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Abstract—In recent years, next generation data comsult, SM prevents the interference between the signals from
munications called fifth generation (5G) is studied. Tdhe diferent transmit antenna in the receive antenna. On the
achieve this demand, massive multiple-input multipleether hand, SM degrades the system performance signifi-
output (MIMO) systems are considered. In general, theantly when the detection error is occurred. To solve this
MIMO transmissions are considered based on a space dipiroblem, the optimal detection for a SM has been proposed
sion multiplexing (SDM). However, SDM may include the[6]. However, since [6] adapts the maximum likelihood de-
interference between the signals from th&atent trans- tection (MLD), large complexity is required. Moreover, the
mit antenna in the receive antenna. To solve this probleradaptive antenna selection with a SM has been proposed
spatial modulation (SM) has been proposed, but its perfof7], but the feedback for the each channel state information
mance is degraded when the detection error is occurregCSl) and the adaptive antenna selection are required in the
Therefore, in this paper, we propose the iterative equaliz&ransmitter. Therefore, in this paper, we propose the iter-
tion based on the estimated variance and the threshold fative equalization based on the estimated variance and the
massive MIMO systems with a SM. threshold for massive MIMO systems with a SM.

1. Introduction [mTTTTTTTT T

|
LYY :
. . . | Data L MSga]tu:} i : || Equalization el D Spgnla ll, Data
In recent years, next generation data communications ocuation | Y i | emoduration
called fifth generation (5G) is studied actively to achievel____________________ } 1 L
Spatial
Modulation (512 <Th

As the technique to achieve this demand, there are the
small cell, millimeter wave, cooperative, and multiple-
input multiple-output (MIMO) systems [2]. MIMO and
cooperative systems obtain the space diversity and improve T~ o~ ___ __________
the system performance by using several antennas and re- (b)Receiver

lay nodes. Especially, in MIMO systems, massive MIMO
obtains the space diversity gain dramatically. Massive
MIMO adapts many transmit and receive antennas com-
pared with a normal MIMO. On the other hand, its cir-
cuit size becomes very large since massive MIMO requires
many antennas and the interval between adjacent antenras.SyStem model
To solve this problem, massive MIMO is achieved in a high
frequency such as millimeter wave techniques [3].

In MIMO systems, the signal separation is important t
prevent the interference from thefi@rent transmit antenna.
To achieve this demand, in general, space division muk :
tiplexing (SDM) is adopted in MIMO transmissions [4]. 2.1, Transmitter
SDM improves the transmission rate since it transmits the Fig. 1(a) shows the structure of the transmitter. Firstly,
different signal from the étierent transmit antenna. How- the binary data signal is generated. Next, SM is modulated
ever, since SDM transmits the signal in a same time, th@e bit signalD(i) based on the transmit antenna number.
interference between the signals from théatent transmit Table 1 shows the example of the mapping tableNgy =
antenna may be occurred in the receive antenna. To sol8eM = 4, andC = 1, whereNy;; is the number of bit
this problem, spatial modulation (SM) has been proposesignals,M is the number of transmit antennas, & the
[5]. SM modulates the transmitted signal and is allocated imodulation level. By using the mapping table as shown in
any transmit antenna by using the mapping table. As a r&ab. 1, the SM signal for thetth transmit antenna and the
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Figure 1: Block diagram of the proposed system

In this paper, we assume that channel estimation is an
ideal. Figure 1 shows the block diagram of the proposed
%ystem.
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kth symbol is mapped as occurred and the system performance is degraded. To
N1 solve this problem, the proposed method achieves the in-

Sm(K) = { Ssm for a(k) = %55 D(i) (1) terleaved equalization based on the estimated variance and

0 for otherW|se the threshold. Firstly, the proposed method giveslithe

. . . _ estimated variance as
whereSs v is the modulation signal based on a Sik) is

defined as MoLC N 2 _ mi N_”f Ra(K) — Hinn(K) S m(K)2
it — o = min | — Flmn I,m |
ak=> > Z amci» ) =0 M0
m=0 c=0 =0 for0O<I<M-1, (5)

andan; is the reference signal for the mapping table. N
where min() is the minimum value o8 andS (k) is the

2.2. Receiver Ith detected signal. For the detected sigBah(k), when
| =0, we defmeSOm(k) = S.(k). Moreover, in the next

Fig. 1(b) shows the structure of the receiver. Firstly, th%ubsechon we will define thih detected S|gna$| m(K)
received signal for thath receive antennas is given by  or| > 0.

