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DESCRIPTION

I. Claim of Priority under 35 U.S.C. §119

[0001] The present Application for Patent claims priority to Provisional Application Serial No. 60/838,677, entitled "Joint Signaling
of Precoding Control Information and Channel Quality Indicators in a Cellular MIMO System," filed August 18, 2006, assigned to
the assignee hereof, and expressly incorporated herein by reference.

BACKGROUND

l. Field

[0002] The present disclosure relates generally to communication, and more specifically to techniques for sending feedback
information in a wireless communication system.

Il. Background

[0003] In a wireless communication system, a transmitter may utilize multiple (T) transmit antennas for data transmission to a
receiver equipped with multiple (R) receive antennas. The multiple transmit and receive antennas form a multiple-input multiple-
output (MIMO) channel that may be used to increase throughput and/or improve reliability. For example, the transmitter may
transmit up to T data streams simultaneously from the T transmit antennas to improve throughput. Alternatively, the transmitter
may transmit a single data stream from all T transmit antennas to improve reception by the receiver. Each data stream may carry
one transport block or packet of data in a given transmission time interval (TTI). Hence, the terms "data stream" and "transport
block" may be used interchangeably.

[0004] Good performance (e.g., high throughput) may be achieved by precoding one or more data streams with a precoding
matrix selected based on the response of the MIMO channel from the transmitter to the receiver. Precoding may also be referred
to as beamforming, spatial mapping, etc. The receiver may evaluate different possible precoding matrices and select a precoding
matrix as well as the number of data streams to send such that the best performance can be achieved. The receiver may also
determine a signal-to-interference-and-noise ratio (SINR) for each possible data stream and select a data rate for the data stream
based on the SINR. The receiver may send feedback information that may include the selected precoding matrix, the data rate for
each data stream, etc. The transmitter may process one or more data streams in accordance with the feedback information and
send the data stream(s) to the receiver. EP1 655 871 discloses a method and system for generating and processing feedback
information.

[0005] The feedback information may improve data transmission performance. However, valuable radio resources are consumed
to send the feedback information. There is therefore a need in the art for techniques to efficiently send the feedback information.

SUMMARY

[0006] Techniques for efficiently sending feedback information in a wireless communication system are described herein. The
feedback information may comprise precoding control indication (PCI), rank, channel quality indication (CQl), etc., or any
combination thereof.

[0007] In one design of sending feedback information, PCI, rank and CQlI for data transmission from a transmitter to a receiver
may be determined, e.g., by evaluating different hypotheses and selecting the PCI, rank and CQl of the hypothesis with the best
performance. A report may be formed based on the selected PCI, rank and CQI. The rank may indicate the number of transport
blocks to send in parallel for the data transmission. The PCI may comprise a precoding matrix or vector to use for precoding at
least one transport block to send for the data transmission. The CQI may comprise at least one CQl value for the at least one
transport block. Each CQlI value may be associated with parameters for processing a transport block, e.g., transport block size,
coding and modulation scheme, number of channelization codes, etc. The rank and CQI may be combined based on a mapping.
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For example, the CQl may comprise one CQI value and fall 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 fall within a second range of values (e.g., from 31 to 255)
if two transport blocks are preferred.

[0008] In one design of sending data transmission, a report comprising PCI, rank and

CQIl may be received by a transmitter. The number of transport blocks to send for the data transmission may be determined
based on one of multiple ranges of values within which the CQI falls. At least one transport block may be processed (e.g.,
encoded and modulated) based on at least one CQI value from the CQI and may be further precoded based on a precoding
matrix or vector from the PCI.

[0009] Various aspects and features of the disclosure are described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 shows a wireless communication system.

FIG. 2 shows a block diagram of a Node B and a UE.

FIG. 3 shows a timing diagram for a set of physical channels.

FIG. 4 shows a design of mapping two CQI values to a CQI combination.
FIG. 5 shows a design of sending the PCI, rank and CQl on an HS-DPCCH.
FIG. 6 shows a design of sending the PCl and rank on an uplink DPCCH.
FIG. 7 shows a design of a process for sending feedback information.

FIG. 8 shows a design of a process for sending data transmission.

DETAILED DESCRIPTION

[0011] The techniques described herein may be used for various wireless communication systems such as Code Division
Multiple Access (CDMA) systems, Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, Single-Carrier FDMA (SC-FDMA) systems, etc. The terms "system" and "network"
are often used interchangeably. A CDMA system may implement a radio technology such Universal Terrestrial Radio Access
(UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (which covers W-CDMA, UMTS-FDD) and Time Division, Synchronous
CDMA (TD-SCDMA) (which covers UMTS-TDD, low chip rate UMTS-TDD, and high chip rate UMTS-TDD). cdma2000 covers IS-
2000, 1S-95 and IS-856 standards. A TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such as Evolved UTRA (E-UTRA), Ultra Mobile
Broadband (UMB), IEEE 802.20, IEEE 802.16 (WiMAX), Flash-OFDM®, etc. UTRA and E-UTRA are part of Universal Mobile
Telecommunication System (UMTS). Long Term Evolution (LTE) is an upcoming release of UMTS that utilizes E-UTRA. UTRA, E-
UTRA, UMTS, LTE and GSM are described in documents from an organization named "3rd Generation Partnership Project”
(3GPP). cdma2000 is described in documents from an organization named "3rd Generation Partnership Project 2" (3GPP2).
These various radio technologies and standards are known in the art. For clarity, certain aspects of the techniques arc described
below for UMTS, and 3GPP terminology is used in much of the description below.

