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(57) ABSTRACT

Embodiments of a wireless network and method {for
extended-range communications are generally described
herein. In some embodiments, an RF bandwidth of an uplink
communication channel 1s established for a plurality of sub-
scriber units. A desired channel quality 1s also established for
uplink communications from each subscriber unit to a base
transcerver station over the uplink communication channel.
The RF bandwidth of the uplink communication channel 1s
reduced and additional time-slots are allocated to the uplink
communication channel of some subscriber units to achieve
the desired channel quality for the uplink communications to
provide extended-range uplink communications for sub-
scriber units that are further from the base transcerver station.
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WIRELESS COMMUNICATION NETWORK
AND METHOD FOR EXTENDED-RANGLE
UPLINK COMMUNICATIONS

[0001] This application 1s a continuation of U.S. patent

application Ser. No. 09/894,448, filed Jun. 28, 2001, which 1s
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless communications
systems that use multiple access protocols. Some embodi-
ments relate adapting a wireless link between a transmuitter
and receiver pair in a wireless communications system for
extended-range communications.

BACKGROUND

[0003] Wireless communications systems use multiple
access protocols to enable wireless communications between
base transceiver stations and multiple subscriber units. Typi-
cally, a wireless communications system includes multiple
base transceiver stations that are spaced apart to create sub-
scriber cells. Subscriber units within the subscriber cells
exchange information between nearby base transcerver sta-
tions over dedicated radio frequencies.

[0004] Theuse of wireless communications systems 1s rap-
1dly expanding beyond the exchange of voice communica-
tions to include the exchange of broadband data, such as
multimedia data. For example, a single wireless link between
a base transceiver station and a subscriber unit may be utilized
to simultaneously exchange voice, video, and data. In order to
elifectively deliver broadband services over a wireless link,
the wireless link must be able to communicate at a higher rate
than traditional voice-only wireless links. One technmique that
has been utilized to increase the communications rate of
wireless links involves increasing the RF bandwidth that 1s
used to transmit information between a base transceiver sta-
tion and a subscriber umt. For example, where a traditional
voice-only wireless link utilizes 200 kHz of RF bandwidth, a
broadband wireless link may utilize 6 MHz of RF bandwidth.
Although larger RF bandwidth enables an increased commu-
nications rate over a wireless link, the larger RF bandwidth
also leads to larger thermal noise at the RF receiver. As 1s
known 1n the field of RF communications, the thermal noise,
N, at a receiver 1s expressed as:

N=KxIxh
[0005] where: K=Boltzman constant
[0006] T=ambient temperature 1n degrees Kelvin, and
[0007] B=the RF bandwidth of the communications chan-
nel
[0008] From the above expression, 1t can be seen that the

thermal noise, N, 1s directly proportional to the RF bandwidth
of the communications channel and 1s

[0009] expressed as:
NoeB
[0010] Because wireless frequency bandwidth 1s a limited

resource, wireless cellular systems often reuse the same wire-
less frequencies in different subscriber cells. Although the
reuse ol wireless frequencies in different subscriber cells
frees up available bandwidth, the reuse of wireless frequen-
cies also causes co-channel iterference when signals from
one subscriber cell are detected within another subscriber
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cell. The effects of co-channel interference can be controlled
by ensuring that the same frequency 1s only reused 1n cells
that are spaced apart by a sufficient distance. The magnmtude
ol co-channel 1nterference in subscriber cells 1s reduced by
attenuation as electromagnetic waves from interfering chan-
nels travel the distance between co-channel cells. The way 1n
which frequencies are reused 1n a wireless communications
system (also referred to as the frequency reuse structure)
depends on many factors including the number of subscriber
cells that are 1 a particular cluster of cells. The co-channel
interference (often measured as the signal to interference
ratio, SIR) at a particular receiver 1s directly effected by the
frequency reuse structure.

[0011] One important operating characteristic of recervers

in wireless communications systems 1s the signal to interfer-
ence and noise ratio (SINR). The SINR 1s defined as:

SINR=C/(I+N)

[0012] where: C 1s the recerved channel signal,

[0013] I 1s the co-channel interference, and

[0014] N 1s the thermal noise.

[0015] As stated above, the co-channel interference, I, at a

receiver 1s directly affected by the frequency reuse structure
ol a wireless communications system and the thermal noise,
N, at a receiver 1s directly proportional to the RF bandwidth of
a wireless link. The signal strength, C, of a received signal
depends on the distance between the transmitter and the
receiver for a given transmitter power. As the distance
between a transmitter and a receiver increases, the value o1 C
decreases, which 1n turn results in a reduction of the SINR at
the recerver. Because the channel to interference ratio (C/1) 1s
relatively unaffected by the distance between a transmitter
and a receiver, the reduction 1n SINR 1s primarily caused by a
reduction 1n the signal to noise ratio (SNR) of a received

signal, where SNR=C/N.

