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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
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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
eroup 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.

BACKGROUND
L. Field
[0002] The present disclosure relates generally to communication, and more specifically
to techniques for high rate data transmission.
/
II. Background
[0003] Wireless communication systems are widely deployed to provide vanous

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 sharihg the available system resources. Examples of such
- multiple-access S};stems include Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, and Orthogonal Frequency Division Multiple Access (OFDMA)

systems.

[0004] 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 is 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.

[0005] There is therefore a need in the art for techniques to improve fransmission

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

1
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SUMMARY

[0006] Technmques for utilizing multiple cammers on the forward and/or reverse link to
significantly improve transmission capacity are described herein. 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
channel structures designed for single-carner operation.

[0007] According to an embodiment of the invention, an apparatus 1s described which

~ 1ncludes 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
CaIT1ers. '

[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 1s described which includes
means for receiving an assignment of multiple FL carriers and at least one RL carrier,
and means for receiving 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 achoWledgements 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 cha.nnel, 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 channoels. 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



CA 02730364 2011-02-03

WO 2006/105308 PCT/US2006/011669

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.

[0013] 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 camers, with each full CQI report indicative of
received 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).

[0014] 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 carmier. The full CQI reports for the multiple FL

. carriers are sent in different time intervals on a CQI channel.

[0015] According to yet another embodiment, an apparatus is described which includes
means for obtammg full CQI reports for multiple FL carriers, with each full CQI report
indicative 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.

[0016] According to yet another embodiment, an apparatus 1s 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 if a transmission is being sent on the reverse link. '

[0017] According to yet another embodiment, a method is provided in which a terminal
1s operated 1n 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
1s transmitted on the reverse link if no other transmissions are being sent on the reverse
Iink. A full pilot is transmitted on the reverse link if a transmission is being sent on the
reverse link. . |

[0018] 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
Iink 1f a transmission is being sent on the reverse link.

Various aspects and embodiments of the invention are described in further detail

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a wireless communication system.
FIG. 2 shows an exemplary data transmission on the forward link in cdma2000.
FIG. 3 shows an exemplary multi-carner structure.
FIG. 4A shows an R-ACKCH structure in cdma2000 revision D.
FIGS. 4B and 4C show a new R-ACKCH sfructure that can support up to three

and seven R-ACKCHs, respectively, for multiple FL carmers.

FIG. 5A shows an R-CQICH structure in cdma2000 revision D.

FIG. 5B shows a new R-CQICH structure that can support multiple FL carmiers.
FIGS. 6A through 6E show exemplary transmissions on the new R-CQICH.
FIG. 7 shows transmission of full and gated pilots on an R-PICH.

FI1G. 8 shows a process performed by a terminal for multi-carrier operation.
FIG. 9 shows a process for sending acknowledgements.

FIG. 10 shows a process for sending CQI reports.

FIG. 11 shows a process for reducing pilot overhead for multi-carrier operation.

FIG. 12 shows a block diagram of a base station and a terminal.

DETAILED DESCRIPTION

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.

FIG. 1 shows a wireless communication system 100 with multiple base stations

110 and multiple terminals 120. A base station is generally a fixed station that
communicates with the terminals and may also be referred to as an access point, a Node
B, a base transceiver subsystemm (BTS), and/or some other terminology. Each base
station 110 provides communication coverage for a particular geographic area 102. The
term “cell” can refer to a base station and/or its coverage area depending on the context
in which the term is used. To improve system capacity, a base stétion coverage area

may be partitioned into multiple smaller areas, e.g., three smaller areas 1042, 104b, and

4
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[0036]

[0037]

[0038]

[0039]

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.

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 wﬁeless modem, and so
on. A terminal 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 Iink 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.

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
entity or a collectidn of network entities.

The transmission techniques 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. cdma2000 covers 1S-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 art. W-CDMA and GSM are described in documents
from a consortium named “3rd Generation Partnership Project” (3GPP). cdma2000 is
described 1 documents from a consortium named “3rd Generation Partnership Project
27 (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-EVDQ” and/or “1x” system.

'cdma2000 defines various data and control channels that support data
transmission on the forward and reverse links. 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 herein, prefix “F- denotes a channel for the forward link

S



CA 02730364 2011-02-03

WO 2006/105308 PCT/US2006/011669

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” (hereinafter, TIA/EIA 1S-2000.2) and “TIA/EIA 1S-2000.3
Medium Access Control (MAC) Standard for ¢dma2000 Spread Spectrum Systems,
Release D (hereinafter, TIA/EIA IS5-2000.3), both from Telecommunications Industry
Association, dated 2004, and publicly available. cdma2000 revision D is also referred

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

described 1n other standard documents for cdma2000.

Table 1

P— i ——

A

Channel Description

Forward Packet Data Channel - used to send ;-)acklet data;;
-specific terminals in a time division multiplexed (TDM)
manmner.

E-PDCCH Forward Packet Data Control Channel - carries contro!l data for

For.ward an associated F-PDCH.
Link ' ' | -

F-ACKCH Forward Acknowledgement Channel - carries feedback for
transxmssmns recewed on the R-PDCH

P ————

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

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

R-ACKCH Reverse Acknowledgement Channel - carries feedb ack for
transmissions received on the F-PDCH.

) ) Reverse Channel Quality Indication Cflannel carries chan;lel
Dk | R-COILR quality measurements for the forward link.

vl el e P

R-PICH | Reverse Pilot Channel carries a pilot on the reverse hink.

