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ABSTRACT 

A downlink communication is transmitted/received in at least 
one downlink time slot. In response to the received downlink 
communication, an acknowledgement message is received/ 
transmitted in an uplink time slot a fixed integer number of 
uplink time slots after transmission/reception of the received 
downlink communication. The uplink and downlink time 
slots are staggered by Substantially a half of a time slot. 
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TRANSMITTING ACKNOWLEDGEMENT 
MESSAGES USINGA STAGGEREDUPLINK 

TIME SLOT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/312,257 filed Dec. 6, 2011, which is a 
continuation of U.S. patent application Ser. No. 12/246,190 
filed Oct. 6, 2008, which issued as U.S. Pat. No. 8,072,944 on 
Dec. 6, 2011, which is a continuation of U.S. patent applica 
tion Ser. No. 09/691,874 filed Oct. 19, 2000, which issued as 
U.S. Pat. No. 7,433,340 on Oct. 7, 2008, which are incorpo 
rated by reference as if fully set forth. 

BACKGROUND 

0002. In a wireless telecommunication system, radio 
channels provide a physical link between communication 
units. The wireless communication units in Such a system 
typically include a base station processor in communication 
with a network such as the Public Switchboard Telephone 
Network (PSTN), in the case of voice communication, or a 
data network, in the case of data communication, and one or 
more Subscriber access units in communication with a plu 
rality of end user computing devices, such as user PCs. The 
wireless channels include forward channels, for message 
transmission from the base station processor to the Subscriber 
access units, and reverse channels, for message transmission 
to the base station processor from the Subscriber access units. 
0003. In the case of a wireless data system such as may be 
used to provide wireless Internet access, each base station 
processor typically serves many Subscriber access units, 
which in turn serve many end user computing devices. The 
wireless channels, however, are a scarce resource, and are 
therefore allocated by a scheduler among the subscriber 
access units served by the base station processor. The sched 
uler allocates the wireless channels among the Subscriber 
access units on a traffic demand basis. One way of supporting 
on demand access among multiple users is so-called time 
division multiple access (TDMA) whereas each of the wire 
less channels are allocated to specific connections only for a 
certain predetermined time intervals or time slot. Message 
transmission is initiated at the beginning of each time slot. A 
message queued for transmission via a wireless channel, 
therefore, remains queued until the beginning of the next time 
slot. The rate and duration of the time slots, therefore, define 
a message transmission cycle. 
0004. Often, a message transmission results in a return 
message being transmitted back to the sending wireless com 
munication unit. Frequently, the return message is computed 
and queued for transmission in less than the predetermined 
interval defining the time slots. The return message may even 
be computed and enqueued in less than one half the duration 
of a time slot. However, the return message must still wait 
enqueued until the next allocated time slot becomes available 
to the particular connection. Therefore, transmission of the 
message and the return message requires at least three time 
slots: one to transmit the message, a second during which the 
return message is computed, and a third to transmit the return 
message, even if the return message was computed well 
before the second time slot completed. 
0005. Further, some channel allocation methods allocate a 
wireless channel for the return message at the same time as 
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allocating a channel for the initial message which triggered 
the return message. The wireless channel allocated for the 
return message, therefore, remains allocated until the return 
message is received. 
0006. It would be beneficial, therefore, to provide a system 
and method for scheduling the timeslots such that the forward 
cycle and the reverse cycle are out of phase, therefore provid 
ing a time slot for a return message in less than a full time slot 
interval. 

