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ABSTRACT

This article proposes the diversity gain enhance-
ment in layered division multiplexing (LDM) systems
by applying maximal-ratio combining (MRC) techni-
que. LDM systems is adopted as a baseline techno-
logy of the ATSC 3.0 systems which the two transmis-
sion layers are simultaneously transmitted over two
different types of fading channels for fixed and mobile
services. Hence, the performance analysis of each la-
yer need to be evaluated on different type of fading
channel. Starting with the moment generating func-
tion (MGF) of the MRC output signal-tonoise ratio
(SNR), we propose the new method to derive closed-
form expressions for average symbol-error rate (SER)
of the proposed systems over Rayleigh and Nakagami-
m fading channels in the presence of error propaga-
tion (EP) that is generated from the first layer detec-
tion. Analytical results show that the specific value
of injection level at the transmitter need to be pre-
cisely defined to obtain the best mutual benefit for
both LDM layers, and the proposed technique has
significant performance advantage over conventional
LDM systems. Simulation results demonstrate the
tightness of the author’s analysis

Keywords: Layered division multiplexing, Maximal-
ratio combining.

1. INTRODUCTION

In the next generation digital broadcasting systems
and wireless broadband communication systems, the
main challenge is to deliver the high data rate mul-
timedia services on the limited frequency resources
due to the rapidly increasing demand of the com-
mercial broadband wireless services. The adopted
technology should be supported for many required
functions to achieve more efficient spectrum utiliza-
tion and deliver high data rate multimedia services to
customers. To facilitate this challenge, the Advance
Television Systems Committee (ATSC) call for pro-
posal for the a new international broadcasting stan-
dard, called ATSC 3.0, to support high data rate mul-
timedia services in the next generation wireless sys-

Manuscript received on August 20, 2018 ; revised on August
30, 2018.

The author is with Rajamangala University of Tech-
nology Lanna Tak, 41 Phaholyothin Rd., Tak, Email:
k tnp@hotmail.com.

tems [1], including mobile HDTV and Ultra HDTV
(UHDTYV). The key requirement of this standard is
to service the high performance transmission inclu-
ding high data rate and large area coverage in low
Signal to Noise Ratio (SNR). To enhance this stan-
dard, layered division multiplexing (LDM), the Non-
Orthogonal Multiplexing (NOM) technique [2], which
has been originally proposed as Cloud transmission
[3] that support multiple multimedia services in di-
fferent scenarios including mobile, indoor and statio-
nary channels. Because of advantage and a simple
implementation of LDM [4]-[7], a two-layer LDM has
been promoted as an optional feature in the ATSC
3.0 physical layer. LDM technique is different from
the frequency division multiplexing (FDM) and time
division multiplexing (TDM), the multi-layered sig-
nals of LDM can be simultaneously transmitted to
the receiver by using a single carrier. The two-layer
LDM consist of the core layer (CL) stream and the
enhanced layer (EL) stream, the higher power CL
signal can be directly detected at receiver while the
lower power EL signal is acted as additional noise,
after that the signal interference cancellation (SIC)
receiver is applied to cancel CL stream from the re-
ceived signal, the EL stream is then detected from
the regenerated signal.

The diversity gain and channel capacity of the
ATSC 3.0 system can be increased by Multiple-Input
Multiple-Output (MIMO) technique [8], [9]. Howe-
ver, due to the complexity of MIMO system in prac-
tical detection, the simple technique called Maximal-
Ratio Combining (MRC) can be adopted to improve
the diversity gain in LDM system [10], [11] instead
of MIMO technique. In fact, CL stream is norma-
lly encoded by Low-density parity-check (LDPC) co-
des that offer error free in low SNR region. The EL
stream can be then detected without performance de-
gradation by error propagation (EP) in SIC process
[6]. However in very low SNR scenario, EP in the EL
stream can be occurred at the receiver and the system
must take into account the effect of EP in error rate
analysis. SER of M-PSK and M-QAM signals with
diversity technique over generalized fading channels
has been derived by starting with evaluation of the
moment generating function (MGF) [13], [14]. To the
best of our knowledge, there are no works in litera-
ture review that demonstrate the analysis method to
acquire a closed-form symbol error rate (SER) ex-
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pression for the conventional LDM and MRC-LDM
system in the presence of EP [12].

