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Abstract—In this paper, we propose an adaptive sub-band indicating the packet location in the physical frame and the
nulling technique in order to improve the performance of or- MCS level.

thogonal frequency division multiplexing (OFDM)-based wireless g the other hand. the FDS groups adjacent subcarriers
communication systems. It excludes some sub-bands experiencing T
deep-fading and the transmission power for the excluded sub- into a sub-band and multiple sub-bands are allocated to users.
bands is reallocated for the remaining sub-bands. We compute In the FDS, the channel response of each sub-band can be
the optimal number of nulled sub-bands in order to maximize considered as a flat fading channel. Thus, the FDS can make
the capacity. Water-filling is one well-known optimal resource petter use of multiuser diversity in frequency domain, while
allocation scheme. However, it has tremendous complexity at the the TFD can only exploit the multiuser diversity in time do-
transmitter and requires full channel state information from the . .

receiver. We compare the performance of the proposed scheme mam. quever,_the FI_DS requires a large amount of _feedback
with that of the water-filling scheme and the result shows that information for indicating the channel state information over
the performance of the proposed scheme is similar to that of frequency domain and signaling overhead for indicating the
the water-filling in a wide range of signal-to-noise ratio (SNR) packet location in the physical frame. If a large number of
values. Furthermore, the proposed adaptive sub-band nulling ,sers demand low-rate data services with low channel activ-

can be used as an enhanced distributed transmission mode in... . . .
future OFDM-based wireless communication systems after a ities, then a BS should transmit a large amount of signaling

small modification in the frame structure. information, which includes subcarrier allocation, modulation
and coding format, pending data to specific users, in order
. INTRODUCTION to maintain the connections. Furthermore, it may not operate

OFDM is one of the most promising techniques for higheorrectly in rapidly varying channel environments. Thus, the
speed data transmissions over frequency selective fading chiébS is expected to be suitable for users with low mobility
nels [1] and a number of multiple access schemes with OFD&hd/or high SINR values [9], [10].
techniqgues have been proposed, including OFDM-TDMA, In summary, though the TFD mode makes the system
OFDM-FDMA, OFDM-CDMA, and FH-OFDMA [2]. operation simple, it has a demerit that the subcarriers with

Recently, a number of OFDM-based wireless systems hadweev channel qualities may be allocated. The FDS mode has a
been proposed. The IEEE 802.16-2004 standard was publisheetit that multiuser diversity is achieved in frequency domain
for fixed access in October 2004 [3]-[6]. The standard hasd time domain at the cost of complexity. In this paper,
been updated and extended to the IEEE 802.16e standardwer propose an adaptive sub-band nulling technique as a
mobile access, Mobile WIMAX, as of October 2005. Theompromise between the TFD and FDS modes. It basically
IEEE 802.16e system exploits the OFDMA with a fast Fourieperates like the TFD mode after it excludes sub-bands with
transform (FFT) size ofl024. The OFDMA is also being low SINR values. The remainder of this paper is organized as
considered as a physical layer technique for the Evolvefibllows: In Section Il we introduce the proposed adaptive sub-
UTRA [7] and the IEEE 802.20 standard (mobile bradbarishnd nulling technique. In Section Ill, we analyze the optimum
wireless access, MBWA) [8]. number of nulled sub-bands to maximize the system capacity.

There are two transmission modes in OFDM-based wirelelss Section IV, the performance of the proposed technique
communication systems: a time and frequency diversity (TFI¥) evaluated in terms of throughput for varying SNR values
mode and a frequency domain scheduling (FDS) mode. Sirtme computer simulation. Finally, conclusions are presented in
the TFD mode is a very useful scheme for averaging interc8ection V.
interference and avoiding deep fading by selecting subcarriers
pseudo-randomly, it is expected to be suitable for users with
high mobility and/or low signal-to-interference-plus-noise ra- Fig. 1 shows the block diagram of a TFD mode. Users
tio (SINR) values. The TFD mode uses the same modulatitransmit their data through the distributed subcarriers which
and coding scheme (MCS) over subcarriers and only changes selected pseudo-randomly. Data symbols of each user in a
the MCS level over time. In this mode, since it requires thieame experience fading and it results in varying SINR values
averaged channel state information over frequency domainthe receiver. Thus, a channel coding technique is required to
from the receiver, it can reduce the signaling overhead fachieve a good TFD mode. A single modulation and coding

