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DATA MODULATION IN A COMMUNICATION SYSTEM

The bresem invention relates to communication of data and in patticular to

| modulation of data transmitted between two entities of a communication system.

A communication system is a facility which facifitates communication between -
two or mere entifies such as communication devices, network entities and other
nod& A communication system may be provided by one more interconnect
networks. it 1s noted that although a communmbon-system typically comnprises
atieastoneconmmmﬁonnemodgforemmpleafuedlmnetworkora

“wireless or mobile network, in its simplest form a communication system is

provided by two entilies communicating with each other. The communication miay

comprise, for example, communication of data for canying communications such

as voice, electronic mail (emaﬂ), text message, multimedta and so on.

A user may communicate by means of an appropriate communication device. An
appropriate access system allows the communication device o access o a
communication system. An access to the communications system may be
provided by means of a fixed line or wireless communicatlion intedace, or a
combination of these. Examples of wireless access systems incinde celular
personal area networks (WPANs), satelite based communication systems and

Ammmwommmmamamm

ihe system are pemnitied 10 do and how that should be achieved. For example, R
is lypically defined if the user, or moere precisely user device, is provided with a
circuit switched bearer or a packet switched bearer, or beth. Also, the manner i
which communication and various aspecis thereof should be @npiemented
between the user device and the various elements of the communication and
their funciions and responsbifties are fypically defined by a predefned
comrmanication protocol

PCT/EP2008/054860
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In a radloormrelwssysteman eniity in the form of a base station provides'a’
node for communication with ¢iser communication dewws often referred o as

- mobile stations. Communications in the direction from the base “station to the-

user device i3 seen as occuming on a “downlink® {DL). Comhun‘icaﬁons in the
direction from the user device fo the base station:is then seen as occuming.on an.
“uplink” (UL). It is noted that in cértain systems a base station is called ‘Node B’.

__ Sigralling between various entities may be divided between signalling of control

data and actual data. The latter refers to the data mnténtthe users wish to

. communicate. Control signafling, in tum, associates to transfer of information: that
isnotrehtedassmhioﬂwedafawmentﬂmﬁsemmaywish to be fransferred. In -

ﬁaefoﬂmngﬂmemmdmgnalﬁngare separatedbyrefem@toconh’ol

15

20

25

) slgnalﬁng and data agnalling, where appropriate.

To ensure proper operation of the system, the control signalfing typically has
higher qualiy requirements than the data signalling. On the cother hand, the

- amount of information convéyed by conbol signalling such as by

acknowledgement signalling is typically only one or two bits. This s less than
what can be camied by data- modidated symbols, for example Quadratire
amphitude modulated (QAM) symbcis. For example 16QAM carries 4 bits and 64

. QAM carries 5 bits.

An example of confrol signaling is the transfer of posiive and negative
acknowledgement information -signaliing, often refered fto as ACK/MNACK
signafing. The acknowledgement signalling is used to provide feedback

© conceming previous transmissions, for example if a previous data transmission
sud1asadalapaoletispropeﬂytecu§md-

Despiteﬁ\eadvantammsmaﬁgbdmobgm ﬂmkﬁﬁmdtoopﬁnﬁe

- the performance of communications between two devicss, for example though

reduction of emors in control signaffing. Use of a single modulation mathod for
control signafiing and data signaling might be desired in varnous applicalions.
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The herein described embodiments aim to address one or several of the above

mentioned shortcomings and/or desires.

According to an embodiment, there is provided a modulator for a communication
device, the modulator being configured to multiplex control symbols and data symbols
for transmission in a signal based on information of the distance between the
positions of at least two control symbols in a representation of symbol positions in the
signal, wherein the representation comprises a constellation diagram, and wherein the
control symbols are mapped into the constellation diagram that is used by the data
symbols, wherein the modulator is configured to: multiplex the control symbols based
on at least one Euclidean distance; and map at least two control symbols into

positions that have the largest distance between them.

In accordance with another embodiment, there is provided a modulation method,
comprising: multiplexing control symbols with data symbols for transmission in a
signal based on information of the distance between positions of at least two control
symbols in a representation of symbol positions in the signal, wherein the
representation comprises a constellation diagram, and wherein the control symbols
are mapped into the constellation diagram that is used by the data symbols;
multiplexing the control symbols based on at least one Euclidean distance; and

mapping at least two control symbols into positions that have the largest distance

between them.