[0016] For successiul operation of recervers in a wireless
communications system, the value of SINR should be above
a minimum threshold. Typically, the minimum threshold of
SINR for a wireless link 1s a design parameter that 1s fixed by
one or more of the required bit error rate (BER), the required
packet error rate (PER), the coding rate, the modulation rate,
and the channel conditions. Given the minimum SINR thresh-
old, the effective size of a subscriber cell 1n a wireless com-
munications system 1s set by the maximum distance between
a transmitter and a recetver that can be achieved while main-
taining the SINR above the minimum threshold. Because the
C/I ratio 1s relatively unaffected by the distance between a
transmitter and a receirver, the effective size of a subscriber
cell 1s a function of the SNR of a received signal.

[0017] Asstated above, the SINR 1s a design parameter that
1s fixed by one or more of the required bit error rate (BER ), the
required packet error rate (PER), the coding rate, the modu-
lation rate, and the channel conditions. Further, the channel
signal strength, C, 1s typically set by the transmitter charac-
teristics. With regard to communications in the downlink
direction, from a base transceiver station to a subscriber unit,
the channel signal strength, C, can be increased as necessary,
within regulatory limaits, to maintain a given SINR 1n view of
increased thermal noise that results from a larger RF band-
width. However, with regard to communications in the uplink
direction, from a subscriber unit to a base transceiver station,
the channel signal strength, C, 1s limited by many factors and
cannot be easily increased to compensate for an increase 1n
thermal noise. For example, the channel signal strength of
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uplink transmissions 1s limited by power consumption con-
cerns at the subscriber unmit (particularly 1n mobile subscriber
units), the cost of high power components (such as power
amplifiers and filters), government regulations, and human
health concerns.

[0018] Because of the limitations in uplink transmission
power, the effective size of a wireless subscriber cell 1s often
uplink limited. That 1s, as the distance between a subscriber
unit and a base transceiver station increases, the channel
signal strength decreases until finally the SINR drops below
the minimum threshold. If a subscriber unit exceeds its uplink
limit (also referred to as the noise limit) such that the SINR
drops below the minimum threshold, the quality of service
experienced at the subscriber unit drops accordingly. A reli-
able quality of service for each subscriber unit 1s a critical
characteristic of a wireless communications system.

[0019] In addition to affecting the quality of service deliv-
ered to subscriber units 1n a wireless communications system,
the uplink limit of a wireless link also defines the maximum
s1ze of a wireless cell. The maximum size of the wireless cell
in turn affects the capital costs of building a wireless commu-
nications system.

[0020] In view of the relationship of the RF bandwidth to
receiver noise and the limitations on uplink transmission
strength, what 1s needed 1s a broadband wireless communi-
cations system that can adapt to deliver a constant quality of
service to a subscriber unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1depicts the RF bandwidth of an example prior
art broadband wireless channel that 1s utilized between a

transmitter and a receiver.

[0022] FIG. 2 depicts a broadband wireless channel that 1s

divided into sub-channels for uplink communications 1n
accordance with some embodiments.

[0023] FIG. 3 depicts an example of the wireless commu-
nications channel of FIG. 2 that has been modified to include

a reduced RF bandwidth for uplink channel 1 (U/L, ) 1n accor-
dance with some embodiments.

[0024] FIG. 4 depicts the relative uplink limits of uplink
channel 1, which utilizes a reduced RF bandwidth of the
available channel as shown 1n FIG. 3, and uplink channel 2,
which utilizes the entire RF bandwidth of the available chan-
nel.

[0025] FIG. 5 depicts a wireless channel similar to the
channel i FIG. 3 1n which additional uplink time slots have
been allocated to the uplink channel (U/L ) with the reduced
RF bandwidth to maintain a constant overall transmission rate
1n accordance with some embodiments.

[0026] FIG. 6 1s a process flow diagram for adapting a
wireless link by reducing the RF bandwidth of an uplink
channel in accordance with some embodiments.

[0027] FIG. 7 represents an expanded view of step 608 1n
FIG. 6 1n accordance with some embodiments.

[0028] FIG. 8 depicts an embodiment of a system for adapt-
ing a wireless link by reducing the RF bandwidth of an uplink
communications channel 1n accordance with some embodi-
ments.

[0029] FIG. 9 depicts a wireless channel similar to the
channel i FIG. 3 1n which additional uplink time slots have
been allocated to the uplink channels with reduced RF band-
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widths to maintain a constant overall transmission rate in
accordance with some embodiments.

DETAILED DESCRIPTION

[0030] The following description and the drawings suili-
ciently illustrate specific embodiments to enable those skilled
in the art to practice them. Other embodiments may incorpo-
rate structural, logical, electrical, process, and other changes.
Examples merely typily possible variations. Individual com-
ponents and functions are optional unless explicitly required,
and the sequence of operations may vary. Portions and fea-
tures of some embodiments may be included 1n, or substituted
for, those of other embodiments. Embodiments set forth in the
claims encompass all available equivalents of those claims.

