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Abstract

In this paper, we propose the novel iterative detection which operates itera-
tively on blocks of the received signal in downlink in massive MIMO (Mas-
sive Multiple-input Multiple-output) system. This article will combine the
equivalent channel with soft detection and soft decoder, and finally propose a
new structure for the iterative detection in downlink based on 5G simulation
test platform of NCRL and analysis the performance of the novel structure.
The simulation result shows iterative algorithm performs better than conven-
tional detection with lower amount of iterations.
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1. Introduction

5G technology has grown and advanced significantly over the years through re-
search and innovation. The key features of 5G contain high throughput, im-
proved spectrum efficiency reduced latency, better mobility support, and high
connection density. To support increased throughput requirements, massive
MIMO technology is applied in 5G.

Various techniques like spatial multiplexing, diversity and precoding [1] [2]
has supported to improve the channel capacity, energy efficiency, spectral effi-
ciency and the reliability of the communication link. Precoding techniques used
in massive MIMO system are to exploit spatial multiplexing gain or diversity
gain. It is known that spatial multiplexing is used to increase the spectral effi-
ciency and diversity coding is used to increase the link reliability. In [3] and [4],

hybrid precoding and QR methods are introduced respectively. SVD based
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beamforming method to increase the capacity with optimum proper power allo-
cation was proposed by [5] [6]. We use the two-level algorithm to decompose
the multi-user MIMO channel into multiple single-user channels, which con-
tains block diagonalization and SVD.

Pilot contamination and interference are well-known problems affecting
communication system, requiring the need of an equalizer. Various solutions to
the problem were widely investigated. The optimal, iterative equalizer applying
soft feedback is LMMSE ISDIC equalizer. Iterative channel estimation and data
detection is researched in [7] [8]. We consider time division duplexing since it
can exploit channel reciprocity [9]. An innovated double-turbo receiver was
proposed to alleviate the pilot contamination and interference, which combines
the equivalent channel estimation with the detector and the decoder.

The paper is organized as follows. In Section 2, we propose the system model,
including precoding algorithm, detection algorithm and so on. Section 3 intro-
duces the novel detection structure and compares the proposed structure and the
traditional one. Some numerical results with a performance comparison are
shown in Section 4. Last, Section 5 draws the conclusions on the proposed

schemes.

2. System Model

The paper considers the downlink of a MU-MIMO system. The cellular scene is
a single base station serving K UEs simultaneously. Assume that the uplink and
downlink has reciprocity (G, = G,). According to [10], the following precoding

scheme is used. We first calculate zero force precoding:

A « T v -1 A A
G:GU(GUGU) =[G, - G| (1)
ZF precoding forces the interference of other users to zero.
GD,]
G,G=| i G - G =1 )
GD,K
This means
(I k=
G, .G, = 3
DA {0 k#j 3)

MMSE precoding describes the approach which minimizes the mean square
error. It does not usually eliminate ISI completely but, minimizes the total power
of the noise and ISI components.

-1

G=G,(G\G, +0°l, ) =[G, - G;] @)
Then make QR decomposition to G, .
G, =O.R, (5)
where @, is unitary orthogonal matrix, R, is an upper triangular matrix,
then
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I k=j

GD,ijiej ={0 k#j (6)

0, is the precoding matrix which satisfied the principle of BD precoding al-
gorithm. We perform QR decomposition to all the G, one by one, then we can

get the interference suppression matrix of downlink.
[/VIS:|:Q1 QAKj| (7)

The interference suppression matrix has the ability to blocks diagonalization,
the specific property is as follows.
Rl
G, Wy =GiWys = (8)
R

K

where R, = IAQ,ZI =Gy, Wy, - It can be seen that after blocks diagonalization, the
interference among multiple users is eliminated. Next, we can make SVD de-

composition to matrix R, .

R, = U/(D/(VkH 9)
T H\" * T
R/ =(U,DY!") =V, DU, (10)

From (8)-(9), we can know that the downlink single-user precoding matrix is
V, and the uplink single-user precoding matrix is U, . The dimensions of
these two matrices are depended on the numbers of streams.

