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Channel Estimation in Link Adaptation Strategies
for MIMO-OFDM Systems

Darlan Cavalcante Moreira, and Charles Casimiro Cavadcant

Abstract— Multiple transmit-and-receive antennas jointly with  1ll we present the link adaptation concept in the context of
orthogonal frequency division multiplexing (OFDM) provide a Hybrid MIMO-OFDM systems. In Section IV we provide

high number degrees of freedom for link adaptation accordiy  gome simulation results and in Section V we highlight our
to the wireless channel condition. In this paper we analyzehte conclusions

impact of two different channel estimation techniques in tte link
adaptation of MIMO-OFDM wireless systems. We propose to Il SYSTEM MODEL
add the choice of the channel estimation technique accordinto :

the redundancy and error caused by each strategy, which can  Now, we briefly describe the channel model, the MIMO

be measured in terms of a degradation in the goodput of the grchitecture and the channel estimation techniques eiliA

system. general MIMO-OFDM system withV, transmit antennas and
Index Terms— Channel Estimation, Link Adaptation, MIMO- N, receive antennas is shown in Figure 1. In Section II-A

OFDM systems we describe the channel model used in this paper, in Section

[I-B we briefly discuss the Hybrid MIMO Architectures and

in Section 11-C we describe the channel estimation techesqu

used in this paper.
One of the most challenging issues for the future wireless

|. INTRODUCTION

communication systems is the provision of quality-of-sesv Modulation - Modulation

(QoS) guarantees and high transmission rates to userstmvent | Mapping Demapping

harsh wireless channels given the limited resource avtijab OFDM A OFDM

In this context, MIMO-OFDM (Multiple Input Multiple Out- ™| Encoder Y Decoder |

EUt - Orthogonal Frequency Division Multiplexing) system —— ) MIMO
ave attracted much attention since they have the multiplex Encoder . / - Decoder

and/or diversity gain of MIMO systems and the multipath ‘.!W’JL*T_’W!—'

resistance of OFDM systems. In fact, using MIMO it is Encoder Decoder

even possible to obtain high spectral efficiency such as®0-4

bits/Hz [1] when the channel is favorable, or a large diwgrsiFig- 1. General MIMO-OFDM System

gain using space-time block codes [2] when the channel

presents deep fade. Howev_er, since most MIMO_teChn'quE.SChannel Model

were developed for flat fading channels, OFDM is used to

provide a flat fading channel per subcarrier making possible

the use of MIMO in wideband channels. Moreover, the use of Niaps =1

OFDM allows the MIMO block coding (in case of diversity ht,m) = > wt)e(r —m), 1)

gain) to be also performed as space-frequency or space-time k=0

frequency block code, instead of only space-time block codéeret; is the delay of theéith path,x(¢) is the correspond-

[3]. ing complex amplitude and(t) is the shaping filter. Due to
Indeed, channel estimation plays a key role in MIMOmotion of the transmitter, receiver and the obstacles in the

OFDM systems. It is not only necessary to adapt the syst@mvironment,y,(t)'s are wide-sense stationary narrow-band

to the current channel situation, but it is also essentidheo complex Gaussian process which are independent for differe

MIMO-OFDM detection since it makes possible the filteringpaths. The values of;, and the statistical moments of,

of the different information in the case of multiplexing gai depend on the delay profiles and dispersion of the wireless

or the decode process in the case of diversity gain. Thibannel. We use those values according to the COST259 Typ-

optimization of the system parameters can be seen in high@l Urban channel model [4]. Also, the channel for differen

layers as a greater throughput. pairs of transmit and receive antennas are considered to be
The remainder of this paper is organized as follows. lmncorrelated [5-7].