[0031] As shown 1n the figures for purposes of illustration,
a system and method for wireless communications that adapts
a wireless communications link between a transmitter and a
receiver by reducing the RF bandwidth of an uplink commu-
nications channel to achieve a desired channel quality 1s 1llus-
trated. The RF bandwidth of the uplink communications
channel 1s reduced when the desired channel quality 1s not
achieved using the entire available RF bandwidth for uplink
communications. Reducing the RF bandwidth of an uplink
channel enables the uplink limit of a subscriber unit to be
extended beyond what 1s possible when the entire available
RF bandwidth 1s used for uplink communications.

[0032] FIG. 1 depicts the RF bandwidth of an example

broadband wireless channel that i1s utilized between a trans-
mitter and arecerver. In the example of FIG. 1, the channel has
an RF bandwidth of 2 MHz that 1s located 1n the 2.5 to 2.502
GHz frequency range. As described above, the maximum
separation distance between the transmitter and the receiver s
a function of the desired signal-to-noise ratio, SNR, the chan-
nel signal strength, C, and the thermal noise, N, where the
channel signal strength 1s limited in the uplink direction and
the thermal noise 1s directly proportional to the size of the

channel’s RF bandwidth.

[0033] Time division duplexing (TDD) 1s a two-way com-
munications protocol that 1s commonly used 1n wireless com-
munications systems. In a TDD wireless system, the same
frequency channel 1s partitioned into downlink time periods
and uplink time periods as depicted 1n FIG. 1. Durning the
downlink time periods, information is transmitted in the
downlink direction from a base transceiver station to sub-
scriber units and during the uplink time periods, information
1s transmitted in the uplink direction from subscriber units to
a base transceiver station. The downlink and uplink time
periods are further divided 1nto time slots that can be used by
different subscriber units as communications channels
according to a time division multiple access (TDMA) proto-
col. Subscriber-specific channels are created within the TDD

channel shown 1n FIG. 1 by dividing the uplink and downlink
time periods into downlink time slots (D/L,, D/L,, ... D/L )
and uplink time slots (U/L,, U/L,, ... U/L,). In the embodi-
ment of FIG. 1, channel 1, which includes downlink time slot
D/L, and uplink time slot U/L,, 1s allocated to subscriber unit
1 (S,) and channel 2, which includes downlink time slot D/L,
and uplink time slot U/L ., 1s allocated to subscriber unit 2 (S.,,)
and so on. In typical TDD-TDMA systems, the downlink and
uplink transmaission rates are aifected by the number of time
slots that are allocated to downlink and uplink transmissions
per unit of time. In an embodiment, the downlink and uplink
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time slots are allocated to subscriber units 1n order to meet
certain criteria such as data traific requirements and traflic
contracts.

[0034] As described above, the maximum effective separa-
tion distance between a base transceiver station and a sub-
scriber unit1s typically uplink limited and the thermal noise at
the uplink receiver 1s directly proportional to the RF band-
width used for uplink communications. In order to reduce the
thermal noise at the uplink receiver and extend the maximum
clfective separation distance between a base transceiver sta-
tion and a subscriber unit, the RF bandwidth of the channel 1s
reduced for uplink transmissions. In an embodiment, the RF
bandwidth of the uplink channel 1s reduced by an amount that
achieves a desired channel quality, with the desired channel
quality being a desired signal-to-noise ratio or a desired sig-
nal to interference and noise ratio during uplink communica-
tions. That 1s, 11 a subscriber unit exceeds its uplink limit when
utilizing the full RF bandwidth of an uplink channel, then the
RF bandwidth of the uplink channel 1s reduced to a level that
achieves the desired channel quality. Although the RF band-
width of the uplink channel 1s reduced, the entire RF band-
width continues to be utilized for downlink communications.

[0035] Although reducing the RF bandwidth of an uplink
channel reduces the thermal noise and extends the maximum
elfective separation distance between the transmitter and
receiver, the reduction 1n the RF bandwidth for uplink com-
munications also reduces the instantaneous transmission rate
that 1s possible 1n the uplink direction. A technique for deliv-
ering a constant quality of service while using an uplink
channel with a reduced RF bandwidth i1s described in more
detail below.

[0036] In an embodiment, the RF bandwidth of the uplink
channel 1s reduced as described with reference to FIG. 2. As
shown 1n FIG. 2, the 2 MHz channel from FIG. 1 1s divided or
“sliced” into sub-channels 206. For example, the 2 MHz
channel may be divided into twenty 100 kHz sub-channels. A
single sub-channel, or a group of contiguous sub-channels,
can then be utilized as the communications channel in the
uplink direction. The RF bandwidth for the uplink channel 1s
selected such that the desired channel quality i1s achieved
under the given set of operating conditions. For example, with
a fixed signal-to-noise ratio requirement, SNR, and a fixed
channel signal strength, C, the RF bandwidth of the uplink
channel 1s reduced until the resulting thermal noise enables
the required SNR to be met. Although sub-channels of equal
s1ze are depicted 1n FIG. 2, the sub-channels may be divided
into unequal size sub-channels.

