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(57) ABSTRACT 

A frame structure that is ordinarily optimized for providing 
variable high data rates also includes the ?exibility to 
efficiently carry lower data rate, lower latency frames using 
sub-framing. Superframes, each comprised of a predeter 
mined number of frames, carry voice and data communica 
tions at one or more variable data rates. The siZe of a 

superframe is limited, such as by the delay tolerance for 
voice transmission, typically 20 ms. Each voice customer is 
allotted one or more frames or portions of frames within the 
superframe, called sub-frames, as is needed to deliver the 
lower data rate, low latency voice communication. The 
allocation for the voice customers is not ?xed, but varies as 
the data rate varies over time. Any bits in a frame that are not 
needed to carry voice communication are assigned to carry 
data having compatible data rate requirements. Additionally, 
the sub-framing concept may be extended to include ATM 
cells. 
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FLEXIBLE FRAME STRUCTURES IN ADAPTIVE 
HIGH DATA RATE WIRELESSS ACCESS 

SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority pursuant to 
35 U.S.C. Sec 119(e) to US. Provisional Application Ser. 
No. 60/177,093, ?led Jan. 20, 2000, Which is hereby incor 
porated by reference in its entirety. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The present invention relates generally to cellular 
Wireless communication networks; and more particularly to 
the transmission of voice communications and data com 
munications in such a cellular Wireless communication 
netWork. 

[0004] 2. Related Art 

[0005] Wireless netWorks are Well knoWn. Cellular Wire 
less netWorks support Wireless communication services in 
many populated areas of the World. Satellite Wireless net 
Works are knoWn to support Wireless communication ser 
vices across most surface areas of the Earth. While Wireless 
netWorks Were initially constructed to service voice com 
munications, they are noW called upon to support data 
communications as Well. 

[0006] The demand for data communication services has 
exploded With the acceptance and Widespread use of the 
Internet. While data communications have historically been 
serviced via Wired connections, Wireless users are noW 
demanding that their Wireless units also support data com 
munications. Many Wireless subscribers noW eXpect to be 
able to “surf” the Internet, access their email, and perform 
other data communication activities using their cellular 
phones, Wireless personal data assistants, Wirelessly linked 
notebook computers, and/or other Wireless devices. The 
demand for Wireless netWork data communications Will only 
increase With time. Thus, Wireless netWorks are currently 
being created/modi?ed to service these burgeoning data 
communication demands. 

[0007] Signi?cant performance issues eXist When using a 
Wireless netWork to service data communications. Wireless 
netWorks Were initially designed to service the Well-de?ned 
requirements of voice communications. Generally speaking, 
voice communications require a sustained bandWidth With 
minimum signal-to-noise ratio (SNR) and continuity 
requirements. Data communications, on the other hand, have 
very different performance requirements. Data communica 
tions are typically bursty, discontinuous, and may require a 
relatively high bandWidth during their active portions. To 
understand the difficulties in servicing data communications 
Within a Wireless netWork, consider the structure and opera 
tion of a cellular Wireless netWork. 

[0008] Cellular Wireless netWorks include a “netWork 
infrastructure” that Wirelessly communicates With user ter 
minals Within a respective service coverage area. The net 
Work infrastructure typically includes a plurality of base 
stations dispersed throughout the service coverage area, 
each of Which supports Wireless communications Within a 
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respective cell (or set of sectors). The base stations couple to 
base station controllers (BSCs), With each BSC serving a 
plurality of base stations. Each BSC couples to a mobile 
sWitching center (MSC). Each BSC also typically directly or 
indirectly couples to the Internet. 

[0009] In operation, a user terminal communicates With 
one (or more) of the base stations. A BSC coupled to the 
serving base station routes voice communications betWeen 
the MSC and the serving base station. The MSC routes the 
voice communication to another MSC or to the public 
sWitched telephone netWork (PSTN). BSCs route data com 
munications betWeen a servicing base station and a packet 
data netWork that may couple to the Internet. 

[0010] The Wireless link betWeen the base station and the 
user terminal is de?ned by one of a plurality of operating 
standards, e.g., AMPS, TDMA, CDMA, GSM, etc. These 
operating standards, as Well as neW 3G and 4G operating 
standards de?ne the manner in Which the Wireless link may 
be allocated, setup, serviced and torn doWn. These operating 
standards must set forth operations that Will be satisfactory 
in servicing both voice and data communications. 