Section Il we describe the system model with Sections IIFA, | From Equation 1, the frequency response at tinie

B and II-C dedicated to Channel Model, MIMO Architecture /+oo

The channel impulse response is given by

and Channel Estimation Techniques, respectively. In Secti H(t, f) £ h(t,T)e ™ dr
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For OFDM systems with a properly designed cyclic prefix L QT
and a sufficiently high number of subcarriers for a limited =
transmission band (resulting in a flat fading channel per E%‘S 52
subcarrier), the channel frequency response in Equati@an2 c
be expressed as:

Niaps—1 Fig. 2. Hybrid MIMO Scheme with Diversity and Multiplex gain

Hn,k| & HnTy, kAf) = > hln,JWE,  (4)
=0

whereh[n, 1] & h(nTy, k(Ts/K)) and W = e 727/ KTy,
T, and Af are the block length, symbol duration, and ton
spacing, respectively. They are related By = 1/Af and
Ty =Ty + T, whereT is the duration of the cyclic prefix.

paper as G2) and the other layer is non-space-time coded and
gperates in a co-channel way with the first layer following th
%—BLAST idea. The transmitted signals can be organized in
the equivalent matrix below

S$1 —85
B. MIMO Architecture Quyoria = | 52 7 |, (7
S3 S4

Three MIMO architectures are analyzed (all with three
transmit antennas). One providing only diversity gain, ahhi
is associated to a better link quality and lower bit erroL
rate (BER); one providing only multiplexing gain, which is™
associated to a more efficient use of spectral resources; andwo channel estimation strategies are analyzed in the con-
one providing both gains. text of link adaptation. The first one, that will be addressed

The pure diversity scheme is the Tarokh'’s Space-Time Blodk this paper as “block-type channel estimation” (BTCE) , is
Code [2] with three transmit antennas, that will be addrésseroposed in [5] and uses all subcarriers to transmit known
in this paper as G3. It provides good link reliability, bueth information in all transmit antennas at the same time. The
code rate of the space-time code used is equal/tb The known information corresponds to special training seqasnc
transmitted signals can be organized in the equivalentespathat provide a way to estimate the channel in the time domain

Channel Estimation Techniques

time coding matrix given by [2] with low computational complexity.
Q The second one, addressed in this paper as “pilot-assisted
Diversity = . . . » channel estimation” (PACE), is proposed in [6] and transmit
SLoTs2 e T 81 _Sz _Si _53 , (5) pilot information in some equally spaced subcarriers in one
S2 51 S4 TSz Sy ST sS4 T3 transmit antenna while transmitting zeros the same logatio
S3  —S4 S1 S9  s3 —S) 5] 55

at the other transmit antennas and data in the remaining
where the rows of the matrix denote the transmit antennas, stibcarriers.
columns denote the symbol period angt stands for complex  Block type channel estimation is especially suitable fa th
conjugation. As it can be seen, four different symbols agase of high frequency selective channels in low mobility
transmitted in eight symbol intervals resulting in a codte rascenarios. Since it uses all the subcarriers to transmitvkno
of 1/2. information, interpolation error is avoided. However, iigin
The pure multiplexing scheme is the well known Foschinigobility scenarios the channel estimation needs to be per-
Vertical BLAST (V-BLAST) scheme [1] in which all the formed more frequently.
three transmit antennas are used to multiplex differentmjsn ~ On the other side, pilot-assisted channel estimation is-esp
in each symbol period. Since spatially-multiplexed syrsbotially suitable for the case of low frequency selective cfels
cause Multiple Access Interference (MAI) in each othersit iwith high mobility. Since it does not use all the subcarrifies
necessary to use signal processing at the receiver to car@stimation can be executed in every OFDM symbol (or at least
this interference. The transmitted signals can be orgdriize in a more frequent rate than block type channel estimation) t
the equivalent matrix below track channel variations.
These two channel estimation techniques are illustrated in

