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1. Introduction

In last RAN2 meetings, for R17 NR mobility in Connected mode, which handover variants are supported for NR MBS has not been decided yet: 

	· R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants. 




In this contribution, we aim at further analysis and proposals on handover variants for RRC Connected mode UE including:
· CHO HO for broadcast service and multicast service;

· DAPS HO for broadcast service and multicast service；
2. CHO HO
1.1. Broadcast service
In NR R16, CHO had been introduced for better handover experience, e.g. reducing handover failure probability via configuring one or more candidate target cell(s) before handover execution condition is met. CHO is beneficial and can be optionally configured for an RRC connected mode UE with unicast services. In NR R17 MBS, it needs further analysis whether and how CHO can be used for an RRC connected mode UE receiving broadcast service(s).
For an RRC connected mode UE, it achieves consensus that the UE’s MBS interest information needs to be reported to the serving cell for broadcast service continuity, e.g. select a target cell supporting both unicast and broadcast service as much as possible. Furthermore, UE’s MBS interest information can be transferred from source node to target node for better configuration decision in the target node, e.g. BWP configuration and so on.
In our understanding, CHO can be configured to an RRC connected mode UE receiving broadcast service(s) and potential UE behaviors may be:
· Step 1: After the UE receives the CHO configuration containing the configuration of CHO candidate cell(s) and execution condition(s), the UE starts evaluating the CHO execution conditions for the candidate cell(s);

· Step 2a: When one candidate cell satisfies the corresponding CHO execution condition, the UE executes handover, i.e. detaches from the source cell, applies the stored corresponding configuration for that selected candidate cell, accesses the target cell and obtains MBS SIB/MCCH/MTCH if the target cell supports broadcast service(s) or requests a unicast PDU session for broadcast service reception if the target cell does not support broadcast service;
Furthermore, 
· Step 2b: When more than one candidate cells satisfy the corresponding CHO execution condition, if the UE can be configured/informed which candidate cell support broadcast service, e.g. obtaining from the source cell’s neighbor cell broadcast service availability information or target cell’s configuration, the UE can select the candidate cell which can support unicast and broadcast services simultaneously for better service continuity;
Step 2a is the baseline case and has higher probability. Step 2b can give UE more selection space when more than one candidate cells satisfy the CHO execution condition. And in LTE, there is neighbor cell broadcast service availability information in a MBMS cell:
	–
SCPTM-NeighbourCellList
The IE SCPTM-NeighbourCellList indicates a list of neighbour cells where ongoing MBMS sessions provided via SC-MRB in the current cells are also provided.

sc-mtch-neighbourCell
Indicates neighbour cells which also provide this service on SC-MTCH. The first bit is set to 1 if the service is provided on SC-MTCH in the first cell in scptmNeighbourCellList, otherwise it is set to 0. The second bit is set to 1 if the service is provided on SC-MTCH in the second cell in scptmNeighbourCellList, and so on. If this field is absent, the UE shall assume that this service is not available on SC-MTCH in any neighbour cell.


Besides for introducing the above neighbor cell information in the source cell, some broadcast service information in the target cell, e.g. broadcast availability indicator, TMGI or detailed configuration in target cell, can also be considered further. But we think that neighbor cell availability information in MBS cell should be preferred in this release since this information can also be useful for service continuity of other RRC mode UEs, i.e. Idle/Inactive.
Proposal 1: Legacy CHO can be configured to an RRC Connected mode UE receiving broadcast service(s).

Proposal 2: Neighbor cell broadcast service availability information in the source cell is a preferred solution for target cell selection when more than one candidate cells satisfy the CHO execution condition.

1.2. Multicast service
In R17, multicast service can only be received by RRC connected UE and configuration of multicast services deliver via dedicated RRC signaling, which is more like legacy unicast services. When a CHO is configured to a UE with both multicast service(s) and unicast service(s), potential procedures may be as followings:
· The source gNB decides to use CHO.

· The source gNB requests CHO to one or more candidate gNBs. A CHO request message, including not only unicast configuration but also multicast configuration, is sent for each candidate cell.

· The candidate gNB(s) sends CHO response (HO REQUEST ACKNOWLEDGE) including configuration of CHO candidate cell(s) to the source gNB. The CHO response message is sent for each candidate cell. If candidate cell supports multicast, response message includes both unicast and multicast configuration. Otherwise, response message only includes unicast configuration.
· The source gNB sends an RRCReconfiguration message to the UE, containing the configuration of CHO candidate cell(s) and CHO execution condition(s). And the UE sends an RRCReconfigurationComplete message to the source gNB.