[0011] The Wireless netWork infrastructure must support 
both loW bit rate voice communications and the varying rate 
data communications. More particularly, the netWork infra 
structure must transmit loW bit rate, delay sensitive voice 
communications together With high data rate, delay tolerant 
rate data communications. While voice communications 
typically have a long hold time, e.g., remain active for longer 
than tWo minutes on the average, high data rate/delay 
tolerant data communications are bursty and are active only 
sporadically. As contrasted to the channel allocation require 
ments of voice communications, channels must be fre 
quently allocated and deallocated to the data communication 
in order to avoid Wasting spectrum. Such allocation and 
deallocation of channels to the data communications con 
sumes signi?cant overhead. 

[0012] Further, because voice communications must have 
priority over data communications, the data communications 
often can be allocated little or no resources. Not only must 
data users compete With voice users for channels, they must 
compete With the other data users for the channels as Well. 
In most operating scenarios, it is very dif?cult to obtain a 
channel and to maintain the channel to fully service the data 
communication. If the channel allocation is prematurely 
deallocated by the netWork infrastructure, the data commu 
nication Will be interrupted causing a protocol layer above 
the physical layer of the Wireless link to fail. 

[0013] It Would therefore be desirable to provide a com 
munication system that is capable of carrying both delay 
sensitive loWer data rate voice communications and delay 
tolerant higher data rate data communications With minimal 
Waste of spectral capacity. Further, it Would also be desirable 
to provide a communication system that also services bursty 
data traf?c for a plurality of data users Without Wasting 
allocated spectrum. 

SUMMARY OF THE INVENTION 

[0014] A communication system constructed according to 
the present invention employs a Time Division Multiplexed 
(TDM) superframe/frame structure that is optimiZed for 
servicing both delay tolerant, high data rate data transmis 
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sions and delay intolerant, loW bit rate voice transmissions. 
The TDM frame structure of the present invention supports 
?exible framing of transmissions that include both the loWer 
data rate, delay intolerant voice communications as Well as 
the delay tolerant higher data rate data communications 
using sub-framing operations. Thus, the system and method 
of the present invention provides signi?cant bene?ts for both 
data communication only Wireless traffic and for a combi 
nation of voice communication and data communication 
Wireless traf?c. 

[0015] The TDM frame structure of the present invention 
employs data rate matching so that different data rates may 
be supported for different user terminals sharing the TDM 
frame structure. When used on the forWard link, a base 
station selects data rates for each of a plurality of serviced 
user terminals based upon the channel qualities reported by 
the user terminals. Then, the base station/netWork infrastruc 
ture constructs the superframe to service required voice and 
data communications such that suf?cient service levels are 
met. 

[0016] According to one aspect of the present invention, 
forWard link transmissions are formed into a plurality of 
superframes, each superframe including a predetermined 
number of frames. Each of the frames carries voice com 
munications at one or more data rates. The siZe of a 
superframe is limited by the delay tolerance for voice 
transmissions, typically 20 ms. Each voice customer is 
allotted one or more frames or portions of frames (sub 
frames) Within the superframe as is needed to deliver the 
loWer data rate, loW latency voice communication. Any 
frames/subframes in a superframe that are not needed to 
carry voice communication are assigned to carry higher 
speed data having compatible data rate requirements. Fur 
ther, each of the frames may carry both voice and data 
communications. 

[0017] Advantageously, the present invention supports 
high data rate customers concurrently With supporting voice 
customers over the same forWard link. The invention also 
ef?ciently manages bandWidth to accommodate multiple 
voice customers together With other data users on the same 
high data rate frame. 

[0018] Further, the time sharing aspects of the present 
invention provide signi?cant advantages for the servicing of 
data users. By servicing a plurality of data users upon a 
single time division multiplexed forWard link, all of the 
allocated spectrum may be employed to service the data 
users and maximiZe throughput results. Thus, no allocated 
spectrum is Wasted. Further, the superframe structure is 
capable of servicing user terminals supporting different data 
rates. Moreover, because each superframe is constructed 
separately, each superframe may service different user ter 
minals at different data rates and at different service levels. 

