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This invention relates to cellular telecommunications
systems and, more particularly, to a method and system of
adaptive channel allocation in a frequency division

10 multiplexed cellular system.

I . f the Pri At

In a cellular telecommunications system the user of

a mobile station communicates with the system through a

15 radio interface while moving about the geographic coverage

area of the system. The radio interface between the

mobile station and system is implemented by providing base

stations dispersed throughout the coverage area of the

system, each capable of radic communication with the

20 mobile stations operating within the system. 1In a typical

cellular telecommunications system each base station of

the system controls communications within a cexrtain

geographic coverage area termed a cell, and a mobile

station which is 1located within a particular cell

25 communicates with the base station controlling that cell.

As a mobile station moves throughout the system control

of the communication between the system and mobile station

are transferred from cell to cell according to the
movement of the mobile station throughout the system.

30 Existing cellular telecommunications systems operate

according to various air interface standards which assure

the compatibility of equipment designed to operate in a

particular system. Bach standard provides specific

details of the processes that take place between the

35 mobile stations and base stations of the system in all

modes of operation, including during idle states, during

rescan of control channels, during registration, and



are transferred fromcell to cell according to the novenent of the nobile
station throughout the system 30 Existing cellular telecomunications
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bet ween the 35 nobi | e stations and base stations of the systemin al
nodes of operation, including during idle states, during rescan of control
channel s, during registration, and -2- during connection to voice or

traffic channels. Advances in cellular systens technol ogy have been rapid
I n recent years. These advances in technolo have been driven by increases

in demand for the4,0¢peasinaloy ; 3APRS Sjdcal g4 éraffi%egeﬂa%%lgf.fem@ames
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t el ecommuni cati ons systens,__as i.n_nost
% se gces offered by cellular systems. As cellular systems

technology and the total number of cellular systems has

increased worldwide to meet this demand, there has also

been an accompanying increase in the number of system

standards according to which these cellular systems
10 operate.

In cellular telecommunications systems, as in most
radio systems, the frequency bandwidth available for use
is a limited resource. Because of this, emphasis is often
concentrated on making the most efficient use possible of

15 the available frequency bandwidth when developing new
cellular systems. Additionally, communications within
cellular systems are often subject to certain types of RF
signal distortion such as multipath propagation and co-
channel interference. The development of new system

20 standards has also emphasized the need to minimize the
effect of these RF signal distortions on communications
within the cells of a system.

Frequency division multiplexing (FDM) is a method of
transmitting data that has application to cellular

25 systems. Orthogonal frequency division multiplexing
(OFDM) is a particular method of FDM that is particularly
suited for cellular systems. An OFDM signal consists of
a number of subcarriers multiplexed together, each
subcarrier at a'different frequency and each mecdulated by

30 a signal which varies discretely rather than continuously.
Because the level of the modulating signal wvaries
discretely, the power spectrum of each subcarrier follows
a (sin x/x)? distribution. The spectral shape transmitted
on each subcarrier is such that the spectra of the

35 individual sub-channels are zero at the other subcarrier
frequencies and interference does not occur between
subcarriers. Generally, N serial data elements modulate
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carriers overlap, this frequency spac1ng makes the

subcarriers orthogonal over one symbol interval so that
the peak of power of each modulated carrier occurs at
10 frequencies corresponding to nulls in the power spectrum
) of the other carriers. The overall spectrum of an OFDM
signal is close to rectangular when a large number of OFDM

carriers are contained in the OFDM gignal.
During the time period, T, the OFDM signal may be
15 represented by a block of N samples. The value of the N

samples is as follows:
N-1

x(n)= ¥ X(k)e2InkIN
k=0

The N values X(k) represent the respective data

during period T, of the discretely-varying signals

20 modulating the OFDM carriers e*"™™"  From the above, the

OFDM signal corresponds to the inverse Discrete Fourier

Transform of the set of data samples X(k). To convert a

data stream into an OFDM signal, the data stream is split

up into blocks of N samples X(k) and an inverse Discrete

25 Fourier Transform is performed on each block. The string

of blocks that appears at a particular sample position

over time constitutes a discretely-varying signal that
modulates a certain subcarrier at a frequency fn.

OFDM offers several advantages that are desirable in

30 a cellular system. In OFDM the orthogonality of the

subcarriers in the frequency spectrum allows the overall

spectrum of an OFDM signal tc be close to rectangular.

This results in efficient use of the bandwidth available



subcarriers. Cenerally, N serial data elenents nodul ate -3- N subcarrier
frequencies, which are then frequency division nultiplexed. Each of the N
serial data elenments conprises a data block with a duration of T=1/fs,
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From the aboge, ttj]ﬁ the path of the radio wave. Multipath propagation may
result in frequency selective multipath fading. In an
OFDM system the spectrum of each individual data element
normally occupies only a small part of the available
bandwidth. This has the effect of spreading out a

10 multipath fade over many symbols. Thig effectively
randomizes burst errors caused by the frequency selective
multipath fading, so that instead of one or several
symbols being completely destroyed, many symbols are only
slightly distorted. Additionally, OFDM offers the

15 advantage that the time period T may be chosen toc be
relatively large as compared with symbol delay time on the
transmission channel. This has the effect of reducing
intersymbol interference caused by receiving portions of
different symbols at the same time.

20 The use of OFDM in cellular systems has been proposed
by Cimini, “Analysis and Simulation of a Digital Mobile
Channel Using Orthogonal Frequency Division Multiplexing”,
IEEE Trans. Commun., Vol. 33, No. 7, pp. 665-675 (July,
1985). A egimilar application of OFDM in a mobile system

25 has also been proposed by Casa, "OFDM for Data
Communication Over Mobile Radio FM-Channels-Part 1I:
Analygis and Experimental Results”, IEEE Trans. Commun.,
Vol. 39, No. 5, pp. 783-793 (May, 1991). In these OFDM
cellular systems a set of subcarrier frequencies is

30 assigned to each communications 1link c¢reated for
transmission from a base station to a mobile station
(downlink) and from a mobile station to a base station
(uplink) operating within a cell. The set of subcarrier
frequencies allocated to each communications link is

35 chosen from all subcarrier frequencies available toc the
system. Within a cell the same subcarrier frequency
cannot be assigned to more than one communications link.
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In an OFDM system t he spectrumo each 1 ndivi
asgigned to a communications link set up in another cell
within the system. BEach of these commonly assigned
subcarriers frequencies may be subject to co-channel
interference caused by the use of the same subcarrier
10 frequency in the other cells. 1In these OFDM systems no
method or system exists for coordinating the assignment
of subcarrier frequencies to communications links created
within different cells. In such a system the co-channel
interference in a communications 1link caused by a
15 subcarrier used in a neighboring cell could be very large.
Methods of allocating channel frequencies among cells
in non-OFDM sgystems have been developed that reduce or

minimize co-channel interference. Adaptive Channel
Allocation (ACA) is such a method. In ACA any channel
20 frequency allocated to a cellular system may be used to

set up a link in any cell of the system regardless of
whether or not the frequency is used elsewhere in the
system as long as certain interference criteria are met.
The channel frequencies may also be freely reused

25 throughout the system as long as the interference criteria
are met.

In Adaptive Channel Allocation variocus measurements
of signal quality and interference levels on dynamically
allocated channel frequencies are performed within the

30 coverage area of a cell to build a list of traffic or
voice channels that may be assigned to communications
links to be created within the cell. The base station

. controlling the cell and mobile stations within the cell's

coverage area perform measurements on the set of channel
35 frequencies that the system operator has allocated to be
dynamically allocated for communications within the
system. Generally, both uplink and downlink measurements
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least interfered channel frequencies from that list to
allocate to communication in that cell. Other criteria,
10 such as certain required frequency separation between the
channels chosen and avoiding certain combinations of
channels whose frequencies create intermodulation are also
considered. As an example of ACA, H. Eriksson,
“Capacity Improvement by Adaptive Channel Allocation”,
15 IEEE Global Telecomm. Conf., pp. 1355-1359, Nov. 28-Dec.
1, 1988, illustrates the capacity gains associated with
a cellular radic system where all of the channels are a
common resource shared by all base stations. In the
above-referenced report, the mobile measures the signal
20 quality of the downlink, and channels are assigned on the
basis of selecting the channel with the highest carrier
to interference ratio {(C/I level).
Existing ACA algorithms which have been created for
non~0OFDM cellular systems using one carrier frequency for
25 each link cannot be effectively used in a cellular system
using OFDM. One problem with the existing ACA techniques
is that the number of subcarriers in an OFDM system is
large compared to the number of carriers in the system
that uses a single carrier for each communications link.
30 This requires an extensive measurement effort that expends
both time and system regources to obtain the uplink and
downlink measurement results necessary for ACA. In
addition, in order to transfer the results of the large
number of downlink measurements made at a mobile station
35 to the system for processing, use of a large amount of
signaling resources is necessary.



(uplink) operating within a cell. The set of subcarrier frequencies

allocated to each communications link is 35 chosen fromall subcarrier
frequencies available to the system Wthin a cell the same subcarrier
frequency cannot be assigned to nore than one comruni cations |ink. WO
97/ 01256 WO 97/01256 PCT/ SE96/ 008 14]’(-&‘/5&96/00814

co-channel interference between subcarriers wthin the sanme cell does not
occur. However, it is possible in such an OFDM system that a communi cations
link in a cell of the systemis assigned a set of subcarriers frequencies 5
that includes one or nore subcarriers frequepcies also assigned to a
comuni cations link set up in another cell within the system Each of
these commonly assi gnedtswdickd pirevsdé ram usheintagsayhéie, Ahhave &Omethod
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take into account the unique features of the OFDM system
in order to utilize system resources effectively when

allocating channels. The present invention provides such
10 a method and system.

SUMMARY OF THE INVENTION

The present invention provides a method and system
of adaptive channel allocation (ACA) in an orthogonal
15 frequency division multiplexed (OFDM) system. The method
and system provides an allocation of subcarriers to each
link of the OFDM system that lessens co~channel

interference between cells of the system.
The present invention also overcomes the difficulties
20 and shortcomings presented with implementing conventional
ACA methods and systems designed for use in a non-OFDM
system into an OFDM system. Conventional ACA methods are
designed to adaptively allocate RF channels to systems
where one channel is used per link. Aas applied to an OFDM
25 system, these conventional ACA methods would require that
all OFDM subcarriers assigned to users to be adaptively
allocated. Adaptively allocating all OFDM subcarriers in
an OFDM system would require an overly large amount of
measurement and signaling resources to transfer channel
30 measurement information and the assignment information
between receivers and transmitters of the system. By
selectively choosing the subcarriers to be adaptively
- allocated, and setting criteria for allocation
determination, the system and method of the present
35 invention minimizes the use of measurement and signaling

resources while still providing effective ACA.



I n non- OFDM syst ens have been devel oped that reduce or mnimze co-channel
I nterference. Adaptive Channel Allocation (ACA) is such a nethod. In
ACA any channel 20 frequency allocated to a cellular systemnay be used
to set up alink in any cell of the systemregardl ess of whether or not the
frequency is uggpissewhere in the systemas | ong as cert ai n PCFISES&BSRINCE
criteria are net. The channel frequencies may al so be freely reused 25

t hroughout the systemas long as the interference criteria are net. In
Adaptive Channel Allocation various neasurenments of signal quality and
interference | evels on dynam cally all ocat ed channel frequencies are
performed within the 30 coverage area of 83 cell to build a list of
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PCT/ SE96/ 00834 on the data rate of the particular link and may vary
between the 1links of the system. The subset of M
subcarriers is then used to carry communications on the
link. As communications take place, the signal quality
level (C/I) of the subcarriers within the subset of M

10 subcarriers, and the interference level (I) of all N
available subcarriers is periodically measured. These C/I
and I measurement results are reported to the system.
During communications on the link the system determines
from the C/I and I measurements if a more preferred unused

15 subcarrier which would give better signal reception on the
link than a subcarrier of the set of M is available in the
cell within which the link exists. If it is determined
that a more preferred unused subcarrier exists, the system
reconfigures the subset of M subcarriers to include the

20 unused subcarrier..

In a second aspect of the invention, a mobile station
as link receiver transmits only a limited set of
measurement results to the system at certain select
reporting intervals rather than all measurement results.

25 The transmitted limited set of measurement results
comprigses a select number of the lowest C/I measurement
results and a select number of the lowest I measurement
results. The transmission of the limited set of results
reduces the use of uplink system signaling resources.

30 In an alternative embodiment of the invention a
mobile station as link receiver periodically measures the
signal quality level (C/I) of the subcarriers within the
subset of M subcarriers, and the interference level (I)
of all N available subcarriers. The mobile station then

35 determines candidate replacement subcarriers for the link
based on the C/I and I measurements, and transmits a
subcarrier request message to the system requesting that



are perforned. Based on these neasurenents, when a new link is to be
created, a channel frequency is assigned to the |link based on sone rule.
For exanple, in mninmuminterference ACA the systembuilds a table of
channel s 5 fromthe least interfered (highest quality) to the nost
interfered (| owesbntsal ity) channels as neasured within each roalseEse/duses
systemthen selects a certain nunber of |east interfered channel
frequencies fromthat list to allocate to communication in that cell. O her
criteria, 10 such as certain required frequency separation between the
channel s chosen and avoi ding certain combingtions of channels whose
frequencies create internodul ati on are al so consi dered. As an exanple
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the mo 1le station transmits a subcarrier request message

requesting a new candidate subcarrier.

10
BRIEF¥ DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a cellular telecommunications
network within which the present invention may be
implemented;
15 FIG. 2A illustrates the allocation of subcarriers in

accordance with the present invention in an orthogonal
frequency division multiplexed system;

FIG. 3A is a block diagram of a system according to
an embodiment of the present invention;

20 FIGS. 3B and 3C are block diagrams of a 1link
transmitter and link receiver, respectively, according to
an embodiment of the present invention;

FIGS. 4A and 4B are flow diagrams of process steps
according to an embodiment of the present invention

25 performed by a link receiver;

FIG. 5 is a flow diagram of process steps according
to an embodiment of the present invention performed within
a cellular telecommunications network;

FIGS. 6A and 6B are flow diagrams of process steps

30 according to an alternative embodiment of the present
invention performed by a link receiver; and

FIG. 7 is a flow diagram of process steps according
to an alternative embodiment of the present invention
performed within a cellular telecommunications system.

