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1. Introduction 
R17 NR Multicast and Broadcast Services includes following set of objectives: 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

·     Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.

·     Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
·     Specify support for basic mobility with service continuity [RAN2, RAN3]

·     Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
·      Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]

·     Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

·     Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
In this document, we will discuss our views about how to support NR multicast handover with service continuity.
2. Discussion 

2.1 Mobility support for R17 NR Multicast
In 4G LTE, handover is supported only for UE specific DRBs; there is no handover support for LTE SC-PTM and eMBMS which uses MRB. In LTE based SC-PTM and eMBMS, only broadcast service is supported (i.e. no support for Multicast or Groupcast) and transport reliability (i.e. service layer level re-transmission) is provided by service layer (which is one of the functions of BM-SC). 

In Rel-17 NR Multicast system design, one of the key enhancements is to move reliability functionality from service layer to RAN level, which is more dynamic, reduces service latency and makes use of unicast based architecture efficiently. Rel-17 NR Multicast service is expected to be delivered to UEs in RRC_CONNECETED state with high reliability as function of multicast QoS requirements.  

As we discussed in our companion RAN2 paper [3], one of the key design requirements of MRB is ability to support loss-less handover.

NR Multicast service can be delivered to RRC_CONNECTED state UEs either by using MRB or DRB as gNB implementation choice. In order to support loss-less handover for Multicast service(s), following are possible handover scenarios:
a) MRB to MRB

b) MRB to DRB

c) DRB to MRB

d) DRB to DRB (this is same as unicast DRB NR handover)

Thus, we propose:
Proposal 1.   NR Multicast network based mobility is supported for scenarios including a) MRB to MRB b) MRB to DRB and c) DRB to MRB. 

NR supports various types of unicast DRB handovers, which includes Rel-15 legacy handover, Rel-16 conditional handover (CHO) and Rel-16 dual active protocol stack handover (DAPS). Legacy Rel-15 NR handover supports loss-less mobility but causes additional ~25-40ms interruption during handover. Rel-16 NR CHO enhancement was intended to improve handover reliability and reduce HO failure rate. Rel-16 NR DAPS HO enhancement was intended to reduce handover interruption close to ~0ms in many scenarios. Both CHO and DAPS HO support loss less handover. For Rel-17 NR Multicast, considering amount of work and uncertainty of Rel-17 timeline, RAN2 should consider Rel-15 NR handover as baseline to be supported and possibly consider to support CHO as well. If there is enough time, RAN2 can consider DAPS HO later. Therefore, it is reasonable to keep DAPS support as FFS for the time being.
Proposal 2.   For Rel-17 NR multicast handover, legacy Rel-15 NR Handover and Rel-16 CHO are supported. FFS support for R16 DAPS HO.

In LTE SC-PTM and eMBMS, in order to support service continuity during handover, when UE is interested to receive or receiving broadcast service(s) it sends RRC MBMS interest indication message to eNB indicating broadcast service(s) UE is interested to receive, service area Information, frequencies supporting the services as assistance information for eNB to handover the UE to the correct neighbouring cell(s) supporting the MBMS services if possible. In case of Rel-17 NR Multicast service, UE is expected to join multicast session by using either NAS session management based mechanism or IGMP user plane based method (SA2 is discussing which option to be used) which requires UE to establish RRC Connection. Both 5GC and NR RAN knows which multicast services the UE is interested in. This means to support NR multicast service continuity during handover, there is no need for multicast UE to send LTE-like MBMS interest indication.

Observation 1. Rel-17 NR UEs need to join multicast session to receive multicast data and requires UEs to get into RRC_CONNECTED state. The network knows the multicast service(s) the UE is interested in.
Proposal 3.   NR multicast UE is not required to provide any MBMS Interest Indication for service continuity.

Below fig. 1 shows high level call flow.
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Figure 1: 5G MBS Handover Procedure

For single cell broadcast/multicast, existing measurement for unicast can be used. For MRB carried over small area SFN with a given DU, the unicast measurement does not reflect the SFN signal quality. For this case, MBS specific measurement may need to be specified and it is up to RAN1 to decide how small area SFN is to be supported as network implementation choice. The MRB configuration has to be exchanged between gNBs using non-UE specific signalling for gNB to accurately configure MBS measurement for UE. The information is also used for target cell/gNB selection by source for handover.

Proposal 4.  Consider introducing SFN based measurement configuration and reporting pending RAN1 progress.

To support multicast handover, detailed discussion is needed on how to exchange UE context during handover preparation phase and data forwarding enhancements. These can be discussed in future meetings.
3. Conclusion

In this contribution, we discussed various aspects related to how to enable connected mode handover for NR multicast services to ensure service continuity.  
Observation 1.
Rel-17 NR UEs need to join multicast session to receive multicast data and requires UEs to get into RRC_CONNECTED state. The network knows the multicast service(s) the UE is interested in.


Proposal 1.
NR Multicast network based mobility is supported for scenarios including a) MRB to MRB b) MRB to DRB and c) DRB to MRB.
Proposal 2.
For Rel-17 NR multicast handover, legacy Rel-15 NR Handover and Rel-16 CHO are supported. FFS support for R16 DAPS HO.
Proposal 3.
NR multicast UE is not required to provide any MBMS Interest Indication for service continuity.
Proposal 4.
Consider introducing SFN based measurement configuration and reporting pending RAN1 progress.
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