M—1 3.2. Proposed Iterative Equalization

Ru(k) = Z Himn(K)Sm(K) + Zn(k). (3 After determining the estimated varianmel2 from
m=0 Eq. (5), the proposed method obtains the next detected sig-

where Hn,(K) is the channel response between thia  nal as
transmit andhth receive antennas arl(k) is an additive

white Gaussian noise (AWGN) a signal side power spec- ~ max( n:01 Zm=01 Hm“(k)R”(k))
tral density ofNg. The received signdk,(Kk) is detected to Stm(k) = o for ”E >Th 6
eliminate the channel responidg, (k) as St-1.m(K) forof <Th

N-1M-1 whereT his the threshold. In this paper, the optimum value

&m(k) = ma>{ Hmln(k)Rn(k)] of Thwill be decided by using computer simulation and
n=0 m=0 will be shown in the next section. Moreovét,n(K) is the
Npit—1 new channel response and is defined as
for aky= > D), )

=0 Fimn(k) = { il or i %
whereN is the number of receive antenna3d;{is the in-

verse operation, and maR(is the maximum value of. wherem is thelth estimated transmit antenna number. Ob-
The detected sign&l(k) is demodulated is returned to theserving Eq. (6), Wheﬂ'|2 < Th, the estimated varianczg2

bit signal in reference to the mapping table. outputs only the noise power as
N-1M-1 B
Table 1: Mapping table fokl; = 3, M = 4,C = 1 o = min( MGICE Hmn(k)SLm(k)lz)
=0 m=0
Bit signal | Transit antenna number | Modulated signal ,:71 ,\r:t 1
000 1 1 2
= min Zy(K ) 8
000 1 ! (2> 1zt ®)
n=0 m=0
010 2 1
011 2 -1 In this case, since Eq. (8) meas(k) = Sm(K), the
100 3 1 proposed method outputs the detected signal as shown in
101 3 1 Eq. (4). On the other hand, whe»rl? > Th, the estimated
ﬂg 3 11 varianceal2 outputs the interference and noise power as
N-1M-1 5
oF = min( Y ) IR09 = Hno(S.n(0F)
n=0 m=0
3. Proposed lterative Equalization oo NimL )
= min( ) > lna) + Z(WF). ©)
3.1. Estimated Variance n=0 m=0

By using Eg. (4), SM obtains the detected signals. Howwherelmn(K) is the interference element. In this case, since
ever, when the detected signal is error, the burst error Bg. (9) meansSy(k) # Sm(k). Therefore, the proposed

- 539 -



—=—(M,N)=(4,4) —=—Con.
—e—(M,N)=(8,8) —e—Th=0.1
—a—(M,N)=(16,16) —a—Th=0.01
—— (M,N)=(32,32) 10 & ——Th=0.001]

BER

— 10’ L L L L L
L = — . 5 10 15 20 25 30

10 10 10 10 SNR per receive antenna [dB]

Th

Figure 2: BER versus thresholthat SNR= 15 dB

Figure 3: BER versus SNR per receive antenna for
(M, N) = (16,16)

method updates the channel response and is detected again

by using Egs. (6) and (7). These operations are repeat L{j
. . - (4,4) shows the best BER. On the other hand, the proposed
until 0'|2 < Th. The complexity of the proposed method 'Sietr)md for M.N) = (16.16) and (3232) shows th: bé)st

