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Dat a Channel Carry data sent by a UE to a Node B on
the uplink. Uplink DPCCH Dedi cated Physical Control
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-2 11 - e j321- /4 ej72r /14 Eq (2) The two
columms of each precoding matri x are orthogonal to one
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precodi ng vectors nmay be defined based on precoding
matrices WL and W2 and may be given as: where wo

and w3 are precodi ng vectors gorresponding to the

first and second col umms, respectively, of precoding
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quantified by throughput and/or some other metric. The PCI may convey the selected
precoding matrix, the selected column(s) of the selected precoding matrix, etc. The CQI
may convey the coding and modulation scheme to use for each transport block, the data
rate or transport format for each transport block, the SINR of each transport block, etc.
Processor 268 and/or 270 may provide feedback information, which may include the
PCI, rank and CQI.

The feedback information and data to send on the uplink may be processed by a
TX data and signaling processor 280, further processed by a CDMA modulator 282, and
conditioned by transmitters 254a through 254r to generate R uplink signals, which may
be transmitted via antennas 252a through 252r, respectively. The number of transmit
antennas at UE 120 may be the same as or different from the number of receive
antennas, ¢.g., UE 120 may transmit the feedback information using one antenna and
receive data using two antennas. At Node B 110, the uplink signals from UE 120 may
be received by antennas 220a through 220t, conditioned by receivers 218a through 218t,
filtered by an equalizet/CDMA demodulator 240, detected by a MIMO detector 242,
and processed by an RX data and signaling processor 244 to recover the feedback
information and data sent by UE 120.

Controllers/processors 230 and 270 may direct the operation at Node B 110 and
UE 120, respectively. Memories 232 and 272 may store program codes and data for
Node B 110 and UE 120, respectively. A scheduler 234 may schedule UEs for
downlink and/or uplink transmission, e.g., based on the feedback information received

from the UEs.
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3GPP Release 5 and later supports High-Speed Downlink Packet Access
(HSDPA), which is a set of channels and procedures that enable high-speed packet data
transmission on the downlink. For HSDPA, a Node B may send data on a High Speed
Downlink Shared Channel (HS-DSCH), which is a downlink transport channel that is
shared by all UEs in both time and code. The HS-DSCH may carry data for one or
more UEs in each TTI. For HSDPA, a 10 millisecond (ms) frame is partitioned into
five 2-ms subframes, cach subframe includes three slots, and each slot has a duration of
0.667 ms. A TTI is equal to one subframe for HSDPA and is the smallest unit of time
in which a UE may be scheduled and served. The sharing of the HS-DSCH may be
dynamic and may change from TTI to TTI.

Table 2 lists some downlink and uplink physical channels in UMTS and

provides a short description for each physical channel.

Table 2

Link Channel Channel Name Description

High Speed Physical Carry data sent on the

Downlink | HS-PDSCH Downlink Shared Channel | HS-DSCH for different UEs.

Shared Control Carry signaling for the

Downlink | HS-SCCH Channel for HS-DSCH | HS-PDSCH.

Dedicated Physical Control | Carry feedback for downlink

Uplink HS-DPCCH Channel for HS-DSCH transmission in HSDPA.

. Dedicated Physical Carry data sent by a UE to a
Uplink DPDCH Data Channel Node B on the uplink.

. Dedicated Physical Carry control information
Uplink DPCCH Control Channel sent by the UE to the Node B.

FIG. 3 shows a timing diagram for the physical channels in Table 2. For
HSDPA, a Node B may serve one or more UEs in each TTI. The Node B sends
signaling for each scheduled UE on the HS-SCCH and sends data on the HS-PDSCH

two slots later. The Node B may use a configurable number of 128-chip channelization
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codes for the HS-SCCH and may use up to fifteen 16-chip channelization codes for the
HS-PDSCH(s). Each UE that might receive data on the HS-PDSCH may process a
number of HS-SCCH(s) in each TTI to determine whether signaling has been sent for
that UE. Each UE that is scheduled in a given TTI may process the HS-PDSCH to
recover data sent to that UE. Each scheduled UE may send either an acknowledgement
(ACK) on the HS-DPCCH if a transport block is decoded correctly or a negative
acknowledgement (NACK) otherwise. Each UE may also send feedback information to
the Node B on the HS-DPCCH and/or uplink DPCCH, as described below.

FIG. 3 also shows timing offsets between the uplink DPCCH, the HS-PDSCH,
and the HS-DPCCH at the UE. The HS-PDSCH starts two slots after the HS-SCCH.
The HS-DPCCH starts approximately 7.5 slots from the end of the corresponding
transmission on the HS-PDSCH and also mx256 chips after the start of a corresponding
uplink DPCH subframe. The HS-DPCCH may be asynchronous to the uplink DPCCH
but is aligned to a 256-chip raster so that the uplink transmit signals on different code
channels remain orthogonal.

Node B 110 may perform precoding/spatial mapping for each HS-PDSCH

channelization code ¢ in each symbol period s, as follows:

d.(s)=B.b.(s), Eq (1)

where b.(s) is a vector with up to T data symbols to send with channelization code ¢
in symbol period s,
B. is a precoding matrix or vector for channelization code ¢, and
d.(s) is a vector with T output symbols to send with channelization code ¢ in

symbol period s via the T transmit antennas.

Various precoding/spatial mapping schemes may be supported such as double-
transmit adaptive array (D-TxAA), space-time transmit diversity (STTD), closed loop
transmit diversity (CLTD), per antenna rate control (PARC), code reuse Bell Labs
layered space-time (CRBLAST), etc. For D-TxAA, one transport block may be sent
from two antennas using a 2x1 precoding vector, or two transport blocks may be sent
from two antennas using a 2x2 precoding matrix. For STTD, one transport block may
be sent from two transmit antennas, with each data symbol being sent from both

antennas in two symbol periods to achieve time and spatial diversity. For CLTD, one
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may convey the selected precoding matrix or vector. The UE may determine the rank
for the best hypothesis, which may indicate the number of transport blocks to send in
parallel. The UE may also determine a CQI value for each transport block, which may
convey processing parameters for the transport block. The UE may send the PCI, rank
and CQI as feedback information to the Node B.

In one design, the PCI conveys the selected precoding matrix and may be sent

with one PCI bit defined as shown in Table 3.

Table 3

PCI value | Selected precoding matrix

0 W,

1 W,

In another design, the PCI conveys the selected precoding matrix and which
column of the selected precoding matrix to use if sending one transport block. In this

design, the PCI and rank may be sent with three PCI bits defined as shown in Table 4.

Table 4
petvae | Sobeedmmondng | Moot | Sl
transport block
0 W, 1 1 (or wy)
1 W, 1 2 (or w;)
2 W, 1 1 (or w,)
3 VW, 1 2 (or w;)
4 W, 2 N/A
5 Vv, 2 N/A

[0044]

In yet another design, the PCI conveys the selected precoding matrix, which
column of the selected precoding matrix to use if sending one transport block, and
which transport block will be decoded first (which is called the master transport block)
if the UE supports SIC. In this design, the PCI and rank may be sent with three PCI bits
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defined as shown in Table 5. PCI values 011 and 111 may be used by SIC-capable

UEs.
Table 5
Selected Index of
PCI value Selected Number of column for master
precoding transport single transport
el | e pen | M A
0 0 0 W, 1 1 N/A
0 0 1 W, 2 N/A 1
0 1 0 W, 1 2 N/A
0 1 1 W, 2 N/A 2
1 0 0 W, 1 1 N/A
1 0 1 v, 2 N/A 1
1 1 0 v, 1 2 N/A
1 1 1 v, 2 N/A 2

In general, the PCI may comprise any information that can convey a specific
precoding matrix or vector to use for data transmission. In the designs described above,
the PCI may convey the selected precoding matrix and the selected column of this
matrix if only one transport block is sent. In another design, the PCI may convey one or
more specific precoding vectors to use for one or more transport blocks, and additional
precoding vectors to use for additional transport blocks, if any, may be determined
based on the signaled precoding vector(s). For example, in the design shown in
equations (2) and (3), the PCI may convey a specific precoding vector to use for one
transport block. If two transport blocks are selected or preferred by the UE, then the
precoding vector to use for the second transport block may be the complement of the
signaled precoding vector, with both vectors being from the same precoding matrix.

