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METHOD AND APPARATUS FOR MULTIPLE 
ACCESS COMMUNICATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The field of the present invention relates to a method and 
apparatus for multiple access communication. 

2. Background 
A variety of techniques are known for allowing multiple 

users to communicate with one or more fixed Stations (i.e., 
base Stations) by making use of shared communication 
resources. Examples of multiple access communication SyS 
tems include, for example, cellular telephone networks and 
local wireleSS communication Systems, Such as wireleSS 
private branch exchange (PBX) networks. In such multiple 
access communication Systems, transmissions from different 
Sources may be distinguished in a variety of manners, Such 
as on the basis of different frequencies, time slots, and/or 
codes, for example. 
AS used herein, a communication System in which trans 

missions are distinguished according to the transmission 
frequency may be referred to as a frequency division mul 
tiple access (FDMA) communication System. A communi 
cation System in which a forward link transmission over one 
frequency is paired with a reverse link transmission over a 
different frequency may be referred to as a frequency 
division duplex (FDD) communication system. 
A communication System in which transmissions are 

distinguished according to the relative timing of the trans 
mission (i.e., by use of time slots) may be referred to as a 
time division multiple access (TDMA) communication Sys 
tem. A communication System in which a forward link 
transmission during one time slot (or time segment) is paired 
with a reverse link transmission occurring during a different 
time slot (or time Segment) may be referred to as a time 
division duplex (TDD) communication system. The DECT 
system is an example of a well known type of TDD 
communication System. 
A communication System in which transmissions are 

distinguished according to which code is used to encode the 
transmission may be referred to as a code division multiple 
access (CDMA) communication system. In a CDMA com 
munication System, the data to be transmitted is generally 
encoded in Some fashion, in a manner which causes the 
Signal to be "spread over a broader frequency range and 
also typically causes the Signal power to decrease as the 
frequency bandwidth is spread. At the receiver, the Signal is 
decoded, which causes it to be “despread” and allows the 
original data to be recovered. Distinct codes can be used to 
distinguish transmissions, thereby allowing multiple Simul 
taneous communication, albeit over a broader frequency 
band and generally at a lower power level than “narrow 
band” FDMA or TDMA systems. Different users may 
thereby transmit Simultaneously over the Same frequency 
without necessarily interfering with one another. 

Various “hybrid” communication Systems incorporating 
aspects of more than one multiple access communication 
technique have been developed or proposed. For example, a 
GSM system may be viewed as a “hybrid” communication 
system utilizing aspects of both FDD and TDMA. In a GSM 
System, each base Station is assigned a transmission fre 
quency band and reception frequency band. The base Station 
transmits to each of its mobile Stations using a transmission 
frequency within its assigned frequency band, and the 
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2 
mobile Stations transmit to the base Station using a frequency 
within the base Station's reception frequency band. The 
transmissions to the user Stations are Sent in assigned time 
Slots over the base Station's transmission frequency, and the 
transmissions from the user Stations are Sent in correspond 
ing assigned time slots over the base Station's reception 
frequency. 
While multiple access communication may be achieved 

using techniques of either FDMA, TDMA or CDMA, or 
certain variations (e.g., FDD or TDD) or combinations 
thereof, problems can occur if an equipment manufacturer or 
operator desires to migrate from one type of multiple access 
communication to a different type. This problem results 
from the fact that equipment manufactured Specifically for 
any one type of multiple acceSS communication System 
typically cannot be used with another type of multiple access 
System because of inherent differences in the nature of the 
communication techniques, leading to incompatibilities 
between the physical hardware as well as the communica 
tion protocols employed by the two communication Systems. 
For example, a base Station designed for TDD communica 
tion cannot be expected to communicate properly with an 
FDD handset, nor can it be expected that a TDD handset will 
communicate properly with a base Station designed for FDD 
communication. 

It may nevertheless be desired by equipment manufactur 
erS or Service providers to deploy or offer Systems using 
different multiple access communication techniqueS or 
protocols, in order to Serve different markets, geographical 
regions, or clientele, or for other reasons. However, to 
develop separate equipment for operation in different mul 
tiple access communication environments can Substantially 
increase equipment design and manufacturing costs. Such a 
development proceSS can also lead to the creation of differ 
ent and incompatible protocols, which can require, for 
example, different types of backhaul Service, leading to 
greater design expense to Support the different backhaul 
formats and possibly duplicative base Station controllers in 
the same local area, each Servicing a different type of base 
station (i.e., FDD vs. TDD). Furthermore, an equipment 
manufacturer or Service provider may desire to migrate from 
one type of multiple acceSS communication and protocol to 
another type, without incurring Substantial redesign costs. 

It would therefore be advantageous to provide an appa 
ratus and method allowing communication in more than one 
multiple access communication environment. It would fur 
ther be advantageous to provide a method and apparatus for 
converting or adapting equipment from one type of multiple 
access communication Service (e.g., TDD) to a different type 
(e.g., FDD). 

SUMMARY OF THE INVENTION 

The invention provides in certain aspects techniques for 
using or converting multiple access communication equip 
ment to Serve in a different multiple access communication 
environment. 

In one embodiment, a base Station within a communica 
tion System comprises two base Station Sub-units, preferably 
collocated, for performing virtual FDD communication. 
Each of the two base Station Sub-units comprises a base 
Station transmitter and a base Station receiver. The first base 
Station Sub-unit transmits base-to-user messages to user 
Stations only during a first half of a repeating time frame, and 
receives user-to-base messages from the user Stations only 
during a Second half of the time frame. The Second base 
station sub-unit is preferably collocated with the first base 
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Station Sub-unit, and transmits base-to-user messages to user 
Stations only during the Second half of the time frame, while 
receiving user-to-base messages from the user Stations only 
during the first half of said time frame. The two base station 
Sub-units are preferably Synchronized So as to maintain 
proper alignment of the time frame and of the time slots 
within the time frame. 

In a Second embodiment, a base Station also comprises 
two base Station Sub-units. In the Second embodiment, a time 
frame comprises a plurality of base transmit time slots 
defined with respect to a base transmit frequency band and 
a plurality of user transmit time slots defined with respect to 
a user transmit frequency band. The time frame is divided 
between the two base station Sub-units such that the first 
base Station Sub-unit and Second base Station Sub-unit each 
are assigned one half of the base transmit time slots and one 
half of the user transmit time slots. The base transmit time 
Slots assigned to each base Station Sub-unit may form a 
contiguous block, or may alternate with one or more base 
transmit time slots assigned to the other base Station Sub 
unit. Duplex communication channels are preferably defined 
by correlating a base transmit time slot with a user transmit 
time slot, with the base transmit time slots and user transmit 
time slot preferably Separated by a Sufficient amount of time 
to allow transmit/receive Switching by a user Station 
between the base transmit time slot and the user transmit 
time slot. Multiple time slots may be aggregated to a single 
user Station in certain embodiments. 

In another embodiment, a base Station comprises a pair of 
modified TDD base station Sub-units. One of the modified 
TDD base station sub-units is adapted to transmit continu 
ously over a base transmit frequency band using its base 
station transmitter, while the other of the modified TDD base 
Station Sub-units is adapted to receive continuously over a 
user transmit frequency band using its base Station receiver. 
A backhaul interface transmits information over a backhaul 
line from the modified TDD base station Sub-unit that 
receives continuously, and transmits information from the 
backhaul line to the modified TDD base station Sub-unit that 
transmits continuously, So as to Support a plurality of duplex 
communication channels. The two modified TDD base sta 
tion Sub-units may, in one embodiment, pass appropriate 
Synchronization and error correction information to one 
another over a signal interface. 

In another embodiment, a TDD base station is adapted to 
support FDD communication. The TDD base station com 
prises a radio transceiver, an over-the-air controller, a 
memory buffer and backhaul interface. The over-the-air 
controller Switches the transmit and receive operating fre 
quency between a base transmit frequency band and a user 
transmit frequency band in accordance with a defined time 
Slot communication pattern comprising base transmit time 
Slots and user transmit time slots, and at the same time 
ensures that the base transmitter and base receiver are 
appropriately Switched back and forth for connection with 
the base station antenna (or antennas). The modified TDD 
base Station may toggle back and forth between base trans 
mit time slots and user transmit time slots on a slot-by-slot 
basis, or else may Switch the base transmit frequency band 
and user transmit frequency band after a predefined number 
of transmit time slots or user transmit time slots. 

