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Methods and systems are disclosed that support the aggrega 
tion of acknowledgement messages and control messages. 
Advantageously, acknowledgement and negative acknowl 
edgement indications for multiple client nodes are combined 
into a single aggregated message which is broadcast or mul 
ticast to the multiple client nodes. Based on unique identi?ers 
assigned to each client node, client nodes are grouped such 
that the aggregated acknowledgement messages can be e?i 
ciently encoded to conserve both network capacity when they 
are transmitted, as well as processing capacity when they are 
parsed by the client nodes. If code division multiple access 
(CDMA) technology is used, the aggregated acknowledg 
ment message can be transmitted without CDMA spreading 
to effectively broadcast or multicast it to multiple client 
nodes. A similar technique can be employed for the ef?cient 
broadcast or multicast of aggregated control messages. 
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FIG. 2A 
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FIG. 2B 
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METHOD AND SYSTEM FOR 
AGGREGATING MESSAGES 

BACKGROUND 

[0001] In a communication system, an access node may 
comprise a device or set of devices that serve as a gateway that 
client nodes may use for exchange of information with a 
network. This information may take the form of voice, data, 
or some other media. The client nodes may be wireline or 
wireless components. 
[0002] In some types of communication systems, an access 
node explicitly acknowledges each packet of information that 
the access node receives from a client node. For example, if 
the access node receives ten voice packets from a client node, 
the access node may transmit ten acknowledgement mes 
sages, one for each voice packet, to the client node. These 
voice packets may include a representation of a voice signal, 
error detection coding, error correction coding, and possibly 
other information. By processing information in acknowl 
edgment messages, the client node is able to determine if one 
or more of the voice packets it transmitted were not received 
by the access node. In response to such a determination, the 
client node may retransmit one or more voice packets to the 
access node. 

[0003] There are at least two ways that a packet can be 
“lost” between a client node and the access node. The packet 
may be truly lost if it never arrives at the access node. Alter 
natively, the packet may arrive at the access node, but when 
the access node checks error detection coding in the packet, it 
?nds that the packet has been corrupted. In this case, the 
access node may discard the packet, so the packet is effec 
tively lost. 
[0004] Such an acknowledgment-based transmission 
scheme is typically referred to as automatic repeat request 
(ARQ). For example, in one variation of ARQ referred to as 
stop-and-wait, a client node transmits a packet to an access 
node, then waits to receive an acknowledgement from the 
access node before transmitting another packet. If the client 
node does not receive an acknowledgement within a pre 
determined time period or if the client node receives a nega 
tive acknowledgement, the client node may retransmit the 
packet. 
[0005] HybridARQ is a variation that can be applied to any 
type of ARQ. Using hybrid ARQ, a client node may divide a 
packet into multiple sub-packets, and transmit each sub 
packet individually. These sub-packets may include redun 
dant information for purposes of forward error correction. 
Thus, if the access node checks the error detection code of a 
sub-packet and ?nds that the sub-packet has been corrupted, 
the access node may be able to rebuild the correct packet from 
the redundant information. Nonetheless, some sub-packets 
may not include redundant information. For example, a given 
sub-packet may include only information and error detection 
codes, while subsequent sub-packets may include redundant 
information relating to the information in the given packet. 
Communication systems with lossy channels, such as wire 
less networks, may bene?t from hybrid ARQ. 
[0006] It is common for an access node to serve multiple 
client nodes, perhaps tens or hundreds of client nodes. Addi 
tionally, is it common for certain types of networks to support 
broadcast or multicast channels that can be used to transmit a 
packet such that the packet can be received by multiple des 
tinations. Thus, it is possible for some access nodes to com 
bine multiple acknowledgement messages destined for mul 
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tiple clients into a single aggregated acknowledgement 
message (AAM). The access node then transmits this AAM to 
some or all of the client nodes using a broadcast or multicast 
channel. A client node that receives an AAM may parse the 
message to ?nd the acknowledgement data pertaining to 
itself. The client node may discard acknowledgment data in 
the AAM that pertains to other client nodes. 
[0007] By combining individual acknowledgment mes 
sages into a single AAM, network capacity is conserved, as 
the overhead associated with transmitting a large number of 
acknowledgment messages is eliminated. This technique is 
especially bene?cial to an access node that is receiving pack 
ets from a potentially large number of client nodes. 

OVERVIEW 

[0008] Disclosed herein are methods and systems for 
improving aggregated acknowledgement schemes using 
ARQ-based or ARQ-like protocols. While these methods and 
systems are directed to high-speed wireless networks, they 
are applicable to any type of network that supports aggregat 
ing acknowledgements. 
[0009] For purposes of simplicity, the terms “packet” and 
“sub-packet” will be used somewhat interchangeably. While 
the speci?c embodiment of hybrid ARQ divides packets into 
sub-packets and then transmits and acknowledges these indi 
vidual sub-packets, the methods and systems described 
herein are not limited to operating on sub-packets, and may 
operate at the level of packets instead. 
[0010] In order to improve the ef?ciency of encoding and 
processing AAMs, client nodes may be divided into groups 
based on an identi?er assigned to each client that is unique for 
all client nodes served by a given access node or radio access 
network. The unique identi?ers of clients within a group may 
be sequentially ordered and contiguous with respect to one 
another. When an access node receives a packet from each 
client in any given group during a predetermined time period, 
the access node may respond to all of the clients of the group 
with an AAM that contains acknowledgement data for each 
client in the group. If the access node does not receive a packet 
from all of the clients in the group within the predetermined 
time period, the access node may instead acknowledge each 
received packet individually. 
[0011] The AAM may be encoded ef?ciently so that it 
requires very few bits of overhead to indicate the group and/or 
the associated client nodes to which it pertains. Furthermore, 
the acknowledgement data may be organiZed according to the 
ordering of the unique identi?ers of the client nodes in the 
group so that each client node may ef?ciently ?nd its respec 
tive acknowledgement data in an AAM. Advantageously, in 
CDMA networks, the acknowledgement data may be trans 
mitted without CDMA spreading, thus effectively broadcast 
ing or multicasting the AAM to a plurality of client nodes 
using only a single message. 
[0012] AnAAM may also contain control bits transmitted 
from an access node to a group of client nodes. Alternatively, 
control bits for multiple client nodes can be combined into a 
separate aggregated control message (ACM) and either 
broadcast or multicast to all client nodes in the group inde 
pendently from the AAM. In cases where each of the client 
nodes in a given group are to be transmitted distinct control 
bits, these bits may represented as a series of control bits in an 
ACM. In cases where all of the client nodes in a given group 
are to be transmitted identical control bits, these bits may 
represented as a single set of control bits in an ACM. 
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[0013] These and other aspects and advantages will 
become apparent to those of ordinary skill in the art by read 
ing the following detailed description, with reference where 
appropriate to the accompanying drawings. Further, it should 
be understood that the foregoing overview is merely exem 
plary and is not intended to limit the scope of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram of a communication net 
work in accordance with an exemplary embodiment; 
[0015] FIG. 2A is an illustration of communication signal 
encoding; 
[0016] FIG. 2B is an illustration of communication signal 
decoding; 
[0017] FIG. 3 is a message ?ow depicting an exemplary 
embodiment of hybrid ARQ; 
[0018] FIG. 4 is a signal ?ow schematic illustrating a 
method for transmitting acknowledgements on a CDMA 
medium access control channel; 
[0019] FIG. 5 is a ?ow chart depicting a method in accor 
dance with an exemplary embodiment; 
[0020] FIG. 6 is a ?ow chart depicting a method in accor 
dance with an exemplary embodiment; 
[0021] FIG. 7A is an illustration ofa bitwise encoding of 
information in accordance with an exemplary embodiment; 
[0022] FIG. 7B is an illustration of a bitwise encoding of 
information in accordance with an exemplary embodiment; 
[0023] FIG. 7C is an illustration of a bitwise encoding of 
information in accordance with an exemplary embodiment; 
[0024] FIG. 8 is an illustration of a message format in 
accordance with an exemplary embodiment; and 
[0025] FIG. 9 is a signal ?ow schematic illustrating a 
method for transmitting aggregated acknowledgements on a 
CDMA medium access control channel. 