) Reverse Request Channel used by a tenrunal to request a
AR higher data rate for the R-PDCH.

el

[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] KFIG. 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
muitiple 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 mn
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 1s decoded m 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

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

- termunal. The terminal receives and decodes subpacket Bl, 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 time 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 T,

[0043]

[0044]

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 barrier 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 ﬁequeﬂcy on the forward link. This 1s
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 |



CA 02730364 2011-02-03

WO 2006/105308 PCT/US2006/011669

[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 hnk to achieve significant
capacity improvement on that link. In an embodiment, a chip rate of 1.2288 Mcps 1s
used for each of the multiple carriers, which is the same chip rate used for single-carrier
CDMA. This allows hardware designed for single-éarrier 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 is a carrier on the reverse
Iink. A carrier may also be referred to as an RF channel, a CDMA channel, and so on.
The K FL carmiers 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 carrier 2, and so on, and carrier group M

mcludes FL carriers K—~N,, +1 through K and RL carrier M. In general, N; through
Nu 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 carriers 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 multipie 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
available 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 is 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 carrier among the K FL carriers is designated as a
primary FL carrier. Similarly, one (e.g., the first) RL carmer 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 carriers.
Furthermore, a given terminal may be assigned different sets of FLL and RL carriers over
time based on various factors such as those noted above.

[0051] In an embodiment, a terminal uses the primary FL and RL carriers for the

following functions:

e Originate a call on the primary RL carrier,
¢ 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 carrier group controls the RL
carrier in 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,

e Send acknowledgements (on the F-ACKCH) for reverse link transmissions,
e 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 in 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
cdma2000 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 In 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

9
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[0055]

[0056)

[0057]

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

1. R-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
1 a given group while transmitting on a single RL carmer, 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. '

¥1G. 4A shows a block diagram of an R-ACKCH structure 410 used in
cdma2000 revision D An R-ACKCH bit 1s generated in each 1.25 ms fréme, which 1s
one slot. This R-ACKCH bit may be (1) an ACK if a packet is decoded correctly, (2) a
NAK 1f a packet is decoded in error, or (3) a null bit if there is 116 packet to
acknowledge. The R-ACKCH bit is repeated 24 times by a symbol repetition unit 412
to generate 24 1denfical 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

[0058]

[0059]

an R-ACKCH 1nstead of an R-ACKSCH.

FIG. 4B shows a case i 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 m TIA/EIA IS-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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for CDMA channel 0 to a value of +1, -1, or 0 depending on whether the R-ACKCH bit
i1s 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 i1s 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 stmilar manner as CDMA channel 0.

[0060] 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 1s 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.

[0061] FIG. 4C shows a block diagram of an embodiment of a new R-ACKCH
-structure 430 that can support up to eight R-ACK.CHs, 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 1mplemented with a respective set of signal point mapping unit 432, Walsh

cover unit 434, and repetition unit 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.

[0 062] 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 0, respectively, and provides 24 modulation
symbols for the slot. These modulation symbols are further processed and transmitted. ‘

{0063] 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]

R-ACKCH bits for this CDMA channel may be processed with Walsh code W{,‘ or wg .

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 umt 412
i 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 1 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

[0065)

[0066]

[0067]

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

for multiple FL carriers 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. camers may observe different channel conditions (e.g., different

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

_terminal. It is desirable for the terminal to provide CQI feedback for as many of the

assigned FL carriers 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 wia 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 full
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 1s 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 1s sent on the R-CQICH. This 1-bit
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[0068]

[0069]

[0070]

[0071]

CQI value conveys the difference in received signal quality between the current and
prior slots for one CDMA channel. The full and differential CQI reports may be
generated as described m TIA/EIA 1S-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 is 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 carriers. In an embodiment, full CQI reports for different FL carriers in
a group are sent in different slots in a TDM manner. In an embodiment, differential
CQI reports for all FL carriers in the group for a given slot are j ointly encoded and sent
together in 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,
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(0072}

[0073]

[0074)

a 4-bit CQI value for one CDMA channel is 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 =4/12 for the (12, 4) block
code and R =N/12 for the (12, N) block code. Different code rates generate different
amounts of redundancy and requure different received signal qualities for reliable
reception. Hence, different amounts of transmit power may be used for the codeword
from block encoder 534 depending on the number of CDMA channels N.

A switch 536 selects either the output of block encoder 532 for the full mode or
the output of block encoder 534 for the differential mode. The symbols from switch
336 are processed by a Walsh cover unit 538, an adder 540, a signal point mapping unit
542, and a Walsh cover unit 544 in the same manner described above for units 518, 520,
522 and 524, respectively, n FIG. 5A. Walsh cover unit 544 provides output symbols,
which are further proéessed and transmitted on the R-CQICH.

The block coding by encoder 534 may be expressed in matrix form as follows:

y=u-G, Eq (1)

where u=[u, u, ... u, ;] 1s a I1xk row vector for a sequence of 1-bit CQI values,
with ug being the first input bit in vector u,

Y=[Y¥o ¥; --- Yuul] 15 @ 1xn row vector for an encoder output codeword, with

yo being the first output bit in vector y, and

G 1s a kxn generator matrix for the block coding.