Further embodiments, modifications, variations and 
enhancements of the invention are also disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a cellular System. 
FIG. 2 is a diagram of an exemplary TDD frame structure 

as known in the art. 
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4 
FIG. 3 is a diagram of a GSM frame structure. 
FIG. 4 is a block diagram of a base Station as known in 

the art for carrying out time division dupleX communication. 
FIG. 5 is a diagram of a frame structure for half-capacity 

FDD communication that can be supported by modifying the 
base station shown in FIG. 4. 

FIG. 6 is a diagram of an alternative frame structure for 
half-capacity FDD communication that can be Supported by 
modifying the base station shown in FIG. 4. 

FIG. 7 is a block diagram of one embodiment of a base 
Station comprising two base Station Sub-units for achieving 
“virtual” FDD communication. 

FIG. 8 is a diagram of a frame structure that can be 
supported by the base station shown in FIG. 7. 

FIG. 9 is a diagram of an alternative frame structure that 
can be supported by the base station shown in FIG. 7. 

FIG. 10 is a diagram showing additional details of one of 
the base station sub-units that may be utilized in the base 
station shown in FIG. 7. 

FIG. 11 is a block diagram of another embodiment of a 
base Station for achieving FDD communication. 

FIG. 12 is a diagram of another frame structure for FDD 
communication that can be Supported by modifying a TDD 
base Station. 

FIG. 13 is a diagram for a frame structure for FDD 
communication illustrating slot aggregation. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a diagram of a cellular communication System 
101 having base stations and user stations. In FIG. 1, a 
communication System 101 for communication among a 
plurality of user stations 102 includes a plurality of cells 
103, each with a base station 104, typically located at or near 
the center of the cell 103. Each station (both the base stations 
104 and the user stations 102) may generally comprise a 
receiver and a transmitter. The user stations 102 and base 
Stations 104 preferably communicate using frequency divi 
sion duplex (FDD) techniques as further described herein, in 
which base Stations 104 communicate over one frequency 
band and user stations 102 communicate over another fre 
quency band. Communication is also conducted Such that 
different user stations 102 transmit at different times (i.e., 
during different time slots), as further described herein. 
As further shown in FIG. 1, the communication system 

101 may also comprise a base station controller 105 which 
connects to the base Stations 104 in a particular geographic 
region. The base Station controller 105 aggregates inputs 
from multiple base stations 104 and relays information from 
the base stations 104 to a mobile Switching center (MSC) 
(not shown) and ultimately to a public Switched telephone 
network (PSTN, or “network”) (not shown). The base sta 
tion controller 105 also relays information from the network 
to the individual base stations 104. The base station con 
troller 105 may, if necessary, perform conversion of Signal 
ing messages relating to Such things as mobility manage 
ment and call control, to make the Signaling messages 
compatible with the communication protocol used by the 
base stations 104. 

FIG. 2 is a diagram of a particular TDD frame structure 
as known in the art. In FIG. 2, a repeating major time frame 
201 comprises a plurality of time slots (or minor time 
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frames) 202. Each time slot 202 can be assigned by the base 
station 104 to a user station 102. User stations 102 can be 
assigned more than one time slot 202 if desired, and the time 
Slots 202 So assigned may or may not be contiguous. 
As further shown in FIG. 2, each time slot 202 comprises 

two time segments 205, 206. In the first (i.e., user 
transmission) time segment 205, the user station 102 to 
which the time Slot 202 is assigned transmits a user-to-base 
message 211 to the base station 104. In the second (i.e., base 
transmission) time segment 206, the base station 104 trans 
mits a base-to-user message 212 to the user Station 102 to 
which the time slot 202 is assigned. Each user station 102 
thereby transmits and receives in its assigned time slot 202, 
thus allowing multiple user Stations 102 to communicate 
with the same base station 104. 

FIG. 4 is a block diagram of a base station 401 as known 
in the art for communicating according to an over-the-air 
TDD protocol such as shown in FIG. 2. As shown in FIG. 
4, the base station 401 comprises a radio transceiver 405 
(comprising a transmitter 415 and a receiver 416), an 
antenna 406 connected to the radio transceiver 405, and an 
over-the-air controller 410 also connected to the radio trans 
ceiver 405. The over-the-air controller 410 is connected to a 
memory buffer 411, which the over-the-air controller 410 
shares with a backhaul line controller 412. The over-the-air 
controller 410 oversees retrieval of information from the 
memory buffer 411 by the radio transceiver 405 for trans 
mission to the various user stations 102 with which the base 
Station 401 communicates, and Storage of information into 
the memory buffer 411 by the radio transceiver 405 when 
Such information is received from the user stations 102. The 
backhaul line controller 412 removes information from the 
memory buffer 411 to transmit over a backhaul line 430 to 
the network, and Stores information from the backhaul line 
430 received from the network in the memory buffer 411, so 
as to make it available for the radio transceiver 405. In this 
manner, information is passed from the user Stations 102 to 
the network, and back, So that telephone calls or similar 
communication linkS can be Supported. 

FIG. 4 also shows further details of the over-the-air 
controller 410. As shown therein, the over-the-air controller 
410 comprises a clock 420 connected to a time frame 
counter 421 and a time slot counter 422. The time frame 
counter 421 and time slot counter 422 are connected to 
control logic 423, which uses outputs from the time frame 
counter 421 and time slot counter 422 to format messages 
for over-the-air communication. Under control of the over 
the-air controller 410, the radio transceiver 405 stores and 
removes information from the memory buffer 411. 

The radio transceiver 405 further comprises a transmit/ 
receive (T/R) Switch 417 to allow selection between a 
transmission mode and a reception mode. The control logic 
423 of the over-the-air controller 410 controls the T/R 
Switch 417, and thereby selects between the transmission 
mode and reception mode based, for example, upon the 
current portion of the time frame. Thus, if the base station 
401 is operating using the time frame 201 of FIG. 2, then the 
over-the-air controller 410 Selects a reception mode during 
the user transmission time segment 205 of each time slot 
202, and selects the position of the T/R Switch 417 accord 
ingly. Similarly, the over-the-air controller 410 selects a 
transmission mode during the base transmission time Seg 
ment 206 of each time slot 202, and selects the position of 
the T/R Switch 417 accordingly. 

To facilitate rapid or convenient Storage and extraction of 
data, the memory buffer 411 may be partitioned into memory 
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6 
Segments 429, each memory Segment 429 corresponding to 
one time slot 202. In one embodiment, for example, the 
current time slot (as output from, for example, the slot 
counter 422) can be used as a pointer offset to control which 
memory segment 429 the radio transceiver 405 is accessing 
at a given time. The memory Segments 429 can be organized 
Such that the data for the user transmission time Segment 206 
and data for the base transmission time Segment 205 are 
Stored adjacent to one another. Alternatively, the memory 
Segments 429 can be organized Such that the data for all of 
the user transmission time Segments 206 are Stored in one 
half of the memory buffer 411, and the data for all of the base 
transmission time segments 205 are stored in the other half 
of the memory buffer 411. In Such a case, the control Signal 
for the T/R switch 417 can be used as an additional pointer 
offset to control whether the radio transceiver 405 will 
access the “upper' half of the memory buffer 411 or the 
“lower” half of the memory buffer 411 (i.e., the user 
transmission data or the base transmission data). 
The base station 401 shown in FIG. 4 may also provide for 

Selection of transmission and reception frequency, So as to 
allow deployment of the base station 401 in a cellular 
environment in which different cells 103 (see FIG. 1) are 
assigned a different frequencies (consistent with a repeating 
pattern, Such as a three-cell or Seven-cell repeating pattern, 
as disclosed, for example, in U.S. Pat. No. 5,402,413, 
incorporated herein by reference as if set forth fully herein). 
The base station 401 can be deployed with the desired 
frequency by, for example, Selecting external Switches on 
the base Station 401 or programming the desired frequency 
using Software or firmware of the over-the-air controller 
410. In the base station 401 shown in FIG. 4, the radio 
transceiver 405 comprises a programmable voltage 
controlled oscillator 418, which is responsive to a control 
signal (e.g., control bits) from the over-the-air controller 410 
and generates an output frequency according to Such a 
control Signal. Because the base Station 401 implements a 
TDD time frame 201 Such as shown in FIG. 2, it uses the 
Same frequency for transmission and reception. 

