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Assigning at least one orthogonal sequence to one or
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plurality of antennas being assigned at least one
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Scrambling a signal to be transmitted on the PUCCH

using the at least one orthogonal sequence for each | -3-2

antenna thereby producing a scrambled PUCCH for
transmission by each antenna

v

Transmitting the scrambled PUCCH on the plurality of | -3-3
antennas

End
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End
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Assigning at least one orthogonal sequence to be used by one or more
of a plurality of antennas of a multi-antenna wireless terminal, such
that each of the plurality of antennas will be assigned at least one
orthogonal sequence
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If a wireless terminal is to be
assigned multiple orthogonal
sequences, but be assigned by
sending indicators identifying
each orthogonal sequence,
transmitting an orthogonal
sequence indicator for each
orthogonal sequence that the
wireless terminal is to use

If @ wireless terminal is to be
assigned multiple orthogonal
sequences, but be assigned by
sending a single orthogonal
sequence indicator, defining a
relation between the multiple
orthogonal sequences
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v

End

Transmitting a single orthogonal
sequence indicator for one of
the multiple orthogonal
sequences to configure a first
orthogonal sequence that the
wireless terminal is to use

End
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METHOD AND SYSTEM FOR SPACE CODE
TRANSMIT DIVERSITY OF PUCCH

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional patent application Nos. 61/098,994 filed on Sep. 22,
2008 and 61/142,260 filed Jan. 2, 2009, which are hereby
incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] This application relates to wireless communication
techniques in general, and to a transmit diversity scheme, in
particular.

BACKGROUND OF THE INVENTION

[0003] Typically, orthogonal frequency division multiplex-
ing (OFDM) systems suffer from peak to average power ratio
(PAPR) problems. Dueto cost and physical size limitations of
user equipments (UE), examples of which are devices such as
wireless cellular telephones or wireless enabled computers
and PDAs, PAPR is a bigger problem in uplink (UL) trans-
mission, in the direction from the UE to a base station, than
downlink (DL) transmission, in the direction from the base
station to the UE.

[0004] A solution that has been proposed for a current
single antenna LTE standard is that the input sequence of an
inverse discrete fourier transform (IDFT) is made such that
the output PAPR is low. For example, for a physical uplink
shared channel (PUCCH), data is discrete fourier transform
(DFT) precoded before OFDM. Such a process is known as
single carrier frequency division multiple access (SC-
FDMA). For the physical uplink control channel (PUCCH) in
a single antenna UE, a low PAPR orthogonal sequence (OS)
may be used to spread the data across a given frequency band.
[0005] In some communication systems, such as for
example, Long Term Evolution-Advanced (LTE-A) and
Advanced Evolved UMTS Terrestrial Radio Access (A
E-UTRA), UEs may be equipped with more than one antenna
to enable higher peak data rates with more link reliability. In
some cases the UE’s multiple antennas may be used to pro-
vide open-loop transmit diversity (OLTD).

[0006] Some coding scheme candidates for using OLTD in
the DL direction include: Space Time Block Coding (STBC);
Space Frequency Block Coding (SFBC); Cyclic Delay Diver-
sity (CDD); Pre-coding Vector Switching (PVS); and Radio
Frequency Combining (RFC).

[0007] The various candidate schemes for DL each have
their positive and negative qualities. STBC preserves the low
PAPR property, but requires an even number of OFDM sym-
bols per subframe. SFBC may increase the PAPR, but works
for any number of OFDM symbols per subframe. CDD pre-
serves the low PAPR property and works for any number of
symbols per slot, but the performance is not as good as STBC
and SFBC. PVS periodically uses some precoders using a
known sequence for both the transmitter and receiver. RFC
combines RF waves for data and reference symbols using a
blind precoder at the receiver. The last two schemes suffer
from poor performance in spatially correlated channels.
[0008] As discussed above, some of the candidate schemes
for DL may not enable a low PAPR property. As such, the
current schemes for DL may not be appropriate solutions for
reliable UL transmissions.
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[0009] When channel estimation is code division multiplex
(CDM) based, such as the case for PUCCH, adding more
antennas at the transmitter may also result in reconsideration
of how channel estimation is to be performed.

SUMMARY OF THE INVENTION

[0010] According to a first aspect of the invention, there is
provided a method for use in a wireless terminal having a
plurality of antennas comprising: assigning at least one
orthogonal sequence to one or more of the plurality of anten-
nas, each of the plurality of antennas being assigned at least
one orthogonal sequence; scrambling a signal to be transmit-
ted on the physical uplink control channel (PUCCH) using
the at least one orthogonal sequence for each antenna thereby
producing a scrambled PUCCH for transmission by each
antenna; transmitting the scrambled PUCCH on the plurality
of antennas.

[0011] In some embodiments, the orthogonal sequence
used to scramble the signal to be transmitted on the PUCCH
is different for each antenna.

[0012] In some embodiments, the orthogonal sequence
used to scramble the signal to be transmitted on the PUCCH
is the same for all antennas.

[0013] In some embodiments, the method further com-
prises receiving higher layer signalling for configuring which
orthogonal sequences the wireless terminal is to use.

[0014] In some embodiments, the method further com-
prises, when more than one orthogonal sequence is assigned
to the wireless terminal: receiving a single orthogonal
sequence index for one of the more than one orthogonal
sequence to configure a first orthogonal sequence that the
wireless terminal is to use; determining indices of the remain-
ing more than one orthogonal sequence as a function of the
single orthogonal sequence index.

[0015] In some embodiments, the method further com-
prises, when more than one orthogonal sequence is assigned
to the wireless terminal: receiving an orthogonal sequence
index for each orthogonal sequence that the wireless terminal
is to use.

[0016] Insomeembodiments, fora given wireless terminal,
a same number of orthogonal sequences are used to scramble
a reference signal (RS) as are used to scramble the PUCCH.
[0017] In some embodiments, the wireless terminal is ser-
viced by a network configured to support wireless terminals
comprising two or more antennas that can perform uplink
signalling simultaneously.

[0018] In some embodiments, the network is an LTE-A
network.
[0019] In some embodiments, assigning at least one

orthogonal sequence to one or more of the plurality of anten-
nas, each of the plurality of antennas being assigned at least
one orthogonal sequence comprises: assigning the at least one
orthogonal sequence base on at least one of: PUCCH format
1/1a/1b; and PUCCH format 2/2a/2b.