[0019] The frame structure of the superframe of the 
present invention includes explicit data rate indicator(s)/user 
indicator(s) that explicitly indicate for Which user termi 
nal(s), and at What data rate(s) the frame’s data exists. Thus, 
a user terminal may determine Which frames are for it 
intended, and at What data rates the frames are transmitted. 
The explicit data rate indicator(s)/user indicator(s) require 
minimal encoding so that the user terminals easily interpret 
them. With these explicit indicators included in the frames, 
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user terminals ignore the data intended for other user ter 
minals and avoid the high processing requirements of decod 
ing for such data. 

[0020] In one embodiment of this explicit data rate indi 
cator/user terminal indicator, a header in each frame of the 
superframe indicates a data rate for the frame and the user 
terminal(s) for Which data in the frame is intended. The 
header may also include a pilot signal that the user terminals 
use to determine the forWard link channel quality. Further, 
the header may include poWer control bits intended for a 
plurality of user terminals serviced by the corresponding 
base station. In another embodiment, the frame includes a 
primary header that indicates user terminals and data rates 
for the ?rst half of the frame and a secondary header that 
indicates user terminals and data rates for the second half of 
the frame. 

[0021] According to the present invention, each super 
frame/frame services a plurality of user terminals. Thus, 
operation according to the present invention determines hoW 
each superframe Will be constructed and transmitted. Gen 
erally speaking, each user terminal serviced Within a respec 
tive cell/sector reports to the servicing base station the 
quality of a plurality of forWard link traf?c channels it 
monitors and/or an indication of a data rate that it may 
support on each of the monitored forWard link traffic chan 
nels. The base station, base station controller, or other 
netWork infrastructure component, receives this information 
and then determines a maximum data rate for each of the 
serviced user terminals. 

[0022] The base station next determines Which user ter 
minals require voice communication service in the next 
superframe. Based upon this information, and the maximum 
supported data rates for the user terminals requiring voice 
communication service, the base station allocates at least 
one frame/subframe for voice communications if voice 
communications are serviced by the superframe, and deter 
mines at least one data rate for the voice communications. 
According to one operation, user terminals supporting a 
same data rate may share frames/subframes. 

[0023] Once the base station has allocated all voice com 
munications, it next determines Which user terminals Will 
receive data communication service, and at What level of 
service, in the next superframe. Based upon this determina 
tion, and the maximum data rate serviced by each of the user 
terminals, the base station allocates frames/subframes to the 
user terminals for data communications. As With the voice 
communication service allocation, user terminals being allo 
cated data communications at the same data rate may share 
frames/subframes. Thus, operation for the data only alloca 
tion is similar to the voice/data allocation except that With 
the voice/data allocation, the voice user terminals have 
priority over the data only user terminals. 

[0024] Other features and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description of the invention made With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Abetter understanding of the present invention can 
be obtained When the folloWing detailed description of the 
preferred embodiment is considered in conjunction With the 
folloWing draWings, in Which: 
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[0026] FIG. 1 is a system diagram illustrating a portion of 
a cellular Wireless network constructed according to the 
present invention; 

[0027] FIG. 2 is a block diagram illustrating the structure 
of superframes and high speed data frames according to the 
present invention; 

[0028] FIG. 3 is a block diagram illustrating the structure 
of a high speed data frame according to the present invention 
that carries only data; 

[0029] FIGS. 4A and 4B are block diagrams illustrating 
eXamples of superframes formed according to the present 
invention that carry only data communications; 

[0030] FIG. 5 is a block diagram illustrating the structure 
of a superframe according to the present invention that 
carries both voice and data communications; 

[0031] FIGS. 6A and 6B are block diagrams illustrating 
eXamples of superframes formed according to the present 
invention that carry both voice and data communications; 

[0032] FIG. 7 is a block diagram illustrating the structure 
of a high speed data frame according to the present invention 
that carries both voice and data communications; 

[0033] FIG. 8 is a logic diagram illustrating operation 
according to the present invention in determining forWard 
link data rates and coding rates for a plurality of serviced 
user terminals; 

[0034] FIG. 9 is a logic diagram illustrating operation 
according to the present invention in constructing a super 
frame; 

[0035] FIG. 10 is a block diagram shoWing an eXample of 
an apparatus for generating and processing the superframe 
structure of the invention; 

[0036] FIG. 11 is a block diagram shoWing another 
eXample of an apparatus for generating and processing the 
superframe structure of the invention in Which each user 
data path may be partially separately processed; 

