
US 20020122395A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0122395 A1 
(19) United States 

Bourlas et al. (43) Pub. Date: Sep. 5, 2002 

(54) METHOD AND APPARATUS FOR 
IMPLEMENTING A MAC COPROCESSOR IN 
A COMMUNICATION SYSTEM 

(76) Inventors: Yair Bourlas, San Diego, CA (US); 
Lewis N. Cohen, San Diego, CA (US); 
Michael G. Reeves, San Diego, CA 
(US); Kenneth L. Stanwood, Cardiff 
by the Sea, CA (US) 

Correspondence Address: 
KNOBBE MARTENS OLSON & BEAR LLP 
620 NEWPORT CENTER DRIVE 
SIXTEENTH FLOOR 
NEWPORT BEACH, CA 92660 (US) 

(21) Appl. No.: 09/800,267 

(22) Filed: Mar. 5, 2001 

Publication Classi?cation 

(51) Int. Cl.7 ..................................................... .. H04Q 7/00 

100 

(52) Us. 01. .......................................... .. 370/329; 370/419 

(57) ABSTRACT 

Disclosed is a novel method and system for efficiently 
synchronizing, transmitting, and receiving data betWeen a 
base station and a plurality of customer premises. A MAC 
coprocessor (MCP) is implemented, Which Works in con 
junction With the MAC in order to produce a robust, high 
throughput communication system. The MAC coprocessor 
performs many of the tasks typically performed by prior art 
MAC’s, including: during a doWnlink, storing a data frame, 
sorting the data frame according to modulation type or other 
criteria, determining When the data frame is full, and 
appending a set of CPE settings to the data frame. During an 
uplink, the MAC coprocessor receives all data and routes the 
data either to the MAC or a network backhaul. A MAC 
coprocessor may be used in both the base station and 
Customer Premises. In both the doWnlink and uplink pro 
cesses, having a MAC coprocessor Working in conjunction 
With the MAC may signi?cantly increase the communica 
tion system’s throughput. 
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METHOD AND APPARATUS FOR 
IMPLEMENTING A MAC COPROCESSOR IN A 

COMMUNICATION SYSTEM 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates to Wireless communication 
systems, and more particularly to a method and apparatus for 
ef?ciently transmitting and receiving data With a communi 
cations system including a Media Access Control coproces 
sor. 

[0003] 2. Description of the Related Art 

[0004] As described in the commonly assigned related 
US. Pat. No. 6,016,311, a Wireless communication system 
facilitates tWo-Way communication betWeen a plurality of 
subscriber radio stations or subscriber units (?xed and 
portable) and a ?xed netWork infrastructure. Exemplary 
communication systems include mobile cellular telephone 
systems, personal communication systems (“PCS”), and 
cordless telephones. The key objective of these Wireless 
communication systems is to provide communication chan 
nels on demand betWeen the plurality of subscriber units and 
their respective base stations in order to connect a subscriber 
unit user With the ?xed netWork infrastructure (usually a 
Wire-line system). In the Wireless systems having multiple 
access schemes a time “frame” is used as the basic infor 
mation transmission unit. Each frame is subdivided into a 
plurality of time slots. Some time slots are used for control 
purposes and some for information 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. 

[0005] Transmissions from the base station to the sub 
scriber unit are commonly referred to as “doWnlink” trans 
missions. 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 Wireless communication systems have typically 
used either time division duplexing (“TDD”) or frequency 
division duplexing (“FDD”) methods to facilitate the 
exchange of information betWeen the base station and the 
subscriber units. In a TDD system, data is transmitted and 
received on a single channel. A typical TDD system Will 
allocate a portion of each data frame to transmitting data and 
a remaining portion to receiving data. Alternatively, a FDD 
system transmits and receives data simultaneously. More 
speci?cally, a typical FDD system may transmit an entire 
data frame on a ?rst channel, While simultaneously receiving 
an entire data frame on a second channel. Both TDD and 
FDD systems of duplexing are Well knoWn in the art. 

[0006] Recently, Wideband or “broadband” Wireless com 
munications netWorks have been proposed for delivery of 
enhanced broadband services such as voice, data and video. 
The broadband Wireless communication system facilitates 
tWo-Way communication betWeen a plurality of base stations 
and a plurality of ?xed subscriber stations or Customer 
Premises Equipment (“CPE”). One exemplary broadband 
Wireless communication system is described in the incorpo 
rated 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 communication system 100 includes a 
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plurality of cells 102. Each cell 102 contains a base station 
106 and an active antenna array 108. Each cell 102 provides 
Wireless connectivity betWeen the cell’s base station 106 and 
a plurality of CPE’s 110 positioned at ?xed customer sites 
112 throughout the coverage area of cell 102. In addition, 
each of the CPE’s 110 is coupled to a plurality of end user 
connections, Which may include both residential and busi 
ness customers. Consequently, the end user connections of 
the system have different and varying usage and bandWidth 
requirement needs. Each cell may service several hundred or 
more residential and business CPE’s 110, and each CPE 110 
may service several hundred or more end user connections. 