KA3, whereA is the number of antennas for the large valueBER inTh = 0.001. This is because the diversity gain for
betweenM andN, andK is number of repeat processing(M N) = (16 i6) énd (3232) is a large compared with

between 1< K < A. On the other hand, the proposed _
method suppresses the increasing of the complexity dueggl’ N) = (4,4) and (88). Therefore, the accuracy of the

the repeat processing by using the estimated variafice etected signal is improved and the estimated variance is a
peat p g by using 1€ Smallin (V, N) = (16, 16) and (3232).

and the threshold h as shown in Eq. (6). Therefore, the™ _ .

proposed method obtains the more accurate detected sigpa'I:'g' 3 shows the BER VErsus SNR per receive antenna

by increasing little complexity. or (M, N) = (16, 16). For Fig. 3,_the proposed method for
Th = 0.1 shows about 2 dB gain compared with the con-
ventional method. This is because the proposed method

4. Computer simulation results adapts the iterative equalization based on the estimated

variance and threshold. The proposed methodTfbr=

Figure 1 shows the sy;tem model of proposed mgth .01 shows about 3 dB gain compared with the proposed
and Table 2 shows the simulation parameters. In this PRethod forT h = 0.1. This is becausgh = 0.01 is the Suit-

per, we assume the number of transmit and receive alfe value compared witih = 0.1 in (M, N) = (16, 16)

tennas as M, .N) = (4 4)’ .(& 8)’. (1.6 16). and (3232). The proposed method fdrh = 0.001 shows the best per-
In the transmitter, the original bit signal is generated an rmance iNSNR > 13 dB. On the other hand. when
is modulated based on a SM by using the mapping tab NR< 13 dB, the p_roposed .method f5h = 0.001 s,hows

as shown in Tab. 1. SM is a binary phase shift keymghe deterioration. This is because the proposed method

g?;li K%'alr;etihﬁ gg& ag?ﬂgzncer:acv%i}ewfh:rs]ign;a?quaiﬁistakes the detection process due to the large noise power.
yielg 9 ' Fig. 4 shows the BER versus SNR perreceive antenna

ideal. In the receiver, the received signal is detected bf%r (M.N) = (32.32). For Fig. 4, the proposed method

using Eq. (_4). The proposed method estl.mates the_va?o-r Th = 001 shows about 6 and 5 dB gains compared
ance by using Eq. (5). Here, when the estimated vananGin the conventional method and the proposed method for
is smaller than the threshold, the detected signal is outpl\J'Y. prop

On the other hand, when the estimated variance is greater
than the threshold, the estimated variance is updated and

the received signal is detected again as shown in Egs. (5) Table 2: Simulation parameters

and (6). This signal is updated until the estimated varianc i _

is smaller than the threshold. Finally, the detected signal is_Spatial modulation BPSK

demodulated by using the mapping table and is returned tp Number of antennas (M, N) = (4,4),(8,8),

the bit signal. (16,16),(32 32)
Fig. 2 shows the bit error rate (BER) versus threshold| Channel model | Quasi-static Rayleigh fading

That SNR= 15 dB, where SNR means signal to noise Channel state Ideal

ratio. InTh = 0.01, the proposed method foM(N) =
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Figure 4. BER versus SNR per receive antenna fdr]
(M,N) = (32.32)

Th=0.1. The proposed method fdth = 0.001 shows the
best performance in all SNR and the proposed method for
Th=0.0001 shows also the best performancg HR> 20

dB. These mean that the optimum value for the threshold is
different betweenN], N) = (16, 16) and (3232).

5. Conclusion

In this paper, we have proposed the iterative equalization

based on the estimated variance and the threshold for mas-

sive MIMO systems with a SM. The conventional SM de-

grades the system performance when the detection error is
occured. The proposed method estimates the interference

variance and achieves the iterative equalization based on
the thereshold. From the computer simulation results, the
proposed method has shown the good BER performance
by using the iterative equalization based on the estimated
variance and the optimum threshod.
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