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Abstract

New transmission scheme based on space-time code is proposed for massive
MIMO system, which consists of K users and a base station. Each user is
equipped with four antennas and two of them are selected to send space-time
codeword with Alamouti coded by using the method of generalized spatial
modulation. The base station estimates the index of transmit antennas used by
each user at first, and then uses an iterative method to separate each space-
time codeword and decode modulated signals of each code-word. Compared
with the existing scheme for the same scene, the proposed scheme reduces the
complexity of decoding, while keeping the same transmission rate. Simulation
results demonstrate that the proposed scheme outperforms the existing
scheme in the same scene when the base station is equipped with large
amount of antennas.
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1. Introduction

Transmission rate and spectrum efficiency are particularly important for multi-
cell communication. Massive MIMO technology have the ability to improve
spectrum efficiency, cut down transmission power, reduce intra cell interference
and inter-cell interference of the system without increasing spectrum resources

[1]. So, it becomes one of the breakthrough technologies in the future [2].

In massive MIMO system, the base station is equipped with hundreds of an-

tennas. K users transmit modulated signals simultaneously, or transmit the sig-
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nals after precoding at the same time in a single cell uplink system [3]. If all of
the users are equipped with n, antennas, there will be n, modulation sym-
bols sent by each user per time slot [4] [5]. Generalized spatial modulation is
studied in [6], in which not only transmit antennas send symbols, but also dif-
ferent antenna combinations are mapped into several bits. Thus, the transmis-
sion efficiency is improved. However, the decoding complexity of Maximum Li-
kelihood (ML) decoding, Message Passing (MP) decoding and Channel Har-
dening Exploiting Message Passing (CHEMP) in [6] is too high.

In order to reduce the decoding complexity, the transmission based on space-
time coding is proposed in single-cell massive MIMO uplink system. All of the
users are equipped with 4 antennas and generalized spatial modulation is used at
each user. According to the information sequence, two of the antennas are se-
lected to transmit the space-time code which has Alamouti structure. Firstly, the
serial number of the transmit antenna used at each user are estimated at the base
station. Then, each space-time codeword is separated using the orthogonality of
Alamouti code. Finally, modulation symbols in each codeword are detected. The
ML decoding complexity of the proposed scheme is proportional to the square of
the modulation order. The simulation results show that the reliability of the pro-

posed scheme is better than [6].

2. System Model

The system model of the proposed scheme is shown in Figure 1, which contains
K users and a base station. All users are equipped with 4 antennas and the base
station is equipped with N (N > 4K) antennas. Generalized spatial modulation
proposed in [6] is adopted. Each user selects two antennas to transmit signals
according to the information sequence. When the information sequences are 00,
01, 10 and 11, the corresponding antenna combinations are (1, 2), (1, 3), (1, 4)
and (2, 3), respectively.

Rate-2 space-time code proposed in [7] is used at user 5, k=1,2,---,K . The
codeword at user &, denoted by X, , is expressed as

X X =X X, +e%x , —x . —e %
Xl: :|: 1:|:|: k1 k,2 :|:[ k1 ) k,2 k,3 k,4 (1)

' ro* k jo * -jo *
X, X2 X Xea T€ Xes  Xg T€ "X

User 1

Base Station

User K

Figure 1. System model of the proposed scheme.
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where, X, represents the modulation symbols, 1=1,2,34, j=\/—_1, ()*
represents conjugate. The value of 6 makes the elements of X, nonzero.

Assume that (uk,vk) are the antenna numbers selected by user &k
e 2V €{1,2,3,4}, g <v,. Then the antenna g, at user k sends X,, the
antenna v, sends X, and the other antennas send [0 0]. Use X, to
represent the codeword send by user k. The dimension of X, is 4x2. The
elements of X, in the row of g and v, are X, and X, respectively, and
the elements in other rows are zero.

The received signals at the base station, denoted by Y , can be expressed as

Y=HX +H, X, +---+H/ X, +N
hll,l h11,4 h121 hlz,4 th1 h1},<4 X1 Xi2 n1,1 n1,2

1 1 2 2 K K
hN,l hN,4 hN,l hN,A hN,l hN,A XK,l XK,2 nN,l nN,z
\ L —

H N

where, dimension of Y and N are both Nx2. N represents the complex
Gauss noise matrix with zero mean and variance of o®. H,, with dimension
N x4, represents the channel fading coefficient from user k to the base station.
The dimension of X, and X,, are both 4x1. The p -th and v, -th ele-
ments of X, are X, and X ,, respectively. The g -th element and v, -th
element of X,, are X, and X,, respectively. The other elements of X, ,

and X,, are zeros.

3. Detection

The detection at the base station can be divided into two steps. Firstly, the serial
number of the transmit antennas at each user is estimated at the base station ac-
cording to the received signals and the channel state information (CSI). Then,
each codeword is separated and each element of the codeword is estimated using
iterative method at the base station.