[0007] Broadband Wireless communication system 100 
provides true “bandWidth-on-demand” to the plurality of 
CPE’s 110. The CPE’s 110 request bandWidth allocations 
from their respective base stations 104 based upon the type 
and quality of services requested by the end user connec 
tions served by the CPE’s 110. Each CPE 110 may include 
a plurality of end user connections, each of the connections 
potentially using a different broadband service. Different 
broadband services have different bandWidth and latency 
requirements. The type and quality of services available to 
the end user connections 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 
(“QoS”) required by that service (and also taking into 
account bandWidth availability and other system param 
eters). For example, T1-type continuous data services typi 
cally require a great deal of bandWidth having Well con 
trolled 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. 

[0008] Prior art communication systems typically include 
a media access control (“MAC”) Which allocates available 
bandWidth on one or more physical channels on the uplink 

and the doWnlink. Within the uplink and doWnlink sub 
frames, the base station MAC allocates the available band 
Width betWeen the various services depending upon the 
priorities and rules imposed by their quality of service 
(“QoS”). The MAC transports data betWeen higher layers, 
such as TCP/IP, and a physical layer, such as a physical 
channel. According to the prior art, the MAC is softWare that 
executes on a processor in the base station. When requests 
for bandWidth arrive from CPE’s 110, the MAC softWare 
must allocate the frame bandWidth among all received 
requests. If an unexpected high volume of data (bandWidth 
requests, for example) is received by the MAC, there is a 
possibility that the softWare may not be able to respond in 
real time. If the MAC softWare cannot respond in real time, 
data Will be lost. For example, MAC softWare may not be 
able to process all the incoming data in time to transmit it in 
the current time frame. This may result in data transfer being 
delayed, and possibly missed by the receiving CPE 110. 
Alternatively, the data may be discarded by the MAC, 
possibly corrupting large quantities of data. AMAC that can 
respond in real-time to a high data volume is therefore 
desirable. In addition, a system that alloWs a higher data 
throughput than MAC softWare is desired. 
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SUMMARY OF THE INVENTION 

[0009] The present invention is a novel method and appa 
ratus for ef?ciently synchronizing, transmitting, and receiv 
ing data betWeen a base station and a plurality of CPE’s 110. 
The method and apparatus achieve these objectives by 
implementing a MAC coprocessor, Which Works in conjunc 
tion With the MAC, in order to produce a robust, high 
throughput communication system. 

[0010] In one embodiment of the present invention, a 
MAC coprocessor is coupled to the base station MAC. The 
MAC coprocessor may take a portion of the Work load from 
the MAC, Which is softWare implemented, by performing 
many of the tasks typically performed by prior art MAC’s. 
These tasks may include, during a doWnlink, sorting data 
according to priority, storing a data frame of highest priority 
data, sorting the data frame according to modulation type, 
forWard error correction (“FEC”) type, end user connection 
ID, or other criteria, appending a set of CPE settings to the 
data frame, and appending physical layer information (used 
by the modem) to the data frame. During an uplink, accord 
ing to the present invention, the MAC coprocessor receives 
all data and routes the data either to the MAC or a netWork 
backhaul. In both the doWnlink and uplink processes, having 
a MAC coprocessor Working in conjunction With the MAC 
may signi?cantly increase the communication system’s 
throughput. 
[0011] In accordance With the present invention, the 
present inventive method transmits doWnlink data directly 
from a QoS module to the MAC coprocessor (“MCP”) for 
storage, sorting, and updating. In other Words, the MAC 
softWare has a much lighter load because it never sees the 
actual data. Once the data is received by the MCP, the MCP 
reads a series of CPE settings from a look-up table. CPE 
settings may include, among others, modulation type, FEC 
type, encryption ON/OFF, encryption key, and key number 
for the particular CPE intended to receive the current 
doWnlink data. The data is then stored in a buffer, sorted 
according to the modulation type, FEC type, or connection 
ID of the current connection (the term “connection” as used 
herein refers to an end user data How coupled to a CPE). In 
one embodiment, the MCP implements a connection ori 
ented MAC Which transports data from an end user data How 
that is connectionless, for eXample, IP. The MCP adds 
certain CPE settings to the data packet in the buffer that are 
necessary for the intended CPE to recogniZe and receive the 
data. In addition, the MCP adds physical layer setting that 
are necessary for the modem to transmit the data in the 
appropriate format. The MCP continues to receive data 
packets from the QoS module until a predetermined period 
has passed, and then sends the data frame to the modem. If 
the data frame is full before the predetermined period has 
passed, the MCP may not receive any more data packets 
from the QoS module until the predetermined period has 
passed and the current data frame has been sent to the 
modem. As such, the MCP must determine hoW many 
physical slots are required for each data packet received 
from the QoS, at the respective CPE modulation and FEC 
settings. If the data frame is not full When the predetermined 
period timeout has occurred, the modem may ?ll the open 
spaces in the data frame With speci?ed ?ll cells or bytes. In 
the present disclosure, a predetermined period of one mil 
lisecond Will be used in many examples. Those skilled in the 
art Will recogniZe that a tWo millisecond and one-half 
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millisecond (500 microseconds) time frame are also very 
common for TDD systems. In addition, it is contemplated 
that any other time period, smaller or greater, than one 
millisecond may be substituted for the predetermined 
period. In another embodiment, each CPE 110 has a MAC 
Coprocessor (“CMCP”) for building an uplink data burst (a 
data burst is any combination of user data and control 
information). The CMCP 450 may sort the data received by 
a plurality of end user connections, prioritiZe the data 
according to the respective priorities of each end user 
connection, build the data burst, and send the data burst at 
the time indicated by the uplink subframe. In addition, a 
system that includes CMCP’s may perform, in cooperation 
With the BS MCP 402, any combination of packing/unpack 
ing, payload header compression/decompression, and frag 
mentation/defragmentation. HoWever, these operations may 
be implemented using other hardWare con?gurations. 

