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A method, device, and system that use narroWband channels
to provide higher re-use Without multiplying the operator
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spectrum requirement. If a communication system supports
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variable carrier bandwidth channels, the narroW channel
capacity can be divided among adjacent cells to provide
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12/245,375

higher re-use.
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VARIABLE BANDWIDTH IN A
COMMUNICATION SYSTEM

munication system. Even further, there is a need for higher

frequency reuse Without increasing the operator spectrum

requirement.
FIELD OF THE INVENTION
SUMMARY OF THE INVENTION

[0001]

The present invention relates generally to high data

rate Wireless transmission systems and methods. More par
ticularly, the present invention relates to use of variable band
Width for continuous coverage in a Wideband high data rate

system.
BACKGROUND OF THE INVENTION

[0002] A frequency re-use factor is used in cellular systems
to describe hoW many frequency channels are required for full
coverage or, in other Words, hoW close the same frequency
can be re-used. In CDMA systems, Where users are separated
by code, re-use can be as loW as l, i.e. adjacent base stations
can use the same frequency. In legacy TDMA systems, such
as GSM, the re-use factor can be 7, for example. Modulation

techniques being considered for fourth-generation Wireless
systems (known as “4G” systems) are multi-carrier systems,

such as Orthogonal Frequency Division Multiplexing
(OFDM) or MultiCarrier Code Division Multiple Access
(MC-CDMA). Multi-carrier systems can be designed to have

good tolerance against frequency-selective fading. Variable
bandWidth can also be provided in such systems.
[0003] In 4G systems, capacities of 1 Gbps for a local area
and 10 Mbps for Wide area coverage have been envisioned.
Such high data rates require a Wide frequency band. HoWever,
even With very Wide bandWidths on the order of 100 MHZ, the

spectral ef?ciencies needed for these capacities are extremely
high. Targeting a spectral ef?ciency of 10 bits/ sec/ HZ, a band
of 100 MHZ is required for 1 Gbps throughput. Spectrum
availability, though, is limited. In an optimal case, about 1

[0007] The present invention is directed to a method,
device, and system in Which narroWband channels are used to

provide higher re-use Without multiplying the operator spec
trum requirement. If a communication system supports vari
able carrier bandWidth channels, the narroW channel capacity
can be divided among adjacent cells to provide higher re-use

of frequency channels in the communication system.
[0008] Brie?y, one exemplary embodiment relates a
method for increasing re-use in a communication system

using variable bandWidth. The method includes dividing
radio frequencies of the communication system into a Wide
band channel radio frequency and narroWband channel radio
frequencies for Which loWer frequency re-use is utiliZed, and
allocating to at least some cells of the communication system
both the narroWband channel radio frequencies and the Wide
band channel radio frequency. As such, the narroWband chan
nel radio frequencies are used in cell boundary regions such
that narroWband channel radio frequencies are divided among
adjacent communication cells. The narroWband channel radio

frequencies provide higher re-use of frequency channels
Without multiplying operator spectrum requirements.
[0009] Another exemplary embodiment relates to a device
operable in a Wireless communication environment and con
?gured to utiliZe variable bandWidth to provide higher re-use
of frequency channels. The device includes a radio interface
and a processor. The radio interface communicates With base
stations in a Wireless communication environment. The pro
cessor is coupled to the radio interface and provides com
mands to modulate both Wideband and narroWband carriers.

The narroWband channels provide higher re-use of frequency

channels Without multiplying operator spectrum require

GHZ of spectrum could be allocated for 4G services in some
regions, but a typical allocation may be closer to 500 MHZ.

ments.

[0004]

[0010] Yet another exemplary embodiment relates to a
Wireless communication system having a mobile station and

To support multiple operators, the frequency re-use

factor should be very loW. Continuous coverage is dif?cult to

provide in a system Without spreading, When there is inter
ference from neighbors in the cell borders. FIG. 1 illustrates
a system simulation gain that can be achieved With the
increase of frequency re-use from 1 to 4. The observed
improvement of 9 dB is very signi?cant and can make the
difference betWeen a system having or not having a continu
ous coverage. The gain increases further if the increased
range of the narroWband carrier is taken into account.
[0005] US. Pat. No. 6,091,955, assigned to the same

assignee as the present application, describes techniques for
increasing capacity in GSM systems by providing an “intel

ligent underlay/overlay” (IUO) system. Using these tech
niques, a set of frequency channels are used With additional