In this paper, the MRC technique is adopted to
increase diversity gain of LDM systems. The advan-
tage of the proposed scheme can be demonstrated by
analyzing the closed-form error rate performance ver-
sus the general LDM systems. The MGF of the MRC
output SNR is first evaluated and SER can be then
derived for CL stream. Due to the effect of EP, the
total probability theorem [9], [15] need to be adopted
to calculate the average SER for EL stream. In order
to derive SER performance and demonstrate the ob-
vious advantage of MRC-LDM systems, we consider
the uncoded MRC-LDM systems without the bene-
fit of LDPC code. The error rate of BPSK signals
over Rayleigh fading channel and QPSK signals over
Nakagami-m fading channel are analyzed for CL and
EL streams, respectively. Numerical results demon-
strate the tightness of the author’s analysis.

The remainder of this paper is organized as follows.
The system and channel models are introduced in the
next section while in Section 3, we derive the ave-
rage bit-error rate (BER) of binary signals over Ra-
yleigh and Nakagami-m fading channels by applying
the MGF-based approach. The average SER of M-
PSK signals over Nakagami-m fading channels is des-
cribed in Section 4. In Section 5, the average BER of
MRC-LDM system is derived, and numerical exam-
ples is also presented. A conclusion of results are
given in Section 6.

2. SYSTEM AND CHANNEL MODELS

This section presents LDM signal at transmitter
and receiver and show the method to derive the SNR
per symbol of each receive antenna. Finally, the chan-
nel models for the two layers of LDM system are de-
monstrated.

2.1 LDM Signals and Channel Models

At LDM transmitter, the two layers including CL
and EL stream are continuously broadcasted over L
independent slowly-varying flat fading channels and
transmitted to the MRC-LDM receiver as shown in
Fig.1. The LDM complex signal is transmitted over
the channel and can be described as

s(t) = f: SWe=i2miet p (t — dT) (1)

d=—00

where f, is the carrier frequency, the function P(-)
denotes a pulse shaping waveform of duration Ty se-
conds, and {S(d)}zoz_oo denotes the LDM sequence
symbols that results from mapping continuous b-bit
block into one of M = 2% possible waveforms, and
can be written as

S@ =519 4 ws{? (2)

The LDM signal in (2) is a combined signal inclu-

ding CL stream (S£d)) and EL stream (Séd)) that are
simultaneously transmitted in different layers have di-
fferent specifications for the delivery of different ser-
vices as shown in Fig. 2. The injection level, w de-
termines the power allocation among the two layers.
Meanwhile the higher power of CL stream can be al-
located by adjusting the suitable real value w in [0,
1), where w=0 results in a single-layer system. The
symbol energy per transmit antenna is assumed equal
to Es, which the energy E is divided into two por-
tions for CL and EL symbol while the energy ratio
for both layers can be adjusted by w. The energy E,
and w?E,, are allocated for CL symbol and EL sym-
bol, respectively, where E, = usz) From Fig.1,
the channel between the transmit antenna and the re-
ceive antenna 4 is denoted by h; where h; = aje 7%,
The receive signal after passing through the fading
channel is disturbed by complex AWGN n; with a
one-sided power spectral density, which is represen-
ted by 2Ny (W/Hz). The received baseband signal
on each receive antenna branch is represented by r;
and can be expressed as

T, = hiS(d) +n;

= i (S + wS{") +n; )

In our analysis, the signal combination at MRC
receiver will be considered on the MGF of the MRC
output SNR in the next part. The first layer CL
(Sfd)) can be detected by considering EL signal (Séd))
as additional noise, thus the detected symbol of CL
stream can be acquired from

Sgd) = h;l’f‘i

(4)

where 1; = wS’éd) +h; 'n;. In Appendix 1 we show
that the interference-plus-noise energy of n; can be
expressed as

Elni}] = w?E, + Ny
E (5)
=w?———__ N,
w 0+ w?) + No

where E[-] is the expectation operator. Based on
(4) and (5), the post-processing SNR per symbol of
the " receive antenna branch for CL stream can be
expressed as