[0012] In accordance With the present invention, for TDD 
systems the MAC determines an uplink/doWnlink split (“up/ 
doWn split”) to be used by the MAC coprocessor. More 
speci?cally, the MAC uses information such as, among 
others, pending bandWidth requests from CPE’s 110, 
up/doWn split settings of other MAC’s in the same BS, and 
a doWnlink utiliZation message from the MAC coprocessor 
in order to determine the probable amount of uplink/doWn 
link data for the subsequent time frame. Thus, in determin 
ing the up/doWn split, the MAC splits the predetermined 
period in to a doWnlink and uplink portion. Because the 
MAC does not knoW exactly hoW much doWnlink data Will 
be available to transmit, the MAC coprocessor may dynami 
cally update the up/doWn split, alloWing all receiving CPE’s 
110 to knoW When the end of the doWnlink process Will 
actually occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a simpli?ed block diagram of a broad 
band Wireless communication system. 

[0014] FIG. 2 represents a TDD frame and multi-frame 
structure. 

[0015] FIG. 2A shoWs one eXample of a doWnlink sub 
frame that is adapted for use With the present communica 
tion system. 

[0016] FIG. 2B shoWs one eXample of an uplink sub 
frame that is adapted for use With the present communica 
tion system. 

[0017] FIG. 3 is a block diagram of a Modem Interface 
Card including inputs and outputs thereto. 

[0018] FIG. 4 is a block diagram of the Control Module 
Within the Modem Interface Card. 

[0019] FIG. 5 is a block diagram of top-level modules that 
are found Within the MAC and MAC coprocessor. 

[0020] FIG. 6 is a block diagram of top-level modules that 
are found Within the Quality of Service module. 

[0021] 
[0022] FIG. 8 is a ?oWchart of the operation of a MAC 
during a single communication time frame. 

[0023] 

FIG. 7 is a ?oWchart of the doWnlink process. 

FIG. 9 is a ?oWchart of the uplink process. 
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[0024] FIG. 10 is a block diagram of one embodiment of 
a CPE control module including a MAC coprocessor. 

[0025] FIG. 11 is a How chart of the process of uplinking 
data from a CPE to a BS. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] Throughout this description, the preferred embodi 
ment and examples shoWn should be considered as 
examples, rather than as limitations on the present invention. 
The term data packet, as used herein, may refer to either user 
data or protocol and control messages. 

[0027] FIG. 1 is a high level block diagram illustrating a 
Wireless communication system 100. The Wireless commu 
nication system 100 provides a Wireless link With customers 
and businesses to share data or access a netWork 114, for 
example, the Internet. The Wireless communication system 
100 comprises a plurality of cells 102. Each cell 102 
contains a base station (“BS”) 104 and a plurality of cus 
tomer premises equipment (“CPE’s”) 110 located at ?xed 
customer sites 112 throughout the coverage area of the cell 
102. Each CPE 110 communicates With the BS 104 over a 
Wireless link. The BS 104, in turn, communicates With the 
netWork 114 using a communication link or “backhaul”116. 
The backhaul 116 may comprise, for example, coaxial cable, 
?ber-optic cable, microWave links, or other high throughput 
connections. 