FIG. 3 is a diagram showing a different over-the-air frame 
Structure 301, commonly associated with a conventional 
GSM system. As shown in FIG. 3, a base transmission time 
frame 302 is defined over a base transmission frequency 311, 
and a user transmission time frame 303 is defined over a 
base reception frequency 312. The base transmission fre 
quency 311 and base reception frequency 312 are separated 
by a predefined frequency separation (e.g., 45 MHz). 
The base transmission time frame 302 comprises a num 

ber of base transmission time slots 306 of equal duration. 
Likewise, the user transmission time frame 303 comprises a 
number of user transmission time slots 307 of equal dura 
tion. Both the base transmission time frame 302 and the user 
transmission time frame 303 have the same number of time 
slots 306, 307, such as eight time slots 306, 307 apiece. 

In operation, a GSM base station transmits forward-link 
transmissions during the base transmission time slots 306 
and receives reverse-link transmissions during the user 
transmission time slots 307. The user transmission time 
frame 303 is “offset” by a predefined duration 305 (e.g., 
three time slots 306 or 307) from the base transmission time 
frame 302, So as to allow the user stations 302 a Sufficient 
“turn-around Switching time and information processing 
time, and also to allow propagation of the forward-link 
messages to the user Stations 102. 

According to one embodiment disclosed herein, a TDD 
base station (such as base station 401 shown in FIG. 4) 
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which is otherwise capable of supporting a TDD time frame 
(such as time frame 201 shown in FIG. 2) is adapted to 
operate in an FDD environment and in general accordance 
with an FDD frame structure such as shown in, for example, 
FIG. 3 (or other suitable FDD frame structure). In one 
embodiment, the TDD base station 401 is modified so as to 
transmit and receive in a repeating pattern as shown by the 
frame structure 501 in FIG. 5. As shown in FIG. 5, a time 
frame 502 comprises a plurality of base transmit time slots 
505 over a base transmission frequency band 511, and a 
plurality of base receive time slots 506 over a user trans 
mission frequency band 512 (also referred to as a base 
reception frequency band). Transmissions from user stations 
102, conducted over the user transmission frequency band 
512, alternate in time with transmissions from the base 
Station 104, conducted over the base transmission frequency 
band 511. Thus, in the embodiment shown in FIG. 5, the user 
stations 102 transmit in the odd time slots 506a over the user 
transmission frequency band 512, and the base station 104 
transmits in the even time slots 505b over the base trans 
mission frequency band 511. The even time slots 506b for 
the user transmission frequency band 512 and the odd time 
slots 505a for the base transmission frequency band 511 
remain “dark” or unused. 

In the particular embodiment shown in FIG. 5, a duplex 
pairing of transmissions occurs in adjacent time slots. AS 
shown in FIG. 5, a first user station (designated “M1') 
transmits to the base station (designated “B”) in a first odd 
time slot 506a, and the base station B transmits to the first 
user station M1 in the first even time slot 505b (i.e., the 
second base transmit time slot 505, the first one being 
"dark”). Likewise, the second user station (designated 
“M2”) transmits to the base station B in a second odd time 
slot 506a (i.e., the third base receive time slot 506), and the 
base station B transmits to the second user station M2 in the 
second even time slot 505b (i.e., the fourth base transmit 
time slot 505, the third one being “dark”). This pattern is 
repeated for the entirety of the time frame 502, and again for 
each succeeding time frame 502. 
ATDD base station (such as the base station 401 shown 

in FIG. 4) may be adapted to support the frame structure 501 
shown in FIG. 5 by certain adjustments or modifications, 
including adjustments or modifications (in hardware, Soft 
ware or both) to the over-the-air controller 410. For 
example, the over-the-air controller 410 may be modified 
such that it toggles the programmable VCO 418 between the 
base transmission frequency band 511 and the base reception 
frequency band 512, synchronized with the timing of the 
base transmit time slots 505 and base receive time slots 506. 
Via a control signal, the over-the-air controller 410 selects 
the base transmission frequency band 511 for the even time 
slots 505b and the base reception frequency band 512 for the 
odd time slots 506a. The over-the-air controller 410 controls 
the T/R Switch 417 of the base station 401 in the same 
manner as for the frame structure 201 shown in FIG. 2, by 
Selecting it to be in a transmission mode during the even 
time slots 505b and in a reception mode during the odd time 
slots 506a. 

If the frame structure 501 of FIG. 5 is not compatible with 
transmit/receive Switching speeds at the user stations 102 (in 
other words, a user station 102 is not able to transmit in one 
time slot 506a of the user transmission frequency band 512, 
and then receive in the immediately following timeslot 505b 
over the base transmission frequency band 511), an alterna 
tive frame structure 1201 is depicted in FIG. 12 which 
addresses this problem of limited transmit/receive Switching 
time in the user stations 102. The frame structure 1201 
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8 
shown in FIG. 12 is quite similar to the frame structure 501 
shown in FIG. 5, in that user stations 102 transmit in odd 
time frames 1206a and the base station 104 transmits in even 
time frames 1205b. However, a user station 102 does not 
receive a base transmission from the base station 104 in the 
base transmit time slot 505b immediately following the user 
station's user transmit time slot 506a. Rather, the user 
transmit time slot 506a for a particular user station 102 is 
paired with a base transmit time slot 505b occurring more 
than one time slot 505 later, so as to allow the user station 
102 time to Switch between its transmission frequency and 
its reception frequency. 

According to the frame structure 1201 shown in FIG. 12, 
a user Station 102 transmits during its assigned user transmit 
time slot 506a, and later receives during a base transmit time 
slot 505b occurring, for example, three time slots 505 later, 
giving the user Station 102 a time period equal to two time 
slots 505 to Switch between the transmit and receive fre 
quencies. This Same principle can be extended, by pairing 
the user transmit time slot 506a with a base transmit time 
slot 505b occurring even later in the time frame 1201. 
AS a consequence of the splitting apart the forward link 

and reverse link transmissions from one another in the 
manner described above, the over-the-air controller 410 of 
the base station 401 is preferably modified in this embodi 
ment So that the mapping of information into and out of the 
memory buffer 411 carried out by the radio transceiver 405 
(under control of the over-the-air controller 410) is adjusted 
to account for the time Separation between the forward link 
and reverse link transmissions. To this end, the over-the-air 
controller 410 may be configured so that it causes the radio 
transceiver 405 to Store and extract packet data in the proper 
memory segment 429 of the memory buffer 411 correspond 
ing to the particular user station 102. One possible way this 
can be achieved is through Software, by use of a slot offset 
parameter. In Such an embodiment, when the over-the-air 
controller 410 instructs radio transceiver 405 to extract 
information from the memory buffer 411 for the base trans 
mit time slot 505b, the slot offset parameter is applied such 
that the information is extracted from the proper location 
(i.e., proper memory segment 429) in the memory buffer 
411. In Such a manner, no modifications are necessary for the 
backhaul line controller 412 (with the possible exception of 
a timing adjustment to account for the increase in delay 
between the forward and reverse link information). 

Alternatively, a similar result may be achieved by modi 
fying the backhaul line controller 412 in addition or as 
opposed to the over-the-air controller 410, so as to obtain the 
desired memory management. In this alternative 
embodiment, the backhaul line controller 412 may be con 
figured So that it Stores information received from the 
network to be transmitted to a particular user station 102 in 
the appropriate memory segment 429 of the memory buffer 
411. For example, the backhaul line controller 412 would 
Store information received from the network, not in the 
memory segment 429 for the immediately following base 
time slot 505b, but in the memory segment 429 for the next 
occurring base time slot 505b. The over-the-air controller 
410 then causes the radio transceiver 405 to transmit the 
information in the correct base transmit time slot 505b. 
However, the over-the-air controller 410 is still preferably 
modified or configured to associate the proper user transmit 
time slot 506a and base transmit time slot 505a pair as a 
single duplex channel, so that the over-the-air controller 410 
knows when to instruct the radio transceiver 405 to transmit 
(or receive) and when to remain dormant or inactive (or to 
otherwise transmit a dummy pattern) because no user Station 
102 is assigned to a particular time slot 505 or 506. 
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FIG. 6 shows an alternative inventive frame structure 601 
that can be Supported using a single TDD base Station (Such 
as the base station 401 shown in FIG. 4) with Suitable 
modifications. In the frame structure 601 shown in FIG. 6, 
a repeating time frame 602 comprises a plurality of base 
transmit time slots 605 and a plurality of user transmit time 
slots 606. Each of the base transmit time slots 605 is 
preferably paired with a corresponding one of the user 
transmit time slots 606, with Such a pair defining a duplex 
channel for communication (up to N total duplex channels). 
During the first half 602a of the time frame 602, the base 
Station 104 transmits over a base transmission frequency 
band 611 in each of the base transmit time slot 605 in 
Succession. With respect to the user transmission frequency 
band 612, the first half 602a of the time frame 602 is “dark” 
or unused. During the second half 602b of the time frame 
602, the user stations 102 transmit in Succession over the 
user transmission frequency band 612. With regard to the 
base transmission frequency band 611, the second half 602b 
of the time frame 602 is “dark” or unused. 

