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Cooperative Transmission Schemes of Base station assisted D2D Communications in Cellular Networks 
Lihua Li, Yue Ma, Xin Wang
State Key Laboratory of Networking and Switching Technology, BUPT
Beijing 100876, P.R.China 

I. Introduction 

With the developments of wireless communication technologies, explosive growth of location-based services provided by mobile terminals are witnessed. In the near future, the interactive data transferred via high-capacity portable phones can be expected to increase tremendously. Device-to-Device Proximity Services (D2D), based on the cellular network architecture, have gained strong attention currently. Within a small coverage, D2D will increase the transmission rate and reduce the transmission power of devices, so as to enhance spectrum utilization and improve the local users’ experience in the communication system.
As is known that relay originally proposed not only to combat fading but also to be regarded as a diversity technique, it can fully utilize the spatial resource without great changes in current systems. In most of the existing schemes on D2D communication, usually a D2D user equipment (UE) acts as a relay to forward information from the base station (BS) to other D2D UEs. In addition, they are based on the fact that the source will not transmit anything when the relay is forwarding as shown in Situation 1, Figure.1. The S sends X1 to R and D in sub slot 1 and R forwards the received information X1’ to D in sub slot 2. 

[image: image1]
In this article, we propose a selective protocol in a novel cooperative transmission mode. In our scheme, the BS performs as an incremental relay, and D2D TX determined whether to send new information X2 by the relation of effective SNR in each link in sub slot 2 so as to receive capacity gain as shown in Situation 2, Figure.1. In addition, when certain conditions are met and D2D TX begins to send new information, we try to figure out how to construct X2 to balance the reliability and the efficiency. So a BS-assisted HARQ scheme which makes use of the basic idea of network coding is presented. D2D TX sends superposition symbols combined with new code words and the ones to be retransmitted in the sub slot 2. Thus it creates a virtual MIMO (Multiple In Multiple Out) system and it can obtain diversity and multiplexing gain. Finally, the effects of the proposed D2D cooperative transmission schemes are verified by proper numerical examples.
II. PROBLEM STATEMENT

Consider the BS-assisted D2D communication system depicted in Figure.2. The transmission method is assumed to be half-duplex and channel state information (CSI) is only exploited at the receiver side. We focus on the downlink and only SNR of each link is needed to be fed back. In the following, fixed relaying protocols in which the relay amplifies what it receives (Part A), or fully decodes, re-encodes and retransmit the source message (Part B) are to be examined.
D2D TX may transmit data to D2D RX, and each node is assumed to be equipped with single antenna. Two timeslots last equally and the signals to be transmitted are independently identical distributed, denoted as x1[k] and x2[k][image: image9.wmf])
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Hij denotes the independent fading Rayleigh channel between i and j, .  respectively，relay retransmission power is denoted as Pr and Ps2 according to the transmission power at each node. i.e. E[xi]=0 and E[|xi|2]=Pxx. Power at source node during first timeslot and second timeslot are denoted as Ps1 is Pxx, respectively, which represent a series of modulated symbols of length k. Without loss of generality, the source symbols are assumed to be with zero mean and the power of xi[k] (i=1, 2) where channel gain keeps constant during every symbol. Hij is a complex circular symmetrical Gaussian random variable: Hij~CN（0, Lij）where Lij denotes the channel power gains affected by the path loss which is only affected by distance. Let nij denote the additive white Gaussian noise of the link i [image: image11.png]


 j and nij ~ CN（0, б2）[image: image14.png]


. We will analyze the AF and DF as follows. Notations (·)H,| · | and
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  stand for the conjugate transportation, modulus values and conventional method’s expression respectively.
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Fig.2. Cooperative mode in D2D communications when BS acts as the relay
A. AF Mode
Without loss of generality, the transmission power is normalized at each node. Signals received at D2D RX and the BS in the sub slot 1 are given by
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and
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The signal received by D2D RX in the conventional relay mode is denoted as
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Where
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 is the power coefficient to make the retransmission power appropriate. The signal received by D in the new mode is 
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Where Hsd’  is the channel gain of  S [image: image29.png]


 D link in the second transmission. Substitute (1) to (3) (4) we can rewrite (3) (4) as 
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Where 
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Where 
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with , then (2) and (6) can be expressed in a matrix
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and 
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 conditioned on Hrd and 
is a complex circular symmetrical Gaussian white noise with the constraints that  and 
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B. DF Mode
With the same assumption as Part A, the signals received in the first timeslot of DF mode have the same expressions as (1) (2) shows. If the relay station successfully decodes and then re-encodes to retransmit, the signal received at D-node in conventional mode is shown as
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While in the new mode, signal received by D-node in second timeslot is 
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With the same operation in Part A, (2) and (9) form a matrix
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 is a complex-valued circular symmetrical Gaussian white noise with constraints 
 and 
, where I represents a 2
2 unit matrix.
From the above equations we can easily figure out that once the source transmits new code words during sub slot 2, a virtual MIMO system and diversity gain is achieved.
III. A SELECTIVE BS-ASSISTED TRANSMISSION PROTOCOL
Max Ratio Combination (MRC) is used at D2D RX when it is dealing with X1, from two different origins. One is the directive transmission from D2D TX to D2D RX in sub slot 1, the other is the mixture of X1. The Shannon capacity refers to  in the second period with noise of X1is decoded, i.e. we calculate the capacity brought by X2  received during the second timeslot. Secondly, in order to reduce the burden of receivers, assuming that there is absolutely no IC after X1 and X2
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A. AF Mode
Due to the MRC assumption, recall the transmission power at each node, for the sake of simplicity and in order to obtain the closed form of the criterion, we set all  Pxx=P in the derivation. We first obtain the capacity of the conventional mode from (1) (2) and (5) as


