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(57) Abrege(suite)/Abstract(continued):

arranged In at least one group, with each group Iincluding at least one FL carrier and one RL carrier. The terminal may receive
packets on the FL carrier(s) in each group and may send acknowledgements for the received packets via the RL carrier in that
group. The terminal may send channel quality indication (CQlIl) reports for the FL carrier(s) in each group via the RL carrier in that
group. The terminal may also transmit data on the RL carrier(s). The terminal may send designated RL signaling (e.g., to originate a
call) on a primary RL carrier and may receive designated FL signhaling (e.g., for call setup) on a primary FL carrier.
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ABSTRACT

Techniques for utilizing multiple carriers to substantially improve transmission capacity
are described. For multi-carrier operation, a terminal receives an assignment of multiple
forward link (FL) carriers and at least one reverse link (RL) carrier. The carriers may be
arranged in at least one group, with each group including at least one FL carrier and one
RL carrier. The terminal may receive packets on the FL carrier(s) in each group and may
send acknowledgements for the received packets via the RL carrier in that group. The
terminal may send channel quality indication (CQI) reports for the FL carrier(s) in each
group via the RL carrier in that group. The terminal may also transmit data on the RL
carrier(s). The terminal may send designated RL signaling (e.g., to originate a call) on a
primary RL carrier and may receive designated FL signaling (e.g., for call setup) on a
primary FL carrier.
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METHOD AND APPARATUS FOR HIGH RATE DATA
TRANSMISSION IN WIRELESS COMMUNICATION

Related Application

This application is a divisional of Canadian Patent Application

No. 2,602,826 filed March 29, 2006.

[0002]

[0003]

BACKGROUND
| Field

The present disclosure relates generally to communication, and more specifically

to techmques for high rate data transmission.

II. Background

Wireless communication systems are widely deployed to provide various
communication services such as voice, packet data, broadcast, messaging, and so on.
These systems may be multiple-access systems capable of Supporting communication

for multiple users, by sharing the available system resources. Examples of such

-~ multiple-access sy‘stems include Code Division Multiple Access (CDMA) systems,

[0004]

[0005]

Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, and Orthogonal Frequency Division Multiple Access (OFDMA)

systems.

Data usage for wireless communication systems continually grows due to

" increasing number of users as well as emergence of new applications with higher data

requirements. However, a given system typically has limited transmission capacity,
which is determined by the design of the system. A substantial increase in transmission
capacity 1s often realized by deploying a new generation or a new design of a system.
For example, the transition from second generation (2G) to third generation (3G) m

cellular systems provides substantial improvements in data rate and features. However,

new system deployment is capital intensive and often complicated.

There is therefore a need in the art for techniques to improve transmission

capacity of a wireless communication system in an efficient and cost effective manner.

1
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SUMMARY '

[0006] Techniques for utilizing muitiple carriers on the forward and/or reverse link to
significantly improve transmission capacity are described herem. These techniques may
be used for various wireless communication systems such as, €.g., a cdma2000 system.
These techniques may provide various benefits with relatively minor changes to existing
channe] structures designed for single-carrier operation.

[0007] According to an embodiment of the invention, an apparatus is described which

~ 1Includes at least one processor and a memory. The processor(s) receive an assignment
of multiple forward link (FL) carriers and at least one reverse link (RL) carrier. The
processor(s) thereafter receive data transmission on one or more of the multiple FL
carriers.

[0008] According to another embodiment, a method is provided in which an assignment
of multiple FL carriers and at least one RL carrier is received. Data transmission is
thereafter received on one or more of the multiple FL carriers.

[0009] According to yet another embodiment, an apparatus is described which includes
means for receiving an assignment of multiple FL carriers and at least one RL carrier,
and means for recerving data transmission on one or more of the multiple FL carriers.

[0010] According to yet another embodiment, an apparatus is described which includes
at least one processor and a memory. The processor(s) obtain acknowledgements for
packets received on multiple data channels (e.g., F-PDCHs), channelize the
acknowledgement for each 'data channel with an orthogonal code assigned to the data
channel to generate a symbol sequence for the data channe'l, and generate modulation
symbols for an acknowledgement channel (e.g., R-ACKCH) based on the symbol
sequences for the multiple data channels.

[0011] According to yet another embodiment, a method is provided in which
acknowledgements are obtained for packets received on multiple data channels. The
acknowledgement for each data channel is channelized with an orthogonal code
assigned to the data channel to generate a symbol sequence for the data channel.
Modulation symbols for an acknowledgement channel are generated based on the
symbol sequences for the multiple data channels.