[0020] According to a second aspect of the invention, there
is provided a wireless terminal comprising: a plurality of
antennas; a receiver coupled to at least one receive antenna of
the plurality of antennas; a transmitter coupled to at least one
transmit antenna of the plurality of antenna; an uplink trans-
mit controller; the uplink transmit controller configured to:
assign at least one orthogonal sequence to a physical uplink
control channel (PUCCH) to be transmit on the at least one
transmit antenna; scramble the PUCCH using one or more of
the at least one orthogonal sequence to be transmitted by the



US 2011/0228728 Al

transmitter thereby producing a scrambled PUCCH for each
of'the at least one transmit antenna; the transmitter configured
to transmit the scrambled PUCCH on the at least one transmit
antenna.

[0021] In some embodiments, the orthogonal sequence
used to scramble the PUCCH is different for each at least one
transmit antenna.

[0022] In some embodiments, the orthogonal sequence
used to scramble the PUCCH is the same for all transmit
antennas.

[0023] Insome embodiments, the wireless terminal further
comprises the receiver receiving higher layer signalling for
configuring which orthogonal sequences the wireless termi-
nal is to use.

[0024] Insome embodiments, the wireless terminal further
comprises, when more than one orthogonal sequence is
assigned to the wireless terminal: the receiver configured to
receive a single orthogonal sequence index for one of the
more than one orthogonal sequence to configure a first
orthogonal sequence that the wireless terminal is to use;
determining orthogonal sequence indices of the remaining
more than one orthogonal sequence as a function of the single
orthogonal sequence index.

[0025] Insome embodiments, the wireless terminal further
comprises, when more than one orthogonal sequence is
assigned to the wireless terminal: the receiver configured to
receive an orthogonal sequence index for each orthogonal
sequence that the wireless terminal is to use.

[0026] In some embodiments, the plurality of antennas is
equal to a multiple of two antennas.

[0027] In some embodiments, the number of transmit
antennas is equal to the number of receive antennas, which is
equal to the total number of the plurality of antennas.

[0028] In some embodiments, the wireless terminal is ser-
viced by a network configured to support wireless terminals
comprising two or more antennas that can perform uplink
signalling simultaneously.

[0029] In some embodiments, the network is an LTE-A
network.
[0030] According to a third aspect of the invention, there is

provided a method for use in a base station for configuring a
multi-antenna wireless terminal that the base station sup-
ports, the method comprising: assigning at least one orthogo-
nal sequence to be used by one or more of a plurality of
antennas of the multi-antenna wireless terminal, such that
each of the plurality of antennas will be assigned at least one
orthogonal sequence; if a wireless terminal is to be assigned
multiple orthogonal sequences, but be assigned by sending a
single orthogonal sequence indicator: defining a relation
between the multiple orthogonal sequences; transmitting a
single orthogonal sequence indicator for one of the multiple
orthogonal sequences to configure a first orthogonal sequence
that the wireless terminal is to use; if a wireless terminal is to
be assigned multiple orthogonal sequences, but be assigned
by sending indicators identifying each orthogonal sequence:
transmitting an orthogonal sequence indicator for each
orthogonal sequence that the wireless terminal is to use.

[0031] According to a fourth aspect of the invention, there
is provided a method in base station for receiving a signal
from a multi-antenna wireless terminal that the base station
supports, the method comprising: receiving two or more sig-
nals from each of separate transmit antennas of the multi-
antenna wireless terminal, each of the two or more signals
comprising a signal that has been transmitted on a physical
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uplink control channel (PUCCH) that is encoded using an
orthogonal sequence; performing channel estimation; com-
bining the two or more signals thereby producing a combined
signal; decoding the signal transmitted on the PUCCH.
[0032] Other aspects and features of the present invention
will become apparent to those ordinarily skilled in the art
upon review of the following description of specific embodi-
ments of the invention in conjunction with the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the invention will now be
described with reference to the attached drawings in which:

[0034] FIG. 1 is a block diagram of a cellular communica-
tion system;
[0035] FIG.2isablock diagram of an example of a wireless

terminal in which some embodiments of the present invention
may be implemented;

[0036] FIG. 3 is a flow chart illustrating an example of a
method of a wireless device using a transmit diversity scheme
according to an aspect of the invention;

[0037] FIG. 4 is a flow chart illustrating an example of a
method of receiving a signal from a multi-antenna wireless
terminal that a base station supports according to an aspect of
the invention;

[0038] FIG. 5 is a flow chart illustrating an example of a
method for configuring a wireless terminal, from the perspec-
tive of the wireless terminal, according to an aspect of the
invention;

[0039] FIG. 6 is a flow chart illustrating an example of a
method for configuring a wireless terminal, from the perspec-
tive of the base station, according to an aspect of the inven-
tion;

[0040] FIGS. 7a and 75 are a graphical plots of simulated
implementations of the transmit diversity scheme of the
present invention compared to other transmit diversity
schemes;

[0041] FIG. 8 is a block diagram of an example base station
that might be used to implement some embodiments of the
present application;

[0042] FIG. 9 is a block diagram of an example wireless
terminal that might be used to implement some embodiments
of the present application;

[0043] FIG. 10 is a block diagram of an example relay
station that might be used to implement some embodiments
of the present application;

[0044] FIG.111is a block diagram of a logical breakdown of
an example OFDM transmitter architecture that might be
used to implement some embodiments of the present appli-
cation; and

[0045] FIG.12isablock diagram of a logical breakdown of
an example OFDM receiver architecture that might be used to
implement some embodiments of the present application.

DETAILED DESCRIPTION OF THE
EMBODIMENTS OF THE INVENTION

[0046] Aspects of this invention are directed to using Open-
Loop Transmit signalling for UL transmission for UEs having
two or more antennas. In some embodiments, a new diversity
scheme, space code transmit diversity (SCTD), is utilized for
transmission of an UL control channel. A particular commu-
nication system that the diversity scheme can be used for is
LTE-Advanced (LTE-A). In LTE-A, the diversity scheme can
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be applied to the physical uplink control channel (PUCCH).
More generally, the diversity scheme is not intended to be
limited to only LTE-A, but could be used for other types of
communication systems, in particular communication
schemes using orthogonal code schemes such as CDM (code
division multiplexing) based schemes, for encoding UL
transmissions for simultaneously transmission on two or
more antennas.

[0047] Insome implementations, for UEs with uplink cov-
erage issues, which may be related to the PAPR, and that are
capable of multiple input multiple output (MIMO) transmis-
sion, more than one code sequence is assigned to the UE. The
UE then uses the more than one assigned code sequence to
encode PUCCH information on multiple antennas separately.
Orthogonality between sequences provides a largest possible
diversity gain. In this way the PUCCH information provides
transmission diversity without radically changing existing
PUCCH design that is used for single antenna UEs.