                                                                      (12)

where the coefficient 1/2 accounts for the two equal timeslots. Then the capacity in the new transmission mode when there is no IC at all in (2) and (6) is expressed as
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(13) indicates the capacity achieved by X1 and (14) indicates the capacity achieved by X2. To achieve larger capacity than the conventional scheme, i.e. 
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, we derive the selected criterion the source terminal obeys as follows
Let 
[image: image91.wmf]1

2

2

g

s

=

sd

H

P

,
[image: image92.wmf]2

2

2

g

s

=

sr

H

P

,
[image: image93.wmf]3

2

2

g

s

=

rd

H

P

 be the short for SNR. 

[image: image95.wmf]222

23

1

2

23

232

()4

2

(1)

(1)(1)

abba

b

a

b

gg

g

gg

ggg

ì

-+-

ï

>

ï

ï

=++

í

ï

=+++

ï

ï

î

                                                                                                   (16)

When the above expressions are satisfied in source terminal’s hearing mechanism, then the source begins to transmit new information in sub slot 2, otherwise nothing is done to ensure that the capacity of the system would not be worse than that of the conventional mode. 
The outage behavior is used to explore the diversity order in the proposed protocol without IC. The diversity order is defined as the absolute value of the slope of bit error rate functioned with SNR in a log-log pattern when the SNR tends to infinity. Explicitly it can be defined as
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Where Pe denotes the BER equivalent to the outage probability if we set the rate R higher than the bearable capacity of a link. When the effective SNR is sufficient large, the second order diversity gain is obtained.
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B. DF Mode
The same assumptions are made as in AF mode describes. First we will analyze the tolerable rate at which the source transmits to maximize the capacity and ensure the decoding at relay node. In conventional mode, according to (1) (2) and (8), if 
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, the source node will transmit at rate (19) during two timeslots since the relay node can’t decode the information transmitted previously. Otherwise, the source will transmit at rate (20) on condition that (21) is larger than (20) so that all information can be decoded and re-encoded by relay node.
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So the capacity of conventional relay can be summarized as
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The expressions of new selective transmission mode when no IC operation is applicable are similar to the conventional mode, except that the noise in each expression has little difference from above based on (1) (2) (9)
so the capacity of new transmission mode can be summarized as
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All we need is that 
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 and in accordance with this principle, the criterion derived referring to which the source determine whether to transmit new code words in sub slot 2. When
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is detected and the source begins to transmit new information. Second-order diversity gain can also be achieved in certain occasions even when IC operation is not applicable.

[image: image114.wmf]2

2

2

121

()

2

R

AF

PCR

w

ps

æö

-

<<

ç÷

èø

                                                                                          (25)
IV. a netwrok coded bS-assisted HARQ transmission scheme 
Now the relay-assisted transmission scheme in DF mode is studied further. In the STBC-HARQ scheme, source and relay both transmit the erroneous data flow while in our scheme some new code words are sent during retransmissions to improve the time efficiency. The lengths of the packet during first transmissions and retransmissions are assumed to be the same. To normalize the power of the modulated symbols to 1, we define a bit-wise operation of remapping:
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Where X1 and X2 are the BPSK modulated symbols of the retransmission packets and the new packets, 0[image: image119.png]


-1 and 1[image: image121.png]


1. Two bits coming from different packets are combined to map to a new constellation as a 4PAM shown in Fig.3.
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Fig.3. Mapping scheme
       We set P < 0.5 and maintain a non-balanced 4PAM. It can be inferred that X1 and S2 are no longer uncorrelated since S2 partially includes the information of X1. As a result, the signals received by D2D RX is the classical MIMO system, rewrite it as 
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At the receiver an MMSE (Minimum Mean Square Error) detection is applied
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Where
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We will derive that 
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So we get 
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       After the MIMO detection, two data streams are separated as independent data flows. Then the retransmitted data and new information from the superposition modulated symbols can be recovered. Soft information in the view of Log-Likely Ratio (LLR) is defined as follow:
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Where Zk represents the k-th bit in a specific remapping symbol, and 
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belonging to  stands for the corresponding constellation points whose k-th bit is i. We assume that all t he transmit symbols distribute with equal probability and noise is AWGN, then we have                       
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Where He is the (2, 2)-th element of the effective channel WHH and         is the real part of symbol after detection, because the constellation of the 4PAM has real axis only. Once the soft demodulation process is finished, we can separate the soft information of X1 and X2, combine the soft information which is obtained by the first data stream and the second data stream, and then it can gain more insurance for the retransmission.
V. NUMERICAL EXAMPLES