Use y, to represent the first column of Y . Let g=pinv(H)y;, which
pinv(-) represents pseudo inverse. g is a vector with a dimension of 4K x1.
Use 0, to represent the vector with a dimension of 4x1, which consists of the
4(k—1)+1-th element to 4k -th emelent of g, k=12,--,K. According to
the estimation method of transmitting antennas’ number in (2) and [8], the serial
number of the transmit antennas for user k obtained at the base station can be

expressed as

+

(Hyo:Vio) =2arg max("g/,k ) (3)

9y 9vi €9k
Hi#vi

9,

where, 1, # Vo €{1,2,3,4}, 9, and g, represents the x'-th and V'-th
element of Q. |||| represents norm.
After the serial number of transmit antenna is estimated, the zero elements in

(2) can be removed. Then, (2) can be equivalently expressed as

Y=H/X+HX;+---+H X +N (4)
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where, X, representsa 2x2 matrix after removing the zero elementsin X, ,
which is expressed as (1), k=12,---,K . H, represents a Nx2 matrix,
which consists of g, -th column and v, -thcolumn of H,.

Since X, has Alamouti structure, (4) can be expressed as

n

L AR
o A | (5)

Hi H? HE sl |

yN N N N K nN
here HE=| M M2 = T ts the element of
where Hi= o i |» ni_[niy1 ni’z] » Y;; represents the element o

i,2 il

Y inrow i andcolumn j, j=L12. ()T represents the transpose.

According to the method of separating Alamouti codewords in [9] and [10],
(5) can be decomposed into A= LN / KJ sub-equations, which LJ represents

round down operation. Each sub-equation can be expressed as

Y1 Hll le H1K S n,
| f . . L
Yk H 1K H é H E Sk Ny
Vi Hy m
: (6)
y H! H2 HK n
(A-1)K+L (A-1)K+L (A-1)K+L (A-DK+ || S (A-1)K+1
: = : : +
Yk HzlxK H/Z\K HJ\(K Sk Nk
—_— —_—
Ya Hya [N
Let
H H
Gu(l)z['z F/J (I)]
=1, - Hé}f;l+l(| _1) H;;flilH (I _1) 7)

|AKsE -
Fr,,jH U]

Ie{l,m,K—l}, je{l,---,K—|||}

where, ()H represents conjugate transpose, |, representsa unit matrix with a
dimension of 2x2. From (4)-(8) in [10], codewords can be separated gradually
by (K-1) times iteration. The matrix, vector and element with subscript ¢
belong to the £ -thsub-equation after decomposition, /=1,---,A.

From (25) in [10], we can find that, the /¢ -th sub-formula from (6) can be
expressed as (8) after (K —1) times iterative,

HL
(t-1)K+1
G/,HV/, =G/H : Sl+GfH_/ =G/4H [h/,l h/,,z]sl"'G/Hﬁﬁ (8)
%/—/
HélK H,
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. I,

F.(K-1)

) ) o .
where, G, | A || Fa(K-2)+e .(Ag,z)FM(K | 2" (A)

_Af,K_ Zgﬂ, (k1) ( ,) (l)

represents a function replace all of Fw(l) in A, to F/,,/m(l_n)’
ne{l,-u,K—l}, We{l,u-,K—l}. gof(n)(lz)z I,, A, is a matrix with di-

mension 2x2, h,; and h,, represent the 1-#h column and 2-th column of

H H Ml )
l:(HElé 1)K+1) (H(IH)KQ) (H%K) } respectively.
Let H,= éé,H [ﬁ“ f~’| ] and multiply both sides of (8) by H," to get
H MGy, =H,"H,s +H,"G A, )

Since the matrix with Alamouti structure is closed for addition, multiplication,
and conjugate transpose operations, I:I, has Alamouti structure, which result
in H," I:|£:(ﬁ'lHGlGlHﬁ'l+---+ﬁAYlHGAGAHﬁA'1) I,. Use f to represent the
first element of H[HG[H Y, > then (10) can be obtained by (6)-(9).

= (E,lH G1G1H E,l oot ﬁA,1H GAGAH ﬁ/\,1) X1',1 (10)
+ (E,lH élélH m+eethy " éAéAH DN )

The base station can get X;, from Ff, directly. The detection of the other
modulation symbols is similar. Since X, has Alamouti structure and each co-
deword consists of two modulation symbols, the complexity of ML decoding is

proportional to the square of the modulation order.

4. Bit Error Rate Analysis

Let P, and P, represents the error probability of estimating the number of
transmit antennas and the symbol error rate (SER) of the second step. Then the
SER of the system can be expressed as

P.=1-(1-FR,)(1-R,) 1D

We deduce P, firstly. Assume the mathematical expectation of the modula-

tion signal is P, . The signal-noise ratio (SNR) during the process of decoding
X;> denoted by p, can be obtained from (10).