The block codes are typically specified in terms of their generator matrices.
Different block codes may be defined for different values of N from 2 through 7 to.

support up to 7 CDMA channels. The block code for each value of N may be selected
to achieve good performance, which may be quantified by the minimum distance
between codewords. Table 2 lists exemplary block codes for N=2 through 7. The
block codes in Table 2 have the largest possible minimum distance between codewords

for ljnea; block codes.
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Block Code Generator Matrix Block Code Generator Matrix
- 10 1100110111100
(12, 2) Q:[ou] _G_-='010011011110
‘ 001001101111
101001110000
000011111111
010100111000
12. 4 G= 111100001111 12. 5 G ={001010011100
(12,4) = 1001100110011 (12,5) -
000101001110}
010101010101 |
000010100111 |
100111000000
101110100000
010011100000
010111010000
. 001001110000
126 G = | 01011101000 12.7 G =| 000100111000
(12, 6) =~ 1000101110100 (12,7) - |
000010011100
000010111010
000001001110
000001011101
000000100111
[0075] - The block coding for N =1 may correspond to the 12x bit repetition performed

by unit 514 in FIG. 5A. In the embodiment shown in Table 2, -a (12, 2) block code is
composed of a (3, 2) block code followed by 4x sequence repetition. The generator
matrx for the (12, 4) block code 1 encoder 534 is the' same as the generator matrix for
the (12, 4) block ¢ode 1n encoders 512 and 532. -The (12, 2), (12, 3), (12, 4), (12, 5),
(12, 6) and (1'2, 7) block codes 1 Table 2 have minimum distances of 8, 6, 6, 4, 4 and 4, .
respectively. Other generator matrices may also be defined and used for the block
codes for the differential CQI reports.

[0076] FIG. 5B shows an exemplary R-CQICH structure 530 that supports CQI
feedback for multiple CDMA channels and 1s backward compatible with the current R~

CQICH structure 510 shown 1n FIG.. SA. If only one CDMA channel is being received,
then the full CQI reports for this CDMA. channel may be proceSsed with the (12, 4)
block code, the differential CQI reports may be processed with 12x bit repetition, and
the output of Walsh cover unit 544 would be 1dentical to the output of Walsh cover unit
524 m FIG. 5A. Additional CDMA channels may be supported by (1) sending the full
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CQI repotts for the CDMA channels in different slots and (2) sending the differential
CQI reports for the CDMA channels jointly in the same slot.

[0077] The R-CQICH structure shown in FIG. 5B allows for recovery of the full and
differential CQI reports for multiple CDMA channels with little changes to the R-
CQICH structure shown in FIG. 5A. The hardware for the physical layer may perform
block decoding for the full CQI reports. The demultiplexing of the full CQI reports for
different CDMA channels may be performed at a Medium Access Control (MAC) layer.
The block decoding for the difierential CQI reports may be performed at the physical or
MAC layer.

[0078] The R-CQICH for multiple CDMA channels may also be implemented with
other structures, and this 1s within the scope of the present invention. For example, the
full CQI reports for multiple CDMA channels may be block encoded and sent in the
same slot. As another example, differential CQI reports for a subset of the CDMA
channels may be sent in 21 slot. _

[0079] A terminal may be assigned multiple groups of FLL and RL carriers, as shown in
FIG. 3. For each carrier group, the R-CQICH sent on the RL carrier in the group may
carry CQI reports for the FL carriers in the group, as described above for FIG. 5B. The
CQI reports may be sent in various manners.

[0080] FIGS. 6A through 6E show some exemplary transmissions on the R-CQICH. In
these figures, a full CQI report 1s representéd by a taller box, and a differential CQI
report 1s represented by a shorter box. The height of a box roughly indicates the amount
of transmit power used to send the CQI report. The number(s) inside each box indicate
the FL carrier(s) being reported by the CQI report sent in that box.

[0081] FIG. 6A shows transmission of full and differential CQI reports for two FL

' - carriers 1 and 2 on the R-CQICH. In this example, a full CQI report for FL carrier 1 is
sent 1n a slot, then differential CQI reports for FL camers 1 and 2 are sent in some
numbser slots, then a full CQI report for FL carrier 2 is sent in a slot, then differential
CQI reports for FL carriers 1 and 2 are sent in some number s]ots, then a full CQI report
for FL carrier 1 is sent in a slot, and so on. In general, the full CQI reports f;)r each FL
carrier may be sent at any rate, and the same or different reporting rates may be used for
the FL carriers. In an embodiment, a full CQI report is sent in one (e.g., the first) slot of

_ each 20 ms frame and differential CQI reports are sent in the 15 remaining slots in the
frame. The full CQI repoi'ts for FL camers 1 and 2 may alternate as shown in FIG. 6A

or may be multiplexed 1n other manners.
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[0082]

[0083)

[0084]

[0085]

FIG. 6B shows transmission of full CQI reports for two FL camriers 1 and 2 on
the R-CQICH. In this example, a full CQI report for FL carrier 1 1s sent in a slot, then a
full CQI report for FL carrier 2 1s sent in the next slot, then a full CQI report for FL
carrier 1 is sent in the following slot, and so on.

