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Block Faded Channel Estimation for Multiuser STBC-OFDM Systems Toufiqul Islam, Imtiaz Ahmed, Shankhanaad Mallick, Fakhrul Alam1, Md. Saifur Rahman Department of Electrical & Electronic Engineering. Bangladesh University of Engineering & Technology,Dhaka-1000, Bangladesh. 1 IIMS, Massey University, Albany, Auckland, New Zealand. [email protected], [email protected], [email protected], [email protected], [email protected] Abstract-Accurate channel estimation is necessary to gain the advantage of space time coding for decoding purposes. Most of the previous work on Orthogonal Frequency Division Multiplexed (OFDM) channel estimation focused on single user systems. Hence, they are inappropriate in the multiuser communication systems. In this paper, we proposed a novel multiuser channel estimation technique based on simple blocked pilot grid for Space Time Block Coded (STBC)-OFDM systems. We simulated the proposed scheme for slowly faded quasi-static channel. LS and MMSE estimator performance for different number of users are also analyzed.



I.



INTRODUCTION



Next generation wireless mobile communication requires high data rate for various types of fading channels. But the inherent problem of high data rate is the multipath fading which affects the quality of data rate. Diversity technique is obviously an effective mean of mitigating multipath fading. STBC provides high order diversity gain, which helps to increase the transmission data rate without requiring the bandwidth expansion. OFDM provides high data rate by carrying the data over a number of parallel subcarriers instead of a single carrier. It converts the frequency selective fading channel into a number of flat fading channels which can be easily handled by using conventional equalization technique. The Inter Symbol Interference (ISI) can be completely removed if the cyclic prefix (CP) is larger than the channel length. However these advantagess can be achieved only if the channel is known prior to decoding. So channel estimation plays a vital role in the detection process. Among various techniques, pilot symbol aided channel estimation (PSACE) is a very suitable technique for tracking and acquiring the channels. In this case pilots are inserted in a predefined manner and the whole channel is estimated by several interpolation techniques.
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II. SYSTEM MODEL The STBC-OFDM system model based on pilot channel estimation for multiuser case is shown in Fig. 1.
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STBC for OFDM system provides a variety of attractive features and have been well studied by researchers [1]. Many of the researches have conducted their investigation only for single user channel. But the practical wireless communication systems require support of multiuser communication where the base station must be able detect simultaneously the signals from all the active users. As a consequence, the authors of [3] proposed a multiuser data detection scheme where the channel was assumed to be known prior to data recovery for each user. So to gain full advantage of this scheme, multiuser channel estimation plays an essential role. The problem of channel estimation for a single user MIMO system has been well investigated using STBCOFDM scheme[2]. For multiuser case, user data is first STBC encoded and then pilots are inserted in the pilot subcarriers where pilot patterns are specified for each antenna of each user. In this paper, we detected the multiuser channel using Least Square (LS) and Minimum Mean Square Estimation (MMSE) techniques providing predefined pilot arrangements. We also performed a comparative study between the techniques. The rest of the paper is organized as follows. In section II, the basic system model is given Section III describes the proposed configuration of channel estimation for multiuser MIMO system. Section IV presents the simulation results and the section V concludes the paper.
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Figure 1. Baseband STBC-OFDM Model for multiuser communication systems
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Here we consider Q active users, each equipped with two transmit antennas using STBC-OFDM communication system to simultaneously transmit their signals to M receiving antennas over frequency selective fading channels. For each user, the data is transmitted from its two antennas according to the Alamouti’s space time block coding scheme[3]. Thus for a subcarrier k the transmitted symbols can be expressed as (q) (q) ª S1,1 [ k ] S 2,1 [ k ]º ª X 1( q ) [ k ] X 2( q ) [ k ]º X (q ) [k ] = « (q ) »=« » (q) ( q )* ( q )* S [ k ] S [ 2,2 k ]» ¬« 1,2 ¼ ¬« − X 2 [ k ] X 1 [ k ] ¼»



(1)



where, q = 1, 2,....Q . Here Q represents the total number of users and (.)* denotes complex conjugate operation. 0 data data Pilot …….



where N g is the length of the guard interval [4]. The sample channel impulse response is given by r −1



hmjq (n) = ¦ hi



e j ( 2π / N ) f DiTnδ (τ − τ i )



q mj



(5)
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where, m ∈ {1,2,...M }, r is the total number of propagation paths, hi qmj is the complex impulse response of the ith path, fDi is the ith Doppler frequency shift, τ is delay spread index, T is the sample period andτi is the ith path delay normalized by the sampling time [4]. The transmitted signal x f qj , t (n) will pass through the time varying, frequency selective fading channel with additive noise, wm ,t (n) . If the CP length C is chosen such that C ≥ L − 1 , then after discarding CP and performing FFT the demodulated signals in the frequency domain at antenna m are given by



Pilot Pilot -X2 i*(n) , X1i(n)



S/P



data



Y m ,t ( k ) =



IFFT



data



S/P



0



~q j ,t



( k )H



q



mj



( k ) + W m ,t ( k )



(6)



IFFT



where



data Pilot



2



q =1 j =1



User i X1 i*(n) , X2i(n)



Q



¦¦S



data



H



Pilot …….



=



Pilot



q mj



( k ) = FFT



r −1



¦



i=0



hi



q mj



e



{h



j π f Di T



q mj , t



(n )



}



sin( π f Di T ) e π f Di T



(7) − j ( 2 πτ



i



/ N )k



data data



Figure 2. Pilot insertion after STBC encoding



After inserting pilots uniformly among the data subcarriers, for each antenna, as shown in Fig. 2, we obtain a modified ~ data vector, S jq,t ( k ) , where j ∈ {1,2} is the antenna index



and t ∈ {1, 2,...2Q} is the time slot index.