DESCRIPTION 

[0026] While the methods and systems described herein are 
potentially applicable to any network that supports broadcast 
ing or multicasting of acknowledgement messages, the fol 
lowing descriptions are directed to wireless networks for 
purposes of example and illustration. 

1. Client Nodes in Wireless Communication Networks 

[0027] FIG. 1 is a simpli?ed block diagram ofan exemplary 
communication network 100, in which exemplary embodi 
ments may be employed. Network 100 includes base trans 
ceiver stations (BTSs) 112, 114, 116 that can communicate 
with client nodes 106, 108, 110 via a plurality of wireless 
coverage areas. Client nodes 106, 108, 110 could be wireless 
telephones, wireless personal digital assistants, wirelessly 
equipped laptop computers, wireless routers, or other types of 
mobile or ?xed wireless devices. 

[0028] BTSs 112, 114, 116 radiate to de?ne the wireless 
coverage areas. Each wireless coverage area may provide air 
interface access to client nodes 106, 108, 110 and any other 
client nodes served by the wireless coverage area. A single 
BTS 112, 114, 116 may de?ne one or more wireless coverage 
areas. The air interface may include forward links from a BTS 
to client nodes 106, 108, 110 and reverse links from client 
nodes 106, 108, 110 to a BTS. Client nodes 106, 108, 110 
exchange signaling, voice, data, video, or other media with 
the BTS through the forward and reverse links. In this regard, 
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client nodes 106, 108, 110 may use the wireless coverage 
areas de?ned by BTSs 112, 114, 116 to communicate with 
one or more endpoints, e. g., other client nodes, e-mail servers, 
world wide web servers, gaming servers, media servers, 
media gateways, or location-based services, via a packet 
switched network (e.g., the Internet 124 or private IP network 
126), and/or a circuit-switched network, such as the public 
switched telephone network (PSTN) 128. For example, BTSs 
112, 114, 116 may be communicatively coupled to a base 
station controller (BSC) 120. BSC 120 may, in turn, be com 
municatively coupled to packet-switched networks 124, 126 
via a packet data serving node (PDSN) 118. Alternatively or 
additionally, BSC 120 may be communicatively coupled to 
PSTN 128 via a mobile switching center (MSC) 122. 
[0029] Although FIG. 1 shows only three BTSs 112, 114, 
116, network 100 may include fewer or more than three 
BTSs. These BTSs may be communicatively coupled to BSC 
120 or to other network elements that are communicatively 
coupled to packet-switched networks 124, 126 and/ or PSTN 
128. Furthermore, client nodes 106, 108, 110 may be able to 
transfer ongoing communication sessions from one BTS to 
another in a handoff process. Network 100 may also include 
multiple BSCs 120, PDSNs 118, and MSCs 122. The combi 
nation of network elements including BTSs 112, 114, 116, 
BSC 120, PDSN 118, and MSC 122 may be collectively 
referred to as a radio access network (RAN). However, a RAN 
may also be de?ned to comprise more or fewer elements. For 
example, a RAN may comprise a single BTS and a single 
BSC. Furthermore, these elements may be combined with 
one another; for example, a BTS and a BSC may be physically 
co-located or may be components of the same physical ele 
ment. 

[0030] Regardless of the composition of the RAN, at least 
one entity within the RAN serves as an access node by 
acknowledging packets and/ or sub -packets transmitted by the 
client nodes in the RAN’s coverage area. The acknowledging 
entity may be a BTS 112,114,116,a BSC 120, or some other 
device. 
[0031] The entity or entities of the RAN preferably include 
at least one processor, data storage, and program instructions 
stored in the data storage and executable by the processor to 
carry RAN functions described herein. Similarly, a client 
node preferably includes at least one processor, data storage, 
and program instructions stored in the data storage and 
executable by the processor to carry out client node functions 
described herein. Furthermore, the client nodes and the RAN 
may operate in accordance to various types of wireless pro 
tocols, such as Code Division Multiple Access (CDMA), 
Worldwide Interoperability for Microwave Access 
(WIMAX), Universal Mobile Telecommunications System 
(UMTS), or other protocols now known or later developed. 

2. CDMA Encoding and Decoding 

[0032] CDMA wireless networks are exemplary types of 
communication systems in which the methods and systems 
herein can be implemented. Commercially deployed cellular 
CDMA systems are generally based on communication stan 
dards developed by the Third Generation Partnership Project 
2 (3GPP2). 3GPP2 has supported the evolution and advance 
ment of CDMA voice and data systems from low-speed sys 
tems to advanced integrated voice and data systems. One of 
the most recent commercially available CDMA systems is 
Evolution Data Only, RevisionA (EVDO Rev. A), wherein a 
combination of CDMA and time division multiple access 
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(TMDA) technologies can be employed to provide capacity 
on the order ofmegabits per second to client nodes. While the 
discussion herein is directed to EVDO Rev. A CDMA sys 
tems, the methods and procedures introduced may be applied 
to older or neWer CDMA systems. 

