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Abstract: This paper studies the problem of detection for orthogoreafency domain multiplexing (OFDM) systems over rapidly
time varying multipath channels. A new adaptive succesdetection method, which uses the information provided byfthe
received symbol, and the band structure of the frequencyadorhannel matrix, is proposed. The new scheme can getrfiksi
performance as the maximum likelihood sequence estim@daSE) with much lower complexity. It can also make a tradibsetween
the performance and complexity adaptively. Simulatiowltsslemonstrate the merits of the proposed algorithmstoaditional ones.
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1 Introduction algorithms haven been studied to equalize the effect of
doubly selectively channels. The maximum likelihood
sequence estimation (MLSE) has good performance but
the complexity is too high to be used in practical system
[3]. The equalizers, such as linear block equalizers like
inimum mean square error (MMSE) and zero forcing

Orthogonal frequency domain multiplexing (OFDM) is a
promising technique for current and future wireless
communication systems. It has been widely used in
various wireless systems and standards including IEE

802.11a, digital audio and video broadcasting DAB anddZF)’ _alwi:ys neled to calﬁulgte (;h?j inverse of frect])uencyd
DVB standards. On the other hand, one of the main®°Main channel matrix, the banded structure can be use

challenges of the implementation of OFDM in real to reduce the Comple>§ity1]. The time plomgin vvjndow is
systems is its sensitivity to large Doppler effect with USed for preprocessing before using iterative MMSE
broadband applications in high-mobility devices. In this €9ualizer £l. [S] develops a reduced-rate OFDM
scenario, time variation of wireless channels is very fasttrgn§m|35|on scheme' by transm!t anq receive processing.
and severe intercarrier interference (ICI) would decrease>'Miiar to the detection of multiple input and multiple
the system performance significantlj.[ Therefore, it is output (Ml.MO) systems 4, successive -detector IS
crucial to design useful detection algorithms to suppreséjro'aos‘ad in T] which outperforms the linear block

- . : . : . equalizer with the cost of higher complexity. An
:éiolpglrg? e%)géltc_)lt the time diversity gain provided by improved successive detector has been studiedgjin [

Many published works have studied the ICI problem however, this ordering scheme does not make full use of

in doubly selective channels. Several authors focus on théhe mfgrmatlon proylded by the rec_elved signal.

properties of ICI power distribution among subcarriers. It _This letter studies the successive detector for OFDM
has been pointed out that since the channel impuls&!Sing enhanced ordering schemes. Also, by adjusting the
response does not remain constant during an OFpMPand-width of the frequency domain channel matrix, we
symbol, the frequency domain channel matrix is notc@n get a tradeoff between system performance and
diagonal matrix any more. The off-diagonal elementsComplexity. Compared with MLSE, the new scheme has
demonstrate the interference among subcarriers. ThEYuch smaller complexity and similar performance.
interference power mainly results from the neighbouring  Notations: Let (o)" and (e)" denote matrix
subcarriers, so the frequency domain channel matrix igransposition and conjugate transposition, respectively
approximately a banded oné&][2]. Meanwhile, various Also, (e), denotes the moduldoperation. Thaith row
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andIth column element of matriX is denoted byXp, 3 The New Scheme of Successive Detection

and | e|| is the Frobenius norm. Let", Re{x}, and|x|* be , . .
conjugate, real part and norm, respectively. kex,y > Three steps go into the process of successive detection:

be the inner product of vectarandy. Throughout, Fe) interference nulling, ordering and interference
and D(e) denote the expectation and variance of a randonfancellation9].

variable, respectively. Lastlf is theN x N DFT matrix Firstly, at the step of interference nulling, by applying
with Fi) = (1/v/N)exp{—j27mkl /N}. the equalization matriX into (1), we will get
p=Ts
. . . =TH¢d+v, (3)
2 Signal Model and Traditional Successive ,
Detector whereT = (H¢H¢ + £ 1) *HY and T = (H{H¢) *HY
for MMSE and ZF equalizers, respectively. Algg, is the
2.1 Signal Model average energy of the QAM symbol. Furthermore, the

covariance ofv for MMSE and ZF equalizer can be

For simplicity, the description of the remaining text will written as ¢) and ©), respectively.

