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1. Introduction

In Rel-12 D2D, UE reporting for the sidelink resource allocation is designed to request sidelink configuration and report UE buffer condition for dynamic scheduling. DCI based dynamic resource allocation is supported in order to achieve efficient resource allocation considering WAN traffic. In this contribution, we discuss the necessary signaling and reporting between eNB and UE for PC5-based V2V operation. Further necessity of UE local information for scheduling and necessary traffic adaptation considering V2X traffic characteristics are listed and proposed.
2. Semi-persistent scheduling

In Rel-12 D2D, eNB resource allocation for D2D communication and D2D discovery is followed by transmission of SidelinkUEInformation by RRC signaling from UE. Necessary resource size for scheduling of D2D communication is reported by separate signaling of sidelink BSR in MAC layer. It is due to that DCI based dynamic resource allocation is assumed for D2D communication. On the other hand, requested resource size is reported using the SidelinkUEInformation for D2D discovery because RRC based semi-static resource allocation is assumed for D2D discovery. For V2X operation, both periodic traffic and aperiodic (event-triggered) traffic is assumed. Thus both SPS and non-SPS resource allocation needs to be supported for eNB resource allocation. 
Proposal 1: eNB resource allocation for V2X operation supports both SPS and non-SPS resource allocation. 

In order to configure appropriate SPS configuration or to decide between SPS and non SPS scheduling, some UE reporting is necessary. Rel-12 D2D communicaiton only supports sidelink BSR to let eNB know the remaining buffer size for transmission in sidelink. The sidelink BSR does not provide any information on the future traffic which is necessary for SPS configuration. For example, if UE reports expected bit rate and its latency requirement to the network, scheduling policy will be efficiently decided by eNB. Similar mechanism is already supported for VoIP although it is indirect reporting using QCI. Such eNB awareness of traffic characteristics or QoS is beneficial if several types of services are provided in the same carrier. Detailed solution can be discussed in RAN2 and SA2.
Observation 1: eNB awareness of traffic characteristics or required QoS is beneficial for efficient semi-persistent scheduling for PC5-based V2X.

Proposal 2: Send a LS to RAN2 and SA2 to ask whether eNB can be aware of PC5-based V2V traffic characteristics or required QoS.

Necessary traffic adaptation

Although periodic traffic model has been captured in [1], V2X traffic (CAM and BSM) has some variation in its transmission rate and message size [2]. Some traffic adaptation mechanism for SPS resource allocation would be necessary due to the traffic characteristics. For transmission rate change, it is assumed that typical transmission rate change is transmission rate reduction, e.g., 100 ms to 500 ms periodicity. Then it is not necessary for the UE to report unnecessary resource in the SPS configuration as long as no data transmission on the SPS configured resources is allowed UE behaviour. If UE reporting on the transmission rate change is supported, it is not clear how and when UE become confident that UE do not have any buffer on the SPS configured subframe in the advance of the subframe. Similar issue can be found for message size change. It is considered that the message size change is triggered by additional security overhead. So typical scenario is increased message size. For this purpose, several options are considered.
· Option 1: Higher MCS is selected to fit the SPS configured resource size

· Option 2: Fallback to UE autonomous resource allocation if larger resource is necessary

· Option 3: Sidelink BSR
· Option 4: PUCCH reporting including increased message size information for dynamic grant

· Option 5: Multiple sets of SPS configurations. UE selects which set to be transmitted every transmission. Could be combined with PUCCH reporting regarding unused resource.

For option 1, selected higher MCS can provide feasible performance [3] if message size change is within the range of traffic model captured in [1] where message size can be increased from 190 byte to 300 byte. Therefore option 1 needs to be considered as a baseline solution. For option 2, the intended operation is similar to resource pool for exceptional case in Rel-12 D2D. In order to avoid additional latency for the fallback transmission using UE autonomous resource pool, background sensing or random resource selection will be necessary as discussed in our companion paper [3]. Option 3 is already supported in Rel-12 D2D and sidelink BSR occasion is not always available since it is transmission MAC control element carried by PUSCH. Therefore, option 3 should be optional solution. Option 4 is most efficient solution in terms of sidelink resource efficiency while additional PUCCH overhead for UE reporting and PDCCH overhead for sidelink grant is required. Considering additional signalling overhead, option 4 is only beneficial if significant performance gain compared to option 1 and option 2 is expected. Option 5 will be de-prioritized considering additional overhead on sidelink. If option 5 is considered, option 4 needs to be considered in order to dynamically release unused resource on sidelink.
Therefore, we propose:
Proposal 3: For transmission rate adaptation on eNB configured SPS resource, UE is allowed not to transmit on the scheduled data resource.
Proposal 4: For message size adaptation on eNB configured SPS resource, higher MCS selection or fallback to UE autonomous resource allocation is considered. PUCCH reporting is considered if significant gain is expected.
Necessity of radio channel information for scheduling

