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This is the updated contribution based on R1-2005840.
In RAN#86, a new WI has been approved for supporting NR Sidelink general enhancement in NR Rel. 17 with following objectives on reliability enhancement and latency reduction as captured in RP-201385 which is the revision approved in RAN#88e:
 Resource allocation enhancement:
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#88 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.
In this contribution, we provide our views on the sidelink resource allocation procedure for reliability enhancement and latency improvement for V2X.
_____________________________________________________________________________
Sidelink operation for Reliability improvement 
In NR Rel-16 Sidelink operation for mode 2 autonomous resource selection operation consists of following procedure sensing, candidate resource selection, candidate resource exclusion, resource re-evaluation and pre-emption. NR Sidelink Rel-16 supports different cast type (Broadcast, Groupcast, Unicast) and various reliability improvements techniques such as resource re-evaluation and pre-emption are introduced. Mode 2b i.e., Inter-UE coordination was briefly discussed during the Rel-16 study item phase for improving the packet reception rate with receiver assistance and Rel-17 resource allocation mechanism should further study on the benefit of supporting it.  
Benefit in supporting Inter-UE Coordination 
Sidelink reliability enhancement for mode 2 resource allocation should start with the investigation of various reasons associated for the consecutive packet loss. Below are few reasons for consecutive packet loss to be considered: 
a) Could be due to Half duplex where UE-A and UE-B are transmitting at the same time slot and cannot hear each other transmissions
b) Consecutive NACK(s)/DTX reception from RX UE(s) due to bad channel conditions
c) Congestion in the resource pool 
d) Interference at the receiver side due to hidden node 
Proposal 1: RAN1 study on the list of reasons associated for the consecutive packet loss like Half duplex, Consecutive NACKs/DTX due to bad radio channel, Congestion in the resource pool and Hidden node problem 
· Mitigation of half duplex impact
UE-A can determine the set of resources based on its transmission/reception status; two alternatives may be considered: 
Alt.1: The set of resources contains a set of slots at which UE-A will perform transmission. UE-A may have data to be transmitted to other UEs, and it will determine a set of resources to perform PSCCH/PSSCH transmission, in these slot UE-A cannot receive the transmission from UE-B. If UE-A informs these slots to UE-B, the half-duplex issue can be avoided to improve the reliability of the transmissions from UE-B. After receiving the set of slots from UE-A, UE-B should exclude the resources in these slots from its candidate resources.
Alt.2: The set of resources contains a set of slots at which UE-A will perform reception. UE-A may receive PSCCH/PSSCH transmission from other UEs, the other UEs may reserve resources for subsequent transmission. In the reserved slots UE-A will perform reception. If UE-A informs these slots to UE-B, it also helps to improve the reliability of the UE-B’s transmission. After receiving the set of slots from UE-A, UE-B should take these slots into its resource selection procedure, e.g., higher priority of the candidate resources in these slots.
Proposal 2: UE-A can transmit a set of slots to inform UE-B its transmission/reception status to mitigate the half duplex impact.
· Mitigation of hidden node impact
To mitigate the hidden node impact the set of resources can be determined based on the sensing of UE-A. UE-A performs sensing and determines a set of candidate resources as defined in Rel-16 V2X, then UE-A transmits the candidate resources  to UE-B. UE-B should also perform sensing and determine a set of candidate resources. In the resource selection procedure of UE-B it should consider two resource sets, e.g., random selection from the resources which are the intersection resources in two resource sets.
In Rel-16 V2X the resource exclusion is based on the SCI decoding and L1 SL-RSRP measurement, and the L1 SL-RSRP threshold is (pre-)configured for each combination of pi and pj where pi is the priority indication associated with the resource indicated in SCI and pj is the priority of the transmission in the UE selection resources. UE-A should also determine the set of resources based on its SCI decoding and L1 SL-RSRP measurement. To guarantee the comparison of two resource sets at UE-B side, it is better for UE-B to have the knowledge on the L1 SL-RSRP threshold during the candidate resources determination procedure at UE-A side.
Proposal 3: UE-A can transmit a set of resources based on its sensing to UE-B to mitigate the hidden node impact.