This section demonstrates the effect of the proposed schemes by comparing with traditional schemes.
A. A Selective BS-assisted Transmission Protocol
We simulate the system capacity of the new transmission mode in a 120ºfan-shaped area, where D2D TX is located on the base point and BS is located on the horizon axis. The bit error rate is simulated when there is no interference cancellation at D2D RX in the proposed transmission scheme with different ratio of Ps1 and Ps2. Simulations of two methods proposed on condition that perfect IC is operated are given. 500 users are uniformly distributed in this system. Only the distance is considered in the channel power and the path loss exponent is 4. The radium of the fan-shaped area is set as dR,[image: image142.png]


, and the distances between S  R[image: image145.png]


, R  D and S [image: image147.png]


 D are denoted as dsr, drd and dsd , respectively. All transmission powers at each node and each timeslot is the same and all noise power normalized to 1, and then SNRs of each link is only affected by Lij. With Lr normalized to 1, we have Lsr 
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and Lsd ,. 
Figure.3 shows that the proposed mechanism has better performance in the view of ergodic capacity.BS is located in about 0.3-0.4
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 normalized to 1 and the similar assumption about Lij, the four scenes are described as:  to get the best system capacity gain. Figure.4 depicts the symbol error rate with relay assisted of new protocol we proposed, without channel coding gain in BPSK modulation. Four special occasions are being compared in AF mode. With dsd, 
, 
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. In Figure.5, SS1 represents the capacity gain we obtained from the code word X1 and SS2 represents the capacity gain we obtained from the code word X2. 
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B. A Network Coded BS-assisted HARQ Transmission Scheme
Next, we simulate the proposed retransmission protocol with HARQ compared to the existed schemes. Low-Density Parity-Check (LDPC) code is adopted as the FEC code with code rate 1/2, (7552, 3776), and we adopt the Belief Propagation algorithm as the LDPC decoder with maximum iteration number 50. Following assumptions are made that 1) the distance between BS and D2D TX is short; 2) the link between source and relay is good enough so that the relay can always decode successfully and is well prepared for the retransmission requirements. It is also reasonable to set SNR of R(D link the same as that of S(D link, for relay is in a proper position. For sake of simplicity, we assume that the erroneous data are retransmitted only once. i.e., when the retransmission also failed to decode, there will be no second retransmission. 
Retransmission efficiency is defined as the total bits that can be obtained only from the retransmission. In the simulation, we use 500 timeslots as the total time. Fig.6 shows normalized retransmission efficiency ER of proposed scheme compared to DF-HARQ and the STBC-HARQ with different P. The proposed scheme outperforms the DF-HARQ and STBC-HARQ significantly as source transmits new code words during retransmission thus creating a bonus for the total information. It also shows that values of P have influence on the performance. When P value is approximate 0.3, the system gains the best performance.
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Fig.6. Comparison of Retransmission Efficiency of proposed scheme                  Fig.7. Comparison of the extension scheme and the NC-HARQ scheme
with different P and the conventional HARQ schemes in high SNR                                                  in the view of BER in low SNR region
The proposed scheme also has some advantages over the extension scheme, in which D2D TX transmit X2 in sub slot 2, in low SNR region. As is shown in Fig.7, the proposed scheme outperforms the extension scheme in view of BER. If the channel condition is quite poor, we would rather use the virtual MIMO matrix in diversity mode than in the multiplexing mode but we will lose the superiority of larger throughputs. 
VI. CONCLUSION
A new selective transmission scheme in cooperative D2D communication is proposed in this article when no Interference Cancellation operation is applicable at receiver. With the proposed scheme, the D2D system capacity can be improved a lot. Both AF and DF modes are studied and under some cases second-order diversity can still be achieved. Then a novel NC-HARQ scheme is proposed to ensure the retransmission effective and further improve the throughput. The source transmits not only the old code words but also the new ones during the retransmission phase. Accordingly, an MMSE MIMO receiver and a soft demodulation algorithm based on the remapping scheme are presented to gain better performance. Simulation results reveal that the proposed scheme greatly balance the reliability and the efficiency. 
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                                              Situation 1                                                    Situation 2


Fig.1. Processing procedure at each node of two methods when dealing with the reception during two timeslots
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Fig.4. BPSK modulated symbol error rate of X1 and X2 when PS1 and PS2 are in different ratio and the trade-off relationship between X1 and X2. Second-order diversity is gained in some cases





Fig.3. Capacity comparison between conventional relay scheme and the selective transmission scheme without IC in AF and DF modes
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Fig.5. Capacity gain in different code words during two sub slots at four special scenes. Method 1 is in comparison with Method 2 during each sub-slot and the total capacity is given
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