[0033] In a CDMA network, multiple communication 
channels can utiliZe the same carrier frequency Without inter 
ference. Each channel is assigned a unique code from a set of 
mathematically orthogonal codes. Each code is a series of bits 
that has a very small or negligible cross-correlation With all 
other codes in the set. A code is applied to messages trans 
mitted on the channel at a “chip rate” of some multiple of the 
messages’ bit rate. For example a CDMA system With a chip 
rate of four means that four code bits Will be applied to each 
bit of a message. A message is transmitted on a CDMA 
channel by multiplying repeating patterns of a channel’s code 
With the message. Thus, the message is “spread” according to 
the code and the system’s chip rate. Messages on all channels 
are additively combined and then transmitted simultaneously 
on the same carrier frequency. 

[0034] FIG. 2A illustrates processes of transmitting mes 
sages according to CDMA. These processes 200, 210, 220, 
230 operate at the bit level and may require that each binary 
Zero (0) is transformed into a value of one (1 ), and each binary 
one (1) is transformed into a value of negative one (—l) for 
purposes of manipulation. The processes in FIG. 2A assume 
a chip rate of four, but other chip rates may be used. 
[0035] In process 200, a message M1 is depicted as three 
bits long for simplicity of illustration. In practice, a message 
transmitted using CDMA is typically much longer than three 
bits and represents information, such as voice or data, being 
transmitted to or received from a client node. Modi?ed mes 

sage M1' is created by spreading message M1 according to 
the chip rate of four. In other Words, modi?ed message M1' 
represents each bit of message M1 being replaced by four bits 
of the same value. Orthogonal code W1 is a repeating four bit 
sequence. Modi?ed message M1' is multiplied bitWise With 
code W1 to create spread code C1. Similar procedures are 
illustrated in process 210 for a message M2 and an orthogonal 
code W2, and in process 220 for a message M3 and an 
orthogonal code W3. It can readily be demonstrated that 
orthogonal codes W1, W2, and W3 are in fact orthogonal With 
one another, as the bitWise cross-correlation of any tWo of 
these codes is Zero. In process 230, the three resulting spread 
codes, C1, C2, and C3, are added bitWise to create a signal S. 
Signal S is then transformed into a bit stream and modulated 
onto a carrier frequency for transmission to the intended 
receivers of messages M1, M2, and M3. 
[0036] A receiver may decode a message from a particular 
CDMA channel by multiplying the received signal With the 
channel’s code, then adding the resulting bits in each chip 
period. FIG. 2B illustrates processes of decoding messages 
according to CDMA. First, a modulated representation of 
signal S is received and demodulated. In process 240, signal 
S is then multiplied bitWise With orthogonal code W1. In turn, 
the resulting values in each four-symbol chip period are then 
added, thus forming modi?ed signal S1. Finally, each symbol 
in modi?ed signal S1 is compared to a threshold value in 
order to recreate the original message. In this system, if the 
symbol is ofa value less than Zero, it is assigned a —l, and if 
the symbol is of a value greater than Zero, it is assigned a 1. 
Thus, the originally transmitted message, M1, is decoded. 
Similar procedures are illustrated in processes 250 and 260 to 
decode messages M2 and M3, respectively. While not shoWn 
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in FIG. 2B, each negative one (—l) in message M1 may be 
transformed into a one (1) and each one (1) in message M1 
may be transformed into a Zero (0) to form a bit stream. 

3. Hybrid ARQ in CDMA 

[0037] In CDMA networks, voice or data packets transmit 
ted on a reverse link tra?ic channel typically include error 
correcting codes. These codes insert redundant information 
into a voice or data bit stream so that the access node has a 

higher probability of being able to properly decode the 
packet. Popular types of error correcting codes include Reed 
Solomon codes and turbo codes, and CDMA systems may use 
these or other types of error correcting codes. 

[0038] Typically, a client node Will apply an error correct 
ing code to a voice or data packet, then divide the packet into 
a number of sub-packets. Preferably, the client node transmits 
each sub-packet independently to the access node according 
to ARQ procedures. 
[0039] Due to the fact that redundant information is 
encoded in each sub-packet, it is possible that the access node 
may be able to decode the entire transmitted packet before it 
receives all of the sub-packets for that packet. For example, 
assuming that the number of sub-packets per packet is four, a 
client node may divide a packet into sub-packets 1 through 4 
and then may transmit them according to ARQ procedures. 
After receiving each sub-packet, the access node Will attempt 
to decode the entire original packet. It may be possible for the 
access node to do so after it receives sub-packets 1 and 2. In 
this case, the access node Will instruct the client node to not 
transmit sub-packets 3 and 4, thus avoiding unnecessary uti 
liZation of netWork capacity. Such a bene?t may be referred to 
as early termination gain. 
[0040] Hybrid ARQ in CDMA netWorks facilitate this pro 
cess. An access node uses three bits transmitted in the forWard 
direction to indicate Whether early termination gain can be 
applied to a packet. The H-ARQ bit (not to be confused With 
the overall process of hybrid ARQ) is used to acknoWledge 
(ACK) or negatively acknoWledge (NACK) the ?rst three 
sub-packets of a packet. The L-ARQ bit is used to ACK or 
NACK the fourth sub-packet of a packet. The P-ARQ bit is 
used to ACK or NACK the full packet. 

[0041] FIG. 3 provides examples of hybrid ARQ proce 
dures in CDMA. Client node 304 transmits tWo series of 
sub-packets to access node 306. Each series represents the 
transmission of several sub-packets that comprise a packet. 
The ?rst series 300 serves as an example of sub-packet trans 
mission Without early termination gain, While the second 
series 302 serves as an example of sub-packet transmission 
With early termination gain. For purposes of simplicity, 
NACKs transmitted by access node 306 in response to sub 
packets transmitted by client node 304 are not shoWn. 