[0048] In some implementations the transmit diversity
scheme enables increased UL PUCCH coverage, which in
turn may enable increased cell sizes and also may increase
system reliability. In some embodiments, the transmit diver-
sity scheme is substantially consistent with current single
antenna L'TE PUCCH design, while improving the PUCCH
coverage with the help of transmit diversity.

[0049] Referring to the drawings, FIG. 1 illustrates a net-
work on which aspects of the invention may be supported.
FIG. 1 shows a base station controller (BSC) 10 which con-
trols wireless communications within multiple cells 12,
which cells are served by corresponding base stations (BS)
14. In an LTE system the base stations may be referred to as
eNB. In some configurations, each cell is further divided into
multiple sectors 13 or zones (not shown). In general, each
base station 14 facilitates communications using OFDM with
mobile and/or wireless terminals 16, which are within the cell
12 associated with the corresponding base station 14. The
mobile and/or wireless terminals may also be referred to
herein as user equipment (UE). The movement of the mobile
terminals 16 in relation to the base stations 14 results in
significant fluctuation in channel conditions. As illustrated,
the base stations 14 and mobile terminals 16 may include
multiple antennas to provide spatial diversity for communi-
cations. In some configurations, relay stations 15 may assist
in communications between base stations 14 and wireless
terminals 16. Wireless terminals 16 can be handed off 18 from
any cell 12, sector 13, zone (not shown), base station 14 or
relay 15 to an other cell 12, sector 13, zone (not shown), base
station 14 orrelay 15. In some configurations, base stations 14
communicate with each and with another network (such as a
core network or the Internet, both not shown) over a backhaul
network 11. In some configurations, a base station controller
10 is not needed.

[0050] FIG. 2 illustrates a basic example of a UE having
multiple antennas. The UE 200 is shown to have four antennas
210,212,214,216. Each antenna is coupled to a respective
antenna port 220,222,224.226 in the UE 200. In some
embodiments, the antenna ports used by the UE are virtual
antenna ports. In the example of FIG. 2 antennas 210 and 212
are coupled to antenna ports 220 and 222 and these two ports
are considered a first virtual port 228. Antennas 214 and 216
are coupled to antenna ports 224 and 226 and these two ports
are considered a second virtual port 229. The virtual antenna
ports 228 and 229 are coupled to a transmitter 230 and a
receiver 232 such that the transmitter 230 can transmit on any

Sep. 22,2011

number of the four antennas and signals can be received by
the receiver 232 on one or more of the four antennas. In a
physical implementation the transmitter 230 and receiver 232
may be coupled to each of the four antenna ports. The trans-
mitter 230 and receiver 232 are each coupled to a block in
FIG. 2 designated as signal processing 240. This signal pro-
cessing block includes all the software/hardware used to
encode, modulate and/or scramble the signals to be transmit-
ted by the UE or received by the UE.

[0051] Encoding of the PUCCH, once the orthogonal
sequences are assigned for given antennas may occur in the
signal processing block 240 or the transmitter 230. Contents
of'the signal processing block 240 and/or the transmitter 230
may include components described in further detail below in
FIGS. 9 and 12.

[0052] Inthe example of FIG. 2 the UE is shown to have 4
antennas, however this is not intended to limit the scope of the
invention to that particular embodiment. More generally, the
number of antenna that the UE has is implementation specific.
In some embodiments, the number of antennas is equal to two
antennas. In some embodiments, the number of antennas is
equal to a multiple of two antennas.

[0053] Insome embodiments, the number of antenna ports
and number of orthogonal sequences used by the UE may be
less than or equal to the number of transmit antennas of the
UE. For example in FIG. 2, there are two virtual antenna ports
228 and 229 and four transmit antennas. In some embodi-
ments, the number of orthogonal sequences assigned to the
UE may be less than or equal to the number of UE physical
antenna ports. For example, in some implementations, a
single orthogonal sequence may be assigned to all of the
antenna ports when there is no UL coverage issue and there-
fore transmit diversity is not needed to overcome the UL
coverage issue, but multiple antennas are still used for trans-
mitting from the UE. More generally, the orthogonal
sequences may be said to be assigned to physical antennas as
opposed to antenna ports. How the orthogonal sequences are
assigned to the antennas or antenna ports is transparent to the
base station that receives the signalling transmitted by the
antennas.

[0054] Inthe context of an LTE communication system, for
a UE having a single antenna, the RS and data being trans-
mitted by the UE are each multiplied by an orthogonal
sequence. Different users are assigned different orthogonal
sequences, but each UE is only assigned one orthogonal
sequence. Only a single encoded RS is needed for channel
estimation because the UE has only a single antenna and thus
only a single channel for communicating.

[0055] Inthe context of an LTE-A system, for a UE having
more than one antenna, in current PUCCH design, other than
the

[0056] RFC scheme and short CDD scheme, the UE is
assigned an orthogonal sequence for each RS so that channel
estimation can be performed for each channel. By using the
same number of orthogonal sequences and the same number
of antenna ports for data, such as for example PUCCH sig-
naling, as are used for the

[0057] RS it may be possible to improve UL coverage for
UEs that may otherwise have UL coverage issues.

[0058] In such a multiple antenna UE scenario it can be
considered that each antenna of the UE is analogous to a
different user. However, there are a limited number of
orthogonal sequences available for being assigned to UEs. If
there are a finite number of orthogonal sequences that can be
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assigned and UEs can be assigned multiple orthogonal
sequences, the number of UEs that can be supported is con-
sequently reduced. For example, in a situation where there are
12 orthogonal sequences available, these 12 orthogonal
sequences could support 12 single antenna UEs each assigned
a single orthogonal sequence, 6 two antenna UEs each
assigned two orthogonal sequences, 3 four antenna UEs each
assigned three orthogonal sequences, or some combination
thereof. The number of orthogonal sequences that can be
assigned to individual UEs in a cell, the number of UEs
supported in a cell, the maximum number of orthogonal
sequences that can be assigned to a UE, and whether a differ-
ent number of orthogonal sequences can be assigned to UEs
in a cell are all examples of implementation specific variables
in a communication system.

[0059] Referring to FIG. 3, an example of a method of
implementing the transmit diversity scheme for a wireless
terminal having a plurality of antennas will now be described.
A first step 3-1 in the method involves assigning at least one
orthogonal sequence to one or more of the plurality of anten-
nas. Each of the plurality of antennas is assigned at least one
orthogonal sequence. Assigning at least one orthogonal
sequence to one or more of the plurality of antennas may
include, but is not limited to the following: each antenna
assigned a different orthogonal sequence from the other
antennas, a group of antennas assigned a different orthogonal
sequence from other groups of antennas (this may be, for
example, as a result of a virtual antenna port coupled to
multiple physical antennas), and all antennas assigned the
same orthogonal sequence.

