #% ransm Ode(51’33 ghg bc? %%Slqnggst bne

receiver (20). @aerhntorbammmharmmwr%qmras\adlgeﬂbré Opté(lﬂ(socfe)rleksmpl‘eaﬁ‘saé ssi ons
w th a uni que cocé% %u t.he ei ve can th Blfﬁ whi.ch of (%he
transmtters is Y@ V‘(’)Orul |pﬁovd?e§ CE %?r% 4o Y dEntaeFyP ng W HWH ch of
the respective gnicgyer tedas tdad if thamsd¥s sl i9Makicd ignRCRdesht. To i npl enent the
i nvention, ast | east one transmtter in the system should be allocated nore
than one unique code. The receiver is thus able to identify which one out

of a plurality Die phegfisr mi nest MTRAKINGS theMRSFRIENOT dbdabedd rmelhat
transmtter has | ooki ng at which code or code_ conbi natl on the

transmitter has‘%éﬂ“gde%k%ﬂb‘q fesedh%c'é‘s%ﬁ‘é“mgurlflh@fghﬁ? il tbﬁé‘pPFF\?éW‘i on is

not limted to @eethihhedMdned @SS bt LARIH &S4BNeths c&thmeHRaBEhNSLRINNin but My
find application in wired networks, such as optical networksCLAIMS 1. A

met hod of receiViiGh tpntaissoamiinn HfareH reriraire diieenisbebd R Mng:

r eﬁg' vi [‘9 a| (51 aNG e GHME, Sidhda dBfcBoRRGAARHAO Ky HEANSAY SR OiWk I @afode
conol nat | on;
shown in Figure 1, comprising a plurality of transmitters (10) and at least

one receiver (20). Each transmitter 10 is arranged to encode its
transmissions with a unique code so that the receiver can identify which of
the transmitters is the origin of a transmission by identifying with which of
15 the respective unique codes that transmission is encoded. To implement
the invention, at least one transmitter in the system should be allocated
more than one unique code. The receiver is thus able to identify which one
out of a plurality of predetermined meanings a message originating at that
transmitter has, by looking at which code or code combination the

20  transmitter has used to encode its message.

Furthermore, the invention is not limited to use with wireless transmission,
as discussed herein, but may find application in wired networks, such as

optical networks



decoding the signal to retrieve unencoded data, the decoding conprising
determ ning with which code conbination selected froma set of codes the
data i s ewmoaded3semnd decodi ng the data; and sel ecti ng apPoesmER0vg 05067 t he
signal froma plurality of predeterm ned neani ngs, wherein the nmeaning is
sel ected based on the code conbination with which the data was encoded. 2.
The method of claim 1 wherein selecting e meani ng conprises conparing the
identified code conbination with storeeL qhﬁsconprising possi bl e code

conbi nations that can be determ ned fromthe set of codes, and sel ecting

t he neaning that corresponds to the identified code conbination fromthe

st ored dat a. 3.1Thelge%e ggof clatn11ioaeﬁlaln1 e neani,ng i s kFcted

2.1
based on at | east sone 0 Hg'a%Fa”“ thtiesot Hgﬁg??éﬁgy%’t‘%rgﬁg%al, as

wel | as the codengoihgati on with which the signal is encoded, 4. The

net hod of agy precedi%g.clain1 erein.the set of c ggs conprlses.%mo codes.
5. The method of cl 4P 4 et 81H S Sy 4R AT TSI 1 Ho &4 el ds,
and wher ei n t hecoteanmbndtionsel ect ed based on which of the two codes is used
when transmitting each of the respective fields. 6 . The nethod of claimb5
wherein the fields CSRYTNEeNG; Si&ALtOPEFEIFEHSINSMCRd5d Q?Ej’ngﬁleﬁ?ceﬁﬁ%‘g met hod

of claimb5 or cdompFishngdnaeeifingheith weli dsc ek b3t Rnfdelettedstr@nal sepof t i on
conpri si ng fequgck data and a _second signal portion containing a reference

signal . 8. The SHEEREY Gfe Eripepiek aad Ageading hevli&r et the neaning that is

selecting a meaning for the signal from a plurality of predetermined
meanings, wherein the meaning is selected based on the code combination

with which the data was encoded.