Es

o (6)
Es

(1 - N) No +1

Yi,cL =

where 1 = 1/(1 + w?). By considering the process
after detecting the CL stream ,the EL stream can be
then detected by using successive interference cance-
llation (SIC) to cancel CL signal from the existing
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Fig.1: Multilink channel model of MRC-LDM systems.

receive signal r;, which can be explained by

Ty EL =T; — higid)

. (7)
= i (517 = 87) + hiwsE + g

where r; g1 denotes the EL received signal and
S’Yﬂ represents the CL symbol that is chosen from
constellation by the maximum likelihood detector
(MLD) at the receiver. The results of hi(5’§d) - S‘Y”)
can be divided into two manners, and hence the pos-
sible results of the EL received signal is also occurred
in two cases as follows
1) The EL received signal without EP (SYD = S’Yl)) :
This event can be presented when the MLD chooses
a correct symbol from constellation, hence there is no
EP from the SIC process, then the EL received signal
or the regeneration signal can be written as

(8)

Ty, EL = hwaéd) +n;

The EL signal Séd) can be detected by multiplying
(8) with h; ! /w as follows

. b
8 = “ripL = 537 44

(9)

where 1 = th n;. Based on (9) and the
interference-plusnoise energy of 7 in Appendix 2, the
SNR per symbol of each receive antenna branch wi-
thout EP for EL stream can be expressed as

E,
= 1 — _—
No (1—n) A

YELt = (10)

2) The EL received signal with EP (S§d) # S’§d)) :
This event can be presented when the MLD chooses
an incorrect symbol from constellation, hence there
is an EP from the SIC process, then the EL received
signal or the regeneration signal can be written by

T, EL = hiwséd) + Aghi +ny (11)

where A, represents the mean distance of CL sym-
bols pair (Sid) —S*{d)), which the mean distance can be
obtained by averaging the distance of all symbol pairs
in constellation. For generalized modulation scheme
in LDM system, A% = pE,,, where the coefficient p is

depending on the modulation type (p = 4 for BPSK

signal). The EL signal Séd) can be detected by mul-
tiplying (11) with h; */w as follows
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Fig.2: Channels of CL and EL layer of LDM systems.
EL signal is usually designed to deliver the higher qu-
Bl ality service, which usually require higher SNRs for
§§d> =" gL = Séd) +n (12)  successful detection. The large directional antenna of
w b

where n” = % + % Based on (12) and the
interference-plus-noise energy of n” in Appendix 3,
the SNR per symbol of each receive antenna branch
with EP for EL stream can be expressed as

. (1—p) &
ELf= —%
pugs +1

(13)

2.2 Channel Models

In the MRC-LDM transmission process, the trans-
mitted signal are passed over independent L chan-
nels where [ denotes the channel index, and the ran-
dom channel amplitude, phase, and delays are repre-
sented by {ozl}lel, {¢}E | and {7}, respectively.
Due to delay of multilink channel, we assume that
T1 < T < 73 < 71, while 71 is zero for the first chan-
nel that is assigned to the reference channel. We de-
fine {a;},, {¢1}L, and {r}£, are all constant over
a symbol duration for slow-fading channel in analy-
sis. In general, CL signal is designed to deliver robust
mobile broadcasting service to mobile user and indoor
receiver. Thus there is only non-line-of-sight (NLOS)
path for transmitting CL signal without direct line-
of-sight (LOS) path. Therefore the Rayleigh fading
channel is assigned to analyze the performance of CL
signal transmission as shown in Fig. 2. Meanwhile

fixed receiver should be placed at high location that
is capable of providing higher SNRs as compared to
mobile services [16]. At the fixed receiver, the un-
desired CL signal is first cancelled and then the EL
signal can be detected from the regenerated receive
signal. In the transmission link of EL layer, there are
two characters of transmission path including direct
LOS path and scattered path. Hence the Rician fa-
ding channel is an appropriate model to derive the
performance of EL signal transmission, while the ra-
tio of signal power in direct LOS path to signal power
in scattered path can be assigned by the Ricain K-
factor. However the MGF of the received SNR, over
the Rician fading channel cannot be easily calculated
because of integral of the zero'*-order modified Bessel
function. Thus, in order to obtain the MGF by un-
complicated way, this work derives the performance
of EL signal transmission over the Nakagami-m fa-
ding channel that can be estimated to as the Rician
distribution [17], [18], while the relation between the
parameter K and m of the two channels can be pre-
sented as m = X E2K+L - The ingtantaneous SNR

