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Introduction
During RAN2 #111-e Meeting, mobility with service continuity for NR MBS was discussed with following agreements made:
	Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD. 
Requirements for lossless mobility are TBD. Assume for now that R2 will anyway discuss service continuity functionality for low or no data loss. 
R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.


In this paper, we further discuss the HO procedure for NR MBS. 
Discussion
1.1 HO for broadcast services
During the email discussion, the necessity of reporting interested MBS services by the UE in RRC_CONNECTED state is discussed. Majority of the companies think it is needed for broadcast services.  In LTE, MBMS interest is indicated mainly for following two cases:
1. RRC connection establishment 
2. After HO
It is reasonable to report interested MBS services at RRC connection establishment. When the UE in IDLE mode, the UE may establish a MRB and receive a session of broadcast services it has interested in. When the UE establishes RRC connection with a cell, the serving cell doesn’t know the MBS services in which the UE has interest or is receiving. Therefore, the UE needs to indicate its interested MBS service to the serving cell. 
After that, the interested MBS service is known to the network. Then the next question is how to acquire the interested MBS service information by the target gNB during HO.  Two alternatives can be considered:
· Alt 1: Same as LTE, the UE indicates its interested MBS services to target cell after HO;
· Alt 2: the source cell indicates the interested MBS services to target cell in HANDOVER REQUEST when preparing HO for the UE;
Both of the solutions are workable for broadcast services with service continuity. Alt2 has shorter latency and signaling overhead compared with Alt1. For multicast services especially for the MBS services requiring lossless HO, Alt1 is not workable. It is desired to have a common procedure to guarantee service continuity for both broadcast and multicast services and Alt2 is preferred. 
Proposal 1: The UE indicates its MBS interest at RRC connection establishment. 
Proposal 2: The source gNB transfers the MBS interest to the target gNB in HANDOVER REQUEST. 
1.2 HO variations as baseline
In NR Rel-16, CHO and DAPS were introduced for mobility enhancement. Therefore, current NR supports three types of HO:
1. Basic HO 
2. CHO HO
3. DAPS HO
During last RAN2 eMeeting, R2 assumed that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants. Since both CHO and DAPS are optional features, which are not necessarily commercialized, multicast mobility with service continuity should support the basic HO mechanism. The next question is whether CHO and DAPS can be supported for multicast mobility. 
Assuming source gNB transfers the related information/configuration of the MBS service to the target gNB in HANDOVER REQUEST, the source gNB transfers those information to the candidate gNBs in CHO. Only the target gNB which can provide the same MBS service can respond HANDOVER REQUEST ACKNOWLEDGE. In other words, the candidate cells provided to the UE in CHO command should be able to provide the same MBS services as the source cell. 
Proposal 3: CHO HO can be supported for multicast mobility. The candidate cells prepared for the UE should be able to provide the same MBS services as the source cell. 
For NR MBS, HO with different MBS transmission manners, i.e.  PTM, PTP and PTM+PTP should be considered. No matter which protocol stack is selected for reliability enhancement, it is expected the UE needs to receive two DL physical channels addressed by different RNTIs simultaneously for reliability enhancement. One is for PTM and the other one is for PTP. If DAPS is supported for multicast mobility, the UE may need to receive four physical channels (probably monitors PDCCH with four RNTIs) simultaneously in the worst case when HO is performed between PTM+PTP transmission, just as illustrated in Figure 1. It requires higher UE process capabilities and is not desired. 
DAPS can be limited to certain HO scenarios, i.e. PTP->PTP, PTP->PTM, PTM->PTP and PTM->PTM. Those four scenarios have the same requirement on UE capability as legacy DAPS HO and UE only receives DL from two physical channels. Since DAPS can help to reduce the service interruption, it can be supported in multicast mobility for those scenarios.   


