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(57) ABSTRACT 

The present invention is a novel method and apparatus for 
efficiently transporting and synchronizing data between the 
Media Access Control (MAC) and physical communication 
protocol layers in a wireless communication system. An 
inventive method and apparatus for transporting and synchro 
nizing to fixed-length ATM cell boundaries and for protecting 
against the potential misinsertion of ATM cells has been 
described. An inventive ATM packet format is described. The 
ATM packet format is used by the present invention for the 
transportation and synchronization of ATM cells. The ATM 
packets include fields that are used to detect errors occurring 
within each ATM cell. ATM cells are transported in exactly 
two TC/PHY packets, or TDUs. ATM header information is 
contained in the first TDU only. No ATM header information 
is carried by the second TDU. An entire ATM cell is discarded 
if an uncorrectable error is detected in the first TDU. If no 
uncorrectable error occurs in the first TDU, the second TDU 
is checked for errors. If an undetectable error exists in the 
second TDU, no discard action is taken. The error is noted, 
and both TDUs are passed through to the higher MAC com 
munication layers. The inventive method protects against 
errors occurring in the ATM header because the ATM header 
is always carried in the first TDU. Consequently, misinsertion 
of ATM cells is also prevented. 

65 Claims, 17 Drawing Sheets 
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1. 

METHOD AND APPARATUS FOR 
SYNCHRONIZATION BETWEEN MAC AND 

PHYSICAL LAYERS IN A WIRELESS 
COMMUNICATION SYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation-In-Part (CIP, application of com 
monly assigned application Ser. No.: 09/430,379, filed Oct. 
29, 1999, now U.S. Pat. No. 6,683,866, entitled “Method and 
Apparatus for Data Transportation and Synchronization 
between MAC and Physical Layers in a Wireless Communi 
cation System”, incorporated by reference herein in its 
entirety. This invention is also related to commonly assigned 
U.S. Pat. No.: 6,016,311, issued Jan. 18, 2000, entitled “An 
Adaptive Time Division Duplexing Method and Apparatus 
for Dynamic Bandwidth Allocation within a Wireless Com 
munication System', and commonly assigned co-pending: 
application Ser. No. 09/316,518, filed May 21, 1999 entitled 
“Method and Apparatus for Allocating Bandwidth in a Wire 
less Communication System', both the patent and application 
hereby incorporated by reference hereinfortheir teachings on 
wireless communication systems. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to wireless communication systems, 

and more particularly to a method and apparatus for effi 
ciently synchronizing MAC and physical communication 
protocol layers of a wireless communication system. 

2. Description of Related Art 
As described in the commonly assigned related U.S. Pat. 

No.: 6,016,311, a wireless communication system facilitates 
two-way communication between a plurality of subscriber 
radio stations or subscriber units (fixed and portable) and a 
fixed network infrastructure. Exemplary communication sys 
tems include mobile cellular telephone systems, personal 
communication systems (PCS), and cordless telephones. The 
key objective of these wireless communication systems is to 
provide communication channels on demand between the 
plurality of subscriber units and their respective base stations 
in order to connect a subscriber unit user with the fixed 
network infrastructure (usually a wire-line system). In the 
wireless systems having multiple access Schemes a time 
"frame' is used as the basic information transmission unit. 
Each frame is sub-divided into a plurality of timeslots. Some 
time slots are used for control purposes and some for infor 
mation transfer. Subscriber units typically communicate with 
a selected base station using a “duplexing scheme thus 
allowing for the exchange of information in both directions of 
connection. 

Transmissions from the base station to the subscriber unit 
are commonly referred to as “downlink’ transmissions. 
Transmissions from the subscriber unit to the base station are 
commonly referred to as “uplink transmissions. Depending 
upon the design criteria of a given system, the prior art wire 
less communication systems have typically used either time 
division duplexing (TDD) or frequency division duplexing 
(FDD) methods to facilitate the exchange of information 
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2 
between the base station and the subscriber units. Both the 
TDD and FDD duplexing schemes are well known in the art. 

Recently, wideband or “broadband’ wireless communica 
tions networks have been proposed for delivery of enhanced 
broadband services such as voice, data and video. The broad 
band wireless communication system facilitates two-way 
communication between a plurality of base stations and a 
plurality of fixed subscriber stations or Customer Premises 
Equipment (CPE). One exemplary broadband wireless com 
munication system is described in the incorporated U.S. Pat. 
No.: 6,016,311, and is shown in the block diagram of FIG.1. 
As shown in FIG. 1, the exemplary broadband wireless com 
munication system 100 includes a plurality of cells 102. Each 
cell 102 contains an associated cell site 104 that primarily 
includes a base station 106 and an active antenna array 108. 
Each cell 102 provides wireless connectivity between the 
cells base station 106 and a plurality of customer premises 
equipment (CPE) 110 positioned at fixed customer sites 112 
throughout the coverage area of the cell 102. The users of the 
system 100 may include both residential and business cus 
tomers. Consequently, the users of the system have different 
and varying usage and bandwidth requirement needs. Each 
cell may service several hundred or more residential and 
business CPEs. 
The broadband wireless communication system 100 of 

FIG. 1 provides true “bandwidth-on-demand to the plurality 
of CPEs 110. CPEs 110 request bandwidth allocations from 
their respective base stations 106 based upon the type and 
quality of services requested by the customers served by the 
CPES. Different broadband Services have different bandwidth 
and latency requirements. The type and quality of services 
available to the customers are variable and selectable. The 
amount of bandwidth dedicated to a given service is deter 
mined by the information rate and the quality of service 
required by that service (and also taking into account band 
width availability and other system parameters). For 
example, T1-type continuous data services typically require a 
great deal of bandwidth having well controlled delivery 
latency. Until terminated, these services require constant 
bandwidth allocation for each frame. In contrast, certain 
types of data services such as Internet protocol data services 
(TCP/IP) are bursty, often idle (which at any one instant may 
require Zero bandwidth), and are relatively insensitive to 
delay variations when active. The base station media access 
control ("MAC) allocates available bandwidth on a physical 
channel on the uplink and the downlink. Within the uplink and 
downlink sub-frames, the base station MAC allocates the 
available bandwidth between the various services depending 
upon the priorities and rules imposed by their quality of 
service (“OoS). The MAC transports data between a MAC 
“layer” (information higher layers such as TCP/IP) and a 
“physical layer” (information on the physical channel). 
Due to the wide variety of CPE service requirements, and 

due to the large number of CPEs serviced by any one base 
station, the bandwidth allocation process in a broadband 
wireless communication system such as that shown in FIG. 1 
can become burdensome and complex. This is especially true 
with regard to rapidly transporting data while maintaining 
synchronization between the MAC and physical communi 
cation protocol layers. Base stations transport many different 
data types (e.g., T1 and TCP/IP) between the MAC and physi 
cal layers through the use of data protocols. One objective of 
a communication protocol is to efficiently transport data 
between the MAC and physical layers. A communication 
protocol must balance the need for transmitting data at maxi 
mum bandwidth at any given time against the need for main 
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taining synchronization between the MAC and physical lay 
ers when the data is lost during transportation. 

Prior art communication protocols have been proposed for 
transporting data in a wireless communication system. One 
prior art communication protocol teaches a system for trans 
porting MAC messages to the physical layer using variable 
length data packets comprising headers and payloads. A pay 
load contains data for a MAC message data type (e.g., T1 and 
TCP/IP). In the prior art, a header starts at a physical layer 
boundary and provides the wireless communication system 
with information Such as the length of the payload and the 
location of the next data packet. Typically, the communica 
tion protocol provides adequate bandwidth usage via the Vari 
able length data packets. However, this type of protocol pro 
vides poor synchronization between the MAC and physical 
layers because when the system loses a header the protocol 
overlooks all of the subsequent data until it finds the next 
header at the beginning of the physical layer boundary. The 
system then begins using data from that physical layer bound 
ary. Thus, the variable length data packet protocol loses a 
relatively large amount of received data (i.e., the data received 
between the lost header and the next physical boundary). It is 
therefore an inefficient communication protocol for use in a 
wireless communication system. 

Another prior art protocol teaches a system for transporting 
MAC messages using fixed length data packets. In accor 
dance with these systems, a message always begins at a fixed 
position relative to the other messages. When the system loses 
a part of a message, the protocol only loses that one message 
because it can find the next message at the next fixed position. 
Thus, the fixed length data packet protocol provides adequate 
MAC to physical layer synchronization. However, the fixed 
length data packet protocol provides poor bandwidth usage 
because a fixed length data packet must be sufficiently large to 
accommodate the largest message from any given data type. 
As most messages are much smaller than the largest message, 
the fixed length packet protocol typically wastes a large 
amount of bandwidth on a regular basis. 

Prior art protocols also inefficiently handle the transporta 
tion and synchronization of ATM cell data. In typical wireless 
communication systems, ATM header information is pro 
tected from errors using a Header Error Check (HEC) byte. 
Alternatively, entire ATM cells are protected against errors 
using either a Forward Error Correction (FEC) or CRC byte. 
The FEC makes the HEC redundant and thus the HEC is often 
removed prior to transmission. Disadvantageously, when an 
error is detected in these systems the entire ATM cell is 
discarded. This is necessary to prevent the possible misinser 
tion of the corrupted ATM cell into higher layers of the MAC 
protocol. However, the discard of entire ATM cells wastes 
valuable bandwidth and requires the re-transmission of ATM 
cell data. 

Therefore, a need exists for a data transportation and syn 
chronization method and apparatus for efficiently transport 
ing data between the MAC and physical layers in a wireless 
communication system. The data transportation and synchro 
nization method and apparatus should accommodate an arbi 
trarily large number of CPES generating frequent and varying 
bandwidth allocation requests on the uplink of a wireless 
communication system. Such a data transportation and Syn 
chronization method and apparatus should be efficient in 
terms of the amount of bandwidth consumed by the messages 
exchanged between the plurality of base stations and the 
plurality of CPEs in both the uplink and downlink. In addi 
tion, the data transportation and synchronization method and 
apparatus should rapidly synchronize to the next data mes 
sage when a part of a message is lost as to prevent a large loss 
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4 
in data. Finally, the data transportation and synchronization 
method should provide a mechanism for synchronization to 
ATM cell boundaries. The data transportation and synchro 
nization method should also prevent the misinsertion of ATM 
cells into the higher MAC communication layers. The present 
invention provides such a data transportation and synchroni 
Zation method and apparatus. 

SUMMARY OF THE INVENTION 

The present invention is a novel method and apparatus for 
efficiently transporting and synchronizing data between the 
and physical layers in a wireless communication system. The 
method and apparatus reduces the amount of unused band 
width in a wireless communication system. The present 
invention advantageously synchronizes rapidly to the next 
data message when a data message header is lost across the 
data or the air link. The present invention utilizes a combina 
tion of data formats and a data transportation technique to 
efficiently transport data in a communication system. 

In the preferred embodiment of the present invention, the 
data format for a MAC packet is preferably variable in length. 
Depending on the length of the MAC packet to be transported, 
the present invention either fragments or concatenates the 
MAC packet during mapping to the physical layer. The physi 
cal layer contains Transmission Convergence/Physical (“TC/ 
PHY) packets having fixed length payloads. The present 
invention includes a novel technique for transporting and 
mapping variable length MAC packets into TC/PHY packets. 

In accordance with the present invention, the present inven 
tive method initiates the data transportation and synchroniza 
tion technique by obtaining a MAC packet. The method deter 
mines whether the MAC packet is longer than the available 
bits in the payload of the present TC/PHY packet. If so, the 
method proceeds to fragment the MAC packet and map the 
fragments into successive TC/PHY packets. The present 
inventive method and apparatus may be adapted for use in 
eitheran FDD or TDD communication system. When used in 
a TDD system, the successive TC/PHY packets are preferably 
transmitted back-to-back within the same TDD frame. 