[0012] FIG. 1 shows a wireless communication system 100 with multiple Node Bs 110 and user equipments (UEs) 120. System
100 may also be referred to as a Universal Terrestrial Radio Access Network (UTRAN) in 3GPP. A Node B is generally a fixed

station that communicates with the UEs and may also be referred to as an evolved Node B (eNode B), a base station, an access
point, etc. Each Node B 110 provides communication coverage for a particular geographic area and supports communication for
the UEs located within the coverage area. A system controller 130 couples to Node Bs 110 and provides coordination and control
for these Node.Bs. System controller 130 may be a single network entity or a collection of network entities.
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[0013] UEs 120 may be dispersed throughout the system, and each UE may be stationary or mobile. A UE may also be referred
to as a mobile station, a terminal, an access terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a personal
digital assistant (PDA), a wireless device, a handheld device, a wireless modem, a laptop computer, etc.

[0014] FIG. 2 shows a block diagram of a design of one Node B 110 and one UE 120. Node B 110 is equipped with multiple (T)
antennas 220a through 220t that may be used for data transmission on the downlink and data reception on the uplink. UE 120 is
equipped with multiple (R) antennas 252a through 252r that may be used for data transmission on the uplink and data reception
on the downlink. Each antenna may be a physical antenna, a virtual antenna comprising an antenna array and an appropriate
beam forming device, an antenna array with a fixed weighting network, etc. A MIMO transmission may be sent from the T transmit
antennas at Node B 110 to the R receive antennas at UE 120.

[0015] At Node B 110, a transmit (TX) data and signaling processor 212 may receive data from a data source (not shown) for all
scheduled UEs. Processor 212 may process (e.g., format, encode, interleave, and symbol map) the data for each UE and provide
data symbols, which are modulation symbols for data. Processor 212 may also process signaling and provides signaling symbols,
which are modulation symbols for signaling. A spatial mapper 214 may precode the data symbols for each UE based on a
precoding matrix or vector selected by/for that UE and provide output symbols. In general, a matrix may have a single column or
multiple columns. A CDMA modulator (Mod) 216 may perform CDMA processing on the output symbols and signaling symbols and
may provide T output chip streams to T transmitters (TMTR) 218a through 218t. Each transmitter 218 may process (e.g., convert
to analog, filter, amplify, and frequency upconvert) its output chip stream and generate a downlink signal. T downlink signals from
T transmitters 218a through 218t may be sent via T antennas 220a through 220t, respectively.

[0016] At UE 120, R antennas 252a through 252r may receive the downlink signals from Node B 110 and provide R received
signals to R receivers (RCVR) 254a through 254r, respectively. Each receiver 254 may process (e.g., filter, amplify, frequency
downconvert, and digitize) its received signal and provide samples to a channel processor 268 and an equalizer/CDMA
demodulator (Demod) 260. Processor 268 may derive coefficients for a front-end filter/equalizer and coefficients for one or more
combiner matrices. Unit 260 may perform equalization with the front-end filter and CDMA demodulation and may provide filtered
symbols. A MIMO detector 262 may combine the filtered symbols across spatial dimension and provide detected symbols, which
are estimates of the data symbols and signaling symbols sent to UE 120. A receive (RX) data processor 264 may process (e.g.,
symbol demap, deinterleave, and decode) the detected symbols and provide decoded data and signaling. In general, the
processing by equalizer/CDMA demodulator 260, MIMO detector 262, and RX data processor 264 is complementary to the
processing by CDMA modulator 216, spatial mapper 214, and TX data and signaling processor 212, respectively, at Node B 110.

[0017] Channel processor 268 may estimate the response of the wireless channel from Node B 110 to UE 120. Processor 268

and/or 270 may process the channel estimate to obtain feedback information, which may comprise the information shown in Table
1.
Table 1

Info Description

PCI {Convey a specific precoding matrix or vector to use for precoding one or more transport blocks.

Rank {Indicate the number of transport blocks to send in parallel.

CQl {Convey processing parameters for each transport block.