2RI
per symbol of the [*" channel ~; for Rayleigh and
Nakagami-m distributions can be referred to as (14)
and (15), respectively.

i

1 (—n
p'yl('YlV_YlaT):%e( ”),WZO (14)
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At the output of MRC combiner, the total condi-
tional SNR, per symbol +; from L branches is given

by v = 312y [13]

3. AVERAGE BER OF BINARY SIGNALS

BER of BPSK signal over fading channel for SISO
and MRC receiver can be derived by using MGF of
Rayleigh and Nakagami-m distribution as follows.

Pyt (v 1 mu) = (15)

3.1 Average BER for Single-channel Recep-
tion (L=1)

The average BER can be calculated from the con-
ditional BER and envelope probability density func-
tion (pdf) as

Py(E) = 713

x (16)

//e(_““” Py (737, 2)dyde
0

where z can be substituted by r and m for the Ra-
yleigh and Nakagami-m pdf’s, respectively.
1) Rayleigh fading channel : From (14) and (16), the
average BER over Rayleigh fading channel can be

written as
SYE / e

0
By deriving the MGF for Rayleigh distribution in
Appendix 4, the average BER from (17) is giving by

fe(ata)e
@)

can be derived by Jy(c) =

(B[~ (757, 2)dy

>H>—*

97) . =dydp  (17)

>H’—‘
\2")—‘

>H+—‘
/\O\

_Lh
2
where (18)
5 sin? N Y
1% (s{n2 ¢ﬁc) d [13], [20] for N = 1 and ¢ = g7
2) Nakagami — m fading channel : From (15) and

(16), the average BER over Nakagami-m fading chan-
nel can be written as

// )

By deriving the MGF of Nakagami-m distribution
in Appendix 5 and function J,(c), the average BER

=) dvydo

aw

(19)

from (19) is giving by

The average BER over Nakagami-m fading chan-
nel in (20) can be derived by substituting MGF of
Nakagami-m distribution in function Jy(c) and de-
fine N = m.

3.2 Average BER for Multichannel Reception
(L>1)

When the MRC receiver is used, the multichannel
conditional BER P, (E|{v}£ ) need to be averaged
over the joint pdf of the 1nstantaneous SNR sequence
Dy1y2,. AL(¥1,92,9L) Hl 1 Pyi(yiyiarys hence the
unconditional BER P,(F) can be written in general
form and MGF form in (21) and (22), respectively

].3 .
/OO /OO /OO ] /2 g,yl
e I |

Py (’Vlv ’717 il)d(ﬁdryld'yg...d,yll

PH(E) = 717/(1\/[ <—ng2¢,’y)>Ld¢ (22)
0

where all fading paths in (21) are uniformly distri-
buted with the same fading parameter ¢ and the same
average SNR per bit 4 for all L channels. Hence, the
simple form of average BER can be demonstrated as
n (22).
1) Rayleigh fading channel : By considering the
MGF for Rayleigh distribution [13] and the function
Jn(c), the average BER of MRC receiver from (22)
can be expressed as

(21

ST AN YA A
= k 2 1+g7%

(23)

2) Nakagami — m fading channel : By considering
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Fig.3: BER performance comparison between BPSK

SISO receiver, and BPSK MRC receive (L = 2) with

m=1,m =2 and m = 4.

the MGF for Rayleigh distribution [13] and the func-
tion Jy(c), the average BER of MRC receiver from
(22) can be expressed as

1% L
PH(E) =7T/<Mm (‘sn%(ﬂ)) dg
0
- 1 1 % mL
T2\ V12
mL—1 ~
mL—1+k 1 o1
() s ()
(24)

3.3 Numerical Example

Fig. 3 shows the effect of L and m on the average
error rate of BPSK. The BER performance of SISO
and SIMOMRC over Rayleigh fading and Nakagami-
m fading can be derived by applying (18), (20), (23),
and (24). These curves confirm the benefit of MRC
receiver, a diversity gain and BER performance of
wireless link can be significantly improved by increa-
sing the number of L at MRC receiver of the LDM
systems. Moreover, the BER performances are va-
ried according to the characteristic of channels when
varying m parameter.