[0012] According to yet another embodiment, an apparatus is described which includes
means for obtaining acknowledgements for packets received on multiple data channels,

means for channelizing the acknowledgement for each data channel with an orthogonal
2
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[0013]

[0014]

[0015]

[0016]

[0017)

[0018]

code assigned to the data channel to generate a symbol sequence for the data channel,

and means for generating modulation symbols for an acknowledgement channel based
on the symbol sequences for the multiple data channels.

According to yet another embodiment, an apparatus is described which includes
at least one processor and a memory. The processor(s) obtain full channel quality
indication (CQI) reports for multiple FL carriers, with each full CQI report indicative of
recerved signal quality for one FL carrier. The processor(s) send the full CQI reports
for the multiple FL carriers in different time intervals on a CQI channel (e.g., R-
CQICH). |

According to yet another embodiment, a method is provided in which full CQI
reports for multiple FL carriers are obtained, with each full CQI report indicative of
received signal quality for one FL carrier. The full CQI reports for the multiple FL
carriers are sent in different time intervals on a CQI channel.

According to yet another embodiment, an apparatus is described which includes
means for obtaining full CQI reports for multiple FL carriers, with each full CQI report
mdicative of received signal quality for one FL carrier, and means for sending the full
CQI reports for the multiple FL carriers in different time intervals on a CQI channel.

According to yet another embodiment, an apparatus is described which includes
at least one processor and a memory. The processor(s) operate in a control-hold mode
that allows for transmission of a gate pilot, receive a data channel (e.g., P-PDCH) sent
on the forward link while 1n the control-hold mode, transmit a gated pilot on a reverse
Link 1f no other transmissions are being sent on the reverse link, and transmit a full pilot
on the reverse link 1f a transmission is being sent on the reverse link.

According to yet another embodiment, a method is provided in which a terminal
1s operated 1 a control-hold mode that allows for transmission of a gate pilot. A data
channel sent on a forward link is received while in the control-hold mode. A gated pilot
is transmitted on the reverse link if no other transmissions are being sent on the reverse
Ink. A full pilot is transmitted on the reverse link if a transmission is being sent on the
reverse link.

According to yet another embodiment, an apparatus is described which includes
means for operating in a control-hold mode that allows for transmission of a gated pilot,

means for receiving a data channel sent on the forward link while in the control-hold

mode, means for transmitting a gated pilot on the reverse link if no other transmissions
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are being sent on the reverse link, and means for transmitting a full pilot on the reverse link if

a transmission is being sent on the reverse link.

[0018a] According to an aspect of the invention, there is provided an apparatus to
improve capacity for high rate data transmission in a wireless communication system for
existing channel structures using a software or firmware upgrade, the apparatus comprising:
at least one processor configured to obtain full channel quality indication (CQI) reports
corresponding to use of multiple Forward-Packet Data Channels (F-PDCHSs) on multiple
torward link (FL) carriers, each full CQI report indicative of received signal quality for one
FL carrier, and to send the full CQI reports for the multiple FL carriers in different time
intervals on a CQI channel using a Reverse Channel Quality Indication Channel (R-CQICH)
structure, and wherein the R-CQICH structure is backward compatible with the wireless
communication system so that existing hardware may be reused, wherein the at least one
processor 1s configured to obtain differential CQI reports for the multiple FL carriers for a
particular time interval, to jointly encode the differential CQI reports for the multiple FL
carriers to obtain a codeword, and to send the codeword in the backward compatible

R-CQICH structure on the CQI channel in the particular time interval; and a memory coupled

to the at least one processor.

[0018Db] According to another aspect of the invention, there is provided a method to
improve capacity for high rate data transmission on a wireless communication system for
existing channel structures using a software or firmware upgrade, the method comprising:

obtaining full channel quality indication (CQI) reports corresponding to use of multiple
IForward-Packet Data Channels (F-PDCHSs) on multiple forward link (FL) carriers, each full
CQI report indicative of received signal quality for one FL carrier; sending the full CQI
reports for the multiple FL carriers in different time intervals on a CQI channel using a