Q B o1 (©) Figure 3 for the case of two transmit antennas.
VBLAST = 22 ’ In Figure 4 the block error rate is shown for the V-Blast
3

scheme with four receive antennas and a Doppler frequency
The hybrid MIMO scheme, which can provide both gaingf 100Hz. It is possible to see that for low values of SNR the
was proposed in [8] and shown in Figure 2. Ir will be address&T CE is comparable to the PACE even when introducing less
in this paper as G2+1 and it consists of the transmissioedundancy (7/8 of efficiency vs 5/8 of efficiency) and better
of the information into two layers. One layer is space-tim&hen both introduce approximately the same redundancy(2/3
block coded using the Alamouti scheme [9] (addressed in tha$ efficiency vs 5/8 of efficiency). However, because of the
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Fig. 4. Comparison of channel estimation strategies

channel variation, BTCE has an error floor at higher SN
values.
In the sequel we describe the process of link adaptation
MIMO-OFDM systems.

I1l. LINK ADAPTATION STRATEGY
The link adaptation allows the system to adapt itself to thtbe redundancy introduced by both techniques is very simila

In [7], an adaptive radio interface for MIMO systems is
proposed in which a group of transmission parameters called
Modulation, Coding and Antenna schemes (MCAS) is chosen
according to the current channel condition to maximize the
performance in terms of the normalized goodpuii).

However, this study was evaluated for the case of flat fading
channel with perfect channel state information available.

In a more realistic scenario, the channel estimation error
can degrade the system performance and the link adaptation
gain. Moreover, depending of the scenario (mobility, frexey
selectivity, etc), block type channel estimation and pilot
assisted channel estimation may introduce a differenttifyan
of redundancy to estimate the channel affecting, therefbee
normalized goodput({ P) achieved.

The normalized goodput is defined as

GP = GPpay - (1 — BLER), ®)

where the maximum goodput; P,,.., corresponds to the
number of data bits sent per channel use. That is, for a MIMO-
OFDM system withN g subcarriers, a cyclic prefix a¥¢ p
samples and 8 CRC bits for every 120 data bits, the maximum
normalized goodput is given by

120 Nrpr
128 Ngpr + NCP

whereS is the product of the number of symbols per channel
of each MIMO structure and the number of bits per constella-
tion point of the modulation, and'z is the efficiency of the
channel estimation technique.

Next Section illustrates the results obtained by simutatio
for some tested scenarios.

GProz = S-Cg 9

IV. SIMULATION RESULTS

The simulation was carried out for a MIMO-OFDM system
with 1024 subcarriers and a cyclic prefix with 20 samples. The
payload was chosen to be 128 bits (120 data bits + 8 bits for
error detection using cyclic redundancy check - CRC) bezaus
it is close to real systems (144 bits for EDGE) and there is
an integer number of payloads for each OFDM symbol. The
number of pilot subcarriers in pilot assisted channel estiiom
is 128, which corresponds /8 of the available subcarriers.

owever, when one antenna sends pilot data at one subcarrier

0 estimate the channel, all other antennas must send zero
slirgnal (see Figure 3). That is, pilot assisted channel esitm

has an efficiency of5/8 in our case with three transmit
antennas.

Therefore, we change the interval between OFDM pilot
symbols in block type channel estimation in such a way that

current state of the wireless mobile channel instead ofgheifone OFDM estimation symbol for each group of three OFDM

designed based on the worst case scenario. This approdata symbols resulting in an efficiency ®f4).

provides a much more efficient use of the available resourcesThe Table | shows the values of maximum normalized

This is specially true for the case of a MIMO-OFDM systengoodput for each MIMO scheme without taking into account

since it is very flexible and there are a great number tiie overhead caused by channel estimation, while Tables I
parameters which can be adapted as the usual modulation and Il show the values of maximum normalized goodput for

coding schemes to MIMO scheme, antenna selection and etlea cases of block type channel estimation and pilot askiste
the channel estimation technique used. channel estimation, respectively.