For example, a 2-bit PCI value may convey precoding vector w, for one transport

block. If two transport block are selected or preferred, then the complementary

precoding vector w, may be used for the second transport block, with both w, and w,
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being from W, . In general, the number of bits to use for the PCI may be reduced by

exploiting the structure of the precoding matrices, so that some precoding information
may be sent explicitly while other precoding information may be sent implicitly or
inferred from the signaled precoding information.

The PCI may also include other information such as information on the UE
capabilities. The UE may convey its capabilities, such as the specific UE MIMO
receiver architecture, to the UTRAN during call setup. For example, a flag in the UE
capabilities may be set to indicate that the UE supports SIC. The Node B scheduler
may use the information on the UE capabilities to schedule UEs for transmission and to
allocate resources to the scheduled UEs. As an example, the Node B scheduler may
allocate the same code resources to a given UE for both transport blocks, and the UE
may effectively perform interference cancellation for the second transport block if the
UE supports SIC. If the Node B scheduler knows which of the two transport blocks will
be recovered first and potentially cancelled from the received signals before recovering
the second transport block, then the scheduler may choose to mix two UEs in a Spatial
Division Multiple Access (SDMA) manner by using only the PCI and CQI for the
transport block that will be recovered first. The transport block that would be decoded
first in case of a SIC-capable UE is the one for which the preferred primary precoding
vector and the associated CQI are signaled. The Node B scheduler may use only the
information in the PCI/CQI reports for the preferred primary transport blocks from
different UEs for SDMA if the Node B scheduler wants to schedule a transport block of
one UE in parallel with a transport block for another UE.

The UE may send CQI for one or more transport blocks, and the Node B may
process cach transport block based on the CQI sent by the UE. The CQI may be
provided in various manners.

In one design, a CQI value may be provided for each transport block and may be
used to process the transport block at the Node B. In this design, one CQI value may be
provided if one transport block is preferred by the UE, and two CQI values may be
provided if two transport blocks are preferred. The one or two CQI values may be sent
with the associated PCI in the same TTI. Alternatively, two CQI values for two
transport blocks may be sent in a time division multiplexed (TDM) manner over two
TTIs, one CQI value in each TTI. The PCI that is associated with the set of TDMed
CQI values together with these CQI values form one PCI/CQI report at a lower rate than
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without time division multiplexing. Each CQI value may have a sufficient number of
bits of resolution to achieve the desired granularity. The same granularity may be used
for each CQI value. Alternatively, different granularities may be used for the CQI
values for different numbers of transport blocks. For example, a 5-bit CQI value may
be provided for one transport block, and two 4-bit CQI values may be provided for two
transport blocks. Computer simulation indicates a negligible loss of 0 to 2 percents in
sector throughput when using 4-bit CQI values instead of 5-bit CQI values for two
transport blocks.

The CQI may be combined with the PCI and/or rank. Different amounts of CQI
information may be sent depending on whether one or two transport blocks are
preferred by the UE. By combining the CQI with the PCI and/or rank, fewer total
number of bits may be needed for the feedback information. Furthermore, this
combining of PCI, rank and CQI may have the advantage that all the information on the
associated PCI, rank and CQI that the Node B scheduler uses to effectively allocate
resources to UEs are available simultaneously. If these components of the feedback are
received at different times and/or at different update rates, then the Node B scheduler
may lack information that would be needed for good scheduling. For instance, it may
not be helpful if the Node B scheduler obtains an update of the PCI and rank but does
not know the supported transport block sizes for this particular PCI and rank
combination.

In one design, the PCI, rank and CQI are combined into a single PCI/CQI report,
which may also be referred to as composite PCI and CQI bits. Table 6 shows a design
of a 10-bit PCI/CQI report for the PCI given in Table 5. In this design, the most
significant bit (MSB) is a precoding matrix (PM) selector bit that indicates which

precoding matrix is selected. The PM bit is equal to ‘0’ when W, is selected and equal
to ‘1’ when W, is selected. The PM bit is equal to the PCI; bit in Table 5. The next

MSB is a column index (CI) bit that indicates (i) which column of the selected
precoding matrix to use when a single transport block is preferred or (ii) which transport
block is the master transport block when two transport blocks are preferred. The CI bit
is equal to the PCI, bit in Table 5. The remaining eight bits convey the CQI for one or
two transport blocks. There are 256 possible values for each PM and CI combination,

with the first 32 values being used to convey one CQI value for one transport block, and
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the remaining 224 values being used to convey two CQI values for two transport blocks.
A logical OR of the third through fifth MSBs is equal to ‘0’ for one transport block and
equal to ‘1’ for two transport blocks, and is thus equal to the PCIj bit in Table 5.

Table 6

Index|PM | CI CQI Values Used For

0 0]0f0]0]0O0JO0OJ]O0]0]10]0T1]3 CQI levels for single
1 0] 0JO]JO)JO]JO]O] O] O] I [transportblock with
: column #1 of precoding

31 JoJloJolo ot 1111 |matix#l

32 0] 0f0 O] 1fJ0]0]0/]0]0 124 CQI combinations for
3310010 JO0[T1T]J0]0] 0] 0] 1]twotransportblocks with
: precoding matrix #1 and

255 0] o] 111 ] 11 1] 1]1]1 |mastersl

256 | 0] 1]10]0]0]J0]0]0]0]0]3 CQI levels for single
25710 1 JO]JO0O[OfJO]O] O] 0| 1] transportblockwith
: column #2 of precoding

%7 o] 1]olo o1 1] 1]1]1 |matix#

288 0 | 11010 1]10]0]07]0710 04 CQI combinations for

280101 1 1JO0[O0O ) 1]JO]0] 0|0 ] 1|twotransportblockswith
: precoding matrix #1 and

sitJo ] i [ [u o[ [ [ ] |masteri2

S1I211]0]0(0]0]0]0]0]01]01]3 CQI levels for single
5131 10J0]0]J0}0]0] 0] 0] I |transportblock with
: column #1 of precoding

sa3]1JoJololo 1 1] 1] 1] 1 |matix#2

44111010 J0 ] 1101001071024 CQI combinations for
450110 JO0 [0 ] 1 10]0] 0] 0] I |twotransportblockswith
: precoding matrix #2 and

767 L 1o |1 | 1] 1|11 ]1 1] 1 |master#l

768 11 ] 1]10]0]0]0]0]0]01]0]3 CQI levels for single
7691 1 |1 10[0]0]O0O]O0O]| 0] O/ 1]transportblockwith
: column #2 of precoding

799 1] 1Jololo ]t 1] 1] 1] 1 |matix#

800 | 1 1]10(0]1]0]0]0]0]0]24 CQI combinations for
0L J 1 {1 ]JO]JO[1T]JO]O|O]|[O] 1 |twotransportblocks with
: precoding matrix #2 and

w3l 1 T T 1T T 1T T 17111 |mastr #2




[0051]

[0052]

[0053]

[0054]

01 7671 011111111 76811
0 32 CQ levels for single transport
um #2 of precoding matrix #2 7BOI/1S2007/076076

16

In the design shown in Table 6, the two MSBs of the PCI/CQI report convey the
PCI, and the eight least significant bits (LSBs) of the PCI/CQI report convey the rank
and CQI. An 8-bit composite value for the LSB portion of the PCI/CQI report has an
overall range of 0 to 255. The lower range of 0 to 31 is used for one transport block (or
rank = 1), and the upper range of 32 to 255 is used for two transport blocks (or rank =
2). One 5-bit CQI value may be sent when one transport block is preferred by the UE,
and two 4-bit CQI values may be sent when two transport blocks are preferred. Since
the upper range has only 224 possible values for two 4-bit CQI values, 32 out of 256
possible CQI combinations are not supported. The 32 CQI combinations that are least
likely to occur may be eliminated.