loWer coverage channels, called “super-reuse channels”. The
quality of each user is continuously monitored and When the
quality is good enough (i.e., the user is close enough to a base
station), the call is handed over to a super-reuse channel.
These super-reuse channels can have loWer reuse factors than
normal channels and can be reused even in every cell. As

a base station. The system uses variable bandWidth to increase

the re-use of frequency channels in the Wireless communica
tion system. The mobile station has a receiver and a transmit

ter that are con?gured to adaptively sample frequency and
bandWidth. The base station also has a receiver and a trans

mitter that are con?gured to adaptively sample frequency and
bandWidth. NarroWband carriers are used in communication

betWeen the mobile station and base station to provide higher
re-use of frequency channels Without multiplying operator
spectrum requirements and to control the poWer consumption
of a mobile device.

[0011]

Other principle features and advantages of the

invention Will become apparent to those skilled in the art upon

revieW of the folloWing draWings, the detailed description,
and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

mentioned above, though, spectrum availability is limited.

[0012] Exemplary embodiments Will hereafter be
described With reference to the accompanying draWings.

[0006] Thus, there is a need for improved continuous cov
erage in Wideband high data rate systems. Further, there is a

use 1 at a bandWidth of 100 MHZ and re-use 4 at a bandWidth

need to use variable bandWidth to increase re-use in a com

of 6.25 MHZ.

[0013]

FIG. 1 is a system simulation result comparing re

Apr. 9, 2009

US 2009/0093257 A1

[0016] FIG. 4 is a graph depicting narroWband carriers
inside the Wideband carrier in accordance With yet another

nel. In this approach, the narroWband carrier to be used for
handovers and range extension implements CDMA-like
spreading and can consecutively be shared among adjacent
cells. Compared to the implementation described With refer
ence to FIG. 2, the implementation of FIG. 3 has the ?exibility
of capacity sharing betWeen neighboring cells on the narroW
band channel.
[0024] FIG. 4 illustrates the use of split channels Where

exemplary embodiment.

narroWband carriers are inside the full-bandWidth channel. As

[0014]

FIG. 2 is a graph depicting narroWband carriers

Without spreading external to the Wideband carrier in accor
dance With an exemplary embodiment.

[0015] FIG. 3 is a graph depicting narroWband carriers With
spreading external to the Wideband carrier in accordance With

another exemplary embodiment.

[0017] FIG. 5 is a schematic diagram of a direct conversion
receiver for a mobile station (MS) and a base transceiver

system (BTS), Which can change the sampling frequency and
bandWidth adaptively in accordance With an exemplary
embodiment.
[0018] FIG. 6 is a schematic diagram of a direct conversion
transmitter for a mobile station (MS) and a base transceiver

system (BTS), Which can change the sampling frequency and

such, different primary narroWband carriers can be assigned
to different cells, Which loWers the average interference
caused by the users close to the cell border (e. g., high-poWer

users). In this implementation, the operator spectrum require
ment can be limited to the original 100 MHZ, but the full data
rates can only be provided in an isolated cell.
[0025] The use of a full-bandWidth channel betWeen cells
can be either uncoordinated, in Which case there Would be

bandWidth adaptively in accordance With an exemplary
embodiment.
[0019] FIG. 7 is a schematic diagram of a basic integer N

bene?t only in the form of averaging, or coordinated, in Which

synthesiZer structure Where the frequency is changed by

solution requires the cells to be synchroniZed. Even though

changing the N divider value in accordance With an exem

synchroniZation has a cost, it is a requirement in some sys
tems, such as a TDD system. The center frequencies of the
narroWband carriers can be assigned to base stations either by

plary embodiment.
DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0020]

Assuming a carrier bandWidth of 100 MHZ, a full

case all cells Would aim to use the full-bandWidth and their
respective narroW bandWidths at the same time. The latter

using netWork planning or by using carrier selection algo
rithms at the base station or network.

