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(54) Title: METHOD AND APPARAIUS FOR ALLOCAIING A PILOT CARRIBR ADAPTIVELY IN AN ORITIOGONAL

FREQUENCY DIVISION MULTIPLE ACCESS SYSTEM

(57) Abstract: A method and apparatus for allocat-
ing pilot carriers adaptively in an OTDMA commu-
nication system arc disclosed. To improve phase er-
ror estimation performance and optimize the num-
ber of pilot carriers allocated to each sub-channel,
an OFDMA transmittcr changes the number of pi-
lot carriers for a sub-channel according to the stats
of the sub-channel. Consequently, less pilot carri-
ers arc allocated to a sub-channel in a good state,
reducing power consumprion and more pilot carri-
ers are allocated o a sub-channel in a bad state, im-
proving channel estimation performance despite in-
creased power consumption
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METHOD AND APPARATUS FOR ALLOCATING A PILOT CARRIER
ADAPTIVELY IN AN ORTHOGONAL FREQUENCY DIVISION
MULTIPLE ACCESS SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an orthogonal frequency
division multiplexing (OFDM) communication system, and in particular, to a
method and apparatus for allocating pilot carriers adaptively to implement
orthogonal frequency division multiple access (OFDMA).

2. Description of the Related Art

A typical OFDMA communication system transmits parallel transmission
data in mutually orthogonal N, carrier frequencies. Ny, carriers having null
data are inserted as guard intervals at both sides of the total frequency band.

Hence, 4 total of Nppp (=Nyy+tNy) carriers carry the transmission data. The
Nysea carriers contain Ny, pilot carriers and (Nyeq-Npyio) data carriers. Both a
transmitter and a receiver know the pilot carriers. Traffic channels are estimated
from the phase distortions of the pilot carriers. If the pilot carrier phase distortion
is small, channel estimation is carricd out with a small number of pilot carricrs.
Altemnatively, with great pilot carrier phase distortion, more pilot carriers are
required for acceptable channel estimation performance.

In OFDMA, the N, carriers are divided into N, sub-channels. One
sub-channel is a unit in which a subscriber transmits data. In other words, the
subscriber transmits data on one or more sub-channels. Each sub-channel contains
Noneamier SUb-carriers. If cach subscriber is connccted to onc sub-channel in
OFDMA, the sub-channels are available to up to N (=N.,) subscribers. As a
result, the number of subscribers can be increased.

With this advantage, OFDM wireless communication systems for high-
rate data transmission have been developed, such as digital audio broadcasting
(DAB), digital video broadcasting (DVB), digital terrestrial television
broadcasting (DTTB), wireless local area network (LAN), and wireless
asynchronous transfer mode (ATM). Needless to say, techniques of allocating
pilot carriers to each subscriber are essential to implementation of these OFDMA
communication systems.
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Pilot sub-carrier allocation is also significant to digital wired
communication systems adopting discrete multi-tone (DMT) such as asymmetric
digital subscriber line (ADSL) and very-high bit rate digital subscriber line
(VDSL).

FIG. 1 illustrates a typical OFDMA symbol structure in the frequency
domain. Referring to FIG. 1, three sub-channels 101, 102, and 103 are defined.
As stated above, one sub-channel is a unit to which one subscriber is connected
and N, sub-channels contain data carriers and pilot carriers. Guard intervals 104
attenuate a signal smoothly in the waveform of a brick wall, thercby preventing
interference to adjacent connected channels. A DC sub-carrier 105 represents the
center of the frequency band.

Referring to FI1G. 1, the total channel frequency is logically divided into
sub-channel 1 101, sub-channel 2 102, and sub-channel 3 103 to accommodate as
many subscribers as possible by multiple access. Each sub-channel contains
different carriers.

FIG. 2 illustrates a conventional carrier allocation method depicting how
carriers make up an OFDMA sub-channel. To form a sub-channel with carriers, a
particular formula is used. The positions of variable-position pilot carriers 201 are
first decided and then the positions of data carriers 202 are decided according to
the formula. A constant-position pilot carrier 203  is inserted at a predetermined
position between a variable-position pilot carrier 201 and a data carrier 202

Referring to FIG. 2, for transmission of OFDMA symbol 1, the variable-
position pilot carriers 201 are selected. Reference numeral 205 denotes indexes
indicating the positions of carriers for OFDMA symbol 1. In practice, Ny, dan
data carriers and Ny i Pilot carriers are selected among N, usable carriers
across a predetermined frequency band, for forming a sub-channel. Here,
Nyuner,_piter TesUlts from dividing the number of pilot carriers by the number of sub-
channels. Tn other words, the sub-channel for a user contains (Ngpen g and
Nuter pitor) carriers across the total frequency band. In this manner, the variable-
position pilot carriers 201 are positioned at indexes 0, 13, 27, and 40, the
constani-position pilot carrier 203 at index 26, and the data carriers 202 at the
remaining indexes for OFDMA symbol 1. If subscribers transmit OFDMA
symbol 1, they do so using different carriers in different sub-channels having pilot
carriers at the same logical positions. Since the sub-channel forming formula is a
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function of the number of subscribers, each subscriber is assigned a sub-channel having
different carriers.