[0037] FIG. 12 is a block diagram shoWing an eXample of 
an apparatus for generating and processing the superframe 
structure of the invention in Which voice and data commu 
nications are partially separately processed; 

[0038] FIG. 13 is a block diagram illustrating a base 
station constructed according to the present invention; and 

[0039] FIG. 14 is a block diagram illustrating a user 
terminal constructed according to the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a system diagram illustrating a portion of 
a cellular system 100 in Which a plurality of user terminals 
106-122 share a Time Division Multiplexed (TDM) forWard 
link according to the present invention. The cellular system 
100 infrastructure shoWn includes a base station 102 and a 
netWork infrastructure 104. These components are generally 
knoWn and Will be described only as they relate to the 
teachings of the present invention. The cellular system 100 
operates according to a CDMA standard that has been 
modi?ed according to the present invention, e.g., IS-95B, 
IS-2000, 3GPP, W-CDMA, or another CDMA standard that 
has been modi?ed according to the operations described 
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herein. In particular, the high speed data (HSD) 1><EV 
standard data only (DO), the HSD 1><EV standard data and 
voice (DV), and the 3GPP HSD standard may operate 
according to some aspects of the present invention. 

[0041] The base station 102 provides Wireless service 
Within a corresponding geographic area (e.g., cell or sec 
tor(s)). The base station establishes a forWard link and at 
least one reverse link With the user terminals 106-122. Once 
these links are established, the base station 102 transmits 
voice communications and data communications to the user 
terminals 106-122. LikeWise, the user terminals 106-122 
transmit voice communications and data communications to 
the base station 102 on the reverse link(s). 

[0042] Some of the user terminals (e.g., voice terminals 
118, 120 and 122) service only voice communications. 
Alternatively, other of the user terminals (e.g., data terminal 
112, vending machine 114 and credit card terminal 116) 
service only data communications. Further, at least some of 
these users terminals (e.g., desktop computer 106, laptop 
computer 108, and Wearable computer 110) service both 
voice communications and data communications. 

[0043] In servicing the voice and data communications, 
the base station 102 supports a single forWard link channel 
(F-CH) that services all of the user terminals 106-122. The 
base station 102 and the user terminals 106-122 interact to 
setup a plurality of reverse link channels (R-CH), one of 
Which services each of the user terminals 106-122. 

[0044] To accomplish sharing of the F-CH, the F-CH uses 
a TDM superframe structure that includes a plurality of 
frames, each of Which includes a plurality of sub-frames. 
This superframe/frame structure ?exibly accommodates 
both voice communications and data communications, With 
out adversely impacting the loW bit rate requirements of the 
voice communications. Further, this superframe/frame 
structure ef?ciently supports data communications Without 
Wasting any valuable allocated bandWidth and by fairly 
allocating the available allocated bandWidth among the 
serviced user terminals. 

[0045] In this superframe structure, each superframe 
includes an integer number of frames and each of the frames 
includes an integer number of subframes. Each of the 
frames/subframes may carry voice communications, data 
communications, or a combination of voice communications 
and data communications. The data rate is variable on a 
frame-by-frame basis With the data rate chosen for the 
frame/subframe determined based upon the user terminal(s) 
being serviced in such frame/subframe and respective chan 
nel quality indications for the user terminal(s), as reported 
by the user terminal(s). Thus, each superframe typically 
services a plurality of user terminals at a plurality of 
differing data rates. Further, each superframe is typically 
?lled With voice and/or data so that all available spectrum is 
used. 

[0046] In a described embodiment of the present inven 
tion, the F-CH is a spread-spectrum code division multi 
pleXed channel. The F-CH services only a single user 
terminal at any given time. To increase channel throughput, 
the forWard link transmission being serviced at any given 
time is modulated With a set of 16 Walsh codes prior to its 
transmission. Thus, the F-CH uses no code sharing to 
distinguish user terminals. 
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[0047] However, portions of the frames/subframes of the 
superframe may contain data that Was separately modulated 
With different Walsh codes so that the particular portion of 
the superframe/frame/subframe is separately received by 
each serviced user terminal. An example of such data is 
poWer control data, e.g., poWer control bits, that are trans 
mitted on the F-CH but are employed to control the transmit 
poWer of reverse link transmissions. A plurality of poWer 
control bits that are intended for a plurality of different user 
terminals are separately modulated With a plurality of cor 
responding Walsh codes and transmitted on the F-CH Within 
the superframe/frame/subframe the same time. The user 
terminals then decode this segment of the superframe/frame/ 
subframe to receive their individual poWer control bits. 