[0018] Processor 268 and/or 270 may jointly determine the PCI, rank and CQI for downlink data transmission based on the
channel estimate. For example, processor 268 and/or 270 may evaluate different possible precoding matrices that can be used
for data transmission and different combinations of columns in each precoding matrix. Each column of a precoding matrix may be
used for precoding/spatial mapping to send one transport block from all T antennas 220a through 220t. Processor 268 and/or
270 may select a precoding matrix as well as one or more specific columns of the selected precoding matrix that can provide the
best performance. Performance may be quantified by throughput and/or some other metric. The PCl may convey the selected
precoding matrix, the selected column(s) of the selected precoding matrix, etc. The CQIl 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 CQl.

[0019] 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, e.g., UE 120 may transmit the feedback information using one antenna
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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 equalizer/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.

[0020] 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.

[0021] In UMTS, data for a UE may be processed as one or more transport channels at a higher layer. The transport channels
may carry data for one or more services, e.g., voice, video, packet data, etc. The transport channels may be mapped to physical
channels at a physical layer. The physical channels may be channelized with different channelization codes and may thus be
orthogonal to one another in the code domain.

[0022] 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, each subframe includes three slots, and each slot has a duration of 0.667 ms. A TTl 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 TTlto TTI.

[0023] 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
Downlink | HS-PDSCH High Speed Physical Downlink Shared Qarry data sent on the HS-DSCH for
Channel different UEs.

Downlink HS-SCCH Shared Control Channel for HS-DSCH {Carry signaling for the HS-PDSCH.
Dedicated Physical Control Channel for {Carry feedback for downlink transmission in

Uplink HS-DPCCH

HS-DSCH HSDPA.
Uplink DPDCH Dedicated Physical Data Channel S;irr:idata sent by a UE to a Node B onthe
Uplink DPCCH Dedicated Physical Control Channel {41 confrol information sent by the UE to

[0024] 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 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.

[0025] 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.

[0026] 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 c in symbol period s,
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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 c in symbol period s via the T transmit antennas.

[0027] 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 transport block may be sent from two transmit antennas, with the phase of one antenna
being adjusted to improve reception by the UE. For PARC, up to T transport blocks may be sent from up to T transmit antennas,
one transport block per antenna. For CRBLAST, one transport block may be sent from up to T transmit antennas. For both PARC
and CRBLAST, precoding matrix B may be an identity matrix | containing ones along the diagonal and zeros elsewhere. Other
spatial mapping schemes may also be supported. For clarity, the following description assumes the use of D-TxAA, and feedback
information is generated and sent for D-TxAA.

[0028] In general, any number of precoding matrices may be supported for D-TxAA. In one design, two precoding matrices are
supported and defined as follows:

1 1 i 1 1 1
V- 7_2_'|:ejxu ejsua:l and W, =ﬁ -[eilnll ej7.114:| . Eq(2)

[0029] The two columns of each precoding matrix are orthogonal to one another, and each column has unit power.

[0030] Four precoding vectors may be defined based on precoding matrices W4 and W2 and may be given as:

1 M1 1 1
En:a‘[ema} !lza'[e~jn/4:|’ ﬂz=a'[ej3n/4] and .‘13:‘1[8—1‘3,;/4]» Eq(3)

where wp and w3 are precoding vectors corresponding to the first and second columns, respectively, of precoding matrix W4, or

W = [wo w3,

w1 and wp are precoding vectors corresponding to the second and first columns, respectively, of precoding matrix Wp, or Wp =
[w2 w1], and

a=1/2.

[0031] Since the first element of each precoding vector has a common value of

a=12 s
the four precoding vectors in equation (3) may be defined based on the values of the second element, which may be given as:
iI-.; w,zl—_—‘[-. qu:i’-. and w.=_1_j Eq(4)
2 2 o2 : o2 7
where wp, wq, wo and wg are the second element of precoding vectors wp, w1, w2 and w3, respectively.

Wy =

[0032] The UE may periodically determine the precoding matrix or vector that can provide the best performance for downlink
data transmission to the UE. For example, in each TTI, the UE may estimate the response of the wireless channel from the Node B
to the UE. The UE may then evaluate the performance of different hypotheses corresponding to different possible precoding
matrices and vectors. For example, the UE may determine the overall throughput for transmission of (1) two transport blocks
using W1, (2) two transport blocks using Wb, (3) one transport block using wy, (4) one transport block using w1, (5) one transport
block using wo, (6) one transport block using w3, etc. As part of the throughput computation for each hypothesis, the UE may

determine the SINR of each transport block based on the precoding matrix or vector for that hypothesis.

[0033] The UE may support successive interference cancellation (SIC) and may recover multiple transport blocks using SIC. For
SIC, the UE may process the received samples to recover a first (or master) transport block, estimate the interference due to the
recovered transport block, subtract the estimated interference from the received samples, and recover a second transport block
in the same manner. The first transport block observes interference from the second transport block and may thus achieve lower
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SINR. The second transport block may observe little interference from the first transport block, if the interference cancellation was
effective, and may achieve higher SINR.