[0042] In ?rst series 300, client node 304 transmits the ?rst 
sub-packet, SP1(1) 310. Access node 306 responds With a 
H-ARQ ACK 315 to indicate that SP1(1) 310 Was success 
fully received. Similarly, client node 304 transmits SP1(2) 
320 and access node 306 responds With an H-ARQ ACK 325, 
and client node 304 transmits SP1(3) 330 and again, access 
node 306 responds With an H-ARQ ACK 335. Client node 
304 transmits SP1(4) 340 and access node 306 responds With 
an L-ARQ ACK 345 to indicate that SP1(4) 340 is the ?nal 
sub-packet of the packet. After transmitting L-ARQ ACK 
345, the access node reassembles the four sub-packets into a 
packet. This process is successful, so access node 306 trans 
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mits a P-ARQ ACK 347 to indicate that access node 306 has 
successfully received the entire packet. 
[0043] In second series 302, client node 304 transmits the 
?rst sub-packet, SP2(1) 350. Access node 306 responds with 
an H-ARQ ACK 355 to indicate that SP(1) 350 was success 
fully received. However, after client node 304 transmits the 
second sub-packet, SP2(2) 360, access node 306 responds 
with an H-ARQ ACK 365, followed by a P-ARQ ACK 370. 
The P-ARQ ACK 370 indicates to client node 304 that access 
node 306 was able to decode the packet based on a combina 
tion of SP2(1) 350 and SP2(2) 360 and that client node 304 
does not need to transmit any further sub-packets. 
[0044] In both ?rst series 300 and second series 302, access 
node 306 may transmit ACKs and NACKs at predetermined 
offsets from when client node 304 transmits the associated 
sub-packet. Thus, client node 304 can use these offsets to 
match ACKs and NACKs to the sub-packets these ACKs and 
NACKs are intended to acknowledge or negatively acknowl 
edge, respectively. 
[0045] While the example in FIG. 3 illustrates the use of 
four sub-packets per packet, another number of sub-packets 
per packet could be used as well. Similarly, while FIG. 3 
illustrates the use of the H-ARQ, L-ARQ, and P-ARQ bits to 
facilitate early termination gain, a different number of bits, 
con?guration of bits, or sequence or types of messages could 
achieve the same goals. 

4. CDMA MAC Channels 

[0046] In many CDMA systems, the orthogonal codes used 
in the forward direction are Walsh codes, while the orthogo 
nal codes used in the reverse direction are pseudo noise (PN) 
codes. Client nodes are each assigned a unique medium 
access control identi?er (MAC_ID), corresponding to their 
assigned Walsh code. In EVDO Rev. A, MAC_IDs comprise 
an integer between 0 and 127, with MAC_IDs 6-63 and 
72-127 being available to be assigned to client nodes. A 
MAC_ID may serve as a dynamically assigned address for 
the client node. Thus, there typically is a unique mapping in 
each of the forward and reverse directions between an 
orthogonal code, a MAC_ID, and a client node. However 
some orthogonal codes and/ or MAC_IDs may be shared by 
more than one client node. 

[0047] CDMA standards allow a base station to be 
deployed to support multiple sectors. For example, instead of 
using an omni-directional, 360-degree antenna, a base station 
can use three antennae, each transmitting and receiving sig 
nals over sectors of 120 degrees. Each sector may support a 
number of tra?ic channels and a number of signaling chan 
nels. The tra?ic channels may support bearer tra?ic and the 
signaling channels may facilitate functions including paging, 
handoffs, power control, and synchronization. 
[0048] One of the forward direction signaling channels in 
EVDO Rev. A is the MAC channel. Each client node is 
assigned a MAC channel and a MAC_ID associated with this 
channel. The MAC channel supports hybrid ARQ signaling, 
and further comprises the reverse power control (RPC) sub 
channel and the data rate control lock (DRCLock) sub-chan 
nel. The RPC sub-channel may be used to control the power 
that the client node uses to transmit in the reverse direction. 
The DRCLock sub-channel may be used to indicate the qual 
ity of the reverse link DRC channel. 
[0049] FIG. 4 depicts a method 400 for transmitting 
acknowledgment messages on a CDMA MAC channel. In 
particular, FIG. 4 provides a representation of how RPC, 
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DRCLock and ARQ bits are multiplexed and encoded on a 
CDMA MAC channel in the forward direction to a particular 
target client node. An RPC bit stream serves as input to a 
signal point mapping function 410, while an H-ARQ/L-ARQ 
bit stream serves as input to signal point mapping function 
420, a P-ARQ bit stream serves as input to signal point 
mapping function 450, and a DRCLockbit stream, afterbeing 
passed through bit repetition function 460, serves as input to 
signal point mapping function 465. The purpose of signal 
point mapping functions 410, 420, 450, and 465 is to trans 
form a binary bit stream into a format in accordance with 
CDMA encoding by converting Zeros (0) into ones (1) and 
converting ones (1) into negative ones (—l). 
[0050] After the bit streams are converted in signal point 
mapping functions 410, 420, 450, and 465, they are passed 
through channel gain functions 415, 425, 455, and 470, 
respectively. Outputs from channel gain functions 415 and 
425 are combined by time-division multiplexor 430, then sent 
to CDMA spreader 435, where the bitstream is spread using 
the Walsh code associated with the target client node’s MAC_ 
ID. Similarly, outputs from channel gain functions 455 and 
470 are combined by time-division multiplexor 475, then sent 
to CDMA spreader 480, where the bitstream is spread using 
the Walsh code associated with the target client node’s MAC_ 
ID. The CDMA spreaders, 435 and 480, use 128-bit Walsh 
codes in order to support the 128 possible MAC_IDs in 
EVDO Rev. A. The 128 bits of output from the two CDMA 
spreading functions, 435 and 480 are combined in a Walsh 
chip level summer 485 and the resulting 256-bit output is 
modulated onto the in-phase (I) and quadrature-phase (Q) 
components of the carrier frequency. 

5. Aggregating ARQ Messages 

[0051] While the methods and systems described above 
work reasonably well when a relatively small number of 
client nodes are served by an access node, as the number of 
client nodes per access node increases, the CDMA MAC 
channel hybrid ARQ scheme becomes less e?icient. For 
example, suppose that 56 client nodes are transmitting pack 
ets on their respective reverse tra?ic channels. For each sub 
packet of each packet from each client node, the access node 
has to transmit at least one hybrid ARQ ACK or NACK 
message. Under the scheme described above, each hybrid 
ARQ message requires 256 bits. Thus, if each client node 
transmits a sub-packet at approximately the same time, the 
access node must transmit 14,336 bits of hybrid ARQ infor 
mation across 56 different ARQ messages. However, hybrid 
ARQ information can be more e?iciently encoded. 
[0052] Instead of transmitting individual ARQ messages to 
each client node, the access node may aggregate the ARQ 
information for some number of client nodes into a single, 
common ARQ message that is then broadcast or multicast to 
these clients. An additional goal is to be able to format the 
aggregated acknowledgement message (AAM) in such a way 
that it uses a small number of bits in an arrangement that is 
simple to decode. As a result, network capacity is conserved 
while client nodes may spend relatively few CPU cycles 
processing eachAAM. Note that while the AAM is referred to 
as an aggregated acknowledgement message, it may contain 
indications of negative acknowledgements as well. 
[0053] FIG. 5 is a ?ow chart depicting a method 500 for 
aggregating acknowledgement messages. At step 510 a com 
munication system maintains a division of client nodes into 
groups based on unique identi?ers that are assigned to these 
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client nodes. This division is preferably maintained in the 
access node, but may be maintained in other devices such as 
a database, server, or adjunct node that is coupled to the 
access node. In a wireless communication network the divi 
sion may be maintained in any of the infrastructure compo 
nents in FIG. 1, such as a BTS 112,114,116,a BSC 120, an 
MSC 122 or a PDSN 118. Client nodes may either be explic 
itly noti?ed of their group by an access node, or the group 
assignment may be implicit and the client nodes may be able 
to determine their group assignment from an AAM. For an 
example of bit encodings that an access node may use to 
implicitly indicate a group in anAAM, see FIGS. 7A, 7B, and 
8. 