If the method determines that the MAC packet is shorter 
than the available bits in the payload of the present TC/PHY 
packet, the method proceeds to map the MAC packet. After 
mapping the MAC packet to the TC/PHY packet the method 
determines whether the next MAC packet should be mapped 
with the previous MAC packet in the TC/PHY packet. The 
method will concatenate the next and previous MAC packets 
unless either of the following two conditions applies. The first 
condition is a change in modulation on the downlink. Upon 
Such a change, the first packet at the new modulation starts in 
a new TC/PHY packet following a modulation transition gap 
(MTG). The second condition is a change in CPE on the 
uplink. Upon Such a change, the first packet from the next 
CPE starts in a new TC/PHY packet following a CPE transi 
tion gap (CTG). If neither condition applies, the method maps 
the next and previous MAC packet in the same TC/PHY 
packet in the manner described above. 
An inventive method and apparatus for transporting and 

synchronizing to fixed-length ATM cell boundaries and for 
protecting against the potential misinsertion of ATM cells is 
described. An inventive ATM packet format is also described. 
The ATM packet format is used by the present invention for 
the transportation and synchronization of ATM cells. The 
ATM packets include TCCRC and FEC fields that are used to 
detect errors occurring within each ATM cell. In accordance 
with the present invention, ATM cells are transported in 
exactly two TC/PHY packets, or TDUs. The first TDU 
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includes an ATM-MAC header. Significantly, the ATM 
header information is contained in the first TDU only. No 
ATM header information is carried by the second TDU. In 
accordance with the present invention, an entire ATM cell is 
discarded if an uncorrectable error is detected in the first 
TDU. If no uncorrectable error occurs in the first TDU, the 
second TDU is checked for errors. If an undetectable error 
exists in the second TDU, no discard action is taken. The error 
is noted, and both TDUs are passed through to the higher 
MAC communication layers. The inventive method protects 
against errors occurring in the ATM header because the ATM 
header is always carried in the first TDU. Consequently, 
misinsertion of ATM cells is also prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of a broadband wire 
less communication system adapted for use with the present 
invention. 

FIG. 2 is a TDD frame and multi-frame structure that can 
be used by the communication system of FIG. 1 in practicing 
the present invention. 

FIG.3 shows an exemplary downlink sub-frame that can be 
used by the base stations to transmit information to the plu 
rality of CPEs in the wireless communication of FIG. 1. 

FIG. 4 shows an exemplary uplink sub-frame that is 
adapted for use with the present data transportation and Syn 
chronization invention. 

FIG. 5 shows an exemplary data transport architecture for 
use by the communication system of FIG. 1 in practicing the 
present invention. 

FIG. 6a shows an exemplary variable length MAC down 
link packet format for use by the communication system of 
FIG. 1 in practicing the present invention. 

FIG. 6b shows an exemplary fixed length MAC downlink 
packet format for use by the communication system of FIG. 1 
in practicing the present invention. 

FIG. 6c shows an exemplary variable length MAC uplink 
packet format for use by the communication system of FIG. 1 
in practicing the present invention. 

FIG. 6d shows an exemplary fixed length MAC uplink 
packet format for use by the communication system of FIG. 1 
in practicing the present invention. 

FIG. 7 shows an exemplary TC/PHY packet that is adapted 
for use with the present invention. 

FIG. 8 shows an exemplary four-stage mapping of MAC 
packets to the PHY layer in accordance with the present 
invention. 

FIG. 9 shows an exemplary downlink mapping of MAC 
messages to PHY elements in accordance with the present 
invention. 

FIG. 10 shows an exemplary uplink mapping of MAC 
messages to PHY elements in accordance with the present 
invention. 

FIG. 11 is a flow diagram showing the preferred data trans 
portation and synchronization method of the present inven 
tion. 

FIG. 12 shows one exemplary conversion of MAC data 
packets into ATM cells for ATM data transportation and syn 
chronization in accordance with the present invention. 

FIG. 13 shows an exemplary packet format that is used by 
the present invention for the transportation and synchroniza 
tion of ATM cells. 

FIG. 14 shows a flowchart of the ATM data synchroniza 
tion and error detection method of the present invention. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Like reference numbers and designations in the various 

drawings indicate like elements. 

DETAILED DESCRIPTION OF THE INVENTION 

Throughout this description, the preferred embodiment 
and examples shown should be considered as exemplars, 
rather than as limitations on the present invention. 
The preferred embodiment of the present invention is a 

method and apparatus for data transportation and synchroni 
Zation in a broadband wireless communication system. An 
important performance criterion of a broadband wireless 
communication system, and any communication system for 
that matter having a physical communication medium shared 
by a plurality of users, is how efficiently the system uses the 
physical medium. Because wireless communication systems 
are shared-medium communication networks, access and 
transmission by subscribers to the network must be con 
trolled. In wireless communication systems a Media Access 
Control ("MAC) communication protocol typically controls 
user accesses to the physical medium. The MAC determines 
when subscribers are allowed to transmit on the physical 
medium. In addition, if contentions are permitted, the MAC 
controls the contention process and resolves any collisions 
that occur. 

In the system shown in FIG. 1, the MAC is typically 
executed by software processed by the base stations 106 (in 
Some embodiments, the Software may execute on processors 
both in the base stations and the CPE). The base stations 106 
receive requests for transmission rights and grant these 
requests within the time available taking into account the 
priorities, service types, quality of service and other factors 
associated with the CPEs 110. The services provided by the 
CPES 110 vary and include TDM information such as voice 
trunks from a PBX. At the other end of the service spectrum, 
the CPEs may uplink bursty yet delay-tolerant computer data 
for communication with the well-known World WideWeb or 
Internet. 
The base station MAC maps and allocates bandwidth for 

both the uplink and downlink communication links. These 
maps are developed and maintained by the base station and 
are referred to as the Uplink Sub-frame Maps and Downlink 
Sub-frame Maps. The MAC must allocate sufficient band 
width to accommodate the bandwidth requirements imposed 
by high priority constant bit rate (CBR) services such as T1, 
E1 and similar constant bit rate services. In addition, the 
MAC must allocate the remaining system bandwidth across 
the lower priority services such as Internet Protocol (IP) data 
services. The MAC distributes bandwidth among these lower 
priority services using various QoS dependent techniques 
Such as fair-weighted queuing and round-robin queuing. 
The downlink of the communication system shown in FIG. 

1 operates on a point-to-multi-point basis (i.e., from the base 
station 106 to the plurality of CPEs 110). As described in the 
related U.S. Pat. No.: 6,016,311 which is hereby incorporated 
by reference herein for its teachings on broadband wireless 
communication systems, the central base station 106 includes 
a sectored active antenna array 108 which is capable of simul 
taneously transmitting to several sectors. In one embodiment 
of the system 100, the active antenna array 108 transmits to 
six independent sectors simultaneously. Within a given fre 
quency channel and antenna sector, all stations receive the 
same transmission. The base station is the only transmitter 
operating in the downlink direction, hence it transmits with 
out having to coordinate with other base stations, except for 
the overall time-division duplexing that divides time into 
upstream (uplink) and downstream (downlink) transmission 
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periods. The base station broadcasts to all of the CPEs in a 
sector (and frequency). The CPEs monitor the addresses in 
the received messages and retain only those addressed to 
them. 

The CPEs 110 share the uplink on a demand basis that is 
controlled by the base station MAC. Depending upon the 
class of service utilized by a CPE, the base station may issue 
a selected CPE continuing rights to transmit on the uplink, or 
the right to transmit may be granted by a base station after 
receipt of a request from the CPE. In addition to individually 
addressed messages, the base station may also send messages 
to multicast groups (control messages and video distribution 
are examples of multicast applications) as well as broadcast to 
all CPES. 
Frame Maps Uplink and Downlink Sub-frame Mappings 

In one preferred embodiment of the present invention, the 
base stations 106 maintain sub-frame maps of the bandwidth 
allocated to the uplink and downlink communication links. 
As described in more detail in U.S. Pat. No.: 6,016,311, the 
uplink and downlink are preferably multiplexed in a time 
division duplex (or “TDD) manner. Although the present 
invention is described with reference to its application in a 
TDD system, the invention is not so limited. Those skilled in 
the communications art shall recognize that the present inven 
tive method and apparatus can readily be adapted for use in an 
FDD system. 

In one embodiment adapted for use in a TDD system, a 
frame is defined as comprising N consecutive time periods or 
time slots (where N remains constant). In accordance with 
this “frame-based' approach, the communication system 
dynamically configures the first N time slots (where N is 
greater than or equal to N) for downlink transmissions only. 
The remaining N. time slots are dynamically configured for 
uplink transmissions only (where N equals N-N). Under 
this TDD frame-based scheme, the downlink sub-frame is 
preferably transmitted first and is prefixed with information 
that is necessary for frame synchronization. 

FIG. 2 shows a TDD frame and multi-frame structure 200 
that can be used by a communication system (such as that 
shown in FIG. 1) in practicing the present invention. As 
shown in FIG. 2, the TDD frame 200 is subdivided into a 
plurality of physical slots (PS) 204, 204'. In the embodiment 
shown in FIG. 2, the frame is one millisecond in duration and 
includes 800 physical slots. Alternatively, the present inven 
tion can be used with frames having longer or shorter duration 
and with more or fewer PSs. The available bandwidth is 
allocated by a base station in units of a certain pre-defined 
number of PSs. Some form of digital encoding, such as the 
well-known Reed-Solomon encoding method, is performed 
on the digital information over a pre-defined number of bit 
units referred to as information elements (PI). The modula 
tion may vary within the frame and determines the number of 
PS (and therefore the amount of time) required to transmit a 
Selected PI. 
As described in more detail in related U.S. Pat. No. : 

6,016,311, in one embodiment of the broadband wireless 
communication system shown in FIG. 1, the TDD framing 
preferably is adaptive. That is, the number of PSs allocated to 
the downlink versus the uplink varies over time. The present 
inventive data transportation and synchronization method 
and apparatus can be used in both FDD and TDD communi 
cation systems. Further, the present invention can be used in 
both adaptive and fixed TDD systems using a frame and 
multi-frame structure similar to that shown in FIG. 2. As 
shown in FIG. 2, to aid periodic functions, multiple frames 
202 are grouped into multi-frames 206, and multiple multi 
frames 206 are grouped into hyper-frames 208. In one 
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8 
embodiment, each multi-frame 206 comprises two frames 
202, and each hyper-frame comprises twenty-two multi 
frames 206. Other frame, multi-frame and hyper-frame struc 
tures can be used with the present invention. For example, in 
another embodiment of the present invention, each multi 
frame 206 comprises sixteen frames 202, and each hyper 
frame comprises thirty-two multi-frames 206. Exemplary 
downlink and uplink Sub-frames used in practicing the 
present invention are shown respectively in FIGS. 3 and 4. 
Downlink Sub-frame Map 

FIG. 3 shows one example of a downlink sub-frame 300 
that can be used by the base stations 106 to transmit informa 
tion to the plurality of CPES 110. The base station preferably 
maintains a downlink Sub-frame map that reflects the down 
link bandwidth allocation. The downlink sub-frame 300 pref 
erably comprises a frame control header 302, a plurality of 
downlink data PSs 304 grouped by modulation type (e.g., PS 
304 data modulated using a QAM-4 modulation scheme, PS 
3040 data modulated using QAM-16, etc.) and possibly sepa 
rated by associated modulation transition gaps (MTGs) 306 
used to separate differently modulated data, and a transmit/ 
receive transition gap 308. In any selected downlink subframe 
any one or more of the differently modulated data blocks may 
be absent. In one embodiment, modulation transition gaps 
(MTGs) 306 are 0 PS in duration. As shown in FIG. 3, the 
frame control header 302 contains a preamble 310 that is used 
by the physical protocol layer (or PHY) for synchronization 
and equalization purposes. The frame control header 302 also 
includes control sections for both the PHY (312) and the 
MAC (314). 
The downlink data PSs are used for transmitting data and 

control messages to the CPEs 110. This data is preferably 
encoded (using a Reed-Solomon encoding scheme for 
example) and transmitted at the current operating modulation 
used by the selected CPE. Data is preferably transmitted in a 
pre-defined modulation sequence: Such as QAM-4, followed 
by QAM-16, followed by QAM-64. The modulation transi 
tion gaps 306, if present, are used to separate the modulation 
schemes used to transmit data. The PHY Control portion 312 
of the frame control header 302 preferably contains a broad 
cast message indicating the identity of the PS304 at which the 
modulation scheme changes. Finally, as shown in FIG. 3, the 
TX/RX transition gap 308 separates the downlink sub-frame 
from the uplink sub-frame. 
Uplink Sub-frame Map 