[0060] A second step 3-2 involves scrambling a signal to be
transmitted on the physical uplink control channel (PUCCH)
using one of the at least one orthogonal sequence for each
antenna thereby producing a scrambled PUCCH for transmis-
sion by each antenna.

[0061] A third step 3-3 involves transmitting the scrambled
PUCCH on the plurality of antennas.

[0062] In some embodiments, a reference signal (RS)
transmitted on a given antenna may be scrambled using a
same orthogonal sequence as that used for the given antenna.
[0063] In some embodiments, different orthogonal
sequences are assigned to different transmit antenna ports for
the same UE. When different orthogonal sequences are
assigned to different transmit antennas or antenna ports, the
PUCCH signalling transmitted from the different antenna
ports is the same, but the signalling is scrambled by the
different orthogonal sequences resulting in transmit diversity
for the PUCCH.

[0064] A wireless terminal configured to implement the
transmit diversity scheme may include a plurality of anten-
nas, a receiver coupled to at least one receive antenna of the
plurality of antennas, a transmitter coupled to at least one
transmit antenna of the plurality of antenna and an uplink
transmit controller. The uplink transmit controller is so
named for description purposes to be any software, hardware
or combination thereof configured to receive configuration
information regarding which orthogonal sequences are to be
used by the wireless terminal for transmitting the PUCCH
according to the transmit diversity scheme described herein.
The uplink transmit controller is configured to assign at least
one orthogonal sequence to a physical uplink control channel
(PUCCH) that is to be transmitted on the at least one transmit
antenna. The PUCCH is then scrambled using one or more of
the at least one orthogonal sequence to be transmitted by the
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transmitter thereby producing a scrambled PUCCH for each
of the at least one transmit antenna. The transmitter is con-
figured to transmit the scrambled PUCCH on the at least one
transmit antenna.

[0065] A base station receives the PUCCH transmitted by
the UE using the transmit diversity scheme. The base station
is configured to combine the signals received from two or
more of the transmit antenna ports of the transmitting UE. An
example of how the signals may be combined is maximum
ratio combining (MRC). When more than one UE is commu-
nicating with the base station the base station combines the
signals for each respective UE. The base station is further
configured to conduct channel estimation, for example using
the encoded RS signalling. Once channel estimation has been
performed the base station can decode the PUCCH.

[0066] Referring to FIG. 4, an example of a method of
receiving a signal from a multi-antenna wireless terminal that
a base station supports, from the perspective of the base
station involves a first step 4-1 of receiving two or more
signals from each of separate transmit antennas of the multi-
antenna wireless terminal, each of the two or more signals
comprising a signal that has been transmitted on a physical
uplink control channel (PUCCH) that is encoded using one of
at least one orthogonal sequence. A second step 4-2 involves
performing channel estimation. A third step 4-3 involves
combining the two or more received signals at least in part
based on the channel estimation, thereby producing a com-
bined signal. A fourth step 4-4 involves decoding the signal
transmitted on the PUCCH.

[0067] Insome implementations, channel estimation over-
head for this transmit diversity scheme is similar to channel
estimation overhead for other transmit diversity schemes. For
example the overhead may be similar to that of STBC and/or
CDD.

[0068] Inacommunication system that supports the trans-
mit diversity scheme, the UE may be configured to implement
the transmit diversity scheme by higher-layer signalling. In
some embodiments the configuration for a given UE may be
determined based on statistical properties, such as, but not
limited to, mobility and location properties, of the UE or the
statistical properties of the channel between the UE and base
station. In some embodiments, the base station configures the
UE through higher-layer signaling as a result of the statistical
analysis determining that the UE has a PUCCH coverage
issue, which can be improved or at least to some degree
mitigated, in response to using the transmit diversity scheme.

[0069] Insome embodiments, if it is determined that there
is a PUCCH coverage issue or the potential for a PUCCH
coverage issue, the UE is configured to use the transmit diver-
sity scheme, which may improve its PUCCH coverage.

[0070] Ifitis determined that there is no PUCCH coverage
issue or the potential for a PUCCH coverage issue is low, the
diversity scheme can still be used. Ifthere is no coverage issue
and the transmit diversity scheme is used, a potential benefit
of'the transmit diversity scheme is saving power at the UE and
minimizing interference with other UEs. If there is no cover-
age issue and the transmit diversity scheme is not used, there
are additional orthogonal sequences available for use by other
UEs. For example, even if the UE does not have a PUCCH
coverage issue, the UE could be configured to use a single
orthogonal sequence for multiple different antenna ports.
This enables additional sequences for use by other UEs, and
may also minimize interference with other UEs.
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[0071] When the UE is being configured to implement the
transmit diversity scheme there are multiple methods that can
be used for signalling the orthogonal sequences to be used by
each UE that is supported. Some methods do not use addi-
tional overhead as compared to existing methods for a single
antenna UL transmit diversity scheme and some methods
may utilize additional overhead to accommodate signalling
that explicitly defines the use of multiple orthogonal
sequences.

[0072] Ina first example method, a first step involves defin-
ing a relation among the orthogonal sequences that are avail-
able for use. For example, if the orthogonal sequences are
each assigned an index value, particular orthogonal
sequences, and thus their associated indices may be defined as
being related. The base station and UE are aware of the
defined relation between the orthogonal sequences or are
made aware of the relation. Since the code sequences are
related in a predefined manner, a further step involves iden-
tifying only one sequence index to the UE. The UE can then
derive indices of the rest of the sequences that are being
assigned to the UE based on the predefined relation between
the code sequences. In this first method, since only a single
index value is used to identify multiple orthogonal sequences,
the method may not utilize any more overhead than would be
used to configure a single antenna UE which only requires
identification of a single orthogonal sequence or orthogonal
sequence index.

[0073] Referring to FIG. 5, an example of a method for
configuring the UE, from the perspective of the UE involves
a first step 5-1 of receiving a single orthogonal sequence
index for one of the more than one orthogonal sequence to
configure a first orthogonal sequence that the wireless termi-
nal is to use.

[0074] A second step 5-2 involves determining indices of
the remaining more than one orthogonal sequence as a func-
tion of the single orthogonal sequence index. Determining
indices for remaining orthogonal sequences as a function of
the single orthogonal sequence index may include using a

known predefined relation between the orthogonal
sequences.
[0075] In a second example method, the orthogonal

sequences are each explicitly identified to the UE. For
example, referring back to the process of using orthogonal
sequence indices discussed above, the indices of all
sequences assigned to a UE are explicitly signaled to the UE.
This method may utilize additional bandwidth for identifying
the orthogonal sequences, as compared to the single antenna
UE scenario.

