Vol.2 No. 3, Sept. 2011

Journal of Measurement Science and Instrumentation

Sum No. 7

Use of Delayed Channel Estimation Results in Adaptive Modulation

Xiao-hong SHAN(HLIFEZL), Feng-ying WANG (ERJ), Yin-jing GUO(ERR 5 ), Jin LI(ZF  HE)
(College of Information and Electrical Engineering , Shandong University of Science and Technology , Qingdao 266510, China )

Abstract — In this paper, potential use of perfect but delayed
channel estimates for variable-power discrete-rate adaptive
modulation is explored. Research is concentrated on block by
block adaptation. At first, a new quantity-TAUD ( Tolerable Av-
erage Use Delay) is defined, it quantifies the performance of an
adaptation scheme in tolerating the delay of channel estimates.
Then, the research on TAUD shows that the delay tolerating
performance declines with the increase in average power, the
scheme working with more modulation modes can tolerate a
longer delay, and such improvement will be more significant
with the increase of average power. Finally, it shows that, as
the delay tolerating performance determines the maximum block
length, it has a great effect on the maximum spectral efficien-
cy. The criterion for determining the block length appropriate
for the target BER is described and a simple method of calculat-
ing the maximum block length is presented.
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1 Introduction

In recent years, to deal with the ever growing
demand for wireless services with limited spectrum
resources, many new transmission techniques have
been developed, including adaptive transmission
techniques. The basic idea behind adaptive transmis-
sion is to adapt the signaling parameters to the vary-
ing channel conditions™ . It makes more efficient
use of the channel capacity without sacrificing the
error rate performance.

Adaptive transmission has attracted a lot of at-
tention”” . Ref.[1] and Ref.[8] show that the op-
timal strategy is variable-power variable-rate trans-
mission. At the same time, they also find that when
the rate is continuously varied, the extra spectral ef-
ficiency achieved by the variable-power variable-rate
scheme over the constant-power counterpart is negli-
gible. However, in practice, the rates are discrete,
so power control is needed to fill the “gap” between
the performances of discrete rates.
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Good performances depend on accurate and
timely Channel State Information (CSI) at the
transmitter. However, because of its time-varying
nature, the channel at the time of transmission is
different than it was at the time of channel estima-
tion. Outdated channel estimates will lead to perfor-
mance deterioration. Consequently, a lot of efforts
have been made to tackle this problem. Ref.[9] pr-
esents a robust adaptive signaling scheme. Ref.[10]
~[12] propose different channel prediction meth-
ods. Although they have been proved to be effec-
tive, their complexity is greatly related to that of
the schemes simply using the outdated channel esti-
mates. Furthermore, prediction errors will also lead
to performance degradation. Thus, it is worth while
discussing in-depth the effects of outdated CSI on
the performance and tapping its potential use for
adaptive transmission.

The effects of outdated CSI on BER have been
studied in Ref.[1] and Ref.[4]. In this work, the
block by block adaptation is concentrate on, which
is more practical than the symbol by symbol adapta-
tion. The delay tolerating performance vs. the aver-
age power for different schemes is investigated, the
impact of such performance on the spectral efficien-
cy is studied and the design criterion for the block by
block adaptive system using outdated CSI is made.

2 Channel model and adaptation
scheme

2.1 Channel model

The channel model is flat fading and time-dis-
crete, sampled at the symbol rate 1/T,.
x;, = a; +n;. (1)
In Eq. (1), the channel gain a; is Rayleigh distribut-
ed.

2.2 Block by block adaptation

The structure of an adaptation block is illustrat-
ed in Fig. 1. Let T, denote the symbol duration. The
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block is made up of L symbol periods and L =2.
Not all of the L periods are spent in transmitting da-
ta symbols. One of them is reserved for transmitting
(FDD) or receiving (TDD) the known information
used for estimating the fading level and this T is
named channel estimation T, ( CET,). Assume that
the channel gain at the CET,, acg , is perfectly es-

timated. The working mode for block j +1 is select-
ed based on the agy of block j. The interval be-
tween the CET, of block j and the head of block
j+1 is called Initial Use Delay (IUD), whose
length in T, is 7, and 1 << 7y << L — 1. Then for the
k-th (k=1,2,---,L) symbol in a block, the delay of
the channel estimate is (z, + #) T,. IUD is an inher-
ent and unavoidable parameter of the system and de-
pendent on the channel estimation delay. The
switching speed of the transmitter from one working
mode to another, and, for the FDD system, the
feedback delay.