Il. ADAPTIVE SUB-BAND NULLING TECHNIQUE
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Fig. 2. Block diagram of an FDS mode

Fig. 1. Block diagram of a TFD mode
9 g not use the unfavorable sub-bands of each user. In the proposed

scheme is used in the frequency domain in the TFD mo@$SN mode, the averaged SINR values of each user can be

frequency domain. multiuser diversity gain over frequency domain intrinsically. A

Fig. 2 shows the block diagram of an FDS mode. Use?é”gle MCS is used over the frequency domain and it requires

transmit their data through sub-band(s) each of which consiSt&Ple signalling. ,

of adjacent subcarriers in the FDS mode. The number of 19- 4 shows the operation procedure of the proposed
subcarriers in a sub-band is here assumed to be two. IfgN mode between a base station (BS) and a mobile sta-
wireless channel is frequency-selective, then each sub-bdie (MS). At first, a BS transmits a pilot signal and an
has a different channel gain and the favorable sub-bandMp €stimates the wireless channel based on the received
a specific user may be different from those of other usefdlOt signal. It determines the number of sub-bands nulled
If users can transmit their data through their favorable suB¢cording to a given criterion. Then, the MS informs the
bands, then the system throughput can be improved thro of its channel characteristics, which include the indexes
multi-user diversity. In Fig. 2 there existsub-bands and user©! the excluded sub-bands and the averaged SINR values

1 uses the first and the sixth sub-bands from the top. UsePRthe remaining sub-bands. The BS decides an appropriate
uses the fourth and the fifth sub-bands from the top. MCS level according to the received averaged SINR value

\%d allocates the resources (subcarriers) to the MS. The BS
gansmits the user data and the signaling information about the
gsource allocation. The MS receives the data and transmits the
/NACK signaling to the BS. The MS estimates its channel

Fig. 3 shows the block diagram of the proposed adapti
sub-band nulling (ASN) mode. The ASN mode is similar t
the TFD mode except that some sub-bands are excluded

data transmission. For example, user 3 does not use the thi teristi d tes th d SINR val f th
sub-band from the top and user 4 does not use the si aracteristics and computes the average value of the

sub-band. The excluded sub-bands vary according to usrer@aining sub-bands. If the channel yaries and the nulled sub-
since the wireless channel characteristics of each user §@é\ds change, th_en the.MS determines the nulled sub-bands
independent. Thus, when the proposed ASN mode is applieoa%am and transmits the indexes of the nulled sub-bands.

a cell, adjacent cells still experience the averaged interferencitﬁ
characteristics over frequency domain, while the FDS mode
induces bursty interference characteristics to adjacent cells.
The transmission power which is supposed to be allocated tdn Section Il we introduced the proposed ASN mode
the nulled sub-bands can be reallocated to the remaining sulftich excludes some sub-bands with low SINR values. Now,
bands. The proposed ASN mode exploits time and frequergynatural question is that how many sub-bands should be
diversities since it basically transmits data in a distributezkcluded in transmission or what the minimum SINR level of
manner. It also achieves a multiuser diversity because it ddhe remaining sub-bands is. We assume that the channel gain

OPTIMUM NUMBER OF NULLED SUB-BANDS IN THE
ASN MODE
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Fig. 5. Algorithm for determining the optimal number of remaining sub-
bands

N,

steps. However, if we know ;%" x; = K at the optimal

i solution, then the original problem is reduced as:

Excluded Subcarrier Nsp
of the i-th user
7 max Z logy (1 + W, - xp), (2
T1,--TNgp
> |- n=1
Onse OEDIM whereW,, = Pr|H,|?/(NoK B). Since a logarithm function
ymbo

is a monotonically increasing, finding an optimal solution is
equivalent to settinge,, to 1 with the highesK values of
Fig. 3. Block diagram of the proposed adaptive sub-band nulling modewvn_ The termK ranges froml to Ngg. Now, we know that

the original problem in Eq. (1) is changed into an ordering

MS BS problem which takes)(Ngplog(Nsp)) steps. Fig. 5 shows
- 1 Pilot an algorithm for determining the optimal number of remaining
B sub-bands of the proposed ASN for given channel coefficients.
(NO%M (igas;;ngfeL jﬁ:ﬁ lsrzjfgrlr;n;tl’osn& After obtammg th(_a optimal number of sub-bands used, the
‘ average SINR value of MS transmits the indexes of the excluded sub-bands and the
remaining sub-bands) 4. Scheduling & averaged SINR value for the remaining sub-bands to the BS
. 5. Signaling information Resource Allocation  through a feedback channel. If we use a water-filling (WF)_
Cfrh?j:ii;f;";'j;:ge & Data transmission method [11], then the MS needs to send the channel gain
SINR value of remaining values of all sub-bandg/,|?, to the BS and the feedback
sub-bands 7. ACKINACK & Average SINR signaling overhead becomes much larger than that of the

value of remaining sub-bands
>

proposed ASN mode.

Intuitively, a sub-band with a high channel gain yields a high
capacity. Thus, if we fix the number of remaining sub-bands
after nulling some sub-bands, then we should use the sub-

of subcarriers in a sub-band is identical, that is, the bandwiokfﬁmdS with high channel gains. In other words, we exclude a

of a sub-band is smaller than the coherence bandwidth. gfiuired number of sub-bands with lower channel gains first.

this section, we assume that MSs know channel coefficier:l:@e proposed ASN mode boosts the power allocated to the

through the pilot signal from a BS. Then, determining th%emaining sqb_—bands so that .the averaged power allocat(_ad to
optimum number of the nulled sub-bands for maximizin Il the remaining sub-bands is the same as the conventional

capacity is to solve the following optimization problem: F[_) mode._ .
Figure 6 illustrates the capacities of the proposed ASN tech-
Nsp Pr|H,|? T nique and the optimal WF technique. The channel coefficients
CNsp = e Z logy {1+ NoB SV, (1) of a sub-band are assumed to be Rayleigh-distributed and
= independent of each other. The total number of sub-bands is set
subject to to 20. The proposed ASN technique has a similar capacity to
2 € {0,1} that of the WF technique in a wide range of SNR values. The
" T proposed ASN technique operates according to the algorithm
whereNgp and Pr denote the total number of sub-bands anshown in Fig. 5. It is important that the optimum number of
the total power allocated to each OFDM symbol, respectivelyulled sub-bands is chosen in the proposed ASN technique. If
|H,|* and B represent the channel gain of theth sub-band we fix the number of nulled sub-bands in the ASN technique,
and the bandwidth of a sub-band, respectively. To find d@nen the capacity of the ASN technique decreases. Fig. 7
optimal solution with exhaustive search, it requireg”s2) shows the capacity of the ASN technique with three different

Fig. 4. Procedure of the proposed adaptive sub-bands nulling mode

n=1
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Fig. 6. Capacity comparison between the proposed ASN technique and i@ 7. Capacity of the ASN technique with three different numbers of nulled
optimum water-filling technique sub-bands

NSB=20, Rayleigh fading channel

numbers of nulled sub-bands. As the SNR values increas
the capacity of the TFD mode approaches to the WF capacit
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The optimal power allocation strategy is to allocate the powe R I ot %005,

equally over the frequency sub-bands when the received SN ﬂ"u o 039,, ;+»*+‘+ ., ©920006000,

values are very high [12]. On the contrary, the optimal poweis °%° e .o RaLE **n,* 1
allocation strategy is to allocate all the power to a sub-bani 3 o °o° ,+‘+ ay Fres, ..