35
DETAILED DESCRIPTION OF THE INVENTION



using OFDM One problemw th the existing ACA techniques is that the nunber
of subcarriers in an OFDM systemis |large conpared to the nunber of
carriers in the systemthat uses a single carrier for each comruni cations

l'i nk. 30 This requires an extensive neasurenent effort that expends both
time and systeRryhepfyssces to obtain the uplink and downlink npefsERoEd
results necessary for ACA In addition, in order to transfer the results

of the I arge nunber of downlink neasurenents nade at a nobile station 35
to the system for processing, use of a |arge amount of signaling resources
IS necessary. WO 97/ 01256 -10-
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: coverage areas, or cells C1-C10. While the system of FIG.
1 is illustratively shown to include only 10 cells, it
should be clearly understoocd that in practice, the number
of cells will be much larger.
10 Associated with and located within each of the cells
C1-Cl10 is a base station designated as a corresponding one
of a plurality of base stations B1-B10. Each of the base
stations B1-B1l0 includes a transmitter, a receiver, and
a base station controller as are well known in the art.
15 In FIG. 1, the base stations B1-B10 are illustratively
located at the center of each of the cells C1-Cl0,
respectively, and are equipped with omni-directional
antennas. However, in other configurations of the
cellular radio system, the base stations B1-B10 may be
20 located near the periphery, or otherwise away from the
center of the cells C1-C10 and may illuminate the cells
C1-C1l0 with radio signals either omni-directionally or
directionally. Therefore, the xrepresentation of the
cellular radio system of FIG. 1 is for purposes of
25 illustration only and is not intended as a limitation on
the possible implementations of the cellular
telecommunications system within which the present
invention is implemented.
With continuing reference to FIG. 1, a plurality of
30 mobile stations M1-M10 may be found within the cells Cl-
C10. Again, only 10 mobile stations are shown in FIG. 1
but it should be understood that the actual number of
mobile stations will be much larger in practice and will
invariably greatly exceed the number of base stations.
35 Moreover, while none of the mobile stations M1-M10 may be
found in some of the cells C1-Cl10, the presence or absence
of the mobile stations M1-M10 in any particular one of the



10 a method and system SUMVARY OF THE | NVENTI ON The present invention
provi des a net hod and system of adaptive channel allocation (ACA) in an

ort hogonal 15 frequency division nultiplexed (OFDM system The net hod
and system provides an allocation of subcarriers to each link of the OFDM

system t hat | ageengiaseo- channel interference between cells of pcheEsymSEM
The present invention also overcones the difficulties 20 and
shortcom ngs presented with inplenenting conventional ACA nethods and
systens designed for use in a non-OFDM systeminto an OFDM system

Conventi onal ACA nethods are designed to adaptlvely all ocate RF channels to
systens where one channel is used per li nk11Aas applied to an OFDM 25

syst em t hese co I a I.re t
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nmeasur enent i nfor and t Ss ornatlon between receivers
and transmitters® gBEb%g s%}gteﬁfﬁ?1 y selgé} g?y %%od%ﬁﬁﬁmp e gﬁggarrlers
to be adaptPvel ynaitieering celdndand sestemi Ayom en¢ tegllularf yadioasyseemi on
determ nation, tBerg¥atsp arpaf@ia%xofmstheopaﬁéenér 3such syad¥emtion
mnimzes the use of Eeaﬁu %m%he mo fiéJgEatégns M1-M10 is capable of

initiating or receiving a telephone call through one or
more of the base stations B1-B10 and a mobile station
10 switching center MSC. A mobile station switching centerx
MSC is connected by communication links, e.g., cables, to
each of the illustrative base stations B1-Bi10 and to the
fixed public switched telephone network PSTN, not shown,
or a similar fixed network which may include an integrated
15 system digital network (ISDN) facility. The relevant
connections between the mobile station switching center
MSC and the base stations B1-B10, or between the mobile
station switching center MSC and the PSTN or ISDN, are not
completely shown in FIG. 1 but are well known to those of
20 ordinary skill in the art. Similarly, it is also known
to include more than one mobile station switching center
in a cellular radio system and to connect each additional
mobile station switching center to a different group of
base stations and to other mobile station switching center
25 via cable or radio links.

Bach MSC may contrcol in a system the administration
of communication between each of the base stations B1-B10
and the mobile stations M1-M10 in communication with it.
As a mobile station roams about the system, the mobile

30 station registers its location with the system through the
base station that controls the area in which the mobile
station is located. When the mobile station
telecommunications system receives a call addressed to a
particular mobile station, a paging message addressed to

35 that mobile station is broadcast on control channels of
the base stations which control the area in which the
mobile station is believed to be located. Upon receiving



resources while still providing effective ACA WO 97/ 01256
PCT/ SE96/ 00814 -8- In a first aspect of the invention, an initial subset of

M subcarriers is

chosen froma | arger group of N subcarriers that are

avai |l abl e for conmuni cati ons on each separate link of the OFDM system The

nunber M depend® droi2s6on the data rate of the particul ar

between the |links of the system The subset of M subcarriers is then
used to carry conmunications on the |link. As comrunications take pl ace,
signal quality level (C/1) of the subcarriers within the subset of M 10
subcarriers, and the interference |evel (I%yof all N avail able

subcarriers is periodically neasured. These*
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determnes fromt
subcarrier which
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create the call connection. The MSC controls the paging
of a mobile station believed to be in the geographic area
served by its base stations B1-B1l0 in response to the
receipt of a call for that mobile station, the assignment
of radio channels to a mobile station by a base station
upon receipt of a page response from the mobile station,
as well as the handoff communications with a mobile
station from one base station to another in response to
the mobile station traveling through the system, from cell
to cell, while communication is in progress.

Each of the cells C1-Cl10 is allocated a plurality of
FDM subcarrier frequencies and at least one dedicated
control channel. The control channel is used to control
or supervise the operation of mobile stations by means of
information transmitted to and received from those units.
Such information may include incoming call signals,
outgoing call signals, page signals, page response
signals, location registration signals and voice and
traffic subcarrier assignments.

The present invention involves implementation of a
method and system of adaptive channel allocation (ACA)
into an FDM cellular system as shown in FIG. 1. 1In an
exemplary embodiment of the invention, ACA is implemented
into an OFDM system operating with a total system
bandwidth of 5MHz and a subcarrier spacing of 5KHz. The
total number of subcarriers available for this system is
approximately SMHz/5KHz = 1000. The subcarriers are
modulated onto a system RF carrier with a £f£requency of
2GHz for transmission over the system RF channel and the
frequency spectra of the transmitted signal is centered
around the RF carrier. All subcarriers are available for
use in each cell but a subcarrier may not be used
simultaneously on more than one link in a cell. Freguency

.



20 unused. subcarrier. In a second aspect of the invention, a nobile
station as link receiver transmts only a limted set of neasurenent
results to the systemat certain select reporting intervals rather than al
measurenent results. 25 The transmtted limted set of neasurenent

results conpri s|pemgEe! ect nunber of the |owest C/| neasur emepdrgmesodsi€ and
a sel ect number of the |owest | neasurenent results. The transm ssi on of

the limted set of results reduces the use of uplink system signaling
resources. 30 In an alternative enbodi nent of the invention a
nobile station as link receiver periodically neasures the signal quality

|l evel (C/1) of the subcarriers within the s set of M subcarriers, and t he

interference | evel of .al | abl e s arrlers The le s

Lhen 5o " gt or riiAdic abmien PRI A3 Bt O Reerzas e, o Ruer rRE A oo
on the 1 and | sedsigvwidnkssuberkytienss freguensidscar Ther sysstprednchedsnge
to the SYSte”‘rGQHeéédiﬁht%ﬂanntra¥)éﬁéﬁ%@35@DCCH) that is both an upllnk

PCT/ SE96/ 00814 t he car be assj repl.age _a subgcarrier
of the Link. . THERS AR rE BERRE] o o ETenBELy T T R TEd: SPEGEIRRLaR th b
subcarri er afcept édranandovers, long term channel allocatlon information,
long term power control information and measurement
messages and measurement results. The system also
includes a physical control channel (PCCH) that is both
an uplink and downlink channel for transmitting short term
10 channel allocation information, short term power control
information, measurement messages and measurement results.
In the ACA of the invention, for each up/down link
between a mobile station and base station, the SYStem
chooses a subset of a number (M) of subcarriers from a set
15 of a number (N) of subcarriers. The set of N subcarriers
is the set of subcarriers available within the system for
each link, where N>M. The set of N subcarriers does not
change during a communication. The set of N subcarriers
may include all subcarriers of the system. Alternatively,
20 the set of N subcarriers may be a set less in number than
the total number of subcarriers available but greater in
number than the number of carriers in the subset of M
subcarriers.
Referring now to FIG. 2 therein is illustrated the
25 allocation of subcarriers in accordance with the present
invention in an OFDM system. Base station 200
communicates with mobile station 202 over downlink 206 and
uplink 208. Base station 200 also communicates with
mobile station 204 over downlink 210 and uplink 212.
30 Transmissions on links 206, 208, 210 and 212 are made over
the system RF channel. Voice and data to be transmitted
on each link are modulated onte a number (M) subcarriers.
The M subcarriers are then modulated ontoc the system RF
carrier for transmission over the system RF channel. Each
35 link 206, 208, 210 and 212, within the cell uses a
separate subset of M subcarriers. The subcarriers can
only be used once within a cell.



subcarrier rejected nessage. | f a subcarrier accepted 5 nmessage i s
received, the nobile station reconfigures the subset of M subcarriers to
contain the candi date replacenment subcarrier. |If the subcarrier is
rejected, the nobile station transmts a subcarrier request nessage
requesting a neyy eaiseedat e subcarrier. 10 BRI EF DESCRI PTI.ON Gicriddos/b¥sfN NGS
FIG 1 illustrates a cellular tel ecomunications network within which the
present invention nay be inplenented; 15 FLG 2A illustrates the

al I ocati on of subcarriers in accordance with the present ‘invention in an
ort hogonal frequency division nultiplexed systemm FIG 3Ais a block

di agram of a system according to an enbodi it HT of the present invention; 20

Fecel ver, respect | vel y REESEE HA o, Brg 0 i SR b bal [ Bk
invention; FIGS. dAagnam4Bfapesysian dierprdimnditoptdee pregerpsineervriding t o
an enbodi ment of The P&RKQM CONSIEHDNCES a 1BBKT eraRdmBYLer | BBk, I eGEiRver;
FIG 5 is a flow diagramo ro s _steps .according t n_e i ment_af the
present inventi onrﬁggf‘gﬁﬁeé:g% t%&i %Focceqpﬁq.ﬁne?r Ftoélté‘gf}nﬁﬁﬁi %%Msc% k;

5 380. The receiver 330 and transmitter 300 of a particular
link are located at opposite ends of the link. 1In the
downlink the receiver 330 is located in the mobile station
and the transmitter 300 is located in the base station.

In the uplink the receiver 330 is located in the base

10 station and the transmitter 300 is located in the mobile
station. RF channel has a set of N available subcarriers.
The link receiver 330 and link transmitter communicate
over RF channel 380 using a subset of M of the available
subcarriers.

15 Referring now to FIGS. 3B and FIG. 3C, therein are
shown functional block diagrams of transmitter 300 and
receiver 330, respectively, of FIG. 3A. The functional
features that are shown in FIG. 3B and FIG. 3C are common
to both the base and mobile station receivers and

20 transmitters.

Transmitter 300 includes a serial to parallel
converter 302, mapping circuitry (MAP) 304, inverse fast
fourier transform (IFFT) circuitry 306, a frequency
multiplexer (MuX) 308, and modulator 310. In transmitter

25 operation, serial to parallel converter 302 converts a
serial digital data stream 312 into blocks of M symbols
314 where M is determined by the symbol size and data rate
of the system. The M symbols are then input to the MAP
circuitry 304, where each of the M symbols is mapped onto

30 a subcarrier input of the IFFT circuitry 306. An inverse
fast fourier transform (IFFT) is then performed on the
blocks of data input to the IFFT circuitry 306. The
signals 318 generated at the N outputs of the IFFT
circuitry 306 are then multiplexed in MuX 308 to create

35 a signal 320 containing M multiplexed subcarriers, each
of which carries the data contained in one symbol of the
M symbols 314. The signal 320 is then modulated onto the



FI GS. 6A and 6B are flow diagrans of process steps 30 according to an
alternative enbodi nent of the present invention perfornmed by a |ink
receiver; and FIG 7 is a flow diagram of process steps according to an
alternative enbodi nrent of the present invention performed within a cellular
t el ecommuni catwosgereyst em 35 DETAI LED DESCRI PTI ON OF THE | NVENSE%¢0814 \\DO

97/ 01256 PCT/ SE9/ 00814 - 10-
Referring to FIG 1, there is illustrated a frequency division nultiplexed
(FDM cellul ar tel ecomunications systemof the type to which the present

I nvention generally pertains. In FIG 1,_.an arbitrary geographic 5

area may be divided into a plurality of co&tlguous radi o coverage areas, or

cells 4-C1O Wlay%temenﬁyééﬁm&f 3Bk Git InddulidcbdSEEat ANE! thr-3mR e el ude
only 10 cells, it sa%uld he c earl¥ Lglderstood that in practice, the nunber

of cells will be3udiHhejepalgre %tseﬁergtE aRPEH 47t | ocated within
each of the cells C - GeQeilyez [HXr ihaludes ddemgdalations 332 ¢orfiresmemndiyng

one of a pluralitgeRf h3iexetalippiexP 3840 sEBEN:Glridle BASRForm (FFT)

5 circuitry 336, de-mapping circuitry (DEMAP) 338, a

parallel to serial converter 340, interference measuring

means 344, signal quality measurement means 342 and

processor 346. In receiver operation, the system RF

carrier is received on the system RF channel 322 and then

10 demodulated at demodulator 332, and demultiplexed at DEMUX

334 to obtain N samples 348 of the signal containing, the

M multiplexed subcarriers. A fast fourier transform (FFT)

is then performed by FFT circuitry 336 with the N sawmples

348 as inputs to generate data signals 350 containing any

15 modulating data that was transmitted on each subcarrier.