Resource allocation optimization based on UE local information is beneficial to avoid packet collision and mitigation for interference including in-band emission in PC5-based V2V. In RAN1#84, it is agreed that mechanisms to report UE geographical information to the eNB are supported in V2X. With information of UE location, eNB can enhance its scheduling to avoid resource collision among neighbor UEs. However, inter-UE distance is not directly associated with inter-UE propagation loss due to multi-path channel. On the other hand, UE can utilize its radio channel condition into its UE autonomous resource allocation by sensing mechanism with SPS. In [4], it has been shown that UE autonomous resource allocation with sensing and SPS outperforms eNB resource allocation with UE location information. It is notable that eNB scheduling can achieve the same or better result if UE reports the occupied and/or preferred resource information to eNB to assist the scheduling. With geo-location and resource occupancy information, eNB would be aware of hidden terminal for the source UE. As the UE reporting will require significant signaling overhead and reporting per several seconds seems to be acceptable from performance perspective, higher layer signaling would be considered for the purpose. If signaling overhead/latency in uplink is a concern, opposite direction is also considered as an alternative option. eNB configures several resource sets in the SPS configuration and UE semi-statically selects one of the candidate resource sets based on sensing results. Although eNB cannot aware which resource is selected by UE, similar performance is expected if eNB can adjust resource candidate sets based on UE location information. Therefore, we propose:

Proposal 5: For efficient eNB resource allocation, one of the following options is supported.

· Option 1: UE can report sensing results, e.g., resource occupancy and/or preferred resource information, to eNB to assist eNB scheduling.

· Option 2: By SPS configuration, eNB can configure multiple candidates of resource for transmission and UE autonomously selects one of the candidates based on sensing result.

Necessity of dynamic activation/release for SPS

In the uplink SPS, dynamic activation and release is utilized to realize flexible resource allocation for SPS. Similar mechanism can be considered for PC5-based V2X operation using the sidelink grant if dynamic resource allocation is supported. However, motivation and use case of the dynamic signalling for eNB semi-persistent scheduling needs to be clarified. Several use cases are considered as follows:

1. Protection of uplink resource from sidelink transmission

2. Avoidance of simultaneous transmission in sidelink and uplink

3. Collision avoidance with other sidelink transmissions which is dynamically scheduled

Uplink transmission is prioritized and uplink resource is protected from sidelink in Rel-12. Thus use case 1 may not be a motivation for dynamic signalling. For the second use case, potential drawback due to simultaneous transmission will be additional latency due to dropped PC5-based V2X transmissions. If UE is allowed to fallback to UE autonomous resource allocation with low-latency, such drawback does not occur. The last use case is possible for efficient scheduling. For this purpose, temporal release of SPS configured resource within a SA period would be sufficient. Further detail needs to be discussed after detailed eNB scheduling of SPS and non-SPS is identified. 

3. Dynamic resource allocation

For LTE V2X, SPS resource allocation is being discussed for enhancement. However, dynamic resource allocation is still necessary functionality to support event-triggered traffic. Although such low latency communication would be covered by UE autonomous resource allocation, support of equivalent transmission by eNB scheduling is necessary in order to trade-off performance between SL and UL. Another reason is support of non-sensing resource allocation potentially considered for high priority UE. Therefore, DCI based resource allocation similar to Rel-12 D2D needs to be supported. Same DCI size (same as DCI format 0) would be assumed in order to avoid increased UE complexity for blind detection. Further detailed contents of the dynamic scheduling will be discussed after necessary SA contents are identified.

Observation 2: Similar to Rel-12 D2D, DCI size for dynamic resource allocation can be same as DCI format 0. Detail is FFS until necessary contents is identified.
4. Conclusion

In this contribution we showed our views on necessary UE reporting and eNB control signaling for efficient resource allocation on sidelink, and achieved following observations.
· Observation 1: eNB awareness of traffic characteristics or required QoS is beneficial for efficient semi-persistent scheduling for PC5-based V2X.
· Observation 2: Similar to Rel-12 D2D, DCI size for dynamic resource allocation can be same as DCI format 0. Detail is FFS until necessary contents is identified.
· Proposal 1: eNB resource allocation for V2X operation supports both SPS and non-SPS resource allocation.
· Proposal 2: Send a LS to RAN2 and SA2 to ask whether eNB can be aware of PC5-based V2V traffic characteristics or required QoS.
· Proposal 3: For transmission rate adaptation on eNB configured SPS resource, UE is allowed not to transmit on the scheduled data resource.
· Proposal 4: For message size adaptation on eNB configured SPS resource, higher MCS selection or fallback to UE autonomous resource allocation is considered. PUCCH reporting is considered if significant gain is expected.
· Proposal 5: For efficient eNB resource allocation, one of the following options is supported.
· Option 1: UE can report sensing results, e.g., resource occupancy and/or preferred resource information, to eNB to assist eNB scheduling.

· Option 2: By SPS configuration, eNB can configure multiple candidates of resource for transmission and UE autonomously selects one of the candidates based on sensing result.
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