[0054] The unique identi?ers assigned to the client nodes 
are preferably CDMA MAC_lDs, but other types of unique 
identi?ers may also be used. Preferably the unique identi?ers 
are sequentially numbered and client nodes are assigned to 
groups based on the numbering of their unique identi?ers. For 
example, as noted above, EVDO Rev. A client nodes may 
have MAC_lDs assigned from the ranges 6-63 and 72-127. 
These MAC_lDs may be dynamically assigned when a client 
node becomes associated with an access node, or may be 
assigned by some other means. The MAC_lDs can also serve 
as unique client node identi?ers and as the basis for dividing 
the client nodes into groups. One such division can be based 
on assigning client nodes with contiguously-numbered 
MAC_lDs to groups of a particular siZe; for instance, an 
access node may be con?gured to assign 5 client nodes to a 
group. Thus, the access node may assign the client nodes with 
MAC_lDs 6-10 into a ?rst group, the client nodes with MAC_ 
IDs 11-15 into a second group, and so on. 

[0055] At step 512, an access node detects that it has 
received, within a given time period, a packet from each of the 
client nodes in a given group. These packets may be sub 
packets transmitted according to EVDO Rev. A hybrid ARQ 
procedures, or may be transmitted or formatted according to 
other procedures. At step 514, the access node transmits a 
single AAM that contains acknowledgement data associated 
with all of the client nodes in the group. This transmission 
may be broadcast to all client nodes or multicast to just the 
client nodes in the group. Preferably, the AAM includes (1) a 
preamble indicating that the AAM contains aggregated 
acknowledgements, (2) a group identi?er indicating the 
group of client nodes to which the acknowledgements relate, 
and (3) a series of acknowledgements, each acknowledging a 
sub-packet transmitted by one of the client nodes within the 
given group. The group identi?er is preferably a compact 
representation of a group of client nodes rather than a list of 
the unique client node identi?ers of each client node in the 
group. The series of acknowledgements is preferably orga 
niZed according to the sequential numbering of the client 
nodes’ MAC_lDs. 
[0056] At step 516, a client node receives the AAM and the 
client node uses its unique identi?er to locate its respective 
acknowledgement data within the AAM. Preferably, the cli 
ent node (1) parses the preamble to determine that the mes 
sage contains aggregated acknowledgements, (2) parses the 
group identi?er and determines that the AAM is directed to 
the group that the client node was assigned to, and (3) uses its 
MAC_ID to determine which bits in the AAM contains the 
client node’s acknowledgment data. 
[0057] FIG. 6 is a ?ow chart of another method 600 for 
aggregating acknowledgement messages. At step 610 each 
client node of a plurality of client nodes is assigned a unique 
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identi?er. The unique identi?ers assigned to the client nodes 
are preferably CDMA MAC_lDs, but other types of unique 
identi?ers may also be used. Preferably the unique identi?ers 
are sequentially numbered. At step 612 each client node is 
placed in a group based on its unique identi?er. For example, 
as noted above, EVDO Rev. A client nodes may have MAC_ 
IDs assigned from the ranges 6-63 and 72-127. 
[0058] At step 614, a plurality of packets from at least two 
client nodes assigned to a given group are received within a 
given time period. These packets may be sub-packets trans 
mitted according to EVDO Rev. A hybridARQ procedures, or 
the packets may be transmitted or formatted according to 
other procedures. At step 616, a determination is made as to 
whether packets were received from all of the client nodes 
assigned to the given group. If this is not the case, then, at step 
618, individual acknowledgement messages are transmitted 
to each client node from which a packet was received. If this 
is the case, then at step 620 a single AAM is transmitted to all 
client nodes assigned to the given group. This transmission 
may be broadcast to all client nodes or multicast to just the 
client nodes in the given group.As described above, the AAM 
preferably includes (1) a preamble indicating that the AAM 
contains aggregated acknowledgements, (2) a group identi 
?er indicating the given group of client nodes to which the 
acknowledgements relate, and (3) a series of acknowledge 
ments, each acknowledging a packet transmitted by one of the 
client nodes within the given group. 

