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Introduction
In RAN#86 meeting, NR Sidelink enhancement WID was approved in RP-193257 [1], and further updated interim dates in RAN#88-E meeting[2]. The RAN1 related objectives are provided as following:
	1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· 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#90 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 will provide our views on potential enhancements on mode 2 for enhanced reliability and reduced latency.
Mode 2 enhancements for reliability and latency 
In Rel-17 sidelink enhancement, the mode 2 enhancements are motivated for enhanced reliability and reduced latency, especially for some conditions, e.g., when the channel is relatively busy. However, the mode 2 resource selection mechanism in Rel-16 is a typical distributed resource accessing mechanism, if the system load is very high, the whole system performance will be definitely down-graded. In this situation, if the motivation of this WI is to improve the whole system performance, centralized-likely resource selection mechanism should be studied in mode 2. If the motivation of this WI is only to improve the reliability and latency performance for URLLC-type service with the cost of performance loss of other non-URLLC-type service, some left-over issues in Rel-16 NR-V2X are highly related with this WI, e.g. the details of pre-emption operation, resource reservation, skip slot processing, and etc.. 
Observation 1: Centralized-likely resource selection mechanism can be studied in Mode 2 to improve the system performance, especially in high system load. 
Observation 2: The potential enhanced aspects are highly related with the left-over issues in Rel-16 mode 2, including pre-emption, resource reservation and skip-slot processing.

In general, in order to improve the reliability of sidelink, two aspects in mode 2 resource selection should be further studied: one is to mitigate half-duplex issue; the other is to mitigate interference due to resource collision or hidden nodes. 
· Mitigating half-duplex issue
In Rel-16 sidelink design, the half-duplex issue is mitigated only by a probabilistic manner, i.e. the Tx UE selects its transmission resource(s) randomly based on the sensing results in a time duration. Different UE may select different transmission slot. However, when the system load is high, the half-duplex issue will be more serious. Some mechanism shall be introduced to mitigate the half-duplex issue. For example, according to the sensing results, the Rx UE can know some slots have its intended higher priority traffic, the Rx UE can exclude these slots from its candidate resources to mitigate the half duplex-issue. 
· Mitigating interference due to resource collision and hidden nodes
In Rel-16 sidelink design, besides the sensing-based resource selection, the re-evaluation and pre-emption mechanisms are introduced to mitigate the resource collision. However, some details are still pending for on-going discussion. Besides that, some further discussion is necessary on the RSRP threshold adaptation issue, as shown in Figure 1. The maximum slot gap between two resources within a SCI is 32 slots, when T2 > (31-Tproc0), the selection window [T1, T2] can be divided into two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2], where the first sub-window can include both aperiodic and periodic reservation information reflecting the real traffic load, and the second sub-window has only potential periodic reservation information. The transmission resource will be selected in the second sub-window with high probability due to more “fake-available” resource in the candidate resource set.  The system performance will be heavily penalized under heavy or burst traffic.
The interference due to hidden nodes can not be known by sensing of Tx UE, since the hidden nodes could be far-away from the Tx UE. This issue would be discussed in Section 3(Inter-UE coordination).
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Figure 1: Two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2]

Proposal 1: Two aspects in mode 2 resource selection should be further studied in Rel-17 sidelink enhancement: one is to mitigate half-duplex issue; the other is to mitigate interference due to resource collision and hidden nodes.
Proposal 2: RSRP threshold adaption issue due to restrictions of 32 slots should be studied in Rel-17 sidelink enhancement. 

In Rel-16 NR V2X, the mode 2 resource selection mechanism does not differentiate among broadcast, groupcast and unicast communication. However, there are some different characters among these cast types, especially for the connection-oriented groupcast(platooning) and unicast. In platooning-likely groupcast communication, there is a cluster-head from application perspective, and the driving strategy for whole group shall be indicated by cluster-head which requires extreme high reliability and low latency. In unicast communication, only one intended UE is required, and the PC5-RRC connection between unicast pair is maintained. Some further optimization should be introduced for the resource selection of groupcast and unicast communication.
Observation 3: The mode 2 resource selection mechanism in Rel-16 NR-V2X does not differentiate among broadcast, groupcast and unicast communication, even these cast types have different characters. 
Proposal 4: Further optimization should be considered for the resource selection of groupcast and unicast communication.

In Rel-16 NR-V2X, the HARQ retransmission could be either blind retransmission or HARQ-ACK feedback based retransmission. Blind retransmission can archive lower latency with the cost of spectrum efficiency. The HARQ-ACK feedback based retransmission could archive higher reliability with the cost of latency due to HARQ RTT time. Therefore, the blind retransmission scheme and HARQ-ACK feedback based retransmission scheme are complementary to each other. When the services require both stringent latency and extreme reliability, the blind retransmission and HARQ-ACK feedback based retransmission could be combined to support the transmission
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: The mixture of blind retransmission and HARQ-ACK feedback based retransmssiobn should be studied in Rel-17 sidelink enhancement.

Inter-UE coordination
In NR-V2X SI phase, inter-UE coordination (mode 2-b) is identified as a potential enhancement for mode 2 resource selection, and inter-UE coordination can be used to assist mode 2 resource selection of other UEs. Due to the time limitation of Rel-16 NR-V2X work item, inter-UE coordination didn’t specified in Rel-16 NR-V2X. 
Inter-UE coordination can be beneficial of hidden nodes issue, as shown in Figure 2-a). UE1 and UE2 perform resource selection based on its sensing results respectively, and they are not within the sensing range. Due to no coordination, the UE1 and UE2 may select same transmission resource. The co-channel interference will happen at Rx UE side(UE3).
Another aspect is the half duplex issue, as shown in Figure 2-b). UE3 is the target receiving UE of UE 1, and UE3 selects transmission resource overlapped with the transmission resource of UE1, then UE3 can not receive the transmission from UE1. 
In these two issued cases, if inter-UE coordination is introduced between UE 1 and UE3, these issued cases could be mitigated. In unicast communication, the coordinated UE could be the peer of unicast pair which maintains dedicated PC5-RRC connections. However, in broadcast and groupcast, how to selected coordinated UE will be a problem. 



               
a) Hidden-nodes                                                                  b) Half-duplex
Figure 2: Inter-UE coordination
Proposal 6: Inter-UE coordination can be supported at least for unicast communication. FFS for broadcast and groupcast communication. 

Conclusions
In this contribution, the potential enhancements on mode 2 are discussed. Particularly, we have following observations and proposals:
Observation 1: Centralized-likely resource selection mechanism can be studied in Mode 2 to improve the system performance, especially in high system load. 
Observation 2: The potential enhanced aspects are highly related with the left-over issues in Rel-16 mode 2, including pre-emption, resource reservation and skip-slot processing.
Proposal 1: Two aspects in mode 2 resource selection should be further studied in Rel-17 sidelink enhancement: one is to mitigate half-duplex issue; the other is to mitigate interference due to resource collision and hidden nodes.
Proposal 2: RSRP threshold adaption issue due to restrictions of 32 slots should be studied in Rel-17 sidelink enhancement. 
Observation 3: The mode 2 resource selection mechanism in Rel-16 NR-V2X does not differentiate among broadcast, groupcast and unicast communication, even these cast types have different characters. 
Proposal 4: Further optimization should be considered for the resource selection of groupcast and unicast communication.
Proposal 5: The mixture of blind retransmission and HARQ-ACK feedback based retransmssiobn should be studied in Rel-17 sidelink enhancement.
Proposal 6: Inter-UE coordination can be supported at least for unicast communication. FFS for broadcast and groupcast communication. 
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