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Abstract—In this paper, we consider the broadcasting of of reliably detecting the spatial-multiplexed data stream
data streams from a multiantenna source to several single- Applying STC at the transmitter will limit the acheivabletda
antenna or multiantenna users in a data broadcasting netwdt. (a1 of these users. Another reason is the scalability of the
To improve the received data quality for all single-antenna ¢ For STC histicated desi f th d t th
users simultaneously while not compromising the data rates Sys em_. or » Sophis |c_ae eS'_g” 0 € co e_s a €
of multiantenna users, we propose a hew Cooperation Schemetransm|tted and Correspondlng detection at the receivers a
among single-antenna users. Users cooperate in the ampliind-  essential. However, enlarging the system configuratioh agc
forward (AF) mode to jointly detect the spatially multiplexed increasing the number of the source antenna will require a re

data streams from the source with estimated channel state design of the whole system. Thus, it is reasonable to conside
information. Simulation results verify the effectivenessof the tion i 'STC ' ded t
proposed channel estimation scheme based on very few pilgis ~ USEr cooperation in an non- coaed system.

conjunction with the maximum likelihood (ML) detection scheme. The second distinguishing feature is that our considered
multiple single-antenna receivers are to detect simudtasiy
Index Terms—Amplify-and-forward (AF) cooperation, MIMO  the same multiple data streams; thus, the proposed methods
systems, broadcasting, channel estimation, maximum liklood must benefit all receivers simultaneously. This is veryed#ht
detection. from the works in [7], [10], [11], where relays are only to
improve the performance of an single user and thus can éxploi
. INTRODUCTION some existing coding techniques. However, the broadeastin
) L ) _ nature of our system becomes the challenge of the cooperatio
Cooperative communications gain substantial research Hsign, since any directional signal processing techisigue

terests in recent years due to its capability of improvinrgpo,[a licable to our system and only simple signal forwagdi
the performance of physically limited mobile devices. Rece t?:applied 4 y simpie sig

research works [1]- [4] attempt to exploit the cooperation S _
diversity [5] and construct the cooperative multiple-inpu Another challenge we deal with in this work is the perfect
multiple-output (MIMO) system, where each user shares &S| assumption. In most of the_z eX|sF|ng works assume that
antenna with other partners to transmit and decode the dafR€ perfect channel knowledge is available. The major reaso
In this paper, we consider improving the performance & tha_t the channel knowledge for cooperation system could
all single-antenna users through user cooperation in a MIM§ built upon the well-developed channel estimation apgroa
broadcasting system. Particularly, we focus on an uncoged ghetween th_e individual tran_smltters ar_1d receivers. Howeve
tem where the base station are equipped with multiple angenh3] has pointed out that this assumption is not valid for AF
and each user only has a single antenna [6]. We consider udifigy networks, since separating the channel estimatiom fr
the above setting for the purpose of better representing source-relay and the relay-destination links will emter
physically constrained mobile devices in current realaor S€veral drawbacks, including CSI exchange/feedback eagrh
scenario. The considered setting is potentially applizabl @nd the distortions from quantization. As a result, we pevi.
enabling the multimedia broadcasting services through tRB efficient channel estimate method along with data detecti
current cellular communication systems with hardwaretéch  TOF the AF cooperation system in this work.
mobile devices. This paper is organized as follows. Section Il introduces
There are two distinguishing features in our considerdde data broadcasting system model with a multiple-antenna
system, different from the settings considered in the mgst source and multiple single-antenna users. Section Illigesy
works [7]- [11]. The first feature is that our considered BAg a user cooperation scheme where users cooperate in amplify-
antenna receivers are to detect multiple data streams wtithand-forward (AF) mode to detect the spatial-multiplexethda
space-time-coding (STC) at the transmitter side. There ateeams. Section IV investigates the channel estimatiah an
several reasons for not considering STC at the transmitter s data detection methods for the cooperative system. Se¥dtion
One of them is the heterogeneous nature of the real netwadkmonstrates the simulated data detection SER and theahann
systems. In the real world, there actually exists multipleestimation MSE of the proposed scheme. Section VI concludes
antenna users in the networks, which are already capatiles work.
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Fig. 1. A broadcasting system with a multiple-antenna sewad single- Fig. 2. Transmission model for user cooperation with anggifid-forward.
antenna users. The transmission is divided into two phathes:source
broadcasting phase and the user cooperation phase. Ther dect =

[hi.l) hEQ) hl(.NT)] is the channel vector between the source and the . .
ith user. After receiving the signals, each user may perform ML or

linear detection and obtain its own detection of the source
data. TheL 4 broadcasting users are arbitrarily selected. The
Il. SYSTEM MODEL selection algorithm may be further improved by selecting th