neglect 'Fhe |nd'ex of thg transmission block. The length of Cy = 02(HH )~ HH (HEH )L (4)
the cyclic prefix (CP) is assumed to be long enough to

eliminate inter-symbol interference (ISI).The number of

the subcarriers and the paths of the muItipath channel are C,=o?H{H;+ g—:)_lH'?Hf(H'?Hf + g—f)—l (5)
denoted byN andL, respectively. The transmitted signal L o
vector in the frequency domain is denoted by .After that, we can get the initial estimation dof,
d = [do,---,dn_1]T where each element ofl is a  Writtenas

quadrature amplitude modulation (QAM) symbol. The di =J(pi) (6)
QAM constellation set is denoted &= {C1,C2,---,Ck}.  whereJ(x) is the hard decision function.

The time domain signal off is written asx which is the Furthermore, at the stage of ordering, we need to
inverse discrete Fourier transform (IDFT) af i.e.,  decide which symbol is to be detected first. Assume that

x = Fd. At the receiver side, after removing cyclic thelth symbol is chosen at the stage of ordering, and then
prefix, the time domain and frequency domain receivedat the stage of interference cancellation, the interfezenc
signal are denoted by and S, respect_lvely. We have ¢ the estimated symbodi on the other symbols is
S= Fr.. LetH andH+ be the time domgm and frequency removed. Alsos andH; is updated asqe, andH? in
domain channel matrix, respectively. We have (7) and @), respectively
H; = FHF". The relationship betwees andd can be ’ ’
written as oy
=s—dh 7
s=Hid+n 1) Snew Iy (7)
wheren is the complex frequency domain additive white new
Gaussian noise (AWGN) with variane&. Our aim is to H™ = [ho,ny, -, Ai—g, Ay, - e (8)
obtain the estimation af givenH;. wherehy is thekth column ofH . The detection process
continues until all of the symbols have been detected.
In this section, we propose a new ordering scheme for

2.2 Traditional Algorithms successive detection.

2.2.1 Maximum Likelihood Sequence Estimator )
3.1 The New Ordering Scheme

Let d denote the estimation of the symbol vector. The o ) .
MLSE selects the candidate vector that minimizes theAfter the statistical variable has been obtainedd)) we

|A5uc|idean distance (ED) as {)r:rc')opuogsk? to choose the symbol with the index calculated
d= ar(?eTinP(d|s) i = argima>P(di = di|p). 9)
= argminjs—H |2, (2)  Letthe log-likelihood ratio (LLR) be
where A is the set of the possible transmitted symbol P(di = (ﬂp)
vectors that consists kN elements. Due to the large Lik = |nm- (10)

complexity of MLSE, low-complex equalizers have been
studied such as linear equalizers and successive detectwithout loss of generality, the symbol of each
[7]. constellation point is assumed to be transmitted with
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equal probability, i.e. for each we haveP(d; = cx) = %
Then @0) can be written as -1

—+—SNR-ZF

10
- _ T —e—LR-ZF
Lix=1In P(pld; = d) —— SNR-MMSE
P(pldi = c) 1072 —>—LLR-MMSE
| zdlek P(p(d) 1)
P R
: P(p/d T
ZdEJ?, (p| ) %10{
whereJ{ is the set of the transmitted vector with thh
symbol beingc which is an element of. Furthermore, 10 I
the closed form oP(p|d) is - ¢ - Proposed-ZF !
-+ -Proposed-MMSE| e 2
bioid) — FPEP-THIMC H(p-THd)) wollzs-mese | Ny
(pld) = ™ (detC,) - (12) 17 20 23 26 29 32 35
E,/N, (dB)
Using the total probability formula, we havgL;y = 1.
3
And then 1 Fig. 1: BER performance comparison of the proposed methods
P(di = dAilp) = (13) compared with the traditional ones without channel codfgg=
g oLik 0.06.

k=1
Following (13), equation 9) is equal to

K Step 3: Do interference cancellation and update the
i*=arg maxz e bk, (14) parameters according t@)(and g).
bok=1 Step 4: Go to step 1, until each symbol has been
detected.