6. Client Node Groupings for AAM and ACM Encoding and 
Transmission 

[0059] In accordance with method 500 and method 600, it 
may be advantageous to group client nodes based on a 
sequential ordering of their unique identi?ers. Doing so 
allows AAMs to be ef?ciently encoded by access nodes and 
e?iciently decoded by client nodes. By encoding AAMs 
using relatively few bits to indicate the group of client nodes 
that the AAMs are directed to and the acknowledgment data 
for these client nodes, the AAMs will be relatively simple for 
client nodes to parse. Thus, client node CPU utiliZation may 
be reduced. Furthermore, if a client node is a battery-powered 
wireless device, reducing the number of bits that the client 
node needs to receive and process may extend the client 
node’s battery life. 
[0060] Exemplary embodiments of AAM encodings are 
presented in FIGS. 7A, 7B, 7C and 8. These embodiments 
encode a group identi?er as sequences of bits that denote the 
group siZe and the group number, respectively. These 
embodiments further encode the acknowledgements and 
negative acknowledgments directed to each client node in a 
compact fashion, using only two bits. Additionally, the 
acknowledgements and negative acknowledgments are 
arranged in the sequential order of the client nodes’ MAC_ 
IDs, so that each client node can quickly determine which bits 
in the AAM contain the client node’s respective acknowl 
edgement data. 
[0061] FIG. 7A depicts a set ofexemplary mappings 700 of 
group siZe bit encodings 710 to group siZes 720. Thus, for 
instance, a group siZe bit encoding 710 of 001 indicates a 
group siZe of 10 client nodes, while a group siZe bit encoding 
710 of 011 indicates a group siZe of 20 client nodes. Further 
more, FIG. 7B depicts a set of exemplary mappings 750 of 
MAC_ID index bit encodings 760 for a group siZe of 10 to 
start and stop MAC_lDs 770. Each MAC_ID index bit encod 
ing 760 is associated with a start MAC_ID. The group siZe, as 
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indicated in the group size bit encoding 710, determines a 
stop MAC_ID. The start and stop MAC_IDs represent a con 
tiguous range of MAC_ID values that are used to group client 
nodes. Thus, for instance, a MAC_ID index bit encoding 760 
of 0000 combined With a group siZe bit encoding 710 of 001 
represents MAC_IDs 127 through 118, inclusive. Similarly, a 
MAC_ID index bit encoding 760 of 0001 combined With a 
group siZe bit encoding 710 of 001 represents MAC_IDs 117 
through 108, inclusive. In these embodiments the start MAC_ 
ID is higher than the stop MAC_ID, but alternate embodi 
ments may comprise the start MAC_ID being loWer than the 
stop MAC_ID. Furthermore, the number of MAC_IDs and 
the exact values of the MAC_IDs may be different from the 
values presented in FIG. 7B. When the number of MAC_IDs 
available for client nodes is not divisible by the group siZe, at 
least one group of MAC_IDs may have feWer or more MAC_ 
IDs than the other groups of MAC_IDs. 
[0062] FIG. 7C depicts a set of exemplary mappings 780 of 
ARQ bit encodings 785 to ARQ messages 790. Thus, for 
instance, an ARQ bit encoding 785 of 00 indicates a NACK 
message While an ARQ bit encoding 785 of 10 indicates an 
L-ARQ ACK message. These encodings use only tWo bits, 
making them more e?icient than representing an H-ARQ, 
L-ARQ and P-ARQ as three separate bits. 
[0063] The mapping data depicted in FIGS. 7A, 7B, and 7C 
is preferably stored in an access node. This mapping data may 
be statically arranged, or it may be dynamic such that it varies 
according to netWork con?guration, netWork conditions or 
other factors. The mapping data may also be statically or 
dynamically stored in the client node, or the client node may 
not store any mapping data and instead parse each AAM to 
determine if the AAM contains acknowledgement data for the 
client node. 

[0064] FIG. 8 depicts an exemplary binary AAM format 
830 comprising anAAM preamble 840, group siZe bit encod 
ing 850, MAC_ID index bit encoding 860, a series ofARQ bit 
encodings 870, and padding 880. AAM preamble 840 may 
comprise a sequence of bits that distinctly identi?es the mes 
sage as an AAM. Group siZe bit encoding 850 may comprise 
a series of bits encoding the siZe of the groups of client nodes. 
For example, group siZe bit encoding 850 could use the bit 
encodings from mapping 700. MAC_ID index bit encoding 
860 may comprise a series of bits encoding the MAC_ID 
range of client nodes in a group. For example, MAC_ID index 
bit encoding 860 could use the bit encodings from mapping 
750. ARQ bit encodings 870 may comprise one or more 
representations of ARQ data. Preferably ARQ bit encodings 
870 are arranged to represent anARQ message for each client 
node that is assigned a MAC_ID from the range de?ned by 
group siZe bit encoding 850 and MAC_ID index bit encoding 
860. Additionally, it is advantageous for theseARQ messages 
to be arranged sequentially according to the MAC_IDs of the 
client nodes. Furthermore each ARQ message may comprise 
a series of bits encoding an ARQ message according to map 
ping 780. Thus, the ?rst tWo bits of ARQ bit encodings 870 
may represent an ARQ message transmitted to a ?rst client 
node, the next tWo bits of ARQ bit encodings 870 may rep 
resent an ARQ message transmitted to the next client node in 
the sequential order of the client node’s MAC_IDs, and so on. 
Finally, padding 880 may comprise a number of bits required 
to pad the length of an givenAAM to a certain number of bits, 
for example 128 bits. 
[0065] FIG. 9 depicts a method 900 for transmitting an 
AAM on a CDMA MAC channel. In particular, FIG. 9 pro 
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vides a representation of hoW the RPC and DRCLock bits are 
multiplexed and encoded on a CDMA MAC channel in the 
forWard direction to a particular target client node, While the 
AAM bits are transmitted to all client nodes in a group. 

[0066] In FIG. 9, an RPC bit stream serves as input to a 
signal point mapping function 910, While a DRCLock bit 
stream, after being passed through bit repetition function 920, 
serves as input to signal point mapping function 925. The 
purpose of signal point mapping functions 910 and 925 is to 
transform a binary bit stream into a format in accordance With 
CDMA encoding by converting Zeros (0) into ones (1) and 
converting ones (1) into negative ones (—1). 
[0067] After the bit streams are converted in signal point 
mapping functions 910 and 925, they are passed through 
channel gain functions 915 and 930, respectively. Outputs 
from channel gain functions 915 and 930 are combined by 
time-division multiplexor 935, then transmitted to a CDMA 
spreader 940, Where the signal is spread using the Walsh code 
associated With the target client node’s MAC_ID. CDMA 
spreader 940 uses 128-bit Walsh codes in order to support the 
128 possible MAC_IDs in EVDO Rev. A. The 128 bits of 
output from CDMA spreader 940 are modulated onto either 
the in-phase (I) or the quadrature-phase (Q) components of 
the carrier frequency. Preferably, the 128 bits of output are 
modulated onto the I component of the carrier frequency if the 
target client node’s MAC_ID is even, and modulated onto the 
Q component of the carrier frequency if the target client 
node’s MAC_ID is odd. 
[0068] AnAAM bit stream, preferably arranged according 
to AAM format 830 and comprising 128 bits, serves as input 
into ARQ channel gain function 945. The 128-bit output from 
ARQ channel gain function 945 is modulated onto either the 
I or Q components of the carrier frequency Without being 
spread according to CDMA procedures. Preferably, the 128 
bit output is modulated onto either the I or Q component of the 
carrier frequency based on Which of these phase components 
is not being used by the output of CDMA spreader 940. 
[0069] As described earlier, if each of 56 client nodes trans 
mit a sub-packet at approximately the same time, the access 
node must transmit 14,336 bits of hybridARQ information on 
a MAC channel, across 56 different ARQ messages. Assume 
that, using method 900 to transmit AAM messages formatted 
according to AAM format 830, all 56 client nodes are 
assigned to the same group and all 56 client nodes transmit 
sub-packets at approximately the same time. Then, the 128 
bit output of CDMA spreader 940 is transmitted on a MAC 
channel to each respective client node, but the 128-bit AAM 
message is transmitted on a MAC channel just once, and is 
preferably received by all 56 client nodes. Thus, the total 
number of bits required for transmitting acknowledgements 
is reduced to 7,296 bits through use of the AAM scheme 
introduced herein. HoWever, signi?cant reductions in the 
number of bits required for transmitting acknoWledgements 
to client nodes can be achieved even if the client node group 
siZe is smaller than 56. 