The N subcarriers demodulated and subjected to the FFT are

determined by parameters input to DEMUX 334 and FFT

circuitry 336 from processor 346. Interference measurement

means 344 measures the interference (I) level on each of

20 the data signals 350 recovered from each of the N samples

348. The N received data sgignals 350 are then input to

the de-mapping block 338 where the M data signals 352

received on the M subcarrier frequencies currently

assigned to link communications are de-mapped from the N

25 data signals 350. The de-maping is done according to

parameters input to DEMAP block 338 from processor 346.

The M de-mapped data signals 352 are then input to the

parallel to serial converter 340 and converted into serial

received data 354. Signal quality (C/I) is measured at

30 the output of the de-mapping block 338 for each of the M

de-mapped data signals 352 received on the M subcarrier

frequencies currently assigned to the 1link on which
receiver 330 is receiving.

The adaptive channel allocation for each link is

35 implemented by ACA processing portion 360 of FIG. 3A which

operates on results of measurements performed in the link

receiver. In the embodiment shown, processor 346 receives



stations Bl -B1lOincludes a transmtter, a receiver, and a base station

controller as are wel
B1-BlO are illustrati
Cl -ClO respectively,

| known in the art. 15 In FIG 1, the base stations
vely located at the center of each of the cells
and are equi pped with omi-directional antennas.

However, in @bhesizseconfigurations of the cellular radi o PgsSEwO08iAE

base stations Bl-BlI O
away fromthe center

may be 20 | ocated near the periphery, or otherw se
of the cells Cl-ClO and may illum nate the cells

C-ClOwth radio signals either omi-directionally or directionally.
Therefore, the representation of the cellular radio systemof FIG 1 is

for purposes of 25
on the possi bl g,
t el ecommuni cati orns®

illustration only and6rs not intended as a linitation
gl enentations cel

St H‘Fﬁs%‘?‘&‘?f"'i%efrﬁ"és%‘?ﬁeﬁéﬁgﬁﬁeoH‘eF‘§urement

I npl emented. Wt hnaami i 34 ngnd ebégeatequal RiG méasarahental réesuldfs 3from
mobi | e stations My MLO @B Xl?@yfrﬁ)éﬁglz‘@nk?tnmégﬁscfii S Qre PrOcefFat MmNl Y

10 nobil e stations ™are shown

it shoul d be uinderstood that the

actual nunber of FRSBALESsPHt FRHMERTUregenfERSPLY §etC iFROFTACE REANEPT | |
i nvari ably dreat |inpertceasd Adre prowkesing baseicst @dorE the syshlmeovehe

uhi | one of NS mblieqeshaLhonp Mudldogmsbeyl onthdi s NE%aﬁ%féPfeﬁe”s

C-Cl0 the presence

sence of e statl ons

an
particul ar one of tq REA processing portion 360 over lnterface 362. ghe

10

15

20

25

30

335

embodiment shown, ACA processing portion 360 is located
within the MSC. ACA processing portion 360 may be
alternatively located within the base stations of the
system. It is also conceivable the functions performed
by the ACA processing portion be distributed among the
mobile station, base station and MSC. Methods of
configuring memories to store the necegsary data, and
methods of configuring microprocessors and software to
perform these types of functions are well known to those
skilled in the art.

When a mobile station functions as link receiver, the
processor 346 transfers the ACA data to the mobile station
transmitter for transmission to the system over intexface
362 which comprises the uplink on the appropriate control
channel. In a base station as link receiver, the processor
346 transfers the ACA data to the MSC over interface 362
which comprises 1landline or other connections. ACA
processing portion 360 operates on the data and then
returns appropriate subcarrier assignment commands to link
receiver 330 over interface 364 which comprises landline
or other connections when the base station is the link
receiver, or the down link on the appropriate control
channel when the mobile station is the link receiver.
Processor 346 of link receiver 330 receives the commands
and then generates the correct input parameters for the
receiver so that the correct subcarriers for the link are
received. ACA processing portion 360 also sends commands
to MAP circuitry 304 associated with link transmitter 300
over interface 366. MAP circuitry 304 then maps the M
symbols to the appropriate outputs of MAP circuitry 304
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cells C-C1lO shoul d be understood to depend in practice on the individual
desires of the users of nobile stations M-MO who may roam from one

| ocation in the cell to another or fromone cell to an adjacent cell or 5
nei ghbori ng cewoosmmteeven from one cellular radi o system serrcuiSESG/0e814
particular MSC to anot her such system Each of the nobile stations M-MLO
is capable of initiating or receiving a tel ephone call through one or nore
of the base stations BlI-B10 and a nobile station 10 swi tching center
MSC. A nobile station switching center MSC i s connected by commruni cati on
links, e.g., cables, to each of the illustrhftve base stations Bl-B1O and

to the fixed public sw.tched tel ephone network PSTN, not sho or .
S lar 1hxed net B CER. TR PgacEnof if ayprerrigte 12 ¥Pepdhifret o
network (1SDN) ¢acility. The rel evant connections between the nobile

stat i on swi FChi ng centfle MpecaBdatPe Lase ahlse8s BleBRiln Oknbetyelmd he
nmobi | e station sw tchl,%gsce ter and t he _PSTN or |
1

; Sggl',f are not
conpl etely shown FR2EH a%e aF LA LEPRS K ABRNMEGSt RS sygtem Jay nbfy
skill in theSart.acSompliashed idy | kredwsn lvenbods. In the described

embodiment the DCCH and PCCH channels may be used on both
the uplink and downlink tc transfer measurement results
or subcarrier assignment messages between a mobile station
and the system. The use of control channels to carry such

10 information is known to those skilled in the art.

Referring now to FIG. 42, therein is shown a flow
diagram illustrating the steps performed by the link
receiver 330 during the ACA process. The steps performed
by a mobile station receiving on a downlink and the steps

i5 performed by a base station receiving on an uplink are
essentially identical and FIG. 4A can be used to describe
the steps performed by the link receiver 2330 in both
cases, The differences between the process steps
performed in the mobile station and base station involve

20 step 428 of FIG. 4A. FIG. 4B is a flow diagram that
illustrates additional steps performed by the mobile
station during step 428 of the ACA measurement process.
These extra steps will be described with reference to FIG.
4B as the process of FIG. 4A is described.

25 The ACA process begins when it is necessary for the
system to create a communications link between a mobile
station base station pair on either the uplink or the
downlink. Referring again to FIG. 44, at step 402 the
link receiver receives from the system a measurement order

30 message to measure interference (I) on each of a group of
N subcarriers available for the link. The N subcarriers
may be all subcarriers available within the system or a
smaller group of subcarriers chosen from all subcarriers
available within the system. Next, at step 404 the I

35 measurements are performed. Then, from step 404 the
process moves to step 406 where the I measurement results
are sent to the system. When a mobile station is the link



to include nore than one nobile station switching center in a cellular
radi o system and to connect each additional nobile station switching center
to a different group of base stations and to other nobile station swtching
center 25 via cable or radio |inks. Each MSC may control in a systemthe
adm ni strati onwofe7omssuni cati on bet ween each of the base st aPCUSEBISI O
and the nobile stations ML-MLO in conmunication with it. As a nobile

station roans about the system the nobile 30 station registers its
location with the systemthrough the base station that controls the area in
whi ch the nobile station I's |ocated. When the nobile station

t el ecommuni cati ons systemreceives a call adhressed to a particular nobile
station, a pagi NG dERINALS agdr @sa@Qsﬁpe&}m retémttsna%l @r-a{s%{ﬂt%dl Sver

broadcast on contr.ol nnel s base st at whi ch contr ol
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channel s and sen a page response to t base station from
recei ved th Strdﬁa%StVla the appropriate overland means. After

transmitting the I measurement results the process moves

to step 408 where the link receiver waits for a response

from the system. The process steps that take place when

the link receiver is in the wait state at step 408 will
10 now be described with reference to FIG. 5.

Referring now to FIG. 5, therein are shown the
process steps performed within the ACA processing portion
of system during the ACA process. At step 502 the results
of the I measurement performed on the N subcarriers at the

15 link receiver are received by the ACA processor. Next,
at step 504 the ACA processor determines the M least
interfered unused subcarriexrs from the results of the I
measurements made on the N subcarriers. From step 504 the
process then moves to step 506 where a subcarrier

20 assignment message assigning the subset of the least
interfered M subcarriers to the link is sent to both the
link receiver and the link transmitter. The ACA processor
now moves to step 508 and waits for further input from the
link receiver. The process flow now returns to step 408

25 FIG. A4A. Alternative methods of determining the M
subcarriers for the subcarrier assignment message may be
used in place of step 506. For example, the subcarriers
could be assigned on the bagis of how their use effects
transmissions in neighboring cells. If one of the least

30 interfered M subcarriers was used in a neighbor cell, the
subcarrier would not be used. In this case the M
subcarriers may not be the least interfered M subcarriers.

Referring again to FIG. 4A, the link receiver which
has been in the wait state at 408 now moves to step 410

35 and receives the channel assignment message assigning the
subset of M subcarriers to the link. Next, the process
moves to step 412 as the link receiver begins receiving



access channel signal. The process is then initiated to 5 create the
call connection. The MSC controls the paging of a nobile station believed
to be in the geographic area served by its base stations B1-B10 in response
to the receipt of a call for that nobile station, the assignment of radio
channel s to a wobhesstati on by a base station 10 upon r ePETISEISH08B page
response fromthe nobile station, as well as the handoff communi cati ons
with a nobile station fromone base station to another in response to the
nobil e station traveling through the system fromcell to cell, while
comuni cation is in progress. 15 Each of the cells C1-COis
allocated a plurality of FDM subcarrier fréﬁ%éncies and at | east one
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been received the process ends. The call end signal may

have been transmitted by the system to the link receiver

10 or initiated at the link receiver itself. A call end
signal indicates to the process that communications on the

link have terminated. If a call end has not been
received, the process moves to step 420 and the 1link
receiver determines whether a measurement timer message

15 has been received. The measurement timer is contained in
the processor associated with the link receiver. The
measurement timer generates a measurement message at
periodic intervals informing the link receiver to make
measurements. Each measurement timer signal defines a

20 measurement interval. If a measurement timer message has
been received the process moves to step 424. At step 424

the link receiver measures I on the set of N subcarriers.

The I measurements may be averaged with the results of a
certain number of previous I measurements for each

25 subcarrier to obtain accuracy. The first time through
step 424 the measurements are averaged with the results
cbtained in step 404. On subseguent passes through step

424 the measurement results are averaged with the last n
previous measurements, where n is a value allowing an

30 accurate following of a subcarrier's interference level
within the system. From step 424 the process moves to step

426 and the link receiver measures C/I on each of the
subset of M carriers. The C/I measurements are also
averaged with the last n previous C/I measurements. Then,

35 at step 428 the 1link receiver sends the I and C/I
measurement results to the ACA processing portion of the
system. Depending on whether the link receiver is the



bandw dt h of 5MHz and a subcarrier spacing of 5KHz. The 30 total nunber
of subcarriers available for this systemis approxi mately 5MHz/ 5KHz = 1000.
The subcarriers are nodul ated onto a systemRF carrier with a frequency of
2GHz for transm ssion over the system RF channel and the frequency spectra
of the transnmwhasdegsgnal is centered 35 - around the RF capcCrSE6/008H4I
subcarriers are available for use in each cell but a subcarrier nmay not be
used sinul taneously on nore than one link in a cell. Frequency WO

97/ 01256 PCT/ SE96/ 00814 - 13-

di vision duplex (FDD) is used for separation of the uplink and downlink
subcarriers frequencies. The systen1|nclud8§ a dedi cated control channel
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short term10  ifanked HFPﬁ%%ﬁ‘?%n i Aforthgt |Jdrf‘k SHRFAIMEET i $HoheFOPIAEY ol
I nformati on5 neastraanient itessdgeslank thassuestsys rgduwint Sn FIG. 4B may

be used to reduce signaling traffic as the results are

transmitted to the system over the uplink via the base

station.
Referring now to FIG. 4B, therein is shown a flow
10 diagram illustrating process substeps performed by a

mobile station performing step 428 of FIG. 4A. Signaling
traffic on the uplink is reduced by transmitting differing
sets of measurement results to the system over differing
time intervals. Over long reporting intervals all I
15 measurement and C/I measurement results are transmitted
to the system. Ovexr shorter reporting intervals a reduced
set of each of the I measurement and C/I measurement
results are transmitted. The long and short intervals may
be defined so that a long interval occurs every nth short
20 interval or every nth measurement period, where n is a
number such as, for example, 25. At step 428a the mobile
station determines whether the measurement period involves
a short time interval for reporting measurement results.
If it is determined that the measurement period involves
25 a short time interval for reporting measurement results
the process moves to step 428b, where the mobile station
transmits the C/I measurements for the Y worst quality
subcarriers of the subset of M subcarriers, where ¥Y<M, and
the I measurements for the Z least interfered of the N
30 subcarriers to the system, where Z<N. The values of ¥ and
Z are chosen to allow adequate information for effective
ACA while minimizing signaling traffic. Y may be set to
1 and Z may be set to a number calculated to contain on
average the I measurement results of at least one
35 subcarrier not used within the same cell. The process then
moves to step 414 where the mobile station waits for
further input. However, if, at step 428a, it is



In the ACA of the invention, for each up/down |ink between a nobile station
and base station, the system chooses a subset of a nunber (M of
subcarriers froma set 15 of a nunmber (N) of subcarriers. The set of N
subcarriers is the set of subcarriers available within the systemfor each
i nk, where N>Modnesset of N subcarriers does not change durPCIJSED6/00814
communi cation. The set of N subcarriers may include all subcarriers of the
system Alternatively, 20 the set of N subcarriers may be a set less in
nunber than the total nunber of subcarriers available but greater in nunber
than the nunmber of carriers in the subset oé M subcarriers. Referring now
to FIG 2 thereinis illustrated the 25 Mrocation of subcarriers in
accordance with t | y
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process flow now moves to FIG. 5 as the ACA processor
receives the measurement results from the link receiver.