[0034] If the UE supports SIC, then the UE may determine overall throughput for transmission of two transport blocks using W1
with (i) the transport block sent with the first column of W4 recovered first and (ii) the transport block sent with the second column
of W1 recovered first. The UE may also determine overall throughput for transmission of two transport blocks using Wo with (i) the
transport block sent with the first column of Wo recovered first and (ii) the transport block sent with the second column of W»o

recovered first.

[0035] The UE may select the precoding matrix or vector that can provide the best performance among all hypotheses
evaluated. The UE may then determine PCI, which 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 CQlI value for each transport block, which may convey processing parameters for the transport block. The UE may
send the PCI, rank and CQl as feedback information to the Node B.

[0036] In one design, the PCI conveys the selected preceding matrix and may be sent with one PClI bit defined as shown in Table
3.
Table 3

PClvalue Selected precoding matrix
0 Wy
1 W,

[0037] 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 PCl and rank may be sent with three PCI bits defined as shown in Table 4.
Table 4

PClvalue { Selected precoding matrix § Number of transport blocks § Selected column for single transport block
0 w; 1 1 (or wp)
1 W, 1 2 (or w3)
2 w, 1 1 (or wo)
3 w, 1 2 (orwy)
4 wy 2 N/A
5 w, 2 N/A

[0038] 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 PCl and rank may be sent with three PCI bits defined as shown in Table 5. PCl values 011
and 111 may be used by SIC-capable UEs.

Table 5
PClvalue Selectgd Number of transport{ Selected columnfor § Index of master transport
PCl, { PCly | PCly pr;c;ﬂ;ng blocks single transport block { block for SIC capable UE
0 0 0 wy 1 1 N/A
0 0 1 wy 2 N/A 1
0 1 0 Wy 1 2 N/A
0 1 1 wy 2 N/A 2
1 0 0 w, 1 1 N/A
1 0 1 W, 2 N/A 1
1 1 0 W, 1 2 N/A
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PCl value Srgl?ﬁs Number of transporty Selected column for Index of master transport
PCl, { PCly { PCly P mcatrilx 9 blocks single transport block { block for SIC capable UE
1 1 1 W, 2 N/A 2

[0039] 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 PCl may convey the selected precoding matrix and the selected column of this
matrix if only one transport block is sent. In another design, the PCl 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 PCl value may convey precoding vector w1 for one transport

block. If two transport block are selected or preferred, then the complementary precoding vector wo may be used for the second
transport block, with both wq and wo being fromWb. In general, the number of bits to use for the PCl 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.

[0040] The PCl 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 PCl and
CQlI 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 CQl 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.

[0041] The UE may send CQlI for one or more transport blocks, and the Node B may process each transport block based on the
CQl sent by the UE. The CQI may be provided in various manners.

[0042] 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 CQlI 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 CQlI values for two transport blocks may be sent in a time division multiplexed (TDM) manner over two TTls,
one CQl value in each TTI. The PCI that is associated with the set of TDMed CQI values together with these CQIl values form one
PCI/CQI report at a lower rate than 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 CQIl value. Alternatively, different
granularities may be used for the CQI values for different numbers of transport blocks. For example, a 5-bit CQl value may be
provided for one transport block, and two 4-bit CQIl 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 CQl values instead of 5-bit CQl values for two
transport blocks.

[0043] The CQIl 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 PCl and rank but does not know the supported transport block sizes for
this particular PCl and rank combination.

[0044] In one design, the PCI, rank and CQI are combined into a single PCI/CQI report, which may also be referred to as
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composite PCl and CQlI 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 Wo is selected. The PM bit is equal to the PCl bit in Table 5. The next
MSB is a column index (Cl) 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 Cl bit is equal
to the PCl bit in Table 5. The remaining eight bits convey the CQlI for one or two transport blocks. There are 256 possible values
for each PM and Cl combination, with the first 32 values being used to convey one CQI value for one transport block, and the
remaining 224 values being used to convey two CQlI values for two transport blocks. Alogical 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 PClg bit in Table 5.

Table 6

Index { PM | CI CQl Values Used For
0 0 0§jo0jo0Oj0ij0;0j0§030
1 0 0 0103103010401 0 141 13>CQllevelsforsingle transport block with column
: #1 of precoding matrix #1
31 0 0 0§03 0
32 0 0 0§{0¢§1 0O0jy0j0§013§0
33 0 $ 0710310114103 0404 0141 1224CQlcombinations fortwo transport blocks with

precoding matrix #1 and master #1

255 0 0
256 0 1 0{03j0;07j0§0i{030

257 0 1103103030303 04§ 0 ¢ 1 132CQllevelsforsingle transport block with column
: #2 of precoding matrix #1