Reverse Channel Quality Indication Channel (R-CQICH) structure, and wherein the R-
CQICH structure 1s backward compatible with the wireless communication system so that
existing hardware may be reused; obtaining differential CQI reports for the multiple FL
carriers for a particular time interval; jointly encoding the differential CQI reports for the

multiple FL carriers to obtain a codeword; and sending the codeword in the backward

compatible R-CQICH structure on the CQI channel in the particular time interval.
4
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[0018¢] According to a further aspect of the invention, there is provided an apparatus to
improve capacity for high rate data transmission in a wireless communication system for
existing channel structures using a software or firmware upgrade, the apparatus comprising:
means for obtaining full channel quality indication (CQI) reports corresponding to use of
multiple Forward-Packet Data Channels (F-PDCHs) on multiple forward link (FL) carriers,
each full CQI report indicative of received signal quality for one FL carrier; means for
sending the full CQI reports for the multiple FL carriers in different time intervals on a CQI
channel using a Reverse Channel Quality Indication Channel (R-CQICH) structure, and
wherein the R-CQICH structure is backward compatible with the wireless communication
system so that existing hardware may be reused; means for obtaining differential CQI reports
for the multiple FL carriers for a particular time interval; means for jointly encoding the
differential CQI reports for the multiple FL carriers to obtain a codeword; and means for
sending the codeword in the backward compatible R-CQICH structure on the CQI channel in

the particular time interval.

[0018d] According to still a further aspect of the invention, there is provided an
apparatus improving the capacity for high data rate transmission in a wireless communication
system with a structure for higher data rates comprising: a) at least one processor configured
to receive an assignment of multiple forward link (FL) carriers and at least one reverse link
(RL) carrier, and thereafter to receive data transmission on one\ or more of the multiple FL
carriers; and b) a memory coupled to the at least one processor; wherein a Reverse Channel
Quality Indication Channel (R-CQICH) carries channel quality measurements for the multiple
forward link carriers using a structure backward compatible with the wireless communication

system so that existing hardware may be reused, wherein the at least one processor is

configured to obtain differential CQI reports for the multiple FL carriers for a particular time
interval, to jointly encode the differential CQI reports for the multiple FL carriers to obtain a
codeword, and to send the codeword in a backward compatible structure on the R-CQICH

channel in the particular time interval.

[0018e] According to yet another aspect of the invention, there 1s provided a method to

improve capacity for high rate data transmission in a wireless communication system

comprising: a) recetving an assignment of multiple forward link (FL) carriers and at least one
4a
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reverse link (RL) carrier; b) receiving data transmission on one or more of the multiple FL
carriers; ¢) obtaining differential CQI reports for the multiple FL carriers for a particular time
interval; d) jointly encoding the differential CQI reports for the multiple FL carriers to obtain
a codeword; and e) sending the codeword in a structure that is backward compatible with the
wireless communication system on a Reverse Channel Quality Indication Channel (R-
CQICH) channel in the particular time interv'al, wherein the R-CQICH channel carries

channel quality measurements for the multiple forward link carriers using the backward

compatible structure so that existing hardware may be reused.

[0019] Various aspects and embodiments of the invention are described in further

detail below.

4b
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~ BRIEF DESCRIPTION OF THE DRAWINGS

- {0020} FIG. 1 shows a wireless communication system.
[0021] FIG. 2 shows an exemplary data transmission on the forward link in cdma2000.
[0022] FIG. 3 shows an exemplary multi-carrier structure. '
[0023] FIG. 4A shows an R-ACKCH structure in cdma2000 revision D.
[0024] . FIGS. 4B and 4C show a new R-ACKCH structure that can .support up to three
and seven R-ACKCHs, respectively, for multiple FL carmers.
[0025] FIG. 5A shows an R-CQICH structure in cdma2000 revision D.
[0 026]‘  FIG. 5B shows a new R-CQICH structure that can support multiple FL carners.
[0027] FIGS. 6A through 6E show exemplary transmissions 6n the new R-CQICH.
[0028] FIG. 7 shows transmission of full and gated pilots on'an R-PICH.
[0029] FIG. 8 shows a procéss performed by a terminal for multi-carrier operation.
[0030] FIG. 9 shows a pfo.cess fof sencihlg-aCknowledgements.
(0031] FIG. 10 shows a process for sending CQI reports.
| [0032] FIG. 11 shows a process for reducing pilot overhead for multi-carrier operation.
[0033] FIG. 12 shows a block diagram of a base station and a terminal.
DETAILED DESCRIPTION
[0034] The word “exemplary” 1s used herein to mean “serving as an example, instance,