10 Referring again to FIG. 5, the ACA processor which
’ has been in the wait state at step 508, receives an input
from the link receiver at step 510. The ACA processor may
receive measurement results or a call end signal at step

510. When an input is received the process moves to step

15 512 where it 1is determined what type of input was
received. If a call end signal is received the process

ends. In this example the received message is measurement
results so the process moves to step 514. At step 514 the

ACA processor determines the subcarrier of the subset of

20 M used subcarriers with the lowest C/I measurement value.
Next, at step 516 it is determined if the C/I of the
lowest C/I measurement value of the subset of M
subcarriers is below the ACA C/I trigger threshold. If,

at step 516, it 4is determined that the lowest C/I

25 measurement value is not below the ACA C/I trigger
threshold the process flow will return to step 508 where

the ACA processor will wait for further input. IE,
however, at step 516 it is determined that the lowest C/I
measurement value is below the ACA C/I trigger threshold

30 the process flow will instead move to step 518. At step
518 the ACA processor determines whether an unused
subcarrier of the set of N subcarriers exists which has

an I measurement value less than the I measurement value

of the subcarrier of the subset of M with the lowest C/I

35 measurement value. If at step 518 it is determined that
nc unused subcarrier exists with a lower I measurement
value, the process flow will return to step 508 where the



only be used once within a cell. WD 97/ 01256

PCT/ SE96/ 00814 -14- Referring nowto FIG 3A therein is shown a bl ock

di agram of a system according to the present invention. The system consists
of alink transmtter 300, link receiver 330, ACA processing portion 360
and RF channel wo97014580. The receiver 330 and transmtter 30FCTSEIG00814
particular link are |located at opposite ends of the link. In the downlink
the receiver 330 is located in the nobile station and the transmtter 300
is located in the base station. In the uplink the receiver 330 is | ocated

in the base 10 station and the transnmitter 300 is located in the nobile
station. RF channel has a set of N availabT%zéubcarriers The link receiver
330 and link tran t 9@pu1 t e F us g t of

M of the avallablée% %éﬁé: d#% batt EOB rlng gﬁ& t{H and

FIG 3C, therein aFeS§ﬁ@w§1ﬁuﬁ@t“@H&deﬁébﬁaérb3¥aﬁ%lﬁﬁstW%ﬁhmﬂt¥9§8r360 and
recei ver 330, respesshvatant 9hlit Ga IdreTpeefemredd @nabaf@ﬁzuéﬁﬁswadn@,re

shown in FIG 38 gad LG G ASo™B" dPOLlo! MGcPa; b d™Phbe AbRT T o
5 processor inserts the least interfered unused subcarrier

into the subset of M subcarriers and removes the
subcarrier of the subset of M with the lowest C/I
measurement value from the subset. To avoid hysterisis
effects the change of subcarriers may be performed after
10 calculating a C/I for the least interfered unused
subcarrier during step 518 and determining that the
calculated C/I is a minimum amount above the C/I of the
subcarrier to be removed. If the C/I for the least
interfered unused subcarrier is not a minimum amount above
15 the C/I of the subcarrier to be removed the unused
subcarrier can be considered not acceptable as a
replacement. From step 520 the process moves to step 522
where the system sends a reconfigure subset message to the
link receiver instructing the link receiver to reconfigure
20 the subset of M subcarriers assigned to the link to
conform to the changes made by the processor. Then the
ACA processor moves to step 508 and waits for further
input from the link receiver. The procedure given by
steps 514-520 could alternately be performed by
25 determining a plurality of less interfered unused
subcariers and exchanging these with a plurality of used
subcarriers having an interference level below the C/I
threshold. The subset c¢ould also be reconfigured
according to other criteria. For example, the subset of
30 M could be reconfigured on the basis of the effect of
using the subset, in the <c¢ell of the 1link, on
communications occurring in ﬂeighbor cells. 1If some of
the M sgubscarriers used in the cell were also used in
neighbor cells, these could be replaced with subcarriers
35 unused in the cell and also not used in neighbor cells.
Reconfiguration could take place even if the used
subcarriers were not below a C/I threshold or even if the



20 transmtters. Transmitter 300 includes a serial to parallel converter
302, mapping circuitry (MAP) 304, inverse fast fourier transform (IFFT)
circuitry 306, a frequency nultiplexer (MuX) 308, and nodul ator 310. In
transmtter 25 operation, serial to parallel converter 302 converts a
serial digitalwdargiseream 312 into bl ocks of Msynbols 314 wigavsEodvboss
determ ned by the synbol size and data rate of the system The M synbol s
are then input to the MAP circuitry 304, where each of the Msynbols is
mapped onto 30 a subcarrier input of the IFFT circuitry 306. An inverse
fast fourier transform (I FFT) is then perfornmed on the bl ocks of data input
to the IFFT circuitry 306. The signal s 3T§}generated at the N outputs of

the I FFT circuitry, %%%lcs exeiag %&‘Xﬁ&éﬁe%écg()?e%gmze%@exsihan

signal 320 cont ai ni ng carriers carries the
dat & cont ai ned i ntferaRiAsSS §PbFﬁ§er¢§§‘/nbol s 314. The signal 320 is then
nodul ated onto the 1NES§BHEB%56cont1nues as long as a call is ongoing
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as an OFDM si gnal over 1
5 receiver will next move from the wait state at step 408

upon receiving an input and the process steps shown in
FIGS. 4A, 4B and 5 will be repeated until the call ends
and a call end signal is received by the link transmitter,
link receiver and ACA processing portion of the system.
10 In an alternative embodiment of the invention, a
mobile station as link receiver transmits request messages
requesting & certain subset of M subcarriers, or
requesting replacements for the M subcarriers, to be used
on the 1link. Signal measurement results need not be
15 transmitted from the mobile station to the system. The
system in turn transmits subset accepted or subcarrier
accepted messages to the mobile station. The downlink ACA
processing mainly takes place in the processor 346 of the
receiver in the mobile station. In this alternative
20 embodiment steps 504, 514, 516, 518 and 520 shown in FIG.
5, which are performed by the system in the first
embodiment, would be performed by processor 346 in the

mobile station. The base station ACA process flow for
uplink measurements remains as illustrated in FIGS. 44,
25 4B and 5.

Referring now to FIG. 6A, therein is shown a flow
diagram illustrating the steps performed by a mcbile
station as the link receiver during the ACA process of the
alternative embodiment of the invention. The ACA process

30 begins when the mobile station receives a measurement
order message at Step 602. Next, at Step 604 the
interference (I) on each of the group of N subcarriers
available for the link is measured at the mobile station.
Next, the process moves to Step 606 where the M least

35 interfered subcarriers are determined. From Step 606 the
process moves to Step 608 and a subset request message is
sent to the system by the mobile station. The subset



Recei ver 330 includes denodul ator 332, frequency denmul tipl exer (DEMJX) 334,
fast fourier transform (FFT) 5 circuitry 336, de-mapping circuitry
(DEMAP) 338, a parallel to serial converter 340, interference neasuring
means 344, signal quality measurenent neans 342 and processor 346. In
recei ver oper awoyhoidsbe system RF carrier is recei ved on..t he pexyStedoosis
channel 322 and then 10 denodul at ed at denodul ator 332, and
dermul ti pl exed at DEMJX 334 to obtain N sanples 348. of the signal
containing, the Mmultiplexed subcarriers. A fast fourier transform (FFT)
I's then performed by FFT circuitry 336 with the N sanples 348 as inputs to
generate data signals 350 containing any T%4- nodul ating data that was

transmtted on each su carrigr. Tﬁé'N égbcarréqgs d nndg%p&eg and guggected
to the FFT are det eFHed 55395 ARELEPEST it 1% At hGEFRPPL
circuitry 336 frostgrisgesseoqusstds ktheerdss enfe emslsusubearrieansirG4the

measures the int efécﬁfe%’&‘é@ Ehpséevelmpn Rsaf ndd movéémddj%ttfépsis%alaﬁd%o
N recei ved data si gnals 350

recovered fromeach of .the N sanples 348._The
are then input tottﬁﬁé“%qﬁaﬁﬁﬁﬁggﬁlﬂﬁkt%B?w earisr‘l’@ergé’f“at giXFEe852
recei ved on % he Nrhaibhwmceser sfeps usrdi dekeupient| yherssiymaddoesisi Ak in

communi cations argnéeggppprgcadd ogtt Beed 880 wild!Aowl BBAkes3P0bedh@ith
de-maping i s done accordin araneters input to DEMAP bl ock 338 from

to
processor 346. The® ’E?é‘-""l‘?agﬁeﬁlgat'é' signals 352 are then input to the
Referring now to FIG. 7, therein are shown process

steps performed within the ACA processing portion of the
10 system according to the alternative embodiment of the
invention when the mobile station is involved in the ACA
process. At Step 702 the ACA processing portion receives
the subset request message. Next, at Step 704 the system
determines if the mobile is allowed to use all of the M
15 subcarriers in the requested subset. Certain subcarriers
may not be available for use in the cell, for example, if
they are being used by another mobile station or, if they
have been reserved within the system for special uses.
The availability of the M subcarrier may also be
20 determined as to how their use effects transmissions in
neighboring cells. The ACA is designed to allow’
flexibility to the system operators in making these
decisions. If it is determined that the mobile station
is allowed to use all M subcarriers in the requested
25 subset, the system will transmit a subset accepted message
to the link receiver. If however, at Step 704, it is
determined that subcarriers of the suggested subset cannot
be used by the mobile station, the process moves to Step
720 and the system transmits a subcarrier rejected message
30 rejecting the unavailable subcarriers as part of the
subset of M subcarriers. The process flow now moves to
Step 722 as the process waits for a reply from the mobile
station.
Referring now to FIG. 6A, at Step 612 the mobile
35 station receives a subset accepted message or subcarrier
rejection message transmitted from the system. If a
subset acceptance message is received, the process moves



parallel to serial converter 340 and converted into serial received data
354. Signal quality (C1) is nmeasured at 30 the output of the

de- mappi ng bl ock 338 for each of the M de-mapped data signals 352 received
on the M subcarrier frequencies currently assigned to the Iink on which
recei ver 330 iwo9e@gisyi ng. The adaptive channel allocation f@cresmsbodsiank is
35 I npl ement ed by ACA processing portion 360 of FIG 3A which operates
on results of neasurenents performed in the link receiver. In the

enbodi ment shown, processor 346 receives WO 97/ 01256

PCT/ SE96/ 00814 -16- interference neasurenepss.frominterference nmeasurenent
nmeans 344 and signal quality nmeasurenent results fromsignal quality

measlur ement neansc&@;epTh?opwmm 346k opedaitves BRghihe reRREIViagedsing
(eouLys, Lo, Gerer o Gake; GAL" ppghbPUt 12 SSOBLECSHE! A0GBOGLON 00,01
to ACA processi ngdgtrnmined3ebab\ersubsaarigtergbctad messagatiodi heat betown,
ACA processing poréddivedOthe psisadmbveli fotdiadViBes, ACAHREOEE8SI e
portion 360 gy B 10 recelvhE’ S84 YSIks! 22! 8N AL SNE (BRSESLEL1 QRS Of
the rejected requested subcarrier(s). These candidates
would be the next least interfered subcarriers of the set
of N available subcarriers that are not in the suggested
set of M.

10 From Step 616 the process then moves to Step 618
where a subcarrier request message requesting the next
candidate subcarrier(s) is transmitted to the system. The
process then moves to Step 610 as the link receiver waits
for an answexr. The process will continue through the

15 loops formed by the Steps 610, 612, 614, 616, 618, and,
706 and 708, until the complete subset of M subcarriers
is accepted. Then the process moves to Step 620 where the
mobile station begins receiving on the link using the
accepted subset. The process now moves to the wait state

20 of Step 622. When in the wait state of Step 622 the
process may receive either a call end or measurement timer
message. The call end and measurement timer messages are
equivalent to the call end and measurement messages
described above for the previous embodiment of the

25 invention. The link receiver receives the call end or
measurement timer message at Step 624 and moves to Step
626 where it is determined if a call end was received.
If a call end is received the process ends. If, however,
a measurement timer message was received, the process

30 moves to Step 628. At Step 628 the mobile station
measures I on all N available subcarriers and averages the
results for each subcarrier. Next, at Step 630, the link
receiver measures C/I on the subset of M subcarriers and
averages the results for each subcarrier. The process now

35 moves to Step 632 of FIG. 6B.

At Step 632 the 1link receiver determines the
subcarrier of the subset of M with the lowest C/I. Next,



system It is also conceivable the functions perfornmed by the ACA
processing portion be distributed anong the nobile station, base station
and MsC. Met hods of configuring nenories to store the necessary data,
and 15 met hods of configuring mcroprocessors and software to perform

t hese types ofwéenemseons are well known to those skilled in POESES60081\hen a
nobi |l e station functions as link receiver, the processor 346 transfers the
ACA data to the nmobile station 20 transmtter for transmission to the
system over interface 362 which conprises the uplink on the appropriate
control channel. In a base station as |ink2geceiver, the processor 346
transfers the ACA data to the MSC over interface 362 which conprises

| andl i ne or ot hertcStorpctBodNEt HCAALErminmddds shaglpeest ofV B6s dpdiomt es on
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300 set of N not in the subset of M exists. If a less
interfered subcarrier does not exist the process returns

10 to Step 622. If, however, a less interfered subcarrier
does exist, a more preferred subcarrier exists and the
process moves to Step 638. At Step 638 the mobile station
transmits a subcarrier request message to the system
requesting the least interfered subcarrier not in the

15 subset of M subcarriers as a replacement for the
subcarrier with the lowest C/I. The process within the
mobile station now moves to the wait state of Step 640 and

the process flow moves to Step 708 of FIG. 7. The ACA
processing portion of the system receives the requested

20 subcarrier message at Step 710. The procedure outline in
steps 632-638 could alternately be performed by
determining a plurality of used subcarriers with the
lowest C/Is of the subset and then determing a plurality

of 1less interfered unused subcarriers as requested

25 replacements. After receiving the subcarrier requested
message it is determined, at step 716, if the requested
subcarrier is used within the cell on a link with another
mobile station. If the regquested subcarrier is used
within the cell the system moves to Step 718 and transmits

30 a requested subcarrier rejected message to the mobile
station and the process returns to Step 708. If, however,

the suggested replacement is unused within the cell, the
system tramnsmits a requested subcarrier accepted message

to the mobile station and the process returns to Step 708.