In accordance with yet another embodiment, there is provided a communication
system comprising a first communication device and a second communication device,
wherein at least one of the first and second communication devices is configured to
multiplex control symbols and data symbols for transmission in a signal to the other
of the first and second communication devices based on information of the distance
between the positions of at least two control symbols in a repref_s_en‘tation of symbol
positions in the signal, wherein the representation comprises a cohétellation diagram,
and wherein the control symbols are mapped into the constellation diagram that is
used by the data symbols, wherein the at least one of the first and second

communication devices is cbnfigured to multiplex the control symbols based on at

least one Euclidean distance, and map at least two control symbols into positions that

have the largest distance between them.
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In accordance with a more specific embodiment, the control symbols are muiltiplexed
based on at least one Euclidean distance. At least two control symbols may be
mapped into positions that have the largest distance between them or that are

otherwise located at least a predetermined length apart from each other.

Information about the power on at least one position in the representation may also
be utilised. Positions with the highest power may be selected for use by control

symbols. According to an embodiment, positions with a power that
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exceeds a predefined power threshold are selected for use by the control

symbols.

The control symbols may comprise an acknowledgement by a first
communication device of a transmission from a second communication device,
wherein the acknowledgement is multiplexed with the data symbols into a signal
for transmission from the first communication device. The acknowledgement

may comprise ACK/NACK symbols.

The representation may comprise a constellation diagram. The modulation may
comprise at least one of quadrature amplitude modulation and phase shift

keying.

The computations may be provided by a computer readable medium having
stored thereon a computer program comprising program code means for
execution by a processor to perform the above method. The processor may be

for a station of a communication system.

For a better understanding of the present invention and how the same may be
carried into effect, reference will now be made by way of example only to the

accompanying drawings in which:

Figure 1 shows a schematic presentation of a communication system wherein
the invention may be embodied;
Figure 2 shows a flowchart in accordance with an embodiment;

Figure 3 shows a mapping scheme;

Figure 4 shows a table of values associated with the Figure 3 example;
Figure 5 shows another mapping scheme; and

Figures 6 and 7 shows tables of values associated with the Figure 6 example.

Before explaining in detail a few exemplifying embodiments, a brief explanation
of certain general principles of wireless communications in a system comprising

a base station and a communication device such as a mobile station is given

with reference to Figure 1.
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A communication device, for example a user device, can be used for accessing
vanious services and/or applications provided via a communications system. In
wircless or mobile systems the access is provided via an access interface
belween a user device 1 and an appropriate wireless access system. The user
device can typically access wirelessly a communication sysfem via at least one
base station 10 or similar wirckess transmitfer andfor receiver node. Non-limiting
examples of access nodes are a base station of a ceflular system and a base
station of a wireless local area network (WILAN). Each uscr device may have one

of more radio channels open at the same {ime and may be connected io more
than cne base station.

ﬂnbasestaﬂonmaybemnnededmmrm for example a data
network. A gateway funcfion belween a baze station node and another network

nmybe,prmﬂedbymeartsofanyappmmgamynode;forexamplea-._
packet data gateway and/or an access gateway.

A base station is typically controlled by at least one appropriate controller entity.
The controlier eniity can be provided for managing of the overal operaiion of the
base stafion and communications via the base -station. The confroller entily s
typically provided with memory capacily and at least one dala processor.
Funclional enfities may be provided | the conhroller by means of the data
processing capability thereof. The functional entilies provided in the base station
controfler may provide functions relating o radio resource control, access control,
packet data context control and so forth.

Cestain embodiments can be used, for exampile, for the uplink (UL) part of a long
term evolution (LTE) radio system for transmission of downlink {(DL) ACK/NACK
with UL data. Therefore the non-iimiting example of Figure 1 shows the concept
of what s known as the leng term evoiufion (LTE). This system provides an
evolved radio access system that is connected 1o a packet data system. Such an
access sysiem may be provided, for exampie, based on architecfure thal is
known from the Evolved Universal Terrestrial Radio Access (E-UTRA) and based
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on use of the Evolved Universal Terrestrial Radio Access Networks (E-UTRAN)
Node Bs (eNBs). An Evolved Universal Tenesfrial Radio Access Network (E-
UTRAN) consists of E-UTRAN Node Bs (eNBs) which are configured fo provide
base station and conirol functionalities. For example, the eNBs nodes can

. provide independently radio access network features stich 2s user-plane radio -

ink control/medium access controllphysiﬁi Iayer protocol (RLC/MAC/PHY) .and

control_plane radio resource conficl (RRC) protocol terminations fowards the
user devices. |