SUMMARY OF THE INVENTION 

0007 An apparatus and method for staggering forward 
and reverse channel time slot allocation in a wireless com 
munication network allows a wireless communication unit, 
Such as a base station processor or a Subscriber access unit, to 
transmit a return message in less than a full time slot interval. 
Forward and reverse channel allocation occurs as a cycle of 
time slots occurring at periodic timing intervals. Transmis 
sion of a wireless frame carrying a message payload occurs at 
the beginning of the time slot. Since the forward and reverse 
channel allocation cycles need not be concurrent, or in phase, 
these cycles are staggered with respect to each other. By 
staggering the forward and reverse channel allocation timing 
interval, the return message is sent after only a portion of a full 
timing interval, rather than being delayed up to one complete 
timing interval. 
0008. A set of forward channels and a set of reverse chan 
nels are designated to transmit wireless messages between a 
Subscriber access unit and a base station processor. The mes 
sage transmission cycle for the forward channel and for the 
reverse channels do not need to be concurrent. A forward 
cycle determines the timeslots for the forward channel and a 
reverse cycle determines the time slots for the reverse chan 
nel. 
0009. A message sent often results in a return message in 
the opposite direction. A message sent via a forward channel 
may result in a return message via a reverse channel. Simi 
larly, a message sent via a reverse channel may result in a 
return message being sent via a forward channel. Many return 
messages, however, do not require a full timing interval to 
compute. By staggering, or offsetting, the forward and 
reverse channel allocation cycles, the time slots will be stag 
gered, or overlap, rather than occurring in concurrent cycles. 
Return messages need to wait only for the timing interval 
represented by the overlap. Therefore, return messages can be 
sent more quickly than if a full time slot duration was to 
elapse. In this manner, a return message which requires only 
a portion of a timing interval to compute need only wait for a 
portion of a full timing interval until a wireless channel is 
available to transmit the return message. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not neces 
sarily to Scale, emphasis instead being placed upon illustrat 
ing the principles of the invention. 
0011 FIG. 1 shows a block diagram of a wireless commu 
nication system Suitable for performing wireless channel 
allocation as defined herein; 
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0012 FIG.2 shows a prior art timing chart depicting trans 
mission of a message and a return message; 
0013 FIG. 3 shows a timing chart depiction transmission 
of a message and a return message as defined herein; 
0014 FIG. 4 shows an example of message transmission 
via the wireless communication system of FIG. 1; 
0015 FIG. 5 shows channel allocation and scheduling in 
greater detail; and 
0016 FIG. 6 shows a timing diagram of scheduling a 
reverse channel. 