Since OFDMA subscribers transmit data on sub-channels irrespective of
Nrer, the numbers of data carriers and pilot carriers are divided by the number of the
subscribers, for carrier allocation. Here, the number of pilot carriers is fixed. This
implies that there is no problem when a sub-channel is in a good state, but the phase
error of a traffic channel is not accurately estimated when the sub-channel in a bad
state, thereby degrading channel estimation performance.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a pilot
carrier allocation method in 2 base station (BS) in an orthogonal frequency division
multiple access (OFDMA) communication system wherein each of a plurality of mobile
stations (MSs}) is connected to the BS via at least one sub-channel, comprising the steps
of:

determining states of the sub-channels connected to the MSs;

decreasing a number of pilot carriers for a sub-channel in a good state;
and

increasing a number of pilot carriers for a sub-channel in a bad state.

According to a further aspect of the present invention there is provided a
pilot carrier allocation method in a base station (BS) in an orthogonal frequency
division multiple access (OFDMA) communication system wherein each of a plurality
of mobile stations (MSs) is connected to the BS via at least one sub-channel,
comprising the steps of:

determining states of the sub-channels connected to the MSs;

decreasing a number of pilot carriers for a sub-channel in a good state;

increasing a number of pilot carriers for a sub-channel in a bad state;

determining positions of the increased or decreased pilot carriers and
allocating the pilot carriers in the determined positions; and

transmitting a sub-channels containing the allocated pilot carriers.

According to a further aspect of the present invention there is provided a
pilot carrier allocation apparatus in a base station (BS) in an orthogonal frequency
division multiple access (OFDMA) communication system wherein each of a plurality
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of mobile stations (MSs) is connected to the BS via at least one sub-channel,
comprising:

a measurcr for measuring states of the sub-channels connected to the
MSs;

a determiner for decreasing a number of pilot carriers for a sub-channel
in a good state, and increasing to a number of pilot carriers for a sub-channel in a bad
state; and

an allocatur for determining positions of the increased or decreased pilot
carriers, allocating the pilot carriers in the determined positions, and transmitting the
sub-channels containing the allocated pilot carriers.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features and advantages of the present invention will become more apparent
from the following detailed description
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when taken in conjunction with the accompanying drawings in which:

FIG. 1 illustrates a conventional OFDMA sub-channel structure in the
frequency domain;

FIG. 2 illustrates a conventional carrier allocation method to form an
OFDMA sub-channel; FIG. 3 illustrates an adaptive pilot carrier allocation
method to form an OFDMA sub-channel according to an embodiment of the
present invention;

FIG. 4 is a flowchart illustrating the adaptive pilot carrier allocation
method according to the embodiment of the present invention;

‘FIG. 5 is a flowchart illustrating an operation for receiving adaptively
allocated pilot carriers according to the embodiment of the present invention; and

FIG. 6 is a block diagram of an adaptive pilot carrier allocation apparatus
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described herein
below with reference to the accompanying drawings. In the following description,
well-known functions or constructions are not described in detail since they
would obscure the invention in unnecessary detail.

The present invention pertains to schcduling pilot carriers, that is,
allocation of pilot carriers to each sub-channel to improve phase error estimation
performance for implementation of OFDMA in an OFDM communication system.
As described above, a fixed number of pilot carriers are assigned to each sub-
channel irrespective of its status in the conventional OFDMA scheme. As a result,
a sub-channel in a good channel environment causes unnecessary power
consumption, while a sub-channel in a bad channcl cnvironment suffers a
shortage of pilot carriers for channel estimation. In accordance with the present
invention, pilot carriers are allocated adaptively according to the channel
environment of each sub-channel. An OFDMA transmitter allocates fewer pitot
carriers to a sub-channel in a good state and more pilot carriers to a sub-channel
in a bad state, such that the bad-state sub-channel can also have improved phase
error estimation performance. The present invention is applied to design of
transmission signals and standardization of physical layer protocols of a wireless
communication network in an OFDM communication system.