[0028] The doWnlink (i.e., from the BS 104 to the plurality 
of CPE’s 110) of the communication system shoWn in FIG. 
1 operates on a point-to-multi-point basis. As described in 
the related US. Pat. No. 6,016,311, Which is hereby incor 
porated by reference herein, the central BS 104 includes a 
sectored active antenna array 108 Which is capable of 
simultaneously transmitting to several sectors. In one 
embodiment of the system 100, the active antenna array 108 
transmits to four independent sectors simultaneously. Within 
a given frequency channel and antenna sector, all stations 
receive the same transmission. The BS 104 is the only 
transmitter operating in the doWnlink direction, hence it 
transmits Without having to coordinate With other BS 104’s. 
The CPE’s 110 monitor the addresses in the received mes 
sages and retain only the data addressed to them. 

[0029] The CPE’s 110 share the uplink on a demand basis 
that can be controlled by the BS. Depending upon the class 
of services utiliZed by a particular CPE 110, the BS 104 may 
issue a selected CPE 110 continuing rights to transmit on the 
uplink, or the right to transmit may be granted after receipt 
of a request from a CPE 110. In addition to individually 
addressed messages, the BS 104 may also send messages to 
multicast groups, as Well as broadcast messages to all CPE’s 
110. 

[0030] In one embodiment, the BS 104 maintains sub 
frame maps of the bandWidth allocated to the uplink and the 
doWnlink. As described in more detail in US. Pat. No. 
6,016,311, the uplink and doWnlink are preferably multi 
plexed 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 rec 
ogniZe that the present inventive method and apparatus can 
readily be adapted for use in a FDD system. 
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[0031] In one embodiment adapted for use in a TDD 
system, a frame is de?ned as comprising N consecutive time 
periods or time slots (Where N remains constant). In accor 
dance With this “frame-based” approach, the ?rst N1 time 
slots are dynamically con?gured (Where N is greater than or 
equal to N1) for doWnlink transmissions only. The remaining 
N2 time slots are dynamically con?gured for uplink trans 
missions only (Where N2 equals N—N1). Under this TDD 
frame-based scheme, the doWnlink sub-frame is preferably 
transmitted ?rst and is pre?xed With information that is 
necessary for frame synchroniZation. 

[0032] As described in more detail in related US. Pat. No. 
6,016,311, in another embodiment, an Adaptive Time Divi 
sion Duplex (“ATDD”) system may be implemented. In 
ATDD mode, the percentage of the TDD frame allocated to 
doWnlink versus uplink is a system parameter Which may 
change With time. In other Words, an ATDD system may 
vary the ratio of doWnlink data to uplink data in sequential 
time frames. In terms of the example above, in an ATDD 
system, N1 and N2 (Where N1 is the doWnlink sub-frame and 
N2 is the uplink subframe) may be different for each data 
frame, While maintaining the relationship N=N1+N2. A data 
frame that is split betWeen uplink and doWnlink could be 
either a TDD frame, or an ATDD frame. It is therefore 
contemplated that all systems and methods described herein 
With relationship to a TDD frame could be adapted to an 
ATDD frame, and vice versa. 

[0033] In yet another embodiment, a FDD system may be 
implemented by sending N time slots of data and receiving 
N time slots of data simultaneously on different channels. In 
yet another embodiment, a half-duplex FDD system may be 
implemented by sending N time slots of data on a ?rst 
channel during a ?rst time period and receiving N time slots 
of data on a second channel during a second time period, 
Wherein the tWo time periods do not overlap. 

[0034] FIG. 2 shoWs a TDD frame and multi-frame struc 
ture 200 that can be used by a communication system (such 
as that shoWn in FIG. 1). As shoWn in FIG. 2, the TDD 
frame 200 is subdivided into a plurality of physical slots 
(“PS”) 204, 204‘. In the embodiment of FIG. 2, the TDD 
frame 200 is one millisecond in duration and includes 800 
physical slots. Alternatively, the present invention can be 
used With frames having longer or shorter duration and With 
more or less PS’s. Some form of digital encoding, such as 
the Well-knoWn Reed-Solomon (“RS”) encoding, convolu 
tional encoding, or turbo code encoding, is performed on the 
digital information over a pre-de?ned number of bit units 
referred to as physical layer information elements (“PI”). 
The modulation or FEC type may vary Within the frame and 
determines the number of PS’s (and therefore the amount of 
time) required to transmit a selected PI. In the embodiment 
described hereafter, the detailed description refers to data 
being sent and received using three different modulation 
types, namely, QAM-4, QAM-16, and QAM 64. In alterna 
tive embodiments, any other modulation type, FEC type, or 
variation of a modulation or FEC type may be used. For 
example, a RS encoding system may use different variations 
of block siZes or code shortening, a convolutional encoding 
system may vary the code rate, and a turbo code system may 
use any block siZe, code rate, or code shortening. 

[0035] To aid periodic functions, multiple frames 202 are 
grouped into multi-frames 206, and multiple multi-frames 
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206 are grouped into hyper-frames 208. In one embodiment, 
each multi-frame 206 comprises tWo frames 202, and each 
hyper-frame comprises 22 multi-frames 206. Other frame, 
multi-frame and hyper-frame structures can be used With the 
present invention. For example, in another embodiment of 
the present invention, each multi-frame 206 comprises 16 
frames 202, and each hyper-frame comprises 32 multi 
frames 206. 

