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IEEE 802.16 is an emerging global broadband wireless access standard capable of delivering
multi ple megabytes of shared data throughput supporting fixed, portable and mobile operations.
WiIMAX represents a scalable and cost-effective solution to offer wider area coverage, improved
performance in terms of QOS, service continuity in case of terrestrial network failure and long
range user mobility. The ever increasing demand of OFDMA and MIMO, plays a major rolein
multiuser and multicarrier frame work. We propose a suboptimal, subcarrier allocation criteria
for OFDMA-MIMO systems. The computational complexity grows linearly with the number of
users and the number of sub carriers. Numerical results are presented to compare the two sub
carrier allocation criteria with the optimal criterion. It is observed that BER and FER

approaches rapidly for lower energy to noiseratio.
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Cmanoapm |EEE 802.16 - smo cmandapm wupoxonoiocuoco 6ecnpo8ooHoco 0ocmynd,
donyckarwuil. My1bmume2abaiumnyo nponyCcKHyl0 cnocoOHOCmMy OAHHLIX ¢ 0OWUM OOCHIYHOM.
WIMAX npeocmasnsiem coboti macumabupyemoe u 9KOHOMUYHOE peutenue OJisl PACUUPEHUS
obnacmu oxeama, YiyuuleHus nPousso0UmMeIbHOCmu, obecneyenus: becnepedoHoCmu césa3u 8
clyyae paspviéa HA3EMHbIX cemel U 00IbWOU OUANA30H MOOUTLHOCMU NOJb308AMEN.
Tpebosanue OFDMA u MIMO uepaem ocnosnyto pons 6 cpede ¢ MHOSUMU NOJBL3OBAMENAMU U
HeCKOIbKUMU Hecywumu. B pabome npednacaemcs onmumanvHulii Kpumepuii 0 pazmeueHus
cyonecyweir o cucmemvr OFDMA-MIMO. Crooicnocmv  ebiuucienuil auHelno pacmem ¢
YUCTIOM NOJb308amenell U Yuciom nooumecywux. Ilpueooamcs uucieHuvie pe3yiomamvl OJisl
CpasHeHust Kpumepusi pasmeweHusi 08yxX CYOHecywux ¢ ONMUMAIbHbIM — KpUumepuem.
Obnapyoiceno, umo yacmoma owubOK no oumam u yacmoma owudOoK no gpeumam Ovicmpo

oocmueaemcsi npu bonee HU3KOM OMHOUEHUU IHEPCUA-IUYM.

KawueBbie cioBa: mepemada ganaeix, WIMAX, MIMO, OFDMA, o006paboTka CHIHAJIOB,

94acToTa OmMUOOK 1Mo OuTaM, yactoTa omuook mno gperimam, CCDF.

1. Introduction

WIMAX is a world wide interoperability microwave eess is a telecommunication
technology that provides wireless data in a vargtyays and its name was created by WiMAX
forum. In several countries, manufacturers, opesatmd public authorities look at WIMAX
system as a viable technology to fill the “digitivide”, providing broadband services mainly in
suburban and rural areas, but also in densely ptgallareas[1]. WIMAX is a wireless digital
communication system, also known as IEEE 802.1&vioeless MAN that is intended for
wireless “metropolitan area networks”. WiMAX caropide broadband wireless access (BWA)
up to 30 miles (50 km) for fixed station and 3 trtiles (5-15 km) for mobile stations. WiMAX
provides up to 70Mbps per station for cells witHiraf several kilometers. Traditional wireless

system uses single antenna for transmission aigiesamtenna for reception, called single input



and single output systems(SISO).In recent yeaggjfgiant progress has been made in the field
of wireless communication, that use multiple angenfor transmission and reception, called

multiple input and multiple output(MIMO)[3].
1.1 Multiple antenna system

It uses the advantage of diversity in wireless camigation. The channels are affected by
rayleigh fading. Multiple antennas at the transenitind receiver can provide diversity gain and
increased data routes through the space time smoakssing. Adaptive array provides high
antenna gain for extended battery life, extendadeahigh throughput, multipath diversity gain
for improved reliability including more robust opé&pn of services and also provides
interference suppression, reduced interferenceucestl interference in other systems on

transmission,high link capacity through the us#t¥O with spatial multiplexer[4].

