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1 Introduction

One of the objectives of the NR V2X work item [1] is to address technical solutions for NR sidelink design to meet the advanced V2X services including the following:

1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
…

· Sidelink L2/L3 protocols and signalling

· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]

· AS level link management for unicast [RAN2, RAN1]

· Define the criteria of PC5 availability/unavailability for unicast based on this functionality.
In this contribution, we will discuss the issue related to the transition between groupcast and unicast.
2 Discussion
Based on the discussions in RAN2#105, RAN2 reached the following agreements with respect to AS level link management for unicast:

Agreements on AS Level Link Management for unicast:
1: SL RLM / RLF declaration based AS level link management is supported.

2: The definition and motivation of SL RRM based AS level link management need further discussion.

3: We will ask to RAN1 for RLM RS design and if ok to follow Uu RLM model for SL RLM. We will indicate from RAN2 point of view, Uu RLM model is preferred as baseline for SL RLM with the description how Uu RLM works.

4: The AS level link status (e.g., failure) should be informed to upper layer. The detailed information exchanged between layers should be decided together with SA2.

5: If SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached.
While the following agreements for groupcast were reached:

Agreements on groupcast:
1: No need of 1:M PC5 RRC connection establishment and RLM/RLF declaration among group members for groupcast. Need of RRC signaling in groupcast manner is to be discussed in WI phase.

2: No any groupcast-specific RLM design which is different from the unicast-specific RLM procedures to be considered, from RAN2 point of view.

3: Any UEs configured to receive a group destination Layer 2 ID shall be allowed to receive the groupcast transmission, in regardless of whether it is within or out of the “minimum communication range”.

4: Handling of “minimum communication range” in AS layer control of QoS for unicast/groupcast (if needed) is to be discussed in WI phase.

5: RLC UM mode is used for groupcast. RLC AM mode for groupcast is not supported.
Based on the two sets of agreements, it is clear that unicast for PC5 will support RRC-like mechanism while groupcast will mainly rely on upper layer for link management since PC5 RRC connection establishment and RLM/RLF declaration among group members for groupcast are not supported.  The results of these two sets of agreements implies unicast has a tighter control in the AS layer. Without RLM/RLF declaration, there may be delays in recovering the service. Furthermore, the MCS for unicast may be readily adapted specifically for the receiving UEs.  From this perspective, unicast can be seen as having better reliability and shorter latency over groupcast.  
Observation 1: 
Based on the current agreements for PC5 L2/L3, unicast can achieve better reliability and shorter latency over groupcast.  
Considering Observation 1, it should also be discussed whether it makes sense for small group of UEs to establish multiple unicast connections rather than to utilize groupcast even if additionally resources are needed to support multiple connections.  This is especially important in the case of RLF whereby, quick recovery mechanism may be needed to reduce latency. The decision may be based on the criteria of the service type and it is up to UE implementation.  

Observation 2: 
To achieve a more reliable service with low latency esp. in the case of recovery from RLF, multiple unicast connections may be preferable over a groupcast connection if the number of UEs in the group is small. 
Currently, the decision to initiate a groupcast or unicast can be decided in the upper layer [2]; however since the decision is mainly based on the desired service and the number of destination UEs. The decision to initiate a unicast or groupcast service in the upper layer doesn’t depend on the AS layer configuration.  