As for detection, [11] proposes a new low-complexity iterative detection for
overloaded multiuser MIMO systems. Iterative algorithm of soft interference
cancellation is researched in [12] [13] [14]. In this letter, the LMMSE-ISDIC al-
gorithm is used in data detection unit. If we know the priori information of
transmitted signal, the mean s and variance matrix ¥ of transmitted signal
can be calculated. If the priori information is unknown, we can set them to 0 and

1 respectively. The detection value of the kth sending symbol is

sc=ef's+elVH"[HVH" +0°1, | (r-H5) (11)
From the view of downlink receiver, the received signal can be expressed as
y=G,W,Vs+n (12)
where ¥ and s respectively
v
V= (13)
Ve

sl
s=| : (14)

Sk

When combining precoding matrix and channel matrix, we can rewrite (11)

as follow,
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Vis, R, Vis,
y=G,W +n= +n (15)
P s R)|Ps,

Each user received signalis y, = RV,s, +n, .

In ideal condition,

GD,les,k' =0 (16)

However, there are some channel estimation error in realistic scenario,

G, Wy, #0, each user received signal is expressed as

~ K ~
Vi =G Wi Vs, + Gy D Wi Vs +n (17)
k'#k
Redefining
¥, =Guis, +ny (18)
;k =Yk (19)
Gi =Gy W,V (20)
~ K ~
ni =Gy, > WisiViSe +n (21)
k'#k
5 2E(n ~H) S 2
B, 2E\mni |=).G.G, +05°1 (22)
k'#k

In ideal condition,

ni=n (23)
—_ A ~ ~H 2
asz(nknk)zal (24)

Defining &,
K — — — —
=Y G,.G, +G,G'+5’1-G,G, (25)

So the detected symbol is as follows,

~H
H ——1
A e, G E

Sk = T (Iik —6k;+6kek;k) (26)
1+(1-v, ) e GiE' Gre,
where

- [0 j=k
§=9- / (27)

s, j#k

1 j=k

[V]j,j B {vj J#k (28)

The mean and variance of sending signals can be calculated by
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se=E(sfs)= 2 skP[sk EkJ (29)
s; €S
v, = Z |sk|2 P|:sk ‘;k}—‘;kr (30)

s;eS

where § is the set of modulated symbols.

3. Receiver Structure

3.1. Traditional Receiver Structure

In the traditional receiver structure, there is no information interaction between

the detection unit, the decoder unit and the equivalent channel unit (Figure 1).

3.2. Proposed Receiver Structure

In fact, the extra information obtained by the decoder unit can facilitate the
equivalent channel unit so as to eliminate the estimation error and improve the
performance of data detection. The same idea is applied between channel esti-
mation and data detection in [15] [16]. The overall framework of the proposed

receiver structure is as Figure 2.

3.2.1. Equivalent Channel Unit

As Figure 2 clarifies, receiver firstly obtains the equivalent channel value at the
pilot point by sending the frequency-domain pilot sequence and uses a certain
interpolation algorithm to obtain initial equivalent channel value at the entire
frequency point. The equivalent channel matrix is obtained by the product of the
channel matrix and multi-level precoding matrix. It needs to note that the fre-
quency-domain pilot sequence is the value of multi-level precoding matrix. The

equivalent channel matrix is then used for detection unit.

Re(?Eived Detector \ Deinterleaver (==} Deocder ;‘Dec151on
Signal ° 4 4 “ output

Figure 1. Traditional receiver structure.
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Figure 2. Proposed receiver structure.
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When data has already been processed by the decoder unit, the judged sym-
bols can be sent back to the equivalent channel estimation unit. The channel es-
timation unit can use the received signal and the reconstructed signal to
re-estimate the channel matrix. The reconstructed signal is acquired by the
product of the judged symbols and multi-level precoding matrix. In this paper,
we use Least-Square algorithm to estimate the equivalent channel. LS algorithm

is described by the following formula.
~ -1
Hs =(sHs) sty (31)

where 5 is the reconstructed signal and y is the corresponding received se-

quence.

3.2.2. Detection Unit

The detection unit has accepted the LMMSE-ISDIC algorithm to detect the re-
ceived symbols. The LMMSE-ISDIC algorithm performs a matrix inversion op-
eration in every single iteration. The complexity of LMMSE-ISDIC in single ite-
ration is relatively low. LMMSE-ISDIC is an iterative algorithm and need to cal-
culate symbolic probability, prior mean and variance (Figure 3).