Adaptation block j Adaptation block j+1
_: ps|ps:| - |cer] - |psi|ps.|ps|ps| - lcer] - |psps. :
L DS: Data Symbol
Fig.1 Structure of adaptation block

2.3 Adaptation scheme

The variable-power discrete-rate adaptive mod-
ulation policy in this paper is derived from that in
Ref. [1]. There are five candidate modulation
modes: 0-QAM, BPSK, 4-QAM, 16-QAM and 64-
QAM. Accordingly, the overall range of the chan-
nel gain is divided into five regions. The m-th re-
gion (m =1,2,-+,5) is denoted by [ A, , A, ],
where A; =0 and A5 = + . r, represents the link
spectral efficiency when the acy falls in the m-th

region. P, represents the probability when the dcer,

falls in the m-th region. Then the average spectral
efficiency R (bps/Hz) is given by
5

R=>rP,. (2)

m—1

The switching levels A, s are calculated accord-
ing to the optimal switching scheme presented in
Ref.[13]. The transmit power is subject to an aver-
age constraint.

The adaptation scheme using five modulation
modes is referred to as five-rate scheme and that us-
ing just 0-QAM, BPSK, 4-QAM and 16-QAM are re-
ferred to as four-rate scheme.

3 Delay tolerating performance

In this paper, perfect AGC is assumed at the re-
ceiver and only the BER resulting from outdated
channel estimates is taken into consideration.

3.1 Tolerable average use delay

It is easy to see that when L is fixed, the aver-
age BER will degrade with the increase of 7, and in
the same way, when 7, is fixed, it will degrade with
the increase of L. Average use delay (AUD) is de-
fined as the average of the delays of the channel es-
timates for the L —1 data symbols in a block and it is
given by

t=[rg+(L+12]+[zo/(L-1)—-0.5].(3)
It can be easily deduced that = will increase with the
increase in L. Then it is safe to say that when 7, or
L is fixed, a larger « will result in a higher BER.

Tolerable Average Use Delay (TAUD ) is de-
fined as the maximum AUD that results in an ac-
ceptable BER for a given target and it serves to indi-
cate the performance of an adaptation scheme in tol-
erating the delay of the channel estimation results.
In this paper, BERSs that are less than 1.1x10 * are
accepted for the target BER 10 *. The simulation
results show that the TAUD is a constant which is
dependent on the number of candidate modes, aver-
age power constraint P, and Doppler frequency F,.
Let 7, denote the TAUD in T,, then any r << 7, will
lead to a satisfactory BER and r > ,, an unaccept-
able one, regardless of the L and z,.

The “normalized TAUD ¢T.F, vs. the average
“SNR” for the five- and four-rate schemes is shown
in Fig.2, when the target BER is 10 °.
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Fig.2 Normalized TAUD vs. average SNR
when the target BER= 10"

We have the observations as follows: (O The
five-rate curve is approximated by the function f(x)
=(-0.3x+15.9) x0.001; @ The delay tolerating
performance declines with the increasing average
SNR; @ The five-rate scheme is able to tolerate a
longer delay than the four-rate one, and the differ-
ence between them expands for greater average SNR
values. When the average SNR gets higher, the
probability will increase that higher level modulation
modes are selected. However, it can be known from
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intuition that higher level modulation modes are in-
ferior to lower level ones in tolerating the delay. So,
the delay tolerating performance declines, when the
average SNR increases. For the same average SNR,
the five-rate scheme chooses the lower level modes
with larger probabilities than the four-rate one does.
In consequence, it shows a better delay tolerating
performance.