[0037] In an embodiment, the communications channel 1s
divided into an integer number, n, of sub-channels with the
RF bandwidth, B, , of each sub-channel being expressed as:

BH :Bfﬂfﬂ/n

[0038] where: B, , ~=thetotal RF bandwidth of the commu-
nications channel

[0039] In an embodiment, the RF bandwidth of the uplink

channel 1s established by assigning a number of sub-channels,
m, to create the uplink channel. Given m sub-channels, the RF
bandwidth for the uplink channel, B, ,, 1s expressed as:

BUL:m.BH :m.Brafaf’/n

[0040]

[0041] Themaximum uplink RF bandwidth 1s a function of
the desired channel quality, for example, the desired signal-
to-noise ratio, SNR , and the received channel signal

In an embodiment, m 1s an integer.
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strength, C, under the current operating conditions. The
desired signal-to-noise ratio 1s expressed as:

SNR_=C/N,, .

[0042] where: N___ 1s the maximum amount of thermal
noise allowed to meet SNR , and where N 1s expressed as:

N, —KxIxb5;

[0043] Given the above expressions, the total number of
sub-channels, m, which can be assigned to an uplink channel
that has exceeded its uplink limit 1s expressed as:

M= (H/eraf)XNmax/KT

[0044] FIG. 3 depicts an example of the wireless commu-
nications channel of FIG. 2 that has been modified to include
a reduced RF bandwidth for the uplink channel that 1s utilized
by subscriber unit S, . Referring to FIG. 3, subscriber unit 1
utilizes uplink time slot 1 (U/L,) and transmaits at a reduced
RF bandwidth (1.e., 500 kHz) during uplink time slot 1. The
reduced RF bandwidth of the uplink channel for subscriber
umt S; enables a desired channel quality (e.g. a desired sig-
nal-to-noise ratio or a desired signal to interference and noise
ratio) to be achieved because the thermal noise 1s reduced at
the uplink receiver. As described above with reference to FIG.
2, TDD and TDMA are utilized on the 2 MHz communica-

tions channel.

[0045] Inthe example of FIG. 3, downlink time slots 1 and
2 (D/L, and D/L.,) are allocated to subscriber units S, and S,
respectively and the entire RF bandwidth of the 2 MHz chan-
nel 1s utilized by the subscriber unit for downlink communi-
cations. Subscriber unit S, 1s allocated uplink time slot 2
(U/L,) and the entire RF bandwidth of the 2 MHz channel 1s
utilized for subscriber unit 2 for uplink communications dur-
ing time slot 2. In order to reduce the thermal noise and
achieve the desired channel quality for an uplink channel that
has exceeded 1ts noise limit, the bandwidth that 1s utilized by
subscriber unit S, for uplink transmissions 1s reduced to 500
kHz or 5 contiguous 100 kHz sub-channels. In the embodi-
ment of FIG. 3, 1t 1s assumed that subscriber unit S; has
exceeded the uplink limit of the 2 MHz channel and that
subscriber unit S, has not exceeded the uplink limait of the 2
MHz channel.

[0046] FIG. 4 depicts the relative uplink limits 410 and 412
of two subscriber units 414 and 416, where subscriber unit
414 (1.e., S, from FIG. 3) utilizes a reduced RF bandwidth of
the available channel and subscriber unit 416 (1.e., S, from
FIG. 3) utilizes the entire RF bandwidth of the available
channel. In FIG. 4 it 1s assumed that both uplink channels
must maintain the same signal-to-noise ratio and that the
subscriber units have the same transmitter power. Because the
RF bandwidth for subscriber unit S, 1s reduced, the desired
signal-to-noise ratio can be achieved for both uplink channels
even though subscriberunit S, is at a greater distance from the
base transceiver station 420 (causing a lower channel signal
strength).

[0047] Although reducing the RF bandwidth of the uplink
channel increases the range of a subscriber unit as depicted 1n
FIG. 4, the reduced RF bandwidth also has the effect of
reducing the transmission rate that can be achieved during the
uplink time slots. That 1s, with less RF bandwidth, the instan-
taneous transmission rate 1s less than can be achieved using
the entire available RF bandwidth.