FIG. 4 shows one example of an uplink sub-frame 400 that 
is adapted for use with the present data transportation and 
synchronization invention. In accordance with the present 
data transportation and synchronization method and appara 
tus, the CPEs 110 (FIG. 1) use the uplink sub-frame 400 to 
transmit information (including bandwidth requests) to their 
associated base stations 106. As shown in FIG. 4, there are 
three main classes of MAC control messages that are trans 
mitted by the CPEs 110 during the uplink frame: (1) those that 
are transmitted in contention slots reserved for CPE registra 
tion (Registration Contention Slots 402); (2) those that are 
transmitted in contention slots reserved for responses to mul 
ticast and broadcast polls for bandwidth allocation (Band 
width Request Contention Slots 404); and those that are trans 
mitted in bandwidth specifically allocated to individual CPEs 
(CPE Scheduled Data Slots 406). 
The bandwidth allocated for contention slots (i.e., the con 

tention slots 402 and 404) is grouped together and is trans 
mitted using a pre-determined modulation scheme. For 
example, in the embodiment shown in FIG. 4 the contention 
slots 402 and 404 are transmitted using a QAM-4 modulation. 
The remaining bandwidth is grouped by CPE. During its 
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scheduled bandwidth, a CPE 110 transmits with a fixed 
modulation that is determined by the effects of environmental 
factors on transmission between that CPE 110 and its associ 
ated base station 106. The uplink sub-frame 400 includes a 
plurality of CPE transition gaps (CTGs) 408 that serve a 
similar function to the modulation transition gaps (MTGs) 
306 described above with reference to FIG. 3. That is, the 
CTGs 408 separate the transmissions from the various CPEs 
110 during the uplink sub-frame 400. In one embodiment, the 
CTGs 408 are 2 physical slots in duration. A transmitting CPE 
preferably transmits a 1PS preamble during the second PS of 
the CTG 408 thereby allowing the base station to synchronize 
to the new CPE 110. Multiple CPEs 110 may transmit in the 
registration contention period simultaneously resulting in 
collisions. When a collision occurs the base station may not 
respond. The downlink and uplink sub-frames provide a 
mechanism for layered data transportation in a wireless com 
munication system. 
Layered Data Transport Architecture in a Broadband Wire 
less Communication System 
An important feature of the present invention is the ability 

to abstract higher communication protocol layers (Continu 
ous Grant (“CG”) and Demand Assigned Multiple Access 
(“DAMA)). In one preferred embodiment of the present 
invention, the base stations 106 maintain a layered data trans 
port architecture between the service access point (SAP) and 
the physical data through a MAC. The various SAPs have 
different communication protocols and latency requirements. 
At the highest level of abstraction, a CG data service such as 
T1 typically requires a great deal of bandwidth having well 
controlled delivery latency. In contrast, a DAMA data service 
such as Internet Protocol data services (TCP/IP) are bursty, 
often idle (which at any one instant requires Zero bandwidth), 
and are relatively insensitive to delay variations when active. 
The layered data transport architecture provides a mechanism 
for interfacing with various SAPs in a broadband wireless 
communication system. 

FIG. 5 shows a preferred embodiment of a data transport 
architecture for use with the present invention. As shown in 
FIG. 5, the Convergence Subprocesses (CS) layers and the 
MAC layers 502, 504 interface to transport data across a 
broadband wireless communication system. The Conver 
gence Subprocesses and their Service Access Points provide 
the interfaces to higher communication protocol layers for 
service specific connection establishment, maintenance and 
data transfer. Convergence Subprocesses of data are well 
known in the art. One such Convergence Subprocess is 
described in a text entitled “Asynchronous Transfer Mode 
(ATM), Technical Overview”, second Edition, Harry J. R. 
Dutton and Peter Lenhard, published by Prentice Hall, Octo 
ber 1995, at pp. 3-21 through 3-25, hereby incorporated 
herein by reference for its teachings on Convergence Subpro 
cesses. The ATM Convergence Sub-process (and related Seg 
mentation and Reassembly (SAR) Process) is described in 
greater detail below with reference to FIG. 12. The MAC 
provides SAPs to the higher layers of communication proto 
col such as Time Division Multiplexing (TDM), Higher 
Layer Control Message (HLCM), Continuing Grant (CG) 
and Demand Assigned Multiple Access (DAMA). As shown 
in FIG. 5, the MAC preferably has two layers, the High Level 
Media Access Arbitration (HL-MAA) layer 502 and the Low 
Level Media Access Arbitration (LL-MAA) layer 504. 

In one preferred embodiment, the HL-MAA 502 provides 
multiple functions. The HL-MAA 502 preferably interfaces 
with the higher protocol layers for Base Station (BS) control, 
CPE registration, the establishment and maintenance of data 
connections, and load leveling functions. Through the con 
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10 
vergence sublayers, the BS HL-MAA interacts with the 
higher layers in the BS, accepting or rejecting requests for 
provisioned connections at varying levels of service based 
upon both bandwidth availability and connection specific 
bandwidth limits. The HL-MAA502 also preferably provides 
load leveling across the physical channels of data. The BS 
HL-MAA sublayer of the MAC also preferably controls 
bandwidth allocation and load leveling across physical chan 
nels. The BSHL-MAA is aware of the loading on all physical 
channels within this MAC domain. Existing connections may 
be moved to another physical channel to provide a better 
balance of the bandwidth usage within a sector. 

In the preferred embodiment, the LL-MAA 504 provides 
an interface between the CPE and the BS MAC. The LL 
MAA 504 preferably performs the bandwidth allocation on 
an individual physical channel. Each physical channel has a 
corresponding instance of the BS LL-MAA. Similarly, each 
CPE has a corresponding instance of the CPE LL-MAA. 
Thus, the LL-MAA is more tightly coupled with the Trans 
mission Convergence (TC) 506 and the physical (PHY) 508 
layers than is the HL-MAA. The BS LL-MAA preferably 
cooperates with the BS HL-MAA in determining the actual 
amount of bandwidth available at any given time based upon 
bandwidth requests, control message needs and the specific 
modulation used to communicate with each CPE. The BS 
LL-MAA preferably packages downlink data for transmis 
sion to the CPES. The CPE LL-MAA preferably packages 
uplink data using the same bandwidth allocation algorithm as 
the BS LL-MAA except limited in scope to the CPE's allo 
cated bandwidth. The LL-MAA 504 may fragment messages 
across multiple time division duplexing (TDD) frames. 
The present data transportation and synchronization inven 

tion relies upon fixed length transmission convergence/physi 
cal TC/PHY packets to transport variable length MAC pack 
ets that are relatively de-coupled from the physical (PHY) 
layer 508. The transmission convergence (TC) layer 506 pro 
vides a de-coupling means between the MAC layers 502,504 
and the PHY layer 508. As described in more detail below in 
the TC/PHY Packet Format and MAC Packet and Header 
Format sections, the preferred embodiment of the present 
invention uses variable length MAC packets and fixed length 
TC/PHY packets. The preferred embodiment of the present 
invention preferably also uses downlink and uplink Sub 
frame maps in transporting data from the BS to one of the 
various CPES. In the preferred embodiment, the MAC pref 
erably uses an adaptive frame structure to transfer data as 
described above and in co-pending application Ser. No. 
09/316,518. The data transported by the adaptive frame struc 
ture comprises a set of formatted information or “packets'. 
One MAC packet format adapted for use in the present inven 
tion is described below. One of ordinary skill in the art will 
recognize that alternative MAC packet formats may be used 
without departing from the spirit of the present invention. 
MAC Packet Format Header and Payload 
MAC packet data represents data exchanged between the 

higher communication protocol layers (e.g., CG and DAMA) 
and the lower communication protocol layers (e.g., TC and 
PHY) in a wireless communication system. In a preferred 
embodiment of the present invention, the data for all applica 
tions is transmitted in packets prefaced with a header contain 
ing the connection ID and a variety of status bits. The con 
nection ID provides a mechanism for user stations to 
recognize data that is transmitted to them by a base station. 
The user stations process the packets appropriately based on 
information referenced by the connection ID. 
MAC data may be fragmented across TDD frames 200. In 

a preferred embodiment, this fragmentation is accomplished 
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using MAC headers. The MAC headers are used to control 
fragmentation across TDD frames 200 and to handle control 
and routing issues. The preferred minimum fragment size and 
the fragmentation step size are given to the CPE in a “Regis 
tration Results' message. “Begin' and “Continue fragments 
preferably should be at least the minimum fragment size. If 
larger, the additional size preferably should be a multiple of 
the fragmentation step size. End fragments and unfragmented 
MAC packets are preferably exempt from the fragmentation 
minimum and step size requirements. 

Within a TDD frame 200, data sent on a connection by the 
MAC may be unfragmented (transmitted within a single TDD 
frame 200) or may comprise a beginning packet and an end 
packet, separated by Some number of continuation packets. In 
the preferred embodiment of the present invention, the format 
of a MAC packet comprises a header and a payload. The 
MAC header preferably comprises two distinct formats: a 
standard MAC header and an abbreviated MAC header. These 
two header formats are preferably mutually exclusive 
because a particular network of base stations and CPEs will 
preferably use either the standard MAC header only or the 
abbreviated MAC header only. The standard MAC header 
Supports variable length data packets over the data or air 
interface. The abbreviated MAC header supports fixed length 
data packets over the data or air interface. The preferred 
downlink MAC headers vary slightly from the preferred 
uplink MAC headers. 