2. The method of claim 1 wherein selecting the meaning comprises
15 comparing the identified code combination with stored data comprising
possible code combinations that can be determined from the set of codes,
and selecting the meaning that corresponds to the identified code

combination from the stored data.

20 3. The method of claim 1 or claim 2 the meaning is selected based on
at least some of the data which is transmitted in the signal, as well as the

code combination with which the signal is encoded.

4. The method of any preceding claim wherein the set of codes

25  comprises two codes.

5. The method of claim 4 wherein the signal comprises two or more
fields, and wherein the meaning is selected based on which of the two
codes is used when transmitting each of the respective fields.

30
6. The method of claim 5 wherein the fields comprise distinct portions

of the signal.



sel ected conprises feedback data. 9 . The nmethod of any preceding claim
inplemented in a tine division duplex tel ecomrunication system 10. A

met hod ofwoOnrareassissi ng a tel econmuni cation signal, the metrisacoososps Si ng:
identifying a nessage for transm ssion, the nessage being selected froma
plurality of predeterm ned nessages; selecting a code conbination froma
set of codes conbinations, each code conf¥ilnation corresponding to a
predet er mi ned nessage; encoding data with the sel ected code conbinati on,
and transmtting the encoded data, wherein at |east one code conbi nati on of
t he set of code7.conbitrantthng oif vpamt S oaclaban wigertimd thh diesd sgrvmt priseat fiiss
different from an ynencoded neani ng_.of. the data dand wherein Lhe code

combi nati on wi t h®Whi B °Re “TBHANE] geefip%f;rlfsr‘?ia{iat 8B4 i % SEEIUEL S AEEY DN whi ch
of the predet ercunddingessagescehasnddeen identified for transm ssion. 11. The
met hod of claim 10 wherein the signal conprises two or nore distinct
fields, and erein selecting the code conbi nati on conprises selecting a
code from the conbi maici priod bf anpPréceRRt cRiimt WEedc@S BRChHicdRink Bladss 12. The
met hod of claim 10 o clai,m}l further conprising selecting data for
transmission fr¥nCLSEMRyIseyiegeret Mihed data val ues, each data val ue
corresponding to a code conbination and a predeterm ned nessage. 13. The
met hod of any one of clainms 10 to 12 conprising generating feedback reports
in respect of recei vidd BEhad cArdywiesesing sleirecmplignantesl in a time division

10 duplex telecommunication system.

10. A method of transmitting a telecommunication signal, the method
comprising:

identifying a message for transmission, the message being selected

15 from a plurality of predetermined messages;

selecting a code combination from a set of codes combinations, each
code combination corresponding to a predetermined message;

encoding data with the selected code combination, and

transmitting the encoded data,

20 wherein at least one code combination of the set of code
combinations imparts a meaning to the signal that is different from an
unencoded meaning of the data, and wherein the code combination with
which the signal is transmitted is selected based on which of the
predetermined messages has been identified for transmission.

25
11. The method of claim 10 wherein the signal comprises two or more
distinct fields, and wherein selecting the code combination comprises
selecting a code from the combination to transmit each of the respective
fields.