T~

it is noted that Figure 1 shows this architecture only to give an example of a
possilé communication system where the embodiments described below may
be provided and that other anangeméhts and architectures are also possible. For |
example, the user device may communicate with a different access system. '

The user device 1 can be used for various tasks such as making and receiving
phone calls, for receiving and sending data from and fo a data network and for-
experiencing, for example, multimedia or other content. For example, a user
device may access data applications provided via a data network. For example,
various applcations may be offered in a data network that is based on the
Intemet Protocol (IP) or any other appropriate protocol. An appropriate user
device may be provided by any device capable of sending and receiving radio
signals. Non-imifing examples include a mobile station (MS), a portable
computer provided with a wireless interface card or other wireless mterface
faciily, personal data assistant (PDA) provided with wireless communication
capabiliies, or any combinalfions of these or the Ike.

The mobils device may commumicate via an appropriate radio interface
ananw:tdmenwbkdaice-mmwﬁaceaﬂangemeﬂtmaybemwidw
for example by means of a radio part 7 and associated anienna amangement

The anfenna amangement may be amanged internally or externally to the mobsie
device.
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A mobie device s typically provided with at least one data processing entily 3
and at least one memosy 4 for usa in tasks it is designed to perform. The data
processing and storage entities can be provided on an appropriate circuit board
and/or in chipsets. This feature is denoted by reference 6. |
Figure 1 shows further a modulator component © connected to the other
elements. Examples for modulation functions thereof are described later in this
speciication. it is noted that the modulator functions may be amanged to be
provided by the data processing entity 3 instead of a separate component. ~.
10 -- ‘
ﬂmusetmyoonbolﬂ\eommonofmemobﬁedevmbymwafasuﬁable
UWWMaskeypadz voice commands, touch sensifive screen or
padmnxbstaﬁmrs-ﬂ\emofmﬂ'neﬁke.-Adlsplay5,aspeakarandamlcrophone ,
are also fypically provided. Furthermore, a mobile device may comprise
appropriale connectors (either wired or wireless) to other devices andior for
~ connecling external accessories, for example hands-free equipment, ihereto

15

The following discusses embodiments an acknowiedgement of transmission in
one direction and data sent in ancther direction are muliiplexed in a symbol level,
20 and more particularly, certain embodiments where downlink ACK/NACK and
uplink data are me-multiplexed in the symbol level. In the following examples
downlink ACK/NACK signaliing is modulated for transmission with uplink data
from a mobiie staion to a base station. It is noted that instead of a base station,

the communication can be sent e.g. to ancther mobie shation and that the
25 modulation may also take place in a base siation.
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in accordance with a more specific embodiment a particular ACK/NACK bit
mapping rule 18 used when ACK/NACK: symbols are muliiplexed with data

. symbois at 102. The multipleximg may be based on time multiplexing.

The symbols can be mapped into a signal space diagram. o flustrate ideal
posifions of symbols in a signal. An example of such representation of a signal is
a constellation dsagram, or simply constellation. A constelflation diagram is an
example of the possibilities fo visualise symbol positions in a signal, and the
basis thereof that a transmifted swrbo! can be sepresented as a complex
number. mmmmpmnmdmmmpbxnmmmaMmﬂmm
V!sualizedaspomlsmthemnphxcﬂane

Awnmhhondagmmnbemdtomﬁearepmmamnofasmal
modulated by a digital modulation scheme such as the quadratiwe ampfitude
modutation {QAM) or a phase-shift keying {(PSK). Quadrature (Q) carriers cam be
provided by modulating a cosine and sine camier signal with the real and
imaginary parts of the complex number, respectively, the symbol can be sent
with two carviers on a single frequency. The real and imaginary axes are often
called the in phase, or l-axis and the quadrature, or Q-axis.

The consteliation diagram can be used for displaying a signal as a two-
dimensional diagram in a complex plane at symbol sampling instants, or pomnts.
The constellation diagram can thus be used fo provide a representalion of the
posiion of the symbols in the modulalion scheme, and allows for a
straightforward visualization of the modulafion process. Examples of rectangular
16 QAM constellation diagrams 30 are shown i Figures 3 and J.
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difference between co-ordinates of a pair of objects. The Euclidean distance can
be compuied as

(It “_Ia}z +(Qs -0y

where lc"[1 2..m}, 1 #12.m] presentz the indexes of modulation

constellations used for data symbols, and m is numbes of consiellations
‘used for data symbols.

hads =% S -
- -

-'*

Ancther possibility is fo use a predefined threshold for the distance. For example,
any points with a Eucidean distance that is larger than a predefined threshold

can be selecled. in accondance with a yet another embodiment the selection rule

candidates, for example, 2 or 3 largest Euclidean distances, or any other
predefined number of largest Euclidean distances.

