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1. Introduction 
In LTE-advanced, relay is considered as an important technology to support high capacity and coverage [1]. Relay nodes can be classified based on their protocol architecture for the user plane and control plane [2, 3].
Type 2 relay included progresses have been recently agreed, and some other discussions almost reach agreement. For TDD type 2 relay, it always individually processes the user data, i.e., relay decode each user’s data and directly forwards the decoded data in a round robin way, which provides 2-order diversity gain for each user.
Targeting on type 2 TDD relay, this contribution analyzes a novel and simple network coding issue for the multi-user uplink link, where the relay jointly process the data from more than one user in a parity-check based network coding way. The proposed scheme is proved by simulations to achieve much more performance gain than the traditional way.
This proposal focuses on improving the receiving performance by utilizing the network coding on relay.  It is different from another contribution [4] where the network coding is used to save the forward resources of relaying.
2. The traditional way for relay
Relay technology has been recently introduced in the LTE-TDD for coverage enhancement and transmission efficiency improvement.  For the L2 RN, which uses the DF (decode-and-forward) protocol, a straight-forward scheme is to decode the data from the UE and forward the decoded data to eNB to provide the diversity gain for the UE. However, in the practical scenario, an RN is always used by many UEs at the same time. If the RN is used by the UEs in a separate way, i.e., there have no inter-user data processes even the RN has received all the UEs’ data simultaneously. It may not be so efficient and optimal in terms of the network capacity or block error probability since the 1-order diversity gain provided by RN is not obviously in the low SNR regime. The data confusion between all UEs at RN can provide inter-user parity-check codes when eNB is trying to decode the data from UEs.
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Fig. 1 Multiple-access uplink with M UEs, 1 RN and 1 eNB
Consider a multiple-access uplink system with multi-UE, one-RN and one-eNB (see Fig. 1) in LTE-TDD system, where the M UEs are in the margin of the cell and access to the eNB by SC-OFDMA. Each UE should communicate with the eNB successfully under the help of the RN. Usually, RN serves the UEs in a separate way, i.e., RN directly decodes and forwards each UE’ data in the orthogonal frequency and never introduces any inter-user process. Note that all the UEs’ data should be received by eNB. So the separate transmission of each UE’s data at the RN is not the optimal in the low SNR regime since RN only provides the 1-order diversity gain for each UE in the fading channel. This disclosure proposes a new network coding design at RN, which introduces the mutual relationship between the frames from all the UEs at RN, i.e., RN jointly processes the data from all the UEs and produces the parity-check codes in a network coded way other than simply forwards each UE’s data.

3. Parity-Check based Network Coding for Relay
Since RN should traditionally forward the data for M UEs, i.e., M frames (can be seen as a network coding block) to eNB, the proposed scheme jointly processes the M frames in a parity-check based network coding way. Here we do not change the transmission rate of the whole system but focus on decreasing the user error probability (UER) and block error probability (BLER). Note that we can also improve the throughput by cutting down the transmitted packages at RN while keeping the same UER/BLER performance. 
The parity-check based network coding scheme is designed as follows. Suppose that there are M UEs at the edge of a cell accessing the eNB and the RN simultaneously. RN receives and decodes the UEs’ data in the frequency orthogonal channels. After being decoded, these data will be combined in a network coded way (see Fig. 2). Without loss of generality, we do not consider the Turbo coding here. In the following, we will give the detailed method of the combination.
                            
[image: image2.emf]S

1,2

S

1,1

S

1,3

... S

1,

k

USER 1

S

2,2

S

2,1

S

2,3

... S

2,

k

USER 2

S

M

,2

S

M

,1

S

M

,3

... S

M

,

k

USER M

.

.

.

R

1,2

R

1,1

R

1,3

... R

1,

k

RLY 

Frame 1

R

2,2

R

2,1

R

2,3

... R

2,

k

RLY 

Frame 2

R

M

,2

R

M

,1

R

M

,3

... R

M

,

k

RLY 

Frame M

.

.

.


Fig. 2 Network coded parity-check code at RN
Suppose that each UE has k information symbols in a frame. Traditionally, RN only forwards the decoded data from each UE, i.e., RLYm=USERm (m=1,…, M), which produces the extra 1-order diversity gain for the UEs. However, in the proposed method, we superpose the bit streams of each decoded frame in Galois field, i.e., network coding approach. Then we have RLYn=π1,nUSER1
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πm,nUSERm (m=1,…, M), where πm,n is the permutation matrix, which means that we do not superpose the M bit streams directly. We should design the πm,n to eliminate the girth 4 circle in the network coded parity-check codes and it has the form
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The column of the “1” in the first row of πm,n is mn. In fact, πm,n can be realized by the shift register. So RLYn is the superposition of the shifted data of UEs. According to the definition of πm,n, we get the following table.
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Fig. 3 The shifting number of each user when RN produces the RLYm frame
The design of the UEs’ frame shifting ensures that the network coded parity-check matrix has no 4-girth. When decoding at eNB, it first combines the UE’s data received in the first phase with the network coded parity-check matrix to execute the LDPC like iterative decoding. At the end of the iterations, the output LLR value can be used as either the decision value or the input of the Turbo decoder.

4. Simulation results

In this section, the user error rate (UER) and the block error rate (BLER) theory simulations are conducted to show the advantage of the proposed network coding scheme. Note that block is defined here as the composition of the frames from all the UEs. The basic simulation parameters and assumptions are described as follows:

· 3 UEs, 1 RN and 1 eNB;

· Turbo coding is not considered;

· All channels are i.i.d. with Rayleigh fading without considering the path loss;

· BPSK modulation;
· Frame length for each UE is 100 symbols

The UER and BLER simulation results are shown in Fig. 4 and Fig. 5, respectively. It can be observed that the proposed network coding scheme can achieve better performance than traditional way. At the BLER of 0.01, the proposed method has about 5dB gain compared with the traditional method.
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      Fig. 4 User error rate of the two transmission schemes
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Fig. 5 Block error rate of the two transmission schemes
5. Conclusions
The proposal analyzes a novel network coding scheme to improve the system performance in multi-user uplink in terms of UER or BLER. We conclude that if this joint processing is applied at relay, a drastic performance gain can be achieved.

We can also adapt the network coded frames at RN so as to adapt the whole system transmission rate. For example, in traditional way, RN needs to transmit M frames for M users. However, if network coding scheme is applied in the real time case, RN may transmit less parity-check based network coding frames to cut down the transmission time as well as to achieve a little better performance gain. For the resource saving and receiving performance improving capability of NC relay, we suggest NC relay as one optional relay in LTE-A.
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