30



message for transm ssion conprises bundling a plurality said feedback
reports. 14. The nmethod of claim 13 inplenented in a tine division duplex
system i rwohwmn3sise rati o of information received from &CiSESt0sHs@EEM SSi On
direction to information transmtted in a second, opposite, transm ssion
directionis X | (where X\), and wherein identifying the nessage
conprising bundling the feedback reportszas if the ratio were X'Y: ,

wherein YX. andi¥ OrulSmcdiig JELARE 0F oA RKiRT PCOGAG &Jrﬂ&r?@ h4TRL LRI ed in a

code divi sion nu tiplex system conveyl romation in a
teIeconnunlcat|®ﬁ&f@wsﬁemm@@npﬁhahngsmidbmmﬂﬁyhmgeachﬁssa@esfwmhdaw

oo ee oo ol BARAGS, REL 10, SEUCETALASILR PhRLRIh Al ALSLS BT ned
nmessages; sel ectin de ¢ Inati on froma se codes co Yat i ons,
each code conblnatlon corresponding to a predeternlned nmessage; encodlng

feceiving tho signal TEoNgITd Hlg harst ShebiBy 1Ll TP cl Rtk e
sel ect ed code dbmﬂmnbhﬁp@msdeaedwmgofhecawgﬂ@buiQmﬁeWheﬁMesul&nqu&d dat a,

t he decodi ng co risi etermining Wwith i ch. code conbi naf el ect ed
fromthe set of™ 3%§ @%ﬁgaﬁﬁPﬁéﬁ@ Wﬁpﬂﬁ?m@‘§”@ﬁc%dﬁﬂm“ghdaﬂkgﬁﬁgﬁﬁ‘the

dat a; andsel ectrepgrtd he nmessage for transm ssion fromthe plurality of
predet er mi ned nessages, wherein the nessage is sel ected based on the code
10 14.  The method of claim 13 implemented in a time division duplex
system in which the ratio of information received from a first transmission
direction to information transmitted in a second, opposite, transmission
direction is X:1 (where X#1), and wherein identifying the message
comprising bundling the feedback reports as if the ratio were X/Y:1,
15  wherein Y<X, and Y#0.

15.  The method of any preceding claim implemented in a code division

multiplex system.

20 16. A method of conveying information in a telecommunications system
comprising:
identifying a message for transmission, the message being selected
from a plurality of predetermined messages;
selecting a code combination from a set of codes combinations, each
25  code combination corresponding to a predetermined message;
encoding data with the selected code combination, and
transmitting the encoded data;
receiving the signal comprising data encoded for transmission with
the selected code combination;
30 decoding the signal to retrieve unencoded data, the decoding
comprising determining with which code combination selected from the set

of code combinations the data is encoded, and decoding the data; and



conbi nation with which the data was encoded.
systemconprising a plurality of transmtters and at

17. A tel econmuni cati ons
| east one receiver,

each transoi20teBeB6r anged to encode its transm ssi ons WPCH/SE2008i081967 code,

and the receiver operable to identify which of the transmtters is an

origin of a transm ssion by identifying with which of the respective unique
codes that transm ssion i s encoded, wher @8n at |east one transmitter in the

systemis allocated AoRLE,LD i . ) t c i C

system arranged to éarfyn%uﬁgt%Q%ﬁgghggpo§8gﬁvs%ﬁ% %@mcﬁgfn@ﬂ%HF% ?E

termnal for a prefigcommahincasdgeonsvisysinehe arcssaggesstloctedbagedauttht hedaret hod

of any one of CJO% ?tilbnt\gitﬂ‘thi Othe'Ada?aO\EvrQSUtr?croné ogram encoded in a conputer
able 1n use |

readabl e form oper

systemto carry out the nethod of any one of clains 1 to 16 .

5
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17. A telecommunications system comprising a plurality of transmitters
and at least one receiver, each transmitter arranged to encode its
transmissions with a unique code, and the receiver operable to identify
which of the transmitters is an origin of a transmission by identifying with
which of the respective unique codes that transmission is encoded, wherein
at least one transmitter in the system is allocated more than one unique

code.

18. A telecommunications system arranged to carry out the method of

any one of claims 1 to 16.

19. A terminal for a telecommunications system arranged to carry out

the method of any one of claims 1 to 16.

20. A computer program encoded in a computer readable form operable
in use to cause a terminal in a telecommunications system to carry out the

method of any one of claims 1 to 16.

i ons

19. A

o cause" % teritial in a tel ecommunications