FIG. 6C shows transmission of full and differential CQI reports for three FL
carriers 1, 2 and 3 on the R-CQICH with a repetition factor of two, or REP =2 . In this
example, a full CQI report for FL carrier 1 1s sent in the first two slots of a 20 ms frame,

then differential CQI reports for FL carriers 1, 2 and 3 are sent in each remaining slot in

. the frame, then a full CQI report for FL carrier 2 1s sent in the first two slots of the next

20 ms frame, then differential CQI reports for FL carriers 1, 2 and 3 are sent in each
remaining slot in the frame, then a full CQI report for FL carrier 3 1s sent in the first two
slots of the following 20 ms frame, then differential CQI reports for FL carriers 1, 2 and
3 are sent in each remaining slot in the frame, then a full CQI report for FL cammer 1 is '
sent in the first two slots of the next 20 ms frame, and so on. A differential CQI report
may be sent i two conseCuﬁve slots, similar to the full CQI report, or may be sent in a
single slot.

FIG. 6D shows transmission of full CQI reports for three FL carriers 1, 2 and 3
on the R-CQICH with a repetition factor of two. In this example, a full CQI report for
FL cafrier 1 is sent in two slots, then a full CQI report for FL carrier 2 is sent in the next
two slots, then a full CQI report for FL carrier 3 1s sent in the following two slots, then a
full CQI report for FL carrier 1 is sent in the next two slots, and so on.

FIG. 6E shows transmission of full CQI reports .for three FL carriers 1, 2 and 3
on the R-CQICH with a repetition factor of two and two switch slots. In this example,
the full CQI reports for FL carriers 1, 2 and 3 are sent in the manner described above for

- FIG. 6D. However, the last four slots in the 20 ms frame are used to send a switch slot

(0086}

pattemn (denoted as “s” in FIG. 6E), which 1s a message to switch to a new serving base
station.

As shown in FIGS. 6A through 6E, the time division multiplexing of the full
CQI reports for all FL carriers results in the reporting rate for the full CQI reports for a

given FL carrier decreasing as the number of FL carriers in a group increases. For
example, if a group includes 7 FL carners, then a full CQI report may be sent at a rate
bf once every 7x20ms=140ms for each FL carrier. The jomnt encoding of the
differential CQI reports for all FL carriers results in the reporting rate for the differential

- CQI reports being independerit of, and una.ffected by, the number of FL carriers in the
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group. When switching to a new cell, the switch slot pattern “punctures” (or replaces)
the full CQI reports. This puncturing may not equally impact all FL carriers. In the

example shown m FIG. 6E, the switch slot pattern impacts FL carriers 1 and 2 but not

FL carnier 3.

{0087} In an embodiment, a terminal selects a single base station for data transmission

on the forward link. This single base station may be selected based on received signal
qualities measured at the terminal for the primary FL carrier, all assigned FL carriers, or
a subset of the assigned FL carriers. The R-CQICHs for all RL carriers use the Walsh
cover for the selected base station and hence point to the same cell. The selection of 2
single base station avoids out-of-order transmissions on the forward link and its
‘ potential negative impact on Radio Link Protocol (RLP). In the forward direction, RLP
frames are typically pre-packed at a Base Station Controller (BSC) and then forwarded
to a base station for transmission to the terminal. Hence, out-of-order transmission of
RLP frames may be avoided by transmitting from a single base station. .
[0088] In another embodiment, a terminal may select multiple base stations for data
transmission on the forward link. Since fading characteristics may be different for
different FL carriers, as noted above, this embodiment allows the terminal to select a

suitable base station for each FL carrier or each group of FL carriers, which may

improve the overall throughput.

3. R-PICH

[0089] It is desirable to reduce reverse link overhead for data transmission on the
forward link. This may be achieved by assigning a terminal with a single carrier group
composed of multiple FL carriers and a single RL carrier. Data may be sent on the

multiple FL carriers, and acknowledgements and CQI feedback may be efficiently sent

on the single RL carrier. _
[0090] *In cerfain mstances, multiple RL carriers may be utilized. For example, a base
station may not support the new R-ACKCH and R-CQICH structures described above.

In this case, each FL carrier may be associated with one RL carrier that supports the R-
ACKCH and R-CQICH for that FL carrier.

[0091] In cdma2000 revision D, a terminal transmits a pilot on the R-PICH to assist a
base station in detecting a reverse link transmission. If a single R1. camier is assigned,
then the pilot overhead is shared among all FL carriers associated with this RL carrier.
However, if multiple RL carriers are assigned and 1f the R-PICH is sent on each RL
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[0092]

(0093]

[0 094]

carrier to support the R-ACKCH and R-CQICH, then the pilot overhead may be
significant for such low data rate on the reverse link. A reduction in pilot overhead may
be achieved by using a conirol-hold mode.

FIG. 7 shows transmission of full and gated pilots on the R-PICH. A full pilot
is a pilot transmission in each slot and is referred to as pilot gating rate 1. The control-
hold mode defined in cdma2000 revision D (or sumply, the “Rev D control-hold mode™)
supports pilot gating rates of 1/2 and 1/4. As shown in FIG. 7, a gated pilot is a pilot
transmission in some of the slots, or more specifically in every other slot for pilot gating
rate. of 1/2 and every fourth slot for pilot gating rate of 1/4.