FIG. 6a shows the format of the preferred embodiment of a 
standard MAC downlink packet format 600a adapted for use 
with the present invention. Although specific fields, field 
lengths, and field configurations are described with reference 
to FIG. 6a, those skilled in the communications art shall 
recognize that alternative configurations may be used in prac 
ticing the present invention. The standard MAC downlink 
packet format 600a preferably comprises a standard MAC 
downlink header 640 and a variable length payload 622. The 
standard MAC downlink header 640 preferably comprises 9 
different fields that measure 6 bytes in total length. The stan 
dard MAC downlink header 640 begins with a header flag 
field 604 that is preferably 1 bit in length. In the embodiment 
shown the header flag field 604 is set to a logical one in 
systems that only allow variable length packets. Thus, the 
header flag field 604 is always set to a logical one for the 
standard MAC downlink header 640 because the standard 
MAC header supports variable length data packets. The 
header flag field 604 is followed by a power control (PC) field 
606. 
The power control field 606 provides fast, small adjust 

ments in a CPE’s power and preferably is 2 bits in length. The 
power control field 606 preferably adjusts the CPE’s power in 
relative rather than absolute amounts. In the preferred 
embodiment, the 2 bits of the power control field 606 are 
assigned the following logical values: 00, do not change 
power: 01, increase power a small amount; 11, decrease 
power a small amount; 10, reserved for future use. An encryp 
tion (E) bit field 608 preferably follows the power control 
field 606. The encryption bit field 608 provides information 
about the payload and is 1 bit in length. When the payload is 
encrypted, the encryption bit field 608 is set to a logical one, 
otherwise, to a logical Zero. The MAC header is always trans 
mitted unencrypted. The encryption bit field 608 is followed 
by a connection ID reserved field 610. The connection ID 
reserved field 610 provides means for future expansion of a 
connection ID (CID) field 612 (described below) and is 8 bits 
in length. The connection ID field 612 follows the connection 
ID reserved field 610 and provides identification information 
to the CPEs. The connection ID field 612 is 16 bits in length. 
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The connection ID is a destination identifier established at the 
time of connection between a base station and a CPE to 
uniquely identify the CPE. A fragmentation control field 614 
follows the connection ID field 612. 
The fragmentation control (Frag) field 614 provides frag 

mentation information and is 3 bits in length. When a system 
Supports variable length packets (ie., standard MAC down 
link format), the MAC performs fragmentation to efficiently 
use the air link bandwidth. In the preferred embodiment, the 
3 bits of the fragmentation control field 614 are preferably 
assigned the following values: 010, begin fragment of a frag 
mented message: 000, continue fragment of a fragmented 
message; 100 end fragment of a fragmented message; 110 
unfragmented message. A packet loss priority (PLP) field 616 
follows the fragmentation control field 614. The packet loss 
priority field 616 provides information regarding congestion 
and is 1 bit in length. In a congestion situation the wireless 
communication system first discards packets having low pri 
ority. The wireless communication system sets the packet loss 
priority field 616 set to a logical one for a low priority packet. 
Conversely, a packet loss priority field 616 for a high priority 
packet is set to a logical Zero. A length reserved (Len) field 
618 follows the packet loss priority field. 
The length reserved field 618 preferably is 5 bits in length 

and provides means for future expansion of a length field 620 
(described below in more detail). The length field 620 follows 
the length reserved field 618 and provides information on the 
MAC packet payload. The length field 620 is 11 bits in length 
and indicates the number of bytes in the MAC packet payload. 
A payload field 622 follows the length field 620. The payload 
field 622 is a variable length field determined by the length 
field 620. The payload field 622 contains a portion of a data 
element from a data service type specific (e.g., T1, TCP/IP). 
These data elements are transported to a CPE identified by the 
connection ID field 612. The abbreviated MAC downlink 
packet format 600b is similar to the standard MAC downlink 
packet format 600a. 

FIG. 6b shows the format of the preferred embodiment of 
an abbreviated MAC downlink packet format 600b adapted 
for use with the present invention. Those skilled in the com 
munications art shall recognize that alternative configura 
tions can be used without departing from the scope of the 
present invention. The abbreviated MAC downlink packet 
format 600b preferably comprises an abbreviated MAC 
downlink header 650 and a fixed length payload 623. 
The abbreviated MAC downlink header 650 preferably 

comprises 7 different fields that measure 4 bytes in total 
length. The abbreviated MAC downlink header 650 begins 
with a header flag field 604 that is 1 bit in length. The header 
flag field 604 is set to a logical Zero in systems that only allow 
fixed length packets. Thus, in the embodiment shown, the 
header flag field 604 is always set to a logical Zero for the 
abbreviated MAC downlink header 650 because the abbrevi 
ated MAC header supports fixed length data packets. The 
header flag field 604 is followed by the power control field 
606, the encryption bit field 608, the reserved connection ID 
field 610, and the connection ID field 612. These fields are 
identical to those described above in the description of the 
standard MAC downlink packet and header format 600a of 
FIG. 6a. The connection ID field 612 is followed by the 
backhaul reserved fragmentation (BRF) field 615 and prefer 
ably is 3 bits in length. The BRF field 615 is reserved for 
backhaul fragmentation and is preferably used to pass 
through backhaul specific fragmentation information. The 
above-described PLP 616 field follows the BRF field 615. 
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The standard MAC uplink packet format 600c is similar to the 
standard MAC downlink packet format 600a and is described 
below. 

FIG. 6c shows the format of the preferred embodiment of a 
standard MAC uplink packet format 600c adapted for use 
with the present invention. Those skilled in the communica 
tions art shall recognize that alternative configurations can be 
used without departing from the scope of the present inven 
tion. The standard MAC uplink packet format 600c of FIG. 6c 
preferably comprises a standard MAC uplink header 660 and 
a variable length payload 622. The standard MAC uplink 
header 660 format (FIG. 6c) is identical to the standard MAC 
downlink header 640 format (FIG. 6a) with one exception. 
That is, in the standard MAC uplink header 660 a poll me 
(PM) field 605 follows the header flag 604 instead of the 
power control field 606 (FIG. 6a). The poll me field 605 is 3 
bits in length and indicates when a request is to be polled for 
bandwidth. The poll me field 605 also indicates when con 
nection requests are received from the CPE associated with 
the packet. In the preferred embodiment, the poll me field 605 
is assigned the following logical values: 01, request to be 
polled for a connection with Quality of Service (QoS) 
between a first selected level and 255; 10, request to be polled 
for a connection with QoS between 1 and a second selected 
level. The abbreviated MAC uplink packet format 600d 
shown in FIG. 6d is similar to the abbreviated MAC downlink 
packet format 600b of FIG. 6b. 

FIG. 6d shows the format of the preferred embodiment of 
an abbreviated MAC uplink packet 600d adapted for use with 
the present invention. The abbreviated MAC uplink packet 
600d preferably comprises an abbreviated MAC uplink 
header 670 and a fixed length payload 623. The abbreviated 
MAC uplink header 670 format is identical to the abbreviated 
MAC downlinkheader 650 format of FIG.6b with one excep 
tion. Specifically, in the abbreviated MAC uplink header 670 
of FIG. 6d, a poll me field 605 is used instead of the power 
control field 606 of the MAC downlink header 650 format 
(FIG.6b). The pollmefield 605 follows the header flag 604 as 
shown in FIG. 6d. The poll me field 605 is described above 
with reference to the standard MAC uplink packet format 
600c of FIG. 6c. 
The MAC uplink and downlink packet formats 600a, 600b, 

600c, 600d described above with reference to FIGS. 6a-6d are 
the preferred mechanisms to transport data between the CPEs 
and the base stations in a wireless communication system 
adapted for use with the present invention. However, this is 
not meant to limit the present invention. One of ordinary skill 
in the art shall recognize that other types of MAC packet 
formats 600a, 600b, 600c, 600d can be adapted for use with 
out departing from the spirit and scope of the present inven 
tion. 

In the preferred embodiment of the present invention, the 
MAC uplink and downlink packets interface with the physical 
layer 508 (FIG.5) through the TC layer 506 (FIG. 5). The TC 
layer 506 packages MAC messages into packets that are 
compatible with the air interface. The TC layer 506 distrib 
utes MAC messages across TC/PHY packets as required. As 
one of ordinary skill in the communications art shall recog 
nize, a great number of formats exist for transporting data in 
a TC/PHY packet. One TC/PHY packet format adapted for 
use in the present invention is now described with reference to 
FIG. 7. 
TCFPHY Packet Format 

FIG. 7 shows the format of a preferred embodiment of a 
TC/PHY packet 700 adapted for use with the present inven 
tion. The TC/PHY packet format 700 preferably comprises 5 
different fields that measure 228 bits in total length. The 
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TC/PHY packet 700 is also referred to as the “TC Data Unit” 
(TDU). As shown in FIG. 7, the preferred embodiment of the 
TC/PHY packet 300 comprises an 8-bit header 702, a 208-bit 
payload field 712 and a 12-bit CRC field 710. The header 702 
further preferably comprises three fields: a header present 
(HP) field 704, a reserved (R) field 706, and a position field 
(Pos) 708. The header present field 704 is 1 bit in length and 
provides information about the presence (or absence) of the 
start of a MAC header present within the TC/PHY packet 700. 
When a MAC header starts somewhere within the TC/PHY 
packet 700, the header present field 704 is set to a logical one, 
otherwise, it is set to a logical zero. The reserved field 706 
follows the header present field 704. The reserved field 706 is 
2 bits in length and is optionally reserved for future use. The 
position field 708 follows the reserved field 706. The position 
field 708 is 5 bits in length and preferably indicates the byte 
position within the payload at which the MAC header, if 
present, starts. The TC/PHY packet 700 preferably has a 
payload 712 of 208 bits (i.e., 26 bytes). The payload 712 
contains MAC packet information that is described in more 
detail below. The CRC field 710 as shown in FIG. 7 follows 
the payload 712. The CRC field 710 is 12 bits in length. The 
CRC field 710 is used to perform an error correction function 
using a well known Cyclic Redundancy Check technique. 
The TC/PHY packet format 700 (TDU) provides a mecha 
nism for mapping of MAC entities (packets) to PHY ele 
ments. This mechanism is now described in more detail. 
Mapping of MAC Entities to PHY Elements 

In one embodiment of the present invention, the BS LL 
MAA performs all allocation and mapping of the available 
bandwidth of a physical channel based on the priority and 
quality of services requirements of requests received from the 
higher communication protocol layers. Additionally, the 
availability of bandwidth is preferably based on the modula 
tion required to achieve acceptable bit error rates (BER) 
between the BS and the individual CPEs. The BS MAC pref 
erably uses information from the PHY regarding signal qual 
ity to determine the modulation required for a particular CPE 
and, therefore, the bandwidth that is available. Once the BS 
LL-MAA has allocated uplink bandwidth to the CPEs, each 
CPE’s LL-MAA, in turn, allocates that bandwidth to the 
uplink requests it has outstanding. 

FIG. 8 shows a preferred embodiment of a four-stage map 
ping from a stream of variable length MAC messages to a 
228-bit TC Data Unit (TDU) 700, otherwise known as a 
TC/PHY packet 700, to a 300-bit PIs and finally to a 25-sym 
bol PSs (PIs and PSs are described above with reference to 
FIG. 2). As shown in FIG. 8 and described further below, the 
present invention preferably maps from the PS communica 
tion protocol level to the MAC communication protocol level, 
and vice versa. The preferred minimum physical unit that the 
LL-MAA allocates is the 25-symbol PS 802. The preferred 
minimum logical unit the LL-MAA allocates is the 208-bit 
(26-byte) payload 712 of the 228-bit TC Data Unit (TDU) 
700. As one of ordinary skill in the communications art will 
recognize, other minimums of the physical and logical units 
can be used without departing from the scope of the present 
invention. The 228-bit TDU 700 is preferably encoded using 
the well-known Reed-Solomon coding technique to create 
the 300-bit PIs 804. Bandwidth needs that do not require 
encoding, such as the various transition gaps, are preferably 
allocated in units of 1 PS. Bandwidth needs that require 
encoding (using a Reed-Solomon encoding scheme, for 
example) are preferably allocated in TDUs 700, with each 
modulation, on the downlink, and each CPE’s transmission, 
on the uplink, padded to an integer multiple of TDUs 700 to 
create an integer multiple of PIs 804. This padding in the 
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preferred embodiment is described in more detail in the fol 
lowing subsections. The number of PSs 802 required to trans 
mit a PI varies with the modulation scheme used. 
Downlink Mapping of MAC to PHY 
As described above and in co-pending and incorporated 

application Ser. No. 09/316,518, the preferred embodiment of 
a downlink sub-frame 300 adapted for use with the present 
invention starts with a Frame Control Header 302 (FIG. 3) 
that contains a preamble of a fixed length 310, a PHY control 
section 312 and a MAC control section 314. This Frame 
Control Header 302 allows CPEs to synchronize with the 
downlink and determine the mapping of the uplink and the 
downlink. 