· Inter-UE coordination for Groupcast
The reliability issue due to a potential half duplex/hidden node in a Groupcast/Unicast transmission for NR mode-2 can be successfully mitigated with the help of RX-UE(s)/RSU periodically or a-periodically providing feedback arising due to any potential half duplex problem or hidden node problem. 
RX-UE(s)/RSU could further check the destination group identifier(s) and the corresponding Sidelink resource selected or reserved for SL data transmission by group member UE(s) from their SCI and if their destination group identifier(s) are identical and the corresponding resource selected by the group member TX UE(s) occupies the same time slot, then there is a potential half duplex problem among them and a potential feedback to the corresponding TX UE(s) could be helpful to avoid problems arising due to half duplex.  
Feedback from Rx UE(s) on the scheduled transmission slots considering all destination ids could help Tx UE to avoid scheduling transmission in those slots.  Feedback on the interference condition on subchannels in a resource pool from the receiver side is helpful in selecting and reserving suitable resource in a resource pool at the transmitter side that increases the packet reception ratio. Feedback from receiver can include information about the interference free resource or interfered resource and there is an impact on the resource allocation procedure like candidate resource exclusion and re-evaluation mechanism. 
As an enhancement, even if the PSSCH from TX UE(s) are successfully decoded by the group member UE(s), RX UE(s) could report NACK(s) on the feedback resource to implicitly indicate potential half duplex problem to respective TX UE(s) when the half duplex detection conditions are met and then the TX UE(s) could (re)transmit the corresponding transport block. Otherwise, RX UE can also (re)transmit the data to those TX UE(s) and the selection of RX UE in a group to (re)transmit the data can be based on SUE, relay UE etc..
[bookmark: _Hlk37409253]Proposal 4: Half duplex for groupcast transmission can be detected if more than one TX UE(s) transmit SCI with the same destination group id and in the same time slot 
· For groupcast option-1, a third RX UE(s) feedback NACK 
· Otherwise, a third RX UE (re)transmit the data to TX UE(s)

· Signaling of the set of resources
According to the approved WID the set of resource should be transmitted to UE-B, higher layer signaling (e.g., PC5-RRC) and physical layer signaling can be considered. 
Proposal 5: Study on the aspects of signaling overhead and latency for the transmission of set of resource to UE B either by Higher layer signaling and physical layer signalingfor different cast type .

During the email discussion in RAN1#102e, some draft proposals discussed as below:
	
Proposal 1:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission
· FFS: whether the “resource set” in above candidates can individually refer to the resources in the past, in the future, or in both past and future.       
· FFS details on how UE-A determines “a set of resources” in the above definitions of “a set of resources”.
· FFS details on signaling of “a set of resources”, including container used for carrying it either at the physical or at higher layers and including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS relation between “a set of resources” and resource pool.
· FFS how/when UE-B takes “a set of resources” into account in the resource selection for its own transmission.
· FFS whether/how to support other assistance and/or coordinating information.
· FFS if “inter-UE coordination” is supported in all cast types.
· Note: further discussion is necessary on what definitions of “a set of resources” will be finally specified.
· FFS whether/how to handle an impact, if any, caused by the functionality of power consumption reduction to be introduced.




To consider the definition of “a set of resources”, the resource set is determined by UE-A. The preferred resource may be based on UE-A’s sensing or detecting result, which is not reserved by the other UE. The not preferred resource may be also based on UE-A’s sensing or detecting result, which is reserved by the other UE or with strong interference. When UE-B performs resource selection, the preferred resource can be regarded as candidate resource, and the not preferred resource can be excluded from the candidate resource set at UE-B side. 
But for the resource which is not sensed/detected by UE-A, e.g., UE-A performs sidelink transmission at one slot. It is the uncertain at UE-A side whether the resource and its associated resource (subsequent resource on a certain period) are available or not. 