- or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.
[0035] FIG. 1 shows a wireless communication system 100 with mﬁlﬁple base stations
110 and multiple termiinals 120. A ‘base station is genémlly a fixed station that
-~ communicates with the terminals and may also be referred to as an access point, a Node.
B, a base transceiver sub§ystmn (BTS), and/or some other terminology. RBach base
station 110 provides communication ‘coire;age fo;a particular geographic area 102. The
term “cell” can refer to a base station and/or its cpvemge area depending on the context
in which the term is used. To improve system capacity, a base sfation coverage area

may be partitioned into multiple smaller areas, e.g., three smaller areas 104a, 104b, and -

4c
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104c. The term “sector” can refer to a fixed station that serves a smaller area and/or its
coverage area depending on the context in which the term is used. For a sectorized cell,
a base station typically serves all sectors of the cell. The transmission techniques
described herein may be used for a system with sectorized cells as well as a system with
un-sectorized cells. For simplicity, in the following description, the term “base station”
1s used generically for a fixed station that serves a sector as well as a fixed station that
serves a cell.

[0036] Terminals 120 are typically dispersed throughout the system, and each terminal
-may be fixed or mobile. A terminal may also be referred to as a mobile station, a user
equipment, or some other terminology. A terminal may be a cellular phone, a personal
digital assistant (PDA), a wireless device, a handheld device, a wireless modem, and so
on. A termmal may communicate with zero, one, or multiple base stations on the
forward and/or reverse link at any given moment. The forward link (or downlink) refers
to the communication link from the base stations to. the terminals, and the reverse link
(or uplink) refers to the communication link from the terminals to the base stations.

[0037] A system controller 130 couples to base stations 110 and provides coordination
and control for these base stations. System controller 130 may be a single network
enfity or a collectidn of network entities.

[0038] The transmission techmques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA and OFDMA systems. A
CDMA system may implement one or more radio technologies such as cdma2000,
Wideband-CDMA (W-CDMA), and so on. c¢dma2000 covers IS-2000, IS-856, IS-95,
and other standards. A TDMA system may implement a radio technology such as
Global System for Mobile Communications (GSM). These various radio technologies
and standards are known 1n the artt W-CDMA and GSM are described in documents
from a consortium named “3rd Generation Partnership Project” (3GPP). c¢dma2000 is
described n documents from a consortium named “3rd Generation Partnership Project
2”7 (3GPP2). 3GPP and 3GPP2 documents are publicly available. For clarity, the
transmission techniques are specifically described below for a cdma2000 system, which
may be a “CDMA 1x-EVDV?”, “CDMA 1x”, “CDMA 1x-EVDO” and/or “1x” system.

[0039] cdma2000 defines various data and control channels that support data
transmission on the forward and reverse hinks. Table 1 lists some data and control
channels for the forward and reverse links and provides a short description for each

channel. In the description herem, prefix “F-” denotes a channel for the forward link
s ,
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and prefix “R-” denotes a channel for the reverse link. The channels are described in
detail in “TIA/EIA IS-2000.2 Physical Layer Standard for cdma2000 Spread Spectrum
Systems, Release D” (hereinafier, TIA/EIA 1S-2000.2) and “TIA/EIA. IS-2000.3
Medium Access Control (MAC) Standard for cdma2000 Spread Spectrum Systems,
Release D (hereinafter, TIA/EIA IS-2000.3), both from Telecommunications Industry
Association, dated 2004, and publicly available. cdma2000 revision D is also referred

to as 15-2000 revision D, or simply “Rev D”. The data and control channels are also

described 1n other standard documents for cdma2000.

Table 1

Channel Descrlptlon

Forward Packet Data Channel - used to send packet data to

F-PDCH | specific terminals in a time division multiplexed (TDM)
manner.

| F-PDCCH Forward Packet Data Control Channel - carries control data for
FOI'}” ard an assocmted F-PDCH. |

Link
F-ACKCH Forward Acknowledgement Channel - carries feedback for
transmissions recetved on the R-PDCH.

F-GCH Forward Grant Channel - used by a base station to grant a
terminal permission to transmit on the R-PDCH.

R-PDCH Reverse Packet Data Channel - used to send packet data to a
base station.

Reverse Acknowledgement Channel - carries feedback for
transmissions received on the F-PDCH.

Reverse . .. :
Link | R-COICH Reverse Channel Quality Indication Channel - carries channel

quality measurements for the forward link.

R-PICH | Reverse Pilot Channel cames a pilot on the reverse link.
Reverse Request Channel used by a termunal to request a
R-REQCH higher data rate for the R-PDCH.