4. AVERAGE SER OF M-PSK SIGNALS

By considering EL signal transmission in this work,
the transmitted QPSK signal is broadcasted over
Nakagami-m fading channel and accepted by the fi-
xed MRC receiver. Thus the average SER for this
scenario can be expressed as [13]

57

>d¢

where gPSK = sin?(¢/M), M = 4 for QPSK signal
and ¢ = % Then (25) can be transformed to the
integral of a trigonometric function I,,11(6;c) [14] as

Py(E) =Ty (( )w;m)

5. AVERAGE BER OF MRC-LDM SYS-
TEMS

Generally, the LDM detection process can be de-
monstrated in Fig.2, the receiver of mobile user detect
CL stream by considering the low power EL stream
as an additional noise [7]. Meanwhile the receiver of
fixed user detect the undesired CL stream first by
considering the low power EL stream as an additio-
nal noise. Then the undesired CL stream is cancel-
led from received signal of the fixed user and the EL
stream can be subsequently detected in the presence
of EP. Thus, to analyze the average BER of the CL
and EL signals at MRC receiver, we should consider
the level of EL signal that is controlled by injection
level w, and assign the number of receive branches L
appropriately.

1 7 gPSK
P(B)=1 / l]jM (a7 @
0 =
1 sin’ ¢ de
T / sin? ¢ + gPSKV ¢
0
1 7 < sin? ¢ )mL 1( sin’ ¢
o ) sin? ¢ + 45 sin? ¢ + 45
(25)

M—-1

(26)

5.1 Average BER of CL Stream

To derive BER performance of BPSK signal over
Rayleigh fading channel at the mobile receiver, the
postprocessing SNR per symbol of the CL stream in
(6) can be substituted into (23) to derive the average
BER of the CL signal as (see (27))

For case of undesired CL stream at a fixed re-
ceiver, the BERcr, of BPSK and MPSK signal
over Nakagami-m fading channel can be derived by
substituting (6) into (24) and (26), respectively.

k
97“”,3 L-1 __MNy
1 =1 — 1 1—p) $=+1
BERcp = |- |[1- $ Z(L ;+k> 1—=]1- ( “)”075 (27)
1+ gliNg, k=0 1+g—No
(I-p) x5 +1 (1—p) R&+1
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Fig.4: BER advantage of MRC-LDM (L = 4) over SISO-LDM (L=1).

5.2 Average BER of EL Stream

In this work, EL and undesired CL streams are mu-
tually transmitted over the Nakagami-m fading chan-
nel and accepted by the fixed receiver. The fixed re-
ceiver detect the undesired CL stream first and then
detect the EL stream after cancelling the undesired
CL stream from the existing receive signal which the
possible output of cancellation can be divided into
two manners. For the first event, the undesired CL
signal is correctly detected and the postprocessing
SNR per symbol of the EL stream can be derived
as in (10). And the second, the undesired CL signal
is incorrectly detected and the post-processing SNR
per symbol of the EL stream is shown in (13). The
two SNRs per symbol of different events are directly
affected to the average BER of EL stream. Therefore
the total probability theorem can be applied [9], [15]
to derive the average BER of EL stream by substitu-
ting (10) and (13) into (26) as follows. (see (28))

where BER¢ denotes the average BER of unde-

sired CL signal that is evaluated over the Nakagami-
m fading channel at the fixed receiver while the post-
processing SNR per symbol of the CL stream in (6)
can be substituted into (24), Ps(E, Y1) denotes the
average SER in (26) that substituting by ygrs from
(13), Ps(E,7¥EL:) denotes the average SER in (26)
that substituting by ygr: from (10) while the mo-
dulation method can be chosen by varying M, and

9%i,CL
=14 (1 - )

5.3 Numerical Results

m
97q
1+ 'LT,nCL

Fig. 4 shows the BER performance compari-
son between SISO-LDM, and MRC-LDM system
with L = 4. The BER performances are deri-
ved by applying (26), (27), and (28) with M =
2 while both SISO-LDM and MRC-LDM transmit-
ter send two layers of BPSK signal simultaneously
with w = 0.3 over the single channel, when the CL
stream of mobile receiver and the EL stream of fi-
xed receiver are transmitted over the Rayleigh fa-
ding and Nakagami-m fading channel, respectively.