In ¢dma2000 revision D, a base station places a terminal in the control-hold
mode by sending a Layer 3 message, typically after expiration of a control-hold timer.
For example, 1f the base station does not receive any data from and does not send any
data to the terminal for a particular time period, then the base station may send a Layer
3 message to the terminal to place it in the control-hold mode. The arrival of new data
at either the base station or the terminal triggers a transition out of the controlQhold
mode. If the new data amrives at the terminal, then the terminal autonomously
transitions -out of the control-hold mode and starts transmitting full pilot along with data
Oh the reverse Imk The base station detects the trahsition out of the control-hold mode
by the terminal and decodes the data sent with the full pilot. If the new data arrives at
the base.station, then the base station first wakes up the terminal by sending a MAC
message on the F-PDCCH. While in the control-hold mode, the terminal does not

process the F-PDCH 1n order to conserve power.

Many applications are characterized by asymmetric data traffic, and multiple F-

'PDCHs on multiple FL carriers may be desirable for these applications. As a

[0095]

consequence, multiple reverse pilots may need to be sent on multiple RL carriers to
support the multiple F-PDCHs. Besides the reverse pilots, the traffic on the auxiliary

RL cairiers may consist of only CQI reports on the R-CQICH and acknowledgements
on the R-ACKCH. In such a scepario, the use of the control-hold mode may

significantly reduce reverse link overhead on the auxiliary RL carriers.

' However, the Rev D control-hold mode is not direcﬂy applicable for the
auxiliary RL carriers for the following reasons. First, the terminal does not decode the
F-PDCH while m the Rev D control—hold mode. Second, the terminal 1s required to
transition out of the Rev D control-bold mode before transmitting on the R-ACKCH,

and a Layer 3 message from the base station is needed to put the terminal back in the
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control-hold mode. It is undesirable to have to send the Layer 3 message each time the
terminal transmits on the R-ACKCH. Furthermore, since the base station sends the
Layer 3 message after the control-hold timer expires (which is typically on the order of
few hundred milliseconds), the full pilot is transmitted on the reverse link during this
time.

[0096] In yet another aspect, an “auxiliary” control-hold mode is defined for use on an
auxiliary RL carrier. In an embodiment, the auxiliary control-hold mode differs from
the Rev D control-hold mode in the following manners:

e The terminal can process the F-PDCH while in the auxiliary control-hold mode,
e The terminal can transmit acknowledgements on the R-ACKCH without
transitioning out of the auxibary control-hold mode,
e If the F-PDCH is successfully decoded, then the terminal can autonomously
transmut full pilot along w1th the acknowledgements on R-ACKCH, and
e The terminal can resume pilot gating after completing the R-ACK.CH transmission.
The auxiliary control-hold mode may also be defined with different and/or additional

features.
[0097] To reduce pilot overhead on the reverse link, the Rev D control-hold mode may

be used on the primary RL carrier, and the auxiliary control-hold mode may be used on
each auxihary RL carrier. The two versions of the control-hold mode can support
efficient operation of multiple RL carriers for multi-carrier operation.
[0098] In an embodiment, the control-hold mode may be independently defined for
each RL carrier. The following scenarios are possible: .
¢ The pnmary RL carrier is in an active modé and any number of auxiliary RL
carriers may be m the control-hold mode. The terminal can process the F-PDCH
for the auxiliary RL carriers and can transmit on the R-ACKCH without leaving
the control-hold mode. ‘

e All RL carriers are in the control hold mode. The terminal does not process the
F-PDCH and does not transmit on the R-ACKCH without leaving the control-

hold mode. This is a power conserving mode.

4. R-REQCH

[0099] - A terminal may send various types of information on the R-REQCH to a base
station. The triggers for sending R-REQCH messages in cdma2000 revision D may also
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be used as the triggers for sending R-REQCH messages for multi-carrier operation. In
an embodiment, a terminal sends R-REQCH messages on the primary RL carrier to
convey service related information to a base station. A single buffer may be maintained
per service for data transmission on all RL carriers. The service related information
may include buffer size and watermark crossing. In an embodiment, the terminal sends
R-REQCH messages on both the primary and auxiliary RIL carriers to convey power
headroom for these RL camiers. A power report trigger for each RL carrier may be used

to send R-REQCH messages to convey the power headroom for that RL carrier.

5. Scheduling

[00100] The scheduling of terminals for data transmission on the forward and reverse
links may be performed in various manners. The scheduling may be centralized for
multiple carmers or distributed for each carrier. In an embodiment, a centralized
scheduler schedules terminals for data transmission across multiple carriers. The
centralized scheduler may support flexible scheduling algorithms that can exploit CQI
information across all carriers 1n order to improve throughput and/or provide the desired
quality of service (QoS). In another embodiment, a distributed scheduler 1s provided for
eaéh carrier and schedules terminals on that carmier. The distributed schedulers for
different carriers may operaté independently of one another and may reuse existing
scheduling algorithms for cdma2000 revision D.

[00101] A terminal may be assigned multiple carriers that may be supported by a single
channel] card or multiple channel cards at a base station. If multiple FL carriers are
handled by different channel cards, then there i1s a channel card communication delay,
which may be on the order of several milliseconds. Even though this delay is small, it is
typically larger than 1.25 ms, which 1s the time to decode the R-ACKCH, and
preferably to also decode the R-CQICH, and to schedule a new transmission on the F-

‘ PDCH.
[00102] The centralized scheduler may incur additional scheduling delay if multiple

' channel cards are used for different FL carriers. This additional delay is composed of |

two components. The first component 1s R-CQICH delay to propagate the CQI
feedback from the channel card that is handling the reverse link decoding to the
centralized scheduler. The second component is the delay for the selected encoder

packet to reach the channel card that is handling the F-PDCH transmission. The
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additional delay may impact system throughput, but its effect should be limited to a
relatively narrow range of velocities and channel models.