[0076] Referring to FIG. 6, an example of a method for
configuring the UE, from the perspective of the base station
involves a first step 6-1 of assigning at least one orthogonal
sequence to be used by one or more of a plurality of antennas
of the multi-antenna wireless terminal, such that each of the
plurality of antennas will be assigned at least one orthogonal
sequence. A second step 6-2 involves, ifa UE is to be assigned
multiple orthogonal sequences, but only a single orthogonal
sequence indicator is to be sent to the UE, defining a relation
between the multiple orthogonal sequences. A third step 6-3
involves transmitting a single orthogonal sequence indicator
for one of the multiple orthogonal sequences to configure a
first orthogonal sequence that the wireless terminal is to use.
A fourth step 6-4 involves, if a wireless terminal is to be
assigned multiple orthogonal sequences in which indicators
identifying each orthogonal sequence are to be transmitted,
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transmitting an orthogonal sequence indicator for each
orthogonal sequence that the wireless terminal is to use.
[0077] While orthogonal sequence indices are a particular
method of identifying orthogonal sequences described in the
examples above, this is merely used by way of example, and
is not intended to limit the scope of the invention. It is to be
understood that other ways of identifying orthogonal
sequences to be used for the transmit diversity scheme may be
utilized.

[0078] Insome implementations, the PUCCH format used
for the PUCCH is 1/1a/1b. In some implementations, the
PUCCH format used for the PUCCH is 2/2a/2b.

[0079] InPUCCH format 1/1a/1b, the code sequences must
be selected in a manner to ensure that the sequences are
orthogonal. For example, in format 1/1a/1b the sequences are
comprised of cyclic shift (CS) components and orthogonal
covering (OC) components. For format 1/1a/1b, the orthogo-
nal sequences are generated using at least one CS component
and at least one OC component. Care must be taken when
selecting the combination of the two components to ensure
that the generated sequences are orthogonal. In PUCCH for-
mat 2/2a/2b, the sequences are comprised of cyclic compo-
nents and as a result are all orthogonal.

[0080] The table below define parameters for a simulation
of using the above described transit diversity scheme for
PUCCH signalling as compared to three other schemes that
could be used for PUCCH signalling. Table 1 defines param-
eters pertaining to the channel bandwidth, number of total
subcarriers, size of a subframe, FFT size, the sampling fre-
quency, the size of the cyclic prefix, the carrier frequency, the
data resource assignment, the type of channel estimate (real-
istic as opposed to ideal), the type of symbol constellation, the
type of channel coding for PUCCH, the channel characteris-
tics and the type of MIMO configuration.

TABLE 1

Parameters pertaining to Simulated Signal

Channel bandwidth
Number of total sub-carriers

10 MHz
601 (including DC)

Subframe 1 msec = 14 OFDM symbols
FFT size 1024

Sampling frequency 15.36 MHz

Cyclic Prefix 72 Samples

Carrier frequency 2 GHz

Data Resource Assignment 1 resource block (RB)
Channel estimation Realistic

Symbol constellation QPSK

Linear Block Code 4/20

ITU PB for 3 kph

ITU VA for 120 kph, and 350 kph
2x2 Uncorrelated

Channel coding for PUCCH
Channel

MIMO Configuration

[0081] FIG. 7a is a graphical plot of a simulation for a
single UE using the transmit diversity scheme described
above, in comparison with STBC, RFC and PVS, for the
conditions defined in Table 1. The vertical axis is a represen-
tation of block error rate (BLER) and the scale ranges from
1073 to 10°. The horizontal axis is a representation of signal-
to-noise ratio (SNR) and the scale ranges from ~12 dB to 4
dB. In the simulation, the receiver for the space code transmit
diversity scheme was simulated to be a zero forcing (ZF)
receiver, the receiver for the STBC scheme was simulated to
be a minimum mean squared error (MMSE) receiver, the
receiver for the RFC scheme was simulated to be a zero
forcing receiver and the receiver for the PVS scheme was
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simulated to be a zero forcing receiver. It can be seen in FIG.
4a that while the four transmit diversity schemes have a
similar BLER at -12 dB, as the SNR improves, the space code
transmit diversity scheme has the best BLER.

[0082] FIG.7hisagraphical plot of a simulation for six UE
using the transmit diversity scheme described above, in com-
parison with STBC, RFC and PVS, for the conditions defined
in Table 1. The vertical and horizontal axes are the same as
FIG. 7a. It can be seen in FIG. 75 that even for greater than a
single UE, as the SNR improves, the space code transmit
diversity scheme has the best BLER.

WIRELESS SYSTEM OVERVIEW

[0083] With reference to FIG. 8, an example of a base
station 14 is illustrated. The base station 14 generally includes
a control system 20, a baseband processor 22, transmit cir-
cuitry 24, receive circuitry 26, multiple antennas 28, and a
network interface 30. The receive circuitry 26 receives radio
frequency signals bearing information from one or more
remote transmitters provided by mobile terminals 16 (illus-
trated in FIG. 9) and relay stations 15 (illustrated in FIG. 10).
A low noise amplifier and a filter (not shown) may cooperate
to amplify and remove broadband interference from the sig-
nal for processing. Downconversion and digitization circuitry
(not shown) will then downconvert the filtered, received sig-
nal to an intermediate or baseband frequency signal, which is
then digitized into one or more digital streams.

[0084] The baseband processor 22 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. As such, the baseband processor 22 is generally
implemented in one or more digital signal processors (DSPs)
or application-specific integrated circuits (ASICs). The
received information is then sent across a wireless network
via the network interface 30 or transmitted to another mobile
terminal 16 serviced by the base station 14, either directly or
with the assistance of a relay 15.

[0085] On the transmit side, the baseband processor 22
receives digitized data, which may represent voice, data, or
control information, from the network interface 30 under the
control of control system 20, and encodes the data for trans-
mission. The encoded data is output to the transmit circuitry
24, where it is modulated by one or more carrier signals
having a desired transmit frequency or frequencies. A power
amplifier (not shown) will amplify the modulated carrier
signals to a level appropriate for transmission, and deliver the
modulated carrier signals to the antennas 28 through a match-
ing network (not shown). Modulation and processing details
are described in greater detail below.

[0086] With reference to FIG. 9, an example of a mobile
terminal 16 is illustrated. Similarly to the base station 14, the
mobile terminal 16 will include a control system 32, a base-
band processor 34, transmit circuitry 36, receive circuitry 38,
multiple antennas 40, and user interface circuitry 42. The
receive circuitry 38 receives radio frequency signals bearing
information from one or more base stations 14 and relays 15.
A low noise amplifier and a filter (not shown) may cooperate
to amplify and remove broadband interference from the sig-
nal for processing. Downconversion and digitization circuitry
(not shown) will then downconvert the filtered, received sig-
nal to an intermediate or baseband frequency signal, which is
then digitized into one or more digital streams.
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[0087] The baseband processor 34 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. The baseband processor 34 is generally implemented in
one or more digital signal processors (DSPs) and application
specific integrated circuits (ASICs).