The features of adaptive pilot carrier allocation in the present invention
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arc as follows.

(1) Pilot carriers are allocated to each subscriber adaptively according to
the subscriber’s sub-channel state;

(2) The number of pilot carriers is changed according to sub-channel state
irrespective of FFT (Fast Fourier Transform) size (Nggy), sub-channel allocation
methods, and the positions and number of pilot carriers available to the system;

(3) The number of pilot carriers to be allocated to a sub-channel is
determined by comparing a bit error rate (BER) of the sub-channel estimated
using its pilot carriers in a base station (BS) with a threshold;

(4) Instead of the BER, the energy or power of the pilot carriers can be
compared with the threshold; and

(5) One or more thresholds can be compared with the BER.

While the present invention is intended to adaptively allocate pilot
carriers Lo each sub-scriber in OFDMA, it is also applicable to DMT (Discrete
Multi-Tone) and other systems with modifications.

FIG. 3 illustrates an adaptive pilot carrier allocation method in an
OFDMA communication system according to an embodiment of the present
invention. Referring to FIG. 3, 4 sub-channcls arc defined, each having 2 pilot
carriers assigned. Thus, a total of 8 pilot carriers are usable in the system. The
total number of carriers is the sum of data carricrs and pilot carriers (N, + Ny,
For clarity of description, while pilot carriers 302, 303, 304 and 305 are
separately shown according to the sub-chanmels, data carriers 301 are not
discriminated by sub-channels in FIG. 3. Although 2 pilot carriers are basically
assigned to each sub-channel, the number of the pilot carriers changes according
to the sub-channel state. If the BER of the pilot carriers 304 for sub-channel 3, for
example, is less than a threshold, the number of the pilot carriers 304 is decreased
to | for sub-channel 3. If the BER of the pilot carriers 305 for sub-channel 4 is
greater than the threshold, the number of the pilot carriers 305 is increased to 3
for sub-channel 4. If the BERs of the pilot carriers 302 and 303 for sub-channels
| and 2 are within a predetermined range, 2 pilot carriers are maintained for each
of sub-channels 1 and 2.

FIG. 4 is a flowchart illustrating an operation in a BS for allocating pilot
carriers to each sub-channel adaptively according to feedback information about
forward pilot carriers from mobile stations (MSs) in the OFDMA communication
system according to the embodiment of the present invention. Herein, it will be
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described as an embodiment that one user 1 uses L, sub-channel, and it is
assumed that 2 pilot carriers are allocated to each sub-channel and the relation
hetween the total number of pilot carriers available to the system and the number
of pilot carriers available to each sub-channel is preset and known to the MSs and
the BS. Therefore, the number of pilot carriers cannot be increased continuously
for a sub-channel in a bad statc and it cannot be decreased continuously for a sub-
channel in a good state.

Referring to FIG. 4, a receiver estimates a sub-channel using pilot carriers
assigned (o cach sub-channel and calculates the BER of the sub-channel in step
401 and sets a sub-channel index L to 1 in step 402. As will illustrated later in a
description of steps 408 and 409, L is between L. If the BER (BER,) of the L™
sub-channel is greater than a first threshold (BER ;) in step 403, the number (P, )
of pilot carriers for the L™ sub-channel is increased by 1 in step 404. If BER, is
between BERy,;; and a second threshold (BERqy,) in steps 403 and 405, P is
maintained in step 406, If BER, is less than BERy, in step 403, P, is decrcased
in step 407. Steps 403 to 407 are performed until L is 4 or greater in step 408. If L
is less than L, in step 408, L is increased by 1 in step 409 and the procedure
returns to step 403.

After the BERs of all sub-channels are calculated and pilot carriers are
correspondingly allocated to the sub-channels, the positions of the pilot carriers
are decided in step 410 and the sub-channels containing the allocated pilot
carriers and data carriers are transmitted with information about the number and
positions of the pilot carriers for each subscriber in step 411.

FIG. 5 is a flowchart illustrating an opcration for receiving pilot carriers
in an MS according to the embodiment of the present invention. This operation is
performed using information about the number and positions of pilot carricrs tor
the MS, as received from a BS in the procedure of FIG. 4.