Equation (4) can be simplified based on the band

structure of the frequency domain channel maktix[2].

In fact, the band structure oH; means that the

interference is mainly caused by the neighbour3.2 Comparison Between the New Scheme and

subcarriers. So the complexity of computirigl(can be  the Traditional Methods

reduced by only considering the neighbouring subcarriers.

Assume that only the R neighbour subcarriers are ,

considered for detection. Define the index keand the ~ 1€ comparison between the proposed scheme and the

signal vectord', wherel; = {i,<i—1>y,<i+1>y MLSEisasfollows:

;o0 <i—B>n,<i+B>n}and thejth element ofl' is 1.We need to calculat¢(?®+1) candidates in¥4) of the
. proposed method usindl%), and KN in (2) of the
d~} — {dia 1€l MLSE. Because is always much smaller thaw, the
0, others. complexity of the new ordering scheme is
~ . . . significantly reduced compared with MLSE.
In fact, d' only considers théth element and its 2.The largerB is, the more interference are taken into
neighbouring elements af. Furthermore, 11) can be consideration and the more precise the result of
simplified as ordering is. Therefore, by adjusti®) we can make a
trade-off between system performance and
L. —1in zdewfk P(pld) (15) complexity in the proposed approach. In faBtcan
k= s 4 P(pld) be chosen according to the normalized maximal
dew;! Doppler frequency offset.
) ~ . i 3.The simulations demonstrate that the performance of
where W is the set ofd" with the ith symbol beingx, the new scheme is similar to MLSE even with small
which is an element . B. Therefore, the new scheme can get the similar

To sum up, the new successive detection scheme can performance as MLSE with much lower complexity.
be demonstrated as follows.

Step 1: Obtain the initial estimation of each undetected On the other hand, because the new scheme exploits the
symbol using 8) and ©). information provided by the whole vectprin (3), it also

Step 2: Find out the symbol to be detected usidd)(  outperforms the signal to noise ratio (SNR) based and
and (5), and the information bits can be obtained by log-likelihood ratio (LLR) based successive detection
demapping. algorithms in [f] and [8], respectively.
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between performance and complexity. Generally
speaking, the largefy is, the largeB should be chosen.

5 Conclusion

x® ' This letter studies the successive detection algorithms fo
o 10 "t ——proposed B =2 Y OFDM systems in doubly selective wireless channels. A
—sa—Proposed B=5 new ordering approach is proposed. The new approach
_,|| % Proposed B =10 can exploit more information provided by the whole
107y :Emposeg oo received signal vector compared with SNR and LLR
_+_P:82822d B= N2 ordering schemes which only use the information of a
105l [—e—MLSE X single received symbol. So the symbol to be detected

17 20 23 26 29 2 o= based on the proposed algorithm is more reliable and
E/N, (dB) leads to a better performance. Basgd on the band structure
of frequency domain channel matrix, the new scheme is
simplified by only considering the neighbour subcarriers.
Fig. 22 BER performance of the proposed algorithms without The simplified approach can reduce the complexity
channel codingfq = 0.06. significantly. By adjusting the bandwidth of the frequency
domain channel matrix, we can make a trade-off between
system performance and complexity. Also, the algorithm
. . can achieve the similar performance as MLSE with much
4 Simulation lower complexity. The effectiveness of the new scheme is

verified by simulations.
The parameters are as follows. The number of the

subcarriers and the paths of the channel is 256 and 12,
respectively. The length of the cyclic prefix is 32. The
power delay profile obeys exponentially decreasing withACknOWledgment

decay constant of 5 taps. Each path fading follows_ . . . .
Rayleigh fading. The sum of the variance of all of the This work was supported in part by the National Science

paths is set to be 1. The modulation is QPSK. The result§oundation of China under Grant 11301413, the Natural

are obtained after 500000 runs. We use SNR-ZF to denotgCience Foundation of Shaanxi Province under Grant
the SNR based algorithm with in (3) being ZF 015JQ6261, and the National Science and Technology

equalizer. Similarly, we have the notations: SNR-MMSE, Major Project under Grant 20112X03003-002-03.
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