[0088] For transmission, the baseband processor 34
receives digitized data, which may represent voice, video,
data, or control information, from the control system 32,
which it encodes for transmission. The encoded data is output
to the transmit circuitry 36, where it is used by a modulator to
modulate one or more carrier signals that is at a desired
transmit frequency or frequencies. A power amplifier (not
shown) will amplify the modulated carrier signals to a level
appropriate for transmission, and deliver the modulated car-
rier signal to the antennas 40 through a matching network (not
shown). Various modulation and processing techniques avail -
able to those skilled in the art are used for signal transmission
between the mobile terminal and the base station, either
directly or via the relay station.

[0089] In OFDM modulation, the transmission band is
divided into multiple, orthogonal carrier waves. Each carrier
wave is modulated according to the digital data to be trans-
mitted. Because OFDM divides the transmission band into
multiple carriers, the bandwidth per carrier decreases and the
modulation time per carrier increases. Since the multiple
carriers are transmitted in parallel, the transmission rate for
the digital data, or symbols, on any given carrier is lower than
when a single carrier is used.

[0090] OFDM modulation utilizes the performance of an
Inverse Fast Fourier Transform (IFFT) on the information to
be transmitted. For demodulation, the performance of a Fast
Fourier Transform (FFT) on the received signal recovers the
transmitted information. In practice, the IFFT and FFT are
provided by digital signal processing carrying out an Inverse
Discrete Fourier Transform (IDFT) and Discrete Fourier
Transform (DFT), respectively. Accordingly, the characteriz-
ing feature of OFDM modulation is that orthogonal carrier
waves are generated for multiple bands within a transmission
channel. The modulated signals are digital signals having a
relatively low transmission rate and capable of staying within
their respective bands. The individual carrier waves are not
modulated directly by the digital signals. Instead, all carrier
waves are modulated at once by IFFT processing.

[0091] In operation, OFDM is preferably used for at least
downlink transmission from the base stations 14 to the mobile
terminals 16. Each base station 14 is equipped with “n” trans-
mit antennas 28 (n>=1), and each mobile terminal 16 is
equipped with “m” receive antennas 40 (m>=1). Notably, the
respective antennas can be used for reception and transmis-
sion using appropriate duplexers or switches and are so
labelled only for clarity.

[0092] When relay stations 15 are used, OFDM is prefer-
ably used for downlink transmission from the base stations 14
to the relays 15 and from relay stations 15 to the mobile
terminals 16.

[0093] With reference to FIG. 10, an example of a relay
station 15 is illustrated. Similarly to the base station 14, and
the mobile terminal 16, the relay station 15 will include a
control system 132, a baseband processor 134, transmit cir-
cuitry 136, receive circuitry 138, multiple antennas 130, and
relay circuitry 142. The relay circuitry 142 enables the relay
14 to assist in communications between a base station 16 and
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mobile terminals 16. The receive circuitry 138 receives radio
frequency signals bearing information from one or more base
stations 14 and mobile terminals 16. A low noise amplifier
and a filter (not shown) may cooperate to amplify and remove
broadband interference from the signal for processing.
Downconversion and digitization circuitry (not shown) will
then downconvert the filtered, received signal to an interme-
diate or baseband frequency signal, which is then digitized
into one or more digital streams.

[0094] The baseband processor 134 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. The baseband processor 134 is generally implemented
in one or more digital signal processors (DSPs) and applica-
tion specific integrated circuits (ASICs).

[0095] For transmission, the baseband processor 134
receives digitized data, which may represent voice, video,
data, or control information, from the control system 132,
which it encodes for transmission. The encoded data is output
to the transmit circuitry 136, where it is used by a modulator
to modulate one or more carrier signals that is at a desired
transmit frequency or frequencies. A power amplifier (not
shown) will amplify the modulated carrier signals to a level
appropriate for transmission, and deliver the modulated car-
rier signal to the antennas 130 through a matching network
(not shown). Various modulation and processing techniques
available to those skilled in the art are used for signal trans-
mission between the mobile terminal and the base station,
either directly or indirectly via a relay station, as described
above.

[0096] With reference to FIG. 11, a logical OFDM trans-
mission architecture will be described. Initially, the base sta-
tion controller 10 will send data to be transmitted to various
mobile terminals 16 to the base station 14, either directly or
with the assistance of a relay station 15. The base station 14
may use the channel quality indicators (CQIs) associated with
the mobile terminals to schedule the data for transmission as
well as select appropriate coding and modulation for trans-
mitting the scheduled data. The CQIs may be directly from
the mobile terminals 16 or determined at the base station 14
based on information provided by the mobile terminals 16. In
either case, the CQI for each mobile terminal 16 is a function
of the degree to which the channel amplitude (or response)
varies across the OFDM frequency band.

[0097] Scheduled data 44, which is a stream of bits, is
scrambled in a manner reducing the peak-to-average power
ratio associated with the data using data scrambling logic 46.
A cyclic redundancy check (CRC) for the scrambled data is
determined and appended to the scrambled data using CRC
adding logic 48. Next, channel coding is performed using
channel encoder logic 50 to effectively add redundancy to the
data to facilitate recovery and error correction at the mobile
terminal 16. Again, the channel coding for a particular mobile
terminal 16 is based on the CQI. In some implementations,
the channel encoder logic 50 uses known Turbo encoding
techniques. The encoded data is then processed by rate
matching logic 52 to compensate for the data expansion asso-
ciated with encoding.

[0098] Bit interleaver logic 54 systematically reorders the
bits in the encoded data to minimize the loss of consecutive
data bits. The resultant data bits are systematically mapped
into corresponding symbols depending on the chosen base-
band modulation by mapping logic 56. Preferably, Quadra-
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ture Amplitude Modulation (QAM) or Quadrature Phase
Shift Key (QPSK) modulation is used. The degree of modu-
lation is preferably chosen based on the CQI for the particular
mobile terminal. The symbols may be systematically reor-
dered to further bolster the immunity of the transmitted signal
to periodic data loss caused by frequency selective fading
using symbol interleaver logic 58.