[00103] The distributed schedulers may not incur the additional delay described above
for the centralized scheduler, e.g., if the reverse link decoding and the forward link
transmission are handled by a single channel card. This is feasible if there are no
auxillary FL carmriers in a carrier group. However, if a distributed scheduler is
implemented on each channel card, then a separate buffer may be maintained for each
channel card so that the data can be co-located with the scheduler. This card buffer may
be small, and a larger buffer may be located elsewhere at the base station. The
distributed scheduler should have enough data on hand to schedule traffic. The delay to
obtain extra data from the larger buffer may be on the order of several milliseconds.
The card buffer size should take into account the highest possible over-the-air data rate
in order to éiroid buffer underflow. Even though the buffers at the channel cards may be
relatively small, there is greater possibility for out-of-order RLP frame reception at a
terminal. Hence, a longer detection window may be used for RLP frames.
Conventional early NAK1ng techniques are not useful because they do not account for
the fact that traffic may be out of order even in the first transmission. The longer delay
detection window 1 RLP may have greater impact on TCP. Multiple RLP instances,
e.g., one per F-PDCH, may be used but may create out-of-order arrival of TCP
segments,

[00104] RLP frames are commonly pre-packed at a BSC and appended with MUX
overhead. Each RLP frame, including the MUX overhead, contains 384 bits' in
cdma2000 and 1s 1dentified by a 12-bit sequence number. The cdma2000 RLP header
allocates 12 bits for the RLP frame sequence numbers, which are used to re-assemble
the RLP frames at a terminal. Given such a small RLP frame size, the sequence space
may be inadequate at high rates, such as the omes achievable in multi-carrier
configurations. To support high data rates with the existing RLP, the RLP frames may
be pre-segmented so that the additional 12 bits of sequence space that are used for
segmented RLP frames may be reused. Sequence space is not an issue on the reverse
Ik, since RLP frames do not need to be pre-packed.

[00105] A call setup procedure for multi-carrier operation may be implemented as
follows. A terminal acquires system information from a Forward Sync Channel (F-
SYNCH) and obtains overhead messages from a Forward Paging Channel (F-PCH) or a

" Forward Broadcast Control Channel (F-BCCH) sent on the primary FL carrier. The
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[00106]

terminal then ongimates a call on the primary RL carrier. A base station may assign a
traffic channel to the terminal via an Extended Channel Assignment Message (ECAM)
sent on the primary FL carmier. The terminal acquires the traffic channel and transitions
to a Mobile Station Control on the Traffic Channel state, which is one of the mobile
station operating states in ¢cdma2000. In an embodiment, the operating states are
defined for only the primary carriers. The base station may thereafter assign multiple
FL and RL carners, e.g., via a Universal Handoff Direction Message (UHDM). When
imtiahzing a traffic channel on a new carrier, the base station may start transmitting
commands on a Forward Common Power Control Channel (F-CPCCH) after sending
the UHDM. The terminal may start transmitting the R-PICH upon receiving the
UHDM. The terminal .may send a Handoff Completion Message (HCM), which is a

cdma2000 Layer 3 protocol message, on the primary RL carrier to the base station to
signal acquisition of the F-CPCCH.

6. Flows and System

~ FIG. 8 shows an embodiment of a process 800 performed by a terminal for
multi-carrier operation. The terminal receives an assignment of multiple forward link
(FL) carriers and at least one reverse link (RL) carrier (block 812). The terminal may
receive data transmission on one or more of the multiple FL carriers (block 814). The

terminal may demodulate and decode the received data transmission for each FL carrier

separately (block 816). The terminal may also transmit data on the at least one R

[00107]

[00108]

carrier (block 818). The terminal may be scheduled for data transmission on the
forward and/or reverse link based on various factors such as the availability of system
resources, the amount'of data to send, the channel conditions, and so on.

The terminal may send designated RL signaling on a primary RL carrier, which
may be designated from among the at least one RL carrier (block 820). The terminal
may receive designated FL signaling on a primary FL carrier, which may be designated
from among the multiple FL carriers (block 822). For example, the termunal may
bﬁginate a call on the primary RL carrier and may receive signaling for call setup on the
primary FL carrier. The terminal may select a base station for data transmission on the
forward .link based on the received signal quality for the primary FL carrier.

The multiple FL camers and the at ‘least one RL cammer may be arranged 1n at
least one group. Each group may include at least one FL carrier and one RL carrier, as
shown 1 FIG. 3. The terminal may receive packets on the FL carrier(s) in each group
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and may send acknowledgements for the received packets via the RL camer in that
group. The terminal may also send CQI reports for the FL carrier(s) in each group via
the RL carrier in that group. One FL carrier in each group may be designated as a group
primary FL carrier. The terminal may receive signaling for the RL carrier 1 each group
via the group primary FL carrier.

[00109] FIG. 9 shows an embodiment of a process 900 for sending acknowledgements.
A terminal receives packets on multiple data channels (e.g., F-PDCHs) sent via multiple
forward link (FL) carriers (block 912). The terminal determines acknowledgements for
the packets received on the data channels (block 914). The terminal channelizes the
acknowledgement for each data channel with an orthogonal code (e.g., a Walsh code)
assigned to that data channel to generate a symbol sequence for the data channel (block
916). The terminal replicates the symbol sequence fof each data channel multiple times
(block 918). The terminal generates modulation symbols- for an acknowledgement
¢hannel (e.g., R-ACKCH) based on the replicatéd symbol sequences for the multiple

- data channels (block 920).

