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1. Introduction
At RAN#88 meeting, revised WID [1] on NR sidelink enhancement was endorsed. Based on the WID, RAN1 starts discussion from this meeting. In this contribution, we provide our views on resource allocation enhancement for reliability and latency enhancements.

2. Discussions
2.1. Enhancement on resource allocation mechanism
	2. 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#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 WID, the above objective is identified for this work item. Inter-UE coordination is one of the targeted mechanism. Here, the detailed target would be unclear yet. In study phase of 5G-V2X in Rel-16, four mechanisms of resource allocation were proposed and studied under assumption without gNB scheduling: 2a/2b/2c/2d. 2a is the resource allocation mode 2 specified in the current Rel-16, where resource allocation is performed without any UE coordination (e.g. information sharing/recommendation/scheduling). Meanwhile, 2b and 2d would be a type of inter-UE coordination, respectively. In 2b, UEs share some information each other and the UE uses the information for resource selection. In 2d, some UE becomes a header-UE and schedules other UE’s transmission resources. They could be a possible solution of resource allocation enhancement for better reliability and latency performance. In addition, it seems that any other mechanism is not precluded from this work item. Which potential solution RAN1 will discuss should be clarified.
In our understanding, at least 2b and 2d can provide better performance, which is already presented in TR38.885. 2b would be easier than 2d to be specified; hence at least 2b (i.e., information sharing for resource selection) should be a target of this work item. If time is allowed, 2d could be an additional target since 2d can be expected to provide better performance than 2b while the workload would be larger.
Proposal 1:
· Discuss which resource allocation mechanism is specified in Rel-17 for reliability and latency enhancements.
· 2b identified/studied in Rel-16 is a possible mechanism.
· 2d identified/studied in Rel-16 is an additionally possible mechanism, if time is allowed.

2.1.1. Information sharing for resource allocation behavior
In resource allocation mode 2 specified in Rel-16, UE monitors other UEs’ transmissions, identifies resource candidates based on the sensing information, and selects resource(s) from the candidate set. The UE might miss some other UEs’ transmissions, and/or some resources in the candidate set might not be good for the RX-UE due to difference of UE location (see Figure 1). They could degrade reliability performance. To improve reliability performance in consideration of such cases, information sharing among UEs seems a good approach.
[image: ]
Fig. 1: Resource collision due to difference of UE location.
For example, sensing result/interference is a possible information to be shared among UEs. RX-UE shares his sensing result to TX-UE before actual transport block transmission. The TX-UE can know which resource is available around the RX-UE and selects resource(s) based on the information. This information can be interpreted as a type of recommendation from RX-UE to TX-UE.
Proposal 2:
· Additional information for resource allocation is shared among UEs.
· Discuss which type of information is shared: e.g. sensing result.
· Discuss how to use the shared information.

Information related to HARQ feedback
One of the important features of NR-SL is HARQ feedback on SL. We believe that HARQ feedback-related information is another possible information to be shared. In NR Rel-16, RX-UE receives a TB on SL from TX-UE, and then the RX-UE can transmit corresponding HARQ-ACK information to the TX-UE on a PSFCH resource. Each PSCCH/PSSCH resource is associated with a PSFCH occasion. In a PSFCH occasion, there are multiple PSFCH resources, i.e. a PSFCH occasion is associated with multiple PSCCH/PSSCH resources. Thereby, it can be understood that which PSCCH/PSSCH resource is selected is a factor of whether PSFCH transmission overlap occurs. Figure 2a shows the example of this relation between resource selection and PSFCH transmission overlap. TX-UE#2 reserves two resources and would transmit a TB on the resources to RX-UE. Corresponding PSFCHs are transmitted from the RX-UE. TX-UE#1 selects one resource for transmission to the RX-UE but TX-UE#1 does not consider the PSFCH transmission in the resource selection behavior; as a result, PSFCH transmissions are overlapped as illustrated in figure 2a.
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	2-a: without any consideration of PSFCH overlap.	2-b: with consideration of PSFCH overlap.
Fig. 2: Resource allocation and PSFCH transmission occasion.
When PSFCH transmissions are overlapped at a UE, each transmit power is reduced or some PSFCH transmission is dropped. The power reduction or the drop leads to performance degradation. In that sense, resource allocation considering PSFCH transmission overlap would be a desirable approach. In other words, resource should be selected so that the corresponding PSFCH TX is not overlapped with other PSFCH TX at the RX-UE. Note that, the same thing can be explained for PSFCH TX/RX overlap at a RX-UE. 
One approach is that potential PSFCH occasion to be transmitted/received is informed to other UEs. In the example above, RX-UE share the information to TX-UE#1. TX-UE does resource allocation behavior in consideration of the shared information, i.e. PSFCH occasion in which RX-UE would transmit/receive PSFCH. This is illustrated in figure 2b, where TX-UE#1 excludes resources corresponding to the shared PSFCH occasion, as an example.
Observation 1:
· Resource allocation without consideration of PSFCH occasion which RX-UE would transmit/receive leads to PSFCH TX/TX or PSFCH TX/RX overlap.
Proposal 3:
· Information on PSFCH occasion in which RX-UE would transmit/receive PSFCH is shared to other UEs.
· Discuss how to use the shared information.