Py(E,¥eLf) Py(E,YELt)
BERgr = BERc ———2 4+ (1 - BER¢c/ ) ———~
EL O gy M + ( crr) log, M
(17u)%
gPSK—p "
e | (457) m5 ——
L—1
:5mLmZ mL—1+k [1—5]k ) (28)
= k logy, M
PSK(1—p)Es
L1 ImL (Mfl) ™ g (1 #) Ng
mL—1+k K M m
+ 1—5mLZ( )[1—5] :
— k logy, M
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Fig.5: BER comparison of MRC-LDM receiver in system with L = 3 versus L = 4 over different fading
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Table 1: Optimum injection level in various trans-  Teceiver.
mission modes Fig. 5 shows BER performance comparison of
. Optimum MRC-LDM receiver in system with L = 3 versus L =
System | Layer | m,L | Signal point 4 by setting w = 0.24. The error rate performances
CL 1,3 | BPSK | w=0.2at of mobile-CL receiver (m = 1) and fixed-CL receiver
A EL 5,3 | BPSK | BER 2x107° (m = 5) are also demonstrated. These curves indicate
CL 1,3 | BPSK | w — 0.26 at advantage of MRC technique when increase the nu-
B EL 5,3 | QPSK | BER 6x107° mber of L. The stable BER performances due to the
CL 5,3 | BPSK | w = 0.39 at imperfect CL signal cancellation are initially occurred
C EL | 5,3 | QPSK | BER 5x10~7 at 25 dB of Eb/No.
D CL 1,4 | QPSK | w = 0.23 at Again these figures demonstrate the tightness of
EL 54 | QPSK | BER 3x107° the author’s analysis, i.e. (27) and (28). By con-

From the figure we can see that the analysis, i.e.
(27) and (28), show agreement with the simulation
results. And the results show that the MRC-LDM
system offers higher BER performance than SISO-
LDM system clearly. Moreover, it is observed that
the CL layer of SISO-LDM without channel coding
(FEC) cannot apply in practice because the signal qu-
ality cannot support any wireless services, meanwhile
the MRC-LDM without channel coding can increase
diversity gain and can be applied in practical use.
The stable BER performances of CL and EL receiver
are initially occurred at 10~° and 10~'2 BER, res-
pectively although the system increase transmitted
power continuously. These results thus indicate that
the LDM and MRC-LDM system without channel co-
ding offer the constrained BER performance due to
the presence of EP. These results agree with the au-
thor’s simulations shown in Fig. 4. Fortunately, by
applying channel coding in LDM system, the EP from
CL layer can be perfectly cancelled [3], [6] at LDM

sidering BERs of among CL layers, QPSK signals of
system IIT and IV provide a higher performances than
BPSK signals of system I and II because there are di-
rect part and scattering parts at the fixed receiver of
system III and IV (m = 4 and 5) while the trans-
mitted signal of system I and II are transmitted over
mobile channel without a direct path (m = 1), the-
refore system III and IV are slightly affected from
fading channels. On the other hand, by considering
BERs of among EL layers, system I and II provide
higher performances than system IIT and IV because
the mean distance (Ay) of symbol pair of BPSK sig-
nal is less than Ay of symbol pair of QPSK signal.
However, when focus on the mutual benefit between
CL and EL layer, the results show that the perfor-
mance of CL and EL layer of system IV provide the
best mutual performances of 107° and 10~'° BER
at 26 dB of Eb/No, respectively because both CL
and EL receiver are fixed station and they are equi-
pped with the maximum number of receive branches
L, and these agree with the author’s simulation re-
sults in Fig. 5.

Fig. 6 (a) shows the effect of injection level on the
MRC-LDM system with various transmission modes
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Fig.6: Search the optimal value of injection level.

by varying injection level and set a fixed Eb/No = 20
dB. There are four transmission modes in BER ana-
lysis while the transmission details and the optimum
injection level of various systems can be described in
Table 1. The optimum injection level in Table 1 can
be searched by varying the injection level between 0
to 1 versus BER performance, and then the optimum
point of injection level for CL and EL users can be
chosen at the intersection point between pairs of BER
curves. The results show that the optimum injection
levels for system A, B, C and D are occurred at 0.2,
0.26, 0.39 and 0.23, respectively. At the optimum
point of injection level, the highest mutual benefit
between CL and EL layer can be acquired when the
power allocation in LDM transmitter can be properly
operated. For example, in system C, the optimum
point of injection level is 0.39 at 5x10~7 BER while
other points of injection level offer the lower mutual
benefit between CL and EL layer.