FIG. 9 shows the mapping of the body of the preferred 
downlink sub-frame 300 to the downlink needs of users in a 
preferred embodiment of the present invention. The Modula 
tion Transition Gap (MTG) 306 serves the purpose of a 1 PS 
preamble to ensure synchronization with changing modula 
tion techniques. Within the sub-frame 300, TC/PHY packets 
700 are preferably grouped by modulation (e.g., QAM4. 
QAM-16, and QAM-64). Within the modulation blocks, 
packets can be grouped by CPE, but do not need to be grouped 
as such. All messages (other than in the frame header) for an 
individual CPE are preferably transmitted using the same 
modulation scheme. In the mapping method of the preferred 
embodiment, each series of MAC packets at a particular 
modulation should be padded to be an integer multiple of a 
TDU 700. This padding is used to provide an integer multiple 
of a PI after coding. The padding preferably uses the fill byte 
0x55. The structure of uplink mapping differs slightly from 
downlink mapping. This structure is now described with ref 
erence to FIGS. 4 and 10. 
Uplink Mapping of MAC to PHY 

The uplink sub-frame 400 (FIG. 4) adapted for use in the 
present invention preferably comprises uplink contention 
access slots as described above with reference to FIG. 4. The 
uplink sub-frame 400 preferably begins with optional regis 
tration contention slots 402. Some registration contention 
slots 402 are preferably allocated periodically to the PHY for 
use during station registration. In one preferred embodiment, 
registration messages are proceeded by a 1 PS preamble and 
are preferably sent alone. Also, other MAC control messages 
are preferably not packed into the same MAC packet. The 
bandwidth request retention slots 404 are preferably allocated 
for responses to multicast and broadcast polls for bandwidth 
requirements. In one preferred embodiment, the bandwidth 
request messages, when transmitted in the bandwidth request 
contention period, are preferably proceeded by a 1 PS pre 
amble and padded to a full TDU. CPEs may pack additional 
bandwidth requests for other connections into the same MAC 
packet as part of the padding to a full TDU. The uplink 
mapping is now described. 

FIG. 10 shows the mapping of the scheduled portion of the 
uplink sub-frame 400 adapted for use with the present inven 
tion to the uplink needs of users in one preferred embodiment 
of the present invention. Similar to the MTG 306 of FIG.9, 
the CPETransition Gap (CTG)408 preferably contains a 1 PS 
preamble that ensures synchronization with the new CPE. 
Within the sub-frame 400, the TC/PHY packets 700 are pref 
erably grouped by CPE. All messages, other than bandwidth 
requests transmitted in bandwidth request contention slots, 
from an individual CPE are preferably transmitted using the 
same modulation scheme. In the preferred embodiment, each 
CPE’s transmission is preferably padded to be an integer 
multiple of a TDU to provide an integer multiple of a PI after 
coding. The padding preferably uses the fill byte 0x55. The 
uplink and downlink mapping provides a mechanism for the 
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higher communication protocol layers (CG and DAMA) to 
transport data to the PHY layer 508. 
By using the data transportation and synchronization tech 

nique of the present invention, scheduled uplink and down 
link data is transported and synchronized between the MAC 
layers 502,504 (FIG. 5) and the physical layer 508 (FIG. 5). 
The scheduleduplink and downlink data are preferably trans 
ported within the uplink sub-frame 400 and the downlink 
sub-frame 300, respectively, based upon the modulation 
scheme used by the CPEs 10. The present invention prefer 
ably uses the MAC packet formats 600a, 600b, 600c, 600d 
(FIGS. 6a-6d, respectively) and the TC/PHY packet format 
700 (FIG. 7) to transport uplink and downlink data between 
the MAC layers 502,504 and the physical layer 508. Mapping 
of MAC entities to PHY elements is preferably performed 
according to the 4-stage uplink and downlink mapping 
described above (FIGS. 8-10). In accordance with the present 
invention and in the manner described in more detail below, 
MAC packet data is mapped to the TC/PHY packet format 
700 in a variable length manner. Accordingly, a MAC packet 
that is larger than a TC/PHY packet 700 is fragmented. A 
MAC packet that is smaller than a TC/PHY packet 700 is 
concatenated with the next MAC packet in one TC/PHY 
packet 700 unless one of two conditions apply. These condi 
tions are described below in more detail. 
The present inventive method and apparatus efficiently 

transports data between the MAC and the physical commu 
nications protocol layers in a wireless communication sys 
tem. In accordance with the present invention, bandwidth is 
efficiently used because multiple variable length messages 
are concatenated across multiple TC/PHY packets 700. The 
present invention advantageously synchronizes rapidly to the 
next data message when a data message header is lost across 
the data or airlink. After a lost data or airlink is reestablished, 
the present invention allows rapid synchronization because 
the wireless communication system only needs to scan the 
header present field 704 (FIG. 7) of the received TC/PHY 
packets 700 to find the next MAC header 640, 650, 660, or 
670 (FIGS. 6a-6d). Thus, only a small amount of information 
(less than one MAC message) is lost when the data or air link 
is reestablished. As described below with reference to FIGS. 
13-14, the present inventive data transportation and synchro 
nization method and apparatus also allows for rapid synchro 
nization when transporting ATM cells. Rapid synchroniza 
tion is established by discarding ATM cells that have 
uncorrectable errors. This synchronization technique protects 
against the potential misinsertion of ATM cells because it 
protects against errors occurring in the ATM headers. The 
inventive ATM data transportation and synchronization tech 
nique is described in more detail below with reference to FIG. 
13. 
The present invention transports data using an inventive 

data transportation and synchronization technique. This tech 
nique is now described in detail with reference to FIG. 11. 
Data Transportation and Synchronization Technique 

In the preferred embodiment of the present invention, the 
payload preferably transmits variable length MAC packets 
600a, 600b, 600c, and 600d as described above with reference 
to FIGS. 6a-6d. Depending on the length of a MAC packet 
600a, 600b, 600c, or 600d, the present invention either frag 
ments or concatenates the MAC packet 600a, 600b, 600c, 
600d when mapping to the physical layer 508 (FIG. 5). In the 
preferred embodiment of the present invention, a TC/PHY 
packet 700 has a payload 712 (FIG. 7) with a maximum 
capacity, of 208 bits. The preferred maximum of 208 bits is 
exemplary only and one of ordinary skill in the art will rec 
ognize that other TC/PHY packet formats can be used and can 
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have different maximum payloads. Sometimes a TC/PHY 
packet 700 will have less than the maximum capacity avail 
able for mapping a MAC packet 600a, 600b, 600c, or 600d. 
This situation occurs when a previous MAC packet 600 or 
fragment of a MAC packet has already been mapped into the 
present TC/PHY packet 700. For example, in the preferred 
embodiment, if a 96-bit MAC packet is mapped into a 
TC/PHY packet 700, then 112 bits are available in the pay 
load 712 of the TC/PHY packet 700 for mapping the next 
MAC packet 600 using a concatenation technique. The pro 
cedure for transporting and mapping variable length MAC 
packets into TC/PHY packets 700 in this manner is shown in 
FIG. 11 and described in more detail below. 
As shown in FIG. 11, the present inventive method initiates 

the data transportation and synchronization technique at 
STEP 150 by first obtaining a MAC packet 600. The method 
proceeds to a decision step at STEP 152 to determine whether 
the MAC packet 600 is longer than the available bits in the 
payload 712 of the present TC/PHY packet 700. If so, the 
method proceeds to a STEP154 where the method fragments 
the MAC packet 600, if not, the method proceeds to a STEP 
160 where the method maps the MAC packet 600 to the 
TC/PHY packet. 

At STEP 154 the method fragments the MAC packet 600 
into smaller bit-length packets called “fragment MAC pack 
ets'. A MAC packet 600 that has been fragmented comprises 
at least a first fragment MAC packet and a second fragment 
MAC packet. The first fragment MAC packet is preferably 
constructed to fill up the remaining available bits in the 
present TC/PHY packet 700. The present method maps the 
first fragment MAC packet into the present TC/PHY packet 
700 at STEP 154 as described above. The method then pro 
ceeds to STEP 156. At STEP 156, the method maps the 
remaining fragments into the next successive TC/PHY pack 
ets until all fragments are mapped. In accordance with the 
preferred embodiment of the present invention, the method 
preferably transmits all fragments from a MAC packet on the 
same TDD frame 200. The method then returns to STEP 150 
to obtain another MAC packet. 

At STEP 160, the method maps the MAC packet into the 
TC/PHY packet as described above. The method then pro 
ceeds to a decision STEP 162 to determine whether there are 
any available bits remaining in the payload of the TC/PHY 
packet 700. Bits remain available if the mapped MAC packet 
ended in the middle of the TC/PHY packet 700 (i.e., before 
filling the entire payload 712). If bits in the payload remain 
available, the method proceeds to a decision STEP166. If not, 
the method proceeds to a STEP164 where the method returns 
to STEP 150 to obtain another MAC packet as described 
above. At the decision STEP 166, the method determines 
whether there was a change in modulation on the downlink. If 
so, the method proceeds to a STEP 168 to obtain a new 
TC/PHY packet 700 following an MTG 306, 306', if not, the 
method proceeds to a decision STEP 170. Thus, following 
STEP 168 the first MAC packet of the new modulation will be 
mapped into the new TC/PHY packet 700 following an MTG 
306,306. After STEP 168 the method proceeds to STEP 164 
where the method returns to STEP 150 to obtain another 
MAC packet as described above. The next MAC packet will 
be transmitted using a new modulation scheme. 

At the decision STEP 170, the inventive method deter 
mines whether there was a change of CPE on the uplink. If so, 
the method proceeds to a STEP172 to obtain a new TC/PHY 
packet 700 following a CTG 408, 408', 408", if not, the 
method proceeds to a STEP 174. Thus, at STEP 172 the first 
MAC packet of the next CPE is mapped into the new TC/PHY 
packet 700 following a CTG 408,408, and 408". After STEP 
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172 the method proceeds to STEP 16 where the method 
returns to STEP 150 to obtain another MAC packet that will 
be in the new CPE. At STEP 174, the method maps the next 
MAC packet, if one exists, within the present TC/PHY packet 
700. The method then returns to decision STEP 152 and 
functions as described above. 
ATM Convergence Sub-process and Segmentation and Reas 
sembly (SAR) Process 
As described above with reference to FIG. 5, the present 

invention preferably uses a layered architecture to transport 
data in a wireless communication system. Architecturally, the 
MAC can be viewed as having at least an "agnostic’ layer and 
a “convergence' layer. The agnostic layer can transport both 
fixed and variable length packets without having knowledge 
of the data type that the packets represent. The convergence 
layer adapts packet formats of a specific protocol to the 
agnostic MAC format. Referring again to FIG. 5, for 
example, the LL-MAA 504 provides the agnostic layer of the 
wireless MAC, while the ATM convergence subprocess 
adapts an ATM packet format to the agnostic MAC format. As 
is well known in the communications art, ATM defines adap 
tation layers for converting from data packet formats to ATM 
“cell formats. For example, two such well known ATM 
adaptation layers are the AAL-1 and AAL-5 adaptation lay 
ers. The data packets are segmented into fixed-length ATM 
cells at the transmit side of communications, and are reas 
sembled back into data packets at the receive side. This pro 
cess is known as Segmentation and Reassembly (SAR). The 
AAL-5 ATM adaptation layer defines one such process, 
which is shown diagrammatically in FIG. 12. 