FIG. 4 shows a design of eliminating 32 CQI combinations for two 4-bit CQI
values. The horizontal axis shows the 16 possible CQI levels for transport block #1,
and the vertical axis shows the 16 possible CQI levels for transport block #2. When two
transport blocks are preferred by the UE, the channel qualities of the two transport
blocks are normally not totally uncorrelated. Hence, it may be unlikely to have CQI
combinations with extreme asymmetry for the two transport blocks, e.g., very low CQI
level for one transport block and very high CQI level for the other transport block. FIG.
4 shows 32 asymmetric CQI combinations with shading that may be eliminated.

If the measured CQI values for the two transport blocks map to one of the
eliminated CQI combinations, then the larger of the two CQI values may be reduced
until the resultant CQI values map to an allowed CQI combination. In the example
shown in FIG. 4, if the measured CQI values map to one of the eliminated CQI
combinations in the upper left corner, then the CQI value of transport block #2 may be
reduced until an allowed CQI combination is obtained. If the measured CQI values map
to one of the eliminated CQI combinations in the lower right corner, then the CQI value
of transport block #1 may be reduced until an allowed CQI combination is obtained.

Table 7 shows another design of a 10-bit PCI/CQI report for the PCI given in
Table 4. In this design, one 5-bit CQI value is sent when one transport block is
preferred. One 5-bit CQI value and one 4-bit CQI value are sent when two transport
blocks are preferred, with the 5-bit CQI value being used for the better transport block.
Since there are 448 possible values for two transport blocks, 64 out of 512 possible CQI
combinations are not supported. The 64 CQI combinations that are least likely to occur

may be eliminated.
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Table 7
Index PCI/CQI Values Used For
0 0] 0)J0[0]0JOJ0]0]0] 0 |32CQIlevels for single
: transport block with
31 ololololol 111 1]1]| 1 |precodingvector w,
32 10]0J0J0O0[1])0]0]07]07] 0 |32CQIlevels for single
: transport block with
63 olololol1l1l1111 1] 1 |precodingvector w,
64 10 ] 0] 01T ]0)J0J0]07]O0] 0 |32CQIlevels for single
: transport block with
95 ololol1loli1l11l11 1] 1 |precodingvector w,
% 10]0J0 T |1)0]0]07J0] 0 |32CQllevels for single
: transport block with
27 lololol 11111111111 |precodingvector w,
12861 0 ] O] 1 ]10]0]10]07] 0707 0 |448CQIcombinations for
: two transport blocks with
575 V1 1olol o] 1 1 1 1 1 1 | precoding matrix W,
576 1] 110101 [0]0]0]07 0] 0448 CQIcombinations for
: two transport blocks with
1023 1|ttt {1 ]1|1]|1]|1 |precodingmatrix W,
Table 8 shows yet another design of a 10-bit PCI/CQI report for 2-bit PCI and 8-

bit CQI and rank. In this design, a 2-bit PCI value may indicate one of four possible
precoding vectors, ¢.g., as shown in Table 6 and equations (3) and (4). An 8-bit

composite value may indicate the CQI and rank, e.g., as shown in Table 6.

Table 8

PCI
Index Values CQI Values Used For

0 0] 0JO)JO0O[O]JO]O]O] O] O0]31CQIlevels for single
: transport block with

30 lolololololi1] 1] 1] 1| o |precodingvector w,
31 0]0]0]01]0 1 1 1 1 1 | 225 CQI combinations for

: two transport blocks with
255 lolol 1|11t 1]1]1]1]|vectorsw,and w,

256 | 0 | T JO]J]O0JO0O]J0]0] 0] 0] 0]31CQIlevels for single
: transport block with
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CQIc is the 8-bit composite value for one or two transport blocks.

In general, the PCI, rank and CQI may be combined in various manners. Tables

6 to 8 give three examples in which the PCI, rank and CQI are combined into a 10-bit
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PCI/CQI report. The number of bits to use for the PCI/CQI report may be dependent on
various factors such as the number of supported precoding matrices, the maximum
number of transport blocks, the number of levels for the CQI value for each transport
block, UE capability (e.g., SIC), etc. The PCI, rank and CQI may be mapped to a
PCI/CQI report based on any mapping, with three example mappings shown in Tables 6
to 8.

The PCI, rank and CQI may be sent by the UE in various manners. Several
schemes for sending the PCI, rank and CQI are described below.

FIG. 5 shows a design of sending the PCI, rank and CQI on the HS-DPCCH. In
cach TTI, ACK/NACK information may be sent in the first slot of the TTI, and the PCI,
rank and CQI may be sent in the second and third slots of the TTI. In each TTI, one
ACK/NACK bit for one transport block or two ACK/NACK bits for two transport
blocks may be channel encoded to obtain 10 code bits. The 10 code bits for
ACK/NACK may be spread and mapped to the first slot of the TTI.

In the design shown in FIG. 5, a PCI/CQI report may comprise ten composite
PCI and CQI bits and may be generated, e.g., as shown in Table 6, 7 or 8. In another
design, the PCI, rank and CQI may be sent separately, e.g., with three bits used for the
PCI and rank, and seven bits used for the CQI. In any case, the ten bits for the PCI/CQI
report may be channel encoded with a (20, 10) block code to obtain a codeword of 20
code bits. The (20, 10) block code may be a sub-code of a second order Reed-Muller
code and may be defined in similar manner as a (20, 5) code used in 3GPP Release 6 for
the CQI sent on the HS-DPCCH. The 20 code bits for the PCI/CQI report may be
spread and mapped to the second and third slots of the TTL.

In general, a total of X bits may be sent on the HS-DPCCH for the PCI, rank and
CQI, where X may be any integer value. The X bits may be for a combined PCI/CQI
report, ¢.g., as shown in Table 6, 7 or 8. Alternatively, the X bits may include M bits
for the PCI and N bits for the CQI and rank. A (20, X) block code may be used to
encode the X total bits for the PCI, rank and CQI to obtain 20 code bits. For example,
12 total bits may be sent with a (20, 12) block code and may support 32 CQI levels for
one transport block and 992 CQI combinations for two transport blocks based on the
PCI/CQI mapping in Table 6. As another example, 11 total bits may be sent with a (20,
11) block code and may support (i) 32 CQI levels for each transport block based on the
PCI/CQI mapping in Table 7 or (ii) 3 bits for PCI and rank and a 4-bit CQI value for
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cach transport block with separate PCl/rank and CQI. The transmit power of the HS-
DPCCH may be set to achieve the desired decoding performance for the X bits sent for
the PCI, rank and CQI.

If BPSK is used for the HS-DPCCH, as defined in 3GPP Release 6, then 20 code
bits may be sent in two slots. If QPSK is used for the HS-DPCCH, then 40 code bits
may be sent in two slots. A (40, X) block code may then be used to encode X bits for
PCI, rank and CQI into 40 code bits, which may be sent in two slots using QPSK. The
use of QPSK for the HS-DPCCH may improve performance in some scenarios.

In general, a trade-off may be made between transmit power of the HS-DPCCH
and granularity of the CQI. More transmit power may be used for the HS-DPCCH in
order to achieve the same CQI granularity for both one and two transport blocks. If
transmit power on the uplink is a concern, then the UE may be configured to send CQI
reports at a slower rate, which may then result in slower link adaptation speed.