[0026]

FIGS. 2 and 3 present TDD (time division duplex)

rate communication channel can be split into more narroW

versions of a narroWband carrier deployment. In alternative

channels for various reasons. NarroWer channels can be used
for better range, smaller block siZe for more ef?cient trans

for FDD (frequency division duplex) systems. In an exem

mission of smaller packets, loWer terminal poWer consump
tion, loWer terminal price by supporting only the more narroW
bandWidth channels, and loWer re-use. As an example, split
ting a full-rate channel of 100 MHZ by four Would yield 4*25

MHZ channels, and another split Would produce l6*6.25
MHZ channels. For comparison, WCDMA (Wideband
CDMA) uses 5 MHZ per carrier. Higher re-use can be pro

embodiments, the narroWband carrier deployment is applied
plary communication system, base stations transmit system
information once in a superframe. When narroWband carriers
are in use, system information is transmitted by the base
stations at least on the narroWband carrier.
[0027] In each superframe, the base station uses a narroW

band carrier to broadcast scheduling information. The sched
uling information optimally covers the duration of at least 2

vided using the 6.25 MHZ channels by several different

superframes to facilitate reception in all possible slots With

implementations. Example implementations are described

out restrictions from hardWare limitations. The scheduling
information includes information for mobile terminals. The

beloW With reference to FIGS. 2-4.
[0021] FIG. 2 illustrates the use of split channels outside a
full-bandWidth channel of 100 MHZ. In such an implementa
tion, a terminal that has good channel conditions uses the 100

MHZ channel. When the terminal approaches a cell border, it

information includes a list of available channels for each

separately de?ned time instant during the scheduling period.
The information also contains the terminal identity, i.e. Who
Will use the channel. There may be additional secondary

is handed over to an external 6.25 MHZ channel and When

scheduling information transmitted using the Wideband chan

crossing the cell border, over to the 6.25 MHZ channel of the
next cell. To provide a re-use of 3, the operator spectrum

nel. Its location is indicated in the master scheduling infor
mation at the narroWband.

requirement is 100 MHZ+3*6.25 MHZ+necessary guard
bands. This spectrum requirement could be additionally

sider various restrictions. For example, a base station has

improved by having the narroWband carriers in a common

knoWn delays When sWitching the center frequency and

pool to be shared by different operators.
[0022] When arranging narroWband carrier frequencies

tion, there are typically separate synthesiZers for the receiver

into a pool, more than one operator needs access to the same

frequency. Assuming an example case of three operators hav
ing three narroWband carriers each, the total number of nar
roWband carriers in the pool is
3 *3:9. The system can be designed either for all three opera
tors using all 9 narroWband carriers (possibly supported by a
shared infrastructure for the handover domains), or the carri
ers in the pool can be divided based on individual operator

needs in difference tell arrangements to provide complete
coverage.
[0023] FIG. 3 illustrates the use of split channels Where a

narroWband carrier has spreading outside the full-rate chan

[0028]

While performing the scheduling, base stations con

sWitching betWeen transmission and reception. In a base sta

and transmitter, helping With the sWitching delay betWeen
transmission and reception.
[0029] A mobile terminal also has knoWn delays When
sWitching the center frequency and sWitching betWeen trans
mission and reception. These delays are independent from
each other and independent from the base station sWitching
delay. In mobile terminals, the frequency hop is not very fast,
e.g., 100 us.
[0030] A base station alloWs each mobile terminal to settle

its receiver to receive at least every nth scheduling info (in
cluding the associated training symbols), Where n is the
amount of super frames covered by a single scheduling infor
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mation block. A base station also allows handover measure

ments. Further, base stations are optimized for using those
channels Which create loWest overhead and minimize the

mobile station poWer consumption While respecting QoS

(quality of service) requirements.
[0031]

In this context, the base station can be understood as

being any device providing the type of radio access described
herein. An example of a device With limited functionality
Would be a repeater, Which echoes the signals it receives to a

base station, When the range of the mobile terminal Would
otherWise not be enough. In the case of a repeater base station
operating in the same radio interface and frequency as the

interface to the terminal, scheduling should also allocate time
for the access of the repeater to the ?xed infrastructure (base

station).
[0032] Without a netWork connection, mobile terminals
start to scan narroWband frequencies for system information
and for su?icient ?eld strength. Terminals use narroWband
channels to associate themselves to the netWork.
[0033] While in idle mode, the mobile terminal camps on a

preferred base station. The mobile terminal decodes system
information from the selected base station andperforms RSSI

(received signal strength indicator) measurements from the
narroWband channel of its oWn and neighboring cells and uses

[0037] It is also possible (Where several antennas are not
needed for the reception) to receive narroW band and Wide
band signals at the same time if the receiver has parallel
receiver chains and tWo synthesiZers. Mobile terminals are

capable of adapting their center frequencies, sampling clocks
and ?lters according to prede?ned delay requirements.
[0038]