[bookmark: _GoBack]Figure 1 PTM+PTP<-> PTM+PTP HO
Proposal 4: DAPS HO can be supported for multicast mobility in the scenarios of PTP->PTP, PTM->PTM, PTP->PTM and PTP->PTM HO. UE is not required to receive DL data on more than two DL physical channels simultaneously during HO. 
1.3 HO with low or no data loss
According to the agreements of last RAN2 eMeeting, requirements for lossless mobility are TBD. Although lossless HO is a service requirement, it is realized by PDCP layer according to the traditional solution design in RAN2. In order to reuse the legacy mechanism as much as possible and reduce the implementation and standardization complexity, lossless is considered as a requirement on PDCP layer from solution aspect, i.e. no PDCP PDU loss during HO. 
Proposal 5: Same as legacy lossless HO, it requires that there is no PDCP PDU loss for multicast services during HO. 
Certain 5G MBS services and use cases, e.g. public safety and mission critical have high reliability requirement. That’s why a unicast channel is associated to PTM transmission to guarantee that the MBS services are delivered without packet loss. The same reliability requirement should be satisfied during handover procedure. However, if the MBS services doesn’t have high reliability requirement and are delivered in PTM transmission without unicast channel, lossless handover doesn’t need to be supported. 
Proposal 6: Lossless handover is not supported for the following scenarios:
· Scenario 2.2: PTP->PTM without unicast;
· Scenario 3.2: PTM without unicast->PTP;
· Scenario 4.2: PTM without unicast->PTM without unicast. 
How to realize lossless handover for the following 3 scenarios should be considered. 
· Scenario 2.1: PTP->PTM with unicast;
· Scenario 3.1: PTM with unicast->PTP;
· Scenario 4.1: PTM with unicast->PTM with unicast. 
In the above three scenarios with high reliability requirement, a unicast channel is always available for the UE in both the source cell and the target cell. In general, the data packets loss at the source cell can be retransmitted by the target cell through the unicast channel. If DL PDCP SN continuity for the same 5G MBS service can be maintained by the network side, current procedure for lossless handover can be reused to avoid packet loss. 
Proposal 7: Lossless handover is supported for the following scenarios:
· Scenario 1: PTP->PTP;
· Scenario 2.1: PTP->PTM with unicast;
· Scenario 3.1: PTM with unicast->PTP;
· Scenario 4.1: PTM with unicast->PTM with unicast. 
Generally, the data loss should be minimized for multicast mobility in all of the HO scenarios.  The scenarios where the MBS service is on-going with PTM transmission at the target cell need to be considered further, just as illustrated in Figure 2. This scenario is different from unicast service that the target delivers the data packets to the UE only after handover is completed. 
There is a time duration during which UE can’t perform data transmission/reception during the HO procedure.  If there is on-going MBS service at the target cell when UE performs basic HO, some packets will be lost and can’t be recovered. In the example of Figure 2, UE receives PDCP PDU 1and 2 at the source side. When UE performs HO towards the target cell, the target cell is transmitting PDU 3~11. When HO is successfully completed, UE receives the PDUs starting from 12. How to minimize the data loss need to be considered.  
If DAPS HO is supported for multicast mobility in those scenarios, the data loss can be minimized, since UE can receives data simultaneous from both side. If DAPS HO is not supported, the target cell should buffer certain amount of DL data packets continuously in case some UEs are moved to its coverage requiring the same MBS services. For example, the network begins to buffers some PDCP PDUs for the UE when it receives HO REQUEST and respond HO REQUEST ACKNOWLEDGE. 


Figure 2 PTM<->PTM HO, PTP->PTM HO
Proposal 8: RAN2 consider to minimize the data loss during HO where the MBS service is on-going with PTM transmission at the target cell: utilize DAPS HO if UE capability allowed or buffer DL data at the target side.  


Conclusion
Proposal 1: The UE indicates its MBS interest at RRC connection establishment. 
Proposal 2: The source gNB transfers the MBS interest to the target gNB in HANDOVER REQUEST. 
Proposal 3: CHO HO can be supported for multicast mobility. The candidate cells prepared for the UE should be able to provide the same MBS services as the source cell. 
Proposal 4: DAPS HO can be supported for multicast mobility in the scenarios of PTP->PTP, PTM->PTM, PTP->PTM and PTP->PTM HO. UE is not required to receive DL data on more than two DL physical channels simultaneously during HO. 
Proposal 5: Same as legacy lossless HO, it requires that there is no PDCP PDU loss for multicast services during HO. 
Proposal 6: Lossless handover is not supported for the following scenarios:
· Scenario 2.2: PTP->PTM without unicast;
· Scenario 3.2: PTM without unicast->PTP;
· Scenario 4.2: PTM without unicast->PTM without unicast. 
Proposal 7: Lossless handover is supported for the following scenarios:
· Scenario 1: PTP->PTP;
· Scenario 2.1: PTP->PTM with unicast;
· Scenario 3.1: PTM with unicast->PTP;
· Scenario 4.1: PTM with unicast->PTM with unicast. 
Proposal 8: RAN2 consider to minimize the data loss during HO where the MBS service is on-going with PTM transmission at the target cell: utilize DAPS HO if UE capability allowed or buffer DL data at the target side.  
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Appendix



Scenarios to support service continuity during handover
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