In another design, the PCI and rank are sent on the uplink DPCCH and the CQI
is sent on the HS-DPCCH. Referring back to FIG. 3, the uplink DPCCH carries a pilot
field, a transport format combination indicator (TFCI) field, a feedback information
(FBI) field, and a transmit power control (TPC) field. The FBI field may be 0 or 1 bit in
length. The FBI is originally defined to carry information on the selection of
beamforming weights for CLTD. The FBI may be used to send the PCI and rank.

FIG. 6 shows one design of sending the PCI and possibly the rank on the uplink
DPCCH. The PCI and rank should be sent on the uplink DPCCH at approximately the
same time that the associated CQI is sent on the HS-DPCCH. The HS-DPCCH may not
be aligned with the uplink DPCCH at slot boundary. Nevertheless, a given TTI will
cover on¢ CQI transmission on the HS-DPCCH and three FBI bits in three slots on the
uplink DPCCH.

In one design, the three FBI bits in one TTI are used to convey the selection of

precoding matrix W, or W, , as shown in Table 3. In this design, the three FBI bits
may carry one information bit to indicate W, or W, , and a (3,1) block code may be

used for the information bit to improve reliability. For example, the information bit
may be repeated three times and sent as three FBI bits. Information on whether one or
two transport blocks are preferred (i.e., the rank), which column of the selected

precoding matrix to use for one transport block, and how the CQI values are mapped to
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the different columns of the selected precoding matrix may be provided with the CQI
sent on the HS-DPCCH.

In another design, the three FBI bits in one TTI are used to convey three PCI
bits, which may be defined as shown in Table 4 or 5. The FBI bits may be sent at
sufficient power level in order to achieve the desired reliability for the PCI bits.

Various designs for reporting the PCI, rank and CQI have been described above.
To reduce impact to existing 3GPP Release 6, the PCI, rank and CQI may be combined
into one X-bit PCI/CQI report, which may be encoded using a (20, X) block code and
sent in two slots on the HS-DPCCH using BPSK. X may be equal to 10 for the designs
shown in Tables 6, 7 and 8 and may be equal to other values for other designs.

Combining and sending the PCI, rank and CQI in one PCI/CQI report may
provide certain advantages. First, the PCI, rank and CQI would be available together
and may be used for scheduling decisions on data transmission. Second, combining the
PCI, rank and CQI may allow a variable number of CQI values for a variable number of
transport blocks to be sent in each TTI with the same X-bit report size. The same CQI
reporting delay may also be achieved regardless of whether one or two transport blocks
are preferred by the UE. Keep the reporting delay for CQI as small as possible may
allow for better tracking of changes in the channel conditions.

FIG. 7 shows a design of a process 700 for sending feedback information. PCI
for data transmission from a transmitter (e.g., a Node B) to a receiver (e.g., a UE) may
be determined (block 712). CQI for the data transmission may also be determined
(block 714). A rank indicative of the number of transport blocks to send in parallel for
the data transmission may also be determined (block 716). The PCI, rank and CQI may
be determined by evaluating different hypotheses and using the PCI, rank and CQI of
the hypothesis with the best performance. A report may be formed based on the PCI,
rank and CQI (block 718) and may be sent to the transmitter (block 720).

The PCI may comprise a precoding matrix or a precoding vector to use for the
data transmission. The PCI may also comprise at least one precoding vector for at least
one transport block to send (or preferred) for the data transmission, and additional
precoding vector(s) for additional transport block(s), if sent, may be determined based
on the at least one precoding vector conveyed by the PCI. For example, the PCI may

comprise a primary precoding vector for a primary transport block. A secondary
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precoding vector for a secondary transport block, if sent, may be determined based on
the primary precoding vector.

The CQI may comprise at least one CQI value for at least one transport block to
send for the data transmission. The rank and CQI may be combined based on a
mapping comprising multiple ranges of values, with each range of values corresponding
to a different number of transport blocks. The CQI may comprise one CQI value and
may be within a first range of values (e.g., from 0 to 30) if one transport block is
preferred by the receiver. The CQI may comprise two CQI values and may be within a
second range of values (e.g., from 31 to 255) if two transport blocks are preferred.

The PCI, rank and CQI may also be combined based on a mapping comprising a
plurality of ranges of values corresponding to a plurality of values for the PCI. Each
range of values may comprise multiple subranges of values corresponding to different
numbers of transport blocks, e.g., as shown in Table 6. The plurality of ranges may
comprise (1) at least two ranges of a first size (e.g., 32 CQI levels) corresponding to at
least two PCI values for one transport block and (ii) at least one range of a second size
(e.g., 448 CQI combinations) corresponding to at least one PCI value for multiple
transport blocks, e.g., as shown in Table 7. The PCI, rank and CQI may also be
combined in other manners or sent separately.

For block 720, the report may be encoded with a forward error correction (FEC)
code to obtain a coded report, which may be sent on the HS-DPCCH. For example, the
report may be encoded with a block code to obtain a codeword, which may be sent on
the HS-DPCCH, as shown in FIG. 5. The PCI may also be sent on the uplink DPCCH,
and the CQI and rank may be sent on the HS-DPCCH, ¢.g., as shown in FIG. 6.

FIG. 8 shows a design of a process 800 for sending data transmission. A report
comprising PCI, rank and CQI may be received by a transmitter, e.g., a Node B (block
812). The number of transport blocks preferred for the data transmission may be
determined based on one of multiple ranges of values within which the CQI falls (block
814). The multiple ranges may comprise first and second ranges. One CQI value for
one transport block may be obtained if the CQI falls within the first range. Two CQI
values for two transport blocks may be obtained if the CQI falls within the second
range. At least one transport block may be processed based on the CQI (block 816).
For example, each transport block may be processed based on a coding and modulation

scheme determined by the CQI value for that transport block. The at least one transport
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precoded based on the precoding matrix or vector from the PCI. The PCI may also
comprise a primary precoding vector, and a primary transport block may be precoded
based on the primary precoding vector. If more than one transport block is sent, then a
secondary transport block may be precoded based on a secondary precoding vector
associated with the primary precoding vector.

Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thercof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor

may also be implemented as a combination of computing devices, ¢.g., a combination of



10 31 0000011111225 CQ conbinations for
two transport blocks with vectors wo and w3 255 0 0

wdzmsm243d 1 11 256 01 000000 PCT/US2007/076076

[0079]

[0080]

[0081]

24

a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

The steps of a method or algorithm described in connection with the disclosure
herein may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such that
the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:
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CLAIMS

1. An apparatus comprising:

at least one processor to determine precoding control indication (PCI) for data
transmission from a transmitter to a receiver, to determine channel quality indication
(CQI) for the data transmission, to form a report based on the PCI and the CQI, and to
send the report to the transmitter; and

a memory coupled to the at least one processor.

2. The apparatus of claim 1, wherein the at least one processor selects a
precoding matrix or a precoding vector to use for the data transmission, and wherein the

PCI comprises the selected precoding matrix or precoding vector.

3. The apparatus of claim 1, wherein the PCI comprises at least one
precoding vector for at least one transport block to send for the data transmission, and
wherein at least one additional precoding vector for at least one additional transport

block, if sent, is determined based on the at least one precoding vector from the PCI.

4. The apparatus of claim 1, wherein the PCI comprises a primary
precoding vector for a primary transport block to send for the data transmission, and
wherein a secondary precoding vector for a secondary transport block, if sent, is

determined based on the primary precoding vector.

5. The apparatus of claim 1, wherein the at least one processor determines
at least one CQI value for at least one transport block to send for the data transmission,

and wherein the CQI comprises the at least one CQI value.

6. The apparatus of claim 1, wherein the CQI comprises one CQI value and
is within a first range of values if one transport block is preferred for the data
transmission, and wherein the CQI comprises two CQI values and is within a second

range of values if two transport blocks are preferred.
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7. The apparatus of claim 6, wherein the CQI value for the one transport

block has more levels than the two CQI values for the two transport blocks.

