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1. Introduction
RAN aspects for sidelink resource selection for V2V operation were discussed in RAN1#84 and the following agreements were reached with regard to sidelink semi-persistent scheduling[1]: 
Agreements:
· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources

Agreements:
· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH

· FFS the details of signaling
· Resource allocation/release process FFS, may be different than existing LTE SPS scheme
In this contribution, we discuss on eNB scheduling enhancement for sidelink resource allocation, focusing on the sidelink semi-persistent scheduling (SSPS) enhancement.
2. Discussions
2.1. Sidelink semi-persistent scheduling enhancements
Application of UL SPS enhancements

In the companion contribution [4], uplink SPS enhancement features for V2X are introduced to cope with the various transmission environments more flexibly. 
According to the message generation period (or V2X message transmission period), the periodicity of SPS opportunity is dynamically adjusted based on the message generation timing. In order to align the SPS transmission timing with the message generation timing, time location of the UL SPS opportunity is dynamically adjusted based on the message generation timing. Then, the UE can also reduce the latency and avoid message drop. 

As the message size changes in each period as analyzed in [4], some handling is necessary because the resource size of SSPS is expected to be fixed. If the transmitter UE can determine the TB size, the arrived messages can be transmitted with the fixed SSPS resource similarly to the proposal in [4]. Then, the remaining issue is how to handle the increased BLER of a larger message. In case of UL SPS, eNB can allocate additional resource using the conventional HARQ operation, but such a procedure will not be feasible for SL unless dynamic SL resource allocation is introduced on top of SSPS. One simple solution could be allowing UE autonomous resource allocation even when a UE is operating SSPS; when a UE recognizes that high BLER is expected for the SL transmission using SSPS, it can select additional resource by reusing the UE autonomous selection to transmit additional RV.
Multiple SPS configurations can be predefined (e.g., SPS periodicities) for a single UE, but multiple SPS configurations may not be always activated in parallel for a single UE [4]. These enhancements can be also applied to the sidelink (i.e., SSPS) SPS enhancement. For example, the UE can report the SPS transmission timing (or SPS offset) to the eNB, or the UE can indicate the selected configuration among the pre-defined SSPS configurations

Proposal: For SL SPS for V2X, UE requests activation/reactivation of SL SPS with information on message arrival time to help eNB adjust SPS opportunity/periodicity.
Proposal: A UE configured with SL SPS is allowed to use UE autonomous resource selection additionally in order to adapt to the message size.

Proposal: It is supported to operate multiple SPS configurations in a single UE.

Time varying SPS offset
In the sidelink operation, typical V2V messages including SSPS messages are communicated between the UEs directly. When 2 UEs are transmitting messages in the same resource or (at least) same timing, each UE cannot hear the messages transmitted from other UE. Especially, this situation will be maintained continuously if the resource which is once configured to the UE is persistently allocated in a SSPS manner, until the release of the SSPS resource. Thus, additional SSPS enhancements would be required to resolve the half duplex issues.
One straightforward method is to configure to change the SPS resources in a certain pattern at a regular interval. Simply, the SPS offset can be shifted at a pre-defined period (e.g. per 10 SPS transmission opportunities) since activation timing. The pattern (e.g., UE-specific resource hopping pattern) information can be shared between eNB and UE, and it is proper for eNB to aware the changed resource allocation information implicitly without reporting from UE.
The UE can also change the SPS resource (e.g., SPS offset hopping) based on its geo information. The UE continue to move while transmitting the SPS messages. Then another UE far away from each other using the same resource may approach in close proximity after a while. If the SPS resource is changed based on the geo information of UE (with UE specific pattern) it can be avoided to use the same SPS resource simultaneously between the proximity UEs. The geo information can be reported in the higher layer instead of reporting via a specific physical channel.
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Figure 1. An example of time varying SSPS offset
Proposal: SSPS enhancements would be required to resolve the half duplex issues.
SPS transmission usinig GNSS timing
In case of moving between eNBs (e.g., handover), UE may continue to transmit SSPS messages after acquiring the information of timing and resource pool of the target cell. However, during the handover process, the UE may undergo SSPS message drop [5] when the handover execution (i.e. UE receives handover command and eNB completes the handover)) timing and SPS transmission timing collides. One of the solutions to avoid this situation is to use GNSS timing to transmit the SSPS transmission.
When UEs use GNSS timing in network coverage, there can be timing misalignment between eNB subframe boundary and sidelink subframe boundary. In a typical cellular operation, if eNB triggers the operation of UE in subframe n, UE performs it in subframe n+4. However, when a UE uses GNSS timing in network coverage, there is a timing ambiguity to apply eNB indication because eNB subframe boundary can be different from sidelink subframe boundary based on GNSS timing. To solve this issue, eNB can signal application timing information of the operation based on UTC timing. For example, eNB signals SSPS activation DCI in subframe n, actual activation timing information (or compressed version if necessary) based on UTC timing can be included in the DCI. If eNB does not know exact UTC timing, UE can report the information of overlapped subframe(s) between sidelink transmission and Uu transmission and some prioritization rule between sidelink transmission and Uu transmission can be defined. 
Proposal: GNSS timing can be used to transmit the SSPS transmission during the handover.

Proposal: GNSS timing can be conveyed in the eNB signalling.
3. Conclusion

This contribution discussed the issues of eNB scheduling enhancement for sidelink SPS operation. Our proposals and can be summarized as follows:
Proposal 1: For SL SPS for V2X, UE requests activation/reactivation of SL SPS with information on message arrival time to help eNB adjust SPS opportunity/periodicity.
Proposal 2: A UE configured with SL SPS is allowed to use UE autonomous resource selection additionally in order to adapt to the message size.

Proposal 3: It is supported to operate multiple SPS configurations in a single UE.

Proposal 4: SSPS enhancements would be required to resolve the half duplex issues.
Proposal 5: GNSS timing can be used to transmit the SSPS transmission during the handover.

Proposal 6: GNSS timing can be conveyed in the eNB signalling.
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