FIG. 12 shows one exemplary conversion of MAC data 
packets 600' into ATM cells 1202 for ATM data transportation 
and synchronization in accordance with the present inven 
tion. In the example shown, the conversion of MAC data 
packets 600' to ATM cells 1202 is performed by the AAL-5 
ATM adaptation layer and the SAR processes. As shown in 
FIG. 12, each ATM cell 1202 comprises an ATM header 1204 
and a fixed-length payload 1206. The fixed-length payload 
1206 of each ATM cell comprises 48 bytes of data. The ATM 
header 1204 is typically 5 bytes long. However, in some 
wireless systems, the last byte of the ATM header 1204 is 
removed. Thus, the header may optionally be 4 or 5 bytes in 
length. In either case, the header 1204 is always the same 
length for every ATM cell 1202 that is transported within the 
system. 
The AAL-5 SAR process introduces overhead known as an 

“ATM cell tax'. The ATM cell tax amounts to approximately 
10% overhead. The AAL-5 process adds an additional over 
head resulting from the necessity to align packet boundaries 
to ATM cell boundaries. The alignment is performed using 
the padding field 1208 and trailer field 1210 in the last ATM 
cell 1202. This overhead is called the ATM trailer overhead. 
The ATM trailer overhead on the average is approximately 26 
bytes per packet. The AAL-5 and the SAR processes are 
described in more detail in the publicly available ITU-T 363.5 
recommendation, and therefore are not described in more 
detail herein. 
Data Transportation and Synchronization Technique when 
Transporting ATM Cells 
As described above with reference to FIG. 11, the present 

invention efficiently transmits data in a wireless communica 
tion system by Synchronizing variable length MAC packets to 
TC/PHY packets. This section describes an inventive method 
for synchronizing to fixed-length ATM cell boundaries and 
for protecting against the possible misinsertion of ATM cells. 
As described above, the present invention advantageously 
rapidly synchronizes to Subsequent data messages when a 
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data message header is lost or corrupted during transmission. 
Rapid synchronization is established by Scanning the header 
present fields of the incoming TC/PHY packets. When trans 
porting ATM cells using the present data transportation and 
synchronization invention, rapid synchronization can be 
established by discarding ATM cells that have uncorrectable 
errors. This synchronization technique protects against the 
potential misinsertion of ATM cells because it protects 
against errors occurring in the ATM headers. The inventive 
ATM data transportation and synchronization technique is 
now described in more detail with reference to FIG. 13. 

FIG. 13 shows the packet format 1300 that is used by the 
present invention for the transportation and synchronization 
of ATM cells. As described above, ATM cells comprise fixed 
length packets having data payloads of 48 bytes in length. As 
shown in FIG. 13, the ATM data 712 and 712" is transported 
in accordance with the present invention using two TC/PHY 
packets 700' and 700" (described in more detail above with 
reference to FIG. 7). More specifically, and as shown in FIG. 
13, approximately one-half (22 bytes of ATM cell data) of an 
ATM cell 1202 (FIG. 12) is transported in a first TC/PHY 
packet 700', and the remaining portion (remaining 26 bytes of 
ATM cell data) 712" is transported in a second TC/PHY 
packet 700". As described above with reference to FIG. 7, the 
TC/PHY packet (or “TC Data Unit”) 700 provides a mecha 
nism for mapping MAC packets to PHY elements. The TDU 
700 includes a TC header 702 field, a data payload field 712, 
and a TC CRC field 710. These fields are described in detail 
above with reference to FIG. 7. 

In addition to these fields, the first TDU 700' of the inven 
tive packet format 1300 shown in FIG. 13 also includes an 
ATM-MAC header 1302. Significantly, the ATM header 
information is contained in only the first TDU 700'. No ATM 
header information is carried by the second TDU 700". The 
MAC header 1302 includes a number of pre-defined fields. 
These fields include the EH field 1308, the PC/PM field 1310, 
a reserved field 1312, a VCI field 1314, 1316, 1322, a “frag' 
field 1320, and a PLP field 1320. The EH and the PC/PM 
fields 1308, 1310, respectively are provided by the wireless 
system. The PC/PM field 1310 is used for power control 
purposes. The VCI fields are standard ATM routing informa 
tion tag. The “frag field 1320 is an ATM PTI (payload type 
indicator) field. The PLP field 1320 is used to indicate packet 
loss priority. The functions and details of the ATM fields 
shown in FIG. 13 are well known in the communications art 
and therefore are not described in more detail herein. 
As shown in FIG. 13, the ATM packet format 1300 may 

also include two forward error correction (FEC) fields 1304 
and 1306. The FEC field can be used to detect and protect 
againsterrors in the ATM cell. The FEC fields 1304, 1306 are 
provided by the physical layer of the layered data transport 
architecture. ATM headers used in other wireless communi 
cation systems typically comprise 4 bytes of information, 
protected by one byte of CRC referred to as the HEC (Header 
Error Check) byte. Therefore, the ATM headers used by other 
wireless communication systems typically comprise 5 bytes. 
If the HEC detects an error in the ATM header, the previous 
wireless systems typically discard the entire ATM cell (i.e., 
the entire 48 bytes of ATM cell data are discarded by the 
system). However, as shown in FIG. 13, the present invention 
uses the TC CRC 710 and the FEC 1304 fields to detect and 
correct errors in the ATM header field 1302 and in the ATM 
data payload fields 712" and 712". This renders the HEC field 
redundant and therefore it is not transported in the present 
data transportation system. 

In accordance with the present inventive ATM data trans 
portation and synchronization method and apparatus, if an 
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uncorrectable erroris detected in the first TDU 700', the entire 
ATM cell is discarded by discarding both the first and second 
TDUs 700', 700". Both TDUs are discarded because the 
uncorrectable error can cause irreparable damage to the ATM 
header 1302, and therefore detrimentally affect the insertion 
(by higher layers of the MAC) of the ATM cell into the MAC 
variable length packet. More specifically, if an uncorrectable 
error occurs in the ATM-MAC header 1302, the entire ATM 
cell may be erroneously inserted into the wrong MAC packet. 
The discarding of the entire ATM cell upon detection of 
uncorrectable errors by the CRC and FEC fields in the first 
TDU 700' is similar to the action taken in the prior art wireless 
systems when the HEC byte detects errors in the ATM header. 
However, significantly, the present inventive method and 
apparatus only discards the entire ATM cell (i.e., both the 
TDU 700' and TDU 700") when an uncorrectable error is 
detected in the first TDU 700'. It does not take any discard 
action if an uncorrectable erroris detected in the second TDU 
700". Rather, if an uncorrectable error is detected in the 
second TDU 700", the error is noted, and both TDUs 700", 
700" (i.e., the entire ATM cell) are passed to the higher com 
munication layers for processing. 
The present ATM data transportation and synchronization 

method and apparatus protects against errors occurring in the 
ATM headers because ATM headers are always transmitted in 
the first TDU 700'. No ATM header information is transmitted 
in the second TDU 700", and therefore the second TDU 700" 
can be passed to the higher communication layers without 
risking the misinsertion of ATM cells. The level of protection 
of the ATM header information provided by the present inven 
tion is better than the protection provided by the prior art use 
of the HEC field. The CRC and FEC fields protects against 
errors on the order of 10° in the presence of physical layer 
bit error rates of 10. Errors that occur in the second TDU 
700" may be detected (and possibly corrected) by the higher 
communication layers such as the AAL-5 adaptation layer. 
The methods used by the higher communication layers to 
detect and correct these errors are well known and therefore 
are not described herein. 

FIG. 14 shows a flowchart of the present inventive ATM 
data synchronization and error detection method. As shown in 
FIG. 14, the present inventive method 1400 starts at an ini 
tialization STEP 1402 and proceeds to a STEP 1404 whereat 
the first TC/PHY packet, or TDU, is obtained. For example, 
the TDU 700' of FIG. 13 is obtained during the STEP 1404. 
The method then proceeds to a STEP 1406 whereat a deter 
mination is made as to whether an uncorrectable error exists 
in the first TDU 700'. As described above with reference to 
FIG. 13, this determination may be made by using the TC 
CRC 710, or by using the FEC 1304, or the two may be used 
in combination. If either the CRC field 710, or the FEC field 
1304, or both fields, indicate that there is an error, then an 
error condition exists. Those of ordinary skill in the commu 
nications art shall appreciate that other means for determining 
whetheran uncorrectable error exists in the first TDU 700' can 
be used without departing from the spirit or scope of the 
present invention. Referring again to FIG. 14, the method 
proceeds to a decision STEP 1408. If an uncorrectable erroris 
present in the first TDU 700', the method proceeds to a STEP 
1410. Otherwise, the method proceeds to a STEP 1412. 
At the STEP 1410, the inventive method discards the entire 

ATM cell when uncorrectable errors are found in the first 
TDU. The entire ATM cell is discarded by discarding both the 
first TDU 700'. and the Second TDU 700". The method then 
returns to the STEP 1404 to obtain the next first TDU. As 
described above with reference to FIG. 13, this approach 
advantageously protects against errors in the ATM header 
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because the ATM header is always carried in the first TDU 
700'. As a consequence, the present invention also protects 
against the erroneous insertion of ATM cells. 

If no uncorrectable error is found in the first TDU 700' at 
the STEP 1408, the method then proceeds to STEPs 1412 and 
1414 to obtain the Second TDU 700" and determine whether 
an uncorrectable error exists in the second TDU 700". As 
described above with reference to FIG. 13, the second TDU 
700" contains a second half of an ATM cell (26 bytes of ATM 
data). Similar to the detection method used in the STEPS 
1406 and 1408, errors are detected using the second TDU’s 
TC CRC 710 and FEC 1306 fields described above with 
reference to FIG. 13. If an uncorrectable error is found to be 
present in the second TDU 700" at the STEP 1414, the 
method proceeds to a STEP 1416 whereat no discard action is 
taken. Rather, at the STEP 1414, the method simply notes the 
error that is present in the second TDU 700". The method then 
passes the ATM cell (i.e., it passes both the first and second 
TDUs, 700' and 700", respectively) through to the higher 
communication layers of the MAC. As described above, 
errors in the second TDU 700" may be detected by the higher 
MAC communication layers (such as, for example, the 
AAL-5 adaptation layer). Once the error is noted at the STEP 
1416, the method returns to the STEP 1404 whereat a next 
first TDU is obtained. As shown in FIG. 14, if an uncorrect 
able error is not present in the second TDU 700", the method 
simply passes the ATM cell (both the first and second TDUs) 
through to the higher communication layers at a STEP 1418, 
before returning to the STEP 1404. 

Summary 

In Summary, the data transportation and synchronization 
method and apparatus of the present invention includes a 
powerful, highly efficient means for transporting and Syn 
chronizing data in a wireless communication system. The 
present data transportation and synchronization method and 
apparatus uses a combination of data formats and a data 
transportation technique to efficiently transport data in a com 
munication system. Advantageously, the present invention 
rapidly synchronizes layers when a loss of data occurs. This 
rapid synchronization prevents data loss of more than one 
MAC message upon the re-establishment of the data or air 
link. In addition, multiple MAC packets are preferably 
mapped to concatenate multiple TC/PHY packets 700 using 
the inventive technique. 
An inventive method and apparatus for transporting and 

synchronizing to fixed-length ATM cell boundaries and for 
protecting against the potential misinsertion of ATM cells has 
been described. An inventive ATM packet format is 
described. The ATM packet format is used by the present 
invention for the transportation and synchronization of ATM 
cells. The ATM packets include TC CRC and FEC fields that 
are used to detect errors occurring within each ATM cell. In 
accordance with the present invention, ATM cells are trans 
ported in exactly two TC/PHY packets, or TDUs. The first 
TDU includes an ATM-MAC header. Significantly, the ATM 
header information is contained in the first TDU only. No 
ATM header information is carried by the second TDU. In 
accordance with the present invention, an entire ATM cell is 
discarded if an uncorrectable error is detected in the first 
TDU. If no uncorrectable error occurs in the first TDU, the 
second TDU is checked for errors. If an undetectable error 
exists in the second TDU, no discard action is taken. The error 
is noted, and both TDUs are passed through to the higher 
MAC communication layers. The inventive method protects 
against errors occurring in the ATM header because the ATM 
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header is always carried in the first TDU. Consequently, 
misinsertion of ATM cells is also prevented. 
A number of embodiments of the present invention have 

been described. Nevertheless, it will be understood that vari 
ous modifications may be made without departing from the 
spirit and scope of the present invention. For example, 
although the present inventive method and apparatus has been 
described above as being used in a TDD wireless communi 
cation system, it is just as readily adapted for use in an FDD 
wireless communication system. Furthermore, the present 
inventive method and apparatus can be used in virtually any 
type of communication system. Its use is not limited to a 
wireless communication system. One such example is use of 
the invention in a satellite communication system. In Such a 
communication system, satellites replace the base stations 
described above. In addition, the CPEs would no longer be 
situated at fixed distances from the satellites. Alternatively, 
the present invention can be used in a wired communication 
system. The only difference between the wired system and the 
wireless system described above is that the channel charac 
teristics vary between the two. However, the data transporta 
tion and synchronization do not change as between the two 
types of systems. Accordingly, it is to be understood that the 
invention is not to be limited by the specific illustrated 
embodiment, but only by the scope of the appended claims. 
What is claimed is: 
1. A method of synchronizing and transporting data in a 

wireless communication system, wherein the wireless com 
munication system includes a plurality of customer premise 
equipment (CPE) in communication with associated and cor 
responding base stations, and wherein the base stations main 
tain uplink and downlink sub-frame maps representative of 
bandwidth allocations in uplink and downlink communica 
tion links, and wherein the base stations each include an 
associated and corresponding media access control (MAC) 
having a plurality of MAC data messages, and wherein the 
MAC transports a MAC data message through a MAC data 
packet that is mapped to at least one Transmission Conver 
gence Data Unit (TDU) in a layered data transport architec 
ture, and wherein the data includes ATM cell data configured 
into at least one ATM cell, the method comprising the steps 
of: 