DETAILED DESCRIPTION 

0017 FIG. 1 shows a wireless telecommunications system 
Suitable for performing staggered forward and reverse chan 
nel allocation. A plurality of user PCs 12a-12e are each in 
communication with a subscriber access unit (SAU) 14a-d 
via a wired connection 20. The wired connection typically 
conforms to a wired protocol such as TCP/IP or UDP/IP. 
0.018. The subscriber access units 14a-14d are in wireless 
communication with a base station processor (13SP) 16 via a 
wireless link 26. The wireless link 26 conforms to a wireless 
protocol such as IS 95 or another wireless protocol which 
Supports communication viaan RF medium. The base station 
processor 16 is also connected to a public access network 18 
Such as the Internet, via an internetworking gateway 24. The 
internetworking gateway is typically a bridge, router, or other 
connection to a network backbone, and may be provided by a 
remote provider such as an Internet Services Provider (ISP). 
In this manner, an end user at the user PC 12 is provided a 
wireless connection to a public access network 18 via the 
Subscriber access unit 14 and the base station processor 16. 
0019 Typically, a user PC 12 sends a message over a wired 
link 20, Such as a local area network or bus connection, to the 
Subscriber access unit 14. The Subscriber access unit sends a 
message via the wireless link 26 to the base station processor 
16. The base station processor 16 sends the message to the 
public access network 28 via the internetworking gateway 18 
for delivery to a remote node 30 located on the network 28. 
Similarly, a remote node 30 located on the network can send 
a message to the user PC by sending it to the base station 
processor 16 via the internetworking gateway 24. The base 
station processor 16 sends the message to the Subscriber 
access unit serving the user PC 12 via the wireless link 26. 
The subscriber access unit sends the message to the user PC 
14 via the wired link 20. The subscriber access unit 14 and the 
base station processor 16 can therefore be viewed as end 
points of the wireless link 26. 
0020. As indicated above, there are typically many more 
user PCs than there are available wireless channel resources. 
For this reason, the wireless channels are allocated according 
to Some type of demand-based multiple access technique to 
make maximum use of the available radio channels. Multiple 
access is often provided in the physical layer, Such as by 
Frequency Division Multiple Access (FDMA) or by schemes 
that manipulate the radio frequency signal Such as Time Divi 
sion Multiple Access (TDMA) or Code Division Multiple 
Access (CDMA). In any event, the nature of the radio spec 
trum is such that it is a medium that is expected to be shared. 
This is quite dissimilar to the traditional environment for data 
transmission, in which a wired medium Such as a telephone 
line or network cabling is relatively inexpensive to obtain and 
to keep open all the time. 
0021. In a typical wireless transmission, a message send 
often results in a return message. A wireless channel is allo 
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cated to send the message, and a second wireless channel 
allocated in the opposite direction to send the return message. 
Wireless channel allocation can occur by a variety of meth 
ods, such as that disclosed in U.S. patent application Ser. No. 
09/574,622, filed May 19, 2000, entitled “Automatic Reverse 
Channel Assignment in a Two-Way TDM Communication 
System,” which issued into U.S. Pat. No. 6,804.252 on Oct. 
12, 2004, which is incorporated herein by reference. 
0022 FIG. 2 illustrates a prior art message send and a 
return message send. Referring to FIGS. 2 and 3, time is 
shown along the horizontal axis 32. Wireless message trans 
mission occurs at regular intervals as defined by the channel 
allocation cycle. Each time slot in the channel allocation 
cycle is shown by increments 34a-34g. During the time slot 
beginning at 34a, a message is sent from the base station 
processor 16 to the subscriber access unit 14, shown by time 
block 36. During the next time slot beginning at 34b, the 
Subscriber access unit 14 processes the message and 
enqueues a return message, as shown by time block 38. 
Although the time to process and enqueue the return message 
required only half of a full time slot interval, it remained 
enqueued until the beginning of the next time slot since the 
wireless transmission occurs at the beginning of each time 
slot. The return message is sent back to the base station 
processor 16 during the time slot beginning at 34c, and 
received by the base station processor at 34d. A similar 
sequence occurs for the next message sent, as shown by time 
blocks 42, 44, and 46. Each message sent has required three 
time slot intervals before the return message is received. 
0023. In a particular embodiment, the time slot intervals 
are approximately 26 ms, due to the wireless protocol 
employed. These intervals are actually 26.666 ms in duration, 
and are called an epoch. In this embodiment, as in the timing 
diagram of FIG. 3, the timeslot intervals are staggered by 
one-half, or approximately 13 ms. In another embodiment, 
