International Conference on Advanced Communications Technology(ICACT) 505

LDPC Convolutional Codes
Coded Cooperation Based on Puncturing

Wenhe JIN, Shaohua WU, Erpeng YANG, Jian JIAO
Shenzhen Graduate School, Harbin Institute of Technology, 518055 Shenzhen, China

jin_wen_he@l26.com, hitwush@hit.edu.cn, 1527834536@qq.com, jiaojian@hitsz.edu.cn

Abstract—Coded cooperation is a kind of virtual MIMO
transmission technology that can achieve both coding gain and
diversity gain, which is very promising in 5G communication.
To design a scheme that can be used for near-capacity
transmission and can be generalized for slow and fast fading
channels, this paper studies the coding cooperation based on
convolutional LDPC codes. Firstly, channel coding the original
information by LDPC convolutional codes, then divided the
coded words into two parts by puncturing algorithm; secondly,
introducing space-time transmission into the second frame of
coded cooperation, so the diversity gain can be obtained under
different fading scenarios. Simulation results show that the
system performance can be improved generally.
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I. INTRODUCTION

5G wireless systems are expected to realize ultra-high
speed transmission, from the physical layer of technical
support point of view, the use of as much as possible
high-gain channel coding, and the implementation of
collaborative transmission between users is an inevitable
trend. An important cooperation method, known as coded
cooperation™ - Bl allows multiuser generate a virtual MIMO
system by sharing their antennas to achieve the diversity gain
and coding gain without increasing the transmitting power
and bandwidth, has great application prospects in 5G
communications.

It is known that, coded cooperation is the combination of
channel coding and cooperative communication. Specific to
the technology of channel coding, coding techniques that can
approach the Shannon limit should be used. LDPC
convolutional codes (LDPC-cc) M combines the advantages
of convolutional codes and LDPC block codes, can approach
to the Shannon limitation as much as possible®l. Compared
with the widely used LDPC block codes and Turbo codes,
the information coding by LDPC-cc can be of any lengthl®l;
the parity-check matrix is periodical, makes it easier to
implement; the error performance is excellentll. As
mentioned above, LDPC-cc is totally suite to 5G wireless
systems. In recent years, a lot of scholars have studied the
convolutional LDPC codes and the coding cooperation
separately, but the research on the coding cooperation based
on LDPC-cc is basically blank. In the context of 5G
ultra-high-speed transmission requirements, it is of great
theoretical and practical value to study the LDPC-cc coded
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cooperation from the code word level.

Considering that the premise of coded cooperation is to
separate the mother codes into several segments that can be
transmitted through different paths, and the key to determine
the coded cooperation performance is whether the
multiplexing can achieve diversity gain. So the following
research is carried out: 1) separating the mother codes
created by LDPC-cc into two parts based on puncturing.
Punching is the most direct and flexible way to realize it. In
this paper, we use the puncturing algorithm of convolutional
LDPC codes proposed in [8]. 2) We will introducing the
technology of space-time code into the second frame
transmission. As we know, traditional coded cooperation can
achieve great diversity gains in slow fading, but will not
bring any added benefit in fast fading. Inspired by the
Almoulti space-time coding proposed by [10], space-time
transmission is introduced to enhance the performance of the
system in fast fading channels.

So in this paper, we studied the coded cooperation based
on LDPC-cc puncturing algorithm, and introducing the
space-time transmission into the cooperative transmission.
Simulation results show that the system can achieve high
performance gains both in slow and fast fading. The
remainder of this paper is organized as follows. Section Il is
the system model of coded cooperation. Section Il introduce
the LDPC-cc coded cooperation. In section IV we support
our idea with some numerical and finally make a conclusion
in section V.

Il. SYSTEM MODEL

The wireless network depict in figure 1 was the most
simple two-user single base station coded cooperation system
model. The user channel and the user to the base station of
the upstream channel are fading channels and independent of
each other. In this system, each channel is independent. The
information transmission in the coding cooperative system is
divided into two stages: the broadcasting phase and the
cooperation phase.

