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Introduction

RAN plenary started discussions in RAN#84 to identify the detailed motivations and work areas for NR sidelink enhancements in Rel-17. Based on [1], one of the identified enhancements is related to enhanced reliability and reduced latency as follows:

	· Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. The system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions. 




At RAN#86, a WI on Rel-17 NR sidelink enhancement was approved, and the WI has the following objective related to enhanced reliability and reduced latency in sidelink [2]:

	· 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 discuss our view on mode 2 enhancements for enhanced reliability and reduced latency.

Discussion

High-level concepts for mode 2 enhancements

In the study phase for NR V2X, RAN1 has discussed two resource allocation modes gNB-controlled (Mode-1) and UE-autonomous resource allocation modes (Mode-2). In the case of Mode-2, additional functionality or potential sub-modes have been proposed including aspects such as whether a UE can autonomously select sidelink resource for transmission, or whether a gNB can control or (pre-)configure subsets of sidelink resources among which a UE can select resources for sidelink transmissions or whether a UE can allocate resources for sidelink transmission of other UEs or assist in resource selection of other UEs. RAN1 then made the following four sub-modes for mode 2.
· Mode 2(a): UE autonomously selects sidelink resource for transmission
· Mode 2(b): UE assists sidelink resource selection for other UE(s)
· Mode 2(c): UE is configured with NR configured grant (type-1 like) for sidelink transmission
· Mode 2(d): UE schedules sidelink transmissions of other UEs
After the discussion, Mode 2(b) was agreed as functionality that can be a part of mode 2(a)(c)(d) operation and has not been treated as a standalone resource allocation mode. RAN1 has discussed mode 2(a)(c)(d) in the SI phase. But Rel-16 V2X has supported mode 2(a).
In the WID for Rel-17 sidelink enhancements, inter-UE coordination has been considered as one of the potential solutions for mode 2 enhancements for enhanced reliability and reduced latency. The description of the inter-UE coordination in the WID (i.e. 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.) could be considered as mode 2(b) and 2(d). Therefore we should reuse the outcome regarding mode 2(b) and 2(d) in Rel-16 SI (e.g. evaluation results) [3] to reduce the study effort in Rel-17. In our view, a difference between mode 2(b) and 2(d) is whether a master UE (i.e. UE-A in the WID) informs the exact resource information or assistance information for sidelink transmission to a remote UE (i.e. UE-B in the WID).

In Rel-16, sidelink functionalities have been specified without a hierarchy between UEs. But Rel-17 sidelink enhancements are expected to be applicable in wider operation scenarios, not only V2X but also for public safety and commercial use-cases. Considering some URLLC-type commercial use-cases, a hierarchy between UEs would be beneficial in terms of reliability and latency.

For example, if a master UE within a certain group manages all sidelink resources for all other remote UEs within the group, no collisions will occur, at least within the group. In addition, if a dedicated resource for the group is allocated by the gNB to the master UE, a high reliability can be realised because there are no collisions between any sidelink transmissions. At the same time, a low latency may be realised if a remote UE is not required to perform sensing for sidelink transmission. This would be beneficial especially in the case of a limited battery UE. 

Observation 1: A hierarchy between UEs would be beneficial in terms of reliability and latency.

Proposal 1: Inter-UE coordination should be supported as mode 2 enhancements in Rel-17.

Proposal 2: The outcome regarding mode 2(b) and 2(d) in Rel-16 study item should be the baseline for inter-UE coordination.


High-level views on inter-UE coordination

In inter-UE coordination, the master UE coordinates sidelink communication resources among UEs within a certain group. Regarding the master UE determination, we think any master UE behaviour should be properly controlled by the network side. Therefore, for the master UE determination, the master UE within a certain group should be configured by gNB.

Proposal 3: a master UE for the inter-UE coordination within a certain group should be configured by the gNB.

Regarding the set of sidelink resources which is managed by the master UE for the remote UEs within a group, we think there are two schemes as follows;
· The set of sidelink resources for the master UE is allocated by the gNB.
· In this scheme, the gNB can allocate a dedicated resource which is interference-free from other groups. Therefore, a sensing procedure before sidelink transmission may not be necessary. This would be beneficial in terms of low latency and power saving as well as high reliability.
· This allocation may be available only when at least the master UE is in-coverage.
· The set of sidelink resources for the master UE is determined by the master UE based on sensing within a resource pool.
· In this scheme, if the master UE performs the sensing to determine the set of sidelink resources, the remote UE sensing procedure requirements could be relaxed. However, a hidden node problem may need to be solved.
· The set of sidelink resources would be available based on a pre-configured resource pool, even when the master UE is out-of-coverage.
Considering the pros/cons of the above schemes, it would be beneficial to support both schemes.

Proposal 4: A set of sidelink resources which are used for a certain group is either configured by gNB or determined based on a sensing procedure within a (pre-)configured resource pool.

For inter-UE coordination based on the master UE sensing within a resource pool, a hidden node issue may occur when the master UE is not able to sense the occupied/reserved resource of another group, because they are out of communication range with each other, as illustrated in figure 1. This may cause Master UE1 to choose the same resource as Master UE2 for the same Rx UE and result in undesired interference. The solution to this issue can be adding other UE(s) in the sensing coverage as assistant UE(s). As we can see, in this scenario the UE that is located in sensing coverage and has established communication link with Master UE1 is Rx UE2, so inter-UE coordination can assist Master UE1 to (re)-select the reserved resource with the help of the assistance information from Rx UE2,  thus avoiding the hidden node issue. 


Figure 1 Hidden node issue in group communication
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Proposal 5: A remote UE can report sensing results for other groups to the master UE as assistance information for a hidden node issue.


Conclusion

Observation 1: A hierarchy between UEs would be beneficial in terms of reliability and latency.

Proposal 1: Inter-UE coordination should be supported as mode 2 enhancements in Rel-17.

Proposal 2: The outcome regarding mode 2(b) and 2(d) in Rel-16 study item should be the baseline for inter-UE coordination.

Proposal 3: a master UE for the inter-UE coordination within a certain group should be configured by the gNB.

Proposal 4: A set of sidelink resources which are used for a certain group is either configured by gNB or determined based on a sensing procedure within a (pre-)configured resource pool.

Proposal 5: A remote UE can report sensing results for other groups to the master UE as assistance information for a hidden node issue.
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