[0048] Because the data throughput requirements placed 
on the reverse link are substantially less than those placed on 
the forWard link, the reverse links are serviced using con 
ventional reverse link CDMA techniques. According to the 
present invention, the user terminals determine F-CH chan 
nel quality, e.g., pilot signal strength/interference ratio, or 
maximum supportable data rate, and report this channel 
quality to at least one serving base station on reverse links. 
Based upon the F-CH channel quality reported by each user 
terminal, as Well as additional factors, the base station 
allocates frames/subframes of the superframe to the user 
terminals. 

[0049] The siZe of each superframe is limited by the delay 
tolerance for the loW latency service (voice communica 
tions). Based on the delay tolerance (e.g., 20 ms), an integer 
number of frames are included to form a superframe of that 
same duration. In each superframe, each voice customer is 
allocated only the frames or portions of frames needed to 
deliver the voice communication. Data communications are 
assigned to the remaining frames and portions of frames that 
are not used to carry the voice communication. Preferably, 
the voice calls are clustered at the beginning of the super 
frame. The assignment of voice and data communications to 
the superframe is described beloW by Way of example With 
reference to FIGS. 6A and 6B. 

[0050] FIG. 2 is a block diagram illustrating the structure 
of superframes and high speed data (HSD) frames according 
to the present invention. The superframe structure is trans 
mitted on the F-CH and ?ts Within the other requirements 
placed upon the F-CH. In particular, every 400 ms, the base 
station 102 transmits a broadcast channel (BCCH) ?eld 
Within the F-CH. Thus, an integer multiple of the super 
frames ?ts Within the timing requirement of the BCCH. As 
described herein, each superframe is 20 ms in length and 
includes 16 HSD frames, each having a duration of 1.25 ms. 
With this structure, the BCCH ?eld is transmitted every 400 
ms using 8 HSD frames at a data rate of 76.8 kbps. Further, 
every 20th 20 ms superframe Will include the BCCH ?eld. 

[0051] As shoWn, each 20 ms superframe may include 
voice communications and/or data communications. The 
superframe structure is shared among a plurality of users 
serviced on the F-CH by the base station 102. Thus, the 20 
ms superframe services all F-CH requirements for the trans 
mitting base station 102 and supports all forWard link voice 
communication requirements and data communication 
requirements of the base station 102. 

[0052] FIG. 3 is a block diagram illustrating the structure 
of a high speed data frame 300 according to the present 
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invention that carries data. The HSD frame 300 is transmit 
ted on the F-CH and is 1.25 ms in duration. The HSD frame 
300 includes 1536 chips, and 8 sub-frames, each of Which 
includes 192 chips. HoWever, the siZe, number of chips, 
number of subframes, and other particular structural quali 
ties of the HSD frame 300 are an example only, and the HSD 
frame 300 could have other siZes and structures but still fall 
Within the teachings of the present invention. 

[0053] In this frame structure, a ?rst HSD subframe serves 
as a header for the frame and includes a pilot signal (32 
chips), an explicit data rate indicator (EDRI) ?eld that 
identi?es both intended user terminals and indicates at least 
one data rate for the HSD frame (128 chips), and a plurality 
of poWer control bits (32 chips). The HSD frame may also 
include a secondary EDRI that is included in the ?fth 
subframe of the HSD frame 300. 

[0054] The pilot signals are synchroniZed among all base 
stations and are used both for timing purposes and for 
channel quality estimation. User terminals receive the pilot 
signals and, based upon the strength of the pilot signals 
received, and the corresponding interference levels, deter 
mine a channel quality indication. Each user terminal then 
reports to a base station serving its reverse link at least one 
channel quality indication it determines. This channel qual 
ity indication report, e.g., Pilot Strength Measurement Mes 
sage, is reported to its serving base station on either a R-CH 
or a reverse access/control channel 

[0055] One indication of channel quality is the carrier-to 
interference (C/I) ratio for a respective pilot signal/channel. 
Thus, in one operation according to the present invention, 
the user terminal reports C/I ratios for each pilot signal it 
measures. Such reporting may be limited based upon thresh 
olds applied by the user terminal. In an alternate operation, 
a user terminal Would, instead of reporting the channel 
quality relating to each received pilot signal, determine a 
maximum supportable data rate for each corresponding 
channel and report the maximum supportable data rate(s) to 
its serving base station. The base station/netWork infrastruc 
ture then uses the reported channel qualities to determine 
from Which base station(s) to transmit forWard link voice 
communications and/or data communications to the user 
terminal and at What maximum data rate. 