[0040] In general, the F-PDCH, F-PDCCH, R-ACKCH and R-CQICH are used for data
transmission on the forward link. The R-PDCH, R-REQCH, R-PICH, F-ACKCH and

F-GCH are used for data transmission on the reverse link. In general, each channel may

carry control information, data, pilot, other transmission, or any combination thereof.

[0041] FIG. 2 shows an exemplary data transmission on the forward link in cdma2000.

A base station has data packets to send to a terminal. The base station processes each
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[0042]

data packet to generate a coded packet and further partitions the coded packet into
multiple subpackets. Each subpacket contains sufficient information to allow the
terminal to decode and recover the packet under favorable channel conditions.

The base station transmits the first subpacket Al for packet A on the F-PDCH in
two slots starting at time T;. A slot has a duration of 1.25 milliseconds (ms) in
cdma2000. The base station also transmits on the F-PDCCH a 2-slot message that
indicates that the transmission on the F-PDCH is for the terminal. The terminal receives

and decodes subpacket Al, determines that packet A is decoded in error, and sends a
negative acknowledgement (NAK) on the R-ACKCH at time T>. In this example, the

- ACK delay 1s 1 slot. The base station transmits the first subpacket B1 for packet B on

[0043]

[0044]

the F-PDCH 1n four slots starting at ttime T3. The base station also transmits on the F-
PDCCH a 4-slot message that indicates that the transmission on the F-PDCH is for the

terminal. The terminal receives and decodes subpacket B1, determines that packet B is

“decoded correctly, and sends an acknowledgement (ACK) on the R-ACKCH at time Ts.

The base station transmits the second subpacket A2 for packet A on the F-PDCH in one
slot starting at ttme Ts. The terminal receives subpacket A2, decodes subpackets Al
and A2, determines that packet A is decoded in error, and sends a NAK on the R-
ACKCH at time Tk.

The terminal also periodically measures the channel quality for base stations that
can potentially transmit data to the terminal. The terminal identifies the best base
station and sends full and differential (Diff) channel quality indication (CQI) reports on
the R-CQICH, as described below. The CQI reports are used to select the most suitable
base station to send data to the terminal as well as a suitable data rate for data
transmission.

In cdma2000, a base station spectrally spreads data with a pseudo-random
number (PN) sequence at a rate of 1.2288 megachips/second (Mcps). The base station
modulates a Carrier signal with the spread data and generates a radio frequency (RF)
modulated signal having a bandwidth of 1.2288 MHz. The base station then transmits
the RF modulated signal at a specific center frequency on the forward link. This is
referred to as single-carrier CDMA since a single carrier is modulated with data. The
capacity of the forward link is determined by the number of data bits that may be
reliably sent in the 1.2288 MHz RF modulated signal. On the reverse link, a terminal
also spectrally spreads data with a PN sequence at 1.2288 Mcps and transmits the

spread data at a specific carrier frequency. The capacity of the reverse link is

7
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[0045]

[0046]

[0047)

[0048]

[0049]

determined by the number of data bits that may be reliably sent on a data channel
assigned to the terminal.

In an aspect, multiple carriers are utilized on a link to achieve significant
capacity improvement on that link. In an embodiment, a chip rate of 1.2288 Mcps is
used for each of the multiple carriers, which 1s the same chip rate used for single-carrier
CDMA. This allows hardware designed for single-carrier CDMA to also support multi-
carrier CDMA.

FIG. 3 shows a diagram of an embodiment of a multi-carrier structure 300. In
this embodiment, K carriers are available on the forward link, and M carriers are
available on the reverse link, where K>1 and M >1. A forward link (FL) carrier is a
carrier on the forward link, and a reverse link (RL) carrier 1s a carrier on the reverse
link. A camrier may also be referred to as an RF channel, a CDMA channel, and so on.
The K FL carmmers and M RL carriers are arranged in G groups, where G>1. In
general, any number of carrier groups may be formed, and each group may include any
number of FL carriers and' any number of RL carriers.

In the embodiment shown 1n FIG. 3, each carrier group includes at least one FL
carrier and one RL carrier, so that G=M and K>M. As shown in FIG. 3, carrier

group 1 includes FL carriers 1 through N; and RL carrier 1, carrier group 2 includes FL
carriers N, +1 through N, + N, and RL carmier 2, and so on, and carrier group M

includes FL carriers K—N,, +1 through K and RL carrier M. In general, N; through
Nm may be the same or different. In an embodiment, N_ <4, for m=1,..., M, and up

to four FL carriers may be associated with a single RL carrier in each carrier group.