Certain modifications can be made to a TDD base station 
(such as the base station 401 shown in FIG. 4) so as to 
accommodate the frame structure 601 shown in FIG. 6. For 
example, the over-the-air controller 410 would be modified 
such that it causes the programmable VCO 418 to toggle 
between the base transmission frequency 611 and the base 
reception frequency 612 each half of the time frame 602. 
The over-the-air controller 410 may, for example, use the 
output of the time slot counter 422 to determine when to 
Switch between frequencies. The over-the-air controller 410 
may further be modified such that it causes the radio 
transceiver 405 to extract data from the appropriate memory 
segments 429 of the memory buffer 411 during successive 
base transmit time slots 605, and to store data in the 
appropriate memory segments 429 of the memory buffer 411 
during Successive user transmit time slots 606. 
One benefit of the frame structure 601 shown in FIG. 6 is 

that the user stations 102 should have more than adequate 
time to Switch between their reception and transmission 
frequencies of the forward link and reverse link. The back 
haul line controller 412 of the base station 401 may, 
however, need to be modified to account for delays intro 
duced by the separation of the forward link and reverse link 
transmissions over the TDD time frame 201 of FIG. 2. 

The frame structure 601 shown in FIG. 6 should be 
capable of Supporting at least as many user Stations 102 as 
the frame structure 501 shown in FIG. 5. However, when 
considering the transmit/receive Switching time of the base 
station 104, the frame structure 601 of FIG. 6 actually has 
increased capacity over the frame structure 501 shown in 
FIG. 5. For the frame structure 501 of FIG. 5, the base 
station 104 needs to Switch between transmit and receive 
frequencies in between each time slot 506a, 505b. The 
transmit/receive Switch time results in either leSS data being 
transmitted during each time slot 506a, 505b, or else fewer 
total user Stations 102 being Supported for a given time 
frame 502 (i.e., fewer total time slots 505, 506). For the 
frame structure 601 shown in FIG. 6, the base station 104 
needs to Switch between transmit and receive frequencies 
only twice during an entire time frame 602 (i.e., at the end 
of the first half 602a of the time frame 602 and at the end of 
the second half 602b of the time frame 602). The base 
transmit time slots 605 and/or user transmit time slots 606 
can be made slightly shorter, if necessary, to accommodate 
the base Station transmit/receive turnaround time. If the 
transmit/receive Switch time is significant, an entire base 
transmit time slot 605 and/or a user transmit time slot 606 of 
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time slot 602 can be made “dark” or unavailable for com 
munication to allow the base station 104 time to Switch 
frequencies during that time slot 605 or 606. 

If only one time slot (for example, a user transmit time 
slot 606) needs to be made dark in order to meet the 
frequency Switching timing requirements, then the base 
station 104 can use the free base transmit time slot 605 to 
transmit control or Signaling information, or to broadcast 
current traffic conditions, or for other similar purposes. 

In addition to Saving time by reducing the number of 
transmit/receive frequency Switches (in comparison to the 
frame structure 501 shown in FIG. 5, for example), the 
frame structure 601 of FIG. 6 also saves power, because each 
transmit/receive frequency Switch consumes additional 
power. 

It will be understood by those skilled in the art that other 
frame Structures can also be Supported using the same 
principles as described above, with the base Station trans 
mitter active over the base transmission frequency band for 
approximately half of the time frame, and the base Station 
receiver active over the base reception frequency band for 
approximately half of the time frame. The pattern of transmit 
and receive time slots for the base Station can vary, and need 
not be Symmetric. For example, an asymmetric time slot 
pattern may comprise two base transmit time slots, followed 
by two user transmit time slots, followed by one base 
transmit time slot, followed by one user transmit time slot, 
and So on. Also, the number of base transmit time slots and 
user transmit time slots need not be equal, if it is desired to 
have more bandwidth in one direction than the other. 

Some modifications may be necessary to the communi 
cation protocol for which the TDD base station was origi 
nally designed in order to Support an FDD frame Structure, 
Such as the virtual FDD frame structures shown in FIGS. 5 
or 6. For example, if the TDD base station as originally 
designed Supports aggregation of time slots 202 to a single 
user station 102, and such a capability is desired in the FDD 
system, then the over-the-air controller 410 may be modified 
to allow Such. ASSuming a transmit/receive frequency 
Switching time of one time slot or less, the number of 
aggregated time slots possible in the FDD frame Structures 
of FIGS. 5 and 6 depends primarily upon the offset between 
the transmit and receive slots for the user stations 102. 
The implementation of slot aggregation may be explained 

by reference to an example. In an illustrative embodiment, 
the FDD frame structure 601 shown in FIG. 6 may comprise 
a total of 32 time slots, with 16 of these time slots being base 
transmit time slots 605 and 16 of these time slots being user 
transmit time slots 606. An offset of 16 time slots may be 
provided between the base transmit time slot 605 and a 
corresponding user transmit time slot 606. In Such an 
embodiment, a Single user Station 102 may be assigned up 
to 15 consecutive duplex time slots (i.e., 15 base transmit 
time slots 605 and their corresponding user transmit time 
slots 605), with the remaining base transmit time slot 605 
being set aside for the user station 102 to Switch between the 
base transmission frequency 611 (a user reception mode) 
and the user transmission frequency 612 (a user transmission 
mode), and the remaining user transmit time slot 606 being 
set aside for the user station 102 to Switch between the user 
transmission frequency 612 (a user transmission mode) and 
the base transmission frequency 611 (a user reception 
mode). 
The above example assumes a timing offset of 16 time 

slots between the base transmit time slots 605 and the 
corresponding user transmit time slots 606. In alternative 
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frame Structures, the amount of potential slot aggregation 
might be leSS. For example, if the amount of timing offset 
were 8 time slots between the base transmit time slot and the 
user transmit time slot, Such as shown in FIG. 13, then the 
time slot pattern for the frame structure would involve the 
following: 8 base transmit time slots 1305, followed by 8 
user transmit time slots 1306, followed by 8 additional base 
transmit time slots 1305, followed by 8 additional user 
transmit time slots 1306. In Such a case, the maximum slot 
aggregation allowed to a single user Station 102 is 14 duplex 
time slots, seven duplex time slots from the first half 1320 
of the time frame 1301, and seven duplex time slots from the 
second half 1321 of the time frame. One duplex time slot 
(i.e., one base transmit time slot 1305 and one user transmit 
time slot 1306) from each half 1320, 1321 of the time frame 
is set aside for the user station 102 to Switch between the 
reception and transmission frequencies 1311, 1312 and back 
again, as necessary. The time slots 1308, 1309 designated 
“T/R” in FIG. 13 are used for transmit/receive frequency 
Switching by the user Station 102, assuming maximum slot 
aggregation. 

Accordingly, with the frame structure 1301 of FIG. 13, a 
total of up to 14 duplex time slots may be aggregated to a 
single user station 102, with two duplex time slots (four 
individual or half-duplex time slots 1308, 1309) being used 
for transmit/receive frequency Switching. 
As a general matter, the Smaller the timing offset between 

transmit time slots and receive time slots, the fewer time 
Slots can be aggregated to a single user Station 102. Thus, for 
example, an offset of four time slots between the base 
transmit time slot and the user transmit time slot would 
allow a maximum aggregation of 12 full duplex time slots, 
with eight half-duplex time slots being used for transmit/ 
receive frequency Switching. An offset of two time slots 
between the base transmit time slot and the user transmit 
time slot would allow a maximum aggregation of 8 full 
duplex time slots, with 16 half-duplex time slots being used 
for transmit/receive frequency Switching. 
Of course, a user station 102 with a radio transceiver that 

can transmit and receive simultaneously is not necessarily 
limited to the number of FDD time slots that can be 
aggregated in the various FDD frame Structures. However, 
user stations 102 with such a capability are substantially 
more costly to build. Generally, user stations 102 (e.g., 
handsets) constructed for use in a TDD system do not have 
a capability to transmit and receive Simultaneously, because 
Such a feature is unnecessary in a TDD environment. Thus, 
handsets adapted from a TDD setting to an FDD environ 
ment would typically be Subject to the slot aggregation 
limitations discussed above. 