(a) obtaining a first Transmission Convergence Data Unit 
(TDU), wherein the first TDU includes an ATM header 
for a selected ATM cell, and wherein the first TDU 
includes ATM data bytes of the selected ATM cell; 

(b) determining whether an uncorrectable data error is 
present in the first TDU obtained in step (a): 

(c) obtaining a second TDU, wherein the second TDU 
includes remaining data bytes of the selected ATM cell; 

(d) determining whether an uncorrectable data error is 
present in the second TDU obtained in step (c); 

(e) discarding the entire selected ATM cell by discarding 
both the first and second TDUs if an uncorrectable data 
erroris found in the first TDU, and then returning to step 
(a) to obtain a next selected ATM cell, else proceeding to 
step (f); 

(f) noting that an error condition exists if an uncorrectable 
data error is found in the second TDU obtained in step 
(c); and 

(g) passing the entire selected ATM cell to high level com 
munication layers of the MAC and returning to step (a) 
to obtain a next selected ATM cell. 

2. The method of synchronizing and transporting data of 
claim 1, wherein the MAC data packets are segmented into 
fixed-length ATM cells for transportation in the wireless com 
munication system. 
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3. The method of synchronizing and transporting data of 
claim 2, wherein the MAC data packets are segmented into 
fixed length ATM cells upon transmission and reassembled 
into MAC data packets upon reception in accordance with a 
pre-defined Segmentation and Reassembly (SAR) process. 

4. The method of synchronizing and transporting data of 
claim 3, wherein the MAC data packets are segmented in 
accordance with an ATM adaptation layer, and wherein the 
ATM adaptation layer is an AAL-5 ATM adaptation layer. 

5. The method of synchronizing and transporting data of 
claim 1, wherein the MAC data packets comprise a MAC 
header and a MAC payload having a length of n bits. 

6. The method of synchronizing and transporting data of 
claim 1, wherein the length of n bits is variable. 

7. The method of synchronizing and transporting data of 
claim 1, wherein the length of n bits is fixed. 

8. The method of synchronizing and transporting data of 
claim 5, wherein the MAC header further comprises a frag 
mentation control field, and wherein the fragmentation con 
trol field contains information regarding fragmentation of the 
MAC data message. 

9. The method of synchronizing and transporting data of 
claim 5, wherein the first and the second TDUs comprise: 

(a) a TC/PHY payload; and 
(b) a TC/PHY header, further comprising a header present 

field, and wherein the header present field is set to a 
logical one when a MAC header is present within the 
TC/PHY payload. 

10. The method of synchronizing and transporting data of 
claim 2, wherein the ATM cells each include an associated 
ATM header and an associated fixed-length ATM cell data 
payload. 

11. The method of synchronizing and transporting data of 
claim 10, wherein the ATM cell data payload comprises 48 
bytes of ATM cell data. 

12. The method of synchronizing and transporting data of 
claim 2, wherein the first and second TDUs each further 
include an associated and respective TC CRC field and an 
associated and respective Forward Error Correction (FEC) 
field. 

13. The method of synchronizing and transporting data of 
claim 12, wherein the CRC and FEC fields are used during the 
steps (b) and (d) to detect uncorrectable data errors in the 
Selected ATM cell. 

14. An apparatus for synchronizing and transporting data in 
a wireless communication system, wherein the wireless com 
munication system includes a plurality of customer premise 
equipment (CPE) in communication with associated and cor 
responding base stations, and wherein the base stations main 
tain uplink and downlink Sub-frame maps representative of 
bandwidth allocations in uplink and downlink communica 
tion links, and wherein the base stations each include an 
associated and corresponding media access control (MAC) 
having a plurality of MAC data messages, and wherein the 
MAC transports a MAC data message through a MAC data 
packet that is mapped to at least one Transmission Conver 
gence Data Unit (TDU) in a layered data transport architec 
ture, and wherein the data includes ATM cell data configured 
into at least one ATM cell, comprising: 

(a) means for obtaining first and second Transmission Con 
vergence Data Units (TDUs), wherein the first TDU 
includes an ATM header for a selected ATM cell, and 
wherein the TDUs include ATM data bytes of the 
selected ATM cell; 

(b) means for determining whether uncorrectable data 
errors are present in the first or second TDUs: 
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(c) means, responsive to the determining means, for dis 

carding the entire selected ATM cell if an uncorrectable 
error is found in the first TDU; and 

(d) means, responsive to the determining means, for noting 
that an error condition exists if an uncorrectable data 
error is found only in the second TDU, and for passing 
the entire selected ATM cell to higher level communi 
cation layers of the MAC. 

15. The apparatus for synchronizing and transporting data 
of claim 14, wherein the MAC data packets are segmented 
into fixed-length ATM cells for transportation in the wireless 
communication system. 

16. The apparatus for synchronizing and transporting data 
of claim 15, wherein the MAC data packets are segmented 
into fixed length ATM cells upon transmission and reas 
sembled into MAC data packets upon reception in accordance 
with a pre-defined Segmentation and Reassembly (SAR) pro 
CCSS, 

17. The apparatus for synchronizing and transporting data 
of claim 16, wherein the MAC data packets are segmented in 
accordance with an ATM adaptation layer, and wherein the 
ATM adaptation layer is an AAL-5 ATM adaptation layer. 

18. The apparatus for synchronizing and transporting data 
of claim 14, wherein the MAC data packets comprise a MAC 
header and a MAC payload having a length of n bits. 

19. The apparatus for synchronizing and transporting data 
of claim 14, wherein the means for obtaining the first and 
second TDUS comprises means for mapping the MAC data 
packets into Transmission Convergence Data Units. 

20. The apparatus for synchronizing and transporting data 
of claim 19, wherein the mapping means comprises a com 
puter program executable on a computing device. 

21. The apparatus for synchronizing and transporting data 
of claim 14, wherein the first and second TDUs each further 
include associated and respective TCCRC and Forward Error 
Correction (FEC) fields, and wherein the means for determin 
ing whether uncorrectable data errors are present in the first or 
second TDUS comprises a computer program, executable on 
a computing device, and adapted to process the TCCRC and 
FEC fields. 

22. A An article of manufacture comprising a non-tran 
sitory computer-readable medium having stored thereon a 
computer program executable on a computing device, 
wherein the program is capable of synchronizing and trans 
porting data in a wireless communication system, and 
wherein the wireless communication system includes a plu 
rality of customer premise equipment (CPE) in communica 
tion with associated and corresponding base stations, and 
wherein the base stations maintain uplink and downlink Sub 
frame maps representative of bandwidth allocations in uplink 
and downlink communication links, and wherein the base 
stations each include an associated and corresponding media 
access control (MAC) having a plurality of MAC data mes 
sages, and wherein the MAC transports a MAC data message 
through a MAC data packet that is mapped to at least one 
Transmission Convergence Data Unit (TDU) in a layered data 
transport architecture, and wherein the data includes ATM 
cell data configured into at least one ATM cell, comprising 
the non-transitory computer-readable medium having stored 
thereon the computer program that comprises: 

(a) a first set of instructions for obtaining a MAC data 
packet; 

(b) a second set of instructions for mapping the MAC data 
packet into a plurality of Transmission Convergence 
Data Units (TDUs), wherein the TDUs each include 
ATM cell data; 
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(c) a third set of instructions for selecting an ATM cell 
comprising a first and a second TDU, and for obtaining 
the first TDU, wherein the first TDU includes an ATM 
header for the selected ATM cell, and wherein the first 
TDU also includes ATM data bytes of the selected ATM 
cell; 

(d) a fourth set of instructions for obtaining the second 
TDU, wherein the second TDU includes remaining data 
bytes of the selected ATM cell; 

(e) a fifth set of instructions for determining whether an 
uncorrectable data error is present in the first TDU, and 
for discarding the selected ATM cell if an uncorrectable 
data error is present in the first TDU; 

(f) a sixth set of instructions for determining whether an 
uncorrectable data error is present in the second TDU, 
and for noting that an error condition exists if an uncor 
rectable data error is present in the second TDU; and 

(g) a seventh set of instructions for passing the selected 
ATM cell to higher level communication levels of the 
MAC. 

23. The computer program article of manufacture of 
claim 22, wherein the first and second TDUs each further 
include an associated and respective TC CRC field and an 
associated and respective Forward Error Correction (FEC) 
field. 

24. The computer program article of manufacture of 
claim 23, wherein the CRC and FEC fields are used in deter 
mining whether uncorrectable data errors are present in the 
Selected ATM cell. 

25. A method of re-synchronizing the transportation of 
ATM data in a wireless communication system, wherein the 
wireless communication system includes a plurality of cus 
tomer premise equipment (CPE) in communication with 
associated and corresponding base stations having uplink and 
downlink communication links with the plurality of CPEs, 
and wherein the base stations maintain uplink and downlink 
sub-frame maps representative of bandwidth allocations in 
the uplink and downlink communication links, and wherein 
the base stations each include an associated and correspond 
ing media access control (MAC) having a plurality of MAC 
data messages, and wherein the MAC transports a MAC data 
message through a MAC data packet that is mapped to at least 
one Transmission Convergence Data Unit (TDU) in a layered 
data transport architecture wherein each TDU includes ATM 
data bytes for transportation in the wireless communication 
system, and wherein each TDU further includes a header 
present field, and wherein at least one of the communication 
links may be intermittently disrupted during data transmis 
Sion, the method comprising the steps of 

(a) detecting a disruption of a communication link during 
transmission of ATM data; 

(b) reestablishing the communication link that was 
detected as disrupted at Step (a): 

(c) receiving a TDU; 
(d) detecting the header present field of the TDU received 

at step (c), and if the header present field indicates that a 
header is present, proceeding to step (e), else returning 
to step (c); and 

(e) resuming data transmission on the disrupted communi 
cation link, wherein at most only one MAC data message 
is lost after reestablishing the communication link in 
step (b). 

