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Abstract—Recently, unequal error protection (UEP) tech-
niques for video transmission over multiple-input multiple-
output (MIMO) wireless channel have been actively researcbd.
Spatially multiplexed (SM) MIMO system with joint detection
achieves a good bit error rate (BER) performance as well as a

high data rate, however, UEP can not be implemented because

all the physical (PHY) layer signals are jointly detected. h
transmitting video streams, peak signal to noise ratio (PSR)
is important rather than BER, and it is well known that
PSNR is improved by UEP. In this paper, we propose an UEP
technique for wireless video streaming using SM MIMO system
with a suboptimal joint signal detection method. Computer
simulations demonstrate that the PSNR performance of QR-
LRL-based UEP, that is computationally very efficient when
compared with the conventional optimal maximum likelihood
(ML) detection, is slightly better than that of the optimal M L
detection that is considerably more computation intensive

Keywords-UEP, H.264/AVC, MIMO, Joint Detection, ML,
Spatial Mutiplexing.

I. INTRODUCTION

[6]. The OSTBC MIMO system, however, does not increase
data transmission speed when compared with the traditional
single antenna PHY system [7]. Due to the low transmission
speed, MIMO system using an OSTBC seems not suitable
for real time video streaming.

In [8], an implicit unequal error protection (UEP) tech-
nique for video streaming over MIMO wireless channel
was proposed. Spatially multiplexed (SM) MIMO system
providesN,,;, = min(Ny, Ng) virtual subchannels, where
N is the number of transmit antennas a¥g is the number
of receive antennas, therel,,;, times higher data trans-
mission speed than single antenna PHY system. When linear
signal detection is used as in [8], the virtual subchannels
show different transmission reliability, i.e, signal#oise
ratio (SNR). In [8], UEP is achieved implicitly by assigning
a APP video stream of higher priority to a PHY subchannel
with higher reliability. In [9], a transmission power for fau
tiple transmit antennas was also controlled to further fiene
from MIMO systems. In these two previous works, however,

Video streaming service in wireless environments is dinear signal detection methods were considered that offer
challenging task that requires both high data transmissioseverely degraded error performance when compared to a

speed and high transmission reliability [1]. Wireless afen
is characterized by limited spectral bandwidth, limiteahts-

joint signal detection method.
In this paper, we propose an UEP technique for prioritized

mit power, and unstable channel gains [2]. Consequentlyideo streaming, assuming SM MIMO system with a sub-
error-resilient video streaming at a high speed using theseptimal joint signal detection method QR-decomposition-
limited resources is a demanding task in wireless videdeast-reliable-layer (QR-LRL). There are various joint de

communications.

tection methods such as sphere decoding (SD) [10], QR-

A popular application (APP) layer H.264/AVC was de- decomposition-M-algorithm-maximum likelihood detectio
signed to enable network-friendly video streaming as wel(QRM-MLD) [11], lattice reduction aided detection (LRAD)
as enhanced compression efficiency [1]. Various error ref12], and optimal ML signal detection [13]. From the
siliency schemes can be used for H.264/AVC video streamperspective of video streaming, the main problem of using
ing such as semantics, syntax error detection, data partiti joint signal detection is that all the signals from multiple
ing (DP), slice interleaving, flexible macro-block ordeyin antennas are jointly detected, thus the transmissiorbitija
(FMO), parameter set sharing, and error concealment tectof all PHY subchannels are not differentiated. Consequent!
niques [3]. However, all these error resiliency schemes ar&EP for prioritized video streaming exploiting the relityi
APP layer schemes that do not consider physical (PHY)nformation of subchannels is not allowed. In this paper, we
layer systems. There have been several previous workshow that the suboptimal joint detection method QR-LRL in

addressing APP-PHY cross layer design.

