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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 previous discussions in RAN2 the following agreements with respect to groupcast support:
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.

6: For NR SL groupcast/broadcast, RLC TX side establishment/release is triggered by upper layer request.

7: For groupcast/broadcast NR SL RLC UM, 6-bit RLC SN length is supported.

8: For NR Sidelink groupcast and broadcast, the establishment and release of transmitting PDCP entity can be requested by upper layer. The establishment of the receiving PDCP entity for NR Sidelink groupcast upon reception of first UMD PDU from a Source Layer 2 ID and Destination Layer 2 ID pair for an LCID, and there is not yet a corresponding receiving PDCP entity and release up to UE implementation

9: For dedicated SLRB configuration, destination identity is one of the SLRB parameters for configuration. It is applicable to SL broadcast, groupcast and unicast. FFS on its Tx/Rx attribute.

10: Cast type is considered as one of the SLRB parameters for common configuration via SIB/pre-configuration. It is applicable to SL broadcast, groupcast and unicast.

11: The mapped QoS flow(s) to SLRB is considered as one of the SLRB parameters for configuration. It is applicable to SL broadcast, groupcast and unicast. For unicast it is applicable to both Tx and Rx, for groupcast and broadcast, it is applicable to only TX.

12: Transmission range to SLRB mapping is considered as one of the SLRB parameters for configuration.

At RAN2#108, the following agreements were reached for PC5-RRC:
Agreements on PC5-RRC: 
1: 
Do not specify PC5-RRC signalling for groupcast in Rel-16.
	Also at RAN2#108, RAN2 received an LS from RAN1 with the following agreements: For sidelink RLM/RLF at Tx UE, the usage of HARQ feedback status is feasible from RAN1 perspective when sidelink HARQ is enabled

There is no IS/OOS indication to upper layer from physical layer for sidelink RLM at Tx UE
· It is RAN1 understanding that HARQ feedback status (i.e., ACK, NACK) is available in upper layer without additional RLM indication from physical layer

· DTX is reported to upper layer for sidelink RLM if RAN2 agree to use it

· This doesn’t require RAN1 specification impact


Based on the above agreements, it is clear that unicast for PC5 will support RRC-like mechanism while V2X group management is carried out by the V2X application layer [3] and 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 which also reflects on better control of QoS.  With Unicast, both RLC UM and RLC AM can be supported while only RLC UM is supported for groupcast. 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 additional 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.
Furthermore, RAN1 sent an LS to RAN2 [4] to inform RAN2 of the following agreements specific to sidelink HARQ feedback:
RAN1 agreed to support the following two options for the sidelink HARQ feedback from the receiver UEs to the transmitter UE when HARQ feedback is enabled for groupcast: 

· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver
Based on the LS from RAN1 regarding HARQ feedback for Groupcast, the choice of using Option 1 (NACK-only) or Option 2 (ACK and NACK) for may be decided by the NW; however, the choice for Option 1 or Option 2 would have an impact on the reliability of the V2X services provided. Therefore, the UE should also provide this information to the upper layer so that the upper layer can better decide whether multiple unicast or groupcast should be initiated. 
Proposal 2: 
UEs AS layer should inform the upper layer the type of HARQ feedback available for 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. 
According to [3], “When groupcast mode of V2X communication over NR based PC5 is used, a Range parameter is associated with the QoS parameters for the V2X communication. The Range may be provided by V2X application layer or use a default value mapped from the service type based on configuration as defined in clause 5.1.2.1. The Range indicates the minimum distance that the QoS parameters need to be fulfilled. The Range parameter is passed to AS layer together with the QoS parameters for dynamic control.” 
However [3] does not define how to transition from Groupcast to unicast, which would be needed for the group leader to decide when to terminate groupcast and initiate unicast.  Certainly one possibility would be for the groupcast 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/RLF 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 a PC5-RRC connection establishment towards each of the receiving UEs 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. 
Another factor that should be considered is what happens when one or more groupcast members handover to a target cell.  In some cases if the configured grants are allocated at the target cell there needs to be sufficient coordination with the resources already allocated at the source cell for those groupcast members that remain with the source cell. And one should keep in mind that the resources configured should take into account of the half-duplex principle, whereby UEs are not receiving while transmitting over SL. In order to support service continuity, the target cell will also need to decide whether the groupcast should continue to be supported or whether multiple unicast connections should be supported. 
Observation 4: 
The target cell will need to decide whether the groupcast should be kept or if multiple unicast connections should be established among the groupcast members. 
In order for the target cell to make the proper decision, it should have knowledge of the number of group members in the groupcast, the QoS requirements for the ongoing groupcast. This includes the SLRB configuration that also includes the cast type information.  Additionally, the target cell may also need to know which group members will be directly controlled by the target cell as not all group members will handover to the target cell at the same time.  
Proposal 4: 
For an existing groupcast service, the source cell should inform the target cell of the QoS requirement of the groupcast along with the groupcast members.

As mentioned in Observation 2 and Proposal 1 above, in some cases multiple unicast connections are used instead of a single groupcast. In this scenario, the association of the multiple unicast connections with one groupcast may only be kept within the V2X layer; therefore, it may be necessary for the group leader to inform the target cell of this association.  However, it may be difficult for the group leader to do so if it’s still served by the source cell, i.e., only some of the other group members are transitioning to the target cell. In this case, one straightforward solution is to keep the existing connections and/or to use exceptional resources if needed until all members have transitioned to the target cell at which time the target cell can be informed by the group leader of the completion of the handover for all its members and either groupcast or multiple unicast connection can continue at the target cell.  
Proposal 5: 
The group leader should inform the target cell when all its members have transitioned to the target cell.
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: 
UEs AS layer should inform the upper layer the type of HARQ feedback available for 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. 

Observation 4: 
The target cell will need to decide whether the groupcast should be kept or if multiple unicast connections should be established among the groupcast members. 
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. 
Proposal 4: 
For an existing groupcast service, the source cell should inform the target cell of the QoS requirement of the groupcast along with the groupcast members.

Proposal 5: 
The group leader should inform the target cell when all its members have transitioned to the target cell.
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