Multi-carrier structure 300 supports various system configurations. A
configuration with multiple FL carriers and multiple RL camers may be used for high
rate data transmission on both the forward and reverse links. A configuration with
multiple FL carriers and a single RL carrier may be used for high rate data transmission
on the forward link. A configuration with a single FL carrier and multiple RL carriers
may be used for high rate data transmission on the reverse link. A suitable
configuration may be selected for a terminal based on various factors such as the
avatlable system resources, data requirements, channel conditions, and so on.

In an embodiment, the FL and RL carriers have different significance. For each
group, one (e.g., the first) FL carrier in the group 1s designated as a group FL primary,
and each remaining FL carrier (if any) in the group is designated as a group FL

8
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auxiliary. One (e.g., the first) FL camer among the K FL carriers is designated as a
primary FL carrier. Similarly, one (e.g., the first) RL carrier among the M RL carriers
1s designated as a primary RL carrier.

[0050] A terminal may be assigned any number of FL carriers, one of which is
designated as the primary FL carrier for that terminal. A terminal may also be assigned
any number of RL. carriers, one of which 1s designated as the primary RL carrier for that
terminal. Different terminals may be assigned different sets of FL and RL carmers.
Furthermore, a given termihal may be assigned different sets of FL. and RL carmers over
time based on various factors such as those noted above.

[005]] In an embodiment, a terminal uses the primary FL and RL carmmers for the

following functions:

e Originate a call on the primary RL carrier,
e Receive signaling during call setup on the primary FL carrier,
e Perform Layer 3 signaling handoff procedure on the primary FL carrier, and

e Select a serving base station for FL transmission based on the primary FL carrier.

[0052] In an embodiment, the group FL primary in each camrier group controls the RL
carrier 1n that group. The group FL primary may be used for the following functions:

e Send power control for the R-PICH,

e Send rate control for the R-PDCH,

 Send acknowledgements (on the F-ACKCH) for reverse link transmissions,
¢ Send MAC control messages (on the F-PDCCH) to the terminal, and

e Send forward grant messages (on the F-GCH) to the terminal.

[0053] The data and control channels m cdma2000 revision D are designed for data
transmission on a single carrier. Some of the control channels may be modified to
support data transmission on multiple carriers. The modifications may be such that (1)
the modified control channels are backward compatible with the control channels in
¢dma2000 revision D and (2) the new changes may be easily implemented, e.g., in
software and/or firmware, which may reduce impact on hardware design.

- [0054] A base station may transmit data on the forward link on any number of FL

carriers 1n any number of carrier groups to a terminal. In an embodiment, the RL carrier

in each group carries the R-ACKCH and R-CQICH that support all of the FL carriers in
that group. In this embodiment, the R-ACKCH carries acknowledgements for packets
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[0055]

[0056]

[0057]

[0058]

{00591

received on the F-PDCHs for all FL carriers 1n the group. The R-CQICH provides CQI
feedback for all FL carmers in the group.

1. RF-ACKCH

In another aspect, a new R-ACKCH structure that can support data transmission
on multiple FL carriers is described. A terminal may be monitoring multiple FL carriers
In a given group while fransmitting on a single RL carrier, as shown in FIG. 3. The
terminal may receive multiple packets on multiple F-PDCHs sent on these multiple FL
carriers. The terminal may acknowledge these multiple packets via a single R-ACKCH

~sent on the single RL carrier. The R-ACKCH may be designed with the capability to

carry acknowledgments for one or multiple packets, depending on the number of FL
carriers being received.

FIG. 4A shows a block diagram of an R-ACKCH structure 410 used in
cdma2000 revision D. An R-ACKCH bit is generated in each 1.25 ms framé, which 1s
one slot. This R-ACKCH b1t may be (1) an ACK if a packet is decoded correctly, (2) a
NAK 1if a packet is decoded in error, or (3) a null bit if there is nc; packet to
acknowledge. The R-ACKCH bit 1s repeated 24 times by a symbol repetition unit 412
to generate 24 identical modulation symbols, which are further processed and
transmitted on the R-ACKCH.