The amount of slot offset (i.e., timing offset) between base 
transmit time slots and user transmit time slots may also 
affect other aspects of the performance of the base Station 
104, including control traffic. In one embodiment, the base 
station 104 exchanges control traffic information with a user 
station 102 in multiple time slots within a time frame. The 
control traffic can involve alternating transmissions between 
the base station 104 and the user station 102. Generally, each 
control traffic message must be processed by the recipient 
before a responsive control traffic message is transmitted. In 
the FDD frame structure 601 shown in FIG. 6, control traffic 
eXchanges may be relatively slow due to the size of the offset 
(i.e., 16 time slots) between the base transmit time slot 605 
and the user transmit time slot 606. Ordinarily, only one 
control traffic exchange will be possible between a base 
station 104 and a user station 102 within a time frame 602 
of the FIG. 6 FDD frame structure 601. However, with a 
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minimal offset (e.g., FIG. 5), the base station 104 and user 
Station 102 could exchange control traffic messages in as 
many time slots 505, 506 as available, subject to the pro 
cessing time needed to analyze each control traffic message. 
The base station 104 and user station 102 therefore could 
eXchange a maximum of 16 control traffic messages, for 
example, in the FDD frame structure 501 shown in FIG. 5. 
However, a more realistic number of control traffic 
eXchanges might be four, allowing for transmit/receive 
frequency Switching time and control traffic message pro 
cessing time. 
As a general matter, the larger the slot offset (i.e., timing 

offset) between the base transmit time slot and the corre 
sponding user transmit time slot, the slower control traffic 
eXchanges can potentially be carried out. On the other hand, 
maximum potential Slot aggregation generally increases by 
the largest possible Slot offset between the base transmit time 
slot and the corresponding user transmit time slot. 
Consequently, a tradeoff may need to be made in terms of 
control traffic Speed and maximum possible slot aggregra 
tion when considering the timing offset between base trans 
mit time slots and user transmit time slots. The slot offset 
may ultimately be Selected according to the needs of the 
overall communication System, taking into account whether 
it is more important within a particular System to have faster 
control traffic or greater potential slot aggregation. One 
possible Solution to accommodate both needs is to allow for 
independent slot allocation (i.e., flexible slot offset between 
base transmit time slot and user transmit time slot); however, 
this Solution generally requires increased complexity in the 
over-the-air controller and in the backhaul line controller of 
the base Station in terms of overhead and slot maintenance. 

Converting a base station from a TDD environment to an 
FDD environment may affect error correction mechanisms 
employed at the physical (i.e., RF) layer. For example, in a 
TDD environment, an ARO error correction mechanism 
may be implemented whereby the recipient of the most 
recently transmitted data packet Sends, along with its next 
data packet transmission, an indication of whether the most 
recently transmitted data packet was received error free. 
This indication may take the form of a single field in the 
message header. The ARQ field may comprise as little as a 
single bit, with an ARQ acknowledgment (“ACK) bit value 
indicating Successful receipt of the data and an ARQ non 
acknowledgment (“NAK) bit value indicating unsuccessful 
receipt of the data. If the data was not Successfully received, 
then the sender recognizes this fact from the ARQ field (i.e., 
the NAK indicator), and resends the data in the next imme 
diate data packet transmission. The ARQ error correction 
method may be applied in a TDD System, regardless of 
whether time slots are aggregated. 

In an FDD system, an ARQ error correction method may 
also be used, but its working may be Somewhat more 
complicated in Situations where FDD slot aggregation is 
permitted. In an aggregated data mode (i.e., slot aggregation 
mode), there should be a Symmetric number of base transmit 
time slots and user transmit time slots assigned to the same 
user station 102, similar to TDD slot aggregation. The ARQ 
error correction method described above for a TDD envi 
ronment (i.e., using header bits to indicate Successful receipt 
of the previously received data packet) will work So long as 
the Sender and receiver recognize the circuit as being com 
posed of multiple duplex channels, each of which is pref 
erably treated independently for ARQ purposes. 

Accordingly, in one embodiment Supporting slot aggre 
gation in an FDD environment, a recipient discovering a 
packet in error requests its retransmission using an ARQ 
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indicator. In response, the Sender retransmits the data packet 
in the same time slot of the next time frame. To Support this 
approach, the receiver is preferably configured So as to allow 
insertion of the corrected data packet back into the received 
Stream of data in the same time slot of the time frame 
following its original transmission. While Such a technique 
allows the ARQ principles of operation to be adapted from 
the TDD environment to an FDD environment, there poten 
tially can be an impact on data latency, particularly if 
multiple retransmissions in the same time slot are required. 
To address this data latency issue, the receiver is preferably 
configured with a buffer large enough to hold all data 
packets received Since the oldest unresolved error. 

The use of an ARQ error correction mechanism may be 
more difficult if asymmetric data transmission is Supported. 
In a TDD environment, asymmetric data transmission gen 
erally involves the allocation of a greater amount of a TDD 
time slot to one link of the duplex channel than to the other 
link. For example, the forward link transmission of a TDD 
time slot may be allocated 75% of the time slot, while the 
reverse link transmission may in Such a case be allocated 
25% of the time slot. Asymmetric data transmission, while 
possible in some TDD systems, is more difficult to imple 
ment in an FDD system. This is because channels are 
assigned in FDD Systems as duplex pairs (i.e., one base 
transmit time slot and one user transmit time slot), and the 
unused portion of the base transmit time slot cannot, by 
definition, be used by the user Station for transmission, and 
Vice versa, due to the frequency Separation between the base 
station 104 and the user station 102. 

In one embodiment using dynamic time slot assignment, 
more base transmit time slots than user transmit time slots 
are assigned to a Single user Station 102, or Vice versa, thus 
allowing a form of asymmetric communication between the 
base station 104 and the particular user station 102. 
However, in such a system the ARQ mechanism described 
above may have difficulty being implemented because there 
is no uniform match-up between base transmit time slots and 
user transmit time slots. In this embodiment, control traffic 
messages may be used to Support error correction. For 
example, the recipient of the larger amount of data may send 
a control traffic message (e.g., a CTARO message) to the 
Sender providing an acknowledge or non-acknowledge 
(ACK/NAK) for each time slot of information that has been 
transmitted since the last CTARO message. While the 
control traffic (CT-ARQ) message does take Some overhead, 
only one Such message need be used to provide error 
information concerning a multiplicity of time slots. The 
periodicity of the CT-ARO message depends primarily on 
the length of the control traffic message (requiring, in the 
above-described embodiment, one ARO bit for each time 
Slot), and the size of the data message buffer at the receiver. 

According to the methods and techniques described 
above, a TDD base station can be adapted to support an FDD 
frame Structure, thereby allowing use of the same equipment 
to achieve different types of multiple access communication. 
Being able to employ the same equipment in different 
multiple acceSS communication environments can achieve 
reduced cost of equipment design and manufacturing, and 
may allow those equipment manufacturers and/or Service 
providers that have developed or deployed TDD systems to, 
in many cases, readily and rapidly convert to FDD Systems 
without Substantial re-design effort. 

According to another embodiment, multiple TDD base 
stations are combined to support full “virtual” FDD com 
munication capability. A preferred embodiment of a virtual 
FDD base station 701 is shown in FIG. 7, in which a pair of 
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virtual base station sub-units 702a, 702b interact to support 
FDD communication. Each virtual base station Sub-unit 
702a, 702b may comprise a TDD base station (such as base 
station 401 shown in FIG. 4) that has been modified to 
provide for FDD (or virtual FDD) communication according 
to principles previously described herein. The Virtual base 
station sub-units 702a, 702b may, if desired, share a com 
mon antenna 706, or may alternatively use Separate anten 
nas. A backhaul coordinator 711 may be provided to assist 
in multiplexing data and control information over a common 
backhaul line 720. The two virtual base station Sub-units 
702a, 702b are preferably synchronized, and may, for 
example, be connected to a common Synchronization unit 
710, as shown in FIG. 7. 

