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communication protocol.
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control signafing and data signalfing might be desired in vanous applications.
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30 Before explaining in deiail a few exemplifying embodiments, a brief explanation
of certain general principles of wireless communications in a system comprising
a base stafion and a commumnicaiion device such as a mobile station s given with
reference to Figure 1.
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20 Iniemet 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-imiting examples include a mobile staton (MS), a portable
computer provided with a wireless interface card or other wireless interface
facifity, personal data assistant (PDA) provided with wireless communication
25 capabilities, or any combinations of these or the like.

The mobile device may communicate via an appropriate radio interface
arrangement of the mobfle device. The interface amangement may be provided
for example by means of a radio part 7 and associated antenna amangementL

30 The antenna amangement may be amanged intemally or extemally to the mobile
device.
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number. The symboh are mpmmlm as complex numbers and can thus be
visualized as points on the complox plane.

A constellation diagram can be used to provide a representation of a signal
medulated by a digital modulation scheme such as the quadratire amplitude

- modulation (QAM) or a phase-shift keying (PSK). Quadrature (Q) caniers can 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 camiers on a single frequency. The real and imaginary axes are often
called the in phase, or laxis 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 points.
The consteflation diagram can thus be used to provide a representation of the
position of the symbols in. the modulafion scheme, and allows for a
straighiforward visualization of the modulafion process. Examples of reclangular
16 QAM consiellation diagrams 30 are shown m Figures 3 and 5.

ACK/NACK symbols to be transmitted can be mapped into same constellation
diagram that is used by the data symbols. In accordance with an embodiment
consteflation points having the largest Euchidean distance can be selected for -
ACK/NACK transmission. The Fuclidean distance s commonly understood as
being the dislance bebtween two points represented as the oot of the square of
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stat s eél&iim amongst constellation poinis that provide the most promising
candidates, for example, 2 or 3 largest Euclidean distances, or any other
15 predefined number of largest Euclidean distances.

In accordance with a further embodiment the power levels of the consteliations
points are also taken into consideration in the selection process. For example,
the points that have the largest Euclidean distance or large enough Euclidean

20 distance and a high enough power are selecled. Thus a point with a targe
enough distance but foo low power may not be selected. An oplimised
combination of distance thresholds and power thresholds may be employed. In
some applications it may be desimable to select the points with the highest power
levels even if they are not he points with the largest dislances.

25
Figure 3 shows an example of one-bit ACK/NACK mapping into a consteliation
diagram 30. More particularly, in this specific example a 16 quadrature amplisde
modulation (QAM) scheme is used for data symbols. The biack dots 32 denote
the proposed constellation points for ACKINACK transmission. The White dols

30 3 are then left for dala. More delailed examples of possible mapping rules

considering also 84 QAM modulation, and two-bit ACK/NACK fransmission are
considered below.
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in user devices such as mobile sialions and nelwork devices such as base
stations, embodiments of the present inveniion are appficable to any other type
of apparatus suitable for data communication where modulation may be needed.
Similar principles may be applied fo any communication technologies where
20 medulation of control and data symbols can be ulifised.

It is also noted that although certain embodiments were described above by way
of example with reference to ceriain exemplifying architeclures for wireless
networks, technologies and standards, embodiments may be appled to any other
25 suitable forms of communicalion systems than those Bustrated and described
herein. It is also noted that the term access system is understood to refer to any

access system configured for enabling wireless commumication for user
accessing apphications.

30 it is also noted herein that while the above describes exemplifying embodiments
of the invention, there are several variaions and medifications which may be

made {o the disclosad solufion without deparfing from the scope of the present
mnverition.
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into positions that are located at least a predetermined

length apart from each other.

2. A modulator (9) as claimed in claim 1, wherein the
modulator is configured to map at least two control symbols

into positions that have the largest distance between them

3. A modulator (9) as claimed in any preceding claim, wherein
the modulator is configured to base the multiplexing also on
information about the power on at least one position in the

representation.

4. A modulator (9) as claimed in claim 3, wherein the
modulator is configured to select positions with the highest

power for the control symbols.

5. A modulator (9) as claimed in claim 3, wherein the
modulator is configured Lo select positions with a power that

exceeds a predefined power threshold for the control symbols.

6. A modulator (9) as claimed in any preceding ¢laim, 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
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the representation comprises a constellation diagram.

10. A modulator (9) as claimed in any preceding claim,
configured for at least one of quadrature amplitude

modulation and phase shift keying.

11. A station for a communication system comprising a

modulator (9) as claimed in any of the preceding claims,

12. A station as claimed in claim 11 comprising one of a user

device and a base station.

13. A station as claimed in claim 11 or 12, wherein the
station is configured for Evolved Universal Terrestrial Radio

Accessy E-UTRA

14. A modulation method, comprising:
multiplexing (102) control symbo ls with data symbols for
transmission in a signal based on information of the d istance
between positions of al least Lwo control s ymbols in a
representation of symbol positions in the signal; characterised by
multiplexing the control symbols based on at least one

Fuclidean distance,
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18, A method as claimed in claim 16, comprising selecting
positions with a power that exceeds a predefined power

threshold for the control symbols.

19. A method as claimed in any of claims 14 to 18,
comprising:
receiving a transmission by a first communication

device from a second communication device;

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.

20. A method as claimed in any of claims 14 to 19, comprising

time multiplexing symbols.
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219 Al @EQod s UsrRmed in any of claims 14 to 20, composing
multiplexing downlink ACK/NACK symbols with uplink data
symbols,

22. A computer program comprising program code means adapted
to perform any of steps of any of claims 14 to 21 when the

program is run oOn a processor.

23. A computer program as claimed in claim 22, wherein the

processor is comprised in a station of a communication system.

24. A communication system comprising a first communication
device and a second communication device, wherein at least
one of Lhe devices is configured to multiplex control symbols
and data symbols for transmission in a signal to the other
device based on information of the distance between the

positions of at least two control symbols in a representation

of symbol positions in the signal received by said first communication device

during a transmission from said second communication device, and characterised in that the

device is configured to multiplex the control symbols based
on at least one Euclidean distance, and configured to map the
at least two configured symbols into positions that are
located at least a pre-determined length apart from each

other.

25. A communication system as claimed in claim 24, 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.