287 0 1 0j030
288 0 1 0{0j1i{0y0§0{030

289 0 14030311 :05303§0 ¢ 01 1 :224CQlcombinations fortwo transport blocks with
: precoding matrix#1 and master #2

511 0
512 1 0O j0j0jo0t{0303030430

513 1 0 4031030+ 070 30404 1 32cCAllevelsforsingle transport block with column
#1 of precoding matrix #2

543 1 0 §j0{oO}o0
544 1 0§y 0j0j1i03030¢040

545 1 0 §010¢110707§01%0 1 1 {224CQlcombinations fortwo transport blocks with
: precoding matrix#2 and master #1

767 1 0
768 1 1 0{j0§03§j03§J0§04§0¢0

769 1 1303103030303 04§ 0§ 1 132CAQllevelsforsingle transport block with column
: #2 of precoding matrix #2

799 1 1 0{03;0
800 1 1 0{03j13i0i0§0i{030

801 1 1 0{0 1 070§{040 1 {224 CQl combinations for two transport blocks with
; precoding matrix #2 and master #2
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[0045] 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/CQlI report convey the rank and CQI. An 8-bit composite value for the LSB portion of the PCI/CQI report has an
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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 CQIl 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 CQIl combinations are not supported. The 32 CQI combinations that are
least likely to occur may be eliminated.

[0046] FIG. 4 shows a design of eliminating 32 CQIl combinations for two 4-bit CQl values. The horizontal axis shows the 16
possible CQl levels for transport block #1, and the vertical axis shows the 16 possible CQl 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 CQl level
for one transport block and very high CQl level for the other transport block. FIG. 4 shows 32 asymmetric CQI combinations with
shading that may be eliminated.

[0047] If the measured CQI values for the two transport blocks map to one of the eliminated CQl 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 CQl 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 CQlI value of transport block #1 may be reduced until an allowed
CQI combination is obtained.

[0048] 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 CQl 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 CQl 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 CQl combinations that are least likely to occur may be
eliminated.

Table 7
Index PCICQI Values Used For
o {ojojojojoiojojojojo
: 32 CQl levels for single transport block with precoding vector wy
31 0j0{0j0§0i1i1

32 {0§0j0§0§13§03§0304§03}0

32 CQl levels for single transport block with precoding vector wg

63 {0{0§J0§0§1§14i1
64 {0§{0§0§130{030§{04§04{0

32 CAQl levels for single transport block with precoding vector wo

95 {0§0§0§13031¢1
9% {0j03§034131310j040§0;0

32 CQl levels for single transport block with precoding vector w4

127 (00§03 1§13111
128 {0;0§1§0§0;03030§04{0

448 CQIl combinations for two transport blocks with precoding
matrix Wy

575 {13{0§0§{0§{1i141
576 {13;0§0§{1{0ij04{0§03030

1{11{1 51 11111311

448 CQl combinations for two transport blocks with precoding
matrix Wo

1023 | 1

[0049] Table 8 shows yet another design of a 10-bit PCI/CQI report for 2-bit PCl and 8-bit CQl and rank. In this design, a 2-bit
PCI value may indicate one of four possible precoding vectors, e.g., as shown in Table 6 and equations (3) and (4). An 8-bit
composite value may indicate the CQl and rank, e.g., as shown in Table 6.

Table 8
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PCI
Index Values CQl Values Used For

o
o
(@]
o
o

0{0j0}0

o
o

31 CQl levels for single transport block with precoding vector wy

30
31 {0 {0 {0{0j0{1§1§1H1

o
o
o
o
N
N
N
N
o

225 CQl combinations for two transport blocks with vectors wg
and w3

255 { 0§ O
25 {0 { 1 {0§0;{030§0§0¢030

31 CQl levels for single transport block with

286 0 1 0i0§0{1{1§14i143{0 {precoding vector wq
287 0 1 {0§{0§i0 {1 §{1§14111i11

225 CQl combinations for two transport blocks with vectors w4
and wo

5M {0 § 1 §1§131§1§1§141
512 { I { 0 §0§0;j03§0§0§030;0

31 CQl levels for single transport block with precoding vector wo

542 { 1 { 0 j0{0{0{1§{1§131%0
543 { 1 { 0 j0{0;0{1§1§13H1

225 CQl combinations for two transport blocks with vectors wo
and w4

767 { 1 10
768 { 1 {1 §10§{0;03j0303043040

31 CQl levels for single transport block with precoding vector wg

798 §{ I § 1 §0§0{0§1§1§13§1%0
799 {1 11 §03§0§{0y1§{1§141

225 CQl combinations for two transport blocks with vectors wg
and wy

10237 | {1 11{1§1§1{1{1
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[0050] In the design shown in Table 8, the 8-bit composite value has an overall range of 0 to 255. which may be partitioned into
(i) a lower range of 0 to 30 for one transport block (or rank = [) and (ii) an upper range of 31 to 255 for two transport blocks (or
rank = 2). The upper range includes 225 values, which may be used to support 15 levels for cach of two CQI values. If one
transport block is preferred, then one CQI value within a range of 0 to 30 may be determined and provided as the 8-bit composite
value. If two transport blocks arc preferred, then one CQI value within a range of 0 to 14 may be determined for cach transport
block, and the two CQI values may be provided as the 8-bit composite value. The 8-bit composite value may be given as:

{CQ]S for one transport block

Ql. =
‘ 15xCQI, +CQI, +31 for two transport blocks

Eq(5)

where CQlgis a CQl value within {0...30} for one transport block,
CQl4 and CQlp are CQI values within {0...14} for two transport blocks, and

CQlg is the 8-bit composite value for one or two transport blocks.

[0051] 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 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.

10
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[0052] The PCI, rank and CQIl may be sent by the UE in various manners. Several schemes for sending the PCI, rank and CQI
are described below.

[0053] FIG. 5 shows a design of sending the PCI, rank and CQI on the HS-DPCCH. In each TTI, ACK/NACK information may be
sent in the first slot of the TTI, and the PCI, rank and CQIl 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.

[0054] In the design shown in FIG. 5, a PCI/CQI report may comprise ten composite PCl 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 CQl 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 TTI.

[0055] In general, a total of X bits may be sent on the HS-DPCCH for the PCI, rank and CQlI, where X may be any integer value.
The X bits may be for a combined PCI/CQI report, e.g., as shown in Table 6, 7 or 8. Alternatively, the X bits may include M bits for
the PCl and N bits for the CQl and rank. A (20, X) block code may be used to encode the Xtotal bits for the PCI, rank and CQl to
obtain 20 code bits. For example, 12 total bits may be sent with a (20, 12) block code and may support 32 CQl levels for one
transport block and 992 CQI combinations for two transport blocks based on the PCI/CQl mapping in Table 6. As another
example, 11 total bits may be sent with a (20, 11) block code and may support (i) 32 CQl levels.for each transport block based on
the PCI/CQI mapping in Table 7 or (ii) 3 bits for PCl and rank and a 4-bit CQIl value for each transport block with separate
PClirank 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 CQl.

[0056] 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 CQlI 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.

[0057] 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 CQl reports at a slower rate, which may then
result in slower link adaptation speed.

[0058] In another design, the PCl and rank are sent on the uplink DPCCH and the CQl 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 PCl and rank.

[0059] FIG. 6 shows one design of sending the PCl and possibly the rank on the uplink DPCCH. The PCl and rank should be
sent on the uplink DPCCH at approximately the same time that the associated CQl 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 one CQI transmission on the HS-
DPCCH and three FBI bits in three slots on the uplink DPCCH.

[0060] In one design, the three FBI bits in one TTI are used to convey the selection of precoding matrix W1 or Wa, as shown in
Table 3. In this design, the three FBI bits may carry one information bit to indicate W4 or W5, 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 the different columns of the selected precoding
matrix may be provided with the CQI sent on the HS-DPCCH.

[0061] 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.

[0062] Various designs for reporting the PCI, rank and CQIl have been described above. To reduce impact to existing 3GPP
Release 6, the PCI, rank and CQIl may be combined into one X-bit PCI/CQI report, which may be encoded using a (20, X) block

11
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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.

[0063] Combining and sending the PCI, rank and CQl in one PCI/CQI report may provide certain advantages. First, the PCI, rank
and CQIl would be available together and may be used for scheduling decisions on data transmission. Second, combining the PCI,
rank and CQl may allow a variable number of CQl values for a variable number of transport blocks to be sent in each TTI with the
same X-bit report size. The same CQlI reporting delay may also be achieved regardless of whether one or two transport blocks are
preferred by the UE. Keep the reporting delay for CQl as small as possible may allow for better tracking of changes in the channel
conditions.

[0064] 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). CQl 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).

[0065] The PCl may comprise a precoding matrix or a precoding vector to use for the data transmission. The PCl 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 PCl. For example, the PCI may comprise a primary precoding vector for a primary transport block. A
secondary precoding vector for a secondary transport block, if sent, may be determined based on the primary precoding vector.

[0066] The CQl 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 CQIl 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.

[0067] 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 (i) at least two ranges of
a first size (e.g., 32 CQl levels) corresponding to at least two PCI values for one transport block and (i) at least one range of a
second size (e.g., 448 CQIl combinations) corresponding to at least one PCI value for multiple transport blocks, e.g., as shown in
Table 7. The PCI, rank and CQIl may also be combined in other manners or sent separately.

[0068] 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 PCl may also be sent on the uplink DPCCH, and the CQl and rank may be sent on the
HS-DPCCH, e.g., as shown in FIG. 6.

