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Abstract— In this work adaptive modulation under imperfect
channel state information CSI) has been analyzed in OFDM
based systems. Key parameters considered are BER vs SNR
and spectral efficiency due to link adaptation. In this work
analytical approach has been adopted.
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I. INTRODUCTION

In modern wireless cellular applications RRM(Radio resource
management) and LA(Link Adaptation) are the two major
aspects. Both of them are interdependent on each other. In the
context of 4G networks the frequency reuse plan( reuse-
1,fractional frequency reuse etc),packet scheduling even in
other cells and placement of eNBs affect the link adaptation
process. Networks are becoming unplanned, decentralized and
heterogeneous. BS deployments increasingly driven by
capacity needs rather than coverage needs.

Paradigm is shifting from SNR to SINR. Link Adaptation
process cannot be treated as isolated process dependent only on
SNR,rather heavily depends on SINR. Under Link Adaptation
the code rate and modulation levels needs to be adapted in
order to maximize the spectral efficiency with the fluctuating
link quality while simultaneously satisfying the target BER
constraint and Power constraint. The cutoff-snr of each data
rate is there. The highest supportable data rate is pumped based
on the instantaneous link quality. Fundamental work have been
done in [1] , [2] where the modulation levels and the transmit
power is adapted while meeting the BER and power
constraints.

Adaptive OFDM for wide band radio channels has been done
in [3] where different modulation schemes are employed
adaptively onto different sub carriers for frequency selective
fading channel. In [4] bit and power is adapted for different sub
carriers adaptively for multiuser OFDM case dynamically in
time domain/frequency domain. Imperfect CSI in OFDM too
leads to increase in BER from target BER, algorithm have been
proposed in [5] to prevent this increase in BER due to
imperfect CSI but this leads to under-loading of sub-carriers.

Proportionate rate constraints has been included in Multiuser
OFDM in [6]. The effect on OFDM due to imperfect CSIT has
been done in [7].Based on CQI(channel quality index)
feedback from UE, LTE-eNB select between QPSK,16-QAM
and 64-QAM with different coding rates [8], [9]. Inner loop
link adaptation has first hand in adaptive modulation. If there is
any imperfection in CQI reporting it can be corrected by outer
loop link adaptation and BLER can be maintained [10],
actually margin is provided to ensure reliable communication
so that even if there is deep BER/BLER don’t goes beyond
target BER/BLER.

As link adaptation is fundamental to achieve optimized spectral
efficiency with BER/BLER constraints an attempt has been
done through semi-analytical approach. From the research done
by various authors/groups its clear that link level performance
degrades dramatically due to imperfect CSI. 4G networks and
beyond are becoming unplanned, decentralized and
heterogeneous and hence interference should be given
emphasis while doing Link Adaptation. An effort has been
tried to compensate the effect due to imperfect CSI in OFDM
based systems.

Il. SYSTEM MODEL

In reality there is finite delay between the CSI/CQI estimated
and sent for eNB and for reaching eNB. The impact of
feedback delay can be compensated by using channel
prediction but its effectiveness depends on the accuracy of the
channel model. Certain work have been done as in based on
prediction model. In most of the models they have considered
the fading statistics(small scale fading) of UE in the cell of
interest, but practically even the interference from the other
cells play a significant role. SINR more important than SNR.
The current 4G+femto/pico (heterogeneous) networks are
different from conventional hexagonal cellular,hence SINR
distribution too. A model is being proposed to effectively
compensate the impact of feedback delay considering both
incell and inter-cell fading statistics to be as near to practical
scenario. Even the predicted CSI/CQI depends on the
frequency reuse plan and and inter-cell interference associated.
receiver.
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I11. Adaptive Modulation under Imperfect CSIT

In modern wireless cellular applications the link has to be
adapted in order to maximize the spectral efficiency with the
fluctuating wireless channel condition while simultaneously

satisfying the target BER/BLER constraint. Fundamental

work have been done where the modulation levels and the
transmit power is adapted while meeting the BER and power
constraints. The maximum number of bits that can be loaded
onto each sub-carrier can be expressed as

1 1.6
by, =2=(1 — '
L=235 ( In( LersetBER) 7)-

where y is the SNR. Adaptive OFDM for wide-band radio
channels has been done in [12] where different modulation
schemes are employed adaptively onto different sub-carriers
for frequency selective fading channel. In [13] bit and power
is adapted for different sub-carriers adaptively for multiuser
OFDM case dynamically in time domain/frequency domain.
There is finite delay when channel is estimated at receiver and
sent back to transmitter for adapting parameters. By that time
channel conditions change and hence imperfect CSl is used for
adapting link. BER bound for QAM with using outdated
estimates for modulation and power adaptation can be
expressed as
] ] [1-5’5‘['5—'5&_] P~y[i—igl)
Pyo([i —14]) = 0.2 =1 P

by inverting above equation

[t —ia] P(y[i — %a])

M[y[t —i4]] = 1+ (—1.5) In(5Py) P
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where PbO0 is the BER constraint.
Due to delay the channel SNR gets changed, but as
outdated estimate is used at transmitter,

hence
M[v[i]] =1+ (—1.5) fn?éi']:*b) P(':r[}— id))

in the above equation the new BER is Pb .