[0036] FIG. 2A shoWs one example of a doWnlink sub 
frame 300 that can be used by the BS 104 to transmit 
information to the plurality of CPE’s 110. FIG. 2A shoWs an 
exemplary TDD doWnlink subframe. In a TDD system, each 
time frame is divided into a doWnlink sub-frame and an 
uplink sub-frame. More speci?cally, during each one milli 
second time frame (or other predetermined period), the 
doWnlink sub-frame is ?rst transmitted from the BS 104 to 
all CPE’s 110 in the sector, after Which the uplink sub-frame 
is received by the BS 104 from particular CPE’s 110. The 
doWnlink sub-frame 300 is dynamic, such that it may be 
different in sequential time frames depending on, among 
others, an uplink/doWnlink split determined by the MAC 
420. In a FDD system, the time frame is not divided betWeen 
uplink and doWnlink data. Instead, a FDD doWnlink sub 
frame is an entire frame of doWnlink data (e.g., one milli 
second) on a ?rst channel, and an uplink subframe is an 
entire frame of uplink data on a second channel. In a typical 
FDD system the doWnlink subframe and uplink subframe 
may be transmitted simultaneously during the same prede 
termined period. Thus, in a FDD system both the BS 104 and 
the CPE’s 110 may receive and transmit at the same time, 
using different channels. In another embodiment, the doWn 
link subframe and uplink subframe may not be transmitted 
at the same time, but still use different channels. 

[0037] The doWnlink sub-frame 300 preferably comprises 
a frame control header 302, a plurality of doWnlink data PS’s 
304 grouped by any combination of modulation type, FEC 
type, CPE index, and connection ID (e.g., PS 304 data 
modulated using a QAM-4 modulation scheme, PS 304‘ data 
modulated using QAM-16, etc.) and possibly separated by 
associated modulation transition gaps (“MTGs”) 306 used to 
separate differently modulated data, and a transmit/receive 
transition gap 308. In any selected doWnlink sub-frame, any 
one or more of the differently modulated data blocks may be 
absent. In one embodiment, MTGs 306 are 0 (“Zero”) PS’s 
in duration. The frame control header 302 contains a pre 
amble 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). A FDD doWnlink 
subframe may be substantially identical to the structure of 
FIG. 2A, but Without a Tx/Rx transition gap 308. 

[0038] The doWnlink data PS’s 304 are used for transmit 
ting data and control messages to the CPE’s 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. In one embodiment, 
data is transmitted in a pre-de?ned modulation sequence: 
such as QAM-4, folloWed by QAM-16, folloWed by QAM 
64. The modulation transition 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 broadcast message indicating the 
identity of the PS 304 at Which the modulation scheme 
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changes. Finally, as shoWn in FIG. 2A, the Tx/Rx transition 
gap 308 separates the doWnlink sub-frame from the uplink 
sub-frame. 

[0039] FIG. 2B shoWs one example of an uplink sub 
frame 320 that is adapted for use With the present commu 
nication system. The CPE’s 110 (FIG. 1) use the uplink 
sub-frame 320 to transmit information (including bandWidth 
requests) to their associated BS 104. As shoWn in FIG. 2B, 
there are three main classes of MAC control messages that 
are transmitted by the CPE’s 110 during the uplink frame: 
(1) those that are transmitted in contention slots reserved for 
CPE registration (Registration Contention Slots 322); (2) 
those that are transmitted in contention slots reserved for 
responses to multicast and broadcast polls for bandWidth 
allocation (BandWidth Request Contention Slots 324); and 
those that are transmitted in bandWidth speci?cally allocated 
to individual CPE’s (CPE Scheduled Data Slots 326). 

[0040] The bandWidth allocated for contention slots (i.e., 
the contention slots 322 and 324) is grouped together and is 
transmitted using a pre-determined modulation scheme. For 
example, in the embodiment shoWn in FIG. 2B the conten 
tion slots 322 and 324 are transmitted using a QAM-4 
modulation. The remaining bandWidth is grouped by CPE. 
During an uplink subframe, each respective CPE 110 trans 
mits With a ?xed modulation and FEC type during their 
respective uplink times. The uplink sub-frame 320 includes 
a plurality of CPE transition gaps (CTGs) 328 that serve a 
similar function to the modulation transition gaps (MTGs) 
306 described above With reference to FIG. 2A. That is, the 
CTGs 328 separate the transmissions from the various CPEs 
110 during the uplink sub-frame 320. In one embodiment, 
the CTGs 328 are 2 physical slots in duration. Atransmitting 
CPE preferably transmits a 1 PS preamble during the second 
PS of the CTG 328 thereby alloWing the base station to 
synchroniZe to the neW CPE 110. Multiple CPE’s 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 communication system. 

