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1 Introduction

In Rel-12 the transmission of multiple SA messages (SCI) and the corresponding data within one SC period is not supported. This applied to both resource allocation modes, i.e. autonomous resource allocation and eNB controlled resource allocation mode. This contribution is discussing some enhancements for Rel-13 ProSe communication.     
2 Discussion
In RAN2#91bis meeting following working assumption has been agreed:

Multiple transmissions within overlapping SC periods to different destination IDs are allowed subject to SC-FDM constraint. FFS on how this is achieved and implications for Mode 1 and Mode 2.


Even though the wording of the agreed working assumption is not fully clear and may lead to different interpretations of what was agreed, we assume here that following is supported by the above working assumption:

· Multiple SCI transmissions to different ProSe destinations using different resource pools within overlapping SC periods is supported (only for mode2)
· Multiple SCI transmissions to different ProSe destinations within a SC period (using the same resource pool) is supported (mode1/mode2) 
It’s though FFS how these agreements can be achieved for the respective resource allocation mode which is discussed in the following. Depeding on the resource allocation mode the support of multiple SCI/data transmissions within a SC period requires different enhancements/changes to the current specification. 

Multiple SCI transmissions within a SC period (using different resource pools) for the UE autonomous resource allocation mode 

For mode 2 it would be in principle relatively easy to support multiple SCI/data transmissions within one SC period respectively across overlapping SC periods for the multiple resource pool scenario. From MAC point of view the UE would need to support more than one configured sidelink grant and consequently more than one sidelink process/HARQ process for a SC period. Each configured sidelink grant is associated with one sidelink process/HARQ process. For each configured sidelink grant the UE applies the current defined behaviour, i.e. LCP procedure etc. However there should be an upper limit of configured sidelink grants the UE needs to support. In other words there should be a maximum number of sidelink processes at the MAC entity for transmission on SL-SCH a UE shall support.    
Proposal1: the maximum number of SL grants per SC period (including overlapping SC periods  for the case of multiple transmission resource pools) respectively the maximum number of SL processes shall be defined/configured. 
Proposal2: Each configured Sidelink grant selected by the UE for the autonomous resource allocation mode is associated to an SL process.  
 
There are some rules that a UE has to respect when supporting multiple SCI/data transmissions. If UE selects autonomously respectively randomly multiple SA resources from the SA pool(s), it should ensure that there are no time domain collisions between different SA resources in order to not break the single-carrier property of SC-FDMA. Similiarily when selecting multiple corresponding T-RPT pattern the UE shall avoid time-domain collisions between different TBs. In case a time-domain collision occurs between different D2D transport blocks from a transmitting UE, the UE needs to skip some D2D transmission in order to sustain the single-carrier priority. It could be discussed whether it’s up to UE implementation which D2D packet to drop or whether some prioritization rules should be specified. For example in case a time-domain collision occurs for D2D TBs being transmitted in different resource pools, the priority (PPPP) associated with each transmission resource pool could be one criteria for the prioritization rule, i.e. D2D TBs transmitted in lower priority transmission pools shall be dropped in case of time-domain collision.  
Proposal3: RAN2 should discuss whether the detailed UE behaviour in case of tim-domain collisions between different D2D MAC PDUs from the same transmitting UE, i.e. whether some prioritization rules are defined.       

Multiple SCI transmissions within a SC period (using same resource pools) for eNB controled resource allocation mode

In Rel-12 the UE takes the last received sidelink grant as the valid grant for the next SC period, essentially overwriting previously received sidelink grants. As there is only one transmission resource pool for the mode 1 resource allocation mode, multiple SC/data transmissions within one SC period in the same resource pool are considered in the following. Several mechanisms can be envisioned on how to support multiple SC/group transmission during a SC period. In general all the solutions/mechanism should allow distinguishing multiple sidelink grants for transmission to different groups. In the following we present two alternative solutions on how to achive multiple SC/group transmissions within a SC period. Both solutions are quite simple from both standardization as well as implemention point of view, which is in particular important given the short time frame of Rel-13.  
· UE takes the last n (configured maximum number of supported SL grants for an SC period)  SL grants received until 4ms before the start of SC resource pool and considers them as the configured SL grants for the subsequent SC period

· This approach is basically a straigh-forward extension to the Rel-12 behaviour, where UE only supports one SL grant per SC period and hence takes only the last received sidelink grant as the valid grant for the subsequent SC period. Some exemplary scenario is shown in the following figure, with the assumption that a transmitting UE supports up to 2 SL grants per SC period.
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· Depending on the subframe timing when a SL grant is received UE associates the SL grant to a SL process. Each SL process represents one configured SL grant for the subsequent SC period. As in the first option the maximum number of SL grants supported for a SC period is configured.  

· A very easy and well-known operation would be to use a synchronous timing for the association of received SL grants to the SL processes, i.e. if a SL grant is received in subframe X, then a SL grant received in subframe X+n (n is some fixed offset) refers the same SL process and overrides a previous received SL grant. This synchronous timing operation is known from the legacy UL HARQ operation. One exemplary scenario illustrating this solution is shown in the following, again assuming that the UE supports up to 2 SL grants per SC period. 
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Comparing above two alternative solutions, the first one seems to be simpler from implementation as well as from standardisation point of view. However it should be noted that the first solution is on the other hand also more error-prone and doesn’t provide the same flexibility as the second alternative. For example it’s not always possible to repeat SL grants in order to increase the PDCCH reliability, i.e. in case the UE is configured with maximum 2 SL grants per SC period and eNB only wants to schedule the UE with one SL grant though repeats the DCI format 5 two times in order to increase the reliability, the UE will consider the last two received SL grants (which are of the same content) as two configured SL grants for the subsequent SC period. Further desynchronization between eNB and UE w.r.t. configured SL grants for the subsequent SC period can occur in case of PDCCH (DCI format 5) loss/ misdetection. 

The second solution on the other hand allows for repeating SL grants in order to increase the PDCCH detection reliability. Also the association of received PDCCHs to (HARQ) processes based on some synchronous timing is well-known for many years. Therefore it should be rather straightforward to do the required changes in the standard in order to implement this solution. 
Given the considerations above we slightly prefer the second solution.

Proposal4: Depending on the subframe timing when a SL grant is received UE associates the SL grant to a SL process. A synchronous timing operation is used for associating received SL grants to SL processes. 
3 Conclusions

This contribution discusses some enhancements for Rel-13 ProSe communication. It’s proposed to agree on the following:
Proposal1: the maximum number of SL grants per SC period (including overlapping SC periods  for the case of multiple transmission resource pools) respectively the maximum number of SL processes shall be defined/configured. 
Proposal2: Each configured Sidelink grant selected by the UE for the autonomous resource allocation mode is associated to an SL process.
Proposal3: RAN2 should discuss whether the detailed UE behaviour in case of tim-domain collisions between different D2D MAC PDUs from the same transmitting UE, i.e. whether some prioritization rules are defined.
Proposal4: Depending on the subframe timing when a SL grant is received UE associates the SL grant to a SL process. A synchronous timing operation is used for associating received SL grants to SL processes.
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