[00110] The nmﬁber of data channels may be configurable. An orthogonal code of all
zeros or all ones may be used if acknowledgements are being sent for only one data
channel, e.g., for backward compatibility with 'cdmaZOOO revision D. Orthogonal codes
of a first length (e.g., four chips) may be used if the number of data channels is less than
a first value (e.g., four). Orthogonal codes of a second length (e.g., eight chips) may be
used if the number of data channels is equal to or greater than the first value. The
repetition factor may also be dependent on the number of data channels. '

[00111] FIG. 10 shows an embodiment of a process 1000 for sending channel quality
indication (CQI) reports. A terminal obtains full CQI reports for multiple forward link
(FL) carriers, with each full CQI report indicative of then received signal quality for one
FL carrier (block 1012). The terminal channelizes each full CQI report with an
orthogonal code (e.g., a Walsh code) for a selected base station (block 1014). The
terminal sends the full CQI reports for the multiple FL carriers in different time
intervals (or slots) on a CQI channel (block 1016). The terminal may cycle through the
multiple FL carriers, select one FL carrier at a time, and send a ﬁlll' CQI report for each
selected FL carrier in a time interval designated for sending full CQI report.

' [00112]' The terminal obtains differential CQI reports for the multiple FL carriers for a
particular time interval (block 1018). The terminal jointly encodes the differential CQI
reports for the multiple FL carriers to obtain a codeword (block 1020). The terminal
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may select a block code based on the number of FL carriers and may jointly encode the
differential CQI reports with the selected block code. The terminal channelizes the
codeword with the orthogonal code for the selected base station (block 1022). The
terminal then sends the codeword on the CQI channel in the particular time interval
(block 1024).

[00113] FIG. 11 shows an embodiment of a process 1100 for reducing pilot overhead,
e.g., for multi-carrier operation. A terminal operates in a control-hold mode that allows
for transmission of a gated pilot (block 1112). The terminal receives a data channel

- (e.g., F-PDCH) sent on the forward link while in the control-hold mode (block 1114).
The terminal transmits a gated pilot on the reverse link if no other transmissions are
being sent on the reverse link (block 1116). The terminal transmits a full pilot on the
reverse link if a transmission is being sent on the reverse link (block 1118). For
example, the terminal may generate acknowledgements for packets received on the data
channel, send the acknowledgements along with the full pilot on the reverse link, and
resume transmitting the gated pilot after completing the transmission of the
acknowledgements on the reverse link. The terminal transitions out of the control-hold
mode in response {0 an exit event, which may be reception of signaling to exit the
control-hold mode, transmission of data on the reverse link, and so on (block 1120).

[00114] FIGS. 8 through 11 show 'processes perfonned by a terminal for multi-carrier

' operation. A base station performs the complementary processing to support multi-
carrier operation.

[00115] FIG. 12 shows a block diagram of an embodiment of a base station 110 and a
termunal 120. For the forwzird Iink, at base station 110, an encoder 1210 receives traffic
data and signaling for terminals. Encoder 1210 processes (e.g., encodes, interleaves,
and symbol maps) the traffic data and signaling and generates output data for various
forward link channels, e.g., the F-PDCH, F-PDCCH, F-ACKCH and F-GCH. A
modulator 1212 processes (e.g., channelizes, spectrally spreads, and scrambles) the
output data for the various forward link channels and generates output chips. A
transmtter (TMTR) 1214 condiﬁons (e.g., converts to analog, amplifies, filters, and
frequency upconverts) the output chips and generates a forward link si gnal, which is
transmitted via an antenna 1216. '

[00116]' At terminal 120, an antenha 1252 receives the forward link signal from base

 station 110 as well as signals from other base stations and provides a received 'signal to

a recetver (RCVR) 1254. Receiver 1254 conditions (e.g., filters, amplifies, frequency
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[00117}

[00118]

(00119}

(00120}

downconverts, and digitizes) the received signal and provides data samples. A
demodulator (Demod) 1256 processes (e.g., descrambles, despreads, and dechannelizes)
the data samples and provides symbol estimates. In an embodiment, receiver 1254
and/or demodulator 1256 perform filtering to pass all FL carriers of interest. A decoder
1258 processes (e.g., demaps, deinterleaves, and decodes) the symbol estimates and
provides decoded data for the traffic data and signaling sent by base station 110 to
terminal 120. Demodulator 1256 and decoder 1258 may perform demodulation and
decoding separately for each FL carner.

On the reverse link, at terminal 120, an encoder 1270 processes traffic data and
signaling (e.g., acknowledgements and CQI reports) and generates output data for
various reverse link channels, e.g., the R-PDCH, R-ACKCH, R-CQICH, R-PICH and
R-REQCH. A modulator 1272 further processes the butput data and generates output
chips. A transmitter 1274 conditions the output chips and gexierates a reverse link
signal, which is transmitted via antenna 1252. At base station 110, the reverse link
signal 1s received by antenna 1216, conditioned by a receiver 1230, processed by a
demodulator 1232, and further processed by a decoder 1234 to recover the data and
signaling sent by terminal 120.

