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A STATION COMPRISING AT LEAST TWO TRANSMIT ANTENNAS, AND
A METHOD OF TRANSMITTING THEREFROM

Field of the Invention
The present invention relates to telecommunications, in particular to wireless

telecommunications.

Description of the Related Art

In known multiple-antenna transmission systems, such as those using transmit
diversity and many multiple-input multiple-output (MIMO) schemes, transmission
power is shared approximately equally between the transmit antennas, in order to
enable a balanced pair of power amplifiers to be used and equally loaded.

However, in some circumstances transmission of a signal from two antennas
can have detrimental consequences due to destructive interference. An example of
such a situation occurs with the transmission of a signal known as the Fractional
Dedicated Physical Channel (F-DPCH) in the Wideband CDMA (WCDMA) system
defined by the 3™ Generation Partnership Project (3GPP), see in particular 3GPP
Technical Specification 25.211, Version 8.5.0, Section 5.3.2.6. The F-DPCH consists
of a single symbol of information (constituting a transmitter power control (TPC)
command) transmitted at regular intervals. Each individual TPC command can take a
different value. It is therefore not possible to apply known Space-Time Block Code
(STBC) transmit diversity techniques to this channel, as STBC techniques require
pairs of symbols on which to operate. Consequently in current versions of the
WCDMA specifications, the same F-DPCH symbol is defined to be transmitted from
both antennas simultaneously. This ensures that the transmission power is balanced
between the antennas, but has the drawback that destructive interference will occur at
some locations (although constructive interference will be experienced at others). This
means that a mobile user terminal in some locations will experience very poor signal

to noise ratio (SNR) for the F-DPCH, possibly even losing synchronisation, as the
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synchronisation criterion is defined with reference to the quality of the Fractional
Dedicated Physical Channel (F-DPCH) in WCDMA.

Some other transmit diversity schemes do not suffer from this problem, such
as closed loop schemes which adapt the phase of the transmissions from at least one
antenna dynamically. However, such schemes require feedback which increases
complexity and may not work well when the coherence time of the radio channel is

short.

Summary

The reader is referred to the appended independent claims. Some preferred
features are laid out in the dependent claims.

An example of the present invention is a method for transmitting a plurality of
signals from a primary station to a respective plurality of secondary stations, said
primary station comprising at least two transmit antennas, wherein each of said
plurality of signals is transmitted from a subset of said at least two transmit antennas,
in which said subset is selected at least according to a predetermined characteristic of
the respective secondary station.

In some embodiments, the primary station is a base station and the secondary
stations are user terminals.

In some embodiments, the problem of destructive interference is avoided by
transmitting each F-DPCH to an individual user terminal from a different respective
single antenna. In some embodiments the different F-DPCHs are assigned
substantially equally to the different antennas in order to maintain a balance of
transmission power.

The inventor realized that in some embodiments each user terminal’s F-DPCH
is assigned to a corresponding antenna deterministically based on a known
characteristic of the user terminal.

This approach has advantages over an alternative proposal of using explicit
signalling to indicate which antenna is assigned to each user terminal (to enable each
user terminal to know which phase reference to use to demodulate the signal) because

such additional signalling would add complexity and overhead.
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The present invention also relates to corresponding apparatus.

Brief Description of the Drawings

Embodiments of the present invention will now be described by way of
example and with reference to the drawings, in which:

Figure 1 is a diagram illustrating a radio access network according to a first
embodiment of the invention,

Figure 2 is a diagram illustrating in further detail the base station shown in
Figure 1,

Figure 3 is a flowchart illustrating operation of the base station shown in
Figure 2,

Figure 4 is a diagram illustrating a base station according to a second
embodiment of the invention,

Figure 5 is a flowchart illustrating operation of the base station shown in
Figure 4,

Figure 6 is a diagram illustrating a base station according to a third
embodiment of the invention, and

Figure 7 is a flowchart illustrating operation of the base station shown in

Figure 6.

Detailed Description

As shown in Figure 1, an example radio access network 3 includes a primary
station 4, namely a wireless telecommunications base station 6, and user terminals 8,
two of which are shown for simplicity. A base station is sometimes referred to as a
NodeB. A user terminal is sometimes referred to as a User Equipment, denoted “UE”.
The base station 6 has two antennas 10 for radio communications with the user
terminals 8. The base station is also connected to a core network 12.

As shown in Figure 2, the base station includes a Fractional Dedicated
Physical Channel (F-DPCH) symbol generator 14 that is connected to an antenna
selector 16. The selector includes an input 18 from the F-DPCH generator 14. The
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antenna selector 16 is also connected to a transmitter-receiver 20 which is itself
connected to two antennas 22,24, respectively denoted Antl and Ant2.

In use, a UE identity decoder 26 decodes a user terminal identifier in a signal
received from a user terminal (or from the core network), and forwards that decoded
identifier to the antenna selector 16.

In this example, the user terminal identifier is its Cell Radio Network
Temporary Identifier (C-RNTI). In another otherwise similar example, the user
terminal identifier is the International Mobile Equipment Identifier (IMEI).

