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1      Introduction

In the previous meeting RAN2#91bis, the following working assumption [1] was agreed with further study on the impacts and implications to mode 1 and mode 2.

Working assumption:

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.
It is to be noted that RAN1 work is completed for Rel.13 eD2D. With this in view, we put forth potential options for supporting multiple transmissions to different destination IDs within one SC period.
2      Discussion
During Rel.12 timeframe, RAN1 discussed at great length about explicitly supporting multiple transmissions to different destination IDs in one SC period with different non-overlapped in time resource allocations (e.g. orthogonal T-RPTs), however, there was no specific use case such as Relay UE being supported at the time and nothing was specified [2]. The Rel.13 RAN1 eD2D work item has been completed now, without much discussion/conclusion in this area due to time constraints. However, supporting relay UE operation to satisfy simultaneous transmissions to multiple remote UEs within a SC period is necessary for MCPTT type of applications. Therefore, RAN2 agreed to a working assumption as per above and has to define a solution, if any, with potentially no impact to RAN1 specification work. 
2.1     Mode 1 operation
In this section we discuss the implications of the working assumption to support multiple transmissions to different destination IDs in one SC period for mode 1 operation. As per Rel.12 sidelink grant reception mechanism, any received sidelink grant overwrites a previously configured sidelink grant occurring in the same SC period. Sidelink grant from the eNB has the resource information for both PSCCH and PSSCH. Once the SL grant is obtained, the UE includes the destination ID, resource for PSSCH and associated HARQ information into PSCCH.  It is to be noted that the sidelink data transmission HARQ entity is configured with a single HARQ sidelink process to deal with one SCI transmission to a given destination ID in one SC period [3].

The sidelink BSR provides the eNB with information about the amount of sidelink data available for transmission in the SL buffers. The same Rel.12 sidelink BSR has been agreed to be used as baseline. The agreement has been that when sending a SL BSR, the UE includes buffer status of all LCGs having SL data among all ProSe destinations as many as it can. With the introduction of priority, irrespective of destination ID, higher priority buffer status information are incorporated first followed by lower priority BS. 
Observation 1: Rel.12/Rel.13 sidelink BSR includes buffer size information per destination ID.

Observation 2: In Rel.12, a newly received sidelink grant overwrites the previously configured sidelink grant occurring in the same SC period.
In order to enable the multiple transmissions, the UE needs to obtain multiple sidelink grants. Based on the sidelink BSR sent by the UE, the eNB should be able to send multiple SL grants. As the corresponding RAN1 work item is closed, it is not possible to configure multiple SL-RNTI or modify the DCI format 5. Therefore, the only feasible option is for the UE to receive multiple sidelink grants (multiple subsequent DCI format 5) within PDCCH in one SC period all scrambled with the same SL-RNTI. 
Observation 3: In mode 1, multiple SL grants reception within one SC period can support multiple transmissions to different destination IDs.

In order to handle multiple SL grants, the current SL grants handling should be modified. That is, the UE should process the multiple SL grants instead of overwriting the previous grant. 

Proposal 1: RAN2 to discuss whether it is possible not to overwrite the previous SL grant and handle multiple SL grants if the UE receives multiple SL grants for the same SC period. 
Proposal 2: RAN2 to discuss whether multiple transmissions to different destination IDs is feasible as long as the configured SL grant does not overlap with the latest grant within a SC period. 
Our goal is to define a solution with no RAN1 impact. Once multiple SL grants are received and available for the UE, the UE can deal with each sidelink grant by sending it to the HARQ entity to be allocated to an individual sidelink process. It has been proposed in the past that the subframe timing information of when the SL grant is received could be used to identify and differentiate the different grants and map to the sidelink process. . 
Proposal 3: RAN2 to discuss whether the subframe timing information of when the SL grant is received can be used to differentiate the multiple SL grants and map to the sidelink process accordingly.

The eNB will ensure that there is no overlap in time when configuring resources for multiple SL grants in one SC period. If there is still collision, it may need to be handled.

It is to be noted that if mode 1 is configured with communication resource pool, the discussion in section 2.2 can be applied for this operation as well.
2.2     Mode 2 operation
As per the RAN2#91bis agreement, up to 8 tx mode-2 resource pools can be configured and each pool can be associated with multiple priorities and a priority can be associated with multiple pools. If the upper layers configure multiple pools for data transmission, sending data to different destination IDs within overlapping SC periods is possible. 
However, time domain collisions should still be avoided to maintain the SC-FDM constraint and it can be left to UE implementation to select one transmission over another in case there is overlap.