3.2 Average BER

With an IUD 7, and a block length L, for the
k-th symbol in a block, the normalized delay of the
channel estimate is (¢, + #)T,F, and the average
BER is expressed as

N

D7, BER,, ((zy + k) T.F,)

m=1
N
> P,
1

m=

BER((T() + k)T\Fd> =

)

(4)
where N is the number of modulation modes,
BER,, ((r, + k)T,F,) is the average BER for the
k-th symbol when the channel estimate falls in the
m-th region and is given by

BERM((TO + k)Tde) :J

oo

J BER (2, snrc,)
0
(5)

m—1
where snr,, represents the received SNR that is
required for the target BER by the modulation mode
used in the m-th region, ¢, = ai/azcny, a, denotes

m

PL»/Z e )dckpa(,mx (aCET_‘ )daCET\ ,

the channel gain at the k-th symbol period in the
block j + 1, the estimate of a, and deer, is of the
block j, pa,,, (a(U‘_) is the PDF of a¢z and p.

s

(¢, | deer, is the conditional PDF of ¢, with dcer,

il “cET,

known. According to Ref.[4], it can be expressed
as

l)z'k\auﬂ,\ (e | a(‘EI‘_\)
azCET) [2 {Okcka%}:[ J [ a%ET (C/e + IO/e)
e (] B P R
1= px 1-p I - p
(6)
L/max( Tos %[ ) ’

Lmax(T(M‘;z) _\LL (T() ‘;)

no eligible L,

-1,

4.2 Maximum effective spectral efficiency

The distribution of the channel gain is indepen-
dent of time, so the time delay of channel estimates

where [,(+) is the zero-order modified Bessel func-
tion of the first kind, p, is the correlation factor be-
tween the acr and the a,. BER (2'm ,snr,c, ) in Eq.

(5) is the instantancous BER for the k-th symbol
when the aqr falls in the m-th region.

The average BER for the block by block adap-
tive system, < BER >(. ), Is given as

1

< BER >(r0‘,‘) =71

L
> BER((zy + &)T.F,).
kFL

| 7)

=7

4 Use of TAUD in system design

4.1 Maximum block length

As the TAUD is a constant, iu can be used as a
design criterion for the block by block adaptive sys-
tem. With z, having been determined, 7, is used to
calculate the maximum block length, L. (z,,7,),
available for the target BER

L..(z,,7,) = the maximum L that
satisfies L =7, + 1l and v (7o, L) < 7z,. (8)

The definition in Eq. (8) implies that for an
adaptive system whose operating speed is not high
and delay tolerating performance is not good, that is
to say, when its 7, is large while its 7, is small, it will
not probably be able to find a satisfactory L.

Eq. (3) shows that to find the L, (zy,7,), a
quadratic inequality has to be solved. Here a simple
solution is given, supposing that 2z, is an integer-.

1) By taking an average over the delay parame-
ters of all the L symbols in a block, 7’ is obtained.

¢ =17, + (L +1)2. (9)

2) L...(z,,7,) denotes the maximum L that sat-

isfies 7" (zy,L) < z,, then

L;mx<z‘0’%z> :2)((;-[770),1' (10)
3) It can be proved that
Lo (zy,7,) — 1
o < nmx(r()zr ) ;
L;mx(705%/>’ -1 (11)

2 < To < L;nax(f()s%z>
Ty = L;mx(l'o,‘}f) - 1.

_1;

has no effects on the average spectral efficiency. As

L —1 of the L symbol periods is used for data, the
effective spectral efficiency is given as

R = R(L-1)/L. (12)

By maximizing L, the rate of system reconfigu-
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ration can be minimized, the effective spectral effi-
ciency is maximized.

R = R(Ly — D/L . (13)

where R,,, is related to the delay tolerating perfor-
mance and R. Fig. 3 is presented as an illustrative
example and from the figure, it can be seen that:

1) For both the five- and four-rate schemes,
the 25 dB curves decrease more quickly than their 15
dB counterparts. This is because r, decreases with
the increase of average SNR and the L, under 25
dB is less than that under 15 dB.
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Fig.3 R vs. Fy, for five-rate schemes
when the average SNR=15 and 25dB

2) While the L,,, is less under 25 dB average
SNR, the R is greater than it is under 15 dB. In
consequence, the R;,m is greater under 25 dB than it
is under 15 dB.