Fig. 6 (b) shows the magnitude of BER distance
between CL and EL layer while the BER distance
can be calculated from 10log1o|Pbcr — Pbgyr|, where
Pber, and Pbgr denote the BER of CL and EL layer,
respectively. The maximum amplitude of all curves
indicate the position of the optimum injection level
that offer the best mutual benefit between CL and
EL layer.

6. CONCLUSION

A performance analysis of the MRC-LDM system
over Rayleigh fading channel and Nakagami-m fading
channel are derived and compared with that of con-
ventional LDM. The error rate analysis can be ea-
sily derived by calculating the MGF of the MRC-
LDM SNR output which the Laplace transform can
be applied to solve the complex integration. These

analysis results demonstrate that the effect of fading
channel on BER performance in MRC-LDM can be
mitigated by increasing the number of receive bran-
ches L. Hence the proposed system can improve the
BER performance and offer the higher performance
over conventional LDM. Moreover, at the optimum
point of injection level, the highest mutual benefit
between CL and EL layer can be acquired while the
injection level controller is a necessary unit in the
MRC-LDM transmitter, and the injection level sho-
uld be automatically adjusted when the transmission
mode and scenario are changed. In practical LDM
systems [6], [7], the Ultra-High-Definition (UHD) vi-
deo transmission can be operated by using high order
QAM modulation with LDPC code. Thus the pro-
posed BER analysis method need to be considered
the coding gain of LDPC code and the distance of
QAM symbol for computing error propagation. Fur-
thermore, the proposed technique can be properly
applied in a limited radio spectrum networks, such
as cognitive radio networks or next generation wire-
less networks.

7. APPENDIX

7.1 Interference-plus-noise Energy of LDM
System

The proposed proofs in this appendix are derived
to present the interference-plus-noise energy of CL
and EL layers in LDM system.

1) Appendiz 1 : Proof of (5) :
Elfa;it] = E [(wsgd) + ) x (wSSD + h;lni)*}

i

=2 ||s°]] + wr [s0O5] + wp [s00] +
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NoF [

= wPEy + Ny = + No

2) Appendix 2 : Proof of inter ference — plus —
noise energy for (10) :

B[] = E [(hwn> x (hwn)}

— _No _ No
Tow?h? T w?
3) Appendix 3 : Proof of inter ference — plus —

noise energy for (13) :
En'n"™* =F [(% +n) x (8= +n)*}
=F |:(%f + hz;ln,) X (%; + h;zlnl') :|

- defif] + we[a] + e 3]
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- o5 5]+ 5 [

:#(%7”\70)
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7.2 MGTF of Rayleigh and Nakagami-m Distri-
bution

This appendix derives MGF of Rayleigh and
Nakagami-m distribution as follows.

1) Appendiz 4 : Proof of MGF in (18) and (23) :

=~ 1 —
g —
(7‘17),‘) fﬁe

= ?éei%isi;ﬂd)dv = é Te_v(%+sin%¢)d'y
0 K K 0

212

=

9y
. e sinZg d’Y

By applying Laplace transform, we know that
JoSestdt = 1. Thus the MGF of Rayleigh distri-
bution can be written as

—1
~\ _ 1 1 .
M, (—ﬁ’ﬂ —%<§+sin%¢> =

2) Appendix 5 : Proof of MGF in (20) and (24) :

sin? ¢
sinZ ¢p+g7

m,_ m—1

o0 9
M,, (*ﬁﬂ?) = Ofe(m%)'%zg(m)e(_v)dv

— ey [ (#4505 gy
0

By applying Laplace transform, we know that
fooo tPestdt = Féiill), where s > 0, P > —1. Thus
the MGF of Nakagami-m distribution can be written

as

g —\ m I'(m—1+1)
Mm <_ sin2¢’,‘/) - :Yy:'ll-\(m) . (m+ . )m—lJrl
¥
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