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Introduction
The WID on NR SL enhancement was endorsed in RAN#86 and further updated in RAN#88e with following RAN1 related objectives[1]:
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 paper we discussed the feasibility and benefits of inter-UE coordination for mode 2 enhancement.
Discussion
1.1 Mode 2 procedure
Mode 2 is specified in Rel-16 as a UE autonomous resource selection mode, comparing to mode 1, mode 2 does not rely on gNB or eNB scheduling, and thus it can work in all coverage scenarios. The timeline of sensing and resource (re-)selection procedure of mode 2 is shown in Figure 1.
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Figure 1 Timeline of sensing and resource (re-)selection procedure (37.985)

[bookmark: _Hlk26192698]In mode 2 UE needs to decode SCI transmitted by other UEs within sensing window, based on the decoding UE can measure SL RSRP of the PSCCH conveying the SCI or PSSCH scheduled by the SCI, meanwhile identify the priority of transmissions by the UEs. For a resource (re-)selection triggered in slot n, the sensing window is defined within [], where  is (pre-)configured to 1100ms or 100ms, to accommodate periodic traffic and aperiodic traffic respectively. 
The measured SL-RSRP and corresponding priority are further used to  preclude resources reserved by other UEs within the resource selection window, which is defined within , where  is selected by UE within  , and is selected by UE within    remaining packet budget. As UE may transmit in some slots of sensing window and cannot sense on the slots due to half duplex, to avoid potential collision with other UEs, UE precludes all possible reservations that may be indicated in those slots. The resource preclusion is based on the comparison between the measured SL-RSRP and (pre-)configured threshold. The percentage of remaining resources after preclusion should not be smaller than X, otherwise, the threshold used for comparison is increased by 3dB until more than X resources are left. 

The set of remaining resources are reported to MAC layer for resource selection. UE can select multiple resources for (re-)transmissions of one TB or for another new TB. However, before the UE using the selected resource for transmission, re-evaluation or pre-emption is performed, resource re-selection is triggered if the selected resource is not eligible for transmission any more. 

Observation 1: Mode 2 resource selection is based on sensing to preclude resources reserved by signaling transmitted in advance.

1.2 [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Shortcomings of existing mode 2
Obviously mode 2 highly relies on SCI decoding to identify and preclude reserved resources, if a resource is 1) not reserved by explicit signaling in advance, or 2) reserved by signaling in advance but the reservation signaling is missed by the sensing UE, the sensing UE may keep the resources erroneously, and resource collision may happen if the resource is finally selected by MAC layer. The case 1) above mainly includes initial transmission of aperiodic traffic and the very first transmission of periodic traffic. In NR V2X the volume of aperiodic traffic could be much higher than that in LTE V2X due to the new use cases supported by NR V2X, resource collision between initial transmission of different UEs may degrade the PRR of entire system. Resource collision between the very first transmission of periodic traffic from different UEs may happen less likely, but it may lead to consecutive collision until one of the UEs reselect resources, which can degrade PIR significantly.

Observation 2: Mode 2 cannot avoid the resource collision between initial transmissions of aperiodic traffic and the very first transmission of periodic traffic, which could degrade PRR and PIR of the system.
Due to half duplex restriction UEs transmitting simultaneously cannot receive each other, in current mode 2 there is no specific mechanism to resolve half duplex issue, this may introduce additional PRR/PIR loss.

Observation 3: Half duplex in mode 2 may introduce additional PRR/PIR loss.

1.3 Mode 2 enhancement based on inter-UE coordination
According to the WID inter-UE coordination is to be studied to improve the performance of mode 2, and 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. As discussed in our companion contribution [2] , to support inter-UE coordination, there are 3 issues that RAN1 need to address, i.e. how to determine the set of resources by UE-A, how to indicate the set of resources to UE-B and how to use the resources by UE-B in its mode 2 resource selection. In [2] several possibilities are discussed, in general we believe all these issues are solvable. 

For example, if UE-A and UE-B are in unicast, UE-A can suggest a set of resources to UE-B via PC5 RRC, UE-B is supposed to select the resources only within the set when it performs mode 2 resource selection, meanwhile UE-A only select resource from another TDM resource set, in this way resource collision and half duplex restriction on this unicast pair can be completed avoided. 

Furthermore, in SI phase of NR V2X Mode-2(b) and Mode-2(d) were discussed, in these 2 solutions a center UE within a group can coordinate resources among UEs or schedule the transmissions of other UEs. These 2 solutions can be further considered in this WI.

Observation 4: Inter-UE coordination is feasible and beneficial in terms of resource collision and half duplex avoidance.

Proposal 1: Inter-UE coordination should be introduced to mode 2.

Conclusion
In this contribution, we discussed the feasibility and benefit of introducing inter-UE coordination for mode 2, we have following observations and proposal:
Observation 1: Mode 2 resource selection is based on sensing to preclude resources reserved by signaling transmitted in advance.
Observation 2: Mode 2 cannot avoid the resource collision between initial transmissions of aperiodic traffic and the very first transmission of periodic traffic, which could degrade PRR and PIR of the system.
Observation 3: Half duplex in mode 2 may introduce additional PRR/PIR loss.
Observation 4: Inter-UE coordination is feasible and beneficial in terms of resource collision and half duplex avoidance.

Proposal 1: Inter-UE coordination should be introduced to mode 2.

References
[1] [bookmark: _Ref47344320][bookmark: _Ref47704279]RP-201385, WID revision: NR sidelink enhancement, LG Electronics, RAN#88e;
[2] [bookmark: _Ref47429834]R1-2006011, Inter-UE coordination in mode 2, OPPO, RAN1#102e;



image1.emf
n

m

T 0

selection window

T2, T2

min 

≤ T2 ≤ remaining PDB 

T1 

T

proc,0

reservation(s)

sensing window