35 As an alternative to determining if the requested
subcarrier is used with the cell, other criteria may also

be used to determine availability. Foxr example, if the



over interface 366. MAP circuitry 304 then maps the M synbols to the
appropriate outputs of MAP circuitry 304 WO 97/ 01256

PCTI SE96/ 00814 -17- so that the correct subset of M subcarriers is
transmtted on. The necessary data transfer between the nobile stations,
base stations wod7bf3€s of the system may be 5 acconpl i she®CTISEI6/608BIN
nmet hods. In the described enbodi nent the DCCH and PCCH channel s may be
used on both the uplink and downlink to transfer neasurenent results or
subcarrier assignment nessages between a nmobile station and the system The
use of control channels to carry such 10 4nformation is known to those
skilled in the art. Referring nowto FIG 4% therein is shown a fl ow

diagramillustrat té@éé&&%ﬁﬁéawéxoh@edséa hh% hkMgnB&e /isar £330sgytémy

t he ACA process. The erforne a, bl at i receivi
downl i nk and t he g?% gj eft per?orggﬁgﬁ H baé@"?iatlgﬁlré%ﬂ?ﬁ? %%e%n
uplink are essentmqY¢§ fxmitheawaahdsFae df\ Ieap HdO0usedStepdéserapetinde

steps perforned byobheel idtatienei ¥ete B3l | HHROt Beb@S@ice o?hereslééé%ﬁnces
bet ween th65 process St ep%\lext at Step 644, it is determined if the
requested subcarrier was accepted. If the requested
subcarrier was accepted the process moves to Step 646 and
the mobile station reconfigures the subset of M
subcarriers on which the mobile station is receiving to
10 include the requested subcarrier and deletes the
subcarrier with the lowest C/I. Then, the process moves
to the wait state of Step 622. If, however, the requested
subcarrier is not accepted the process moves to Step 648.
At Step 648 the mobile station determines if a new
15 candidate subcarrier less interfered than the subcarrier
of M subcarriers with the lowest C/I, that has not been
already rejected as a requested subcarrier within this
measurement interval, exists. If a new candidate
subcarrier does not exist the process moves back to the
20 wait state of Step 622. If, however, a new candidate
subcarriexr does exist, the process moves to Step 638 where
the mobile station transmits a subcarrier regquest message
to the system. The message requests the new candidate
subcarrier found at Step 648 as the new replacement
25 subcarrier. The process then moves to Step 640 and waits
for an answer from the system. The process will continue
through the loops formed by Steps 642, 644, 648, 650, and,
638 and 710, 712, 714, and 716 or 718, until a requested
subcarrier is accepted or no new candidate exist. The
30 process then moves to the wait state of Step 6€22. The ACA
process will continue throughout the call and be invoked
each time a measurement timer message is received. When
the call ends, the process will end through Steps 624 and
626.
35 As can be seen from the above description, the
invention provides a method and system of adaptive channel
allocation for an OFDM system. Use of the invention will



performed in the nobile station and base station involve 20 step 428 of
FIG 4A. FIG 4B is a flowdiagramthat illustrates additional steps
performed by the nobile station during step 428 of the ACA nmeasurenent
process. These extra steps will be described with reference to FIG 4B as
the process of wodamsé. i s described. 25 The ACA pr oc®s3/SBesfiosid when
it is necessary for the systemto create a communi cations |ink between a
nobil e station base station pair on either the uplink or the downlink.
Referring again to FIG 4A, at step 402 the link receiver receives fromthe
system a neasur enent order 30 nmessage tQ neasure interference (1) on
each of a group of N subcarriers avail abl e48%r the Iink. The N subcarriers
may be all subcargj.e avail i Lhin a; |.l.ar..gtoup . of
subcarriers choseénﬁﬁﬁrno%r% \é‘:ﬁe gg%gg%%&f'g éa%%@éﬁ%&%%ﬁi Jﬁ?{%e‘flh?fgt é?’n ESNext ,
at step 404 the |imglemengeds ThgeAtarkite fhorgededllocahion ig desioPEP 404
tEe process rTDV\hveStcs Omﬁﬁﬁﬁiﬂé)GtN\éleéﬂgﬁmhﬂg lrmuzej@ntne"&%uh&? abecaepyy to
the system en i tall S in WO 56. .

PCT/ SE96/ 00814 1%&%%2%‘4‘338‘? 9%%1‘ngé né’%sﬁtrhgne St}eer%u}lggé%%% thhsArtted
over 5 provide the benefits of adaptive channel allocation. The

result is a system with better spectral efficiency, less
dropped calls and better quality communications for each
link.
It is believed that the operation and construction
10 of the present invention will be apparent from the
foregoing description and, while the invention shown and
described herein has been characterized as particular
embodiments, changes and modifications may be made therein
without departing £from the spirit and scope of the
15 invention as defined in the following claims.



the DCCH or PCCH channel to the base station and then transferred to the
MSC. When a base station is the link receiver, the | nmeasurenent results
are transferred to the 5 MSC via, the ap roprlate overland neans.
After transmtting the | maasurerrent rp gbss noves to step 408
where the |ink weeseessr waits for IT ﬁe syst em pdhBES00NESS
steps that take place when the Ilnk r he wait state at step
408 will 10 now be described with reference to FIG 5. Referring nowto
FIG 5, therein are shown the process steps performed within the ACA
processi ng portion of systemduring the ACA process. At step 502 the
results of the | nmeasurenent performed on t1%@-N subcarriers at t28415h ACA
i nk receiver are CA processor. Next, at step t he
processor determi rﬁggﬁf'ﬁe ﬁ*%ﬂ%ﬁ% terfered unused subcarr| ers fromthe
results of the | neasufeneni® made t@leadeomiindobtions er systemm shepwhfdht he
process then ”DVe?cdrﬁuﬁi@&f&@: mgﬁ\eaalﬁks@f@ahlsﬁitt?@r to &Y 91&”%%% %g?age

assigning the subset | ea i nterfered M subcarriers to th
sent to both the IFHk F%E%‘f‘i’/%‘?ecin‘ﬂ'et’héa 1guReety 9hshi seerof mé’lﬁmlﬁltaceﬁsor
now noves toJdst ep SSd@azmdenai evaibablertbea liput f munhdie dfi RR 1oeaeiugr .

The process flow @@%c@&&ﬂéﬂ§ R rSt&Pntf &2 ionsFlo @% A%&fénﬂékﬁgd

met hods  of determ ni ng, ehM subcar ré ers for the SUBCArTiar assi ghnent
comprl 1n

nmessage nay be © steps o

allocating a plurality of subcarriers from said
set to provide said subset;

10 measuring a received signal on each subcarrier
of said set;
determining if at least one unused subcarrier
exists in said set that is more preferred for use on
said link than a subcarrier of said subset; and
15 reconfiguring said subset in response to an
affirmative determination.

2. The method of claim 1 in which said step of
allocating comprises the steps of:
20 measuring an interference level (I) on each
subcarrier of said set; and
determining said subset, said subset comprising
a plurality of least interfered unused subcarriers
of said set.

25
3. The method of claim 2 in which said step of
measuring an interference level (I} further comprises the
step of:

transmitting a plurality of results of said
30 interference level (I) measurements from said link
receiver to said system, wherein the number of said
plurality of results transmitted is less than the
number of subcarriers in said set.

35 1. The method of claim 1 in which said step of
measuring comprises the steps of:
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used in place of step 506. For exanple, the subcarriers could be assigned
on the basis of how their use effects transm ssions in neighboring cells.
| f one of the |east 30 interfered M-guhgal &S, was ysed in a nei ghbor
cell, the subcarrier would not be used. the M subcarriers
may not be the weawéi12sent erfered M subcar ‘lﬁ& g agai PCT/SE9G0E814 4 A,
the link receiver which has been in the 08 now noves to step
410 35 and recei ves the channel assignnent nessage assigning t he subset
of M subcarriers to the link. Next, the process noves to step 412 as the

| i nk recei ver begins receiving WO 97101256

PCT/ SE96/ 00814 -19 - on the link using the‘%%signed subset of M
subcarriers. Fromstep 412 Co;0GeSs now1 s to 1 nd waits for
further input. At step 416‘%%‘|npu &re?ﬁg ﬁeﬁﬁl 352 VBreﬁ§§
recei ve three types ofs¢b$iM¥#QMﬂqfeS§ld Sebce|V|ng usi ng the assigned
subset of M subcarrlers At deC|S|on step 418 the link receiver determ nes
if a call end signal n rec If.a,call .end_signal has been

recei ved the process € ds gﬁhe %%f o nﬂstbﬁﬁV g Phibdc eéﬁlgr§ﬁ§H1FFed by
the systemt® thempashringetamprises the steps of:

measuring the signal gquality (C/I) on each
subcarrier of said subset.

6. The method of claim 1 in which said step of
10 measuring comprises the steps of:
measuring the interference level (I) on each
subcarrier of said set; and '
measuring the signal quality level {(C/I) on
each subcarrier of said subset; and,
15 said step of determining comprises the steps
of:
determining a subcarrier of said subset
with a lowest signal quality level (C/I); and
determining if an unused subcarrier of
20 said set exists that has an interference level
(I) lower than the interference level (I) of
said subcarrier of said subset with said lowest
signal quality level (C/I).

25 7. The method of claim 6 in which said step of
reconfiguring comprises the steps of:
removing said subcarrier with said lowest
signal quality (C/I) from said subset in response to
an affirmative determination; and

30 inserting said unused subcarrier into said
subset.
8. The method of claim 6 in which said step of

measuring the interference level (I) further comprises the
35 steps of:

transmitting a plurality of results of said
interference level (I) measurements from said link
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10 or initiated at the link receiver itself. A call end signal
I ndi cates to the process that communi cations on the |link have term nated.

If a call end has not beenfh t HascBeert Rslagpdocess noves to step 420 and the
link receiver determ nes wh l “ﬂ ment tinmer nessage 15 has been
received. Thewgapusenment ned in the processaicaesossat ed
with the link receiver. The neasurenent tiner generates a neasurenent

nmessage at periodic intervals informing the |link receiver to nake

measur enent s. Each nmeasurenent timer signal defines a 20 measur enent
interval. If a measurenent tiner nessage has been received the process
noves to step 424. At step 424 the link recdi'ver neasures on the set of N

I
subcarriers. The | ne r t ; be erag it ere ts of
certain nunber of pr e\a/zls%ﬁgmﬁgng%g%le?resrﬁa%tﬁugr %glg\gnﬁlQSERe é‘ﬁ'ﬁtg%’fr?fe)rsatqg
obtain accuracy. The ¥asudtst | wEanapidiigd step 1ems t hbaneddier enunber acd

averaged with the reswydbsragliairBedni §a6d edetd04bndn subsequent passes
t hrough step 424 the neasure

ment ées?tf;:lts are. av r.aged vvis_h thﬁ.las{%ﬁ)
previous measurenents, wheP& R PER VafGESHFHER YT 419361 TUAtt¥ a
fol I owi ng of3a subcar riuntheri gpaprépencehe¢ estpsniofhi n the system From step
424ht h]ga ﬂl ocesz mtovefs }\A o step 42%&3@1#‘3@?' gk ﬁﬁﬁ%ll\&%[y nsﬁsweﬁm%l o g
each o e subset o carri.ers.. e . reasuyr nt's are al so ayverage
with the last n previous C‘f"’lal%ea%’tﬁré‘%‘[f‘lenf’fg‘f‘1 ﬁ’f‘?én?g/?we méastrements from
said link receiver to said system, wherein the
number of said results transmitted is less than
10 the number of subcarriers in said subset.

9. The method of claim 1 in which said step of
allocating comprises the steps of:
measuring an interference level (I) on each
15 subcarrier of said set;
determining a candidate subset, said candidate
subset comprising a plurality of least interfered
subcarriers of said set;
transmitting a subset request message from said
20 link receiver to said system;
receiving an answer message from said system at
said link receiver; and
determining whether said candidate subset is

accepted for said link from said answer message.

25
10. The method of claim % in which said step of
receiving an answer message comprises receiving a subset
accepted message.

30 11. The method of claim 9 in which said step of
receiving an answer message comprises receiving one or
more subcarrier rejected messages, and said step of
determining whether said candidate subset is accepted
further comprises the steps of:

35 determining one or wmore next candidate

subcarriers for said subset;
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35 at step 428 the link receiver sends the | and C1 neasurenent
results to the ACA processing portion of the system Dependi ng on whet her
the link receiver is the WD 97101256 This Sheet Has Bee

n Repl
PCT/ SE96/ 00814 -20- base station or nobile s pa?ﬁ may be
performed i n diWwosmiongsways. |If the |ink re I e SipairisRok/dofR
averaged neasurenent results may be sent dire CA processor
If the link receiver is a nobile 5 station |n a dommlink t he subst eps

shown in FIG 4B may be used to reduce signaling traffic as the results are
transmtted to the systemover the uplink via the base station. Referring
nowto FIG 4B, therein is shown a flow 10 '3zﬁiagran1lllustrat|ng process

subst eps perforned by a nobi p or step 428 of Fl G
SlgnaIPngptrafflc onythe upf'gﬁgbgkkgggcgég giggﬁ ﬁk??ﬁf%ﬁ%f%ﬁqqﬁf%%ﬁs
of neasurenent results mﬂﬁﬂaﬁessi'm@rﬁ@ﬂerlldkftwemrt toesaid esystien; ar@ver

long reporting intervals allrebed®ing Qﬁﬁﬁ%&ﬁﬁgnéfQﬁﬁegkknﬂE§§H&?Qﬁn%lre
results are transmtted t th ggﬁ& shorter ortln Intervals a

reduced set of each of Q c&ﬁalﬁff ﬁ%%s ing one or
5 more subcarrler requested messages to said system

until a complete subset is accepted.

12. The method of claim 1 in which said step of
determining if an unused subcarrier exists comprises the
10 steps of:
determining if a candidate subcarrier of said
set exists that is more preferred for use on said
link than a subcarrier of said subset;
transmitting a subcarrier request message from
15 said link receiver to said system;
receiving an answer from said system at said
link receiver;
determining from said answer if said candidate
subcarrier is unused; and
20 repeating, in response to a negative
determination, the steps of determining if a
subcarrier of said set exists that is more
preferred, transmitting a subcarrier request,
receiving an answer, and determining from said
25 answer, each time with a different candidate
subcarrier, until said step of determining from said

answer results in an affirmative determination.