An example of how the base station 12 operates in selecting which antenna to
use for transmitting the F-DPCH symbols will now be described. User terminals with
an odd value of the identifier have their F-DPCH symbols assigned to the first
transmit antenna of the base station while user terminals with an even value of the
said identifier have their F-DPCH symbols assigned to the second antenna. This
approach will now be explained in more detail with reference to Figure 3.

As shown in Figure 3, the core network 12 instructs (step a) the base station 6
to transmit a F-DPCH symbol to the particular user terminal. The base station then
determines (step b) the characteristic of the user terminal, namely its C-RNTI which is
a user terminal identifier, from signals received from the user terminal (or core
network). The antenna selector 16 then selects the antenna by determining (step ¢)
whether the identifier (which is a numerical) is odd (as opposed to even). If yes (step
d) then the first antenna (Antl) is selected (step €). Conversely, if no (step f), then the
second antenna (Ant2) is selected (step g).

In this example, it can be considered that the identifying number of the antenna
to be used for the transmission to a particular user terminal is given by (ID mod N)+1
where ID is the identifier of the user terminal and N is the total number of antennas
available for transmission at the base station. ID mod N is the integer remainder of
integer division of ID by N. In this two antenna example, N=2 and the identifying
number (1 or 2) of the antenna to be used to a user terminal is given by (ID mod N)+1.
Accordingly, in this example if the user terminal ID is odd then Ant2 is selected, but if

the user terminal ID is even then Antl is selected.
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On average, and particularly where large numbers of user terminals are
present, such a mechanism ensures that the transmission power is divided
approximately equally between the antennas.

As regards reception by user terminals of Fractional Dedicated Physical
Channel (F-DPCH) symbols transmitted from the base station, each user terminal
knows its own identifier a priori and therefore calculates, in similar fashion, which of
the antennas of the base station, the base station will use for downlink transmission of
F-DPCH symbol to that user terminal. Accordingly, the user terminal uses the phase
reference expected in respect of that antenna in demodulating of the F-DPCH symbol.

Also using time in antenna selection

In another embodiment, antennas can be selected in a time-dependent manner.
For example, as shown in Figure 4, in an otherwise similar embodiment to that
described above, time slot number 28 at which transmission will occur is used as
additional input to the antenna selector 16°.

For example, the antenna number is then given by ((ID + TSN)mod N)+1
where TSN is the timeslot number in which the transmission occurs. As previously,
mentioned, ID is the identifier of the user terminal and N is the total number of
antennas available for transmission at the base station.

This additional input causes the transmission to a particular user terminal to
switch systematically across the antennas over time, enabling some switched antenna
diversity to be achieved. In the case of the F-DPCH symbols, this would not improve
the reliability of any one individual Transmit Power Control (TPC) command, but it
would have the advantage of improving the reliability on average, and therefore
helping to avoid the user terminal losing synchronisation.

As shown in Figure 5, the core network 12 instructs (step a’) the base station
6’ to transmit a F-DPCH symbol to the particular user terminal. The base station then
determines (step b’) the characteristic of the user terminal, namely its Cell Radio

Network Temporary Identifier (C-RNTI) which is a user terminal identifier, from
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signals received from the user terminal (or core network). The base station then
determines (step c¢’) the time slot number in which the F-DPCH symbol is to be sent.

The antenna selector 16° then selects the antenna as follows. First the antenna
selector 16° determines (step d’) whether the identifier (which is numerical) is odd (in
other words not even). If no (step €’), then the antenna selector determines (step )
whether the time slot number is odd. If the timeslot number is not odd (step g’), the
first antenna (Ant1) is selected (step h’). Conversely, if the timeslot number is odd
(step 1’), then the second antenna (Ant2) is selected (step j).

On the other hand if the determination at step d’ is that yes, the identifier is
odd (step k*), then the antenna selector determines (step /’) whether the time slot
number is odd. If yes (step m’) then the first antenna (Ant1) is selected (step n’).
Conversely, if no (step 0), then the second antenna (Ant2) is selected (step p’).

In another alternative embodiment (not shown), frame number is used in place

of time slot number.

Using a pseudo-random number in antenna selection

In a further embodiment, a pseudo-random number is used in place of the time
slot number (TSN), the pseudo-random number being derived from a known or
deterministically-derivable sequence available at both the base station and the user
terminal. The pseudo-random number may for example be provided by hashing
functions, which are a useful family of functions for this purpose.

As shown in Figure 6, in an otherwise similar embodiment to that described in
the section above, a pseudo-random number from a pseudo-random number generator
30 is used as the additional input to the antenna selector 16”’.

For example, the antenna number is then given by ((ID + PRN)mod N)+1
where PRN is the pseudo-random number. As previously mentioned, ID is the
identifier of the user terminal and N is the total number of antennas available for
transmisston at the base station.