FIG. 4B shows a block diagram of an embodiment of a new R-ACKCH
structure 420 that can support up to four R-ACKCHs for up to four FL carriers. The
four R-ACKCHs may also be considered as four sub-channels of a single R-ACKCH
and may be called Reverse Acknowledgemeﬁt Sub-Channels (R-ACKSCHs). In the
following description, the acknowledgement channel for each FL carrier is referred to as
an R-ACKCH instead of an R-ACKSCH.

FIG. 4B shows a case 1n which three R-ACKCHs are used for three FL carriers,
which are referred to as CDMA. channels 0, 1 and 2. The R-ACKCH for each CDMA
channel is implemented with a respective set of signal point mapping unit 422, Walsh
cover unit 424, and repetition unit 426. CDMA channels 0, 1 and 2 are assigned 4-chip

Walsh codes of W, W' and W, respectively. The Walsh codes are also referred to

as Walsh functions or Walsh sequences and are defined in TIA/EIA 1S-2000.2.
~An R-ACKCH bit is generated in each 1.25 ms frame (or slot) for each CDMA

channel. For CDMA channel 0, signal point mapping unit 422a maps the R-ACKCH bit

10
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[0060]

[0061]

[0062]

[0063]

for CDMA channel 0 to a value of +1, -1, or O depending on whether the R-ACKCH bit
1s an ACK, a NAK, or a null bit, respectively. Walsh cover unit 424a covers the

mapped value with the 4-chip Walsh code W, assigned to CDMA channel 0. The

Walsh covering is achieved by (1) repeating the mapped value four times and (2)
multiplying the four identical values with the four chips of Walsh code W, to generate

a sequence of four symbols. Repetition unit 426a repeats the 4-symbol sequence six
times and generates a sequence of 24 symbols for CDMA channel 0. The processing for
CDMA channels 1 and 2 proceeds in similar manner as CDMA channe] 0.

In each slot, a summer 428 sums the three 24-symbol sequences from repetition
units 426a, 426b and 426¢ for CDMA channels 0, 1 and 2, respectively, and provides 24
modulation symbols for the slot. These modulation symbols are further processed and
transmitted. A base station is able to recover the R-ACKCH bit for each CDMA
channel by performing the complementary decovering with the Walsh code assigned to
that CDMA channel.

FIG. 4C shows a block diagram of an embodiment of a new R-ACKCH

-structure 430 that can support up to eight R-ACKCHs, e.g., for up to eight FL carriers.

FIG. 4C shows a case in which seven R-ACKCHs are used for seven FL carriers, which
are referred to as CDMA channels 0 through 6. The R-ACKCH for each CDMA
channel 1s implemented with a respective set of signal point mapping unit 432, Walsh

cover unit 434, and repetition unmit 436. CDMA channels 0 through 6 are assigned 8-
chip Walsh codes of W, through W, , respectively, which are defined in TIA/EIA IS-

2000.2.

For each CDMA channel, signal point mapping unit 432 maps the R-ACKCH
bit for that CDMA channel to a value of +1, -1, or 0. Walsh cover unit 434 covers the
mapped value with the 8-chip Walsh code assigned to that CDMA channel and provides
a sequence of eight symbols. Repetition unit 436 repeats the 8-symbol sequence three
times and generates a sequence of 24 symbols for the CDMA channel. In each slot, a
summer 438 sums the seven 24-symbol sequences from repetition units 436a through
436g for CDMA channels 0 through 6, respectively, and provides 24 modulation
symbols for the slot. These modulation symbols are further processed and transmitted.

FIGS. 4B and 4C show exemplary R-ACKCH structures 420 and 430 that
support multiple R-ACKCHs and are backward compatible with the current R-ACKCH
structure 410 shown in FIG. 4A. If only one CDMA channel is being received, then the
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[0064]

[0065]

[0066]

[0067]

R-ACKCH bats for this CDMA channel may be processed with Walsh code W(f or Wy,

and the R-ACKCH bits for all other CDMA channels may be set to null bits. The
output of summer 428 or 438 would then be identical to the output of repetition unit 412
in FIG. 4A. Additional CDMA channels may be supported by sending the R-ACKCH
bits for these additional CDMA channels using other Walsh codes. The repetition factor
1s reduced from 24 down to either 6 or 3 depending on the Walsh code length.

The R-ACKCH structures shown in FIGS. 4B and 4C allow for recovery of the
R-ACKCH bits using hardware designed for the R-ACKCH structure shown in FIG.
4A. The hardware may generate 24 received symbols for the R-ACKCHs in each slot.
The decovering of these 24 received symbols with Walsh codes may be performed in
software and/or firmware, which may reduce the impact of upgrading a base station to
support multi-carrier operation.