the time slots could be staggered by other amounts. Factors 
affecting the selection of the staggering amount include the 
volume of message traffic, availability of channels at the base 
station processor 16 and the Subscriber access units 14, and 
the likelihood of processing and enqueueing the return mes 
sage before the beginning of the next time slot. For example, 
if the return messages in one direction were typically pro 
cessed and enqueued in 16 ms and the return messages were 
typically processed and enqueued in the opposite direction in 
10 ms, it would be beneficial to have the cycle corresponding 
to the 16 ms processing time lead the opposite cycle by 10 ms. 
In this manner, a new time slot would occur 16 ms. after the 
previous message was received. 
0024 FIG. 3 illustrates staggered channel allocation tim 
ing. Referring to FIGS. 1 and 3, the time slots of the forward 
channel allocation cycle is shown by the increments 48a-48?, 
while the time slots of the reverse channel allocation cycle is 
shown by increments 50a-50?. The time slot intervals of the 
forward and reverse channels are not in phase, but rather are 
staggered such that the time slot intervals for channels in one 
direction are offset one halftime slot cycle out of phase with 
the time slot intervals for channels in the opposite direction. 
During the time slot beginning at 48a, the base station pro 
cessor 16 sends a message to the Subscriber access unit 14, 
shown by 52. About halfway through the time slot from 
48a-48b, a time slot 50a begins on the subscriber access unit 
14, as defined by the reverse channel allocation cycle. As the 
base station processor 16 completes the message transmis 
sion at 48b, the subscriber access unit is in the middle of a 
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timeslot. The return message, however, requires only one half 
of a time slot interval to process and enqueue for transmis 
sion, as shown by time block 54. 
0025. As the time slot begun at 50a expires at 50b, the 
return message is enqueued for transmission. During the time 
slot from 50b-50c, the return message is sent from the sub 
scriber access unit 14 to the base station processor 16, shown 
by time block56. A similar sequence occurs at time blocks 58, 
60, and 62. The return message is received by the base station 
processor 16 only 2.5 time slot intervals after it was sent. 
Therefore, the wireless channel allocated for the return mes 
sage is available for other messages more quickly. 
0026. The system and method described herein is 
employed on both endpoints of the wireless link. Messages 
sent from the base station processor 16 to the subscriber 
access unit 14, as well as messages sent from the Subscriber 
access unit 14 to the base station processor 16, are equally 
applicable to wireless channel allocation as described herein. 
Also, the messages described herein refer to sequences of 
data transmitted between a Subscriber access unit and a base 
station processor 16 during a time slot interval. In a particular 
embodiment, these messages are link layer messages trans 
mitted in accordance with the underlying wireless RF proto 
col. The system and methods as claimed herein, however, 
could be applied to other types of demand based scheduling of 
data transmission, Such as message packets, frames, and frag 
ments, at other layers of transmission. 
0027 FIG. 4 shows an example of common a web page 
fetch via a browser application on a user PC using staggered 
channel allocation. Such a web page fetch is typically in the 
form of packets containing data according to the Hypertext 
Markup Language (HTML). This type of transaction typi 
cally results in many allocations of wireless channels and 
wireless messages as described above, as the data is manipu 
lated according to various protocols prior to reaching the link 
level. Referring to FIG. 4. a user sends a web page fetch 
request from user PC 14a. The message is sent via the wired 
link 20 to the subscriber access unit 14a as shown by arrow A. 
The Subscriber access unit receives the message and pro 
cesses it for transmission to the base station processor 16 as 
shown by arrow B. Transmission to the base station processor 
16 occurs at C, via the wireless link 26, and includes a series 
of wireless messages corresponding to the channel allocation 
described above with respect to FIG. 3. At D the wireless 
messages are reassembled, and sent to an internetworking 
gateway 18 via wired link 24. The internetworking gateway 
sends the HTML fetch to a remote node via the Internet 28, 
shown by arrow E. Arrow F denotes the requested HTML 
page returned from the remote node. The base station proces 
sor 16 receives the HTML page via the wired link 24, and 
processes it for transmission to the Subscriber access unit 14. 
As above, transmission to the Subscriber access units occurs 
via wireless messages over wireless channels allocated as 
above as described above with respect to FIG.3, as shown by 
arrow H. The subscriber access unit reassembles the wireless 
messages into the HTML page, as shown by arrow I, and 
sends the HTML page to the user PC 12a, as shown by arrow 
J 