[0070] AnAAM may also contain control bits transmitted 
from an access node to a group of client nodes. For example, 
the CDMA RPC bits and DRCLock bits for each client node 
in a given group of can be represented as a series of bits in 
binary AAM format 830. The control bits may appear before, 
after, or interleaved With ARQ bit encodings 870. Regardless 
of their exact position in an AAM, in an ACM that contains 
control bits, the control bits are preferably ordered according 
to the numbering of the client nodes’ MAC_IDs. Thus, When 
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receiving an AAM containing control bits, a client node will 
know where within the AAM to ?nd its control bits. 
[0071] Alternatively, control bits for multiple client nodes 
can be combined into a separate aggregated control message 
(ACM) and either broadcast or multicast to all client nodes in 
the group independently from the AAM. Similar to the meth 
ods and encodings described in FIGS. 7A, 7B, 7C, 8, and 9, 
control bits canbe aggregated into anACM and transmitted to 
a group of client nodes without spreading the ACM signals 
with a CDMA Walsh code. AnACM may include control bits 
that are distinct for each client node in a given group, or 
control bits that are identical for all client nodes in a given 
group. 
[0072] In cases where each of the client nodes in a given 
group are to be transmitted distinct control bits, these bits may 
represented as a series of control bits in an ACM. For 
example, the CDMA RPC bits and DRCLock bits for each 
client node in a given group of can be represented as a series 
of bits in a format analogous to binary AAM format 830. In an 
ACM that contains control bits, the control bits are preferably 
ordered according to the numbering of the client nodes’ 
MAC_IDs. Thus, when receiving an ACM containing control 
bits, a client node will know where within the ACM to ?nd its 
control bits. 
[0073] In cases where all of the client nodes in a given 
group are to be transmitted identical control bits, these bits 
may represented as a single set of control bits in an ACM. All 
client nodes that receive such an ACM will preferably retrieve 
the same control bits from the ACM. 
[0074] Furthermore, the AAM and ACM techniques 
described herein can operate independently of, or in conjunc 
tion with, one another. In other words, for a given group of 
client nodes, an access node may transmit (l) anAAM, (2) an 
ACM, (3) both an AAM and an ACM, or (4) neither an AAM 
nor an ACM. 

[0075] Exemplary embodiments have been described 
above. Those skilled in the art will understand, however, that 
changes and modi?cations may be made to these embodi 
ments without departing from the true scope and spirit of the 
invention, which is de?ned by the claims. 

What is claimed is: 
1. A method for aggregated acknowledgement of received 

packets in a communication system, wherein the communi 
cation system includes an access node and a plurality of client 
nodes, wherein each client node is distinguished by a client 
node identi?er that is unique within the plurality of client 
nodes, the method comprising: 

maintaining a division of the plurality of client nodes into 
groups based on each client node’s unique identi?er; 

receiving at the access node a packet from each of the client 
nodes in a given group, wherein all of the packets from 
the client nodes in the given group are received within a 
given time period; and 

responsive to the access node receiving the packets from 
the client nodes in the given group, the access node 
transmitting an aggregated acknowledgement message 
(AAM) to all client nodes in the given group, wherein 
the AAM contains acknowledgement data for each 
packet received from the client nodes in the group. 

2. The method of claim 1, wherein the AAM comprises: 
a preamble indicating that the AAM contains aggregated 

acknowledgements; 
a group identi?er indicating the given group of client nodes 

to which the acknowledgements relate; and 
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a series of acknowledgements, each acknowledging a 
packet from one of the client nodes within the given 
group. 

3. The method of claim 2, wherein the client nodes in the 
given group are distinguished by unique client node identi? 
ers that are sequentially numbered. 

4. The method of claim 3, wherein the series of acknowl 
edgements is ordered according to the sequentially numbered 
unique client node identi?ers of the client nodes in the given 
group, whereby each client node can determine its respective 
acknowledgement based upon its unique client node identi 
?er. 

5. The method of claim 3, further comprising: 
a client node in the given group receiving the AAM; and 
the client node in the given group locating the client node’s 

respective acknowledgement based upon the client 
node’s unique client node identi?er. 

6. The method of claim 3, wherein the unique client node 
identi?ers are medium access control identi?ers (MAC_IDs). 

7. The method of claim 6, wherein the group identi?ers of 
each group of client nodes are numbered sequentially based 
on the MAC_IDs of the client nodes within each group, and 
the AAM designates a group by indicating the group identi?er 
of the group. 

8. The method of claim 1, wherein the communication 
system is a wireless network, the client nodes are wireless 
communication devices, and the access node is a component 
of a radio access network. 

9. The method of claim 8, wherein the communication 
system operates in accordance with Code Division Multiple 
Access (CDMA), wherein the AAM is transmitted in within a 
phase of a modulation cycle, and wherein the AAM is 
directed to more than one client node by not performing 
CDMA spreading procedures on the AAM. 

10. The method of claim 9, wherein the unique client node 
identi?ers are MAC_IDs, and wherein the AAM further con 
tains a series of control bits, including CDMA reverse power 
control (RPC) bits and CDMA data request channel lock 
(DRCLock) bits, wherein the series of control bits is ordered 
according to the MAC_IDs of the client nodes in the given 
group, whereby each client node can determine its respective 
control bits based upon the client node’s MAC_ID. 

11. The method of claim 1, wherein the client nodes trans 
mit packets in accordance with a hybrid automatic repeat 
request protocol and the access node transmits acknowledge 
ment messages in accordance with a hybrid automatic repeat 
request protocol. 

12. A communication system supporting aggregated 
acknowledgement of received packets, the system compris 
mg: 

a plurality of client nodes, wherein each client node is 
distinguished by a client node identi?er that is unique 
within the plurality of client nodes, and wherein each 
client node is assigned to a group based on its unique 
client node identi?er; 

an access node, storing data representing the assignment of 
the client nodes to the groups, capable of executing the 
steps of: 
receiving a packet from each client node in a given 

group; 
determining that all of the packets received from the 

client nodes were received within a given time period; 
and 
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responsively, transmitting an aggregated acknowledge 
ment message (AAM), wherein the AAM contains 
acknowledgement data for each packet received from 
the client nodes within the given time period. 