[0041] Each CPE 110 requests uplink bandWidth from it’s 
respective BS 104 by either sending a request in a bandWidth 
request contention slot 324, piggybacking a request in place 
of loWer priority data, or placing a poll-me bit in the uplink 
data header. A CPE 110 that Wasn’t allotted any portion of 
the current uplink subframe may either request bandWidth 
by sending a request during the bandWidth request conten 
tion slots 324 time frame, or, alternatively, if the CPE 110 
has a higher priority than another CPE 110 that Was allotted 
uplink bandWidth, the higher priority CPE 110 may ‘steal’ 
enough bandWidth from the loWer priority CPE’s 110 to 
send a bandWidth request. If a speci?c CPE 110 has been 
allotted a portion of the current uplink subframe, but has 
additional data that Will not ?t in the allotted time, the CPE 
110 may set a poll-me bit (in it’s uplink header) that tells the 
BS 104 that the speci?c CPE 110 needs to be polled for more 
bandWidth. The CPE uplink request process Will be further 
described in FIG. 11 beloW. 

[0042] FIG. 3 is a top-level block diagram of a Modem 
Interface Card (“MIC”), Within a BS 104. In general, the 
circuitry of FIG. 3 is found in the BS 104 and controls one 
antenna. As mentioned above, each cell that is serviced by 
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a particular BS 104 is divided into a plurality of sectors. In 
one embodiment, a cell is divided in to four sectors (at ninety 
degree angles to one another), each of the sectors being 
serviced by a different antenna. FIG. 3 illustrates the cir 
cuitry Within the base station, i.e. MIC 128, that is used to 
interface the out door unit 108 With the backhaul 116. In one 
embodiment, each of the four MIC 128’s Within the same BS 
104 interface directly With the backhaul 116. In another 
embodiment, the backhaul 116 is split prior to coupling to 
any of the MIC 128’s in the same BS 104. 

[0043] In one embodiment of Wireless communication 
system 100, each MIC 128 may include an input/output 
interface 150, a control module (“CM”) 132, a modem 135, 
a bus 134 coupling CM 132 With modem 135, a Frequency 
Shift Key (“FSK”) modem 138, and a fault bus processor 
121. In one embodiment, these components are incorporated 
into a single card alloWing the MIC 128 to be rack-mounted 
in an In Door Unit (“IDU”) box, Which is a standard siZe box 
used in the art. This arrangement further permits the MIC 
128 to be hot sWappable, Which eases servicing and alloWs 
for groWth. One in the art Will recogniZe that these compo 
nents may alternatively be arranged betWeen multiple boards 
in multiple locations. 

[0044] As illustrated in FIG. 3, the CM 132 is linked to the 
input/output interface 150 that attaches to the backhaul 116 
and controller interface card 113. The CM 132 receives 
packet data from the input/output interface 150 and trans 
mits it to the modem 135 for modulation before being sent 
to the Out Door Unit (“ODU”) 108 through broadband cable 
129, such as provided by an RG-6 cable. The CM 132 
transmits data via the bus 134 to the modem 135. The 
modem 135 may include a Field Programmable Gate Array 
(“FPGA”) or Application Speci?c Integrated Circuit 
(“ASIC”) 136 that stores instructions for controlling other 
sub-components of the MIC 128. For example, the FPGA or 
ASIC 136 may communicate With the Frequency Shift Key 
(“FSK”) modem 138 in order to send FSK modulated 
control messages from the MIC 128, through the cable 129, 
to the ODU 108. Similarly, the ODU 108 may respond With 
response messages. A fault bus processor 121 is coupled to 
the CM 132 and operable to report faults native to the MIC 
128 to a system controller or system fault monitor 113 for 
further analysis. 

[0045] FIG. 4 is a block diagram of the Control Module 
(“CM”) 132 in the MIC 128. The CM 132 comprises, in 
general, a Control Processor 414 operable to execute the 
MAC 410 softWare, a Quality of Service module (“QoS”) 
412 operable to receive and prioritiZe the CPE 110 data from 
the input/output interface 150, and a MAC Co-Processor 
(“MCP”) 402 operable to store and sort a data frame for 
output to the modem 135. The operation of each of these 
components Will be discussed in more detail beloW. 