Observation 4: Multiple transmission to different destination IDs using different mode-2 resource pools satisfying single carrier property of SC-FDM is allowed.
Proposal 4: RAN2 to discuss whether to leave it to UE implementation or define a rule such that the UE will prioritize the pool with the higher priority, if a collision occurs when using multiple mode-2 resource pools to transmit data to different destination IDs in one SC period.
If a single transmission pool is considered, as per Rel.12, the time and frequency resources for data and sidelink control information are randomly selected from the configured pool and in a given SC period, only one data transmission is allowed. If simultaneous/overlapping data transmissions to different destination IDs in the same SC period is to be allowed while being configured with a single mode-2 transmission resource pool, the methodology to select multiple resources within a single pool without overlap/collision needs to be considered. 
A couple of alternatives for selecting multiple resources within a single transmission pool to transmit to different destination IDs include:

Option 1: Conditional random selection: The random selection of resources at the MAC entity can be made conditional with a defined rule to select resources that do not collide in time, as per below:
“randomly select the time and frequency resources for SL-SCH and SCI of a sidelink grant from the resource pool (excluding any resources which are overlapping with resources belonging to the subframes of resources already selected for transmissions on SL-SCH in this SC period),”

Option 2: Leave it to UE implementation: The random selection of resources at the MAC entity for data and control towards multiple destination IDs can be left to UE implementation; but this may cause conflicts and potentially break the single carrier property of SC-FDM. A rule may need to be defined for dealing with overlaps. 
In either of the two options, in cases when there is a lack of orthogonal resources to choose from, the UE behaviour can be:
i. Left to UE implementation

ii. Follow a prioritization rule such as: Prioritize transmission to destination ID with highest priority or in case of equal priorities, prioritize transmission to the logical channel with data about the same as available set of resources. Such a rule may be added to logical channel prioritization aspect as part of multiplexing and assembly support.
Observation 5:  Multiple transmissions to different destination IDs in one SC period with Rel.12 random selection of resources may cause high probability of conflict in terms of SC-FDM constraint 
Proposal 5: RAN2 to discuss whether to define conditional random selection or leave it to UE implementation for avoiding collisions when transmitting to different destination IDs in one SC period using single mode2 resource pool.
2.3  HARQ operation

The current HARQ operation for data transmission supports one Sidelink HARQ Entity at the MAC entity for transmission on SL-SCH, which maintains one Sidelink process. The SL-SCH reception already supports multiple sidelink processes. The transmission entity needs to maintain a number of parallel Sidelink processes. Each Sidelink process is to be associated with an SCI in which the MAC entity is interested as determined by the destination ID of the SCI. The Sidelink HARQ Entity directs HARQ information and associated TBs to be transmitted on the SL-SCH from the corresponding Sidelink processes [3]. 
Proposal 6: In order to support multiple transmissions in one SC period to different destination IDs, the SL-SCH HARQ entity may need to support multiple sidelink processes.
3 Conclusions and proposals
In this contribution, we discussed the implications of supporting multiple transmissions to different destination IDs within one SC period for both mode 1 and mode 2 and have the following proposals:
Observation 1: Rel.12/Rel.13 sidelink BSR includes buffer size information per destination ID
Observation 2: In Rel.12, a newly received sidelink grant overwrites the previously configured sidelink grant occurring in the same SC period.

Observation 3: In mode 1, multiple SL grants reception within one SC period can support multiple transmissions to different destination IDs.

Proposal 1: RAN2 to discuss whether it is possible not to overwrite the previous SL grant and handle multiple SL grants if the UE receives multiple SL grants for the same SC period.

Proposal 2: RAN2 to discuss whether multiple transmissions to different destination IDs is feasible as long as the configured SL grant does not overlap with the latest grant within a SC period.

Proposal 3: RAN2 to discuss whether the subframe timing information of when the SL grant is received can be used to differentiate the multiple SL grants and map to the sidelink process accordingly.

Observation 4: Multiple transmission to different destination IDs using different mode-2 resource pools satisfying single carrier property of SC-FDM is allowed.

Proposal 4: RAN2 to discuss whether to leave it to UE implementation or define a rule such that the UE will prioritize the pool with the higher priority, if a collision occurs when using multiple mode-2 resource pools to transmit data to different destination IDs in one SC period

Observation 5:  Multiple transmissions to different destination IDs in one SC period with Rel.12 random selection of resources may cause high probability of conflict in terms of SC-FDM constraint 
Proposal 5: RAN2 to discuss whether to define conditional random selection or leave it to UE implementation for avoiding collisions when transmitting to different destination IDs in one SC period using single mode2 resource pool.

Proposal 6: In order to support multiple transmissions in one SC period to different destination IDs, the SL-SCH HARQ entity may need to support multiple sidelink processes.
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