[0048] Inatime divided system, as depicted in FIGS. 2 and
3, the overall transmission rate achieved 1n the downlink or
uplink direction 1s directly proportional to the RF bandwidth,
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B, of the channel multiplied by the number of time slots per
unit time. The overall transmission rate can be expressed as:

transmission rateocc B-number of time slots per unit

time
[0049] In an embodiment, a constant overall transmission
rate can be maintained on an uplink channel for a subscriber
unit with a reduced RF bandwidth by allocating additional
upstream time slots for uplink transmission. That 1s, although
the mstantaneous transmission rate 1s reduced because of the
reduced RF bandwidth, the number of time slots available to
the uplink channel for transmission per unit time 1s increased
to the point that the overall transmission rate achieved over
the uplink channel 1s maintained.
[0050] FIG. 5 depicts a wireless channel that 1s stmilar to
the channel 1 FIGS. 2 and 3 in which an additional uplink
time slot (U/L,) has been allocated to subscriber unit S, . As
depicted i FIG. 5, subscriber unit S, utilizes a reduced RF
bandwidth (for example 1 MHz) for uplink transmissions
during its allocated time slots (time slots U/L; and U/L,).
Note that subscriber unit S, has been allocated uplink time
slot 3 1n the embodiment of FIG. 5. Although subscriber unit
S, has a reduced RF bandwidth, the additional allocated time
slot enables the overall uplink transmission rate to be main-
tained constant. In an embodiment, additional uplink time
slots are allocated on a per frame basis. In another embodi-
ment, uplink time slots can be allocated on a per multiple
frame basis 1n order to maintain the overall transmission rate.
[0051] Inawireless communications system thatis fully, or
nearly fully, utilized by multiple subscriber units, allocating
additional time slots to some subscriber units for uplink com-
munications may require taking time slots from other sub-
scriber units. In an embodiment, time slots are taken from
subscriber units that have relatively high signal-to-noise
ratios. Time slots are taken from subscriber units that have
relatively high signal-to-noise ratios because the subscriber
units can achieve higher instantaneous data rates utilizing the
entire bandwidth of the uplink channel and through other
means such as higher modulation and coding rates. The
higher instantaneous data rates enable the subscriber units
with relatively high signal-to-noise ratios to utilize fewer time
slots while still maintaining the required quality of service.
[0052] As described with reference to FIGS. 2-5, the RF
bandwidth and the allocation of time slots for an uplink chan-
nel can be adapted to maintain a constant channel quality and
ultimately a constant quality of service for the end user. In an
embodiment, the uplink channels adapt to changing condi-
tions 1n a relatively short period of time. For example, 1f a
mobile subscriber unit exceeds 1ts uplink limit while a wire-
less link 1s active, the RF bandwidth and time slot allocation
are adapted on the fly without interaction by an end user to
achieve and maintain the desired signal-to-noise ratio.
[0053] A process flow diagram for adapting a wireless link
using the above-described technique 1s depicted 1n FIG. 6. At
step 602, an uplink transmission 1s received. At step 604, the
channel signal-to-noise ratio for the recerved transmission 1s
determined. At decision point 606, 11 the determined signal
to-noise ratio 1s within the desired signal-to-noise ratio limit
needed to meet a service requirement, then the uplink channel
1s unchanged and additional uplink transmissions are
received. I the determined signal-to-noise ratio 1s not within
the desired signal-to-noise ratio limit needed to meet the
service requirement, then at step 608 the RF bandwidth of the
uplink channel 1s reduced until the desired signal-to-noise
limit 1s met. At step 610, additional uplink time slots are
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allocated to the uplink channel to meet the service require-
ment. At step 612, the reduced RF bandwidth and the time slot
allocation are indicated to uplink transmitters in the cell and
the process 1s repeated. In an alternative embodiment, as
depicted by dashed line 614, it may not always be necessary

to allocate additional uplink time slots to a channel with a
reduced RF bandwidth.

[0054] FIG. 7 represents an expanded view of an embodi-
ment of step 608 1n FIG. 6. In the embodiment, at step 702, the
available channel 1s divided into n uplink sub-channels,
where n 15 an integer, such that B, =B, . ./n. At step 704, the
maximum thermal noise, N

_ ., that allows the desired signal-
to-noise ratio, SNR , to be met 1s identified, such that
SNR ~=C/N_ . At step 706, m sub-channels are assigned to

the uplink channel, such that m==/B,_, ,)-N__ /KT.

[0055] FIG. 8 depicts an embodiment of a system for adapt-
ing a wireless link as described above. In the embodiment, the
system includes a service controller 804, a signal-to-noise
ratio determination unit 806, a quality-of-service (QoS) man-
ager 808, a channel manager 810, and a time slot manager
812. In an embodiment, the system i1s located within a base
transcerver station 814 and utilizes the receiver 816 and the
transmitter 818 within the base transceiver station. In an
alternative embodiment, the system 1s located within amobile
switching center (MSC) and 1s connected to the base trans-
ceiver station by a land line connection. In an embodiment,
the signal-to-noise ratio determination unit recerves signals
from subscriber units and determines the signal-to-noise
ratios of the recerved signals. The signal-to-noise ratio deter-
mination unit supplies the signal-to-noise information to the
service controller and stores signal-to-noise ratio data as nec-
essary. In an embodiment, the signal-to-noise ratio determi-
nation unit stores historical signal-to-noise ratio data that can
be used 1n link adaptation. In an embodiment, the QoS man-
ager supplies the required quality of service for a link to the
service controller. In an embodiment, the required quality of
service 1s supplied 1n terms of, for example, a desired signal-
to-noise ratio, a required transmission rate, a BER, a PER, or
a combination thereof. The channel manager supplies chan-
nel information to the service controller. In an embodiment,
the channel manager 1dentifies the size and number of avail-
able sub-channels to the service controller. In an alternative
embodiment, the channel manager identifies the distribution
of sub-channels within a cell or a network of cells so that
adjacent channel interference (ACI) can be taken 1nto consid-
eration when sub-channels are assigned for uplink commu-
nications. In an embodiment, sub-channels can be assigned to
subscriber units such that contiguous sub-channels are only
assigned to subscriber units that are separated by an accept-
able distance. The time slot manager supplies the distribution
of time slots to the service controller so that overlapping time
slots are not allocated to different subscriber umts. For
example, 1 additional time slots are added to an uplink chan-
nel, the time slot manager can take away an equal number of