13. The method of claim 12 in which said step of
30 measuring a received signal on each subcarrier of said
subset comprises the steps of:
measuring the interference level (I) on each
subcarrier of said set; and
measuring the signal quality level (C/I) on
35 each subcarrier of said subset; and
said step of determining if a candidate
subcarrier exists in said set that is more preferred
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results are transmtted. The long and short intervals may be defined so
that a long interval occurs every nth short 20 I nterval or every nth
nmeasurement period, where n is a nlip¥ee Sachedgepfar exanple, 25. At step
428a the nobile station determ nes asurenent period involves
a short tinme inwemwal2sé or reporting m,mesul ts. |f i tPOT™SE6/00814
determ ned that the neasurenent period I nvo a short tine interval
for reporting nmeasurenent results the process noves to step 428b, where the
nobile station transmts the C | neasurenents for the Y worst quality
subcarriers of the subset of Msubcarriers, where Y[err]M and the |
measurements for the Z least interfered of th N 30 subcarriers to the
system where Z<N. The yal ues of Y and.z.ar hosen to al |l ow. adequate.,
i %f ormation for effect if\//oer AEREW S H i &F?En&h?f‘gn%ll FRGCRT RS c.ggYs be
set to 1 and Z may be sutbsed gompriieeschheustamsl afs contain on average the

| measurenment results of at Ieasue(g@gmgéin% SURGRILLSE e PO FUSER M iy sR T he
sanme .cell. The process then es to step 414 where ,the_nobjl tatio
waits for further input. w%@vté?}"esf:f,sm’éﬂl B tY4é§é{,E!L I???I)I;S and wo

97/ 01256 5 determining a can@{FatSEHMbGEBtder HFE said
set that has an interference level (I} lower
than the interference level (I) of said

subcarrier of said subset with said lowest
signal quality level (C/I).
10
14. In a telecommunications network in which
communications from a link transmitter to a link receiver
are transmitted over a subset of a set of a plurality of
subscribers available to a link, a system for allocating
15 subcarriers for communications on a link, said system
comprising:
means for allocating a plurality of subcarriers
from said set to provide said subset;
means for measuring a received signal on each
20 subcarrier of said subset;
means for determining if at least one unused
subcarrier exists in said set that is more preferred
for use on said 1link than a subcarrier of said
subset; and
25 means for reconfiguring said subset in response
to an affirmative determination.

15. The system of c¢laim 14 in which said means for
allocating comprises:
30 means for measuring an interference level (I)
on each subcarrier of said set; and
means for determining a subset, said subset
comprising a plurality of least interfered
subcarriers of said set.
35
16. The system of claim 15 in which said means for
measuring an interference level (I) further comprises:

)RR



determ ned that the nmeasurenent period does not involve a short tine

I nterval for reporting nmeasurenent results the process noves to step 428c.
At step 4280 the nobile station transmts the | rreasurerrents for t he
whol e 5 et of Msubcﬁmruhatﬁaseﬁtdmlt taceld measurenents fo

all N
subcarriers towchg,omstem T ! noves to step 414:coptmpaoohize

nobi l e station waits for fur process fl ow now noves to FIG
5 as the ACA processor receives the rreasurerrent results fromthe link
receiver. 10 Referring again to FIG 5, the ACA processor which has
been in the wait state at step 508, receives an input fromthe |ink
receiver at step 510. The ACA processor n’ﬁ%/‘l”r ecei ve neasurenent results or

|l d I
fo ctep 15 - U512 where i e il GhehaRtoldy FIPLEAGLNP O RRARR AP VES

received. If a call er@f spahdl 1n§er§eéem tlhee-brdé ssne@ﬁﬂ@emlentﬁhlféfom
exanpl e the received r@éﬁﬁ@@l’hﬁ rﬁ%@iﬁ&@nﬁor%ﬁﬂﬁt Sslﬁsﬁ:énhe Qh@§€§§ ERees to

step 514. At step 514 ¢ rocess rm.pes t subcarri, the
SUbGer of 20 M used TR e izt oREcFeptf A o AT RO i

Next, at step 516 it ilesettden the nember of |swicaprderewdst s@id mfasurerrent
val ue of the subset of Msubcarriers is belowthe ACA C/I tri gger

t hr eshol d. |f, at st , s dete ned .t hat
measur ement  val ue i sfphogﬁ‘ﬁ’e% Fﬁe %Cfﬂé[n@“f q‘lt ELPgﬁéi‘Ch Q458 'ndns For
measurlng Comprlses

means for measuring the interference level (I}
10 on each of subcarriers of said set.

18. The system of claim 14 in which said means for
measuring comprises:
means for measuring the signal quality (C/I) on
15 ~each subcarriers of said subset.

19. The system of claim 14 in which said means for
measuring comprises:
means for measuring the interference level (I)
20 on each subcarrier of said set; and
means for measuring the signal quality level
(C/1) on each subcarrier of said subset; and,
said means for determining comprises:
means for determining a subcarrier of said
25 subset with a lowest signal quality level
{(C/1); and
means for determining if an unused
subcarrier of said set exists that has an
interference level (1) lower than  the
30 interference level ({I) of said subcarrier of
said subset with said lowest signal quality
“level (C/I1).

20. The system of claim 19 in which said means for
35 reconfiguring comprises:
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threshold the process floww Il return to step 508 where the ACA processor
will wait for further input. I f, however, at step 516 it I s determ ned
that the |lowest C/1 measurement val ue is beTmVEhEJilﬁds%CA trigger

t hreshol d 30 the process flow wl | |nstea Cf1!3'118. At step
518 the ACA pr ogeggsnsedet er m nes whet her an gﬂl@ | er poiystdsmogagt of
N subcarriers exists which has an | neasurene than the |
measur enent val ue of the subcarrier of the subset of Mwith the | owest |
35 measurenent value. |[If at step 518 it is determined-that no unused
subcarrier exists with a | ower | rreasurerrent vaI ue, the process flow will
return to step 508 where the WO 97/ 012563

PCT/ SE96/ 00814 -22- ACA progessor \g_[cl lre\ﬁ(%kr

% &ors f%eth rc' % ov\ﬁver,
at step 518 an unused subcalri el &XIsts W R¥a5fs 955 ﬁFeﬁ% B a
nmor e ' preferred subcarr LeWeski stignadd, qesbl ti oé@éé) mires teaisd epulset An

step 520 the ACA 5 REBPBRSEt r@@raﬁfﬂmtheésaetemiﬁsf%urahﬁed
subcarrier into the subset of M subcarri er and J\ﬁgnoves subcarri,er of

the subset of Mwith the | oWedY® & MEESHFER A WBSF?OW%W?&ESéP LoTo

avoi d hysteridsis said subset.

21. The system of claim 19 in which said means for
measuring the interference level (I) further comprises:
means for transmitting a plurality of results
10 of said interference level (I) measurements from
sald link receiver to said system, wherein the
number of said results transmitted is less than the

number of subcarriers in said set; and,
said means for measuring the signal quality

15 (C/1I) further comprises:

means for transmitting a plurality of
results of said signal quality {c/1)
measurements from said link receiver to said
system, wherein the number of said results
20 transmitted is 1less than the number of

subcarriers in said subset.

22. The method of claim 14 in which said means for
allocating comprises:
25 means for measuring an interference level (I)
on each subcarrier of said set;
means for determining a candidate subset, said
candidate subset comprising a plurality of least
interfered subcarriers of said set;
30 means for transmitting a subset request message
from said link receiver to said system;
means for receiving an answer message from said
system at said link receiver; and
means for determining whether said candidate
35 subset is accepted for said link from said answer
message.
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effects the change of subcarriers nmay be perforned after 10 cal cul ating
a CI for the least interfered unused subcarrier during step 518 and
determ ning that the calculated CI_is_ a m ninumanmount above the C/| of

the subcarrier to be removed. |f thgischeet eenftepbedst i nterfered unused
subcarrier i s pgomi1een Num anount aH u Mi C/1 of thecTsEbeesid er
to be renoved the unused subcarrier red not acceptable as a
repl acenent. From step 520 the process noves to step 522 where the system
sends a reconfigure subset nessage to the link receiver instructing the
link receiver to reconfigure 20 the subset of M subcarriers assigned to

the link to conformto the changes nade by‘:f?ﬁa processor. Then the ACA

processor noves to step, 50 n its for, further. i npuyt,f the |j
receiver. The procedure gﬁ‘h\a/ée%yggeg‘t%%sdagﬁéé%ﬂ @gﬁpdgg%t%arﬁa%t er#é’f be
performed by 25 recefiari®igran agswer NgisgrgRi egmprises @egns| ferrfegeddingnused

subcariers and exghamgsd ddestad hBsdagblural ity of used subcarriers having
an interference | evel below the CI threshol d. The subset could also

be reconfigured according to other criteria. For exanple, the subset of 30
M coul d be r&confi gur ez on ThHee shegiem of theiaf R8ctnowhich nghe tnemnss figget ,

in the cell 0f, eldfiridd Bl anBfer HIBIRLEALLANS REL WahBIebP ARILRAG
cells. If sone of the Msubscarriers uséd in the cell were_al so used’In
one or more subcarrier rejected messages, and said means
for determining whether said candidate subset is accepted
further comprises:
10 means for determining one or more next
candidate subcarriers for said subset;
means for transmitting one or more subcarrier
requested messages from said link receiver to said
system; and
15 means for repeating said steps of determining
one or more next candidate subcarriers and
transmitting one or more subcarrier requested

messages to said system until a complete subset is

accepted.
20
25. The method of claim 14 in which said means for
determining if an unused subcarrier exists comprises:
means for determining if a candidate subcarrier
of said set that is more preferred for use on said
25 link than a subcarrier of said subset;
means for transmitting a subcarrier request
message from said link receiver to said system;
means for receiving an answer from said system
at said link receiver; and
30 means for determining from said answer if said
candidate subcarrier is unused.
26. The method of claim 25 in which said means for
measuring a received signal on each subcarrier of said
35 subset comprises:

means for measuring the interference level (I}

on each subcarrier of said set; and
* C L M s *



nei ghbor cells, these could be replaced with subcarriers 35 unused in
the cell and al so not used in neighbor cells. Reconfiguration could take
pl ace even if the used subcarriers were not below a C/'|I threshold or even

if the WO 97/ 01256 PCT/ SE96/ 00814
-23- unused suwoanwizes had an interference | evel greater thamrcrisesamegdaced
subcarriers. The process continues as long as a call is ongoing and

comuni cations on the link continue. The link 5 receiver will next

nove fromthe wait state at step 408 upon receiving an input and the
process steps shown in FIGS. 4A, 4B and 5 will be repeated until the cal
ends and a call end signal is received by th& link transmitter, |ink

recei ver and ACA processingﬁporti n of the %%5

stem 10 J.n an
al ternative enbodi nent of tHEnVERti Of & i iqagsﬁ%ﬂQ§%1%%?Hﬁtﬁk%53€%iver

transmits request nessHyds cageesh sybaarrieniaf sgidesubsetrs sapiarriers, or

requesting replacenents forgdike MeaHBCafdt elgetetRiReEnd!SEE 08 tdendidice
Si gnal neasurenent resul,ts need not_ be .15 a3 trqﬂﬁﬁjited fromt he. mobi
R R4S

b
Station to the systemSUbREIaSE: SRFTE (i s OBSBPTE ARG

subcarrier § for use on said link than a subcarrier of said
subset comprises:
means for determining a subcarrier of said
subset with a lowest signal quality level
(¢/1); and

10 ' means for determining a candidate
subcarrier of said set that has an interference
level (I} lower than the interference level (I)
of said subcarrier of said subset with said

lowest signal quality level (C/I).
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accepted nessages to the nobile station. The downlink ACA processing mainly
takes place in the processor 346 of the receiver in the nobile station.

In this alternative 20 enbodi ment steps 504, 514, 516, 518 and 520 shown
in FIG 5, which are perforned by the systemin the first enbodi nent, woul d
be perforned bywpsBb@essor 346 in the nobile station. The bagersiswiovsiy ACA
process flow for uplink nmeasurenents remains as illustrated in FIGS. 4A, 25
4B and 5. Referring nowto FIG 6A therein is shown a flow di agram
illustrating the steps perforned by a nobile station as the |ink receiver
during the ACA process of the alter natigq nmpodi ment of the invention. The
ACA process 30 begi ns when the nobil'e stati on recei ves a neasurenent
order nmessage at Step 602. Next, at Step 604 the interference (I) on
each of the group of N subcarriers available for the link is nmeasured at
the nobile station. Next, the proces tep 606 where the M| east
35 interfered subcarriers are det
noves to Step 608 and a subset request nessage is\sent to the systemby the

nobi | e station. The et 97/ 012
PCT/ SE96/ 00814 jﬁfff. 7 QP
B7

Y ¢

B6 B2




-24- request nessage indicates to the systemthat the nobile station
requests the use of each subcarrier in the requested subset. The process
now noves to Step 610 and the nobile station waits for an answer fromthe
system 5 The process steps that take place when the process is in the
wait state at Svep7/6ikés Wi I | now be described with reference tgctAfssndsis
Referring nowto FIG 7, therein are shown process steps perforned wthin

t he ACA processing portion of the 10 system according to the alternative
enbodi nent of the invention when the nobile station is involved in the ACA
process. At Step 702 the ACA processing portion receives the subset request
message. Next, at Step 704 the system d@tgrlilnes if the nobile is all owed
to use all of the M 15 subcarriers in the requested subset. Certain
subcarriers nmay not be available for use in the cell, for exanple, if they
are being used by another nobile station or, if they have been reserved
within the systemfor special uses. The availability of the M subcarrier

may al so be 20 determ ned as to how their use effects transmi ssions in
nei ghboring cells. The ACA is designed to allow flexibility to the system
operators in nmaking these decisions. If it is determned that the nobile

station is allowed to use all Msubcarriers in the requested
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25 subset, the systemw || transmt a subset accepted nessage to the
link receiver. If however, at Step 704, it is determ ned that subcarriers
of the suggested subset cannot be used by the nobile station, the process
noves to Step 720 and the systemtransmts a subcarrier rejected nessage 30
rejecting the wayaekshl e subcarriers as part of the subset opcivbess/n0814
subcarriers. The process flow now noves to Step 722 as the process waits
for areply fromthe nobile station. Referring nowto FIG 6A, at Step 612

the nobile 35 station receives a subset accepted nessage or subcarrier
rejection nessage transmtted fromthe_sysjem I f a subset acceptance
nmessage is received, the process novess 97/ 01256