2.2. Enhancement related to resource allocation
In NR-SL, there are many UE behaviors related to resource allocation. The following aspects related to resource allocation should be discussed in this WI as well.
Mixed mechanism of blind reTX and HARQ-based reTX
At NR-SL Rel-16, RAN1 discussed mixed mechanism of blind retransmission and HARQ-based retransmission but it was not supported. That is, if HARQ feedback is required for transmission of a TB, HARQ feedback shall be requested on every transmission of the TB. It would lead to many HARQ feedbacks, and thus many PSFCH transmission/reception overlap. For better reliability performance, it should be avoided.
Therefore, we believe that this work item should discuss again and support the mixed mechanism of blind retransmission and HARQ-based retransmission. For example, communication to around coverage limited requires combining multiple transmissions typically. In this case, HARQ feedback for the initial transmission would be unnecessary since NACK is assumed. For a TB, initially blind retransmission is applied and then HARQ-based retransmission is processed, which makes the issue of many PSFCH transmission/reception overlap mitigated.

Avoid repeated pre-emptions
In NR-SL Rel-16, pre-emption is supported in resource allocation mode 2 so that transmission with higher priority is prioritized than that with lower priority. One concern on this mechanism is that transmissions of a TB are pre-empted many times. Even if the transmission is associated with lower priority, many times of pre-emptions result in over PDB, which is undesirable from latency perspective. This situation could occur even in case that available resources are sufficiently identified due to random resource selection at UE which would transmit a TB with higher priority. Mechanism to avoid this situation should be discussed in this work item.

Select earlier resource from selection window
NR-SL Rel-16 supports only random resource selection within a identified set of resource candidates. When the selection window is wide, the selected resource might be the last slot within the selection window. Latency performance is not good on the mechanism. Alternatively, if selection window is narrower, the identified resource set could include resources suffered from higher interference. Reliability is sacrificed in this case. For better reliability and latency, selection of earlier resource was discussed but not agreed in Rel-16. We believe that this work item should discuss again and support the mechanism.
Observation 2:
· In NR Rel-16, there are features related to resource allocation which should be enhanced for better reliability and latency.
Proposal 4:
· For reliability and latency enhancements, discuss the following which are related to resource allocation.
· Mixed mechanism of blind reTX and HARQ-based reTX
· Avoidance of repeated pre-emptions
· Selection of earlier resource from selection window


3. Conclusion
In this contribution, we discussed resource allocation enhancement for reliability and latency enhancements. Observations/Proposals are summarized as following: 
Proposal 1:
· Discuss which resource allocation mechanism is specified in Rel-17 for reliability and latency enhancements.
· 2b identified/studied in Rel-16 is a possible mechanism.
· 2d identified/studied in Rel-16 is an additionally possible mechanism, if time is allowed.
Proposal 2:
· Additional information for resource allocation is shared among UEs.
· Discuss which type of information is shared: e.g. sensing result.
· Discuss how to use the shared information.
Observation 1:
· Resource allocation without consideration of PSFCH occasion which RX-UE would transmit/receive leads to PSFCH TX/TX or PSFCH TX/RX overlap.
Proposal 3:
· Information on PSFCH occasion in which RX-UE would transmit/receive PSFCH is shared to other UEs.
· Discuss how to use the shared information.
Observation 2:
· In NR Rel-16, there are features related to resource allocation which should be enhanced for better reliability and latency.
Proposal 4:
· For reliability and latency enhancements, discuss the following which are related to resource allocation.
· Mixed mechanism of blind reTX and HARQ-based reTX
· Avoidance of repeated pre-emptions
· Selection of earlier resource from selection window
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