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1 Introduction

In current discussions on downlink multiuser superposition transmission (MUST) in RAN-1, besides proposals on superposition schemes, HARQ issues have also been raised [1, 2]. In candidate MUST schemes at least two layers are superposed for co-scheduled users using the same spatial precoding vector or the same transmit diversity [3]. Therefore, using conventional HARQ schemes with soft combining, such as chase combining and incremental redundancy, may not resolve some special retransmission issues in MUST, e.g., inherent cross-layer interference. 
In this contribution, we propose to use layer-time coded HARQ in MUST and show that it can at least improve performance of linear superposition schemes by cross-layer interference mitigation in retransmission. 
2 Problem description

In downlink MUST using linear superposition schemes, interference from other layers goes through the same channel as the targeted layers. Therefore, in MUST, even retransmissions may be degraded due to this cross-layer interference. An example for chase combining is as follows.  

Assume that both the near UE and the far UE having failed to decode the first transmission, the composite symbol 
[image: image1.wmf]s

 is then retransmitted and chase combining is used at both UEs. With linear superposition such as MUST Category 1 and 2 schemes, the composite symbol 
[image: image2.wmf]s

 is 
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where 
[image: image4.wmf]N
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 is the symbol of the near UE, 
[image: image5.wmf]F
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 is the symbol of the far UE, and 
[image: image6.wmf]a

 is the proportion of the transmitted power allocated to the near UE. The received signal at the far UE in the 
[image: image7.wmf]t

-th retransmission in the HARQ procedure is
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where 
[image: image9.wmf]t
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 is the transmitted power in the 
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-th retransmission, 
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 is the downlink channel impulse response to the far UE in the 
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-th retransmission, and 
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 is the noise in the 
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-th retransmission at the far UE. Note that 
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 for the first transmission, 
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 for the first retransmission and so on. Then, at the far UE, after soft combining, we have that 
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where 
[image: image18.wmf]1
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 is the number of retransmissions. 
Then, under the assumption that 
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, the SINR at the far UE is 
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where 
[image: image21.wmf]2
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 is the noise power at the far UE. We see from eq.(4)

 that when the cross-layer interference from the near UE layer is the dominant factor in the transmission failure, HARQ may not help much in improving effective SINR if chase combining is used. 

Although we assume chase combining in the analysis above, in HARQ with incremental redundancy (IR), cross-layer interference also remains in retransmission if MUST is used. Therefore, for linear superposition MUST schemes, new HARQ schemes to mitigate cross-layer interference with retransmissions should be studied. 

Proposal 1: For linear superposition MUST schemes, new HARQ schemes to mitigate cross-layer interference with retransmissions should be studied.
3 Layer-time coded HARQ
In [4], Walsh matrix based layer-time coding was proposed to mitigate cross-layer interference in peer-to-peer reliable transmission, which is named layer-time coded HARQ in this contribution. In the following, we show that layer-time coded HARQ can also be implemented in linear superposition MUST schemes. 
In layer-time coded HARQ for two-layer linear superposition, a layer-time matrix 
[image: image22.wmf]A

 is predefined as follows 
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which is a sub-matrix of a Wash matrix. 
At the eNB, as shown in Fig. 1, in each transmission in the HARQ procedure, the corresponding layer-time coefficients are to be multiplied with the modulated symbols before linear superposition. Note that we assume that layer 0 is the near UE layer while layer 1 is the far UE layer. 
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Fig.1 Layer-time coded HARQ at the eNB
The composite symbol after layer-time coding and power allocation is
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At each UE, as shown in Fig. 2, layer-time combining is implemented before other receiver operations. 

[image: image26.emf]Layer-time 

combining

, it

y

,1 it

y





t

, it

y



MUST RX


Fig. 2 Layer-time combining at each UE
A simple method for layer-time combining is maximal ratio combing with layer-time coefficients,  
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where 
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 is the received signal for the 
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-th layer UE at the 
[image: image31.wmf]t

-th retransmission, 
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 is the channel response associated to the 
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-th layer UE at the 
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-th retransmission.
When both UEs fail in the first transmission, in the first retransmission, after layer-time combing, the received signal at the far UE is 


[image: image35.wmf](

)

(

)

2222

F,0F,01F,1F0F,01F,1N

**

F,0F,0F,1F,1

(1)||||||||

.

t

yPhPhuPhPhu

hnhn

aa

=-++-

+-

%


[image: image36.wmf] 
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (7)

From eq.(7)

, we see that after layer-time coded HARQ and combining at the far UE, the cross-layer interference from the near UE layer is mitigated by retransmission. A similar effect can be expected at the near UE as well. 
Proposal 2: Layer-time coded HARQ should be studied for linear superposition MUST schemes. 
4 Conclusions
In this contribution, we discuss HARQ schemes for MUST and would like to put forward the following proposal:
Proposal 1: For linear superposition MUST schemes, new HARQ schemes to mitigate cross-layer interference with retransmissions should be studied.
Proposal 2: Layer-time coded HARQ should be studied for linear superposition MUST schemes. 
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