MAXIMUM NORMALIZED GOODPUT FOR EACHMIMO SCHEME WITHOUT

TABLE |

CHANNEL ESTIMATION OVERHEAD

Max Normalized
Modulation gclrl:/le%e Goodput
GPmax (BitS/Tsymb)
4-PSK G3 0.91954
2-PSK G2+1 1.8391
2-PSK V-Blast 2.7586
4-PSK G2+1 3.6782
TABLE Il
MAXIMUM NORMALIZED GOODPUT FOR EACHMIMO SCHEME WITH
BTCE
Max Normalized
Modulation glc,!r,:ﬂe%e Goodput
GPmax (Bits/Tgymb)
4-PSK G3 0.6897
2-PSK G2+1 1.3793
2-PSK V-Blast 2.06897
4-PSK G2+1 2.7586
TABLE Il
MAXIMUM NORMALIZED GOODPUT FOR EACHMIMO SCHEME WITH
PACE
Max Normalized
Modulation gclrl:/le%e Goodput
GPmax (Bits/Tsymb)
4-PSK G3 0.5747
2-PSK G2+1 1.1494
2-PSK V-Blast 1.7241
4-PSK G2+1 2.2989

Fig. 5.
100Hz

Fig. 6.

The channel used is the COST259 TU with Doppler fre-
guencies of 100Hz (45Km/h when the carrier frequency is
2.4GHz) and 222.22Hz (100Km/h when the carrier frequency

is 2.4GHz).

In Figures 5, 7, 9 and 11 it is possible to see that for
low SNR values, the block type channel estimation achieves a

lower block error ratio than pilot assisted channel estiomat

(except for the G3 scheme with a Doppler frequency of
222.22H2). However, channel variation introduces an error
floor in the BTCE and PACE achieves better values of BLER
for higher SNR values than BTCE, because of its better
channel tracking capability. This behavior can be seenén th

BLER curves for three and four receive antennas.

: . Fig. 7.

However, when the redundancy is also considered, that 1§0HZ
we use the metric of goodput, it can be seen that BTCE per-
forms better than PACE, for the case of a Doppler frequency of

100Hz, at all the simulated SNR values. On the other side, fever, it is possible to obtain curves of goodput versus SNR fo
a Doppler frequency of 222.22Hz there is crossing between tifferent values of Doppler frequency so that we can choose
channel estimation strategies performance in terms ofjgatod not only the most suitable transmission scheme, in a similar
This reinforces the idea that the goodput is a better metric way to what was done in [7], but also the most suitable channel
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evaluate the channel estimation strategy than only the BLE@stimation strategy.
Therefore, none of the tested channel estimation techsique

resulted in the highest goodput for all tested scenariosv-Ho

1This degradation in the G3 scheme performance is causedelfaththat

In this work we have presented a link adaptation method
the channel

V. CONCLUSIONS

when BTCE is used, for every three OFDM data symbols we seatraming  for MIMO-OFDM wireless systems Considering

symbol for channel estimation. This means that while the G&me needs
the channel to be static for at leastOFDM symbols, when BTCE is used

this restriction changes to at least OFDM symbols.

estimation strategy and transceiver architecture. Thathis
channel estimation strategy choice is also a parametdrsaha
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Doppler frequency, then is is important to obtain curves of
goodput versus SNR for different values of Doppler freqyenc

It must be noted that other transmition parameters cantaffec
the channel estimation performance of the different sjiate
such as the number of subcarriers, the channel model, etc..

A natural perspective for this work is the evaluation
of scenarios with different power profiles and mobility, a
greater number of transmit antennas, and the evaluation
with MIMO schemes with space-frequency and space-time-
frequency codes, instead of only space-time codes.

5 10
SNR (dB)
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be adapted according to the situation. Two different chianri#0l0gico).
estimation techniques were studied, the block type channel

estimation [5] and the pilot-assisted channel estimati@ln [
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gains, multiplexing gains, or a combination of both. [
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