FIG. 5 illustrates an example direct conversion

receiver for a mobile station (MS) and a base transceiver

system (BTS). This receiver can change the sampling fre
quency and bandWidth adaptively. FIG. 6 illustrates an

example direct conversion transmitter for MS and BTS,
Which can change the sampling frequency and bandWidth
adaptively. The controller part can be similar to the receiver
part. These receivers and transmitters canbe used in an imple
mentation Where narroWband channels are used along With
full bandWidth channels.
[0039] FIG. 7 illustrates an integer N synthesiZer structure
Where N is a division number, PDF is a phase-frequency
detector, F(s) is a loop ?lter, and VCO is a voltage controlled

oscillator. The frequency is changed by changing the N
divider value. This synthesiZer can be utiliZed in various

implementations communicating different frequencies, such
as the narroW band and Wide band frequencies discussed.

the narroWband channel to transmit the required idle mode

[0040]

signaling.

coverage is provided With one Wide 100 MHZ carrier. Nar
roWband channels are used for added ?exibility in data sched

[0034] In an exemplary embodiment, narroWband is used in
idle mode operation. While in loW activity mode, mobile
terminals perform as in idle mode. It is advantageous to
operate in idle mode With a narroW bandWidth due to the

smaller required sampling rate of the ADC (analog to digital
converter). The poWer, Which is consumed by the ADC, is
several times larger in Wideband MIMO (multiple input, mul
tiple output) transceivers than in the narroW band SISO
(single in, single out) or MIMO case.

[0035] If the signal received during the idle mode is
changed to a narroWer bandWidth, the sampling frequency of
the ADC can be decreased signi?cantly. Since the poWer

In one communication implementation, complete

uling. Such a system may require spreading (e.g., OFDM). If
a re-use of 1 doesn’t Work, then the traditional Way to increase
the re-use leads to a spectrum requirement of minimum 300

MHZ/operator, Which is very high considering spectrum
availability. The exemplary embodiments described herein
loWers the operator spectrum requirement, Which requires a
re-use higher than 1.

[0041] In an exemplary embodiment, external narroWband
carriers are used in an intelligent underlay/overlay (IUO)
system such as the system described in US. Pat. No. 6,091,
955 Which is assigned to the same assignee as the present

application and incorporated herein by reference in its
entirety. According to an exemplary embodiment, external

consumption of the ADC is directly proportional to the sam
pling frequency and to the number of bits, the total idle time
of the mobile device is increased dramatically. In MIMO

narroWband carriers are used in an underlay/ overlay system

systems, one Way to reduce the poWer consumption is to use
only one antenna branch in idle mode. This means that all
other antenna branches are sWitched off. Additionally, this

riers allocated on frequencies inside the main Wideband car

leads to signi?cant poWer consumption savings in a Whole RF
chain including also the blocks betWeen the antenna and
ADC. This feature is applicable to other radio systems using
MIMO. The scaling of the number of the antennas in the idle
mode can be applied to all multi-antenna radios including 3G

including carriers of different bandWidths.
[0042] In another exemplary embodiment, narroWband car

rier are used, resulting in loWer spectrum requirements. The
Wideband and narroWband carriers alternate and cannot be
used in the same cell at the same time. If the narroWband

Based on this information received from the netWork, the

carrier is used for achieving full coverage or otherWise for
extending cell range, it is bene?cial to coordinate narroWband
frequencies in neighboring cells in such a Way that different
narroWband carrier frequencies are used in adjacent cells
With uncoordinated use, the interference from narroWband
carriers to the Wideband transmission of neighboring cells
can be quite severe. With coordinated use, on the other hand,
the ?exibility of an individual cell to change the mix of
Wideband and narroWband is limited.

mobile terminal sWitches betWeen narroWband, Wideband,
and possibly other alternative channel con?gurations. The

embodiments of a method, device, and system for the use of

and WLAN. Additionally, the use of a narroW band signal in

the idle mode can be applied to all standards using Wide
bandWidth. These standards can be related to, for example,
802.1 1 .

[0036] In active mode, a mobile terminal receives system
information transmitted using the narroWband channel.