0028. The wireless channels described above typically 
transport messages according to a wireless protocol, and con 
tain wireless packed framing information. By way of 
example, the wireless packet framing information may be that 
described in Patent Cooperation Treaty Application No. 
WO99/44341 entitled “Dynamic Frame Size Setting For 
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Multichannel Transmission.” published Sep. 2, 1999, and 
which is hereby incorporated by reference. In that scheme, 
Code Division Multiple Access (CDMA) encoding is used to 
define multiple logical channels on a given physical channel. 
For example, a long pseudo-random noise (PN) code 
sequence can be used to define multiple logical channels on a 
given radio frequency carrier signal. Other codes may be 
layered on the long PN code, such as error correction codes or 
optional short pseudo-random noise (PN) codes, to further 
define the channels and make them robust in noisy environ 
mentS. 

0029. In accordance with the link layer or even a higher 
layer TCP/IP protocol, a receiving endpoint is expected to 
send an acknowledgment message to the corresponding send 
ing unit upon complete and correct receipt of a packet. Refer 
ring to FIG. 5, this acknowledgment message may be sent in 
response in a cumulative fashion, Such that a given acknowl 
edgment message indicates that a number of consecutive 
packets have been received Successfully. However, in any 
event, it can be appreciated that these acknowledgment mes 
sages in the system 10 must be sent over the forward link 140 
or reverse link 150 in response to messages sent on the reverse 
150 or forward 140 link, respectively. Given that the system 
10 is a wireless system, radio resources must therefore be 
provisioned for sending Such acknowledgment messages 
regardless of the exact physical layer configuration. 
0030 The channels comprising the forward and reverse 
links will now be discussed in greater detail. In a particular 
embodiment, the reverse link 150 actually consists of a num 
ber of different types of logical and/or physical radio channels 
including an access channel 151, multiple traffic channels 
152-1, ... 152-t, and a maintenance channel 153. The reverse 
link access channel 151 is used by the subscriber access units 
14 to send messages to request that traffic channels be granted 
to them. The assigned traffic channels 152 then carry payload 
data from the subscriber access unit 14 to the base station 
processor 16. It should be understood that a given IP level 
connection may actually have more than one traffic channel 
152 assigned to it as described in the previously referenced 
patent application. In addition, a maintenance channel 153 
may carry information Such as synchronization and power 
control messages to further Support transmission of informa 
tion over the reverse link 150. 
0031 Similarly, the forward link 140 typically includes a 
logical paging channel 141 that is used by the base station 
processor 16 to not only inform the subscriber access unit 14 
that forward link traffic channels 152 have been allocated to it, 
but also to inform the subscriber access unit 14 of allocated 
traffic channels 152 in the reverse link direction. Traffic chan 
nels 142-1 ... 142-ton the forward link 140 are used to carry 
payload information from the base station processor 16 to the 
Subscriber access units 14. Additionally, maintenance chan 
nels carry synchronization and power control information on 
the forward link 140 from the base station processor 16 to the 
Subscriber access units 14. 

0032. Additional information as to one possible way to 
implement the various logical channels 141, 142,143, 151, 
152, and 153 is also provided in Patent Cooperation Treaty 
Application No. WO99/63682 entitled “Fast Acquisition Of 
Traffic Channels For A Highly Variable Data Rate.” published 
Dec. 9, 1999. 
0033. As shown more particularly in FIG. 6, a typical 
forward link traffic channel 142 is partitioned into a pre 
determined number of periodically repeating time slots 160 
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1, 160-2, . . . 160-in for transmission of messages to the 
multiple Subscriber access units 14. A given Subscriber access 
unit 14 identifies messages directed to itself based upon when 
a message is received in an assigned time slot 160. It should 
be understood that a given Subscriber access unit 14 may at 
any instant in time have multiple ones of the time slots 160 
assigned to it or at other times may have no timeslots assigned 
to it. The assignment of time slots 160 is communicated from 
a central controller such as a wireless Internet facility base 
station controller 23 or the base station processor 16 itself 
over the paging channel 141. The allocation of radio and 
traffic channels occurs on a demand basis among the various 
Subscriber access units 14 in a physical area serviced by the 
system 10. 
0034. The manner of assignment of the time slots and 
radio channels is not of importance to the present invention; 
rather the present invention is more concerned with a particu 
lar embodiment in which a time slot 160 is scheduled in a 
staggered interval and assigned to the reverse link 150 fol 
lowing reception of a valid message on the forward link 40. 
0035. In particular, the reverse link traffic channels 152 are 
shared among the multiple Subscriber access units 14. For 
example, a given reverse link traffic channel 152-i is parti 
tioned into a number of timeslots 170-1 ... 170-mina manner 
similar to the way in which the forward link traffic channel 
142-i is partitioned. 
0036 Consider that a given forward link traffic channel 
142-i may include a particular time slot 160-4. This time slot 
160-4 carries packet data from the base station processor 16 to 
an intended subscriber access unit 14. However, unlike prior 
art systems, there is no specific assignment needed of reverse 
link traffic channel slots by sending paging channel messages 
to inform the connection associated with the particular time 
slot 160-4. Rather, upon receiving the data packet in time slot 
160-4, the subscriber access unit 14 determines whether the 
data has been properly received such as by performing error 
check processing. If the packet is indicated as having been 
received properly, the Subscriber access unit 14 makes an 
assumption that the acknowledgment message will be 
expected to be transmitted in corresponding time slot 170-4 
on the reverse link traffic channel 152-i. 