3) With the average SNR being 15 dB, when F,
rises to 500 Hz, the four-rate scheme cannot find a
satisfactory L, while the five-rate one can still
work. With the average SNR being 25 dB, when F,
rises to just 300 Hz, the same thing happens. To
work under fast fading conditions, the system must
improve its delay tolerating performance. It can do
this by adopting the five-rate scheme or reducing the
average power.

5 Conclusions

This paper explores the potential use of perfect
but outdated channel estimates for block by block
adaptive MQAM.

The delay tolerating performance declines with
the increase in average SNR, the five-rate system is
able to tolerate a longer delay than the four-rate
one, and the difference between them becomes sig-
nificant for great average SNR values.

As the TAUD is a constant, it can be used as a de-
sign criterion for the adaptive system. A method of
calculating the maximum block length is presented
as a function of z, and r,. To obtain a proper effec-
tive spectral efficiency, the system must have a good
enough delay tolerating performance.

References

[1] Andrea J. Goldsmith, Soon-Ghee Chua, 1997. Variable-
rate variable-power MQAM for fading channels. IEEE
Trans . on Communications, 45(10): 1218-1230.

[2] James Yang, Noel Tin, Amir K. Khandani, 2002. Adap-
tive modulation and coding in 3G wireless systems. Proc.
IEEE Vehicular Technology Conference, Vancouver, Can-
ada, 1: 544-548.

[3] Sanjiv Nanda, Krishna Balachandran, Sarath Kumar,2000.
Adaptation techniques in wireless packet data services.
IEEE Communications Magazine , 38(1): 54-64.

[4] Mohamed-Slim Alouini, Andrea J. Goldsmith,2000. Adap-
tive modulation over Nakagami fading channels. Kluwer
Journal on Wireless Communications, 13(1-2): 119-143.

[5] Byoungjo Choi, Lajos Hanzo, 2003. Optimum mode-
switching-assisted constant-power single- and multicarrier
adaptive modulation. IEEE Trans . on Vehicular Technol-
ogy , 52(3): 536-560.

[6] Jooeung Kim, Inkyoung Kim, Sangmin Ro, et al, 2002.
Effects of multipath diversity on adaptive QAM in fre-
quency selective Rayleigh fading channels. IEEE Commu-
nication Letters, 6(9): 364-366.

[7] Javad Razavilar, K. J. Ray Liu, Steven I. Marcus, 2002.
Jointly optimized bit-rate/delay control policy for wireless
packet networks with fading channels. IEEE Trans. on
Communications, 50(3): 484-494.

[8] Andrea J. Goldsmith, Pravin P. Varaiya, 1997. Capacity
of fading channels with channel side information. [EEE
Trans . on Information Theory, 43(6): 1986-1992.

[9] Dennis L. Goeckel, 1999. Adaptive coding for time-vary-
ing channels using outdated fading estimates. IEEE Trans .
on Communications , 47(6): 844-855.

[10] Alexandra Duel-Hallen, Sheng-quan Hu, Hans Hallen,

2000. Long-rang prediction of fading Signals: Enabling

adaptive transmission for mobile radio channels. IEEE

Signal Processing Magazine , 17(3): 62-75.

Geir Egil 6ien, Henrik Holm, Kjell Jorgen Hole, 2004.

Impact of channel prediction on adaptive coded modula-

tion performance in Rayleigh fading. IEEE Trans. on

Vehicular Technology , 53(3): 758-769.

Sheng-li Zhou, Georgios B. Giannakis, 2004. How accu-

rate channel prediction needs to be for transmit-beam-

forming with adaptive modulation over Rayleigh MIMO

channels, IEEE Trans . on Wireless Communications, 3

(4): 1285-94.

[13] Fei Tang, Luc Deneire, Marc Engels, et al, 2001. A
general optimal switching scheme for link adaptation.
Proc. IEEE Vehicular Technology Conference, Atlantic
City, NJ., USA, 3: 1598-1602.

[11

[

[12

[