[0043] This detailed description outlines exemplary

mobile terminals produce and transmit measurement data
relevant for the netWork to determine Which channel band

variable bandWidth to increase re-use in a communication

Width to use. The measurement data includes information

nation, numerous speci?c details are set forth in order to

such as received signal poWer, interference poWer, channel

provide a thorough understanding of the present invention. It

estimation parameters related to MIMO con?guration,
needed throughput and needed air interface packet siZes.

is evident, hoWever, to one skilled in the art that the exemplary

system. In the foregoing description, for purposes of expla

embodiments may be practiced Without these speci?c details.
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[0044] While the exemplary embodiments illustrated in the
Figures and described above are presently preferred, it should

both the Wideband channel frequency and the plurality of
narroWband channel frequencies.
9. The method of claim 1, further comprising transmitting
communication scheduling information to the receiving
apparatus using one of the plurality of narroWband channel

be understood that these embodiments are offered by Way of

frequencies.

example only. Other embodiments may include, for example,

10. The method of claim 9, Wherein the communication
scheduling information includes a terminal identity for a ter
minal that Will use a particular channel.
11. The method of claim 1, Wherein use of the Wideband

In other instances, structures and devices are shown in block
diagram form in order to facilitate description of the exem

plary embodiments.

different techniques for performing the same operations. The
invention is not limited to a particular embodiment, but
extends to various modi?cations, combinations, and permu
tations that nevertheless fall Within the scope and spirit of the

appended claims.
What is claimed is:
1. A method for decreasing required radio spectrum in a

communication system using variable bandWidth, the method

comprising:
dividing radio frequencies of the communication system
into a Wideband channel radio frequency and a plurality

of narroWband channel frequencies; and
communicating user data to a receiving apparatus using
both the Wideband channel radio frequency and the plu
rality of narroWband channel frequencies in a Wireless

communication environment,
Wherein the Wireless communication environment is con?g
ured to support the plurality of narroWband channel frequen
cies for communicating user data When the receiving appara
tus involved in the communication is in cell boundary
regions, and Wherein the Wireless communication environ
ment is con?gured to support the at least one Wideband chan

nel frequency When the receiving apparatus involved in com
municating user data is not located in a cell boundary region.
2. The method of claim 1, Wherein a higher frequency
re-use factor is applied to the plurality of narroWband channel

frequencies.
3. The method of claim 1, Wherein, at least in some cells of

the communication system, both the plurality of narroWband
channel frequencies and the Wideband channel frequency are
allocated so that the plurality of narroWband channel frequen
cies are used to extend cell range.

4. The method of claim 1, Wherein the plurality of narroW
band channel frequencies are divided among adjacent com
munication cells in such a Way that adjacent cells are using

different narroWband channel frequencies.
5. The method of claim 1, Wherein the plurality of narroW
band channel frequencies are located outside of the Wideband
channel.

6. The method of claim 1, Wherein the method incorporates

channel frequency is coordinated.
12. The method of claim 1, Wherein the plurality of nar
roWband channel frequencies are assigned to different com
munication cells.
13. An apparatus operable in a Wireless communication

environment, the apparatus comprising:
a transceiver con?gured to communicate With at least one

base station in the Wireless communication environ
ment; and
a processor operatively connected to the transceiver, the
processor con?gured to provide commands to modulate
at least one Wideband bandWidth carrier and at least one

narroWband bandWidth carrier,
Wherein the Wireless communication environment is con?g
ured to support the at least one narroWband bandWidth carrier

for communication When the apparatus is in cell boundary
regions, and Wherein the Wireless communication environ
ment is con?gured to support the at least one Wideband band
Width carrier When the apparatus is not located in a cell

boundary region.
14. The apparatus of claim 13, Wherein the at least one
narroWband bandWidth carrier is inside a full bandWidth
channel.
15. The apparatus of claim 13, Wherein the at least one
narroWband bandWidth carrier is outside of a full bandWidth
channel.
16. The apparatus of claim 15, Wherein the at least one
narroWband bandWidth carrier outside of the full bandWidth

channel implements spreading.
17. The apparatus of claim 13, further comprising multiple
antennas operatively connected to the transceiver.
18. The apparatus of claim 13, Wherein the Wireless com
munication environment is further con?gure to support the at
least one narroWband bandWidth carrier for communication
When the apparatus is in an idle mode.
19. The apparatus of claim 13, Wherein the processor is

spreading for implementing spectrum sharing betWeen adja

further con?gured to process scheduling information using

cent cells.

one of the at least one narroWband bandWidth carrier.

7. The method of claim 1, Wherein the plurality of narroW
band channel frequencies are located inside of the Wideband
channel.
8. The method of claim 1, Wherein at least one communi

information includes a terminal identity for a terminal that

cation cell includes a repeater con?gured to operate using

20. The apparatus of claim 19, Wherein the scheduling
Will use a channel.