In accordance with a further embodiment the power levels of the consisliations
mhhmalsdﬁkmhinmnsidaaﬂonhmeselecﬁmpam For example,
ﬁiepommalhavemehrgestEucﬁdeanmstanceorhmmm Euchdean
cﬁstmceandahngh enough power are selected. Thus a point with a lamge

._mgxdlstamebutmolowpowermynotbesebmd,ﬁunoplmmd

combination of distance threshoids and power thresholds may be employed. In
some applications it may be desirable fo select the points with the highest power
levels even if they are not he points with the largest distances.

Figure 3 shows an example of one-bit ACK/NACK mapping into a consteliation
&gmmao.meparﬁwhﬂy,mmmempbaiﬁmmm
modulaion (QAM) scheme is used for data symbols. The black dois 32 denote

34 are then ieft for dala. More defailed exampies of possible mapping fuies
considering also 84 QAM modulation, and fwo-bit ACK/NACK fransmission are

considered below.

PCT/EP2008/054860
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- Table 1 shown in Figure 4 is an example for consteltation mapping of ACK/NACK

signaliing into complex-valued modutated symbols, x=1+jQ, with different data

modulation schemes. More particularly, in the examples shown in Table 1 one-bit

ACK/NACK symbols are mapped with data modulations QPSK, 16QAM and 64
QAM. The complex-values of this example are based on 3® Generation

Partnership Project (3GPP) Technical Specificaton TS 36211 ‘Physical

Channels and Modulation’, version 1.0.0 of 19 March 2007

.

10  Figure 5 shows mapping of a two-bits ACK/NACK signalling into a consteliation
cEagramSO Tm—bﬁsACKmACKssgnamng may be needed e.g., when dual

mmmmmmwmlm)mn-Mmm
dovwnlink.

15 An example for constellation mapping of two-bit ACKINACK signalfing with 18
QAM modulation & shown in Table 2 and for 64 QAM is showm in Table 3, see
Figures 6 and 7, respeclively. In 16 QAM moduiation a pair of ACK/INACK
signafiing bils is mapped info complex-valued medulaion symbols, x=H{1,
acconding o Table 2. In 64 QAM modulation, pair of the bifs i3 mapped mto

20 complex-valued modulation symbols, x=1+Q, according fo Table 3.

The required data processing funclions for the modulation andior the related
mmmmWWWﬁmammW&
Data processing may be provided in a processing unit or moduie of a station, for
25 example a user device or a base station. The above described funclions may be
provided by separate processors or by an integrated processor. An appropiiately
adapmmmmrmnmdepmdudorpmdmmbemdfm
mhamdammmwaMOfam
30 -mmmmnmdemm for exampile, mﬁmnﬂngeneum
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disc, card or tape. A possibilily is to download the program code product fo the
mobile device via a data network.

An advantage of the above described examples of mapping ACK/NACK symbols, -
or other controf signalling symbols, into the data symbols in a consteliation is that -
opimized performance can be obfained. This s because the control symboi
signals can be provided to have the maximum Euclidean distance or a.
predefined Euclidean distance befween each other, thereby reducing the risk for -
emors. The quality of confrol signaliing can be imorcved. Use of the constellation:
points from the same constefiation diagram for control and payload data in

- moduiation is enabled. lfnmmnnpovmormgemhpow{susedfor

svgnaﬁngmnholsynhohnm:mdSsgnaLb—NomRaﬁo(SNR)Many
ssgmﬁmntei':fectto Peak—b—AmgeRmo(PAR)mnbeadneved._ |

it is noted that whilst embodiments have been described in refation to modulafion
m ussr devices such as mobile stations and network devices such as base
stations, embodiments of the present invenfion are appicable to any other type
dappamssuitabbfordatamm‘mﬁmﬂmnnduhﬁonmaybeneedm_
Similar principles may be appled o any communicafion technologies whae
medutation of controf and data symbols can be ulfised.