[0046] In one embodiment, the data 133 arrives at the QoS 
412 from the input/output interface 150. As stated above, 
each CPE 110 is coupled to a plurality of end user connec 
tions (“connections”), each of the connections potentially 
using a different broadband service. As such, each connec 
tion has an assigned priority, among other QoS parameters, 
Which the QoS 412 uses to determine Which data packets 
Will be sent ?rst. The QoS 412 prioritiZes data 133 according 
to the respective QoS parameters of the connection the data 
packet is intended for. The QoS 412 may use these param 
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eters in conjunction With many techniques that are Well 
knoW in the art, such as fair-Weighted and round-robin 
queuing (see FIG. 6), in order to determine data priority. The 
MCP 402 receives PHY/MAC control and MAC protocol 
messages from MAC 410, pulls data packets from the QoS 
412, retrieves CPE 110 settings (such as modulation and 
FEC) from the Look Up Table (“LUT”) 406, stores the data 
packets in the buffer 408 until the respective time frame has 
terminated (i.e., the predetermined period timeout has 
occurred), and sorts the data packets according to the 
modulation type, FEC type, CPE index, or connection ID of 
the respective connection. When the predetermined period 
(e.g., one millisecond) has passed, the buffered data is 
transferred to the modem 135. 

[0047] In one embodiment, a hardWare MCP 402 includes 
a co-processor 404 that interfaces With a hardWare QoS 412 
and a MAC 410 implemented With softWare executed by a 
Control Processor 414. Prior art systems typically perform 
the functions of both the MAC 410 and the MCP 402 using 
softWare implemented by the Control Processor 414. 

[0048] In another embodiment, QoS functionality is per 
formed by the MCP, thus removing the need for a separate 
QoS IC and possibly reducing the amount of physical space 
required to implement such a system. This alternative 
embodiment may implement all the functionality of the QoS 
module describe With regard to FIG. 6 in the MCP 402. 

[0049] FIG. 5 is a block diagram of the top-level func 
tional modules of MAC 410 and MCP 402. The term 
“module,” as used herein, means, but is not limited to, a 
softWare or hardWare component, such as a FPGA or ASIC, 
Which performs certain tasks. Amodule may advantageously 
be con?gured to reside on the addressable storage medium 
and con?gured to execute on one or more processors. Thus, 
a module may include, by Way of example, components, 
such as softWare components, object-oriented softWare com 
ponents, class components and task components, processes, 
functions, attributes, procedures, subroutines, segments of 
program code, drivers, ?rmWare, microcode, circuitry, data, 
databases, data structures, tables, arrays, and variables. The 
functionality provided for in the components and modules 
may be combined into feWer components and modules or 
further separated into additional components and modules. 
Additionally, the components and modules may advanta 
geously be implemented to execute on one or more com 

puters. 
[0050] MAC Modules 
[0051] Referring to FIG. 5, the MAC co-ordination mod 
ule 506 communicates With other MAC’s 410 in the same 
BS 104. In general, the MAC co-ordination module 506 
attempts to coordinate transmit and receive phases of all 
MAC’s 410 in the same BS 104, such that RF interference 
is minimiZed. In one simpli?ed embodiment, each BS 104 
services a cell comprised of four equal sectors. Each of the 
four sectors is serviced by a separate MAC and antenna. 
Because the antennas may be located near one another, there 
is a possibility of signal interference. For example, if tWo 
antennas are servicing sectors 180 degrees apart (i.e., the 
antennas are back to back), interference may be more likely 
if one antenna is transmitting data (doWnlink) While the 
other is receiving data (uplink). According to the present 
invention, the MAC’s 410 in a single BS 104 may co 
ordinate With one another and, therefore, decrease signal 
interference. 
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[0052] In an ATDD or TDD system, the MAC co-ordina 
tion module 506 provides information to the up/doWn split 
module 502 Which Will be used in determining the up/doWn 
split. In one embodiment, each MAC 410 in a single BS 104 
uses the same up/doWn split. In another embodiment, only 
those MAC’s 410 that control antennas that service opposite 
sectors (i.e., antennas that are 180 degrees apart) use the 
same up/doWn split. In yet another embodiment, each MAC 
410 in the BS 104 determines an up/doWn split independent 
of other MAC’s 410 in the same BS 104. Other methods of 
coordinating a MAC up/doWn split among multiple MAC’s 
410 may also be used by MAC co-ordination module 506. 

[0053] In a FDD system, the MAC co-ordination module 
506 alloWs MAC’s 410 in a speci?c base station to coordi 
nate their transmit and receive schedules. For example, in 
one embodiment, adjacent antennas transmit and receive 
during alternate time periods. In another embodiment, the 
antennas that service opposite sectors (i.e., antennas that are 
180 degrees apart) may transmit and receive during alternate 
time periods. In yet another embodiment, the MAC co 
ordination module 506 may only alloW one antenna in a 
certain base station to transmit or receive at any point in 
time. 

[0054] In a TDD system, the DoWnlink UtiliZation Mes 
sage (“DUM”) Module 504 receives a DUM from the MCP 
402 indicating the amount of data sent in the last transfer 
frame and providing an indicator to the MAC 410 of hoW 
Well the MAC 410 estimated the previous up/doWn split. As 
stated above, the MAC 410 does not knoW hoW much data 
is actually Waiting to be doWnlinked and uplinked, but only 
estimates based on the factors discussed herein. Within the 
MCP 402, if a data frame is not full When one millisecond 
(or other predetermined period) has passed, the data must 
still be sent to the modem 135. As such, a doWnlink 
subframe may be completely full, partially full, or com 
pletely empty When sent to the modem 135. After each data 
frame has been sent to the modem 135, the MCP 402 sends 
a DUM to The DUM Module 504 (in MAC 410). The DUM 
Module 504 may then utiliZe the DUM in order to negotiate 
for a different up/link split on the subsequent data frame. 