[0056] In the described embodiment, the pilot signal 
includes all Zero bits and is encoded With a 32 chip Walsh 
code. A total of 32 Walsh codes exist for pilot signal Walsh 
coding, With the separate Walsh codes used to distinguish 
pilot signals from one another. The pilot signal is also 
covered by complex pseudo-noise (PN) spreading prior to its 
transmission. Such encoding results in a 15 dB processing 
ga1n. 

[0057] The primary EDRI (and secondary EDRI, When 
included) provides an explicit indication of the data rate(s) 
for data contained in the HSD frame 300, the identities of the 
user terminal(s) for Whom the data is intended, and the 
relative position of the data Within the HSD frame 300. As 
Will be further described With reference to FIGS. 7 and 8, 
When the HSD frame contains both voice and data commu 
nications, the EDRI may also provide additional information 
relating to the voice communication. In the data only 
embodiment of FIG. 3, the EDRI includes a plurality of bits 
to indicate a data rate for the HSD frame 300, one bit to 
indicate that the HSD frame 300 carries data, and a plurality 
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of bits to identify one or more user terminals for Which the 
data in the HSD frame 300 is intended. 

[0058] When the secondary EDRI is included, the primary 
EDRI indicates the data rate and the user terminal for the 
?rst three data carrying subframes (2-4) of the HSD frame 
300. The secondary EDRI then indicates the user terminal 
for Which the last four data carrying subframes (5-8) of the 
HSD frame 300 are intended. Note that When the secondary 
EDRI is included, it only occupies a portion of the ?fth 
subframe and the remaining portion of the ?fth subframe is 
?lled With data. Further, in this embodiment, each HSD 
frame 300 may service only tWo user terminals. HoWever, in 
other embodiments, each HSD frame 300 may service more 
than tWo user terminals. 

[0059] The header also includes poWer control bits (PCBs) 
that direct user terminals currently serviced by the F-CH to 
either increase or decrease their reverse link transmission 
poWer. In this embodiment, the PCBs are punctured on the 
I & Q branches of the F-CH separately. For each user, a 
respective poWer control bit is modulated by one of 16 
Walsh codes. These Walsh encoded outputs are then further 
modulated by a tWo times PN spreading code. Thus, With 
this modulation type, a maXimum of 16 users may be served 
on the I-branch and a maXimum of 16 users may be served 
on the Q-branch so that the reverse link poWer control of a 
total of 32 users per frame may be controlled via the PCB 
bits. 

[0060] The present invention is also applicable to asyn 
chronous mode transmission (ATM) using TDM frames. In 
ATM communications, information is transferred in basic 
units knoWn as cells. Each ATM cell is comprised of 53 
bytes of Which ?ve bytes comprise a header ?eld and the 
remaining 48 bytes comprise a user information ?eld. One 
or more ATM cells are embedded in the TDM frames. 

[0061] In accordance With the invention, ATM cells from 
one or more customers are embedded in the sub-frame 

structure of the invention in a manner similar to that 
described above so that the frames or superframes carry data 
at different transmission rates Within the same superframe 
and the data rate transmission rates may change over time. 
The Virtual Path Identi?er and Virtual Circuit Identi?er 
?elds of the 5 byte ATM header may be separately contained 
Within the data ?eld or may be integrated into the EDRI ?eld 
of the frame header. To denote the end of a message for ATM 
Adaptation Layer 5 (AAL5), one additional bit may be 
punctured into the data. Other ATM ?elds may optionally be 
punctured into the data frames as Well. While the ATM cell 
is shoWn to consume tWo subframes of the HSD frame, the 
number of subframes or cells that the ATM cell uses depends 
upon the data rate serviced by the frames/subframes. 