0037. The time slot 170-4 is positioned timewise a given 
number of time slots, m, away from the time slot 160-4 
allocated to the forward link. This, in effect, results in auto 
matic reservation of a reverse link time slot for the acknowl 
edgment message a fixed number of time slots, m, in the 
future. 

0038 Similarly, an acknowledgment message for a packet 
sent in time slot 160-2 is acknowledged in the timeslot 170-2. 
The time slot 170-2 remains the m time slots away from its 
associated forward link time slot 160-2. 

0039. Several advantages result from this arrangement. In 
particular, no control signaling is required on the paging 
channel 141 to allocate reverse link time slots for the 
acknowledgment messages. The technique efficiently uses 
the reverse channel for acknowledgment messages Such as 
TCP/IP layer ARQ messages among a large number of sub 
scriber access units 14. The short time delay duration for these 
acknowledgment messages in turn increases the effective uti 
lization of the traffic channels 152 on the reverse link, as well 
as the paging channel 141 on the forward link 140. 
0040. It should be understood that the time slot 170-4 can 
also carry other short messages, such as link layer acknowl 
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edgment messages. In many applications, link layer acknowl 
edgments must be handled rapidly, and the invention provides 
this capability. 
0041 At higher protocol levels, the reverse time slot can 
be used for sending embedded links in a Web page, as 
described above with respect to FIG. 4. For example, a typical 
Hypertext Transfer Protocol (HTTP) Web page file has sev 
eral embedded links which are requests to fetch other files. 
These embedded links can be sent back on the reverse channel 
using the time slots 170-4. 
0042. Those skilled in the art should readily appreciate 
that the programs defining the operations and methods 
defined herein are deliverable to a subscriber access unit and 
to a base station processor in many forms, including but not 
limited to a) information permanently stored on non-write 
able storage media such as ROM devices, b) information 
alterably stored on writeable storage media Such as floppy 
disks, magnetic tapes, CDs, RAM devices, and other mag 
netic and optical media, or c) information conveyed to a 
computer through communication media, for example using 
baseband signaling or broadband signaling techniques, as in 
an electronic network Such as the Internet or telephone 
modem lines. The operations and methods may be imple 
mented in a software executable out of a memory by a pro 
cessor or as a set of instructions embedded in a carrier wave. 
Alternatively, the operations and methods may be embodied 
in whole or in part using hardware components, such as 
Application Specific Integrated Circuits (ASICs), state 
machines, controllers or other hardware components or 
devices, or a combination of hardware, software, and firm 
ware components. 
0043. While the system and method for staggered wireless 
channel allocation have been particularly shown and 
described with references to embodiments thereof, it will be 
understood by those skilled in the art that various changes in 
form and details may be made therein without departing from 
the scope of the invention encompassed by the appended 
claims. Accordingly, the present invention is not intended to 
be limited except by the following claims. 

1. A wireless Subscriber access unit comprising: 
a transmitter configured to transmit a plurality of uplink 

transmissions in a plurality of time intervals to a base 
station; and 

a receiver configured to receive from the base station, a 
single cumulative acknowledgement message, wherein 
the single cumulative acknowledgement message corre 
sponds to the plurality of uplink transmissions and indi 
cates whether data of the plurality of uplink transmis 
sions has been received Successfully. 