In broadcast phase, both source messages were equipped
with a CRC (cyclic redundancy check) code, there will be k
bits per source block, each block was encoded into N bits,
which was called the mother code. In order to transmit the
message in different paths, we divided the mother code C (N
bits = N1 bits +N2 bits) into two blocks C1 (N1 bits) and C2
(N2 bits).
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Figure 1. Cooperation system model
(C4,C; are the two different parts of the mother codes )

As C1 (N1 bits) and C2 (N2 bits) was constructed, User i

( i=1,2) broadcast C1 to his partners and the base station,
then the information received by jC j=0,1,2; i#j,0 denotes the
base station,1 and 2 denotes user 1 and user 2 individually) is
Y, () =E -h (s (m)+n (n) (1)

Where E, is the transmitted energy per bit, s(n)is the
modulated information of C1, n; is the white Gaussian noise
with zero-mean and N;/2 variance, and h, ; accounts for the
fading coefficient magnitude between user i and j. As we
know, the fading coefficients remain unchanged through all
the block codes in slow fading, but in fast fading, each
symbols suffered different and independent fading
coefficients, so we should consider the performance of coded
cooperation both in fast and slow fading.

In cooperation phase, if user j successfully decode user i’s
message, then he will reconstructed the second part codes
and transmit it to the base station, otherwise, he will transmit
his own bits. We must consider that, base station should
know the cooperation situation in order to dealing with the
received signal correctly, so in the second phase, we also
need to transmit the CRC checking results to the base station.

In order to improve the transmission efficiency, and solve
the problem that the space-time coded cooperation have no
extra performance promote in fast fading, we proposed a
coded cooperation scheme based on the LDPC-cc, and bring
space-time transmission into the system, enables the
proposed scheme to be widely used in a variety of scenarios,
combat fast and slow fading generally.

I1l1. Lbpc-cc CODED COOPERATION

In this section, we will study the coded cooperation based
on time invariant LDPC-cc. LDPC-cc is an excellent channel
coding technology, can achieve the Shannon capacity
limitation as near as possible, and have great performance in
error correcting. For time invariant LDPC-cc, his parity
check matrix can be created directly from the polynomial
matrix of quasi-cyclic LDPC block codest**d, The
puncturing position was calculated according to the
polynomial matrix[*31%1, when the memory length and the
code rate remain unchanged, the polynomial matrix of time
invariant LDPC-cc will be the same, it is convenient for us to
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segment the mother codes into two parts for coded
cooperation. On the basics of coded cooperation, we will
introduce the space-time transmission in the second phase,
called as space-time coded cooperation, to reducing the bit
error rate effectively both in fast and slow fading.

A. Coded Cooperation

The structure diagram of ordinary coded cooperation was
shown in figure 2. The cooperation was mainly have three
steps: firstly, channel coding the source information which
has been equipped with a CRC code, the coded words C was
called as mother codes; secondly, dividing the mother code C
into two blocks C1 and C2 by puncturing; thirdly, blocks C1
and C2 was collaboratively transmitted in two frames.

C, Frame 1
e —

Ownbits|  crc LDPC-cc
Coder Encoder [ ] Puncture T

- Frame2

T yes .
—> T —» Puncture |

|

LDPC-cc | | LDPC-cc !
Decoder Encoder C, !
|

|

Partner Received '

bit '
" o CRC Check |- — == — -

Figure 2. Coded cooperation block diagram

The first frame was also called as broadcast phase, where
both user transmit their local information, user i ¢ i=1,2)
broadcast C1, both his partners and the base station can
receive the information, then his partner extending the
information to the length of the mother codes, filling zeros in
the puncturing position, and decoding it. Checking the
decoded codes by CRC code, the results determines the
second frame of the cooperate situation.

In the second frame, the transmission of block C1 and C2
is determined by the first frame, if user j successfully decode
user i’s messages, then user j will transmit user i’s data C2,
otherwise, user j will transmit his own bits. In slow fading, if
both user cooperate, Coded cooperation can achieve full
diversity and obtain great performance gain, if user i
cooperates but user j does not, then both user will transmit
user j’s date, and user i’s date is missing, leads to a decrease
in the overall performance of the system. While in fasting
fading, the fading coefficient between the first and second
frames of a user’s uplink channel is seen as independent,
then using the partner’s channel will not bring any added
benefit, so the ordinary coded cooperation is not suitable for
fast fading scenarios. Based on the above two points, the
space-time transmission was considered.