As shown in Figure 7, the core network 12 instructs (step a’’) the base station
6’ to transmit a F-DPCH symbol to the particular user terminal. The base station then
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determines (step b’’) the characteristic of the user terminal, namely its C-RNTI which
is a user terminal identifier, from signals received from the user terminal (or core
network). The base station then determines (step c¢’”) the pseudo-random number
generated in respect of the F-DPCH symbol to be sent. The antenna selector 16°’ then
selects the antenna as follows. First the antenna selector 16’ determines (step d’’)
whether the identifier (which is a numerical) is odd (as opposed to even). If no (step
e’’) then the antenna selector determines (step f”) whether the pseudo-random number
is odd. If no (step g’’), the first antenna (Antl) is selected (step h’’). Conversely, if yes
(step 1””), then the second antenna (Ant2) is selected (step j*°).

On the other hand if the determination at step d’’ is that yes, the identifier is
odd (step k’’), then the antenna selector determines (step /”) whether the psudo-
random number is odd. If yes (step m’’) then the first antenna (Antl) is selected (step
n’’). Conversely, if no (step 0’’), then the second antenna (Ant2) is selected (step p”’).

Some other variants

In the above examples, a user terminal identifier is used as an input to the
antenna selector. In some other embodiments some other known characteristic of user
terminals is used to differentiate between them.

In some of the specific examples, the base station has just two antennas (N=2).
In some other embodiments, the total number N of antennas available for transmission
at the base station may be larger, e.g. 3,4,5... The number of the antenna used for the
transmission to a particular user terminal may be given by (ID mod N)+1 where ID is
the identifier of the user terminal and N is 3,4,5...

In the above examples, the primary base station is a base station and the
secondary stations are user terminals. In some embodiments, the primary station can

be a user terminal and the secondary stations can be base stations.

General
The present invention may be embodied in other specific forms without

departing from its essential characteristics. The described embodiments are to be
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considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes that come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

A person skilled in the art would readily recognize that steps of various above-
described methods can be performed by programmed computers. Some embodiments
relate to program storage devices, e.g., digital data storage media, which are machine
or computer readable and encode machine-executable or computer-executable
programs of instructions, wherein said instructions perform some or all of the steps of
said above-described methods. The program storage devices may be, e.g., digital
memories, magnetic storage media such as a magnetic disks and magnetic tapes, hard
drives, or optically readable digital data storage media. Some embodiments involve

computers programmed to perform said steps of the above-described methods.



10

15

20

25

WO 2010/149306 PCT/EP2010/003633

Claims:

1. A method of transmitting from a primary station a plurality of signals to a
corresponding plurality of secondary stations, said primary station comprising at least
two transmit antennas, wherein each of said plurality of signals is transmitted from a
respective subset of said at least two transmit antennas to a respective secondary
station, in which each subset is selected dependent upon a predetermined

characteristic of the respective secondary station.

2. A method according to claim 1, wherein said predetermined characteristic is an

identifier of the secondary station.

3. A method accordin

each transmit antenna is identified by a

feruLh

corresponding number, and the number of the transmit antenna used for the
transmission of a signal is given by (ID mod N)+1 where ID is the identifier of the
respective secondary station and N is the total number of antennas available for

transmission at the primary station.

4. A method according to claim 2 or claim 3, in which the primary station comprises
just two transmit antennas, and each of the signals is transmitted by a respective single

transmit antenna.

5. A method according to any preceding claim, in which the signals comprise

Fractional Dedicated Physical Channel, F-DPCH, symbols.

6. A method according to any preceding claim, wherein the selection depends also

on the time at which the transmission is to occur.

7. A method according to claim 6, wherein the selection depends on the time at
which the transmission is to occur in that the selection depends on whether the

timeslot number at which a signal is to be sent meets a given criterion.
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8. A method according to claim 7, wherein the criterion is whether timeslot number

is an odd number.

9. A method according to claim 6, wherein the time is determined by a frame

number.

10. A telecommunications primary station configured to transmit by radio a plurality
of signals, and comprising a transmitter comprising at least two transmit antennas,
said station further comprising an antenna selector configured to select for each signal
a subset of said at least two transmit antennas to transmit the signal, wherein for each
signal the subset of antennas is selected dependent upon a predetermined

characteristic of a secondary station.

11. A telecommunications primary station according to claim 10, wherein said
predetermined characteristic is an identifier of the secondary station which is intended

to receive the signal.

12. A telecommunications primary station according to claim 10, wherein the
antenna selector operates such that each transmit antenna is identified by a
corresponding number, and the number of the transmit antenna used for the
transmission of a signal is given by (ID mod N)+1 where ID is the identifier of the
respective secondary station and N is the total number of antennas available for

transmission at the primary station.

13. A telecommunications primary station according to claim 10, wherein the
antenna selector also receives input data dependent on the time at which the
transmission is to occur and is configured to make the selections dependent also upon

said input data.

14. A telecommunications secondary station configured to determine from which
antenna of a primary station comprising at least two transmit antennas a signal is
received, the antenna of the primary station having been selected dependent upon a

predetermined characteristic of the secondary station, the secondary station being
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operative to select for use in demodulation an expected phase reference in respect of

the antenna determined.

15. A telecommunications secondary station according to claim 14, in which the
signal comprises an F-DPCH symbol and the predetermined characteristic is an

identifier of the secondary station.
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