FIG. 8 depicts an example of a frame structure 801 that 
can be supported with the virtual FDD base station 701 
shown in FIG. 7. According to the frame structure 801 
illustrated in FIG. 8, communication is carried out over a 
base transmission frequency band 821 and a user transmis 
sion frequency band 822. A time frame 802 comprises, with 
respect to the base transmission frequency band 821, a first 
half 807 during which the first base station sub-unit 702a 
transmits, and a second half 808 during which the second 
base station Sub-unit 702b transmits. The time frame 802 
further comprises, with respect to the user transmission 
frequency band, a first half 811 during which user stations 
102 transmit user-to-base messages to the Second base 
station sub-unit 702b, and a second half 812 during which 
user Stations 102 transmit user-to-base messages to the first 
base station Sub-unit 702a. The first base station Sub-unit 
702a essentially communicates according to the pattern of 
the frame structure 601 shown in FIG. 6, and the second 
base-station sub-unit 702b essentially communicates in the 
same pattern, but offset by a half time frame such that the 
base transmissions from the first base station Sub-unit 702a 
do not interfere with the base station transmissions from the 
Second base station Sub-unit 702b, and the user station 
transmissions for user Stations in communication with either 
the first base station Sub-unit 702a or the second base station 
sub-unit 702b do not interfere. In one aspect the frame 
structure of FIG.8 may therefore be viewed as an “inter 
leaved' frame structure. 
The net effect of the frame structure 801 shown in FIG. 8 

is to double the capacity over the frame structure 601 of FIG. 
6, by adding a second “modified” TDD base station (i.e., 
base station sub-unit 702b) which is active during the 
periods that the first “modified” TDD base station (i.e., base 
Station Sub-unit 702a) is inactive, and Vice versa. Together, 
the two base station sub-units 702a, 702b support twice as 
many user Stations 102 as either alone could Support, using 
the same frequency resources. If, for example, each base 
station sub-unit 702a, 702b supports 16 user stations 102 in 
full duplex, then the two base station sub-units 702a, 702b 
together may Support up to 32 user Stations in full duplex. 

FIG. 9 shows an alternative frame structure 901 that can 
be supported by the virtual FDD base station 701 shown in 
FIG. 7. According to the frame structure 901 shown in FIG. 
9, a time frame 902 is divided into a series of base transmit 
time slots 905 with respect to a base transmission frequency 
band 921 and a series of user transmit time slots 906 with 
respect to a user transmission frequency band 922. To 
support the time frame 902 shown in FIG. 9, the two base 
station Sub-units 702a, 702b transmit and receive in alter 
nate time slots. The first base station Sub-unit 702a transmits 
during the odd-numbered base transmit time slots 905a, and 
receives during the even-numbered user transmit time slots 
906b. Conversely, the second base station sub-unit 702b 
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transmits during the even-numbered base transmit time slots 
905b, and receives during the odd-numbered user transmit 
time slots 906a. Each of the base station Sub-units 702a, 
702b is essentially configured to support a frame structure 
similar to that of FIG. 5 (except that the base transmission 
precedes, rather than follows, the corresponding user 
transmission), with the effective time frame of the second 
base station unit 702b offset by one time slot from that of the 
first base station Sub-unit 702a. In this manner, as with the 
frame structure of FIG. 8, the virtual FDD base station 701 
achieves twice the capacity over the base Station configured 
to support the frame structure of either FIG. 5 or FIG. 6 
alone. 

In order to achieve the “virtual” FDD frame structure 
shown in FIG.8 or 9, the virtual base station Sub-units 702a, 
702b are, as previously indicated, preferably synchronized 
Such that the Start of each time frame and time slot is 
coordinated. In one embodiment, a synchronization unit 710 
is connected to each of the Virtual base Station Sub-units 
702a, 702b to maintain frame and slot synchronization 
between them. Alternatively, one of the virtual base station 
Sub-units (e.g., 702a) can send a frame signal, slot signal 
and/or clock Signal to the other virtual base Station Sub-unit 
(e.g., 702b), thereby achieving Synchronization using a 
master-slave clocking method. Alternatively, the first Virtual 
base station sub-unit 702a sends only a start-of-frame 
marker to the other virtual base station Sub-unit 702b, which 
then may synchronize its own internal clock(s) using a 
phase-locked loop. Alternatively, Synchronization may be 
achieved in each virtual base station sub-unit 702a, 702b by 
using a timing marker from an external Source (Such as a 
base station controller (not shown)) that connects to the base 
station sub-units 702a, 702b through the backhaul line 720. 
Abase Station controller can also, if desired, connect to other 
base Stations in the same geographic region. Synchroniza 
tion may also be achieved by providing a GPS receiver in 
each base station sub-unit 702a, 702b, or using a similar 
external timing reference, and communicating Start-of 
frame information between the two base station Sub-units 
702a, 702b if otherwise not provided by the external timing 
reference. 

In addition to Synchronizing the virtual base Station 
Sub-units 702a, 702b of the virtual FDD base station 701, it 
is also preferably to synchronize the base stations 104 
(including any of which are embodied as FDD base station 
701) within a geographic region. For example, the base 
stations 104 (see FIG. 1) can be synchronized by receiving 
a timing marker over a backhaul connection from a common 
base Station controller, or from Some other System compo 
nent connected over the backhaul path. Preferably, base 
Stations 104 within a geographical region are both frame 
Synchronized and slot-Synchronized, which can lead to 
higher potential capacity, potentially reduced interference, 
and faster handoffs between base stations 104. 

FIG. 10 depicts another embodiment of an FDD base 
station 1011. As shown in FIG. 10, the FDD base station 
1011 comprises a pair of base station sub-units 1012a, 
1012b. The base sub-units 1012a, 1012b can be connected 
to a backhaul coordinator 1021 in a manner similar to the 
base station 701 of FIG. 7, and can also be synchronized 
using a synchronization unit 1020 similar to that shown in 
FIG. 7, or by using any other of the aforementioned syn 
chronization methods. Each of the base Station Sub-units 
1012a, 1012b in FIG. 10 may comprise a TDD base station 
(such as base station 401 of FIG. 4) that has been modified 
to operate Such that the transmitter of one of the base 
Sub-units (e.g., 1012a) operates in a continuous fashion, and 
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the receiver of the other of the base sub-units (e.g., 1012b) 
operates in a continuous fashion. By coordinating operation 
of the two base station Sub-units 1012a, 1012b, full FDD can 
be Supported. 

FIG. 11 depicts an example of an FDD frame structure 
that can be supported by the base station 1011 of FIG. 10. As 
shown in FIG. 11, the first base station Sub-unit 1012a 
(designated “BS1') transmits, over a base transmission 
frequency 1121, in each of a plurality of base transmit time 
slots 1105 of an FDD time frame 1102. The Second base 
station sub-unit 1012b (designated “BS2') receives, over a 
user transmission frequency 1122, in each of a plurality of 
user transmit time slots 1106 of the FDD time frame 1102. 
User stations 102 communicating with the base station 1011 
are assigned a pair of time slots (a base transmit time slot 
1105 and a user transmit time slot 1106) in order to carry out 
duplex communication. The base transmit time slot 1105 is 
offset from the corresponding user transmit time slot 1106 in 
each duplex pair by a predefined duration, Such as, e.g., eight 
time slots (or any other Suitable duration). In this manner, 
the base station 1011 may conduct FDD communication 
using two “modified” TDD base stations as base station 
Sub-units 1012a, 1012b. 
The backhaul coordinator 1021 interfaces with the next 

hardware link in the chain to the network. The backhaul 
coordinator 1021 sends information received over the back 
haul line 1025 to the first base station Sub-unit 1012a for 
transmission to the user Stations 102, and receives informa 
tion received by the second base station sub-unit 1012b from 
user stations 102 for transmission over the backhaul line 
1025. 