B. Space-time Coded Cooperation

The main difference between these two coded cooperation
schemes is the data transmission of the second frame. In the
space-time coded cooperation, if users successfully decodes
their partner’s data, then each user will send both his as well
as his partner’s data to the base station. The specific process
was shown as figure 3.
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Figure 3. Space-time coded cooperation block diagram

In the space-time coded cooperation, if users successfully
decodes their partner’s data, then each user will send both his
as well as his partner’s data to the base station.

Figure3 shows that, the first frame of the space-time coded
cooperation is the same as the ordinary coded cooperation,
while the second frame varies. In the second frame, each user
have no knowledge of whether his first frame was correctly
decoded, so the transmission of the second frame will have
four possible cooperative cases:

Case 1: Both user cooperate, corresponding to the full
cooperation. each user use his channel transmit his code C,
use his partner’s channel transmit his partner’s code Co,
Simulated the two input and one output MIMO system. In
the second frame, the parity bits of user i transmitted by
himself was denoted as ci, transmitted by his partner was
denoted ascj’ ¢ j#i), procedure follows as figure 4.

User 1 User 2
<C17CZI)Y (Clvyczy
(1) ©)
(L G C;
o® | ~_ ¥ . Op - | 2(1)
N ~(c" | (€27)
|
|
| hy
~
Y
A\ / Base
Y station
nl(l) \nl(O)

\
Oy 1,9

—_— == T

L estimator estimato
h11 I']12 thI h22

Figure 4. Full cooperation

In the second frame, user 1 transmits his own bits ¢; with
energy 5, -E;, where0< g <1, transmits his partner’s bits
c2' with energy (1—4,)- E,. User 2 transmits his own bits c
with energy (1-4,)-E,, where 0< g, <1, transmits his
partner’s bits c1'with energy 3, -E., E,is the energy of the
signal. Take user 1's data transfer as example, ¢\ is the first
symbol of c;, cis the second symbol of c;, every two
symbols was transmitted as a period.

Then the transmission matrix of Alamouti space-time
coding was as follows:

(0) (1)
C{—(Céf“r (c?‘”)*} @
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When using user i’s channel, the fading coefficient
between user j’s antenna and the base station’s antenna was
recorded as h; . And the fading coefficient h; remains
constant over the whole transmission of the block codes in
slow fading, while in fast fading h; changed quickly, so in
this paper, we considered it can remains unchanged between
two symbols. Then the data received in base station as
follows:

O=h, - (B ) +h, (JB, -¢®)+n® @)
E=—h, - (JB - (€®)) +h, (JB, - €©))+nd @)

Where n, is the white Gaussian noise with zero-mean

and N;/2 variance. The fading coefficient hi; and hz; can be
estimated by the estimator, further processing as follows:

10 =B,y + B, hy, - () 5)
=6, 0 =B h ()@

When the memory length ms and code rate R of time
invariant LDPC-cc remain fixed, the parity check matrix will
keep unchanging, so the same information encoded will leads
to the same coded words. The two parts of the mother codes
was constructed by periodical puncturing as mentioned
before, so the second part of codes reconstructed by his
partner c, isthe sameas c,,thatis c, =c,, Substituting (3)
and (4) into (5) and (6) we get

h=|JB ha| +[VB h| )
O =h-cO B by o0+ M () @
Clzl) =h- Cl(l) +\/E' hlZ* -y _\E' h, - (nz)* ©)

Sent (8) ~ (9) to the maximum likelihood detector, then
calculate the bit error of this system.

Case 2:User 2 cooperates but user 1 does not, then
semi-cooperation is made. User 1 transmits his own bits ¢,
with energy £, -E,, and £, =1. User 2 transmits his own bits

c2 with energy (1- f3,) - E, transmits his partner’s bits cy'with
energy f, - E, . Procedure is as follows:

User 1 User 2
(cy) Y (Cl'ycz)Y
(1)
' C,
©) -
C1 . (@ |
-(01( )) :
|
I hy,
N
B:
Y S
ANd_
\
F
L estimator 4 estimatg
hy hy v hz

Figure 5. Semi-cooperation
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As we know, userl transmit his own bits, user2 also
transmit his partner userl’s bits, then the space-time coded
can be used, the transmission matrix and the data processing
are the same as formula (2) ~ (9).