[0055] In a TDD system the up/doWn split Module 502 
determines the amount of doWnlink data that Will be alloWed 
in the current data frame. For example, in one embodiment 
each data frame has a time frame of one millisecond. 
Depending on several factors, discussed beloW, the up/doWn 
split Module 502 may allot 500 microseconds to doWnlink 
and 500 microseconds to uplink, i.e., an even split betWeen 
doWnlink and uplink. In a subsequent time frame, the 
up/doWn split module 502 may need to allot 700 microsec 
onds to doWnlink and only 300 microseconds to uplink. 

[0056] The up/doWn split Module 502 has several inputs 
that are utiliZed in determining the up/doWn split. TWo such 
inputs are received from the DoWnlink UtiliZation Message 
(“DUM”) Module 504 and the MAC co-ordination module 
506 discussed above. 

[0057] In addition to the preceding inputs, other CPE 
settings, such modulation and quality of service require 
ments, may be stored and referred to by the up/doWn split 
module 502 in determining the up/doWn split. For example, 
if the MAC 420 receives an unexpectedly high volume of 
uplink bandWidth request from CPE’s 110, the up/doWn split 
module 502 may allocate more time for the uplink sub 
frame. 
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[0058] The up/doWn split module is only found in a TDD 
system. A FDD system uses the same, predetermined period, 
for both doWnlink and uplink data frames. Although the 
doWnlink and uplink data frames are not necessarily sent 
during the same predetermined period, the data frames are 
alWays the same length. 

[0059] The data connection module 508 establishes con 
nections as instructed by call control softWare. Each data 
connection is established by the BS 104 toWards the CPE 
110. As discussed above, each connection may have differ 
ent QoS settings. The call control softWare turns on con 
nections using the particular QoS settings for that particular 
connection. 

[0060] The CPE update module 510 updates both a master 
copy of CPE settings in the MAC 410 and a copy of CPE 
settings in the LUT 406. The CPE settings are initially stored 
When a neW CPE 110 registers With the MAC 410. The CPE 
settings are subsequently updated, in both the MAC 420 and 
the LUT 406, When a speci?c CPE 110 requests a change or 
the CPE update module 510 initiates a change. CPE settings 
include, among others, modulation type, FEC type, encryp 
tion ON/OFF ?ag, encryption key, and key number particu 
lar to each CPE 110. The MCP 402 accesses CPE settings 
stored in the LUT 406 (and updated by CPE update module 
510) in order to generate physical layer information that Will 
be transmitted to the modem 135. 

[0061] CPE settings ensure that each CPE 110 receives its’ 
respective data securely (i.e., only the intended CPE 110 
receives the data) using the most ef?cient modulation. In one 
embodiment, each CPE 110 uses a unique encryption key. 
The BS 104 call control determines Whether encryption 
should be on or off, and, When encryption is on, call control 
selects an encryption key. The encryption key is an 8 byte 
code, that is used to encrypt and decrypt information sent to 
and from both the BS and CPE’s 110. The encryption key is 
periodically changed in both the BS 104 and speci?c CPE’s 
110, according to instructions by the BS 104 call control. In 
one embodiment, a communication system uses tWo differ 
ent encryption keys Which are indexed by encryption key 
numbers (e.g., encryption key number one and encryption 
key number tWo). In other embodiments, any number of 
different encryption keys may be used and indexed by 
corresponding encryption key numbers. When an encryption 
key change is performed, the encryption key number is 
incremented and the encryption key corresponding to the 
neW (i.e., incremented) key number is used. Thus, When an 
encryption key change is indicated by call control, the BS 
104 and the particular CPE 110 may simultaneously change 
to the same encryption key. 

[0062] Each CPE 110 may use various modulations, such 
as QAM-4, QAM-16, and QAM-64, and various FEC 
schemes, such as Reed-Solomon, convolutional, and turbo 
coding. All three modulation types may be transmitted in a 
single data frame by and to different CPE’s. In a given 
frame, a single CPE 110 may transmit in more than one 
modulation group. For example, a speci?c CPE 110 may 
send data during a QAM-4 modulation period and send data 
during a subsequent QAM-64 modulation period Within the 
same time frame. The MCP 402 uses CPE settings stored in 
the LUT 406 to append the current CPE’s data With modu 
lation and FEC information for the modem, thus ensuring 
that each CPE is able to detect and receive data intended for 
the speci?c CPE. 
