8. The apparatus of claim 6, wherein the CQI value for the one transport
block has approximately five bits of resolution, and wherein each of the two CQI values

for the two transport blocks has approximately four bits of resolution.

9. The apparatus of claim 6, wherein the second range comprises less than
2" values for two L-bit CQI values for the two transport blocks, where L is greater than
one, and wherein for each combination of two L-bit CQI values that is not within the
second range, the at least one processor reduces one L-bit CQI value such that a

resultant combination of L-bit CQI values is within the second range.

10. The apparatus of claim 1, wherein the at least one processor determines a
rank indicative of the number of transport blocks to send for the data transmission, and

forms the report further based on the rank.

11.  The apparatus of claim 10, wherein the at least one processor combines
the rank and the CQI based on a mapping comprising multiple ranges of values, each

range of values corresponding to a different number of transport blocks.

12.  The apparatus of claim 10, wherein the at least one processor combines
the rank and the CQI based on a mapping comprising first and second ranges of values,
the first range of values covering one CQI value for one transport block, and the second

range of values covering two CQI values for two transport blocks.

13.  The apparatus of claim 10, wherein the at least one processor combines
the PCI, the rank, and the CQI based on a mapping comprising a plurality of ranges of

values corresponding to a plurality of values for the PCI.

14.  The apparatus of claim 13, wherein each range of values comprises

multiple subranges of values corresponding to different numbers of transport blocks.
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15. The apparatus of claim 13, wherein the plurality of ranges comprise at
least two ranges of a first size corresponding to at least two PCI values for one transport
block and further comprise at least one range of a second size corresponding to at least

one PCI value for multiple transport blocks.

16. The apparatus of claim 1, wherein the report comprises M bits for the
PCT and N bits for the CQI, where M and N are integer values one or greater.

17.  The apparatus of claim 1, wherein the at least one processor encodes the
report with a forward error correction (FEC) code to obtain a coded report, and sends

the coded report on a Dedicated Physical Control Channel for HS-DSCH (HS-DPCCH).

18.  The apparatus of claim 1, wherein the at least one processor encodes the
report with a block code to obtain a codeword and sends the codeword on a Dedicated

Physical Control Channel for HS-DSCH (HS-DPCCH).

19.  The apparatus of claim 1, wherein the at least one processor sends the
PCI on an uplink Dedicated Physical Control Channel (DPCCH) and sends the CQI on a
Dedicated Physical Control Channel for HS-DSCH (HS-DPCCH).

20. The apparatus of claim 1, wherein the transmitter is a Node B and the

receiver is a user equipment (UE).

21. A method comprising:

determining precoding control indication (PCI) for data transmission from a
transmitter to a receiver,

determining channel quality indication (CQI) for the data transmission;

forming a report based on the PCI and the CQI; and

sending the report to the transmitter.

22. The method of claim 21, wherein the determining the PCI comprises
selecting a precoding matrix or a precoding vector to use for the data

transmission, and
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forming the PCI to comprise the selected precoding matrix or precoding vector.

23. The method of claim 21, wherein the determining the PCI comprises

determining a primary precoding vector for a primary transport block to send for
the data transmission, and

forming the PCI to comprise the primary precoding vector, and wherein a
secondary precoding vector for a secondary transport block, if sent, is determined based

on the primary precoding vector.

24. The method of claim 21, wherein the determining the CQI comprises
determining at least one CQI value for at least one transport block to send for the
data transmission, and

forming the CQI to comprise the at least one CQI value.

25. The method of claim 21, wherein the determining the CQI comprises

determining one CQI value for one transport block if one transport block is
preferred for the data transmission,

determining two CQI values for two transport blocks if two transport blocks are
preferred for the data transmission, and

forming the CQI to comprise the one CQI value for the one transport block or
the two CQI values for the two transport blocks, the CQI being within a first range of

values for one CQI value and within a second range of values for two CQI values.

26. The method of claim 21, further comprising:

determining a rank indicative of the number of transport blocks to send for the
data transmission; and

combining the rank and the CQI based on a mapping comprising multiple ranges
of values, each range of values corresponding to a different number of transport blocks,

and wherein the report is formed based on the combined rank and CQI.

27. The method of claim 21, further comprising:
encoding the report with a forward error correction (FEC) code to obtain a coded

report; and



0 to 255, which may be partitioned into (i) a | ower
range of 0 to 30 for one transport block (or rank = 1)
w@nas222¥3 an upper range of 31 to 255 for two PCEHOSPOT/NO76076

bl ocks (or rank = 2). The upper range includes 225

val ues, which may be used to support 15 levels for

each of two CQ values. If om® transport block is

preferred, then one CQ value within a range of 0 to

30 mayendigdeicetatict adp@n dnps dwditactdaBhisival &datrol Channel for HS-

cg&&sﬁi@e value. |If two transport bl ocks are

B P one CQ value within a range of 0 to

14 may be determ ned for each transport bl ock, and the

two CQ values may be provided as the 8- bit conposite

val ue28. TheTBe tricthod @fplagn 2¢, fnatlhalecqmylsb@ gi ven as:

CQ sfor rans 2

oon” 1 Gicofitg the BRERSHn opBikeo Oeésam %etggowa&gq

caQ Vs?énﬁﬁt Wht Rbflew@d -on30 beliRhtcd %yﬁl&ﬂr@(ﬂﬁfo‘l (MaRfEd for HS-DSCH
and éQZ are CQ values within 10...141 for two

(H H). bl ocks, and CQc is the 8-bit corrp03|te

val ue for one or two transport bl ocks. WO

2008/ 022243PCT/ US2007/ 076076 19 PO/ CQ report. The

nunbep9.of Rintappiretuysembdsinghe PO/ CQA report may be

dependent on various factors such as the nunber of

suppofcatp I9F delSENIGNERECEdiRG Contipd IngigationriPRiges datgftransmission

nurmber of levels for the CQ

hrBﬁ‘ue 8%111%52%&??%%@%0” bl ock, UE capability (e.qg.,

SI O) , metues. féhed®E&iminingf fclhént&lhdqmty mindidagoma pp@t) tfor athe data

PCl /CQ. report based on any nmapping, with three

B appi ngs shown in Tables 6 to 8. [ 0058] The

PQ,  rRbfd for ?d}ﬁim%q rdiBM bR dNthe Pr1 bheibed Inal‘{@r' OUS

manners. Several schenes for sending the PCl, fl(

and COcamyfer stedog thettpbyltothe tf@eBdjdEl G 5 shovvs a

design of sending the PCl, raffl( and CQ on the

HS- DPCCH. I n each TTlI, ACK/ NACK information may be

sent Bm t hehé bpsdratal | @f cRimt29e whétein aRdmbdis ﬁ%etefrﬁﬂﬂﬁtg the PCI

and CQ may be sent in the second and third slots of

¢HBPISEP. I n each TTI, one ACK/NACK bit for one

tblr ggigl%?r%syfgl gé‘lk%rglrlgnte]%ﬁ% mw Ogtlo%?rec&[l&%mgcté{ AN Ss? %II the data

thenliGiegded bits for ACK/ NACK may be spread and rrapped
to the first sI ot of the TTlI. [0060]In the desig
shownmepnseies, foming sy P& ta epmpiissrle selepled s@et%ihng matrix or
'Cl and CQ bits and may be generated, e.g.,

gr%%)tﬁﬁ%m(]&ltﬁ Table 6, 7 or 8. In another design, the

rank and CQ nay be sent separately, e.g., with
three its used for the PCl an ran and sev bi.ts
uoeq #br ' CRES e@%ratrrrogﬁgﬁﬂe ase™ Ree i hgine doF Grleiaine the CQI
Eéhpids report nmay be channel encoded with a (20, 10)
bl ock code to obtain a codeword of 20 code bits. The
(20, mEynspiopdrtconidengnatyicastone EM-velddonit laass eaotransport block to
%ﬁﬁr tlﬁegiglt- V%ral?l er cgde and nmay be defined in simlar