[14] can be used for UEP. The QR-LRL is a computationally

In the APP-PHY cross layer design approaches in [4]efficient but suboptimal joint detection method, thus the
and [5], an orthogonal space-time block code (OSTBC) wasverage BER performance is inferior to that of ML signal
adopted for multiple-input multiple-output (MIMO) systsm detection. The PSNR performance of QR-LRL, however,
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is slightly superior to that of the ML detection as will be A. UEP Using OSTBC MIMO System

demonstrated in the simulation section. In [4] [5], the orthogonal space-time block co@g in [6]
was used assuming 4 transmit antennas, Ne.—= 4. Then,

he develoned | il ssuming 4 receive antennas, i&g = 4, and collecting
. T. € develope .APP.'PHY cross layer system, illustrateqyq o cejveq signals during 4 symbol periods, the received
in Fig. 1, is described in this section. The APP layer of the

. ; " “signal matrixY € C*** is expressed as
system is based on the H.264/AVC encoder, which delivers g P

network abstraction layer (NAL) unit streams. In Fig. 1, [E, OSTRG

Xipsm, [ =1,2,--  Fs=1,2--- ,Sm=12--,M Y = ?HX +7Z.
stands for them-th macroblock in thes-th slice of the
f-th frame, whereF' is the number of framesS is the
number of slices in a frame, and/ is the number of
macroblocks in a slice. The notatiofy , ,,, in Fig. 1 denotes . )
the compressed macroblock that is different frof,, ,, 'S composed of entries;,, j = 1,2,3,4,n = 1,2, 3,4, that
due to quantization in the process of compression. In thi§lenOtes the_ noise at thyeh receive anter_ma d_urln_g theth
paper, a slice or a NAL packet was considered as a singleYMPol period; the space-time coded signal is given as
PHY packet. Each PHY packet is 31-bit cyclic redundancy

Il. SYSTEM MODEL

)

wherey;.,j = 1,2,3,4,n = 1,2,3,4, the (j,n)th entry
of Y, denotes the received signal at tjth receive antenna
during thenth symbol period; the noise matri& ¢ C***

T, —xy —x 0
check (CRC) encoded. Then, when SM MIMO system is OSTBC x; x*z 03 g
assumed, NAL units or PHY packets are assigned to transmit X = | 01 o :633 : 3)

antennas of appropriate reliability. At the receiver sifig; 0
PHY packets are jointly detected. Then, the CRC parity bits

are used to determine if each packet is received safely. The We note that the number 3 in (2) is due to the fact that
acknowledgement (ACK) or not ACK (NACK) information signals are transmitted from only 3 antennas simultangpusl
is passed to the APP layer. If NACK for a slice is received,although Ny = 4. From the received signal matriY in

the APP layer does not try to decode the slice but perfornt2). optimal ML signal detection af;, is performed via the
an error concealment for the slice. Transmission of sequendollowing simple linear processing.

parameter set (SPS) and picture parameter set (PPS) NAL

T3 —I2 T

units are assumed error-free. 4
We consider MIMO systems witty: transmit antennas &1 = > _ {k5.1uj1 + hj oy + hysy)s + B ayja}
andNg(> Nr) receive antennas. Lat= [z 3 - -;vNT]T j=1
denote the transmit signal vector, whetei = 1,2,..., Np E, ,
is the transmitted signal from thigh transmit antennay = - ?”H”le +
(Y1 y2- --yNR]T denotes the received signal vector, where 4
yj,j =1,2,...,Ng is the received signal at thgh receive Z {h;fylzj,l +hjazjo+ hjsz]s+ h;74zj74}(4)
antennaH with dimension of N x Nt denotes the channel j=1
gain matrix, of which entryh;;,7 = 1,2,...,Ng,i =

1,2,...,Nr is the channel gain between thith transmit Dividing both sides of (4) With\/%HHHZF, we have
antenna and thgth receive antennag = [z; 25 - 'ZNR]T the estimatet; = z; + 2. The three noise term in (4)
denotes the noise vector, whete,j = 1,2,...,Ng is  can be shown to be a complex Gaussian noise with the
assumed to be zero mean complex white Gaussian witeame variance ofH||%¢Z. With similar linear processing
variance ofg?. Then the MIMO system can be described producesz,,s = 2,3 with the same noise variance. The

as follows. SNR of the signal:; or Z is given as
E OSTBC __ Ew||H||%r _
y:”N_;HX-I-Z' (1) SNR S_T,S_1,273' (5)

In this paper, we assume independent and identically From (5), it can be seen that the SNR of the three signals
distributed (i.i.d.) Rayleigh fading channel gains, andad are identical, consequently the SNR information can not be
channel estimation at the receiver side. used to implement UEP. In [4][5], various combinations of

QP, channel coding rate, and constellation size were asgign
1. UNEQUAL ERRORPROTECTIONUSING MIMO PHY 5 yideo streams of different priorities. However, it was
SYSTEMS shown that the data transmission speed of OSTBC MIMO

In this section, two previous UEP techniques are desystem is almost the same as or even lower than that of
scribed, and we propose a novel UEP technique exploitinghe traditional single input single output (SISO) systei#s [
SM MIMO systems with a suboptimal joint detection. Note that the data transmission speed for the space-timee cod
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Figure 1. APP-PHY cross layer system.