We consider a broadcasting system shown in Fig. 1. THet Users with the better overall SER benefits based on the
source is equipped withV; antennas and each of the CSls. However, this requires huge amount of computations
users is equipped with a single antenna. We assume that 3% Signalings between the cooperative users, which can be
channels are quasi-static flat fading during the transorissiconsidered as future directions of research. At currergesta
of a data frame of lengtiV. For notational consistency, weWe only consider the arbitrary user selections. Assume that
denote the channel gain from théh source antenna to thegin, the channel from theth broadcasting user to usé?
ith user ash'”) and the channel gain from thieh user to the rémains constant during the broadcasting, the receivetakig

2 .
kth user asy;,. The transmission is divided into two phases/€ctor IS
the source broadcasting phase and the user cooperatiog. phas

4
I

In the source broadcasting phase, the source node broadcast Yip = gipQiysi+ 1D

simultaneously itsN; data streams to th& users and we = gipa;hiS + (gipaing; +n;p) 3)
assume that there is no coding applied at the source. The

received signal at théth user in thetth time slots can be wherea; = ,/E;/ Z?’:TI GZ(J.) is the power scaling factor

expressed as applied at theith broadcasting user to maintain its average

ysi(t) = hi/ Ess(t) +nsi(t), i =1,..., K, (1) transmit power. The vectat;p is the AWGN noise vector at
1 52 (N71) the userD.
where h; = [n" B - BT~ CON(0,031n,) After the broadcastings of all thé 4 broadcasting users,

and the quantityE's is the transmit power constraint ofthe total received signals at usBrcan be written as
each transmit antenna at the source. The vesfoy =

[s1(t) -~ sn(t)]7 € QNt*1is the data vector of the Y, = [yi,yip - yi.pl”
source at theth time and the sef2 denotes the modulation r B B (Nr)
constellation set with cardinality of)| = M. The average 5P 5D N
symbol energy of the symbols i is normalized to unity. The _ giponh; ' giponh; S
quantityng;(t) is the additive white Gaussian noise (AWGN) : : :
of the ith user with zero mean and varianeg. ¢ (NT)
ar . h ar . h
Denote themth data stream as,, = [s,,,(1) --- s ()], LILADALATL TIDALATL,

the received signal vector of the length data frame is nsp

gipoingy +1mp

ysi = [ysi(1) -+ ysi(IV)] + :
= h;v/EsS+ng;, i=1,..., K, (2) | 9LADOLANSL, + DL, D

where the matrixS = [s{ .- sL |7 = [s(1) -+ s(N)] = HeS +ne, (4)
is the data frame ofNy streams and the vectaig; = h H d h val h | d .
insi(1) --- ngs(N)] is the AWGN noise vector. where H., and n., are the equivalent channel and noise

matrix, respectively. Note that the first row Hf,, is the direct
path from the source to the destinaion, while the other raws a
the relay paths from the source through the cooperatives tiser

Figure 2 shows the transmission model for users with ARe destination. To reliably detect the source data, itdsired
cooperation. In AF cooperation, tie, selected user6L 4 > to have the channel state information (CSI) Hf, at the
Nr) sequentially broadcast their received source signald to déstination. In the following section, we provide an effitie
users. These users act as AF relays. Note that any of thebannel estimation and data detection method achieving nea
users are also destination users when it is not broadcastiogtimum performance with very few pilot signals.

I1l. AMPLIFY-AND-FORWARD COOPERATION



IV. CHANNEL ESTIMATION AND DATA DETECTION C. lterative Channel Estimation and Data Detection

In this section, we investigate the channel estimation andAccurate channel estimation is essential for reliably clete
data detection for the AF cooperation system. A least squang the source data. In general, channel estimation is more
channel estimation (LSCE) is first introduced to provide agiccurate when the length of the trainin§p, is larger. The
initial estimation of the overall equivalent chanridl,; then costis the decreased length;, for source data transmission,
the maximum likelihood (ML) data detection is investigatecbr, the loss of data rate. As a result, it is not possible to
In the last part of this section, we propose an iterative nen use a large taining length. However, the detected souree dat
estimation and data detection which efficiently reduced ti%,,,, can be fed back to the channel estimator. The entire

required pilot use. frame can serve as a new virtual pilot matfx= [P Sya14].
Then the new channel estimate can be fed again to the data
A. Least Square Channel Estimation detector and exploited to new detecti®y,:, with lower