with the highest SNR value when the received SNR value §oas*"  o° +* Yo, Tresey
are very low. Thus, excluding more sub-bands with low SNRg 00 oa,

values is better when the SNR values are low. In Fig. 7, ifs SR u““nnnun

we usel5 good sub-bands among) sub-bands, then the 5™ [+" ®%0taaa,,

capacity of the ASN technique is equal®® bits/sec/Hz at an — ASN with optimal number of nulled sub-bans

SNR value 0f30dB, while the capacity of the ASN technique o2 . I\Ei’. using 15 sub—bands .

using 10 good sub-bands is equal 8 bits/sec/Hz at the AN 3:;23 10 sub-bands

same SNR value. However, when the received SNR value ‘ ‘ ‘ ‘ ‘ ‘

are low, the capacity of the ASN technique usih@ good T Nemgesnmes o o F T

sub-bands is equal t6.0236 bits/sec/Hz, while that of the

ASN technique using5 good sub-bands is equal ©00182. Fig. 8. Normalized capacities of the ASN technique over the WF technique

Thus, it is important to dynamically change the number of

nulled sub-bands according to varying channel gains in the

ASN technique. bands with low SNR values is sufficient to achieve the optimal
Figure 8 illustrates the normalized capacities of the ASKPacity and a variation in the allocation of power over the

technique over the WF technique. The ASN technique wiffMaining sub-bands does not affect the capacity much.

an optimal number of nulled sub-bands nearly achieves the

WEF capacity over all SNR values, while the capacity of the

TFD technique approaches to the WF capacity only whenTable | summarizes the simulation parameters of an OFDM

the received SNR values are high. Furthermore, the ASNk-level simulator for evaluating the performance of the

technique using a fixed number of nulled sub-bands achiey@eposed ASN mode [13]. We grouty adjacent subcarriers

the WF capacity at a specific SNR value. Note that the optimato a sub-band. Table Il lists the modulation and coding

number of nulled sub-bands decreases as the received S ¢Remes. In MCS levels 1 and 2, five OFDM data units are

values increase, which is coincident with the optimal powedlocated to a single user per 2ms TTI. Five sub-bands among

allocation strategy derived in [12]. The proposed ASN with &5 sub-bands are used for data transmission in this case and

fixed power allocation strategy over the remaining sub-bantiese five sub-bands per OFDM symbol are changed according

nearly achieves the capacity of the optimal power allocatida a Costas sequence [13]. For the other MCS levels, all sub-

strategy, WF. Thus, we can conclude that excluding some stiands are used for data transmission.

IV. SIMULATION RESULTS



TABLE | 12

SIMULATION PARAMETERS - ggiictj);mﬁag
4-Bands Nulling
— - 5-Bands Nulling
10 j .
Parameters ‘ Values
Transmission time interval (TTI) duration 2ms oL |
FFT size (points) 1024 g
OFDM sampling rate /samples/sec) 6.528 %
Guard time interval (sampleg,sec) 64, 9.803 F 8" 1
Subcarrier saparatiorkz) 6.375 =
Number of OFDM symbols per TTI 12 4k 1
OFDM symbol duration gsec) 166.67
Number of useful subcarriers per OFDM symbpl 705
oL J
OFDM bandwidth (/Hz) 4.495 :
Number of total sub-bands 15 e

SINR
TABLE I

MODULATION AND CODING SCHEMES (MCS) Fig. 9. Throughput comparison between the proposed ASN mode and the

conventional TFD mode

MCS | Modulation | Data rate | Code rate| Payload size per TTl  the ASN mode. The proposed ASN mode can be an effective
1 QPSK 800 kbps 13 1600 bits transmission mode as a enhanced mode of the conventional
2 QPSK 1.2 Mbps 12 2400 bits TFD mode in future OFDM-based wireless communication
3 QPSK 2.4 Mbps 1/3 4800 bits systems.

