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1 Introduction
Half duplex means UE cannot receive and transmit D2D signals in the same subframe and this property would impact design on redundant transmissions of SA and data as transmitting UE should also be able to receive other UE's transmission. In this contribution we analyse its impact on redundant transmissions of SA and data. We also show some evaluation results.
The main focus of this paper is mode 2 resource allocation as mode 1 resource allocation is based on eNB scheduling which could somehow relax the half duplex issue. But most proposals could be applied to mode 1 SA/data transmission as well.  
2 Discussion
Basic modelling on SA and data linkage
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Figure 1 SA and data linkage

Figure 1 shows our understanding on SA and data linkage. Basically we can see following points,

· One SA period includes SA resource pool (may cross multiple SA subframes) and data resource pool (multiple subframes)
· SA index in SA period N implicitly indicates data transmission pattern in SA period N + X (in above example X = 1) [1]. The reason to send SA in advance is UE needs some time to decode SA.
· Retransmissions of one transport block of data or SA is transmitted within one SA period
Retransmissions of data and SA are important not only because of improving SINR in receiving side but also solving half duplex issue. In some cases even if multiple retransmissions of one transport block are transmitted, other UEs may miss some of them because these other UEs may transmit their own transport blocks and cannot decode them correctly due to half duplex issue. This is common issue for data, SA and discovery channels. So UE needs to transmit more than necessary redundant transmissions. But to transmit too many redundant transmissions will also cause more collisions (i.e. less chance to receive data). So good balance should be taken into account and we need find an optimal redundant transmission number. For SA, if many candidates are transmitted in one SA period, it will squeeze data transmission room and impact the performance of data transmissions. So we need also consider reasonable SA candidates for a SA period.  

Based on above analyses and in order to prove such thinking, we show some simulation results below and make some proposals.

Evaluation assumptions
The detailed evaluation assumptions could refer to Appendix part. Receiving ratio is the performance metric and it means the probability that one UE receives all other UEs’s data based on certain successfully decoding ratio. For example, receiving 1 retransmission has 50% successful decoding ratio of one transport block and receiving 2 retransmissions has 70% successful ratio and so on. Hard threshold means UE will decode transport block until all redundant transmissions are received. Soft threshold method means UE will decode transport block even if all redundant transmissions are not received. So UE will try to decode even one chance of the reception. 
Evaluation results

Figure 1 shows evaluation results on receiving ratio of SA within one SA period. Here “2 candidates, 1 tx” means two candidates for a SA transmission within 20ms and SA is transmitted in any one of the two candidates. “4 candidates, 2 tx” means there are four candidates for SA within 20ms and retransmissions of one SA are transmitted in any two of four candidates. Other cases have the similar meaning.
From the simulation results, we can see four candidates are necessary for one SA within one SA period. Increasing redundant transmissions could improve the receiving ratio but not so much. But if two retransmissions are transmitted for one SA, soft threshold based method, namely decoding any redundant number of transport block is important. To have four subframes/candidates for SA within 20ms may cause low resource utilization of data. One solution is to increase SA periodicity from 20ms to 40ms so the SA candidates could be doubled. Another potential solution is still to allocate two subframes for SA within 20ms but each subframe has two candidates. That means SA is transmitted in one slot instead of crossing whole PRB pairs. This could also double the SA candidates but not impact resource utilization ratio of data. But it would have larger spec impact. So here we propose:
Proposal 1: To keep four candidates within one SA period is necessary for SA transmission.

Proposal 2: To discuss the trade-off between increasing SA period and allowing slot-level SA transmission 
Proposal 3: UE should decode SA even UE is not able to receive all redundancy versions
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Figure 1 Receiving ratio of SA within one SA period
Figure 2 shows receiving ratio of data in case of 16 candidates (subframes) and 18 candidates (subframes) within 20ms. We can see same observation as Figure 1 that soft threshold based method is important and can achieve higher receiving ratio, for example, four transmissions of one transport block could get 90% receiving ratio. More than 4 retransmission times do not improve performance much in soft threshold based solution.
But on the other hand, we need notice that SA receiving ratio is smaller than data receiving ratio does not make so much sense. So trying to improve receiving SA ratio is important. So we propose 
Proposal 4: SA receiving ratio should be improved to exceed data receiving ratio
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Figure 2 Receiving ratio of data within one SA period

Another thing we need to note here would be current assumption on when transmission is carried out is totally random within one SA period. To get larger diversity gain in time domain, we need consider better solutions on randomization method. But that is rather independent issue with half duplex.
3 Conclusion

In this contribution we discussed half duplex issue for SA and data transmission.  Based on analysis and evaluation results, we propose 
Proposal 1: To keep four candidates within one SA period is necessary for SA transmission.

Proposal 2: To discuss the trade-off between increasing SA period and allowing slot-level SA transmission 
Proposal 3: UE should decode SA even UE is not able to receive all redundancy versions
Proposal 4: SA receiving ratio should be improved to exceed data receiving ratio
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Appendix
Evaluation assumptions
	Performance metric
	Receiving ratio

	SA period
	20ms

	Transmitting UE number within one cluster
	9

	Successful decoding ratio of receiving X redundant transmissions of one transport block of data
	50% when X = 1;
70% when X = 2;

90% when X = 3;
100% when X = 4

	Successful decoding ratio of receiving Y redundant transmissions of one transport block of SA
	90% when Y = 1
100% when Y = 2

	Frequency domain 
	Not modelled 

	Collision 
	Not modelled

	Subframe configuration 
	All subframes are D2D 

	Randomization method of retransmissions of one transport block
	Totally random within one SA period
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