In the beginning of the lengthV frame, a lengthN, error probability. The process can be iteratively repedted
pilot matrix P is first transmitted for channel estimation. Theield further performance improvement. Simulation in tiesin
matrixP is predeﬁned and known to the users. The remainiﬁgction will show that this iterative channel estimatiord an
Nyata = N — Np time slots are used for data transmissiorfiata detection mechanism is very effective and achievegs lar

The transmitted frame is therefore written $is= [P Su.,). Performance gain within few iterations, even for very short
The received training signals at usBr can be expressed bytraining length.

substitutingS in eq. (4) withP, which gives We now summarize the proposed iterative channel estima-
tion and data detection scheme for the AF user cooperation
YD,pilot = HeqP + Neg,pilot (5) system.
where the dimension o¥ p iior, P and neg pior are (1 + 1) Compute initial LSCEH(®) = H; 3o from eq. (6).
La)x Np,Nr x Np and(1+ La) x Np, respectively. Since  2) Compute initial ML data detectiorSEl?z)m from eq. (9)
P is known at usetD, an initial LSCE can be derived from and (10).
ed. (5) as 3) Perform iterative channel estimation and data detection
Hisce = YppiaP™ (PPT) (6) for (i = 13 < Nii + +) { y
, i a) Compute LSCE with the new virtual pild® =
Note that the design of the pilot matriR affects the com- P § zel)]_
plexity and performance of channel estimation. A typical () S S BB H -1
hoi fP Id b th | matri hich red HY =YpP (PP")7.
fh oice o ¢ \;you N Ian_tor fotg[g_]ona rtn_a rix, which reduces b) ML data detection with the new channel
e computation complexity of the matrix inverse. estimation:
() = argmin (Yn(t) -
S N x1
. > (t)yeQNT x D
B Dfaaedtion | HOs)"D A (Yp() — HOs(@), for
To begin this subsection, assume that the equivalent channe t=Np,...,N.
H,, is known at useD. The ML detection criterion for time- c) g((;gm = B8O (Np+1) 8D (Np+2) --- O]
instance 0fS .14, i.€.,s8(t), fort =Np+1,...,N, is }
8(t) = arg max prob(Yp ()| Hegs(t)) (7)  4) Output the final resultsfl = H® and$ a0 = Y,
s(t)eQNT>
H Hpny-1
= argmin [(Yp(t) — He,s(1))"D V. SIMULATION RESULTS
s(t)eQNT*1
(Yp(t) — Hegs(t))]. In this section, we present the simulation results of the pro

. ) ) ) ) . posed AF cooperation scheme. In the following simulations,
The matrixD is the covariance matrix of the equivalent noisg . |,se an individual user's average SER as our performance

ne(t) and can be derived as metric. The SER is averaged over thg: = 4 data streams.
D = E[neq(t)neq(t)H] (8) We use QPSK in the simulations. The channel gains are

— diag([o?. 0202 02 +02 .. realized as |.|.q. complex Gaussian randqm yanaples vet_b z

) g([2 P mean and variance; = 1 = o and remain invariant during

AL,%; ,,pOnsr, T UﬂLAD])' the transmission of a lengti = 100 data frame. The AWGNSs

at the users are i.i.d. complex Gaussian with zero mean and
variances2 = 1. The transmission power of the source and
the users are set &5, = E; = 2F;, and the transmit signal-

Now with the LSCE resulH s from eq. (6), an initial ML
detection ofs(t) is obtained as

Sinit(t) = argmin [(Yp(t) - Hyscps(t) D™ to-noise ratio (Tx SNR) is defined d8,/0?2.
s(teatr 5 Figures 3 and 4 show the data detection SER and the
(Yp(t) —Hrsces(t)].  (9) mean squared error (MSE) of the channel estimation. In the

The initial detection of the source d#g,., is therefore given simulation, we s_imply sele_ct a basic pilot mati, ;. as a
4 x 4 DFT matrix due to its orthogonal and constant-power

b
Y ) ) . properties. Other choices of the basic pilot matrix giveilsim
Sdata,init = [Binit (NP+1) Sinit(Np+2) -+ Sinit(N)] (10)  simulation results and thus are not shown here. For pilotimat
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Fig. 3. The data detection SER fo¥; = 4, L4 = 4, K =20, N = 100.  Fig. 4. The channel estimation MSE foN; = 4, L4 = 4, K = 20, N =
100.

length Np = 4, the basic pilot matrix is transmitted. Forb Simulati | h hat th d
Np = 8 and Np — 16, the basic pilot matrix is transmitted etween users. Simulation results show that the propose

two and three times, respectively, in the beginning of eanhdmethOd can obtain accurate channel estimates with the aid
' ’ of very few pilots.

frame.
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