N (n"GG, hl) +--+(n,,"6,G, hM) )

g o’ hl,lGlGl G1G1 h1,1 oot h/\,lGAGAHGAGA h/\,l
According to the estimation method of SER in [10] and [11], the probability of

estimating X/, as X/, denoted by P,,, can be expressed as

.o 2
:P(Xil,l_))?l',l):E Q W
. (13
I -2
<E Zexp M S%IZ+M S%|X1”1—)A(1”1|[%pj =|X1,,1_)’€1,,1|:0_2
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pe1-[1-3) Y =

where, E() represents mathematical expectation. The value of |X1'l - )?1'1| de-
pends on the modulation mode.

In what follows, we derive P, . According to the consistent bound method
proposed by (12) in [12] and [13], P, satisfies the following equation

€

P, SE{;N (£.€)P (% > %)
m o N(EE)P(% - %) (9
2.2 aMm

4
<
1 q=1 ¢=

W

] Mb

N

where, M represents the modulation order, & represents the serial number of
transmit antennas, 52 is the number of antennas estimated by the base station.
X, is the first column of X;. X, is the decoding results obtained by decoding
the first column of X;. N (é‘,g’;) represents the number of error bits between
¢ and ég .

It is known from (18) in [12] and (5) in [14],

P(x, = %)= f ()" :ZIN _; ﬁj(l— f(a)) (15)

4

1 o 1 2
where, f(a):z(l— —J, a:r‘ZZ|X§—X§

,» X. represent the &-th
el

elementof Xx,, e {1, 2,3, 4} . Substitute (15) into (14) to get

w  NEH T YN e (@)
PelSZ::zz ﬂo( ﬂ )

§=lg=l i< 4M

(16)

Take (13) and (16) into (11) to get the SER of the system, as shown in (17).

v(ad) @ 5 o)

;1 aMm (1-|x, =%, o) 7)

'L

4
é-lq

5. Simulation Results and Analysis

This chapter simulates the reliability of the proposed scheme and the reliability
of [6]. Assume the channel follows the Rayleigh distribution and the noise is
Gaussian white noise. There are 16 users using 4QAM modulation without
channel coding.

The error probability P, of estimating the transmit antenna number when
the base station is equipped with 64 antennas is shown is Figure 2. Simulation
results show that when the SNR is 22dB, the error probability is about 107°.
Since the number of transmit antennas and the transmitted symbols are esti-
mated simultaneously in [6], P, can’t be obtained. So the error probability by
estimating the transmit antenna number in [6] is not shown in Figure 2. It can
be seen that when N = 128, the P, is 0 while SNR > 0. The reason is that the

more the number of receiving antennas, the more accurate of the judgment.
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Therefore, the error probability of the estimate of transmit antenna number is
not plot in Figure 2 when N=128.

The SER curves of the proposed scheme and the scheme in [6] with 64 anten-
nas and 128 antennas is shown in Figure 3 and Figure 4 respectively. Simulation
results show that when N = 64, the reliability of the proposed scheme is lower
than [6], when N = 128, the reliability of the proposed scheme is better than [6].
That is because when N = 64 the P, of the proposed scheme is higher, but

when N= 128 the P, of the proposed scheme is zero. From Figure 4, the gain
of the proposed scheme is about 2.5 dB at the SER of 10~ compared with the
MP-GSM scheme, the gain is about 2.7 dB compared with the CHEMP-GSM

scheme, and the gain is about 2.9 dB compared with the ML scheme.

10"
(

10

10

Antenna Index Error

0 5 10 15 20 25 30

10’

SNR/dB

Figure 2. The error probability of estimating the transmit antenna with N = 64.

10°
—=4A— [6] N=64(MP-GSM)
—+— [6] N=64(CHEMP-GSM)
107t —8— [6] N=64(ML) |
—O©— Proposed N=64
107} 1
o
L
n
107t p
10t 1
0 5 10 15 20 25 30

SNR/dB
Figure 3. SER curves with N = 64.
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—A— [6] N=128(MP-GSM)
—*— [6] N=128(CHEMP-GSM)
2 —&— [6] N=128(ML)

3 —6— Proposed N=128

SER

oo[]

10

SNR/dB
Figure 4. SER curves with N = 128.

6. Conclusion

Compared with the existing scheme, each user adopts rate-2 space-time code.

The transmission efficiency is the same as the existing scheme. The proposed

scheme uses the orthogonal characteristics of the equivalent channel matrix cor-

responding to the Alamouti codeword to gradually separate each codeword, and

then decodes each symbol of the codewords. The decoding complexity is greatly

reduced. However, the reliability of the proposed scheme is greatly dependent on

the estimated of the transmission antenna. How to reduce the dependency of the

reliability of the system on the estimated transmit antenna number requires fur-

ther study.
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