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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]. 
Taking the multiple-UE (MU) uplink relay as example, this proposal designs the network coded (NCed) DF relay and the receiving scheme on this NCed information at eNB. The receiving performance is given with simulation. 
2. NC MU UL relay
In the uplink, relay usually needs to forward information for multiple UEs. In Fig.1 (a), in order to forward 1 subframe for each UE, normal relay needs 2 subframes. This scenario is used when the relay is deployed for the purpose to improve the throughput at the cell edge; that is eNB can receive the signal directly from UEs. Since there’s direct link, if the information of these 2 UEs is network coded in relay and then forwarded, the network coded forwarded information may be decodable after soft combining with the information from the direct link. By this way, only 1 subframe is enough to forward these two subframes, as shown in Fig.1 (b). 
Since HARQ is on TB level. In order to make chase combining with network coded information, network coding is processed with TBs in this proposal. The most simple GF(2) network coding- XORing is adopted in this proposal. The modulation types are defined to be QPSK, 16QAM, and 64QAM in eUTRA. This proposal takes QPSK as example.

In the 1st subframe, UE1 sends TB1. One symbol 
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In the 2nd subframe, UE2 sends TB2. One symbol 
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(a) normal relay for multiple UEs
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(b) network coded relay for multiple UEs
Fig.1 Multiple-UE uplink relay
After receiving TBs from UE1 and UE2, relay channel decodes the received TB1 and TB2. If both TB is correct according to the CRC checking, these two TBs are network encoded by XORing their data bits bit by bit. 
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. These network coded data bits are channel recoded, modulated, and forwarded. 

If TB1 from UE1 and TB2 from UE2 are with different length, the shorter TB is padded to be the same length with the longer one. 
3. Chase combining on the network coded information
At eNB, the network coded information can be soft combined with the single TB information directly from UEs by Maximum a Posteriori (MAP) principle. In this proposal, the chase combining scheme is designed and simulated firstly in Rayleigh channel. 
In the 1st subframe, eNB receives the symbol 
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The log symbol likelihood ratios (LLRs) of 
[image: image12.wmf]1

s

 is calculated by
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 is all the possible value of 
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. For QPSK, i=1~4.

Then the log bit likelihood ratio (LLRb) of bit j in 
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[image: image17.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

å

å

å

å

=

=

=

=

=

=

=

=

=

0

;

1

;

0

;

R

U1,

1

;

R

U1,

R

U1,

R

U1,

exp

exp

log

|

|

log

|

0

|

1

log

j

k

j

i

j

k

j

i

b

s

k

b

s

i

b

s

k

b

s

i

j

j

j

s

LLR

s

LLR

s

y

P

s

y

P

y

b

P

y

b

P

b

LLR

               (5)
For a QPSK symbol, j, k =1~2. The series of LLRbs is input to the channel decoder. If this TB1 in soft code bits can be decoded correctly, judged by CRC checking, data bits of TB1 are saved. If TB1 can not be decoded correctly, the estimation on all the code bits are output as 
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In the 2nd subframe, eNB makes the same process on TB2.

In the 3rd subframe, eNB receives the symbol 
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Taking the first bit 
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 in TB1 as example, this bit is XORed with the first bit 
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 in TB3. After receiving these three TBs, according to the definition in MAP principle, the log bit likelihood ratio of 
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Since 
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Table 1 possible value of transmitted bits
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Divide 
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In which, 
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The chase combing scheme is indicated in Fig.2.
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Fig.2 Chase combing with the NCed information

From Fig.2, it can be seen, in order to make chase combining with the network coded information, only one extra preprocess is needed, that is the LLR(b) combination in Equation (10). When the max-log-MAP algorithm (the approximate algorithm) is adopted, this preprocess is with very low complexity.
4. Simulation Results

In order to simulate the NC relay’s gain, the arrived signal strength from UE and RN at eNB should be considered, since the soft combining performance is corresponding to it. In this document, the UE and RN’s positions are considered to give the average arriving signal strength. 

The UE position is modeled firstly by 1-demesion model, which is shown in Fig.3. In this Figure, ISD=1732m. And RN is located at 750m away from eNB.
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Fig.3 1-demesion position model
According to 3GPP discussion on relay, the path loss models on different links (UE-BS, UE-RN, RN-BS) are
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Based on these models, the path loss of the links UE-eNB, UE-RN, RN-eNB, and accordingly the average received SNRs at eNB/RN are simulated and plotted in Fig.4.
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Fig.4 Received SNR at eNB/RN
At different positions, the average strengths of the received signal at RN from UE, the received signal at eNB from UE and that from RN will be different. When UE is near to eNB, its signal received by RN is weak. Thus for d<450m, UE-eNB link is preferred to the forward link UE-RN-eNB. The average chase combining performance on several positions when d>450m is simulated and plotted in Fig.5. The Rayleigh channel is assumed in all the links. Rayleigh fading is assumed with unit variance, disturbed by AWGN. UE1 and UE2 are assumed with the same channel state. UMTS 1/3 Turbo code with length of 3460 bits is adopted as the channel coding. And the modulation type is QPSK.
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Fig.5 The average gain with NC relay
From Fig.5, it can be seen, by NC relay and the chase combining scheme at eNB, the average receiving performance can be improved by 1~2.8dB compared with that of without relay. In addition, compared with the normal DF relay, 50% of forwarding resource and transmitting energy has been saved.
5. Conclusion
For multiple-UE uplink relay, network coding can be adopted to save 50% of forwarding resource and transmitting energy at the relay. At eNB, the network coded information and the soft information of single TBs can be soft combined by MAP principle. Compared with that of without relay, 1~2.8dB receiving performance improvement can be achieved according to different receiving signal strength.
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（We suggest one optional relay in 36.xxx.）

9.x.2 Network coded UL relay

When relay needs forward information for multiple UEs, the information of these UEs can be network coded and then forwarded in just one subframe. The MAP detection is used at eNB with the forwarded network coded information and that directly from UEs.
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Figure 9.x Network coded uplink relay
---------------------------------------------- End of Text Proposal --------------------------------------------
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