Referring to FIG. 5, the MS receives a sub-channel containing data and
information about the number and positions of pilot carriers allocated to the MS
in step 501 and sets a sub-channel index L to 1 in step 502. In step 503, the
number and positions of the pilot carriers are detected, which is repeated until L is
equal to or greater than L, in step 504.” Here, L, is the number of frequency
assigned to one subscriber, ranging from 1 to 4. If L is less than L, in step 504,
L is increased by | in step S05 and the procedure returns to step 503. After step

-9-
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503 is completed for all the sub-channels a551gned to the. MS, the MS receives
pilot carriers using the p1|ot number & position information in step 506.

F IG 6is a block diagram of an adaptive pxlot carrier allocation apparatus
ina BS according to the embodiment of the present invention. Referring to FIG. 6,
the BS receives pilot 51gnals from MSs by assigned pilot carriers through a
receiver 601. A BER measurer 602 measures the BERs of L sub-channels from
the MSs. A BER comparator 604 compares each BER with BER thresholds
(BERy,; and BERTHZ) and determines the sub-channels states of the MSs
according to the comparison results. A pilot number & position determiner 605
then determines the number and positions of pilot carriers to be allocated to each
sub-channel according to the sub- channel states. A pilot allocator 606 allocates
pilot carriers to the sub-channels accordmg to the pilot number & position
information received from the pilot number & position determiner 605. The BS ~
then transmits data carriers and allocated pilot carriers together with information
about the pllot number & positions to each subscriber through a transmitter-607..,

In accordance with the addptive pilot allocation method for OFDMA in
the present invention, less pilot carriers are allocated to a subscriber in a good

sub-channel environment, decreasmg power consumption, and more pilot carriers

to a subscriber in a bad sub-chanmel environment, improving phase error

- estimation performance despite increased power consumption. Therefore, overall

channel estimation performance is increased.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without
_depamng from the spirit and scope of the invention as defined by the appended

claims.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the

invention.

-10-
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WHAT IS CLAIMED IS:

1. A pilot carrier allocation method in a base station (BS) in an
orthogonal frequency division multiple access (OFDMA) communication system
wherein each of a plurality of mobile stations (MSs) is connected to the BS via at
least one sub-channel, comprising the steps of:

determining states of the sub-channels connected to the MSs;

decreasing a number of pilot carriers for a sub-channel in a good state;
and

increasing a number of pilot carriers for a sub-channel in a bad state.

2. The pilot carrier allocation method of claim 1, wherein the states
of the sub-channels are determined according to bit error rates (BERs) of the sub-

channels .

3. The pilot carrier allocation method of claim 1, wherein the states
of the sub-channels are determined according to powers of the pilot carriers .

4. A pilot carrier allocation method in a base station (BS) in an
orthogonal frequency division multiple access (OFDMA) communication system
wherein each of a plurality of mobile stations (MSs) is connected to the BS via at
least one sub-channel, comprising the steps of:

determining states of the sub-channels connected to the MSs;

decreasing a number of pilot carriers for a sub-channel in a good state;

increasing a number of pilot carriers for a sub-channcl in a bad state;

determining positions of the increased or decreased pilot carriers and
allocating the pilot carriers in the determined positions; and

transmitting a sub-channels containing the allocated pilot carriers.

5. The pilot carrier allocation method of claim 4, wherein the states
of the sub-channels are determined according to bit error rates (BERs) of the sub-
channels .

6. The pilot carrier allocation method of claim 4, wherein the states
of the sub-channels are determined according to powers of the pilot carriers .

7. A pilot carrier allocation apparatus in a base station (BS) in an

orthogonal frequency division multiple access (OFDMA) communication system
wherein each of a plurality of mobile stations (MSs) is connected to the BS via at
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least one sub-channel, comprising;

a measurer for measuring states of the sub-channels connected to the
MSs;

a determiner for decreasing a number of pilot carriers for a sub-channel
in a good state, and increasing to 2 number of pilot carriers for a sub-channel in a bad
state; and

an allocator for determining positions of the increased or decreased pilot
carriers, allocating the pilot carriers in the determined positions, and transmitting the
sub-channels containing the allocated pilot carriers.

8. The pilot carrier allocation apparatus of claim 7, wherein the measurer
measures the states of the sub-channels according to bit error rates (BERs) of the sub-
channels.

9. The pilot carrier allocation apparatus of claim 7, wherein the measurer
measures the states of the sub-channels according to powers of the pilot carriers.

10. A method as claimed in any one of claims 1 to 6, and substantially as
herein described with refcrence to the accompanying drawings.

11. An apparatus as claimed in any one of claims 7 to 9 and substantially as
herein described with reference to the accompanying drawings.

Dated this 24" day of October 2005
SAMSUNG ELECTGRONICS CO., LTD
By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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