T (S.)msglf ’caéléie used in 3GPP Rel ease 6 for
t he Caseol fmitd@e dDIBEEHpridd@e 40160 @dac bigIsafRr t he
PC/CQ report may be spread and mapped to the second
and third slots of the TTI. [0061]1n general, a total
of X hits t
of X bt Y figRE0Y RGBS, ERLRECHE il 6 g e O
borhprisey be for a conbl ned PCI/CQ report, e.g.,

shown in Table or rnﬁ)alvely the?(E%

may i REF I@Ie'kﬁﬁtﬂgmi‘%)f’n? FF& MePrangrarbplockd egy transport
e may be used to encode

tgll@gk{saq}gfteg%g%?ge ot? tﬁsgllﬁ%%&g rank and CQ to obtain

20 code bits. For exanple, 12 total bits may be sent

with a (20, 12) bl ock code and may support 32 CQ

| evel s for one transport block and 992 CQ

combi nat| ons. for tvvo transport bI ocks based on the
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[0067] I n anot her design, the three FBI bits in one TTI

are used to convey three PCl bits, which may be
waledosnzxt4ns shown in Table 4 or 5. The FBI bi t BCTrH$200B076076

sent at sufficient power level in order to achieve the

desired reliability for the PCl bits. [0068] Various

designs for reporting the PCl30raffl( and CQ have

been descri bed above. To reduce inpact to existing

3GPP Rehwa®e deterrhingngREGlo, CQakalués fondwe@anspryt lecks if two transport

conbi ned into one X-bit PC/CQ report, which may be
Bieelsura Praderig! f§r {solalagansmésienedtfe and sent in two

sl ot Sm%Qngt f3f e @Qt(yﬁion&m%?%&h%ﬁ@@gb Sal8Y&! tht Bnd gransport
for the designs shown in Tabl'es 6, 7 and 8 and may be
blgakalor the wich€R! valuoe forftbe twe trenspdeshloeis, the[ ©QEBing within a first

aRr el Bt g U abi e s RS s i Vefitg dpr wo car
ca

{higesPCl, rank and woul d be avail abl e together and

may be used for scheduling decisions on data

transm ssion. Second, conbining the PCl, rank and CQ

may akiow &, variahl e g30] f val.ues for a

variatte. nonpameBR o HIRC Mrstke B senc i n each

TTI Whiehng fe chasdng1id tepoap@ith aSfor@ard Tdreorsai®clidd (FEC) code to

reporting delay nmay al so be achi eved regardl ess of
G0 dgéh EePeFL: #iih transport blocks are preferred by

t he UE. ' :

possi FaiED s FP S0 T APLEY Hllcat Sl tlrof Ehanncl for

HReDSGHN(RSIDROOENL | ons. [0070] FIG 7 shows a design of

a process 700 for sending feedback information. PCl

for data transm ssion froma transmtter (e.g., a Node

B) toza reggi Xﬁfare(t@s & olaifh 3 PRY c@ﬁpﬁ'ﬁhgrm ned (bl ock

712). CQ for the data transm ssion may al so be

det er meaesdfof bhaodinghajepor withnk bliopld cadt to whtaof a tédeword; and

nunber of transport blocks to send.in al.l el for e

at o Tedisler STTBRE sy SBrd 8 G etsAERh D Gen Gl et or
HReD§CH, (Hsapkcapy. CQ nay be determ ned by eval uating

di fferent hypot heses and using the PCl, rank and CQ

of the hypothesis with the best performance. A report

may becfor d he PCl, . an . (bl o .
718 Shd iy BERE S ah Bt Bk U He in a wer
EQOphEntHEERGontprigingonpr i se a precoding matrix or a
precodi ng vector to use for the data transm ssion. The
PCl  nelMadteioreadnhly mediugy canyysingsne precodi ng vect or
for at |ea o . TR
pref erred) ° dgrf&t? ﬁgﬁéglggg%tro{rn ﬂl[se?n'qgsdlte{c%rr{?1 ﬁ%ﬁg ggcgi(]:]lll & F%nrﬁﬁl indication
(g batidagy tvastndssion)frdnor tadshiticotad rebeianrsport bl ock(s),
if sent, may, be determ ned based on the at |east one. . .
or ccodi ng GRS CUNDEYRAOBPIEHAC PRI, ChapBRp Nty fedication
REH1) T8YhE QAR Haf8mARsiBR I MBIy precoding vector for a
primary transport bl ock. A secondary WO
2008/ 022248RCTHOUSAGIE 9760PE 2R fMrecodipet hreet on tiioPChand the
é@i n%ary transport block, if sent, nay be determ ned

e'%n" t he primary precodi ng vector. [0072] The CQ
may conpri s&icdbr tRBY aQoenputdr to/ fdndehé RpoRto RashsaRtr.
transport block to send for the data transm ssion. The
rank and CQ may be conbi ned based on a mappi ng
conprksi ng [ £ r . \M .
of val GiesBF <olBufs ROHGR Blodif UP T b8 BRF RtRPG8r storing
ikanaoos bphbbleks. The CQ may conprise one CQ val ue
and rr% be within a first range of values (e.g., from . .
0 to S0JCt PPN BHEBA 2 P § Kecirde gp¢ tg‘i/d%tﬁéransmlsslon’
%&pei ver. The CQ may conprise two CQ val ues and may
e wthin a second range of values (e.g., from31l to
255) if two transport blocks are preferred. [0073] The
PCl, rank and CQ may al so be conbi ned based on a
mappi ng conprising a plurality of ranges of val ues
corresponding to a plurality of values for the PCl .
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25 CLAI M5 1. An apparatus conpri sing: at
| east one processor to determ ne precodi ng control

w0 paBoz2idN (PCl) for data transm ssion from aPCT/US2007/076076

transmtter to a receiver, to determ ne channel

quality indication (CQ) for the data transm ssion, to
forma report based on the PGl and the CQ, and to

send the report to the transmtter; and a nenory

coupl &gmtthe PO teadonh@as ttheodedecpydqeesslarg, matrix or pgecoding vector.
apparatus of claim1l1, wherein the at |east one

processor selects a precoding matrix or a precoding

vect og7to bE S SR, 3anghMpGHR :
The P comns 1 Sap 8 P E e S, 3o LR or storing
psEeading gparellc oo:. 3. The apparatus of claim1,

wherein the PQ conprises. at .l east one precodin

Voot oftpiiins et 1oa SPE 6 Vol e B RgSGE R g sond for the
e ndadn@is$is@ngli ssi on, and wherein at |east one

addi ti onal precoding vector for at |east one

addi t fasmethe £ A e pomprisi the kt least osehfl vakiedet er ni ned

based on the at |east one precoding vector fromthe

PCl . 4. The apparatus of claim1, wherein the

PCl casipri $BS cdnpuiciBirygiafie gesdiutg o¥ tdimr 35,04ind fipficiBioy storing
transport block to send for the data transm ssion, and
sereions apgaklstidary precodi ng vector for a secondary

trans - . tedS,d Ny -
pr | ool 46k b (BR for! onc BB RHALAR B, Mniit block s
plefdrradfor thhelaritrankin@siah, | east one processor determ nes

at least one CQ _valye for at |east one transport

bl ockaBEUER VS G0 YillictsOh P AHEMOLShIgRks Ko vFasRarh blocks are
#ﬁ?er@@foﬁﬁ%ﬁ!a%%%s&ﬁ@ioﬁ} ageast one CQ value. 6.

he apparatus of claim1l, wherein the CQ conprises

one CQrmvthk (latoccompriaf the oncaCOl velue famde cof traabpeesblotk or the

ne anspor ock is pre red for data . .

