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1 Introduction

RAN2#91bis [1] made a working assumption that multiple transmissions within overlapping SC periods to different destinations are allowed but subject to the SC-FDM restriction. There is an FFS on the details and implications on mode 1 and mode 2. In this paper we expand this to include multiple transmissions in a single SC period.
2 Discussion
In this paper we focus on how to allow transmissions to multiple ProSe Destinations during a single SC period. We believe this to be the natural extension of the working assumption and necessary to address the problem which was how the ProSe UE-to-Network Relay can support a large number of Remote UEs, if it is only allowed to transmit to one of them each SC period. In this case we think it is likely that the same resource pool would be used.

2.1 Goal
During a SC period there is a transmission of SCI followed by transmission of one or several MAC PDUs containing the actual user data. As the SCI contains part of the Destination ID, all the MAC PDUs transmitted must be for the same destination. This is the behaviour in Release 12 and we have no intentions to change it, as it probably would imply RAN1 involvement to study the SCI.
Therefore, in order to transmit to two destinations, the UE must transmit two SCI followed by transmissions of MAC PDUs. To maintain the property of Rel-12 all the MAC PDUs belonging to SCI1 is for the same destination, and all the MAC PDUs belonging to SCI2 is for the same (but possibly different than SCI1) destination. This is shown in Figure 1 which shows the transmission of SCI1 and SCI2 and their respective PDUs. Note that according to Rel-12 SCI is transmitted twice on PSCCH and a PDU is transmitted four times on the PSSCH (1 transmission and 3 HARQ retransmissions), which is also what is depicted in the figure. It can be noted that PDU1 and PDU2 are transmitted in the same submframe in one occasion. In this case they are contiguous, thereby not breaking the SC-FDM property.
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Figure 1 – Transmission of SCI and PDUs to multiple destinations.
This means that from the perspective of RAN2 we can basically maintain the transmission procedure in MAC, once the UE has established how many transmissions it will make (i.e. destinations to serve) during an SC period. Establishing the number of destinations to serve in one SC period would be different depending on which resource allocation mode is used and this is discussed further in the next two sections.
2.2 Impact on Mode 1, eNB-scheduled mode

In Rel-12, the UE receives a SL grant from the eNB and transmits accordingly. The UE is free to select which destination to transmit to, but must use the T-RPT pattern and other parameters supplied by the eNB. An important property is that the UE can only store one SL grant. If a new grant is received for the same SC period, the old one is overwritten. This allows the eNB to change the resource allocation, but also to transmit the same grant multiple times to overcome the probability of the grant being lost.
The basic problem concerning mode 1 operation and multiple destinations is how to configure the UE with either a “super grant” which includes more than one destination or multiple grants which are not deleted. We believe it is not possible to configure the UE with a “super grant”. It would need to contain multiple T-RPT patterns, as each grant today only allows for transmission of one SCI and this would need to be studied by RAN1. If the current grant format is kept it is not possible to split the T-RPT (in time and/or frequency) as the UE would still only be allowed to transmit one SCI which contains the destination ID. 

Observation 1 Changing the format of the SL grant to include support for transmissions to multiple destinations does not seem feasible. 

If we investigate the possibility of transmitting multiple grants we note that this can be done without involvement of RAN1 (as we keep the original format of the grant). But the UE behaviour in MAC must be changed in order for the UE to store multiple grants.
It is possible to consider a mechanism where the UE does not delete any of the grants received. The eNB transmits e.g. three grants, the UE receives them and performs the corresponding SL transmissions. However, this means that the eNB cannot change the allocation once transmitted, also, if a grant is lost, there is no possibility to retransmit them, as the eNB is not aware of the grant being lost. For Rel-12 the eNB can blindly retransmit the grant. 
Instead we must introduce a way to identify the grants in order to keep the property of allowing the eNB to overwrite them. We propose that a grant is identified by the subframe number it is transmitted in, similar to how UL grants are associated with a HARQ process. This is shown in Figure 2, where SL grant #3 overwrites the previously transmitted SL grant #1 as they are transmitted in a subframe with the same number.
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Figure 2 – Proposed way of identifying and storing sidelink grants in the UE.
For example, if the eNB wants to retransmit the grant transmitted in subframe 3 it transmits the new grant in subframe 3 in the next radio frame. The same mechanism is used to change a previously transmitted grant. As the SC period is at least 40 ms, there are several opportunities for the eNB to update or retransmit a previously sent grant.
Proposal 1 For eNB scheduled mode, the UE may receive multiple sidelink grants for a SC period. The sidelink grant is identified by the subframe in which the sidelink grant is received. If the UE receives a sidelink grant in a subframe for which it already has a sidelink grant, the old grant is overwritten.

2.3 Impact on Mode 2, UE autonomous mode
In Rel-12 the UE selects a grant from the resource pool. The selection is made in a uniformly random manner to reduce the probability of collision. As the UE decides the amount of resources and which destination to transmit them to in Rel-12 it seems reasonable to maintain this principle also in Rel-13. We think a standardized procedure covering e.g. channel conditions, priority of the data, or current buffer size would be too complex to standardize at this point in time. Hence we think we can leave the number of destinations to serve in a SC period for UE implementation.
Proposal 2 For UE autonomous mode, it is left for UE implementation how many destinations the UE serves in a SC period.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Changing the format of the SL grant to include support for transmissions to multiple destinations does not seem feasible.


Based on the discussion in section 2 we propose the following:
Proposal 1
For eNB scheduled mode, the UE may receive multiple sidelink grants for a SC period. The sidelink grant is identified by the subframe in which the sidelink grant is received. If the UE receives a sidelink grant in a subframe for which it already has a sidelink grant, the old grant is overwritten.
Proposal 2
For UE autonomous mode, it is left for UE implementation how many destinations the UE serves in a SC period.
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