G, is 3/4 symbols per channel use and that of SISO systenfPHY subchannel with higher reliability to implement UEP

is 1 symbol per channel use. We argue that the low datamplicitly. Note that the symbol transmission rate of the SM

transmission speed of OSTBC MIMO system renders itselMIMO system is 4 symbols per channel use, that is much
not suitable for video streaming service, which necesstat higher than that of single antenna system or OSTBC MIMO
the SM MIMO system that is addressed in the following system.

section.

B. UEP Using SM MIMO Systems with Linear Sgnal De-
tection

Although the high transmission rate of SM MIMO sys-
tems with linear equalization is desirable, its BER per-
formance is harshly degraded when compared to OSTBC

MIMO systems. Fig. 2 compares the PER performance of

In [8][9], SM MIMO systems were used to provide UEP OSTBC MIMO and SM MIMO with the linear MMSE
for prioritized video streaming. The considered detectiondetection. The linear MMSE detection was used rather than
methods in [8][9] are linear equalizers such as zero-fgrcin the ZF detection because the MMSE detection outperforms
(ZF) or minimum mean squared error (MMSE) . If ZF or ZF detection in general. The size of PHY packet transmitted

MMSE equalizer is used and wheNy = Ng = 4, the
corresponding weight matrices are

Wze = (HYH) " HY =H ! 6)
402 \ 7!
Wiinse = <HHH + E—ZI4> HY (7)
T

where(-)f denotes the Hermitian transpose. The reliability

of the sth signal (or the reliability of the corresponding
subchannel}, = 1,2, 3,4, by the above two methods are
derived as

E,

SNRZY ———s.
T lIwszelP40?

(8)

SINRMMSE, —
|ws mmsEDs|?

(9)

2
2omzs [WmmseRm[* + [[Ws pvss][? 4ELE

From (8) and (9), it can be seen that the reliability of

the 4 subchannels are different. Let subch{ s) denote

over each virtual subchannel of SM MIMO system is 5,000
bits. Considered constellation is a 16-QAM, thus a PHY
packet is transmitted from its assigned transmit antenna fo
5,000/4 = 1,250 symbol periods. The PHY packet size of
OSTBC MIMO system is 5,004 bits, thus a PHY packet is
transmitted from 4 transmit antennas 01004 /[4(3/4)] =
1,668 symbol periods.

From Fig. 2, it can be observed that the pacekt error
rate (PER) performance of SM MIMO systems with linear
detection suffers from significantly degraded performance
when compared to OSTBC MIMO system, and that the 4
subchannels in SM MIMO with linear detection show dif-
ferentiated PER performance, i.e., differentiated rdiigds.

In order to retain the high transmission speed of SM
MIMO systems and to achieve a good PER performance
simultaneously, we propose to use SM MIMO system with
joint signal detection that is discussed in the next section

C. Proposed UEP Technique Using SM MIMO Systems with
a Suboptimal Joint Detection

In this subsection, we propose a novel UEP technique for
video streaming over SM MIMO systems with a suboptimal

the sth most reliable subchannel, i.e., subchannel with thgoint signal detection QR-LRL.

sth highest SNR or SINR. Exploiting this relationship, in

Maximum

likelihood signal detection method that

[8] [9], a video stream of higher priority was assigned to aachieves the optimal PER performance is described as
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Figure 2. PER performance of OSTBC MIMO and SM MIMO with the
linear MMSE detection.

(10)

XpmL = arg m1n

o B

where,C is the set of constellation points. The brute force
implementation of the above ML signal detection searching
over |C|* vectors is almost impossible due to its required

high computational complexity [13], whell€| denotes the

The Sixth International Conference on Digital Telecommunications

(12)

2

min — \/EHX
XESQR-LRL 4

We note that ML metrics are calculated fdfyr_LrL| =
|C| candidate vectors in (12), whilg|* vectors are con-
sidered in (10). Trying all the constellation points as the
first symbol, QR-LRL achieves almost the same BER per-
formance as the conventional ML signal detection. Without
loss of generality, we assume that the 3rd symbol has the
minimum SNR. Obviously, the true signal vector has the
smallest ML metric with high probability, hence the true
signal vector is detected once it is included in the candidat
vector setSqr-rrr,. Therefore, with high probability, the
error happens when the true symbol vector is not contained
in the candidate vector set. Since all the symbols are tried
as x3, error happens when trues is tried but signal
detection of the following system equation by VBLAST [15]
is erroneous.