time slots from other uplink channels in order to compensate
for the added time slots.

[0056] The service controller 804 utilizes all of the 1nfor-
mation supplied from the above-identified units to adapt the
uplink channels of subscriber units 1n a cell to achieve and
maintain the desired quality of service as described above
with reference to FIGS. 3-7. Specifically, the service control-
ler determines by how much an uplink RF bandwidth must be
reduced when the uplink limit has been exceeded and how
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many additional time slots must be assigned to the reduced
uplink channel to meet the quality of service requirement.

[0057] In operation, a signal i1s received from a subscriber
unit 820 and the signal-to-noise ratio for the received signal 1s
determined by the signal-to-noise ratio determination unit
806. The service controller 804 utilizes the measured signal-
to-noise ratio of the recerved signal and compares 1t to a
desired signal-to-noise ratio to determine 1f the RF bandwidth
needs to be reduced to meet the desired signal-to-noise ratio.
It the RF bandwidth needs to be reduced, the service control-
ler determines the appropriate reduced RF bandwidth. The
service controller also determines 11 any additional time slots
need to be allocated to the uplink channel to maintain all
quality of service requirements. Once the service controller
determines the new uplink channel configuration (e.g., RF
bandwidth and number of time slots per frame or per multiple
frames), the new uplink channel configuration 1s identified to
the subscriber units 1n the cell using the downlink channel.
The RF bandwidth of the effected uplink channel adapts 1n
response to the service controller and the subscriber units in
the cell adjust their time slot usage as necessary to meet the
new time slot allocation.

[0058] In an embodiment, sub-channels are assigned to
subscriber units based on previously gathered response infor-
mation. In an embodiment, the subscriber units feed back to
the service controller an index of the best-suited sub-channels
and 11 an uplink channel needs to be reduced, the sub-channel
(s) 1s selected from the index. In a TDD system, the subscriber
units can learn the best-suited sub-channels via the downlink
channel. In an embodiment, the selection of sub-channels 1s
carried out to achieve diversity gain in a multi-path fading
communication channel.

[0059] In an embodiment, as shown i FIG. 9, the wireless

communication system uses a multi-carrier modulation
scheme with a 2 MHz downlink channel that 1s divided into
time slots D/L,, D/L,, D/L,, D/L,, D/L., D/L,, which are
allocated to subscriber units S,, S,, S5, S, S., S, respectively
for downlink communication. For example purposes, it 1s
assumed that subscriber unit S, has not reached 1ts uplink
limit with the 2 MHz channel and therefore utilizes the entire
2 MHz bandwidth for uplink communications during its allo-
cated time slot, time slot1 (U/L, ). Subscriber units S,, S5, S,
S., S, have reached their uplink limits because they are not
able to achieve the desired channel quality when they use the
entire 2 MHz channel bandwidth. As shown 1n FIG. 9, sub-
scriber unit S, 1s allocated 1 MHz of channel bandwidth (1.e.,
the upper portion of the 2 MHz channel bandwidth) during
uplink time slots 2 and 3 (U/L, & U/L;). Likewise, subscriber
unit S, 1s allocated 1 MHz of channel bandwidth (1.e., the
lower portion of the 2 MHz channel bandwidth) during uplink
time slots 2 and 3 (U/L, & U/L,). Subscriber unit S, 1s allo-
cated 666.67 kHz of channel bandwidth (1.e., the upper one
third portion of the 2 MHz of channel bandwidth) during
uplink time slots 4,5, and 6 (U/L_, U/L. and U/L), subscriber
unit S; 1s allotted 666.67 kHz of channel bandwidth (1.e., the
middle one third portion of the 2 MHz channel bandwidth)
during uplink time slots 4, 5, and 6 (U/L,, U/L. and U/L,),
and subscriber unit S, 1s allotted 666.67 kHz of channel
bandwidth (1.e., the lower one third portion of the 2 MHz
channel bandwidth) during uplink time slots 4, 5, and 6 (U/L,,
U/L. and U/L;). By allocating different reduced RF bands to
different subscriber units, uplink time slots can be efficiently
utilized as shown in FIG. 9. In the example of FIG. 9, the
product of the bandwidth of the uplink channel and each
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number of time slots per unit of time for the respective uplink
channel 1s the same for all of the subscriber units S,, S,, S;,
S, S., and S,. If all other transmission characteristics (1.e.,
coding rates, modulation rates, power level, etc.) are equal,
then all of the subscriber units achieve the same overall uplink
transmission rate.