[0062] As an eXample, When the frame duration is 1.25 ms 
and the data rate is 153.6 kbps, each frame of the superframe 
is divided into 8 sub-frames each comprised of 192 chips. In 
this eXample, an ATM cell information packet containing 48 
bytes is distributed over tWo frames. Advantageously, the 
present invention provides data call customers With the 
ability to concurrently carry on a voice call Without directing 
the voice call over a complementary or peer netWork. As a 
further advantage, the voice call is carried by the same 
high-speed access netWork as the data call Without adversely 
affecting the ef?ciency and speed of the data traf?c. 
[0063] FIGS. 4A and 4B are block diagrams illustrating 
eXamples of superframes formed according to the present 
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invention that carry only data. Referring noW particularly to 
FIG. 4A, at a ?rst time Ti, there is one ongoing data 
transmission to user 1 at 153.6 kbps, tWo data transmissions, 
to users 2 and 3, at 307.2 kbps, and tWo data transmissions, 
to users 4 and 5, at 1228.8 kbps. As shoWn, the data 
transmissions to user 1 occupy frames 1 and 2, the data 
transmission to user 2 occupies one-half of frame 3, and the 
data transmission to user 3 occupies one-half of frame 3 and 
all of frames 4 and 5. Further, as is partially shoWn, the data 
transmissions to users 4 and 5 occupy all of frames 6 through 
16. 

[0064] Referring noW to FIG. 4B, at a succeeding time T2, 
the channel and interference conditions (C/I) have changed, 
and therefore some of the data communications require neW 
data rates. Further, based upon the throughput requirements 
for the F-CH, the allocations for each user terminal have also 
changed. Thus, the data transmissions for users 1 and 2 are 
noW transmitted at 307.2 kbps and the data transmissions for 
users 3, 4, and 5 are noW transmitted at 1228.8 kbps. With 
the neW allocations and data rate assignments, user 1 data 
occupies all of frame 1 and one-half of frame 2. User 2 data 
occupies one-half of frame 2. Further, user 3 is allocated all 
of frames 3 and 4 and one-half of frame 5. Further, as is 
partially shoWn, users 4 and 5 are allocated one-half of 
frame 5 and all of frames 6 through 16. 

[0065] FIG. 5 is a block diagram illustrating the structure 
of a superframe 500 according to the present invention in 
Which voice communications and data communications 
share the superframe 500 transmitted on the F-CH. A 20 ms 
duration superframe 500 is assumed, With siXteen 1.25 msec 
frames comprising the superframe 500 in Which a voice call 
is supported together With data communications. TWo 
frames, frame 1 and frame 2, are needed to carry a voice call 
at the data rate of 76.8 kbps, and thus, frame 1 and frame 2 
of the superframe 500 are allocated to the voice call. The 
remaining frames, frame 3 through frame 16 carry data. 
Thus, the superframe carries only one voice call. 

[0066] The number of frames Within the superframe 500 
that are needed to support a voice call is determined by the 
data rate(s). At a data rate of 76.8 kbps, each frame may 
support one-half of a voice call. At 153.6 kbps, each frame 
supports 1 voice call; at 307.2 kbps, each frame may 
supports up to 2 voice calls; at 614.4 kbps, each frame may 
support up to 4 voice calls; at 921.6 kbps, each frame may 
support up to 6 voice calls; and at 1228.8 kbps, each frame 
may support up to 8 voice calls. HoWever, the number of 
voice user terminals that can actually be supported on one 
F-CH is limited by the delay tolerance for voice and the 
demand for spectrum from the data users sharing the F-CH. 
As an eXample, the system may be restricted to support only 
?ve voice calls per superframe. 

[0067] FIGS. 6A and 6B are block diagrams illustrating 
eXamples of superframes formed according to the present 
invention that carry both voice and data communications. 
Referring noW particularly to FIG. 6A, at a ?rst time T1, the 
superframe services a voice call for user 1 153.6 kbps, tWo 
voice calls for users 2 and 3 at 307.2 kbps and tWo voice 
calls for users 4 and 5 at 1228.8 kbps. The voice call of user 
1 requires all of frame 1 to carry a 153.6 kbps voice call, 
Whereas the voice calls of users 2 and 3 are each allocated 
one-half of frame 2. The voice calls of users 4 and 5 each 
require only an eighth of frame 3, respectively, With the 