[0099] At this point, groups of bits have been mapped into
symbols representing locations in an amplitude and phase
constellation. When spatial diversity is desired, blocks of
symbols are then processed by space-time block code (STC)
encoder logic 60, which modifies the symbols in a fashion
making the transmitted signals more resistant to interference
and more readily decoded at a mobile terminal 16. The STC
encoder logic 60 will process the incoming symbols and
provide “n” outputs corresponding to the number of transmit
antennas 28 for the base station 14. The control system 20
and/or baseband processor 22 as described above with respect
to FIG. 11 will provide a mapping control signal to control
STC encoding. At this point, assume the symbols for the “n”
outputs are representative of the data to be transmitted and
capable of being recovered by the mobile terminal 16.
[0100] For the present example, assume the base station 14
has two antennas 28 (n=2) and the STC encoder logic 60
provides two output streams of symbols. Accordingly, each of
the symbol streams output by the STC encoder logic 60 is sent
to a corresponding IFFT processor 62, illustrated separately
for ease of understanding. Those skilled in the art will recog-
nize that one or more processors may be used to provide such
digital signal processing, alone or in combination with other
processing described herein. The IFFT processors 62 will
preferably operate on the respective symbols to provide an
inverse Fourier Transform. The output of the IFFT processors
62 provides symbols in the time domain. The time domain
symbols are grouped into frames, which are associated with a
prefix by prefix insertion logic 64. Each of the resultant sig-
nals is up-converted in the digital domain to an intermediate
frequency and converted to an analog signal via the corre-
sponding digital up-conversion (DUC) and digital-to-analog
(D/A) conversion circuitry 66. The resultant (analog) signals
are then simultaneously modulated at the desired RF fre-
quency, amplified, and transmitted via the RF circuitry 68 and
antennas 28. Notably, pilot signals known by the intended
mobile terminal 16 are scattered among the sub-carriers. The
mobile terminal 16, which is discussed in detail below, will
use the pilot signals for channel estimation.

[0101] Reference is now made to FIG. 12 to illustrate
reception of the transmitted signals by a mobile terminal 16,
either directly from base station 14 or with the assistance of
relay 15. Upon arrival of the transmitted signals at each of the
antennas 40 of the mobile terminal 16, the respective signals
are demodulated and amplified by corresponding RF circuitry
70. Forthe sake of conciseness and clarity, only one of the two
receive paths is described and illustrated in detail. Analog-to-
digital (A/D) converter and down-conversion circuitry 72
digitizes and downconverts the analog signal for digital pro-
cessing. The resultant digitized signal may be used by auto-
matic gain control circuitry (AGC) 74 to control the gain of
the amplifiers in the RF circuitry 70 based on the received
signal level.

[0102] Initially, the digitized signal is provided to synchro-
nization logic 76, which includes coarse synchronization
logic 78, which buffers several OFDM symbols and calcu-
lates an auto-correlation between the two successive OFDM
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symbols. A resultant time index corresponding to the maxi-
mum of the correlation result determines a fine synchroniza-
tion search window, which is used by fine synchronization
logic 80 to determine a precise framing starting position
based on the headers. The output of the fine synchronization
logic 80 facilitates frame acquisition by frame alignment
logic 84. Proper framing alignment is important so that sub-
sequent FFT processing provides an accurate conversion
from the time domain to the frequency domain. The fine
synchronization algorithm1 is based on the correlation
between the received pilot signals carried by the headers and
a local copy of the known pilot data. Once frame alignment
acquisition occurs, the prefix of the OFDM symbol is
removed with prefix removal logic 86 and resultant samples
are sent to frequency offset correction logic 88, which com-
pensates for the system frequency offset caused by the
unmatched local oscillators in the transmitter and the
receiver. Preferably, the synchronization logic 76 includes
frequency offset and clock estimation logic 82, which is based
on the headers to help estimate such effects on the transmitted
signal and provide those estimations to the correction logic 88
to properly process OFDM symbols.

[0103] Atthis point, the OFDM symbols in the time domain
are ready for conversion to the frequency domain using FFT
processing logic 90. The results are frequency domain sym-
bols, which are sent to processing logic 92. The processing
logic 92 extracts the scattered pilot signal using scattered pilot
extraction logic 94, determines a channel estimate based on
the extracted pilot signal using channel estimation logic 96,
and provides channel responses for all sub-carriers using
channel reconstruction logic 98. In order to determine a chan-
nel response for each of the sub-carriers, the pilot signal is
essentially multiple pilot symbols that are scattered among
the data symbols throughout the OFDM sub-carriers in a
known pattern in both time and frequency. Continuing with
FIG. 12, the processing logic compares the received pilot
symbols with the pilot symbols that are expected in certain
sub-carriers at certain times to determine a channel response
for the sub-carriers in which pilot symbols were transmitted.
The results are interpolated to estimate a channel response for
most, if not all, of the remaining sub-carriers for which pilot
symbols were not provided. The actual and interpolated chan-
nel responses are used to estimate an overall channel
response, which includes the channel responses for most, if
not all, of the sub-carriers in the OFDM channel.

[0104] The frequency domain symbols and channel recon-
struction information, which are derived from the channel
responses for each receive path are provided to an STC
decoder 100, which provides STC decoding on both received
paths to recover the transmitted symbols. The channel recon-
struction information provides equalization information to
the STC decoder 100 sufficient to remove the effects of the
transmission channel when processing the respective fre-
quency domain symbols.

[0105] The recovered symbols are placed back in order
using symbol de-interleaver logic 102, which corresponds to
the symbol interleaver logic 58 of the transmitter. The de-
interleaved symbols are then demodulated or de-mapped to a
corresponding bitstream using de-mapping logic 104. The
bits are then de-interleaved using bit de-interleaver logic 106,
which corresponds to the bit interleaver logic 54 of the trans-
mitter architecture. The de-interleaved bits are then processed
by rate de-matching logic 108 and presented to channel
decoder logic 110 to recover the initially scrambled data and
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the CRC checksum. Accordingly, CRC logic 112 removes the
CRC checksum, checks the scrambled data in traditional
fashion, and provides it to the de-scrambling logic 114 for
de-scrambling using the known base station de-scrambling
code to recover the originally transmitted data 116.

[0106] In parallel to recovering the data 116, a CQI, or at
least information sufficient to create a CQI at the base station
14, is determined and transmitted to the base station 14. As
noted above, the CQI may be a function of the carrier-to-
interference ratio (CR), as well as the degree to which the
channel response varies across the various sub-carriers in the
OFDM frequency band. For this embodiment, the channel
gain for each sub-carrier in the OFDM frequency band being
used to transmit information is compared relative to one
another to determine the degree to which the channel gain
varies across the OFDM frequency band. Although numerous
techniques are available to measure the degree of variation,
one technique is to calculate the standard deviation of the
channel gain for each sub-carrier throughout the OFDM fre-
quency band being used to transmit data.