Certain Software or firmware modifications may be 
employed in the base station sub-units 1012a, 1012b in order 
to achieve FDD compatibility. For example, assuming that 
the base station sub-units 1012a, 1012b each comprise 
hardware originally developed for a TDD base station 401 
(such as shown in FIG. 4), the first (transmitting) base 
station sub-unit 1012a may be modified such that all of the 
memory segments 429 in its memory buffer 411 are treated 
as transmit memory segments, and the Second (receiving) 
base station sub-unit 1012b may be modified such that all of 
the memory segments 429 in its memory buffer 411 are 
treated as receive memory Segments. In Such a case, the 
backhaul interface 412 of the first base station Sub-unit 
1012a is thereby provided with capability to store informa 
tion received from the backhaul coordinator 1021 in all of 
the memory segments 429 of the memory buffer 411 (one 
memory segment 429 for each base transmit time slot 1105), 
and the over-the-air controller 410 is modified so that it 
removes information from all of the memory segments 429 
of the memory buffer 411 as appropriate for the sending of 
data packets in the base transmit time slots 1105. Similarly, 
the backhaul interface 412 of the second base station Sub 
unit 1012b is provided with the capability to remove infor 
mation from all of the memory segments 429 (one memory 
segment 429 for each user transmit time slot 1106) of the 
memory buffer 411 as appropriate for Sending to the back 
haul coordinator 1021 and, ultimately, to the network, and 
the over-the-air controller 410 is modified so that it stores 
information in all of the memory segments 429 of the 
memory buffer 411, each data packet of information being 
Stored in a memory Segment 429 according to the user 
transmit time slot 1106 in which it was received. 
The base station 1011 of FIG. 10 may also comprise a 

mechanism for coordinating error correction between the 
two base station sub-units 1012a, 1012b. For example, if a 
data packet is received in error, the Second base Station 
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sub-unit 1012b may send the first base station sub-unit 
1012a an indication that an error was received and which 
time slot the error occurred in. The first base station Sub-unit 
1012a then may send an ARQ message (i.e., a re-transmit 
request) to the user Station 102 in the appropriate base 
transmit time slot 1105. Similarly, if the second base station 
sub-unit 1012b receives an ARQ message from a user station 
102, it will send the ARQ message and a time slot indicator 
to the first base station Sub-unit 1012a, which can then 
re-Send the data packet in the appropriate base transmit time 
Slot 1105. 

The principles of the present invention are applicable to 
both mobile and fixed systems, and the embodiments dis 
closed herein may be deployed in a mobile communication 
environment or a fixed wireleSS local-loop System. 

In a preferred embodiment, the base station 104 and user 
Stations 102 communicate using spread spectrum commu 
nication. Each of the embodiments previously described can 
be configured to operate using spread spectrum communi 
cation. Suitable spread spectrum transmission and reception 
techniques are described, for example, in U.S. Pat. Nos. 
5,016,255, 5,022,047 or 5,659,574, each of which is 
assigned to the assignee of the present invention, and each 
of which is hereby incorporated as if fully set forth herein. 
Different cells 103 (see FIG. 1) may be assigned different 
spread spectrum codes (or different Sets of spread spectrum 
codes, from which individual codes may be temporarily 
assigned to individual user stations 102), thereby obtaining 
benefits of CDMA. 

While preferred embodiments of the invention have been 
described herein, many variations are possible which remain 
within the concept and Scope of the invention. Such varia 
tions would become clear to one of ordinary skill in the art 
after inspection of the Specification and the drawings. The 
invention therefore is not to be restricted except within the 
Spirit and Scope of any appended claims. 
What is claimed is: 
1. A communication system for virtual FDD 

communication, comprising: 
a first base Station Sub-unit, Said first base Station Sub-unit 

comprising a first transmitter for transmitting a first 
plurality of base-to-user messages to a first plurality of 
user Stations only during a first half of a repeating time 
frame, Said first base Station Sub-unit further compris 
ing a first receiver for receiving a first plurality of 
user-to-base messages from Said first plurality of user 
Stations only during a Second half of Said repeating time 
frame, and 

a Second base Station Sub-unit collocated with Said first 
base Station Sub-unit, Said Second base Station Sub-unit 
comprising a Second transmitter for transmitting a 
Second plurality of base-to-user messages to a Second 
plurality of user Stations only during Said Second half of 
Said repeating time frame, Said Second base Station 
Sub-unit further comprising a Second receiver for 
receiving a Second plurality of user-to-base messages 
from Said Second plurality of user Stations only during 
Said first half of Said repeating time frame. 

2. The communication System of claim 1, further com 
prising means for Synchronizing Said first base Station Sub 
unit and Said Second base Station Sub-unit. 

3. The communication System of claim 2, wherein Said 
means for Synchronizing comprises a Synchronization unit 
connected to Said first base Station Sub-unit and Said Second 
base Station Sub-unit, Said Synchronization unit providing a 
time frame marker and a time slot marker to Said first base 
Station Sub-unit and Said Second base Station Sub-unit. 
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4. The communication System of claim 2, wherein Said 

means for Synchronizing comprises a master-Slave clock 
connection between Said first base Station Sub-unit and Said 
Second base Station Sub-unit. 

5. The communication System of claim 2, wherein Said 
means for Synchronizing comprises a time frame marker 
Signal from a base Station controller connected to both Said 
first base Station Sub-unit and Said Second base Station 
Sub-unit. 

6. The communication System of claim 1, wherein Said 
first base Station Sub-unit and Said Second base Station 
Sub-unit share at least one common antenna. 

7. The communication system of claim 1, further com 
prising a backhaul interface connected to Said first base 
Station Sub-unit and Said Second base Station Sub-unit, Said 
backhaul interface providing multiple Xing and 
de-multiplexing of communication channels over a backhaul 
Signal line. 

8. The communication system of claim 1, wherein said 
first base Station Sub-unit communicates with each of Said 
first plurality of user Stations in a duplex time slot assigned 
to the user Station, and wherein Said Second base Station 
Sub-unit communicates with each of Said Second plurality of 
user Stations in a duplex time slot assigned to the user 
Station. 

9. The communication system of claim 8, wherein said 
first plurality of base-to-user messages are interleaved with 
Said Second plurality of base-to-user messages, and wherein 
Said first plurality of user-to-base messages are interleaved 
with Said Second plurality of user-to-base messages. 

10. The communication system of claim 8, wherein said 
first plurality of base-to-user messages are consecutive with 
out any intervening base-to-user message of Said Second 
plurality of base-to-user messages, wherein Said Second 
plurality of base-to-user messages are consecutive without 
any intervening base-to-user message of Said first plurality 
of base-to-user messages, wherein Said first plurality of 
user-to-base messages are consecutive without any interven 
ing user-to-base message of Said Second plurality of user 
to-base messages, and wherein Said Second plurality of 
user-to-base messages are consecutive without any interven 
ing user-to-base message of Said first plurality of user-to 
base messages. 

11. A method for FDD communication, comprising: 
generating a repeating time frame; 
generating a first plurality of duplex time slots and a 

Second plurality of duplex time slots in Said time frame, 
each duplex time slot of Said first plurality of duplex 
time slots comprising a base transmit time slot within 
a first half of Said time frame and a user transmit time 
slot within a Second half of Said time frame, and each 
duplex time slot of Said Second plurality of duplex time 
slots comprising a base transmit time Slot within Said 
Second half of Said time frame and a user transmit time 
slot within said first half of Said time frame, and 
wherein the base transmit time slot of each duplex time 
slot bears the same temporal relationship with its 
respective user transmit time slot; 

assigning, on demand, Said first plurality of duplex time 
slots and Said Second plurality of duplex time slots to 
user Stations for communication with the base Station; 

transmitting, over a base transmit frequency band and 
from a first base Station Sub-unit, a first plurality of 
base-to-user messages during the base transmit time 
slots of Said first plurality of duplex time slots, 

receiving Said first plurality of base-to-user messages at a 
first plurality of Said user Stations, 
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transmitting, over a base transmit frequency band and 
from a Second base Station Sub-unit, a Second plurality 
of base-to-user messages during the base transmit time 
slots of Said Second plurality of duplex time slots, 

receiving Said Second plurality of base-to-user messages 
at a Second plurality of Said user Stations, 

transmitting, over a user transmit frequency band and 
from Said first plurality of user Stations, a first plurality 
of user-to-base messages during the user transmit time 
slots of Said first plurality of duplex time slots, 

receiving Said first plurality of user-to-base messages at 
Said first base Station Sub-unit; 

transmitting, over Said user transmit frequency band and 
from Said Second plurality of user Stations, a Second 
plurality of user-to-base messages during the user 
transmit time slots of Said Second plurality of duplex 
time slots, and 

receiving Said Second plurality of user-to-base messages 
at Said Second base Station Sub-unit. 