Multiple R-ACKCHs may also be implemented with other structures, and this is
within the scope of the present invention. For example, multiple R-ACKCHs may be

time division multiplexed and sent in different intervals of a given slot.

2. R-COICH
In yet another aspect, a new R-CQICH structure that can support CQI feedback

for multiple FL cammers 1s described. A terminal may be monitoring multiple FL
carriers in a given group while transmitting on a single RL carrier, as shown in FIG. 3.
These multiple FL carriers may observe different channel conditions (e.g., different

fading characteristics) and may achieve different received signal qualities at the

“terminal. It 1s desirable for the terminal to provide CQI feedback for as many of the

assigned FL carrers as possible so that the system can select the proper FL carrier(s) to
send data as well as a suitable rate for each selected FL carrier. If the system

configuration includes a single RL carrier, then the terminal may send CQI feedback for

~all FL carriers on a single R-CQICH via the single RL carrier. The R-CQICH may be

designed with the capability to carry CQI feedback for one or multiple FL carriers.

In cdma2000 revision D, the R-CQICH may operate in one of two modes, a ﬁ111
mode or a differential mode, in each 1.25 ms frame (or slot). In the full mode, a full
CQI report composed of a 4-bit value is sent on the R-CQICH. This 4-bit CQI value
conveys the received signal quality for one CDMA channel. In the differential mode, a
differential CQI report composed of a 1-bit value is sent on the R-CQICH. This 1-bit
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[0068]

[0069]

[0070]

[0071]

CQI value conveys the difference 1n received signal quality between the current and
prior slots for one CDMA channel. The full and differential CQI reports may be
generated as described in TIA/EIA IS-2000.2.

FIG. 5A shows a block diagram of an R-CQICH structure 510 used in
cdma2000 revision D. A 4-bit or 1-bit CQI value may be generated in each 1.25 ms
frame (or slot) for a CDMA channel, depending on whether the full or differential mode
1s selected. A 4-bit CQI value 1s also referred to as a CQI value symbol. A 1-bit CQI
value 1s also referred to as a differential CQI symbol. A 4-bit CQI value is encoded
with a (12, 4) block code by a block encoder 512 to generate a codeword with 12
symbols. A 1-bit CQI value 1s repeated 12 times by a symbol repetition unit 514 to
generate 12 symbols. A switch 516 selects either the output of block encoder 512 for
the full mode or the output of repetition unit 514 for the differential mode.

A CQI report may be sent to a specific base station by covering the report with a
Walsh code assigned to that base station. A Walsh cover unit 518 receives a 3-bit
Walsh code for a base station selected to serve the terminal and generates a
corresponding 8-chip Walsh sequence. Unit 518 also repeats the 8-chip Walsh
sequence 12 times and provides 96 Walsh chips in each slot. A modulo-2 adder 520
adds the symbols from switch 516 with the output of Walsh cover unit 518 and provides
96 modulation symbols in each slot. Walsh cover unit 518 and adder 520 effectively
cover each symbol from switch 516 with the 3-bit Walsh code for the selected base
station. A signal point mapping unit 522 maps each modulation symbol to a value of +1

or -1. A Walsh cover unit 524 covers each mapped value from unit 522 with a Walsh

code of W, and provides output symbols, which are further processed and transmitted

on the R-CQICH.
The new R-CQICH structure can support the full and differential modes for one

or multiple FL camers. In an embodiment, full CQI reports for different FL carriers in
a group are sent m different slots in a TDM manner. In an embodiment, differential
CQI reports for all FL carriers 1n the group for a given slot are jointly encoded and sent
together 1n the slot. The joint encoding of differential CQI reports is more efficient than
separate encoding of individual differential CQI reports.' The repetition in block 514 is
replaced by more efficient coding.

FIG. 5B shows a block diagram of an embodiment of a new R-CQICH structure
530 that can provide CQI feedback for multiple CDMA channels. In this embodiment,

13



CA 02730326 2011-02-03

WO 2006/105308 PCT/US2006/011669

a 4-bit CQI value for one CDMA channel 1s encoded with a (12, 4) block code by a
block encoder 532 to generate a codeword with 12 symbols. N 1-bit CQI values for N
CDMA channels are jointly encoded with a (12, N) block code by a block encoder 534

to generate a codeword with 12 symbols. The rate (R) of a block code is equal to the
number of input bits over the number of output bits, or R <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>