B RS for 3h i afie™ RloBia e Febd iin agfirst range of
valiskedr RACOS vitlub BhdwhHeLQoend ﬁﬁg@op&alﬂe@fbhe@vd €¢Qt Walues.
transport blocks are preferred. 6 7. The

apparatus of claim®6, wherein the CQ value for the

one tr@nspaqrt .npre levels than the two CQ

val ueééfor ﬁgg{r\%%gtcgrgﬁg%gét bl ocks. 8. The

appar atlusst ofic ploatsdvbio redeeved f’tpbh @ofahisiigiptieofliap cbftéol indication
one transport bl ock has approximately five bits of

(o pag ehyvnclmaliphadicptio ).0P PEQFES ddeastpns, gngaert ploick based
t [ f .

SR Q) b FRpetdacthof SRl RR. FRRPHELIRL Bt fithe Bl Snd

wher ea mentvey seqdetttorthagid caso ot proesssbress t han 221

values for two L-bit CQ values for the two transport

bl ocks, where L is greater than one, and wherein for

each g@nbi faL Lyl 68\Qaikn B9 twifdRdin Vi 4188ast BAL piodedIG determines
within the second range, the at | east one processor

predelopsltipleerangdsiaf vakges wathinewhigh the G fallsy @sldatemines the number
PR8N LRSS orcyertdd, ol e Flsdforl s Yoyl SRR OF vatue for
thee

@t | east one processor deternmnes a rank
i ndicative of the nunber of transport blocks to send
for the data transm ssion, and forns the report
furth ba - . -
ci'ai mito, - SReeSRrpel G0 a0y syheroin - 1S ARARRANT Blains one
Che vahrkfoande ttfaaspoid bibels étithe rC@I falp prifgn aofifst tahigd@f values, and
mul tiple ranges of val ues, each rapge of | ues.
eRringdye Fd?ln@?@eé far tyq frapsentt bi%%éf t%SfCQ]r éﬁ% Wdﬁ*f-n a second range
Qﬁ%: 12. The apparatus of claim 10, wherein
the at | east one processor conbines the rank and the
CQ based on a mapping conprising first and second
ranges of values, the first range of val ues covering
one CQ value for one transport bl ock, and the second
range of val ues covering two CQ values for two

o s . .



24. The nethod of claim 21, wherein the determ ning
the CQ conprises determning at | east one CQ val ue
wo erosar22keast one transport block to send for PECEUSHDA076076
transm ssion, and formng the CQ to conprise the at
| east one CQ val ue. 25. The nethod of claim 21,
wherein the determning the GQJ conprises determ ning
one CQ value for one transport block if one transport
bl ock is preferred for the data transm ssion,

determ nin | ues for two transport bl ocks if
t wo tf‘%mspgrl? AR 0 flaimy 35 whergth the at (e Qugppgocessor obtains at

feﬁ?t%@ﬁ%q&%%e ol gne at least SRy tEﬂn@?ort{ Bﬁ)c%sehcbnctﬁmlsﬁld processes

the one val ue for the one ansport block or th
tavd t@Qsparabloek basyd ohe dovlmgtandnSpdulancbi ke d:etaern(i@d by a CQI

thin a t range of values for one CQ val ue
‘éaﬁﬂe tﬁalﬁp%%j?bﬁg range of values for two CQ
val ues 26. The nethod of claim 21, further

conpri si ng: determining a rank indicative of the
nunbeft3.of ifhenmmtus of @@m3Q oviwesia thaoat ledseoniaprgcessor determines
%,Eﬁrae%é n%%h%rnlx o1 na%rgcodln%:\ée tor t%rﬁge hl%lsnc %Flf It nangt ‘tt)lgr;;ak based on
el R(EIS anEpebodca igeatdtasy ahe &Snsfp@ftftfb@dkdfh@d:mgn HQ Iﬁrecodmg matrix or
di fferent nunber of transport bl ocks, and wherein the
ﬂ@ﬁ’é\?qo Ing Vegorred based on t he combi ned rank and cqQ.

27. The nethod of claim 21, further conprising:

encodi ng the report with a forward error correction

( FEC) 4¢.0deTho aphiraun oficlaod 8, whpeirt theatdea®®one processor obtains a
sendi ng the coded report. o ed Physi cal

RORED OIS E Nt @&PS%@BF%% primary tranggort fjpek based on
Rt had pr@é(ﬁhﬁ% %éctoﬂ( WhH %Ecd’d@mﬁr dc8bBiry %ﬁ%‘rtngloﬂb ®ased on a

report vvlth a code to obtain acodevvord

senuidang pterredmgdevxm dssoniatedDedlh ¢heet mdnﬁiryyrm:@milmmutorolf more than
CH (HS-DPCCH). 29. An apparat us

8%%?953?%8[“?55 Shpans for determining precoding

control indication (PCl) for data transm ssion froma

transmitter to a receiver; means for detern ning
channé$. qualmethod ﬁmnbfailﬁ%n (CQ ) for the data

trans n n n t

PCl aﬂ' &?]L% %:éﬁeo?t 2 d‘L groglélgncgggglr {nﬁ?c%ﬁgg 69?1) elh%r channel
fingity malitEbh (€QI); 30 The appar at us of cI ai m 29,

wherein the nmeans for determ ning the PCl _conprises

rreansplroeessgléraééqaﬁtrr@leéraa?@ébldpﬁgb%a@ i fhedr Qh 2 ecodi ng
vecto

reans FerfE e leet (BB Al AOSCLIS B AT ¢ e
precodlng natrlx or precodi ng vector. 31. The

appar t he means for
det er ni ngI‘? 9@80% WSS@@QM COMUELes f or
det er gitBinigindtonk @R&HuIEHIE rdakks Y@lauRs WthiRlvhBasd CODGalls; and

transport bl ock to send for the data transm ssion, and
meansdétemihingthegumher afQransporeblopls preferied bata leegiwer ome on the

ppar atus of claim 29,

%@%P?fy?ﬂge Pr%‘é%‘ée %&heﬁ?grm ning the CQ conprises
means for determ ning one CQ value for one transport
block if one transport block is preferred for the data
transfii-ssi &hc me@@d of claim¢ayygerety the prasesring the at \west oge transport
%ll%clyégseﬁ%'htﬁé’\e glq It blocks if two transport

ocks are erre or the data transm ssion, and
rreansdﬁtamufgoasrm 001 tvaric @t oh® tramsporti ideck Heheo @ IGRlls within a first
val ue faqr the one transport block or the two CQ
PReei85V4lEe: the two transport bl ocks, the CQ being
within a first range of values for one CQ value and
within a second range of values for two CQ val ues.
33. The apparatus of claim29, further conprising:
means for encoding the report with a forward error
correction (FEC) code to obtain a coded report; and
nmeans for sendi ng t the coded ‘report on a Dedi cat ed
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comput er - r eadabl e nedi um conpri si ng: code
for causing a conputer to determ ne precodi ng contr ol

w0 paBoz2idN (PCl) for data transm ssion from aPCT/US2007/076076

transmtter to a receiver,; code for

causing a conputer to determ ne channel quality

indication (CQ) for the dataxransm ssion code for

causing a conputer to forma report based on the PCl

and t bletaidg tven @ @oddudsofor cavasiragpert bdvgikyti€nhd @defatls within a

the report .to the transmtter. 36. The conputer

peend EepPburless #1d cl ai m 35, and further for storing

instr ' r ' r ' 11263 Fr

a pr chogy e, SRf Aol HoRChRRH Sl SR M4 TRUHIA scheme

@dternuned bhe CRTIvatue footip tiaswortidodel ect ed precodi ng

matri x or precodi ng vector. 37. The conputer

program product of claim 35, and further for storing

i nstrygti oMfe ARAARIIR i 45, whereifl@le§iétoamgahe h€Rsdk 0RO Bansport
value for at |east one transport block to send for

bleek baged onrthaBEd enprses and formthe CQ to conprise

the at, .| east one .val ue. 38.,. The conput.er
oo o her BB Srroodine i o oy PrEPYink ki RY GFF oy teast one
trivgspbott GldcRrbassasy b IPe1 tad determi ne one CQ

value for one transport block if one transport block .

is pr prcepding theott 16356 opa franspPENesksased on the precoding matrix or the
i CQ values for two transport blocks if

?‘\%&%E%Rg%%ﬁr{\? bl ocks are preferred for the data

transm ssi on, and formthe CQ to conprise the

one val ue for the one transport block or the two

cQ v -ueslfﬁ%rnef é th\ﬁffufﬂr“éng’ i e areodingfhe égﬁa%@rlﬁgansport

Wobbiked ohithsbcT &msiRf val ues for one CQ value and

within a second range of values for two CQ val ues.