PCT/ SE96/ 00814 -25- to Step 620 where the |link receiver begins receiving
usi ng the assigned subset. | f however, at Step 614, it is determ ned that
a subcarrier rejected nessage(s) has been received, the process noves to
Step 616. At Step 616, the 5 | ink receiver determ nes the next

candi,date(s) to replace the rejected requested subcarrier(s). These
candi dates woul d be the next least interfered subcarriers of the set
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of N avail able subcarriers that are not in the suggested set of M 10

From Step 616 the process then noves to Step 618 where a subcarrier request
nmessage requesting the next candi date subcarrier(s) is transmtted to the
system The process then noves to Step 610 as the link receiver waits for
an answer. TWe sporasess will continue through the 15 | 0OPET/PERGHBRI4 by
the Steps 610, 612, 614, 616, 618, and, 706 and 708, until the conplete
subset of M subcarriers is accepted. Then the process noves to Step 620
where the nobile station begins receivi atg/o-i the link using the accepted
subset. The process now noves to the waFt?’s a?te 20 of Step 622. When
inthe wait state of Step 622 the process may receive either a call end or
measurenent timer nessage. The call_end and neasurenent tinmer nessages are
equi valent to the callgend and meas@renegt megsages described above for the
previ ous enbodi ment of & he 25 i ngenti @n. _WNThe link receiver receives
the call end or neasure timer ep 624 and noves to Step 626
where it is determined if a’epll eng eived. If acall end is
received the process ends. 15 a neysurenent tinmer nmessage was
received, the process 30 % At Step 628 the nobile

station neasures | on all lg“ayai | abl iers and averages the results
for each subcarrier. Next, af Step 63 I :
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recei ver neasures C/ I on the subset of M subcarriers and averages the
results for each subcarrier. The process now 35 noves to Step 632 of
FIG 6B. At Step 632 the link receiver determ nes the subcarrier of the
subset of Mwith the I owest C/I. Next, WD 97/ 01256 :
PCT/ SE96/ 00814 w@670rse Step 634 it is determned if the | owespcfiskosiossizel ow
a threshol d. If it is not below the threshold, the process returns to
Step 622 where the link receiver waits for another .call end or measurenent
timer nessage. If, 5 however, it is determined that the lowest C1I is
bel ow the threshold C/I, the process rr[agfi Step 636. At Step 636 it is
determined if a less interfered subcarriér ‘of the set of N not in the
subset of M exists. If a less interfered subcarrier does not exist the
process returns 10 to Step 622. If, however, a less interfered
subcarrier does exist, a nore preferred subcarrier exists and the_process
nmoves to Step 638. At Step 638 the nobile station transmts a subgarrier
request nmessage to the systemrequesting the |east interfered sub@ar rfer
not in the 15 subset of M subcarriers as a replacement f§r @he
o
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subcarrier with the lowest C1I.

The process within the nobile station now

noves to the wait state of Step 640 and the process flow noves to Step 708

of FIG 7.
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request ed subcarrier is used in a neighbor cell the systemcould reject the
subcarrier request. The process then noves fromthe wait state of Step 640
to Step 642 as the nobile station receives the acceptance or rejection 5
nmessage. Nexdvo 9901286 ep 644, it is determned if the requesPel/sSEasmosuari er

was accept ed. If the requested subcarrier was accepted the process noves
to Step 646 and the nobile station reconfigures the subset of M subcarriers
on which the nobile station is receiving to 10 include the requested

subcarrier and deletes the subcarri®r/vitdh the lowest C/ 1. Then, the
process noves to the wait state of Step 622. If, however, -the requested
subcarrier is not accepted the process noves to Step 648. At Step 648 the
nobil e station determines if a new 15 candi dat e subcarrier |ess
interfered than the subcarrier of Msubcarriers with the lowest C 1, that
has not been already rejected as a requested subcarrier within this
nmeasurenent interval, exists. | f new ndi dat e subcarrier does
not exist the process noves back to tFerG. 4\Bt state of Step 622. |If,
however, a new candi date subcarrier does exist, the process noves to Step
638 where the nobile station transmts a subcarrier request nessage to the

system The nessagaoht@t&s e befigedacandi date
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subcarrier found at Step 648 as the new repl acenent 25 subcarrier. The
process then noves to Step 640 and waits for an answer fromthe system The
process will continue through the |oops formed by Steps 642, 644, 648, 650,
and, 638 and 710, 712, 714, and 716 or 718, until a requested subcarrier is
accepted or neugewigandi date exist. The 30 process then FERAER8LY e
wait state of Step 622. The ACA process will continue throughout the call
and be invoked each time a neasurenent tinmer nessage is received. Wen the

call ends, the prg A hr ough &tkds1624 gﬁ \5
can be seen from t he Beegivedescri fti on, the inventh rowdes a net hod

and system of aglaptmeaswement! al focation for an OFDM system Use of the
i nvention will WEEBLiS o8 502

per f ormance of OFDM systens into which it
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Determine 504
least interfered
unused
subcarriers
1 Send
Senfl subset 506 reconfigure 522
assignment message to
to link
link receiver receiver
L] -
508
510
2 516

Receive measurement
results from
jink receiver or
receive call end

cn

below

threshold
?

512

Less

yes
‘ interfered

o) o
' Exchange least 520

514 - interfered unused
s!ale):::::?g:eof subcarrier with
] subset
subset with subcarrier with
iowest C/I fowest C/i




dropped calls and better quality comunications for each |ink.

believed that the operation and construction 10
invention will be

It is

of the present

apparent fromthe foregoing description and, while the

i nventi on shown and descri bed herein has been characterized as particul ar

enbodi nent s,
departing fromthe spirit and scope of the 15
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2. The nethod of claim1 in which said step of neasuring conprises the
steps of: neasuring a interference |level (1) on each subcarrier of said

set. 3. The nethod of claim1 in which said step of measuring conprises
the steps of: measuring a signal quality (C/1) on each subcarrier of said
subset. 4. w8 oheikgl econmuni cati ons systemin whi ch conmuRCT/SES608884 f r om a

link transmtter to a |ink receiver are t/r?nsm'tted over a subset of a set
of a plurality of subcarriers avail abl el¥dla 1 nk,. a method of allocating
subcarriers for conmunications on the link, said nmethod conprising the
steps of: neasuring an i nFramesten&s30 of dig. (38) on each subcarrier of said
set; determ ning said subset, saidjsubset conprising a plurality of |east
interfered unused subcarriers of s id set; measuring a Z}gﬂﬁedegnal on
each subcarrier of said set Hf at |east on carrier
exists in said set that is |nor ﬁ Oé yse on said link than a
subcarrier of said subset; % o] uring said subset in response
to an affirmative deterninati sal step of determning if the at

| east one unused subcarrier eX|9Y"§f i s] nore preferred. 5. The net hod
of claim4 in which said step of asurlng an interference level (1)
further conprises the step of: 634
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transmtting a plurality of results of said interference level (1)
measurenents fromsaid link receiver to said system wherein the nunber of
said plurality of results transmtted is |less than the nunber of
subcarriers in said set. 6. In a tel ecomuni cations systemin which
communi cat i ons woemizsel i nk transmtter to a |ink receiver argcfsevemasit ed
over a subset of a set of a plurality of subcarriers available to a link, a
met hod of allocating $ for conmunications on the link, said
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31 subsequent to said step of neasuring the interfereneéyl ea;ecb(a;‘)‘zqgj;:7q-q

transmtting a plurality of interference |ey€l PL T meastired

during said step of measuring the int e'rferewfc,g Iﬂé%(ﬁt ; ’fs%m% nkga
C1bi

“from

receiver to said system wherein the nunber ! ;oé‘rjéﬁ‘g% e magset 1S
transmitted is | ess than the number of 2subchrgi ?én.?r(‘n‘ s;aaa;} -to pyged =&,
further conprising the intermediary step, sh é%{ H’tg‘“t)q,Pag o~ 40 Paged ...
measuring the signal quality (C/1), of: trahsm®IAY a PaEets-i-tg pegedsi-gnd
quality (G lApEeasurenents neasured during said step of neasuri n? t
signal quality level fromsaid link receivef DATEaDR REGERT .. \{likf ki he

nunber of signal quality measurements transmtted I'S TeSS tham tieTme?
of subcarriers {4 n sahth &iRSAmurieations Eﬁt&ntiﬁlvﬂﬁWhﬁﬁf&af?&ﬁ RYALLI D
whi ch conmuni cations froma link transmtter to a link receiver are

t ransmi t t dEgngéier 4o aulideteceivernaetransmitiedpyarad sufjsedfof ausrtanfra elusaliwaf | abl e
to a link, i FHRE ' f QFE“I'E. ' n. the

i nk, sai ds uﬁgﬁ%%o%gﬂ%tgllég %gﬁ%’hé;%set epsgf(r)%”bgétnlﬁggsé&{bf%gg}' an %%?@h%@fcgﬁ%%s | evel
(1) on eacdin slirtk; asidinesthad caaprisirgethe stbps@f:m ni ng a candi dat e subset, said

candi dat e subset, conprising a plurality of |east interfered subcarriers of
said set; transaﬁtlf)ﬁq{;ﬁdh%plg%ﬂge SFé‘EﬁEB@%’ fiopsald setip PIRvidg $pid pithsefiecei ver to
sai d systen r eagisuring adBceNtNVEinalBs sagesdeamed opfaidbett €ast one subcarrier

rejected nessage fromsaid systemat said |ink receiver;
J gdetermining if at Iegst one unused subcarrier exists in sald set that is more

=

preferred for use on said link than a subcarrier of said subset allocated to provide said
subset; and

reconfiguring said subset in response to an affirmative determination during
said step of determining if the at least one unused subcarrier exists that is more

preferred.

2. The method of claim 1 in which said step of measuring comprises the
steps of:

measuring a interference level (1) on each subcarrier of said set.

3. The method of claim 1 in which said step of measuring comprises the
steps of:

measuring a signal quality (C/I) on each subcarrier of said subset.

4. In a telecommunications system in which communications from a link
transmitter to a link receiver are transmitted over a subset of a set of a plurality of
subcarriers available to a link, a method of allocating subcarriers for communications
on the link, said method comprising the steps of:

measuring an interference level (1) on each subcarrier of said set;

determining said subset, said subset comprising a plurality of least interfered
unused subcarriers of said set;

measuring a received signal on each subcarrier of said set;

determining if at least one unused subcarrier exists in said set that is more

preferred for use on said link than a subcarrier of said subset; and
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det er mi ni ng whet her said candi date subset is accepted for said link from
sai d answer nessage by determ ning at | east one next candi date subcarrier
for said subset, transmitting at |east one subcarrier requested nessage
fromsaid link receiver to said system and repeating the steps of

determ ning the next candi date subcarr3®r and the step of transmtting the
subcarrier requested nessage to the systemuntil a conplete subset is
accept ed; neasUiesanggurindesaid selseliigraspansedacn aififoativei detempinatiinddying,

det ermi ni 3gd boflorl GASIARE it HeSETIeBUOEA UhGlad Likbafidr el thtch hbal 1S
nore preferred Tor use on Said |1 nk than a subcarrier of said subset; and
reconfi gumprefgrredi d subset in response to an affirmative determ nation
during said step of determning if the at | east one unused subcarrier
exists that is nore preferred. 32 10. The nethod of claim9 in which

said step of receiviTig ragthed shelimTe s abizhGalipstes o nfeas@ing #1Yinterfaidiseet
accept ed %ﬁ@%ﬁ 11. I]n g tel ecomuni cations network in which

conmmuni catq;" FIBRR CPTRTISRS § EhPtter to a link receiver are transnitted
over a subset afandmifig 8fpl@aRy Wi abduits &fsawmférrerrerﬂfesleaéaac[nl mabSurbMefts! | Nk, a
system for allocating subcarriers for communications on the |ink, said

syst em coliom sAAYNK reqgiver fo paid |sysiem: whgrein feunumbearyof sridspiyediyr ofesultsr om
sai d set lnpr Mtk de1oS R iin DA Ghbor B 2Bed b FESHELNG @ recel ved signal on

each subcarrier of sal

6. In a telecommunications system in which communications from a link
transmitter to a link receiver are transmitted over a subset of a set of a plurality of
subcarriers available to a link, a method of allocating subcarriers for communications
on the link, said method comprising the steps of:

allocating the plurality of subcarriers from said set to provide said subset;

measuring an interference level (I) on each subcarrier of said set;

measuring a signal quality level (C/1) on each subcarrier of said subset;

determining a subcarrier of said subset with a lowest signal quality level (C/I);

determining if an unused subcarrier of said set exists that has an interference
level (1) lower than the interference level (I) of said subcarrier of said subset with said
lowest signal quality level (C/1); and

reconfiguring said subset in response to an affirmative determination during
said step of determining if the at least one unused subcarrier exists that has the

interference level of the subcarrier of the subset.

7. The method of claim 6 in which said step of reconfiguring comprises the
steps of:

removing said subcarrier with said lowest signal quality (C/I) from said subset
in response to an affirmative determination during said step of determining if the
unused subcarrier of the set exists that has an interference level lower than the
interference level of the subcarrier of the subset; and

inserting said unused subcarrier into said subset.