· The UE maintains connection with the source gNB after receiving CHO configuration, and starts evaluating the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the UE detaches from the source gNB, applies the stored corresponding configuration for that selected candidate cell, synchronises to that candidate cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to the target gNB. The UE receives multicast services via MRB configuration if the target cell supports multicast service(s) or requests a unicast PDU session for multicast service reception if the target cell does not support multicast service;

In the above procedure, multicast configuration in HANDOVER REQUEST & HO REQUEST ACKNOWLEDGE will be the new feature compared to legacy CHO procedure. But we think RRC container is a feasible and straight forward solution and no technical obstacle or extra standardization efforts have been found.
Furthermore, when more than one candidate cells satisfy the CHO execution condition, the candidate target cell with multicast configuration will have higher priority to be selected for better service continuity.
Proposal 3: CHO can be configured to an RRC Connected mode UE receiving multicast service(s) via carrying multicast configuration in HANDOVER REQUEST & HO REQUEST ACKNOWLEDGE.

Proposal 4: When more than one candidate cells satisfy the CHO execution condition, the candidate target cell with multicast configuration will have higher priority to be selected.

3. DAPS HO
1.3. Broadcast service
In case of DAPS handover, the UE continues the downlink user data reception from the source gNB until releasing the source cell and continues the uplink user data transmission to the source gNB until successful random access procedure to the target gNB.
Upon reception of the DAPS handover command, the UE creates a MAC entity for target, for each DRB configured with DAPS, establishes the RLC entity and an associated DTCH logical channel for target and reconfigures the PDCP entity with separate security and ROHC functions for source and target and associates them with the RLC entities configured by source and target respectively. In DAPS procedure, the UE receives packets simultaneously from target RLC leg and source RLC leg and performs PDU re-ordering and duplication detection in the common PDCP entity.
The handling on RLC and PDCP for DRBs without DAPS is same as in normal handover.
From our understanding, DAPS HO can be configured to any DRB(s) in a UE who is receiving broadcast service(s). Legacy DAPS behaviors can be used for DRB configured with DAPS and MRB reception behavior can be left to UE implementation:
· the UE continues the downlink MRB reception from the source gNB until releasing the source cell;

· the UE starts the downlink MRB reception from the target gNB after successful access to the target gNB and obtaining MBS SIB and MCCH if target cell supports broadcast service.
· PDCP layer combination will be up to whether PDCP SN synchronization between source and target is supported or not.

· If target cell does not support broadcast service, the UE requests unicast PDU session for broadcast service reception after successful access to the target gNB;  
Proposal 5: DAPS HO can be configured to an RRC Connected UE receiving broadcast service:
· Using legacy DAPS behaviors for DRB configured with DAPS;
· MRB reception behavior is left to UE implementation;

1.4. Multicast service
In R17, multicast MRB is only configured by dedicated RRC signaling, which is more like legacy unicast DRB. For legacy DRBs, there are two types: DRB configured with DAPS and DRB without DAPS. The handling on RLC and PDCP for DRBs without DAPS is same as in normal handover.

For multicast MRB, there may exist different configuration and combinations, e.g. MRB with PTM leg only, MRB with PTP leg only, MRB with both PTM leg and PTP leg, same or different configurations between source cell and target cell, whether PDCP SN synchronized or not between target and source and so on. Scenarios and combinations are too complex to be completed in this release. Hence, we propose multicast MRB related DAPS should be deprioritized in this release. This release only includes the basic solution, i.e. DAPS for DRB and non-DAPS for MRB.
Proposal 6: DAPS HO can be configured to DRB(s) in a UE receiving multicast service(s) and multicast service(s) will be received in the source cell before HO execution and in the target cell after access successfully to the target.
Proposal 7: multicast MRB related DAPS should not be supported in this release.

4. Conclusion 
In this contribution, we give analysis and solutions on CHO and DAPS HO procedures for RRC Connected mode UE.  Based on the discussion, we have the following proposals:

Proposal 1: Legacy CHO can be configured to an RRC Connected mode UE receiving broadcast service(s).

Proposal 2: Neighbor cell broadcast service availability information in the source cell is a preferred solution for target cell selection when more than one candidate cells satisfy the CHO execution condition.

Proposal 3: CHO can be configured to an RRC Connected mode UE receiving multicast service(s) via carrying multicast configuration in HANDOVER REQUEST & HO REQUEST ACKNOWLEDGE.

Proposal 4: When more than one candidate cells satisfy the CHO execution condition, the candidate target cell with multicast configuration will have higher priority to be selected.

Proposal 5: DAPS HO can be configured to an RRC Connected UE receiving broadcast service:

· Using legacy DAPS behaviors for DRB configured with DAPS;

· MRB reception behavior is left to UE implementation;

Proposal 6: DAPS HO can be configured to DRB(s) in a UE receiving multicast service(s) and multicast service(s) will be received in the source cell before HO execution and in the target cell after access successfully to the target.
Proposal 7: multicast MRB related DAPS should not be supported in this release.
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