12. The method of claim 11, wherein said first half of said 
time frame and Said Second half of Said time frame each 
comprise a contiguous portion of Said time frame. 

13. The method of claim 11, wherein said first half of said 
time frame and Said Second half of Said time frame each 
comprise non-contiguous portions of Said time frame, Such 
that base transmit time slots of said first plurality of duplex 
time slots are interleaved with base transmit time slots of 
Said Second plurality of duplex time slots, and user transmit 
time slots of Said first plurality of duplex time slots are 
interleaved with user transmit time slots of Said Second 
plurality of duplex time slots. 

14. The method of claim 13, wherein said base transmit 
time slots of Said first plurality of duplex time slots alternate 
with the base transmit time slots of said second plurality of 
duplex time slots, and wherein Said user transmit time slots 
of said first plurality of duplex time slots alternate with the 
user transmit time slots of Said Second plurality of duplex 
time slots. 

15. The method of claim 14, wherein the base transmit 
time slot and user transmit time slot of each duplex time slot 
are separated by at least one time slot. 

16. The method of claim 11, wherein generating a repeat 
ing time frame comprises Synchronizing Said first base 
Station Sub-unit and Said Second base Station Sub-unit. 

17. A method for FDD communication, comprising: 
generating a repetitive time frame; 
allocating a first portion of Said time frame to a first base 

Station Sub-unit for transmitting a first plurality of 
base-to-user messages to a first plurality of user Stations 
over a base transmit frequency band; 

allocating a Second portion of Said time frame to a Second 
base Station Sub-unit for transmitting a Second plurality 
of base-to-user messages to a Second plurality of user 
Stations over Said base transmit frequency band, Said 
first portion of Said time frame and Said Second portion 
of Said time frame comprising Substantially the entirety 
of Said time frame; 

allocating Said Second portion of Said time frame to Said 
first base Station Sub-unit for receiving a first plurality 
of user-to-base messages from Said first plurality of 
user Stations over a user transmit frequency band; and 

allocating Said first portion of Said time frame to Said 
Second base Station Sub-unit for receiving a Second 
plurality of user-to-base messages from Said Second 
plurality of user Stations over Said user transmit fre 
quency band. 
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18. The method of claim 17, wherein generating a repeti 

tive time frame comprises Synchronizing Said first base 
Station Sub-unit and Said Second base Station Sub-unit. 

19. The method of claim 17, wherein said first base station 
Sub-unit and Said Second base Station Sub-unit each transmit 
base-to-user messages and receive user-to-base messages in 
duplex time slots assigned to Said first plurality of user 
Stations and Said Second plurality of user Stations. 

20. A method for communication, comprising: 
generating a time frame at a base Station; 
generating a plurality of time slots within Said time frame; 
assigning pairs of Said time slots for duplex communica 

tion to a plurality of user Stations on demand, each pair 
of time slots comprising a user transmit time slot and a 
base transmit time slot, Such that no more than half of 
Said time slots are assigned as user transmit time slots 
and no more than half of Said time slots are assigned as 
base transmit time slots, and wherein each user transmit 
time slot from each pair of time slots is Separated 
temporarily from its respective base transmit time slot 
in the pair by the same amount; 

transmitting, over a base transmission frequency band, 
base-to-user messages from the base Station to Said user 
Stations during Said base transmit time slots, 

receiving Said base-to-user messages at Said user Stations, 
each user Station receiving a base-to-user message in its 
assigned base transmit time slot, 

transmitting, over a user transmission frequency band 
Separate and distinct from Said base transmission fre 
quency band, user-to-base messages from Said user 
Stations to the base Station during Said user transmit 
time slots, each user Station transmitting a user-to-base 
message in its assigned user transmit time slot; and 

receiving Said user-to-base messages at the base Station. 
21. The method of claim 20 wherein said base transmit 

time slots alternate with Said user transmit time slots. 
22. The method of claim 20 wherein all of Said base 

transmit time slots are consecutive without any intervening 
user transmit time slots, and wherein all of Said user transmit 
time slots are consecutive without any intervening base 
transmit time slots. 

23. A base Station, comprising: 
a radio transceiver, Said radio transceiver comprising a 

base transmitter and a base receiver Selectably con 
nected to at least one base antenna by a transmit/receive 
Switch, and Said radio transceiver further comprising a 
Voltage controlled Oscillator whereby a transmission/ 
reception frequency of Said radio transceiver is Set, 

a memory buffer connected to Said radio transceiver, Said 
memory buffer partitioned into a plurality of memory 
Segments according to Separate time division duplex 
communication channels, one memory Segment for 
each Such time division duplex communication chan 
nel; 

an over-the-air controller connected to Said radio 
transceiver, Said over-the-air controller comprising a 
time frame counter and a time slot counter; 

a toggle Signal output from Said over-the-air controller to 
Said transmit/receive Switch, Said toggle Signal causing 
Said base transmitter and base receiver to be alternately 
connected to Said at least one base antenna; 

a frequency Selection Signal output from Said over-the-air 
controller to the Voltage controlled oscillator of Said 
radio transceiver, Said frequency Selection signal caus 
ing Said radio transceiver to alternate between a base 
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transmit frequency band and a base receive frequency 
band, Said base transmit frequency band being Selected 
when said base transmitter is connected to Said at least 
one base antenna, and Said base receive frequency band 
being Selected when Said base receiver is connected to 
Said at least one base antenna; and 

a backhaul interface connected to Said memory buffer, 
Said backhaul interface multiplexing information from 
Said memory buffer for transmission over a backhaul 
line, and demultiplexing information received over Said 
backhaul line for Storage in Said memory buffer. 

24. The base Station of claim 23, wherein Said toggle 
Signal Switches States with each change in State of Said time 
Slot counter. 

25. The base station of claim 23, wherein said toggle 
Signal Switches States in response to Said time slot counter, 
each time a predetermined number of time slots are counted. 

26. A method for frequency division duplex (FDD) 
communication, comprising: 

generating a repeating time frame; 
generating a first plurality of duplex time slots and a 

Second plurality of duplex time slots in the time frame, 
each duplex time slot of the first plurality of duplex 
time slots comprising a base transmit time slot within 
a first half of the time frame and a user transmit time 
slot within a Second half of the time frame, each duplex 
time slot of the Second plurality of duplex time slots 
comprising a base transmit time slot within the Second 
half of the time frame and a user transmit time slot 
within the first half of the time frame; 

assigning at least a portion of the first plurality of duplex 
time slots and the Second plurality of duplex time slots 
to user Stations, 

transmitting a first plurality of base-to-user messages to a 
first plurality of the user stations from a first base 
Station Sub-unit over a base transmit frequency band 
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during the base transmit time slots of the first plurality 
of duplex time slots, 

transmitting a Second plurality of base-to-user messages 
to a Second plurality of the user Stations from a Second 
base Station Sub-unit over the base transmit frequency 
band during the base transmit time slots of the Second 
plurality of duplex time slots, 

receiving a first plurality of user-to-base messages from 
the first plurality of user Stations at the first base Station 
Sub-unit over a user transmit frequency band during the 
user transmit time slots of the first plurality of duplex 
time slots, and 

receiving a Second plurality of user-to-base messages 
from the Second plurality of user Stations at the Second 
base Station Sub-unit over the user transmit frequency 
band during the user transmit time slots of the Second 
plurality of duplex time slots. 

27. A method for communication, comprising: 
generating a time frame; 
generating a plurality of time slots within the time frame; 
assigning pairs of the time slots for duplex communica 

tion to a plurality of user Stations, each pair of time slots 
comprising a user transmit time slot and a base transmit 
time slot, no more than half of the time slots assigned 
as user transmit time slots and no more than half of the 
time slots assigned as base transmit time slots, 

transmitting base-to-user messages from a base Station to 
the user Stations over a base transmission frequency 
band during the base transmit time slots, and 

receiving user-to-base messages from the user stations at 
the base Station over a user transmission frequency 
band Separate and distinct from the base transmission 
frequency band during the user transmit time slots. 