Excluding the FFT mirror part, the pilot symbols are placed as Pjq,t (l ) where l = Pstart : ΔP : N / 2 . Here Pstart is the first pilot subcarrier location, ΔP is the pilot spacing, N is the FFT length. Thus ° S qj , t ( k ) for k = 0 to N / 2 , k ≠ l ~ S jq, t ( k ) = ® q °¯ Pj , t ( l ) otherwise



(2)



IFFT block transforms each N length block of symbols into time domain so that N −1 ~ (3) x q (n ) = S q ( k ) e j ( 2 π kn / N ) j ,t
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Following the IFFT block, Cyclic Prefix(CP) is inserted to prevent the inter-symbol interference. The resultant OFDM symbol can be expressed as °x qj ,t ( N + n), n = − N g ,− N g + 1,......,−1 x f j,t (n) = ® q , n = 0,1,......, N −1 °¯x j ,t (n) q



(4)



Here, it is assumed that the Doppler spread characteristics of different channels are identical. Subscript ‘t’ is dropped because channel is assumed constant within the block of estimation. III. MULTIUSER CHANNEL ESTIMATION In the proposed multiuser channel estimation scheme, known pilot symbols are inserted uniformly among the data subcarriers. For slowly fading channels, it is assumed that channel frequency responses do not change a great deal within the block of interest. Considering a block of size 2Q for which we assumed the channel to be constant, the estimation model on a certain pilot subcarrier l = Pstart : ΔP : N / 2 for a single receive antenna can be given as Yl = PH (8) l l + Wl where, ª P11,1 P21,1 " P1Q,1 « 1 P21, 2 " P1Q, 2 «P Pl = « 1, 2 # # «# « P11, 2 Q P21, 2 Q " P1Q, 2 Q ¬ Y l = [ Y1 Y 2 " Y 2 Q ]T



P2Q,1 º » P2Q, 2 » is the (2Q × 2Q) pilot matrix » # » P2Q, 2 Q »¼



is the received symbol vector on



subcarrier l for 2Q time symbols. H l = [ H 11 H 21 " H 1Q H 2Q ] T with H qj meaning frequency response of channel from jth antenna of qth user.
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TABLE I SIMULATION PARAMETERS Number of Subcarriers(SC) 64 Number of active SCs 60,where 48 used for data,12 used for pilot Channel Spacing 20 MHz Sampling Rate 20 Msample/s GI 16 samples



is the noise vector on subcarrier l T



H



for 2Q time symbols. Also (.) and (.) denote transpose and hermitian operations respectively. The estimate of the channels at pilot subcarriers based on LS estimate [5] is given (by dropping the subscript ‘l’) ~



H



LS



= P − 1Y



(9)



This estimate is obtained by minimizing (Y − PH ) H (Y − PH ) . The LS estimator has the disadvantage of having relatively high MSE. Its performance degrades with the increase of noise power. ~



H LS = P−1Y



(10)
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The second term in (10) may have a large variance. If the channel response is Gaussian and uncorrelated with each other and with the channel noise W, then frequency domain MMSE estimate [5] of h qj on the l th subcarrier, ~ −1 H MMSE = R HY l R YY Yl l



(11)



Modulation OFDM symbol normalized Doppler spread



BPSK 0.01



Number of users



2,3



Number of paths



6



Figures 3-5 illustrate the simulation results. In Fig. 3, MSE performance of LS and MMSE estimates are presented. We observe that at low SNR, MMSE clearly outperforms LS techniques. The estimation is performed for 2 separate users each having 2 antennas. In Fig. 4 and Fig-5 MSE performance for LS and MMSE estimates for different number of users are presented. From the figures it is immediately realized that the performance of the estimator gradually decreases as the number of active users increases. The reason for the performance degradation is due to the reduced number of degrees of freedom.
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Here, RHY is the cross correlation vector between channel and received data vector and RYY is the auto correlation matrix of received vector in frequency domain on subcarrier l. RHH is the auto correlation matrix of channel on subcarrier l (obtained by Monte-Carlo simulation)as diag { E ( H qjl H qjl* )} IV. SIMULATION RESULTS Multiuser channel estimation simulation parameters are listed in the table. Here we assumed TU channel model [6] which consists of 6 paths. Perfect synchronization is assumed in case of estimation at the pilot subcarriers. Guard Interval (GI) is matched to the maximum delay spread so as to eliminate ISI and hence frequency domain multiplication of different user input and channel frequency response is achieved. Pilots are inserted periodically among the data subcarriers. For simulation purpose, we chose 12 pilot subcarriers from 60 active subcarriers. Pilot spacing is taken as 5 i.e. up to the 32nd subcarriers , pilot subcarriers starting from 3 are 3,8,13,18,23,28.Beyond the 32nd position, other pilot subcarrier locations are just the mirror conjugate of them. After obtaining estimates at the pilot subcarriers , estimates over the whole FFT grid is achieved by suitable interpolation techniques.
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Figure 3. LS and MMSE estimate compared for 2 users each having two antennas. LS estimate performance 30 (2,2) (3,2)
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Figure 4. LS estimate compared for 2 and 3 users each user having 2 antennas.



estimate outweighs LS estimate specially at low SNR at the cost of increased complexity provided that we have the channel auto-correlation characteristics beforehand. Pilots are not STBC encoded because generally pilots of separate users are different. This scheme can be successfully employed for those systems where channel is slowly varying and no. of users is limited. Overall we have presented a robust and simple multiuser channel estimation technique well supported by experimental results.
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Figure 5. MMSE estimate compared for 2 and 3 users each user having 2 antennas.
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consequence, the authors of [3] proposed a multiuser data detection scheme where the channel was assumed to be known prior to data recovery for each user. 
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