It is a'so noted that although certain embodiments were described above by way
of example with reference to cestain exempiifying architechires for wircless
networks, technologies and standards, embodiments may be appbed to any other
suitable forms of communicafion systems than those #Musirated and described
herein. It is also noted that the ierm access sysiem is understiood to refer (o any
access system wmued for enabling weeless commumication for user

of the ivention, Mmmmmmmmm

made 1o the disciosad solution without depanfing from the scope of the present
) .
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What is claimed is:

1. A modulator for a communication device, the modulator being
configured to multiplex control symbols and data symbols for transmission in a
signal based on information of the distance between the positions of at least
two control symbols in a representation of symbol positions in the signal,
wherein the representation comprises a constellation diagram, and wherein the
control symbols are mapped into the constellation diagram that is used by the
data symbols, wherein the modulator is configured to:

multiplex the control symbols based on at least one Euclidean
distance; and

map at least two control symbols into positions that have the

largest distance between them.

2. A modulator as claimed in claim 1, wherein the modulator is configured
to base the multiplexing also on information about the power on at least one

position in the representation.

3. A modulator as claimed in claim 2, wherein the modulator is configured

to select positions with the highest power for the control symbols.

4, A modulator as claimed in claim 2, wherein the modulator is configured
to select positions with a power that exceeds a predefined power threshold for

the control symbols.

S. A modulator as claimed in any one of claims 1 to 4, wherein the control
symbols comprise an acknowledgement by a first communication device of a
transmission from a second communication device and the modulator is
configured to multiplex the acknowledgement with the data symbols into a

signal for transmission from the first communication device.

6. A modulator as claimed in any one of claims 1 to 5, wherein the

modulator is configured to time multiplex the symbols.
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7. A modulator as claimed in any one of claims 1 to 6, wherein the
modulator is configured to multiplex downlink ACK/NACK symbols with uplink

data symbols.

8. A modulator as claimed in any one of claims 1 to 7, configured for at

least one of quadrature amplitude modulation and phase shift keying.

9. A station for a communication system comprising a modulator as

claimed in any one of claims 1 to 8.

10. A station as claimed in claim 9, wherein the station is one of a user

device and a base station.

11. A station as claimed in claim 9 or 10, wherein the station is configured

for Evolved Universal Terrestrial Radio Access (E-UTRA).

12. A modulation method, comprising:

muitiplexing control symbols with data symbols for transmission in a
signal based on information of the distance between positions of at least two
control symbols in a representation of symbol positions in the signal, wherein
the representation comprises a constellation diagram, and wherein the control
symbols are mapped into the constellation diagram that is used by the data
symbols;

multiplexing the control symbols based on at least one Euclidean
distance; and

mapping at least two control symbols into positions that have the

largest distance between them.

13. A method as claimed in claim 12, comprising also taking information
about the power on at least one position in the representation into account In

the multiplexing.

14. A method as claimed in claim 13, comprising selecting positions with

the highest power for the control symbols.
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15. A method as claimed in claim 13, comprising selecting positions with a

power that exceeds a predefined power threshold for the control symbols.

16. A method as claimed in any one of claims 13 to 15, comprising:
receiving a transmission by a first communication device from a second
communication device; and
multiplexing symbols representing an acknowledgement of the
transmission by the first communication device with the data symbols into a
signal for transmission of data from the first communication device to the

second communication device.

17. A method as claimed in any one of claims 12 to 16, comprising time

multiplexing the symbols.

18. A method as claimed in any one of claims 12 to 17, comprising

multiplexing downlink ACK/NACK symbols with uplink data symbols.

19. A computer readable medium having stored thereon a computer
program comprising program code means for execution by a processor to

perform the method of any one of claims 12 to 18.

20. A station of a communication system, the station comprising a

processor and the computer readable medium as claimed in claim 19.

21. A communication system comprising a first communication device and a
second communication device, wherein at least one of the first and second
communication devices is configured to multiplex control symbols and data
symbols for transmission in a signal to the other of the first and second
communication devices based on information of the distance between the
positions of at least two control symbols in a representation of symbol
positions in the signal, wherein the representation comprises a constellation
diagram, and wherein the control symbols are mapped into the constellation

diagram that is used by the data symbols, wherein the at least one of the first

and second communication devices is configured to muitiplex the control
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symbols based on at least one Euclidean distance, and map at least two

control symbols into positions that have the largest distance between them.

22. A communication system as claimed in claim 21, wherein the control
symbols represent an acknowledgement by the first communication device of a
transmission by the second communication device, and the control symbols
are multiplexed with the data symbols into a signal for transmission of data

from the first communication device to the second communication device.
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