Proposal 1: 
RAN2 should decide if the decision for initiating unicast or groupcast service should also depend on the available AS layer link management.
Assuming the information about the AS layer link management is available to the upper layer, we should also consider how the UE may decide in transitioning from a unicast service to groupcast service and vice versa.  A discussion of the bearers needed to support groupcast and/or unicast will also be needed, whether separate bearers are always needed to transition from unicast to groupcast and vice versa. 
Proposal 2: 
RAN2 should consider how the bearer structure works when transitioning between unicast and groupcast. 
Assuming there is an ongoing unicast between two UEs and another UE enters to form a group, multiple unicast connections may be established to communicate with among these UEs even if the transmissions are identical.  In this sense the protocol can work, albeit not efficiently as fewer transmissions (and fewer resources) are needed if a groupcast is set up for these UEs.  Power consumption is usually not issue for VUEs, so the main concern is on resource utilization.  
Going from Groupcast to unicast may be more complicated as the group leader may need to decide when to terminate groupcast and initiate unicast.  Certainly one possibility would be for the groupcast is to continue even if there are only two UEs remaining in the group, but this is sub-optimal since the reliability from AS layer RLM and the feedback mechanism for Unicast will not be available.  So it makes sense to try and establish Unicast connection as early as possible.  Since RAN2 agreed that even UEs outside the minimum communication range can still receive groupcast messages, it may not be easy to determine when unicast may be used instead.
Observation 3: 
The group leader may not know when to switch from groupcast to unicast if it doesn’t know how many UEs can receive its groupcast transmissions. 
Considering Observation 3, RAN2 should consider whether any mechanism is needed to assist a group leader (or transmitting UE) in deciding when to switch between groupcast and unicast. 

Alt 1. The group leader may decide to initiate groupcast or unicast without considering the design of the AS layer link management.

Alt 2. The group leader can determine the number of group users based on HARQ feedback.

Alt 3. The group leader has the option to simultaneously transmit groupcast and unicast towards the same UE(s). 

Alt 4. The group leader indicates to the groupcast receiving UEs is about to be switched from groupcast to unicast.   
With Alt 1, the decision for switching between groupcast and unicast can be largely left to upper layer implementation. It may be assumed that the group leader always knows how many UEs are in the group, regardless of whether all UEs in the group can successfully receive the transmissions.  However, as mentioned above the reliability and latency of the service may be impacted if groupcast is selected over unicast in some scenarios.

With Alt 2, it is assumed the group leader may utilize the HARQ feedback (ACK and NACK) to determine the number of receiving UEs.  However, it is still FFS whether ACK will be supported for groupcast.  Furthermore, depending on RAN1’s decision, UEs not within the minimum communication range may not send HARQ feedback to the group leader.  
With Alt 3, the group leader has the option to initiate unicast connection without terminating the ongoing groupcast.  It is up to the receiving UE to handle duplication of multiple transmissions of the same data. Alt 3 will also require additional resources for multiple transmissions. 
With Alt 4, the group leader provides an indication in the ongoing groupcast that the transmission will be switched to unicast.  It is up to receiving UEs that are invisible (e.g., no HARQ feedback) to the transmitting UE to initiate unicast towards the transmitting UE.  

Proposal 3: 
RAN2 should consider if any of the alternative(s) is needed to assist a group leader in deciding when to switch between groupcast and unicast. 
3 Conclusion

In this contribution, we discussed the mechanisms needed to support transitions between groupcast and unicast and we have the following observations and proposals.
Observation 1: 
Based on the current agreements for PC5 L2/L3, unicast can achieve better reliability and shorter latency over groupcast.  

Observation 2: 
To achieve a more reliable service with low latency esp. in the case of recovery from RLF, multiple unicast connections may be preferable over a groupcast connection if the number of UEs in the group is small. 
Proposal 1: 
RAN2 should decide if the decision for initiating unicast or groupcast service should also depend on the available AS layer link management.
Proposal 2: 
RAN2 should consider how the bearer structure works when transitioning between unicast and groupcast. 
Observation 3: 
The group leader may not know when to switch from groupcast to unicast if it doesn’t know how many UEs are can receive its groupcast transmissions. 
Proposal 3: 
RAN2 should consider if any of the alternative(s) is needed to assist a group leader in deciding when to switch between groupcast and unicast. 
4 References

[1] RP-190766 “New WID on 5G V2X with NR sidelink” LG Electronics RAN#83
[2] TR 23.786 V1.2.0, “Study on architecture enhancements for EPS and 5G System to support advanced V2X services”
1