If not uncertain resource and its associated resource are indicated as the not preferred resource (with a problem) but it is not be reserved by other UE, the available resource for UE-B is decreased. On the other hand, if the uncertain resource is regarded as the available resource, it may cause a resource selection collision, especially for the UE without sensing operation (e.g., a P-UE). The definition of “a set of resources” should consider at least three types: preferred, not preferred (with a problem), and uncertain (e.g., caused by half duplex at UE-A side).
Proposal 6: The definition of “a set of resources” should consider at least three types: preferred, not preferred (with a problem), and uncertain (e.g., caused by half duplex at UE-A side)
The resource set may be defined as preferred of with a problem for intended receiver(s) of UE-B’s transmission. UE-B may have multiple sidelink sessions toward to different intended receivers. The resource set determined/transmitted by UE-A may be only suitable for a certain intended receiver of UE-B’s transmission, so the coordination on the intended receiver between UE-A and UE-B is necessary, e.g., UE-A may indicate one intended receiver to UE-B and UE-B determines and transmits the resource set to UE-B based on the indicated intended receiver.
Proposal 7: Coordination on the intended receiver(s) between UE-A and UE-B should be studied.
The inter-UE coordination procedure may be triggered by UE-B, then UE-A transmits the set of resources to UE-B after receiving the trigger signaling. UE-A may work with sidelink resource allocation Mode 1 or Mode 2. If UE-A works with resource allocation Mode 1 the sidelink resource for transmission of the set of resource is allocated by gNB, and if UE-A works with resource allocation Mode 2 the sidelink resource for transmission of the set of resource is determined by UE-A. For both Modes UE-A should be transmit the set of resources to UE-B in time to guarantee that UE-B can use the set of resources during its resource selection procedure. The timeline for inter-UE coordination based on UE-B’s trigger should be studied, e.g., UE-B indicates a time boundary to receive the set of resources.
Proposal 8: The timeline for inter-UE coordination based on UE-B’s trigger should be studied.
Inter-UE coordination message may be triggered based on the consecutive NACKs or DTX to recover from periodic collision, half duplex, hidden nodes. However, such aperiodic triggering and reporting of inter-UE coordination message is to identify and recover from a problem happened in the past otherwise aperiodic reporting might be implicitly triggered and transmitted immediately after the detection of potential future collision. In addition, to the aperiodic triggering and reporting of inter-UE coordination message periodic reporting should be supported to reduce the probability of collision beforehand and helpful to avoid consecutive NACK/DTX. Such benefit of periodic reporting should be studied considering different cast types, traffic pattern, reliability etc.,   
 Proposal 9: Study on supporting inter-UE coordination through periodic transmission of coordination message considering different cast type and pre-defined condition for aperiodic trigger
_____________________________________________________________________________
Conclusion
In this contribution, we focused on Sidelink reliability enhancement aspects on the resource allocation mechanism for V2X and present our views on the following topics:
Following proposals are made as a result:
Proposal 1: RAN1 study on the list of reasons associated for the consecutive packet loss like Half duplex, Consecutive NACKs/DTX due to bad radio channel, Congestion in the resource pool and Hidden node problem.
Proposal 2: UE-A can transmit a set of slots to inform UE-B its transmission/reception status to mitigate the half duplex impact.
Proposal 3: UE-A can transmit a set of resources based on its sensing to UE-B to mitigate the hidden node impact.
Proposal 4: Half duplex for groupcast transmission can be detected if more than one TX UE(s) transmit SCI with the same destination group id and in the same time slot 
· For groupcast option-1, RX UE(s) feedback NACK 
· Otherwise, RX UE (re)transmit the data to TX UE(s)
Proposal 5: Higher layer signaling and physical layer signaling can be considered to transmit the set of resources to UE-B.
Proposal 6: The definition of “a set of resources” should consider at least three types: preferred, not preferred (with a problem), and uncertain (e.g., caused by half duplex at UE-A side)
Proposal 7: Coordination on the intended receiver(s) between UE-A and UE-B should be studied.
Proposal 8: The timeline for inter-UE coordination based on UE-B’s trigger should be studied.
Proposal 9: Study on supporting inter-UE coordination through periodic transmission of coordination message considering different cast type and pre-defined condition for aperiodic trigger
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