[0107] FIGS.1 and 8 to 12 provide one specific example of
a communication system that could be used to implement
embodiments of the application. Furthermore, while FIGS.
11 and 12 are described in relation to a transmitting base
station and receiving mobile terminal, it should be understood
that the transmitting architecture of a mobile terminal, espe-
cially a mobile terminal configured with multiple transmit
antennas and configured to implement the above described
methods, may include signal processing elements of similar
type to those described in transmitting architecture FIG. 11. It
is to be understood that embodiments of the application can
be implemented with communications systems having archi-
tectures that are different than the specific example, but that
operate in a manner consistent with the implementation of the
embodiments as described herein.

[0108] Numerous modifications and variations of the
present invention are possible in light of the above teachings.
It is therefore to be understood that within the scope of the
appended claims, the invention may be practised otherwise
than as specifically described herein.

1. A method for use in a wireless terminal having a plurality
of antennas comprising:

assigning at least one orthogonal sequence to one or more

of the plurality of antennas, each of the plurality of
antennas being assigned at least one orthogonal
sequence;
scrambling a signal to be transmitted on the physical uplink
control channel (PUCCH) using the at least one orthogo-
nal sequence for each antenna thereby producing a
scrambled PUCCH for transmission by each antenna;

transmitting the scrambled PUCCH on the plurality of
antennas.

2. The method of claim 1 wherein the orthogonal sequence
used to scramble the signal to be transmitted on the PUCCH
is different for each antenna.

3. The method of claim 1 wherein the orthogonal sequence
used to scramble the signal to be transmitted on the PUCCH
is the same for all antennas.

4. The method of claim 1 further comprising receiving
higher layer signalling for configuring which orthogonal
sequences the wireless terminal is to use.

5. The method of claim 1 further comprising, when more
than one orthogonal sequence is assigned to the wireless
terminal:
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receiving a single orthogonal sequence index for one of the
more than one orthogonal sequence to configure a first
orthogonal sequence that the wireless terminal is to use;

determining indices of the remaining more than one
orthogonal sequence as a function of the single orthogo-
nal sequence index.

6. The method of claim 1 further comprising, when more
than one orthogonal sequence is assigned to the wireless
terminal:

receiving an orthogonal sequence index for each orthogo-

nal sequence that the wireless terminal is to use.

7. The method of claim 1 wherein for a given wireless
terminal, a same number of orthogonal sequences are used to
scramble a reference signal (RS) as are used to scramble the
PUCCH.

8. The method of claim 1 wherein the wireless terminal is
serviced by a network configured to support wireless termi-
nals comprising two or more antennas that can perform uplink
signalling simultaneously.

9. The method of claim 8 wherein the network is an LTE-A
network.

10. The method of claim 1 wherein assigning at least one
orthogonal sequence to one or more of the plurality of anten-
nas, each of the plurality of antennas being assigned at least
one orthogonal sequence comprises:

assigning the at least one orthogonal sequence base on at

least one of: PUCCH format 1/1a/1b; and PUCCH for-
mat 2/2a/2b.

11. A wireless terminal comprising:

a plurality of antennas;

a receiver coupled to at least one receive antenna of the

plurality of antennas;

atransmitter coupled to at least one transmit antenna of the

plurality of antenna;

an uplink transmit controller;

the uplink transmit controller configured to:

assign at least one orthogonal sequence to a physical uplink

control channel (PUCCH) to be transmit on the at least
one transmit antenna;

scramble the PUCCH using one or more of the at least one

orthogonal sequence to be transmitted by the transmitter
thereby producing a scrambled PUCCH for each of the
at least one transmit antenna;

the transmitter configured to transmit the scrambled

PUCCH on the at least one transmit antenna.

12. The wireless terminal of claim 11 wherein the orthogo-
nal sequence used to scramble the PUCCH is different for
each at least one transmit antenna.

13. The wireless terminal of claim 11 wherein the orthogo-
nal sequence used to scramble the PUCCH is the same for all
transmit antennas.

14. The wireless terminal of claim 11 further comprising
the receiver receiving higher layer signalling for configuring
which orthogonal sequences the wireless terminal is to use.

15. The wireless terminal of claim 11 further comprising,
when more than one orthogonal sequence is assigned to the
wireless terminal:

the receiver configured to receive a single orthogonal

sequence index for one of the more than one orthogonal
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sequence to configure a first orthogonal sequence that
the wireless terminal is to use;

determining orthogonal sequence indices of the remaining

more than one orthogonal sequence as a function of the
single orthogonal sequence index.

16. The wireless terminal of claim 11 further comprising,
when more than one orthogonal sequence is assigned to the
wireless terminal:

the receiver configured to receive an orthogonal sequence

index for each orthogonal sequence that the wireless
terminal is to use.

17. The wireless terminal of claim 11 wherein the plurality
of antennas is equal to a multiple of two antennas.

18. The wireless terminal of claim 11 wherein the number
of transmit antennas is equal to the number of receive anten-
nas, which is equal to the total number of the plurality of
antennas.

19. The wireless terminal of claim 11 wherein the wireless
terminal is serviced by a network configured to support wire-
less terminals comprising two or more antennas that can
perform uplink signalling simultaneously.

20. The wireless terminal of claim 19 wherein the network
is an LTE-A network.

21. A method for use in a base station for configuring a
multi-antenna wireless terminal that the base station sup-
ports, the method comprising:

assigning at least one orthogonal sequence to be used by

one or more of a plurality of antennas of the multi-
antenna wireless terminal, such that each of the plurality
of antennas will be assigned at least one orthogonal
sequence;

if a wireless terminal is to be assigned multiple orthogonal

sequences, but be assigned by sending a single orthogo-
nal sequence indicator:

defining a relation between the multiple orthogonal

sequences;
transmitting a single orthogonal sequence indicator for one
of the multiple orthogonal sequences to configure a first
orthogonal sequence that the wireless terminal is to use;

if a wireless terminal is to be assigned multiple orthogonal
sequences, but be assigned by sending indicators iden-
tifying each orthogonal sequence:

transmitting an orthogonal sequence indicator for each

orthogonal sequence that the wireless terminal is to use.

22. A method in base station for receiving a signal from a
multi-antenna wireless terminal that the base station sup-
ports, the method comprising:

receiving two or more signals from each of separate trans-

mit antennas of the multi-antenna wireless terminal,
each of the two or more signals comprising a signal that
has been transmitted on a physical uplink control chan-
nel (PUCCH) that is encoded using an orthogonal
sequence;

performing channel estimation;

combining the two or more signals thereby producing a

combined signal;

decoding the signal transmitted on the PUCCH.
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