4 QPSK 3.6 Mbps 1/2 7200 bits
5 16QAM 4.8 Mbps 1/3 9600 bits ACKNOWLEDGMENTS
6 QPSK 5.4 Mbps 3/4 10800 bits This research was supported in part by BroMA IT Research
7 16QAM 7.2 Mbps 1/2 14400 bits Center Project.
8 16QAM 10.8 Mbps 3/4 21601 bits
REFERENCES

[1] R. Van Nee and R. Prasa@FDM for wireless multimedia communica-
tions Artech House Publishers, 2000.

Figure 9 illustrates the achieved data rates of the convdfl- K. Fazeland S. KaiseMulti-carrier and spread spectrum systenviiley,

tional T_FD mode and the prpposed ASN m(_)de' The lTB] IEEE-, P802.16-REVd/D5, “ Part 16: Air interface for fixed broadband
Pedestrian-B channel model is used for a wireless channelwireless access systems,” May 2004.

model [13]_ We fix the number of nulled sub-bands in thig! C. Eklund et al., “IEEE Standard 802.16: A technical overview of the
wirelessMAN air interface for bradband wireless accedSZE Commun.

simulatiqn. As we mentioned in Section i, the proposed ASN  \jag."vol. 40, No. 6, pp.98-107, Jun. 2002.
mode with 5 nulled sub-bands yields a higher throughput thg I. Koffman and V. Roman, “Broadband wireless access solutions based

the conventional TFD mode when the received SNR values on OFDM access in IEEE 802.16/EEE Commun. Mag.Vol. 40, No.
ow. 1 h ional TED mode achi 4, pp.96-103, Apr. 2002.
are low. However, the conventiona mode achieves the A "Ghosh et al,, “Broadband wireless access with WiMAX/802.16:

highest throughput among the schemes. Therefore, we shouldcurrent performance bandchmarks and future potentiEEE Commun.

adapt the number of nulled sub-bands according to the receiyedMag, Vol. 43, No. 2, pp.129-136, Feb. 2005.
Y% 3GPP, TR 25.814, “Physical layer aspects for Evolved UTRA (Release

SNR values. 7),” Nov. 2005.

[8] IEEE C802.20-05/68r1, “MBFDD and MBTDD wideband mode: Tech-
V. CONCLUSIONS nical overview,” Jan. 2006.
. . [9] C. Y. Wong, R. S. Cheng, K. B. Letaief, and R. D. Murch, “Multiuser
We proposed an adaptive sub-band nulling (ASN) schemeé orpm with adaptive subcarrier, bit, and power allocationEEE J.

which can be applied to a conventional TFD mode in OFDM- ]Seleﬁt.dAreas CommunVoJ. 17, No. 10, pp-1747-bl75%, %Ct' 1999. "

; ot e ot T. lkeda, S. Sampei, and N. Morinaga “TDMA-based adaptive modula-
based W!reless .communlcayon systems. Small modification tion with dynamic channel assignment for high-capacity communication
are required to inform the indexes of the nulled sub-bands, systems;IEEE Trans. Veh. TechnolVol. 49, pp. 404-412, Mar. 2000.
compared to the conventional TFD mode. We analyzed tHé] ﬁ- J. ?Oldsmit? and P. P. Varaiya, “Cfipacity r?f fadinsll channels with

; _ ; channel state informationJEEE Trans. Inform. TheoryVol. 43, No. 6,
optimum number of nulled sub-bands. When the received SNR op. 1986-1992, June 1997,
values are low, more sub-bands need to be nulled. We showgdl b. Tse and P. ViswanathFundamentals of wireless communication
that the proposed ASN mode vyields a similar capacity to that]Cambridge, 2005. il i ) .

T ; ; 3] 3GPP, TR 25.892 v.6.0.0, “Feasibility study for orthogonal frequency

of the wate_r ﬁ”mg (WF) sc_heme over in a wide rgnge of SNﬁ- division multiplexing (OFDM) for UTRAN enhancement,” June 2004.
values, while the conventional TFD mode achieves the WF
capacity only when the received SNR values are very high.

Furthermore, we illustrated the link-level simulation result of