[0069] FIG. 8 shows a design of a process 800 for sending data transmission. A report comprising PCI, rank and CQIl 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 CQl value for one transport block may be obtained if the CQI falls within the first range. Two CQl
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 block may be precoded
based on the PCI (block 818). The PCI may comprise a precoding matrix or a precoding vector. The at least one transport block
may then be precoded based on the precoding matrix or vector from the PCIl. 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.

[0070] 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.

12
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[0071] 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.

[0072] 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 thereof 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, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction with a
DSP core, or any other such configuration.

[0073] 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.
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Patentkrav

1. Fremgangsmade omfattende:

bestemme forkodningsstyringsindikation (PCI) for datatransmission fra en
sender (110) til en modtager (120);

bestemme kanalkvalitetsindikation (CQI) for datatransmissionen;
danne en rapport baseret pd PCI’en og CQI’en;

sende rapporten til senderen (110); og kendetegnet ved at relatere
stgrrelsen og tallet af CQI’en til en rang for datatransmissionen.

2. Fremgangsmaden ifglge krav 1, hvor bestemmelsen af PCI’en omfatter at
veelge en forkodningsmatrix eller en forkodningsvektor til anvendelse til
datatransmissionen, og danne PCI’en til at omfatte den valgte forkodningsmatrix

eller forkodningsvektor.

3. Fremgangsmaéden ifglge krav 1, hvor bestemmelsen af PCI’en omfatter at
bestemme en primaer forkodningsvektor for en primaer transportblok til at sende
for datatransmissionen, og

danne PCI’en til at omfatte den primasre forkodningsvektor, og hvor en sekundaer
forkodningsvektor for en sekundaer transportblok, hvis sendt, bestemmes baseret
pa den primaere forkodningsvektor.

4. Fremgangsmaden ifglge krav 1, hvor bestemmelsen af CQI’en omfatter at
bestemme mindst en CQI-veerdi for mindst en transportblok til at sende for
datatransmissionen, og

danne CQI’er til at omfatte den mindst ene CQI-veerdi.

5. Apparat omfattende:

organ (230) til at bestemme forkodningsstyringsindikation (PCI) for
datatransmission fra en sender (110) til en modtager (120);
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organ (230) til at bestemme kanalkvalitetsindikation (CQI) for

datatransmissionen;
organ (230) til at danne en rapport baseret pa PCI’en og CQI’en;

organ (220) til at sende rapporten til senderen (110); og kendetegnet ved
at stgrrelsen og tallet af CQl’en er relateret til en rang for

datatransmissionen.

6. Apparatet ifglge krav 5, hvor organet (230) til at bestemme PCI’en omfatter
organ til at vaelge en forkodningsmatrix eller en forkodningsvektor til anvendelse
til datatransmissionen, og

organ til at danne PCI’en til at omfatte den valgte forkodningsmatrix eller

forkodningsvektor.

7. Apparatet ifglge krav 5, hvor organet (230) til at bestemme CQI’en omfatter
organ til at bestemme mindst en CQI-vaerdi for mindst en transportblok til at
sende for datatransmissionen, og

organ til at danne CQI’en til at omfatte den mindst ene CQI-vaerdi.

8. Computerprogramprodukt til lagring af instruktioner operabel i et brugerudstyr
(UE) (120), omfattende:

computer-laesbart medium omfattende:

kode til at foranledige en computer til at bestemme
forkodningsstyringsindikation (PCI) for datatransmission fra en sender
(110) til en modtager (120);

kode til at foranledige en computer til at bestemme kanalkvalitetsindikation

(CQI) for datatransmissionen

kode til at foranledige en computer til at danne en rapport baseret pa
PCI'en og CQI’en;
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kode til at foranledige en computer til at sende rapporten til senderen
(110); og kendetegnet ved kode til at foranledige en computer til at

relatere stgrrelsen og tallet af CQI til en rang for datatransmissionen.

5 9. Fremgangsmade omfattende:

modtage en rapport omfattende forkodningsstyringsindikation (PCI) og

kanalkvalitetsindikation (CQI);

bearbejde mindst en transportblok baseret pad CQl’en;

forkode den mindst ene transportblok baseret pa PCI’en; og kendetegnet
10 ved tallet og stgrrelsen af CQI’en er relateret til en rang for

datatransmissionen.

10. Fremgangsmaden ifglge krav 9, yderligere omfattende at:
bestemme en af flere omrader af vaerdier indenfor hvilke CQI’er falder; og

15 bestemme tallet af transportblokke foretrukket af en modtager baseret pa
det bestemte omrade af vaerdier for CQI’en.

11. Apparat omfattende:

organ (270) til at modtage en rapport omfattende
20 forkodningsstyringsindikation (PCI) og kanalkvalitetsindikation (CQI);

organ (270) til at bearbejde mindst en transportblok baseret pa CQl'en;

organ til at forkode den mindst en transportblok baseret pé PCI’en; og
kendetegnet ved at tallet og stgrrelsen af CQI’en er relateret til en rang for

datatransmissionen.