39. Adctappamgtaygincapprdceilmg:vector bascdbn lthealdtl, one

processor.to receive a r rt .conprisin recodi

Cont r BIECrHBE R ATTGR CHEPY R S g Qamapy brecodifl vector, and

i ndi cafebOiing @ctondaly RaRHBRSHIBEK b8RE tonONGedoh £doding vector
bloqkﬁ%asedéon‘the g&!,%%nd to precode the a?ﬁfggst ‘g
anecigted Niahe phmgBkpBesse Yﬁ‘itqfhgmp@ thampiee tanspers bipck is sent.
coupled to the at | east one processor. 40. The
apparatus of claim 39, wherein the at |east one

procesgor datapparufaesompasiaf: mul tiple ranges of val ues
within which the CQ falls, and determ nes the nunber

of t r BSEPOiOf TEACHANE 2 BINOFtefBIISHE RIceaiRg ¢niroh dieptign (PCT) and

e el NG dak ¢f value for the CQ . 41.
%‘l%englp arl{z?tluglg% c% a?z’] 39, wherein the at |east one
pr ocessais fobpaicessingrae 1B oneatanepdroblodnkased an sipot Q1; and

block if the CQ falls within a first r e of v es,
and oBCAINEr piReoEeg thet (Rast s trapRert l?laﬂgaﬁ%ﬁ@ bl
the CQ falls within a second range of values. 32

42. The apparatus of claim 39, wherein the at |east

one pbbcessbe apharaune daim ¥hdurthoncor@pXisivgl ue for the

at least ope transport bl peck, based on th ..and, .

ot occactn BE HFRERGE bpe o b RS E0e” o VRucoih Whigh the ca
gt i on schenme determned by a CQ value for the

transport bl ock. 43. The apparatus of claim 39, ,
wher eMganshior gletqragreg divenypnlrs e Semsprrt blagkn eseferred by a receiver

' ] ' tor for the at
PLEEBH Rt Bt SyRRRRIELIE € e PO ' ana
precodes the at | east one transport bl ock based on the

pr ecodi ng trix or the precodi ng vector. 44,
The appar at i aléﬁ%@é}l%?ﬂ?lel@} S thimeaps fop geqeessing the at least

Gﬁpgﬁﬁfgﬁbﬁkk%égﬁ‘ﬁiﬂéngk&ﬂ [iggodi ng vector based on
the PCl, precodes a prinmary transport bl ock based on
the primary precodi ng vector, and precodes a secondary
transport bl ock based on a secondary precodi ng vector
associated with the primary precoding vector if nore
than one transport block is sent. 45. A net hod

o o g, o



obtaining two CQ values for two transport blocks if
the CQ falls within a second range of val ues, and

wEe@seseing each transport bl ock based on a coPChySENU076076

nodul ati on schene determned by a CQ value for the

transport bl ock. 48. The nethod of clai m 45,
wherein the precoding the at 34ast one transport bl ock
based on the PCl conprises deternmining a

pr ecothcag fortdhitainiog @nepCEE odilurgforemicotrafsport tiheéckaif the CQI falls

egs qQne trang ?rt bl ock based on the PCl, and
BodigrangechyalYeast one transport bl ock based on

the pgf %Q&dfoﬁlg)gf@ﬁlﬁ%)%wgrcgf‘@alﬁ FRAWIG- MR &@fbio ks if the CQI falls

49. The netho l'ai m erein the preco |ng

aithingagtomhenge aieperst alsl ock based on the PC

conpri ses eterm nin Y, .pr,ecodi.ng vec ed
on Ehizcey for rrocss g ety Bl pprob) B Sot £54RE Rd Hodulation
Lashd d@f&nhﬁﬁd%'amb’vﬂﬁ@fﬂ@%&%n\éﬁ&{ Blockand precoding a
secondary transport block based on a secondary
precodi ng vector assom ated with the primry precoding
\SISCt 2513 ;Lpgﬁé ?pu‘[;aQa UuS 0 c(:elal { gBS\eﬁerem t&lg%il(eaigss fosrepér%ceodlngnthe at least
&d@mpéﬂbm&pfbh@dﬁm tﬁé ECDdd)Iﬁﬁl@@nt rol indication (PCI)
and channel 3ual ity indication (CQ); neans for
pr oceg@a oa ClCHBHNLOH BIOCPAHAS PEHX BT B Pkeondad ceier ferethe at least
r the at | east one
P oo TR QlonBAPRERRE by 51. The
appar mteams ﬁfr p:rbmdm@fhe dtuletih eme doamppors ibligk based onethaprecoding
for.determ ni(f% one of multiple ranges of val ues
Rt 9f hPCROY AR VRS - fal |'s; and nmeans for
determ ni ng the nunber of transport blocks preferred
by a receiver based on the determ ned range of val ue
for the CQrhe apparatusof clTime SQ,pwhqrra'tane ofcags Hirmr&@ding the at least

wherein t CeSSI ng the at | east one
orciigistot SRR andhe BRPEREMEEE compri ses 34
Meansme@is APHa&bMhiAG QJ}%nQQé pv@baﬁ fREtoPPRcl bARSPRCT,
block if the CQ falls |naf|rst range of val ue,
meansmcas @btpéﬁcraﬂwg a M@y trapaparé blocls basagoon: thersipenty precoding
bl Qckgndf the CQ falls wthin a second range of

val u nmeans for processing each transport
bI ockni@&ﬁsedomrpr@;odﬂ@ agsa@oaddarpduthaboenbeched®Bed on a secondary
det ermi ned by O? val ue for the transport bl ock.
Brcodipg ‘@ﬁ}%ra&ﬁ atgd weithyiths swimagy et ecefpn i meye than one
Hﬁr?sﬁg%bﬁ%k%‘gen@t | east one transport bl ock based on
t he conpri ses nmeans for determning a
precoding matrix or a precoding vector for the at

Ieast ne transglort bl ock based on .the PCl, and
means t-or ProBBYHETegEm Lo u§5§9m8ﬂ%m8ransport bl ock

basedcafipithercRi AR M- ®niinsiy: the precoding vector.
54. The apparatus of claimb50, wherein the neans for '
precodi ng ¢tdis @r chiessy am@@lnulteartgpr@qtetwet)hdcporbas@grlsng precoding

or ccot i DBl D5t GRS RmEFRERT Multidh Riof™; Y,

precodi ng g derfofBduiniel AdteRtdr t6 lpRsdssasadt ok tdiBport block based
primary precodlng vector, and means for

pr ecodil iy GRE&edNndary transport bl ock based on a

secondary cadi ve

ot ecod: ny 8P CRRNEE LB ASE REALGL o ol rfBpdie block
sent . based on tlBPCIA conput er progran1product

conprising: conputer-readabl e nmedi um conpri sing:

code for causing a conputer to receive a report

conpri sing precoding control indication (PCl) and

channel quality indication (CQ); code for
causi ng a conputer to process at |east one transport
bl ock based on the CQ; and code for causing a

conmputer to precode the at | east one transport bl ock
based on the PCl.