[0060] In the case of multi-carrier modulation wireless
communications systems, the subscriber units can be allo-
cated contiguous or interleaved frequency channels. Contigu-
ous or interleaved Ifrequency channels can be allocated
because the sub-carriers in a multi-carrier system such as in
an OFDM (Orthogonal Frequency Division Multiplexing)
system are orthogonal to each other.

[0061] In an embodiment, the available channel bandwidth
(1.e., the 2 MHz channel shown in FIG. 3) 1s divided into three
contiguous sub channels. In an alternative embodiment, the
available channel bandwidth 1s divided into three sub-chan-
nels with 1nterleaved tones.

[0062] In an embodiment, the allocation of best-suited
tones for each sub-channel is carried out to achieve diversity
gain 1n a multi-path fading communication channel.

[0063] In an embodiment, the technique for adapting a
wireless communications link 1s applied to a fixed wireless
access (FWA) communications system. In an FWA applica-
tion, the channel adaptations are done less frequently, for
example, during initial installation of the subscriber unit and/
or at the start of each data communication session. In an
embodiment, during initial installation and/or at the start of
cach data communications session, a portion of the available
RF bandwidth, that enables the desired channel quality to be
met for uplink communications, 1s selected. Because FWA
systems have fixed locations, the signal-to-noise ratio
changes less frequently than 1t does with mobile subscriber
units. In FWA applications, a subscriber unit can be generally
associated with a value of SNR and the base station can keep
a database of this information in order to select the best uplink
bandwidth. The signal-to-noise ratios of the subscriber units
can be updated, for example, during start of each data com-
munication session.

[0064] In an embodiment, the channel adaptation system
and method are applied to a wireless link that utilizes spatial
multiplexing. More detailed descriptions of spatial multiplex-
ing are found 1n U.S. Pat. Nos. 5,345,599 and 6,067,290 both
of which are incorporated by reference herein.

[0065] The Abstract 1s provided to comply with 37 C.F.R.
Section 1.72(b) requiring an abstract that will allow the reader
to ascertain the nature and gist of the technical disclosure. It
1s submitted with the understanding that 1t will not be used to
limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed
description, with each claim standing on 1ts own as a separate
embodiment.

What 1s claimed 1s:
1. A wireless communication network comprising:

a service controller to establish an RF bandwidth compris-
ing single tones as uplink communication channels for a
plurality of subscriber units; and

a time-slot manager to allocate additional uplink time-slots
to some of the subscriber units for uplink communica-
tions over the uplink communication channels to meet a
desired uplink transmission rate,

wherein the time-slot manager 1s further configured to
allocate less uplink time-slots to some other subscriber




US 2009/0202013 Al

units for uplink communications over the uplink com-
munication channel when the desired uplink transmis-
sion rate can be met.

2. The network of claim 1 wherein the service controller
and time-slot manager are located within a base transcerver
station,

wherein the uplink communication channel for each of the

subscriber units comprises a single tone, and

wherein downlink communication channels established

between the base transcerver station and the subscriber
units comprise multicarrier communication channels
that are orthogonal frequency division multiplexed
(OFDM).

3. The network of claim 1 wherein the service controller
and time-slot manager are located within a mobile switching
center (MSC) 1n communication with a base transceiver sta-
tion,

wherein the uplink communication channel for each of the

subscriber units comprises a single tone, and

wherein downlink communication channels established

between the base transcerver station and the subscriber

units comprise multicarrier communication channels

that are orthogonal frequency division multiplexed
(OFDM).

4. The network of claim 1 further comprising a quality-oi-

service (QOS) manager to establish a desired channel quality

tor the uplink communications with the subscriber units, and

wherein the time-slot manager 1s configured to individu-
ally allocate additional uplink time-slots to the sub-
scriber units to achieve the desired channel quality to
meet the desired uplink transmitting rate, the allocation
of additional uplink time-slots to allow for extended
uplink communications for subscriber units that are fur-
ther from the base transceiver station.

5. A method for extending uplink communications from a
plurality of subscriber units to a base transceiver station com-
prising:

establishing an RF bandwidth comprising single tones as

uplink communication channels for the subscriber units;

allocating additional uplink time-slots to some of the sub-
scriber units for uplink communications over the uplink
communication channels to meet a desired uplink trans-
mission rate; and

allocating less uplink time-slots to other subscriber units
for uplink commumnications over the uplink communica-
tion channel when the desired uplink transmission rate
can be met.