8. The method of claim 6 further comprising the intermediary step of

O T e e e
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means for determining if at |east one unused subcarrier exists in said set
that is nore preferred for use on said |link than a subcarrier of said
subset all ocated by said neans for allocating; and nmeans for reconfiguring
sai d subset in response to an affirmative determ nation by said neans for
determning if the at | east one unusedssubcarrier exists that is nore
preferred. 12. The systemof claim 11l in which said neans for allocating
conpri ses:suhmnfmrsaicb%tswpf mgaamingmmeeif\t@feeeme léwebd), of:1 ) on each subcarrier

of sai d set; ] i b onpri si ng
a plurality of eas?ﬁ%%% %g{ ege% © ?Zérvgl @ﬂ@%"ﬂei‘gf'g 'ﬁlga&%dl’ﬁ‘érr'%/st em

of claim sa@ stap\dﬂlnuﬁaseﬂ:hgithmatwfefmceﬂmlfrronngaidrlink néewiferrtosakl sy@teh, (1)

further co ri.sg@: neans .f or transmttln@iF | urali results of said

i nt er f er eNEIEr¢IRINE nymber ol interferpce reasuy apgm&tegétlgﬁ,g}anttge BY4NBesyst em
wher ei n t e stisuBedrs ff ssidbét; fhdiral ity of results transmtted is Iess than

t he nunber of subcarriers in said set. 14. The systemof claim1ll in

whi ch said neafddrthesr Cﬂ@ﬁ%ﬂ'ﬁg n§ec svigrmesiiasy ¥igRn SUPSHAUeBhSOr | R astep of
interfer e’?ﬁ% LENE the(didn Bfossubcarriers of said set. 33 15. The
syst em of gl mqlel na W:Q?g means for nmeasuring conprises: neans for

measuring a signal qmsmtsmg( a/plyraigy of aighakaurtity (G/Brmeeasiureraénts sueaseted
during said step of measuring the signal quality level from said link receiver to
said system, wherein the number of signal quality measurements transmitted is

less than the number of subcarriers in said subset.

9. In a telecommunications system in which communications from a link
transmitter to a link receiver are transmitted over a subset of a set of a plurality of
subcarriers available to a link, a method of allocating subcarriers for communications
on the link, said method comprising the steps of:

measuring an interference level (1) on each subcarrier of said set;

determining a candidate subset, said candidate subset comprising a plurality of
least interfered subcarriers of said set;

transmitting a subset request message from said link receiver to said system;

receiving an answer message formed of at least one subcarrier rejected
message from said system at said link receiver;

determining whether said candidate subset is accepted for said link from said
answer message by determining at least one next candidate subcarrier for said
subset, transmitting at least one subcarrier requested message from said link receiver
to said system, and repeating the steps of determining the next candidate subcarrier
and the step of transmitting the subcarrier requested message to the system until a
complete subset is accepted;

measuring a received signal on each subcarrier of said set;

determining if at least one unused subcarrier exists in said set that is more
preferred for use on said link than a subcarrier of said subset; and

reconfiguring said subset in response to an affirmative determination during
said step of determining if the at least one unused subcarrier exists that is more
preferred.
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16. The systemof claim 11 in which said means for nmeasuring conprises:
means for nmeasuring an interference |level (1) on each subcarrier of said
set; and nmeans for neasuring a signal quality level (C/1) on each
subcarrier of said subset; and, said nmeans for determ ning conprises: means
for determning a subcarrier of said sabset with a | owest signal quality
level (C/1); and neans for determning if an unused subcarrier of said set
exists that has an interference |evel (I) Iovver than the interference |evel

(1) of said subparrige Abynal & SHRPSLin"Whiknoalid JENer toslidng ariflidy | eve!
?’ 6 |c B@r g

(¢1). 17. The' sy stem o0 sai'd nmeans |gur| ng
conpri ses memagrsccﬁmpnsresrrmem@g saublsetabmterd eesssgeh sai d | owest  si gnal
quality (C/1) fromsaid subset in response to an affirnative determ nation
by said neans for determning if the unused subcarrier of the set exists

that has the interf gf aneRcoRihichfMRI ndthamk ik WhidhéhinBhieatdhs! Rkl Mk t he
subcarrier of the subset; and neans for inserting said unused subcarrier

into sai dt@0sBkier ta g link repaivanare SrANSEYtted| q¥ema Sybseh oA seh o & RIUFAEME f or

neasuring sbb@arhé}*s%rvﬁﬁdtﬁé‘ﬁﬁa hig &l sylstem f‘d&ratllbé‘étlnﬁméérﬁgé foF BSHAmuhiRhtions
transmtti ng a plurality of interference |eve measur enents neasured by

said mean®n B‘?“%é@'drsb’ﬁgntwnfﬁtnﬁrference | evel from said |ink receiver to
sai d system V"‘ﬁ?éa%%{}'%ﬁ’oc{éﬁﬁ?%r aldyn%ie Eﬁ@%frjoﬁvgéldr%"f‘gb' ol {)ﬁﬂga%ald sai d

transmtted is less 1 carrlers I'n sa
means for sgesesuring the signal quality (C/l) | evel further conprises:

means for measuring a received signal on each subcarrier of said subset;

means for determining if at least one unused subcarrier exists in said set that is
more preferred for use on said link than a subcarrier of said subset allocated by said
means for allocating; and

means for reconfiguring said subset in response to an affirmative determination
by said means for determining if the at least one unused subcarrier exists that is more

preferred.

12.  The system of claim 11 in which said means for allocating comprises:

means for measuring an interference level (1) on each subcarrier of said set;
and

means for determining said subset, said subset comprising a plurality of least

interfered subcarriers of said set.

13. The system of claim 12 in which said means for measuring an
interference level (l) further comprises:

means for transmitting a plurality of results of said interference level (I)
measurements from said link receiver to said system, wherein the number of said

plurality of results transmitted is less than the number of subcarriers in said set.

14.  The system of claim 11 in which said means for measuring comprises:

means for measuring an interference level () on each of subcarriers of said
set.
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means for transmtting a plurality of signal quality (C/ 1) neasurenents
nmeasured by said neans for neasuring the signal quality |evel fromsaid
link receiver to said system wherein the nunber of signal quality
measurenents transmtted is | ess than the nunber of subcarriers in said
subset. 34 19. In a tel ecommuni casi3 ons systemin which comruni cations
froma link transmtter to a |link receiver are transmtted over a subset of
a set of a plurlgityrhefsystepcefrdaimrld iawhidhgidemeanssfor meRsukingeshsisest

al I ocating sub ' rgg'w |

conprising t heqﬁ%%{pg&gq‘ég%ﬁnﬁgcat nga‘%@@’@r@ﬁﬁg? y Eu@%m%@g??%%s S?er om said
set to provide sald subset nmeasuring a received signal on each subcarrier
of said set by gsggan |n erf renc ch subcarrier of

the set and mea Url eﬂh%fcqﬁ'ﬂal i't Yy g\f@foe?’érl%fof)ﬁ‘ega%rl’{'gsmp??er of

the subset; detneéamsrfonmeaﬁurmgcanmtawr@@ubwr(r)la'rreath subcdrrieelof @¥idsées; t hat
Is nore preferred for use on said link than a subcarrier of said subset by
det ermi ni )% subcarrier of the subset with a | owest signal quality |evel

(G'1) and det ermddwsnar Mzt at Sgriai Rpafity 116%el Q€/f BR &R édb%srriaa%f%aud
interference level (1) lower than the interference level (I)

subcarri esubseti @, subset with the | owest signal quality level; transm tting

a subcarrier r%gHerﬁé?r{E%rs@&erﬁuﬁﬂg‘cﬁﬁbﬁséé nk receiver to said system

receiving an answer trom said syStemat said |ink receiver; determning
from sai d answer if megng ferdeipuitiog susibearriee of said subsadyith a lowest signal

quality level (C/l); and
means for determining if an unused subcarrier of said set exists that
has an interference level (l) lower than the interference level (1) of said

subcarrier of said subset with said lowest signal quality level {(C/I).

17. The system of claim 16 in which said means for reconfiguring
comprises:

means for removing said subcarrier with said lowest signal quality (C/l) from
said subset in response to an affirmative determination by said means for determining
if the unused subcarrier of the set exists that has the interference level lower than the
interference level of the subcarrier of the subset; and

means for inserting said unused subcarrier into said subset.

18. The system of claim 16 in which said means for measuring the
interference level (1) further comprises:

means for transmitting a plurality of interference level (I) measurements
measured by said means for measuring the interference level from said link receiver to
said system, wherein the number of interference level measurements transmitted is
less than the number of subcarriers in said set; and,

said means for measuring the signal quality (C/l) level further comprises:

means for transmitting a plurality of signal quality (C/I) measurements
measured by said means for measuring the signal quality level from said link
receiver to said system, wherein the number of signal quality measurements

transmitted is less than the number of subcarriers in said subset.
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repeating, in response to a negative determnation during said step of
determning fromsaid answer if the candi date subcarrier is used, the steps
of determning if a subcarrier of said set exists that is nore preferred,
transmtting a subcarrier request, receiving an answer, and determ ning
fromsaid answer, each time with a difBerent candi date subcarrier, until an
affirmati ve determ nation during said step of determ ning from said answer

i f the candi date subcarrier is unused is obtained; and reconfiguring said

subset in respopge _t@ ﬂbt@é&ﬁrﬁ?ﬁﬁ%ﬁsQgﬁléh%ﬂﬁﬁiéﬁ%oﬂmdn&%tiéﬁé flort £Rnf

determ ning fromsaid answer | e cahdidate subcarrier 1s unused 1I's
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al | ocat i ngorsthbdiak,rdaét siefhod comprising trad stepessofon t he |i nk, said system

conpri sing: nea for asuring an interference Jevel (1) gn each

subcarrier of sagﬁ%ﬁatg\gtt_,[‘rgﬁ@éﬂgy %cﬁ“lgﬂ%rf'ﬁ'fsrﬁw ﬁﬂg € t&rﬂﬁ?\ﬂ‘;ﬁ_ éa'gﬁldgiect', sai d

candi dat e subsehegfiiRgisStdtdivad signdboledb@ksiiboartdr dfedkd setbyerie8E@thg an

subcarriers of said set; neans for transmtting a subset recluest nmessage
B2

from sai d iNerRrense dgvebil) emead sibsasierrt thawahand measing a,sigpal ayality devet

nmessage f oepBdn @hclP B AfridiRE fiesiiBsar rier rejected nessages fromsaid system
to said I?‘Wrgce?ver; rrrrlaans feor det er mi ni ng whet her sai d candi date subset

i s accept ed f ordefefmining iifka candidate subcarrier of said set exists that is more preferred
for use on said link than a subcarrier of said subset by determining a subcarrier of the
subset with a lowest signal quality level (C/I) and determining a candidate subcarrier of
the set that has an interference level (1) lower than the interference level (1) of the
subcarrier of the subset with the lowest signal quality level;

transmitting a subcarrier request message from said link receiver to said
system;

receiving an answer from said system at said link receiver;

determining from said answer if said candidate subcarrier is unused;

repeating, in response to a negative determination during said step of
determining from said answer if the candidate subcarrier is used, the steps of
determining if a subcarrier of said set exists that is more preferred, transmitting a
subcarrier request, receiving an answer, and determining from said answer, each time
with a different candidate subcarrier, until an affirmative determination during said step
of determining from said answer if the candidate subcarrier is unused is obtained; and

reconfiguring said subset in response to an affirmative determination during
said step of determining from said answer if the candidate subcarrier is unused is

obtained.

20. In a telecommunications network in which communications from a link
transmitter to a link receiver are transmitted over a subset of a set of a plurality of
subscribers available to a link, a system for allocating subcarriers for communications
on the link, said system comprising:

means for measuring an interference level (1) on each subcarrier of said set;

means for determining a candidate subset, said candidate subset comprising a
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from said nmessage, said nmeans for determ ning whether said candi date subset
I s accepted conprising neans for determ ning-one or nore next candi date

subcarriers for said subset, nmeans for transmtting one or nore subcarrier
request ed nessages fromsaid |ink receiver to said system and neans for

repeating said steps of determ ning onesor nore next candi date subcarriers
and transmtting one or nore subcarrier requested nmessages to said system
until a coiiyeblyef baskisterferedanbepries of seigresti or measuring a recei ved si gnal

on said subcarrjgg.d for%@ingmﬁ@gtsubga% Péﬁrmgsestagérﬁ(ﬂ# Wid f l?]‘eceﬁ@? fg One

unused subcarrier exists set that 1s nor er re use on said
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subset in 1 eopaps irHledlihd Skt I54-S0L 18HARer B o oT0S SSLEC
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to a link receignsdPede E{H'El?ﬂt"i’lletﬁh%\?@fd candidaie subset is %“é‘?p@fj fer saidibelt ity of

subscri berfona\said ﬁﬁ%@agfeo said mdkins JorSyEbAhing width&Cadid Qﬁnéfd?féaé g for
communi cations on the sai d syst em conpri sing: neans for ocati ng a
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for means for measuring a received signal on said subcarrier of said subset;
means for determining if at least one unused subcarrier exists in said set that is
more preferred for use on said link than a subscriber of said subset; and
means for reconfiguring said subset in response to an affirmative

determination.

21.  The system of claim 20 in which said means for receiving an answer

message comprises means for receiving a subset accepted message.

22. In a telecommunications network in which communications from a link
transmitter to a link receiver are transmitted over a subset of a set of a plurality of
subscribers available to a link, a system for allocating subcarriers for communications
on the link, said system comprising:

means for allocating a plurality of subcarriers from said set to provide said
subset;

means for measuring a received signal on each subcarrier of said subset, said
means for measuring the received signal including means for measuring the
interference level (I) of each subcarrier of said set, and means for measuring the
signal quality level (C/1) on each subcarrier of said subset;

means for determining if a candidate subcarrier of said set that is more
preferred for use on said link than a subcarrier of said subset, said means for

determining if the subcarrier exists including means for determining a subcarrier of
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determning if the subcarrier exists including neans for determning a
subcarrier of 36 said subset with a | owest signal quality level (C1),
and neans for determ ning a candi date subcarrier of said set that has an
interference level (1) lower than the interference |level (I) of said
subcarrier of said subset wth said | oiest signal quality level (C1);
means for transmtting a subcarrier uest nessage fromsaid |link receiver

to said syaidefybseb il ‘Fd?W‘Fsécféﬁmﬁ' rvgla&tuqlav@v@")fa megng foy Setarmining & d | i nk
receiver; JR&@bste’ Qb ggﬁ éyld‘]geg A AR éjr} MeMEEntd | a&%\ g g&ﬁgﬂ H3rCthe

subcarrier 1s unuse neans or reconfiguring se n response
to an af f inewderenee uageleﬂhpfnmld subcarrier of said subset with said lowest signal quality

level (C/1);

means for transmitting a subcarrier request message from said link receiver to
said system;

means for receiving an answer from said system at said link receiver;

means for determining from said answer if said candidate subcarrier is unused;
and

means for reconfiguring said subset in response to an affirmative

determination.
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