Equations (2.2) and (2.3) can be equated as the modulation
level remains the same and hence

i —ia] P(y[i — ia]) i) POy —d))

1+ (*1'5)4!11(53,0) P =1+ (-15) In(5B,) P
i —dd] Al
In(5Pw)  In(5P)
_ 7]
In(5PF,) = in(SPbO)"y[i — 1.[,:}
5B, = (51'3‘00)?[%T
B, = 0.2(5}350)?"1’5!3
let us write
yli—ig) _
o O
1
Py = 0.2(5P)*
Casele=1

Pb = P b0 implies that BER is same as target BER
Caselle>1

Pb > P b0 implies that BER is greater than target BER
CaseIlll e<1

Pb < P b0 implies that BER is less than target BER

gl .
Pb(m) = 0.2(5Py) =1

Let us write eq (2.4) in continuous time domain

BER dependence on feedback delay 6t can be obtained by

N T
i || Bt

Ith
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p(v[t], 7t — 6t])

the joint pdf

is given. The below shows the effect of increase in
normalized delay on BER, here coherence time
of the channel is taken to be

9 B 0.423
16Trf§n B Jm

T. =

BER degradation due to outdated Esimates for target BER =0.01,const avg SNR=15dB
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Figure 1. Average BER vs normalized delay
Adaptive Bit Loading with QoS criteria
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Figure 2: Adaptive modulation and coding under Rayleigh
fading with target BER 0.1
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V1. CONCLUSIONS
It is seen from the results that due to outdated CSI estimates
there is in the average BER. Due to outdated estimates there is
fall in spectral efficiency which hampers user performance
ultimately.

REFERENCES

[1] A. Goldsmith and S.-G. Chua, “Variable-rate variable-power mgam for
fading channels,” in IEEE

Transactions on Communications, vol. 45, no. 10, Oct 1997, pp. 1218-1230.
[2] S. T. Chung and A. Goldsmith, “Degrees of freedom in adaptive
modulation: A unified view,” IEEE

Trans. Commun, vol. 49, pp. 1561-1571, 2001.

[3] A. Czylwik, “Adaptive ofdm for wideband radio channels,” in Global
Telecommunications Confer-

ence, 1996. GLOBECOM ’96. ’Communications: The Key to Global
Prosperity, vol. 1, nov 1996,

pp. 713 -718 vol.1.

[4] C. Y. Wong, R. Cheng, K. Lataief, and R. Murch, “Multiuser ofdm with
adaptive subcarrier, bit,

and power allocation,” Selected Areas in Communications, IEEE Journal on,
vol. 17, no. 10, pp.

1747 -1758, oct 1999.

[51 S. Ye, R. Blum, and J. Cimini, L.J., “Adaptive modulation for variable-
rate ofdm systems with

imperfect channel information,” in Vehicular Technology Conference, 2002.
VTC Spring 2002. IEEE

55th, vol. 2, 2002, pp. 767 — 771 vol 2.

[6] Z. Shen, J. Andrews, and B. Evans, “Adaptive resource allocation in
multiuser ofdm systems with

proportional rate constraints,” Wireless Communications, IEEE Transactions
on, vol. 4, no. 6, pp.

2726 — 2737, nov. 2005.

[7] A. Leke and J. Cioffi, “Multicarrier systems with imperfect channel
knowledge,” in Personal, Indoor

and Mobile Radio Communications, 1998. The Ninth IEEE International
Symposium on, vol. 2, sep

1998, pp. 549 -553.

[8] P. Mogensen, W. Na, I. Kovacs, F. Frederiksen, A. Pokhariyal, K.
Pedersen, T. Kolding, K. Hugl, and

M. Kuusela, “Lte capacity compared to the shannon bound,” in Vehicular
Technology Conference,

2007. VTC2007-Spring. |IEEE 65th, april 2007, pp. 1234 —1238.

[9] T. Tao and A. Czylwik, “Performance analysis of link adaptation in Ite
systems,” pp. 1 -5, feb.

2011.

[10] O. A. Kari Aho and J. Kaikkonen, “CQI reporting imperfections and their
consequences in Ite

networks,” The Tenth International Conference on Networks, pp. 241 —245,
2011.

P D Ashok received his B.E. degree in Electronics
and Communications Engineering in 1999 from the
Malaviya National Institute of Technology, Jaipur -
India and M.E. degree in Electronics Engineering
(spl. Digital Communication) from Devi Ahilya
University Indore in 2008. He has been Assistant
Professor at Devi Ahilya University Indore.
Currently he his pursuing his Ph.D.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

103|Page