6. The method of claim 5 wherein the establishing and
allocating are performed within the base transceiver station,

wherein the uplink communication channel for each of the
subscriber units comprises a single tone, and

wherein downlink communication channels established
between the base transcerver station and the subscriber
units comprise multicarrier communication channels
that are orthogonal frequency division multiplexed
(OFDM).
7. The method of claim 5 wherein the establishing and
allocating are performed within a mobile switching center
(MSC) 1n communication with the base transceiver station,

wherein the uplink communication channel for each of the
subscriber units comprises a single tone, and

wherein downlink communication channels established
between the base transceiver station and the subscriber
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units comprise multicarrier communication channels
that are orthogonal frequency division multiplexed
(OFDM).
8. The method of claim 5 further comprising;:
establishing a desired channel quality for the uplink com-
munications with the subscriber units; and

allocating the additional uplink time-slots to achieve the
desired channel quality to meet the desired uplink trans-
mitting rate,

wherein the allocating of additional uplink time-slots
allows for extended uplink communications for sub-
scriber units that are further from the base transceiver
station.

9. A network to adapt wireless communication links for
extended-range uplink communications comprising:

a service controller to establish an RF bandwidth of an
uplink communication channel for a plurality of sub-
scriber units:

a quality-of-service (QOS) manager to establish a desired
channel quality for uplink communications from each
subscriber unit to a base transceiver station over the
uplink communication channel; and

a time-slot manager to allocate time-slots to the uplink
communication channel,

wherein the service controller 1s configured to reduce the
RF bandwidth of the uplink communication channel and
the time-slot manager 1s configured to allocate addi-
tional time-slots to the uplink communication channel of
some subscriber units to achieve the desired channel
quality for the uplink communications to provide
extended-range uplink communications for subscriber
units that are further from the base transcerver station.

10. The network of claim 9 wherein the reduced RF band-
width and the additional of time-slots are selected to maintain
the desired channel quality for the uplink communications.

11. The network of claim 9 wherein the time-slot manager
1s further configured to reduce a number of time-slots for
uplink commumnications with other subscriber units that are
nearer to the base transcerver station when the desired chan-
nel quality for the uplink communications can be achieved.

12. The network of claim 11 wherein time-division multi-
plexed orthogonal frequency division multiplexed (OFDM)
frames comprising downlink and uplink subirames are used
for communications between the base transceiver station and
the subscriber units, and

wherein the service controller reduces the RF bandwidth of
the uplink communication channel by reducing a num-
ber of OFDM subcarriers allocated to the uplink com-
munication channel within one of the uplink subirames.

13. Amethod of adapting wireless communication links for
extended-range uplink communications comprising;

establishing an RF bandwidth of an uplink communication
channel for a plurality of subscriber units;

establishing a desired channel quality for uplink commu-
nications from each subscriber unit to a base transcetrver
station over the uplink communication channel; and

reducing the RF bandwidth of the uplink communication
channel and allocating additional time-slots to the
uplink communication channel of some subscriber units
to achieve the desired channel quality for the uplink
communications to provide extended-range uplink com-
munications for subscriber units that are further from the
base transceiver station.
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14. The method of claim 13 further comprising selecting
the reduced RF bandwidth and the additional time-slots to
maintain the desired channel quality for the uplink commu-
nications.

15. The method of claim 13 further comprising reducing a
number of time-slots for uplink communications with other
subscriber units that are nearer to the base transcerver station
when the desired channel quality for the uplink communica-
tions can be achieved.

16. The method of claim 15 further comprising;

using time-division multiplexed orthogonal frequency
division multiplexed (OFDM) frames comprising down-
link and uplink subirames for communications between
the base transceiver station and the subscriber units; and

reducing the RF bandwidth of the uplink communication
channel by reducing a number of OFDM subcarriers
allocated to the uplink communication channel within
one of the uplink subirames.

17. A base transceiver station to adapt wireless communi-
cation links for extended-range uplink communications com-
prising;:

a service controller to establish an RF bandwidth for uplink

communications with a plurality of communication
units;
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a quality-of-service (QOS) manager to establish a desired
channel quality for the uplink communications {from
each communication unit; and

a time manager to allocate time for the uplink communi-
cations,

wherein the service controller 1s configured to reduce the
RF bandwidth of the uplink communications and the
time manager 1s configured to allocate additional time to
the uplink communications of some communication
units to achieve the desired channel quality to provide
extended-range uplink communications for communi-
cation units located further away from the base trans-
celver station.

18. The base transcerver station of claim 17 wherein the
reduced RF bandwidth and the allocation of additional time
are selected to maintain the desired channel quality for the
extended-range uplink communications, and

wherein the RF bandwidth 1s reduced by reducing a num-
ber of subcarriers allocated.

19. The base transcerver station of claim 18 wherein the
time manager 1s further configured to reduce time allocated
for uplink communications with other communication units
located nearer to the base transceiver station when the desired
channel quality for the uplink communications can be
achieved.
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