1.2MIMO

MIMO stands for Multiple Input and Multiple Outpuand refers to the technology where there
are multiple antennas at the base station and pteuléintennas at the mobile device. Typical
usage of multiple antenna technology includes llphones with two antennas, laptops with
two antennas.OFDMA and MIMO integrated to offer Hemefits of both systems simplicity and
high performance.Beam forming MIM@tandards-compatible techniques to improve theerang
of existing data rates using transmit and receeantforming, Also reduces transmit interference
and improves receive interference tolerance.Spatidiiplexing MIMO,allows even higher data
rates by transmitting parallel data streams inslime frequency spectrum. Figure 1 shows the

simple MIMO system model.



1.3MIMO Techniquesin WiMAX

WIMAX implementations that use MIMO technology habecome important. The use of
MIMO technology improves the reception and allowsd better reach and rate of transmission.
The implementation of MIMO also gives WIMAX a sifjnant increase in spectral efficiency. A
simple MIMO system shown in figure 1 shows 2x2 ante system. Nearly orthogonal
signatures can be constructed to simultaneoushginit to multiple users at the same bandwidth
or to transmit to distinct data rates on the sdmaedwidth but with differing spatial
signatures.let the input data be serial data sireBsmitted by two antennas through the
channel.The test vectors are generated using charatex and received by two antennas to

produce two distinct received signals rl and r&Téiexplained in detail in the section 2.3.

1.4 Modulation scheme

Single frequency signal is always on at the sanss@land amplitude conveys no information.
To transmit the data, a sinusoidal signal must gbasith time, the signal must be modulated.
The different modulation standards are introducttiag from the on off keying to the
guadrature modulation. Code rate is a type infoonatate, states that the percentage of useful
information content in a signal. If a coder genesah’ bits total data, and ‘k’ bits of useful

information, the code rate is ‘k/n’.

1.5 Benefits and challenges:

The WIMAX standard depends upon a grand-requestsacprotocol that doesn't allow data
collisions and therefore uses the available baniiwidore effectively. Other characteristics of
WIMAX standards includes higher quality of servia#,support for WMAN service, WiMAX

support more users and deliver faster data ratemgér distances. As more users join they must



share the aggregate bandwidth and their indivithvalughput decreases linearly. This capability
is termed “efficient multiple access”. Smart an@rsupport-Smart antennas are being used to
increase spectral density and to increase signahdigse ratio for WiMAX. Because of
performance and technology, WIMAX standards suppevteral adaptive smart antenna types,
including Receive spatial diversity antennas, $&giversity antennas, beam steering antennas,

Beam forming antennas.

2. Orthogonal Frequency division Multiplexing

All the modulation schemes are single carrier matih techniques. Single carrier modulation
are versatile and relatively simple to implemenho3e schemes have some fundamental
limitations in a wireless link. In a real world atrsmission, the concept of multipath, that is
various sorts of obstacles may exist that reflbet dignal providing alternatives to the direct
path. OFDM has been proposed for very high dawaad provides parallelism, allowing 10

fold increase in the transmission delay allowedbeterious multipath distortion occurs[7].

2.1 OFDM transmitter

In the OFDM transmission system, the OFDM symbath data set is converted into a complex
number of decreasing amplitude and phase of theaster and that complex number becomes
the complex amplitude of the corresponding subedfj. In Figure 2, the inverse FFT convert

the frequency spectrum into a sequence of time Esmphis set of numbers is read out serially
and assigned to successive time slots.The resudongplex numbers for signal versus time are
converted into a pair of voltages by an ADC. Tleal part determines the Inphase or | channel
and the imaginary part determines the quadratureQ @hannel. These | and Q voltages are

multiplied, by a cosine and sine at the centerdeegy[7]. The received symbol is demodulated



in a similar fashion. Figure 2 shows how the datanapped and transmitted in a channel and

received in a OFDM system.
2.2 OFDM reception

OFDM symbol is quite complex, for a modest numbesubcarriers. As the number of sub
carriers grow large, the few symbols with all thdarriers in phase grow increasingly rare as a
percentage of the possible symbols. The receivgubbkis demodulated, processed and mapped

on QAM. Thus the output resembles the input.