26. A method of re-synchronizing the transportation of 
ATM data in a wireless communication system, wherein the 
wireless communication system includes a plurality of cus 
tomer premise equipment (CPE) in communication with 
associated and corresponding base stations having uplink and 

26 
downlink communication links with the plurality of CPEs, 
and wherein the base stations maintain uplink and downlink 
sub-frame maps representative of bandwidth allocations in 
the uplink and downlink communication links, and wherein 

5 the base stations each include an associated and correspond 
ing media access control (MAC) having a plurality of MAC 
data messages, and wherein the MAC transports a MAC data 
message through a MAC data packet that is mapped to at least 
one Transmission Convergence Data Unit (TDU) in a layered 
data transport architecture wherein each TDU includes ATM 
data bytes for transportation in the wireless communication 
system, and wherein at least one of the communication links 
may be intermittently disrupted during data transmission, the 
method comprising the steps of 

(a) detecting a disruption of a communication link during 
transmission of ATM data; 

(b) reestablishing the communication link that was 
detected as disrupted at Step (a): 

(c) receiving a first TDU of a selected ATM cell; 
(d) determining whether an uncorrectable error is present 

in the first TDU, and discarding the selected ATM cell if 
an uncorrectable error is present in the first TDU; and 

(e) resuming data transmission on the disrupted communi 
cation link, wherein at most only one MAC data message 
is lost after reestablishing the communication link in 
step (b). 

27. A system, comprising: 
a plurality of subscriber stations, and 
equipment to communicate with said subscriber stations 

over uplink and downlink portions of a communication 
channel to transmit information between said sub 
scriber stations and an asynchronous transfer mode 
(ATM) network, said equipment being adapted to trans 
port One or more media access control (MAC) data 
messages through a MAC data packet that is mapped to 
at least one transmission convergence data unit (TDU) 
in a layered data transport architecture, wherein said at 
least one TDU includes ATM data bytes for transmission 
in said communication channel, said equipment being 
fiurther adapted to: 

detect a disruption of a communication link during trans 
mission of ATM data, 

reestablish said disrupted communication link, 
receive a TDU of an ATM cell. 
discard the ATM cell in response to a presence of an uncor 

rectable error in the TDU; and 
resume data transmission on the reestablished communi 

cation link. 
28. The system of claim 27, wherein said equipment is 

50 filrther adapted to maintain uplink and downlink sub-frame 
maps representative of bandwidth allocation in said uplink 
and downlink portions. 

29. The system of claim 27, wherein said equipment is 
fiurther adapted to combine ATM cells in a MAC packet for 

55 transmission over said communication channel. 
30. The system of claim 27, wherein said equipment is 

fiurther adapted to segment portions of a MAC packet into 
ATM cells for transmission in said ATM network. 

31. The system of claim 27, wherein said at least one TDU 
60 filrther includes a cyclic redundancy code field and a forward 

error correction field. 
32. A system, comprising: 
a plurality of subscriber stations, and 
equipment to communicate with a plurality of subscriber 

stations over uplink and downlinkportions of a commu 
nication channel to transmit information between said 
subscriber stations and an asynchronous transfer mode 
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(ATM) network, said equipment being adapted to trans 
port One or more media access control (MAC) data 
messages through a MAC data packet that is mapped to 
at least one transmission convergence data unit (TDU) 
in a layered data transport architecture, wherein said at 
least one TDU includes ATM data bytes for transmission 
in said communication channel, said equipment being 
fiurther adapted to: 

discard first and second TDUs of an ATM cell and obtain a 
next ATM cell, in response to detection of an uncorrect 
able data error in the first TDU; and 

note that an error condition exists and pass the ATM cell to 
a higher level MAC communication layer; in response to 
detection of an uncorrectable data error in the second 
TDU and in an absence of detection of an uncorrectable 
data error in the first TDU. 

33. The system of claim 32, wherein said equipment is 
fiurther adapted to maintain uplink and downlink sub-frame 
maps representative of bandwidth allocation in said uplink 
and downlink portions. 

34. The system of claim 32, wherein said equipment is 
fiurther adapted to combine ATM cells in a MAC packet for 
transmission over said communication channel. 

35. The system of claim 32, wherein said equipment is 
fiurther adapted to segment portions of a MAC packet into 
ATM cells for transmission in said ATM network. 

36. The system of claim 32, wherein said at least one TDU 
fiurther includes a cyclic redundancy code field and a forward 
error correction field. 

37. An apparatus, comprising: 
equipment to communicate with a plurality of subscriber 

stations over uplink and downlinkportions of a commu 
nication channel to transmit information between said 
subscriber stations and an asynchronous transfer mode 
(ATM) network, said equipment being adapted to trans 
port One or more media access control (MAC) data 
messages through a MAC data packet that is mapped to 
at least one transmission convergence data unit (TDU) 
in a layered data transport architecture, wherein said at 
least one TDU includes ATM data bytes for transmission 
in said communication channel, said equipment being 
fiurther adapted to: 

discard first and second TDUs of an ATM cell and obtain a 
next ATM cell, in response to detection of an uncorrect 
able data error in the first TDU; and 

note that an error condition exists and pass the ATM cell to 
higher level MAC communication layer, in response to 
detection of an uncorrectable data error in the second 
TDU and in an absence of detection of an uncorrectable 
data error in the first TDU. 

38. The apparatus of claim 37, wherein said equipment is 
fiurther adapted to maintain uplink and downlink sub-frame 
maps representative of bandwidth allocation in said uplink 
and downlink portions. 

39. The apparatus of claim 37, wherein said equipment is 
fiurther adapted to combine ATM cells in a MAC packet for 
transmission over said communication channel. 

40. The apparatus of claim 37, wherein said equipment is 
fiurther adapted to segment portions of a MAC packet into 
ATM cells for transmission in said ATM network. 

41. The apparatus of claim 37, wherein said at least one 
TDU further includes a cyclic redundancy code field and a 
forward error correction field. 

42. An apparatus, Comprising: 
equipment to communicate with a plurality of subscriber 

stations over uplink and downlinkportions of a commu 
nication channel to transmit information between said 

28 
subscriber stations and an asynchronous transfer mode 
(ATM) network, said equipment being adapted to trans 
port One or more media access control (MAC) data 
messages through a MAC data packet that is mapped to 

5 at least one transmission convergence data unit (TDU) 
in a layered data transport architecture, wherein said at 
least one TDU includes ATM data bytes for transmission 
in said communication channel, said equipment being 
fiurther adapted to: 

10 detect a disruption of a communication link during trans 
mission of ATM data, 

reestablish said disrupted communication link, 
receive a TDU of an ATM cell. 
discard the ATM cell in response to a presence of an uncor 

15 rectable error in the TDU; and 
resume data transmission on the reestablished communi 

cation link. 
43. The apparatus of claim 42, wherein said equipment is 

fiurther adapted to maintain uplink and downlink sub-frame 
20 maps representative of bandwidth allocation in said uplink 

and downlink portions. 
44. The system of claim 42, wherein said equipment is 

fiurther adapted to combine ATM cells in a MAC packet for 
transmission over said communication channel. 

25 45. The system of claim 42, wherein said equipment is 
fiurther adapted to segment portions of a MAC packet into 
ATM cells for transmission in said ATM network. 

46. The system of claim 42, wherein said at least one TDU 
fiurther includes a cyclic redundancy code field and a forward 

30 error correction field. 
47. The system of claim 27, wherein at most only one MAC 

data message is lost after reestablishing the communication 
link. 

48. The system of claim 27, further comprising a commu 
35 nication hub connected to said equipment, said communica 

tion hub including an ATM switch to provide at least one ATM 
service to one or more of said subscriberstations, said at least 
One ATM service being selected from a group of services 
consisting of a video service, a voice service, and a data 

40 Service. 
49. The system of claim 32, further comprising a commu 

nication hub connected to said equipment, said communica 
tion hub including an ATM switch to provide at least one ATM 
service to one or more of said subscriberstations, said at least 

45 One ATM service being selected from a group of services 
consisting of a video service, a voice service, and a data 
Service. 

50. The apparatus of claim 42, wherein at most only one 
MAC data message is lost after reestablishing the communi 

50 cation link. 
51. A method, comprising: 
communicating with a plurality of subscriber stations over 

uplink and downlinkportions of a communication chan 
nel to transmit information between said subscribersta 

55 tions and an asynchronous transfer mode (ATM) net 
work, said communicating including transporting one 
or more media access control (MAC) data messages 
through a MAC data packet that is mapped to at least one 
transmission convergence data unit (TDU) in a layered 

60 data transport architecture, wherein said at least one 
TDU includes ATM data bytes for transmission in said 
communication channel. 

discarding first and second TDUs of an ATM cell and 
obtain a next ATM cell, in response to detection of an 

65 uncorrectable data error in the first TDU; and 
noting that an error condition exists and passing the ATM 

cell to higher level MAC communication layer, in 
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response to detection of an uncorrectable data error in 
the second TDU and in an absence of detection of an 
uncorrectable data error in the first TDU. 

52. The method of claim 51, filrther comprising maintain 

30 
59. The method of claim 56, filrther comprising segmenting 

portions of a MAC packet into ATM cells for transmission in 
said ATM network. 

60. The method of claim 56, wherein said at least one TDU 
ing uplink and downlink sub-frame maps representative of 5 further includes a Cyclic redundancy Code field and a forward 
bandwidth allocation in said uplink and downlink portions. 

53. The method of claim 51, further comprising combining 
ATM cells in a MAC packet for transmission over said Com 
munication channel. 

54. The method of claim 51, filrther comprising segmenting 
portions of a MAC packet into ATM cells for transmission in 
said ATM network. 

55. The method of claim 51, wherein said at least one TDU 
fiurther includes a cyclic redundancy code field and a forward 
error correction field. 

56. A method, comprising: 
communicating with a plurality of subscriberstations over 

uplink and downlinkportions of a communication chan 
nel to transmit information between said subscribersta 
tions and an asynchronous transfer mode (ATM) net 
work, said communicating including transporting one 
or more media access control (MAC) data messages 
through a MAC data packet that is mapped to at least one 
transmission convergence data unit (TDU) in a layered 
data transport architecture, wherein said at least one 
TDU includes ATM data bytes for transmission in said 
communication channel 

detecting a disruption of a communication link during 
transmission of ATM data, 

reestablishing said disrupted communication link, 
receiving a TDU of an ATM cell; 
discarding the ATM cell in response to a presence of an 

uncorrectable error in the TDU; and 
resuming data transmission on the reestablished commu 

nication link. 
57. The method of claim 56, filrther comprising maintain 

ing uplink and downlink sub-frame maps representative of 
bandwidth allocation in said uplink and downlink portions. 

58. The method of claim 56, further comprising combining 
ATM cells in a MAC packet for transmission over said Com 
munication channel. 
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error correction field. 
61. An apparatus, comprising: 
equipment to communicate with a plurality of subscriber 

stations over uplink and downlinkportions of a commu 
nication channel to transmit information between said 
subscriber stations and an asynchronous transfer mode 
(ATM) network, said equipment being adapted to trans 
port One or more media access control (MAC) data 
messages through a MAC data packet that is mapped to 
at least one transmission convergence data unit (TDU) 
in a layered data transport architecture, wherein said at 
least one TDU includes ATM data bytes for transmission 
in said communication channel, said equipment includ 
ing. 

means for discarding first and second TDUs of an ATM cell 
and for obtaining a next ATM cell, in response to detec 
tion of an uncorrectable data error in the first TDU; and 

means for noting that an error condition exists and for 
passing the ATM cell to higher level MAC communica 
tion layer, in response to detection of an uncorrectable 
data error in the second TDU and in an absence of 
detection of an uncorrectable data error in the first TDU. 

62. The apparatus of claim 61, wherein said equipment is 
fiurther adapted to maintain uplink and downlink sub-frame 

30 maps representative of bandwidth allocation in said uplink 

35 

and downlink portions. 
63. The apparatus of claim 61, wherein said equipment is 

fiurther adapted to combine ATM cells in a MAC packet for 
transmission over said communication channel. 

64. The apparatus of claim 61, wherein said equipment is 
fiurther adapted to segment portions of a MAC packet into 
ATM cells for transmission in said ATM network. 

65. The apparatus of claim 61, wherein said at least one 
TDU further includes a cyclic redundancy code field and a 

40 forward error correction field. 
k k k k k 
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