Controllers/processors 1220 and 1260 direct the operation at base station 110
and termunal 120, respectively. Memories 1222 and 1262 store data and program codes
for controllers/processors 1220 and 1260, respectively. A scheduler 1224 may assign

FL and/or RL carriers to terminals and may schedule the terminals for data transmission

on the forward and reverse links.
The multi-carrier transmission techniques described hereih have the following
desirable characteristics:
e Multi-carmer forward link that is backward compatible with Rev D forward link
- no changes to the Rev D physical layer,
e Multi-carrier reverse link that is backward compaﬁble with Rev D reverse link -
new backward compatible R-ACKCH and R-CQICH structures that should not

impact hardware implementation, and
* Flexible configurable system - K FL carriers and M RL carriers, where
K<NxM and K>M.

- The transmussion techniques described herein may provide various advantages.

First, the techniques allow cdma2000 revision D to support multiple carriers using only
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or mostly software/firmware upgrade. Relatively minor changes are made to some RL
channels (e.g., the R-ACKCH and R-CQICH) to support multi-carrier operation. These
changes may be handled by software/firmware upgrade at the base stations so that
existing hardware such as channel cards may be reused. Second, higher peak data rates
may be supported on the forward and reverse links. Third, the use of multiple F-PDCHs
on multiple FL carriers may mmprove diversity, which may improve QoS. The flexible
carrier structure allows gradual increase in data rates with advances in VLSI technology.
[00121] Headings are included herein for reférence and to aid 1n locating certain

sections. These headings are not intended to limit the scope of the concepts described

therein under, and these concepts may have applicability in other sections throughout

the entire specification.

[00122] 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, mstructions, commands, information, signals, bits, symbols, and chips
that may be referenced ﬂ}foughout the above description may be represented by

voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.

[00123] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various 1llustrative components, blocks, modules, circuits, and
steps have been described above generally 1n terms of their funcﬁouality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may

' iniplement the described functionality in varying ways for each particular application,
but such implementation decisions should not be Interpreted as causing a departure from
the scope of the present invention. -

[00124] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or 'performed
with a genefal 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 tramsistor logic, discrete hardware

components, or any combination thereof designed to perform the functions described
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herein. A general-purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, confroller, microcontroller, or state
machine. A processor may also be mmplemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
IMICTOProcessors, one or more microprocessors In conjunction with a DSP core, or any
other such configuration.

[00125] The steps of a method or algonthm described mm connection with the
embodiments disclosed 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 1n the art. An exemplary storage medium is coupled to.
the proéessor 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 imn an ASIC. The ASIC
may reside 1n a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[00126] The previous description of the disclosed embodiments is provided to enable any
person skilled m the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the presenf invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS:
1. An apparatus comprising:

at least one processor configured to operate in a control-hold mode
that allows for transmission of a gated pilot, to receive a data channel sent on a
forward link while in the control-hold mode, to transmit the gated pilot on a reverse
link if no other transmissions are being sent on the reverse link, and to transmit a

full pilot on the reverse link if a transmission is being sent on the reverse link; and
a memory coupied to the at least one processor.

2. The apparatus of claim 1, wherein the at least one processor is
configured to generate acknowledgements for packets received on the data
channel, to send the acknowledgements along with the full pilot on the reverse
link, and to resume transmitting the gated pilot after completing transmission of

the acknowledgements on the reverse link.

3. The apparatus of claim 1, wherein the at least one processor is
configured to transition out of the control-hold mode upon receiving signaling to

exit the control-hold mode or upon transmitting data on the reverse link.

4. The apparatus of claim 1, wherein the data channel is a forward
packet data channel (F-PDCH) sent on a forward link carrier in a Code Division
Multiple Access (CDMA) system.

5. A method comprising:

operating in a control-hold mode that allows for transmission of a

gated pilot;

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

hold mode:

transmitting the gated pilot on a reverse link if no other transmissions

are being sent on the reverse link; and
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transmitting a full pilot on the reverse link if a transmission i1s being

sent on the reverse link.
0. The method of claim 5, further comprising:

generating acknowledgements for packets received on the data

channel:

sending the acknowledgements along with the full pilot on the

reverse link: and

resuming transmission of the gated pilot after completing

transmission of the acknowledgements on the reverse link.
/. An apparatus comprising:

means for operating in a control-hold mode that allows for

transmission of a gated pilot;

means for receiving a data channel sent on a forward link while in

the control-hold mode:

means for transmitting the gated pilot on a reverse link if no other

transmissions 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.
8. The apparatus of claim 7, further comprising:

means for generating acknowledgements for packets received on

the data channel:

means for sending the acknowledgements along with the full pilot on

the reverse link; and

means for resuming transmission of the gated pilot after completing

transmission of the acknowledgements on the reverse link.
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1014
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Send the full CQl reports for the
muttiple FL carriers in different .
time intervals on a CQI channel 1118
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Operate in a control-hold mode that
allows for transmission of a gated pitot

v 1114

Receive a data channel (e.g.,
F-PDCH) sent on a forward link
while in the controi-hold mode

Transmit a gated pilot on the
reverse link if no other transmissions
are being sent on the reverse link

I 3 1118

Transmit a full pilot on the
reverse link if a transmission
is being sent on the reverse link

Transition out of the control-hold
mode in response to an exit event,
e.g., reception of signaling to exit the
control-hold mode or transmission

of data on the reverse link
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