13. The communication system of claim 12, wherein the 
AAM comprises: 

a preamble indicating that the AAM contains aggregated 
acknowledgements; 

a group identi?er indicating the given group of client nodes 
to which the acknowledgements relate; and 

a series of acknowledgements, each acknowledging a 
packet from one of the client nodes within the given 
group. 

14. The communication system of claim 13, wherein the 
client nodes in the given group are distinguished by unique 
client node identi?ers that are sequentially numbered, and 
wherein the series of acknowledgements is ordered according 
to the sequentially numbered unique client node identi?ers of 
the client nodes in the given group, whereby each client node 
can determine its respective acknowledgement based upon its 
unique client node identi?er. 

15. The communication system of claim 14, wherein the 
unique client node identi?ers are medium access control 
identi?ers (MAC_lDs), and wherein the groups of client 
nodes are numbered sequentially based on the MAC_lDs of 
the client nodes within each group, and the AAM designates 
a group by indicating the number of the group. 

16. The communication system of claim 12, wherein the 
communication system operates in accordance with Code 
Division Multiple Access (CDMA), wherein the AAM is 
transmitted in within a phase of a modulation cycle, and 
wherein the AAM is directed to more than one client node by 
not performing CDMA spreading procedures on the AAM. 

17. An method for supporting aggregated acknowledge 
ment of received packets at an access node of a communica 
tion system, the method comprising: 

assigning each client node of a plurality of client nodes a 
client node identi?er that is unique within the plurality 
of client nodes; 

placing each client node of the plurality of client nodes into 
a group based on its unique client node identi?er; 

receiving a plurality of packets from at least two of the 
plurality of client nodes within a given time period; 

determining, for a given group of client nodes, if packets 
were received from all of the client nodes in the given 
group; 

if packets were received from all of the client nodes in the 
given group, then transmitting an aggregated acknowl 
edgement message (AAM) to the client nodes in the 
given group, wherein the AAM contains acknowledge 
ment data relating to the packets transmitted by each of 
the client nodes in the given group; and 

if packets were not received from all of the client nodes in 
the given group, then transmitting individual acknowl 
edgement messages to each client node in the given 
group from which a packet was received. 

18. The method of claim 17, wherein the AAM comprises: 
a preamble indicating that the AAM contains aggregated 

acknowledgements; 
an group identi?er indicating the given group of client 

nodes to which the acknowledgements relate; and 
a series of acknowledgements, each acknowledging a 

packet from one of the client nodes within the given 
group. 
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19. The method of claim 18, wherein the client nodes in the 
given group are distinguished by unique client node identi? 
ers that are sequentially numbered, and wherein the series of 
acknowledgements is ordered according to the sequentially 
numbered unique client node identi?ers of the client nodes in 
the given group, whereby each client node can determine its 
respective acknowledgement based upon its unique client 
node identi?er. 

20. The method of claim 19, wherein the unique client node 
identi?ers are medium access control identi?ers (MAC_lDs), 
and wherein the groups of client nodes are numbered sequen 
tially based on the MAC_lDs of the client nodes within each 
group, and the AAM designates a group by indicating the 
group identi?er of the group. 

21. The method of claim 17, wherein the communication 
system operates in accordance with Code Division Multiple 
Access (CDMA), wherein the AAM is transmitted in within a 
phase of a modulation cycle, and wherein the AAM is 
directed to more than one client node by not performing 
CDMA spreading procedures on the AAM. 

22. A method for supporting transmission of an aggregated 
control message (ACM) from an access node of a communi 
cation system, the method comprising: 

assigning each client node of a plurality of client nodes a 
client node identi?er that is unique within the plurality 
of client nodes; 

placing each client node of the plurality of client nodes into 
a group based on its unique client node identi?er, 
wherein the client nodes in each group are distinguished 
by unique client node identi?ers that are sequentially 
numbered; 

determining, for a given group of client nodes, if the access 
node is to transmit a singleACM to the clients in a given 
group; 

if the determination is that the access node is to transmit a 
single ACM to the clients in the given group, then trans 
mitting an ACM to the client nodes in the given group, 
wherein the ACM contains control bits for the client 
nodes in the given group; and 

if the determination is that the access node is not to transmit 
identical control information to each client node in the 
given group, then transmitting individual control mes 
sages to each client node in the given group. 

23. The method of claim 22, wherein (i) the unique client 
node identi?ers are medium access control identi?ers (MAC_ 
IDs), (ii) the groups of client nodes are numbered sequentially 
based on the MAC_lDs of the client nodes within each group, 
and the ACM designates a given group by indicating the 
group identi?er of the given group, (iii) the communication 
system operates in accordance with Code Division Multiple 
Access (CDMA), wherein the ACM is transmitted in within a 
phase of a modulation cycle, and (iv) the ACM is directed to 
more than one client node by not performing CDMA spread 
ing procedures on the ACM, and wherein the ACM com 
prises: 

a preamble indicating that the ACM contains aggregated 
control bits, wherein the control bits are distinct for each 
client node in the given group; 

a group identi?er indicating the given group of client nodes 
to which the control bits relate; and 

a series of control bits, including CDMA reverse power 
control (RPC) bits and CDMA data request channel lock 
(DRCLock) bits, wherein the series of control bits is 
ordered according to the sequentially numbered MAC_ 
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IDs of the client nodes in the given group, whereby each 
client node can determine its respective control bits 
based upon the client node’s MAC_ID. 

24. The method of claim 22, Wherein (i) the unique client 
node identi?ers are medium access control identi?ers (MAC_ 
IDs), (ii) the groups of client nodes are numbered sequentially 
based on the MAC_lDs of the client nodes Within each group, 
and the ACM designates a given group by indicating the 
group identi?er of the given group, (iii) the communication 
system operates in accordance With Code Division Multiple 
Access (CDMA), Wherein the ACM is transmitted in Within a 
phase of a modulation cycle, and (iv) the ACM is directed to 
more than one client node by not performing CDMA spread 
ing procedures on the ACM, the method further comprising: 
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determining that the control information consists of the 
same set of bits for each client node in the given group, 
and responsively generating an ACM that includes: 

a preamble indicating that the ACM contains aggregated 
control bits, Wherein the control bits are the same for all 
client nodes in the given group; 

a group identi?er indicating the given group of client nodes 
to Which the control bits relate; and 

a single set of control bits, including CDMA reverse poWer 
control (RPC) bits and CDMA data request channel lock 
(DRCLock) bits. 