XQR—LRL = arg

Y1 1
: E, E,
Y2 | _ \/ = hszs =/ ——[h; hy hy] | z2 | +z.
Y3 4 4 — T4
Ya H ~——
;; x
(13)

cardinality of the argument set. SD method [10] is well Whereh,; is theith column of the matridl in (1).

known to achieve the ML performance with a signifi-

It was shown that the condition number of abddeis

cantly reduced average complexity, however, its complexit Significantly reduced compared 14 by choosing the least
depends on the channel conditions and the worst cagé€liable symbol (LRS) by (11). Detection ordering of (13)
complexity is still high. There are also suboptimal signalis decided in the decreasing order of the following SNR.

detection methods such as QRM-MLD [11] and LRAD [12]
methods that achieve near-ML performance. Although the
implementation complexity of the aforementioned methods

SNR. E. (14)
T ||Wszrl?402

are significantly reduced and the optimal or a near-MLwhere, w, 2 is the sth row vector of (I:IHI:I)*I:IH.
performance is achieved, PHY subchannels are not differenfhe detection ordering is well known to reduce the error

tiated in terms of transmission reliability, not allowiniget
implementation of UEP.

propagation effect [16], thereby increasing the probshili
that truex is contained in the séiqgr—rr1. Considering the

In QR-LRL [14], the signals are ordered and detectedcriterion of choosing the first symbol as well as the criterio

sequentially, and the transmission reliability of the swbe

for ordering the remaining symbols, we can determine the

nels depend on the detection order. In QR-LRL, the mosteliability of the virtual 4 subchannels. The subchannel
unreliable subchannel is selected using the SNR criteriomorresponding to the symbol chosen in (11) is the least

(8).

min SNRZY,, (11)

SLRS = arg
se{1,2,3,4}

reliable, which is denoted as subgh{ 4). The subchannel
for the first detected symbol in (13) is the most reliable,
which is denoted as subch(= 1), the subchannels for
the secondly and thirdly detected symbol using (13) are

All the constellation points are tried as the above sethe second and third most reliable subchannels denoted as
lected symbol, and for each point as the selected symba&ubchf = 2) and subch{ = 3), respectively.
value, the remaining symbols are detected by the con- Fig. 3 shows that the average PER performance of QR-
ventional VBLAST [15], producing a candidate vector setLRL is slightly worse than that of ML. Simulation environ-

SQR-LRL = {xc}C 1- The ML metrics are calculated for the

ment is the same as in the simulations for Fig. 2. Note that

candidate vectors to choose the most likely symbol vectothe subchf = 2) achieves the optimal PER performance and

as follows.
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can be also observed that the four subchannels of QR-LR
have differentiated transmission reliability.
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Figure 3. PER performance of the suboptimal QR-LRL and the/eo-
tional ML. The performance of conventional ML and QR-LRL shfr =
2) are almost identical. Also, the average PER of QR-LRL iscatrthe
same as the QR-LRL subahg& 3).

IV. SIMULATION RESULTS

tonventional ML detection. Thus it can be stated that a
better average PER performance does not guarantee a better
PSNR performance. We note that the conventional optimal
ML detection requiredC|* times ML metric calculations,
while the suboptimal QR-LRL requires on|¢| times ML
metric calculations.

V. CONCLUSION

In this paper, we proposed a novel UEP technique for
prioritized video streaming over SM MIMO systems with a
suboptimal joint detection. OSTBC MIMO system and SM
MIMO system with linear signal detection suffer from a low
data transmission speed and a degraded PER performance,
respectively. SM MIMO system with joint detection achieves
both high transmission speed and high transmission réliabi
ity, however, UEP is not allowed in general. We showed the
suboptimal joint detection method QR-LRL can be used to
implement UEP. With the aid of computer simulations, we
demonstrated that the PSNR by the suboptimal QR-LRL,
requiring only|C| times ML metric calculations, is slightly
superior to that by the conventional optimal ML detection
that requiresC|* times ML metric calculations, when the
number of transmit antenna is 4.
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