Case 3: Adverse to Case 2, and the processing is similarly.

Case 4:Both user uncooperative, then each user will
transmit his own bits c2 with full energy.

The above analysis shows that in the second frame of
space-time coded cooperation, each user use his multi-access
channels transmitting data, while the ordinary coded
cooperation transmit with the help of his cooperative user’s
multi-access channels. Simulation results of coded
cooperation based on LDPC convolutional codes will be
analysis in the 1V section.

IV. PERFORMANCE RESULTS

To verify the validity of the proposed scheme, we give the
bit error rate (BER) results of coded cooperation in both slow
fading and fast fading channels based on LDPC-cc in this
section. For the examples here, we consider the 2/5 rate
time-invariant LDPC convolutional codes with the memory
length ms=21. The source block size is k=256 bits. The
cooperation percentage is 50%, it means that we should
puncturing half of the mother codes. The puncturing pattern
a=[1,0,1,0,0;1,0,1,1,0] with puncturing period P=2, where
“0” represents the transmit bits, and “1” represents the
puncturing bits. In the space-time transmission. In order to
keep the total transmit power unchanged, all results
presented in this section for space-time coded cooperation
was set as 4 =, =0.5. The 16 quadrature amplitude (QAM)
modulation is considered. The uplink channel of each user is
independent, and the interactive channel is perfect.
Simulation results are based on the curves of
non-cooperative to ensure fairness. We should note that all
the results are for userl.

10°
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[| =~~~ ordinary LDPC-cc coded cooperation based on puncturing 4
_o| L~ space-time LDPC-cc coded cooperation based on puncturing
10 r T :
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Figure 6. Slow fading, BER curves of different cooperation scheme based on

LDPC-cc (userl)

As we can see from figure 6, in slow fading channels, the
results shows that: under the frame of coded cooperation, the
performance of LDPC-cc achieves significant gains. For
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BER=10%, the gain is 6dB. And the performance of the
space-time coded cooperation is similar to the ordinary
coded cooperation. That is because in slow fading, the fading
coefficient between the first and second block codes
transmission is remain unchanged, so compared with
ordinary coded cooperation, space-time coded cooperation
will have no extra gain

10°

—O— No coopration
—&— ordinary LDPC-cc coded cooperation based on puncturing N\
—¥— space-time LDPC-cc coded cooperation based on puncturing

T T T T T T T T
0 1 2 3 4 5 6 7 8 9
E, /N (dB)

T

Figure 7. Fast fading, BER curves of different cooperation scheme based on

LDPC-cc (userl)

As we can see from figure 7, compared with the coded
cooperation, the space-time coded cooperation achieving the
performance gain in fast fading. When BER=10?, the
original coded cooperation has no performance improve, but
the space-time coded cooperation has 0.7dB system gains.
That is because in fasting fading channels, the fading
coefficient between the first and second frames of a user’s
uplink channel is seen as independent, then using the
partner’s channel will not bring any added benefit. So we
bring space-time transmission into the coded cooperation in
the second frame, simulated the 2 input and 1 output MIMO
system, improving the system performance through
multi-antenna diversity and space-time coding.

On the above analysis, LDPC-cc coded cooperation based
on puncturing provides significant performance gains
compared with the uncooperative LDPC-cc. In addition,
when introducing the space-time transmission in the second
frame, the coded cooperation scheme can be widely used
both in fast and slow fading.

V. CONCLUSIONS

Coded cooperation has great application prospects in 5G
communications. To propose a method that can achieve a
higher coding gain, and be flexibly applied in various
environments, we based on the LDPC convolutional codes
which can approach to the Shannon limitation as much as
possible, dividing the mother codes into two segments by
puncturing algorithm to study the performance of coded
cooperation in this thesis, and introducing the space-time
transmission into the second frame of coded cooperation to
design a scheme that can approaching the capacity limitation
transfer, and generally applied to slow and fast fading.
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Simulation results show that the system performance can be
improved generally.
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