2.3 System model

Test bench is simulated using Agilent's ADS2008&loie. The RF source is designed to provide
the signal strength of 10dBm at a center frequeric®.305GHz for bandwidth of 10MHz. The
system is simulated for 2x2 antenna. The RF sighalassed through MIMO channel. The
system is modeled as OFDMA based on IEEE 802.16mgménformation. It is very important
in the information theory study, the channel cafyaof the wireless system. MIMO channel
capacity is modeled as follows, there are m-numbéitransmitting antenna and n-receiving

antennas.
The receives signaly(k) = H (k) x(k) + I (k) + z(k), (1)
y(k)-is nx1 received signal vector at time constgnt

y(K) = [y1(K) Y2 (K) Y3 (K) Ya (K).orvvenne. yn(K)]", )

x(k)-is mx1 received signal vector at time constgnt



X(K) = [xq (K)o (K) X3 (K) Xg (K)...c..... 5% ()] 3)

H(k) is nxm channel gain matrix at time instant k,

Py (P (K)hyg (K)o hym (K) |
hy1(K) oy (K)Doz(K)............. hyem (K)
H(o = , @)
_.hnl(k)hnz(k)h,ﬁ(k) ............ o (K) |
noise vectorZ (K) = [z (k) Z, (K) Z5(K)............ z. (k)]"
Interferencel (K) = I, (k)1 ,(K)I 3(K)........... I, (K)]
1(K) =H, (K)% (K) (5)
y(K) = H(K)x(k) + H; (K)x, (K) + z(K), (6)
y(K) = H (K)x(k) +w(k), (7)
Capadt,czslog{de{. P:HH ©

H channel matrix, P, i=1,2, ...A- eigen valuey >\,> Ar.
3. BER & PER Measurements

The most commonly encountered ratio is the bitrenatio (BER) - also sometimes referred to as

bit error ratei.e.,, the number of erroneous bits received dividedth®y total number of bits



transmitted.Packet Error Rate (PER) is used to ttestperformance of an access terminal's
receiver. In performing the PER measurement, thiest, it always operates with 100% packet
activity, means that all slots contain Forward fica€Channel or Control Channel packets (data).
Test bench is based on a modulation technigue WNIRRE802.16e OFDMA for transmitter
and receiver .It has the following features: Topelebaseband signal sources and RF signal
source for downlink and uplink were provided. Tlgstem is modeled in the basis of TDD/FDD
frames for downlink and uplink, it has 512,1024 &80FFT sizes, Channel coding is
CC(Convolution coding) and CTC(Convolution turbodom),STC/MIMO with two antenna
source for both the uplink & downlink, Collaborai\MIMO(SM) source with one transmit

antenna for uplink signal.

Top-level baseband receivers and RF receivers damtink and uplink were also developed.
The functionalities are as follows: 512, 1024, 042 FET sizes with variable bandwidths, CC
decoding with soft decision(with channel state infation(CSI)),CTC decoding with soft

decision(with channel state information(CSI)),STOMD decoding(with ZF and MMSC). The

figure 3 shows bit error rate and frame error @t&x2 MIMO channel operated at a center
frequency of 2.305GHz with the FFT size of 1024 #ml packet length is 100 bytes. From the
figure 3 ,64QAM shows the better performance th#dreilomodulation schemes. The following

table shows the code rate and bits per symbohfodifferent modulation schemes.

Table.1 Comparison of coderate and bits/symbol for various modulation scheme

Modulation| Code rate | Bits/symbol

QPSK 1 0




QPSK

Y

16 QAM

Ya

16 QAM

¥4

64 QAM

Ya

64 QAM

2/3

64 QAM

¥4

4. CCDF M easurements

CCDF curves provide the peak to average power detmled by component designers. This
provides the power characteristics of 3G signafss $hows how much time the signal spends at

or above a given power level. In the figure 4 ,pleak to average power reaches 9.056dB.

The figure 5 shows that the number of tones esmgthe channel resembles the AWGN curve.
This becomes an important application of Noise goratio measurements(NPR).The RF peak

power for downlink signal is 9.055dB.
5. Waveform and spectrum M easur ements

The model is designed in the ADS momentum 200&8HerEEE 802.16e WMAN. Two signals
analyzed in the MIMO channel, CCDF waveform is gpadl for various modulation schemes.

The model is created for WMAN uplink and downlitkaoinel for OFDMA system shown in the

figure 5 & 6.




6. Conclusion

The proposed implementation system is a key endbtdnigh capacity data services, which is
fundamental to success for WIMAX .1t has been sholat multiple input and multiple output
antenna systems offer spectral efficiency signifigahigher than values reached in conventional
radio systems. MIMO system can solve the probleniiroited bandwidth. The competitive
technology to MIMO is OFDMA. 1t is preferred oversangle carrier solution due to lower
complexity of equalizers for high delay spread ctes or high data rates. The system has
improved quality throughput, improved frequencycpen utilization and the system shows the
processing bandwidth of 1.25 to the maximum of 1@GMét different modulation schemes like

BPSK,QPSK,QAM,OFDM,OFDMA.
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