25
12, Apparatet ifglge krav 11, yderligere omfattende:
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organ (270) til at bestemme et af flere omrader af vaerdier indenfor hvilke
CQI’er falder; og

organ (270) til at bestemme antallet af transportblokke foretrukket af en

modtager baseret pd det bestemte omréde af vaerdier for CQI’en.

13. Computerprogramprodukt, omfattende:

computer-laesbart medium omfattende:

kode til at foranledige en computer til at modtage en rapport omfattende

forkodningsstyringsindikation (PCI) og kanalkvalitetsindikation (CQI);

kode til at foranledige en computer til at bearbejde mindst en transportblok

baseret pa CQl’en;

kode til at foranledige en computer til at forkode den mindst ene
transportblok baseret pa PCl’en; og kendetegnet ved at antallet og

stgrrelse af CQI'er relateret til et niveau for datatransmissionen.



DK/EP 2052468 T3

DRAWINGS

0z _
_ sg SpoN ¢ . ’ J8||onuo)

<P

red
0g}

woioy _° | washg
(14}
~A
00t .



DK/EP 2052468 T3

94
1058320.1d » M1ANL HADY » POWS] =i —p{ JOSS300.d
—» Gujeubis »f PN ] ] woo |t peealy | sueuss |3
3 eleq X1 VIao UAOH HIWL pezienb3 > geeaxy >
Yl red - 7 . = 7 A 7 Il
082 8 #52 812 0#2 biZ4 92
«—
1262 0zz
v v . y y
=
108S320.d J08s3a00.d e . - 1058300.d
Atowsi ev fi8||onuony * pUUBYD A.‘ : : oInpeLRs A.v J9|j04u0D vl Aowapy
I 7 73 el L~ 4 7
2z 022 89z e ¢z €z
Y . A 4 y A A
.A-l_ 108$320.d A-l 018190 A.-l powaq A” L MINL HADY Iv$ _pon A-| saddepy ‘.-l 108s8820.d Aﬂn
$| Bujeubg |} omn | ] wwao | % H owwao | eneds | # Buieubis | 3
] 3 eeqg xy e e j15zijenb3 e HADY YLAL [ o ¢ geeq XL [+
Il Fal el Il < I 7 rad
»9z 292 092 &5z 8842 9z viZ uz
+—>
_ 6252 e0zz .
0dr an 8 SPON oLt



DK/EP 2052468 T3

awig

€°9ld

e O[S G ~ ]
1

auy
awi)
! !
f4— L1 3O —»
suiy sdiyo gggxw >
- O# | pL# | L [ L | Lo# | O | 64 | O# | 2# | o | G# | v# | e# | 24 | \# | o#
g 10 [ 1os [ 101 | 1018 | 1o1s | o1 [ 1o | 1018 | 108 | 1018 | 1015 | 10I8 | 1018 [ 1018 | 101
OdL 14 104L 10ild

{ruyen)
HOOda-SH

{unumoq)
HOSAd-SH

(tuyumoq)
HOOS-SH

HOQda
wundn

HO0da
yundn



CQl Level for Transport Block #2

16
15
14
13
12
11
10

N W &d O O N

-

D Allowed CQI combination

Eliminated CQI combination

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
CQl Level for Transport Block #1

FIG. 4

DK/EP 2052468 T3



HS-DPCCH

HS-DPCCH

Uplink
DPCCH

H-ARQ ACK/NAK
1 Bit/ 2 Bits

ACKINAK
Channel Coding

PCI & CQI

10 Bits

l

Channel Coding,
e.g., {20, 10)
Modified RM Code

10 20
Code Bits Code Bits
h 4 A 4
Physical Physical
Channel Channel
Mapping Mapping
A 4 A 4
ACK/NAK cal
» Time
FIG. 5
-t One TTI >
ACK/NAK cal
e Time
Time
FBI bits tied to CQI &

FIG. 6

DK/EP 2052468 T3



700 800
C Start ) C Start )
¥ 12 ! 812

Determine PCI for data
transmission from a transmitter (e.g.,
a Node B) to a receiver (e.g., a UE)

+ T

Determine CQl for
the data transmission

¥ 716

Determine a rank indicative of
the number of transport blocks
to send for the data transmission

! 18

Form a report based on
the PCI, rank and CQI

v 120

| Send the report to the transmitter

!
( End

FIG.7

Receive a report comprising
PCI, rank and CQl

v 814

Determine the rank or number
of transport blocks to send for
the data transmission based on
one of multiple ranges of values
within which the CQll falls

v (816
Process (e.g., encode and modulate)
at least one transport block based on
at least one CQI value from the CQI
¥ (818

Precode the at least one
transport block based an a precoding
matrix or vector from the PCI

3
=

FIG. 8

DK/EP 2052468 T3



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