3.2.3. Decoder Unit

Turbo decoder algorithm is applied in the decoder unit. In the iterative detection
algorithm, the extrinsic information of decoder will be feed back to the detection
unit as the priori information. As the information exchange among the detection
unit, the decoder unit and the equivalent channel estimation units, the precision
of the three units are enhanced simultaneously during the overall iteration

process, which is similar to turbo structure.

4. Simulation

The simulation environment of this paper is similar to SCME Urban micro-cell,
it has six clusters, each cluster delay and power are in Table 1.

The paper considers one base station in one cell and the base station serves 16
UEs simultaneously, each UE with 8 antennas. Correspondingly, the base station
has 128 antennas. The number of each UE’s data stream is 4. The modulation
type is QPSK. Assuming that users are evenly distributed around the base sta-

tion.

output detected signal —
S .

calculate a

output signal ‘ posteriori

Received LMMSE prObablhty

Signal SoftInput
SoftOutput

detection variance | calculate the

mean and

mean ’ variance of

Figure 3. LMMSE-ISDIC structure.
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Table 1. Cluster delat and power.

Cluster# Delays [Ns] Power [dB]
1 0 0
2 200 -29.05
3 287.5 -3.57
4 662.5 -20.94
5 812.5 -5.28
6 925 -26.96

The article gives the BER (Bit Error Rate) and system achieve rate in downlink
when the speed of UE is 3 km/h. The achieve rate is calculated by data blocks,

each data block containing 2400 information bits.

4.1. LMMSE Iterative Detector

In order to work out the performance of the LMMSE iterative detector, we set
the number of small iteration respectively. Need to explain that in the simulation
the small iteration corresponds to the number of LMMSE iteration and the big
iteration corresponds to the number of the process of the detector, decoder and
equivalent channel.

In Figure 4, there is no decoder and no overall iteration and only LMMSE
iteration, which means the big number is zero and the small number is 0, 1, 2, 3,
4, 5. The number zero means no iteration in LMMSE detector. From Figure 4,
there is remarkable improvement in performance. As the number gradually in-

creases one by one, the performance rises little by little.

4.2. Big Iteration

To figure out the performance of the big iteration between equivalent channel
estimation unit, detection unit and decoder unit, we set the small iterative num-
ber to zero. The big iterative number is set to 0, 1, 2, 3 respectively. The number
zero means no information among these three separate units.

From Figure 5, we can learn that the performance improves gradually as the
big number increases one by one. The big number 2 improves 0.7 dB approx-
imately compared to the big number 0 in bit error rate at 10 To reduce the
complexity, it is appropriate to set the big number to 2.

Combining big iteration with LMMSE iterative detector, we could achieve
much better performance. To achieve the best effect for application, the number
of the LMMSE iteration is set to 3, and the number of the big iteration is set to 2,
which could make tradeoffs between complexity and performance.

The LMMSE-ISDIC detection algorithm has to do a matrix inversion opera-
tion in each iteration. The complexity of the algorithm is approximately
O(N,3 ) It also needs to calculate symbolic probability, prior mean and va-
riance. However, the complexity maintains at O(N,3 ), suitable for hardware

implementation.
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Figure 4. Bit error rate.
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Figure 5. Bit error rate.

4.3. Comparison

To enhance the performance better, the big iteration and small iteration are
combined together and run at once. In the meantime, we also perform ZF de-
tector and LMMSE detector.

From Figure 6, the performance is enhanced by the overall iteration. Ob-
viously, the big number 2 and small number 3 can improve 2.3 dB in bit error
rate at 10~ compared to LMMSE detector. The performance between ZF and
LMMSE is similar. In Figure 7, the former reaches saturation of achievable rate
faster than the latter by about 2.3 dB.
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Figure 7. System achieve rate.

5. Conclusion

From these simulation results, the overall iteration between equivalent channel
estimation unit, detection unit and decoder unit can greatly improve system
performance at the cost of complexity since it can exchange information among
different units. To reduce system complexity, we can set the number of overall
iteration to a relatively small number, which can still create a good performance
gain. The simulation result has showed that the proposed double-turbo iterative

receiver structure can enhance the performance of whole system.
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