2. The wireless subscriber access unit of claim 1, wherein 
the receiver is configured to receive the single cumulative 
acknowledgement message a fixed time period after a last 
transmission of the plurality of uplink transmissions. 

3. A method performed by a subscriber access unit, the 
method comprising: 

transmitting a plurality of uplink transmissions in a plural 
ity of time intervals to a base station; and 

receiving from the base station, a single cumulative 
acknowledgement message, wherein the single cumula 
tive acknowledgement message corresponds to the plu 
rality of uplink transmissions and indicates whether data 
of the plurality of uplink transmissions has been 
received successfully. 
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4. The method of claim 3, wherein the receiving further 
includes receiving the single cumulative acknowledgement 
message a fixed time period after a last transmission of the 
plurality of uplink transmissions. 

5. A base station comprising: 
a receiver configured to receive a plurality of uplink trans 

missions in a plurality of time intervals from a wireless 
Subscriber access unit; and 

a transmitter configured to transmit, to the wireless Sub 
scriber access unit, a single cumulative acknowledge 
ment message, wherein the single cumulative acknowl 
edgement message corresponds to the plurality of uplink 
transmissions and indicates whether data of the plurality 
of uplink transmissions has been received successfully. 

6. The base station of claim 5, wherein the transmitter is 
further configured to transmit the single cumulative acknowl 
edgement message a fixed time period after a last transmis 
sion of the plurality of uplink transmissions. 

7. The wireless subscriber access unit of claim 2, wherein 
the single cumulative acknowledgement message is stag 
gered in time from a last time interval of the plurality of time 
intervals by a portion of the time interval. 

8. The wireless subscriber access unit of claim 1 further 
comprising an antenna operatively coupled to the transmitter 
and to the receiver. 

9. The wireless subscriber access unit of claim 1 further 
comprising a processor operatively coupled to the transmitter 
and to the receiver, the processor configured to determine, 
based on the single cumulative acknowledgement message, 
whether the data of the plurality of uplink transmissions has 
been received successfully. 

10. The wireless subscriber access unit of claim 1, wherein 
the data is associated with Voice communication. 

11. The wireless subscriber access unit of claim 1, wherein 
a time delay associated with the plurality of uplink transmis 
sions and the single cumulative acknowledgement message is 
reduced. 

12. The wireless subscriber access unit of claim 1, wherein 
the time interval is a time slot. 
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13. The method of claim 4, wherein the single cumulative 
acknowledgement message is staggered in time from a last 
time interval of the plurality of time intervals by a portion of 
the time interval. 

14. The method of claim 3, wherein the transmitting 
includes transmitting via an antenna, and wherein the receiv 
ing includes receiving via the antenna. 

15. The method of claim3 further comprising determining, 
based on the single cumulative acknowledgement message, 
whether the data of the plurality of uplink transmissions has 
been received successfully. 

16. The method unit of claim 3, wherein the data is asso 
ciated with Voice communication. 

17. The method of claim3, wherein a time delay associated 
with the plurality of uplink transmissions and the single 
cumulative acknowledgement message is reduced. 

18. The method of claim 3, wherein the time interval is a 
time slot. 

19. The base station of claim 6, wherein the single cumu 
lative acknowledgement message is staggered in time from a 
last time interval of the plurality of time intervals by a portion 
of the time interval. 

20. The base station of claim 5 further comprising an 
antenna operatively coupled to the transmitter and to the 
receiver. 

21. The base station of claim 5 further comprising a pro 
cessor operatively coupled to the transmitter and to the 
receiver, the processor configured to determine whether the 
data of the plurality of uplink transmissions has been received 
Successfully. 

22. The base station of claim 5, wherein the data is associ 
ated with Voice communication. 

23. The base station of claim 5, wherein a time delay 
associated with the plurality of uplink transmissions and the 
single cumulative acknowledgement message is reduced. 

24. The base station of claim 5, wherein the time interval is 
a time slot. 


