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A work item to support NR multicast and broadcast Services was approved at RAN#86. The WI description is given in [1] and the objectives of the WI are:
	· 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].


This document discusses the scenarios and requirement to support service continuity during UE mobility for NR Multicast and Broadcast services.  
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Service Continuity for UE in IDLE/INACTIVE
In LTE MBMS, UE is allowed to start or continue receiving MBMS service(s) when changing cell(s). Service continuity is supported by the mobility procedures in both CONNECTED and IDLE state. In IDLE state, UE keeps to receive the MBMS services when performing cell reselection. UE acquires the target cell MTCH information from the target cell. 
In LTE MBMS, UE relies on the MBMS assistance information i.e. user service description (USD) and system information to maintain the service continuity. In USD, the TMGI, the session start and end time, the frequencies and the MBMS service area identities (MBMS SAIs) belonging to the MBMS service area are provided. The system information indicates the MBMS SAIs of the current frequency and neighbor frequencies. Therefore, the UE is made aware of which frequency is providing which MBMS services through those information.
If the UE is interested in receiving or is receiving the MBMS services in IDLE state, the UE prioritizes the frequencies providing those MBMS services when performing cell reselection. Therefore, UE can receive the MBMS services continuously when cell changes.
Observation 1: LTE MBMS supports service continuity for UE in IDLE state. 
According to the WID of NR multicast and broadcast Services, UE should be able to receive the multicast and broadcast Services in IDLE/INACTIVE state. But it’s unclear whether service continuity should be supported UEs in IDLE/INACTIVE. In order to provide consistent UE experience, it is desired that UE can continue to receive the on-going MBMS services when UE reselects to another cell due to mobility.  So service continuity should also be supported for UE in IDLE/INACTIVE state. 
However, how to support service continuity for UEs in IDLE/INACTIVE largely relies on SA’s decision, e.g. whether to introduce the concept of SAI and reuse the USD to carry the AS layer information for 5G MBS, which has not been concluded yet. Discussion on service continuity for UE in IDLE/INACTIVE can be discussed after SA2 makes some progress. 
Proposal 1: Service continuity is supported for UE in IDLE/INACTIVE when performing cell reselection.  RAN2 starts the discussion after SA2 makes some progress. 
Service Continuity for UE in CONNECTED
According to study of SA2, both 5GC individual MBS traffic delivery and 5GC shared MBS traffic delivery are studied. 5G CN receives a single copy of MBS data packets. In the former method, 5GC delivers separate copies of those MBS data packets to individual UEs via per-UE PDU session. In the latter method, 5GC delivers a single copy of those MBS data packets to a RAN node. Then the RAN node either delivers a single copy of MBS data packets over radio to a set of UEs (PTM) or delivers separate copies of MBS data packets over radio to individual UEs (PTP). When UE in CONNECTED, the mobility procedure considering service continuity should consider the various scenarios. 
If 5GC delivers the MBS traffic in the individual manner via per-UE PDU session, it is assumed that a dedicated radio bearer is established for the UE in CONNECTED. Service continuity can be supported by current handover procedure, since the radio bearers carrying 5G MBS traffic are handled as normal DRBs.
Observation 2: Service continuity can be supported by current handover procedure if 5GC delivers the MBS traffic in the individual manner via per-UE PDU session. 
If 5GC delivers the MBS traffic in the shared manner, the RAN node can perform either PTM or PTP transmission for the UEs. Furthermore, a unicast channel for the PTM transmission can be associated to a UE to support reliable multicast/broadcast transmission, i.e. PTM with unicast. Therefore, UE may receive 5G MBS services in the following three ways, just as illustrated in Figure 1. 
· PTP: UE receives the 5G MBS from a unicast channel;
· PTM with unicast: UE receives the 5G MBS from a multicast channel and an associated unicast channel;
· PTM without unicast: UE receives the 5G MBS from a broadcast/multicast channel.


Figure 1 Three ways to receive MBS services
The handover procedure considering service continuity for a UE should consider following cases: PTP->PTP, PTP->PTM, PTM ->PTP, and PTM -> PTM. 
Scenario 1: PTP<->PTP
In source cell with PTP transmission, it is assumed a DRB is established for 5G MBS service for the UE. When UE moves to another cell supporting the interested 5G MBS services, the target cell can use the DRB to continue the data transmission. Service continuity can be supported by current procedure of reconfiguration with sync.
Scenario 2: PTP->PTM
In the source cell with PTP transmission, a DRB is established for the UE. If the interested services is on-going in the target cell, it is possible that the target cell will switch the MBS services from PTP transmission to PTM transmission.  The target cell can decide whether to associate a unicast channel for PTM transmission for the UE based on the reliability requirement of the on-going service. Therefore, handover procedure with service continuity for PTP-> PTM with unicast (scenario 2.1) and PTP->PTM without unicast (scenario 2.2) should be supported. 
Scenario 3: PTM->PTP
In the source cell, PTM transmission can be performed with or without the associated unicast channel. When a UE moves to a target cell, the target cell may establish a DRB to carry the MBS service especially when there are limited number of UEs receiving the same MBS service or broadcast/multicast of the MBS services has not been initiated yet. The handover procedure with service continuity for PTM with unicast (scenario 3.1) ->PTP and PTM without unicast (scenario 3.2) ->PTP should be supported. 
Scenario 4: PTM->PTM
In the source cell, PTM transmission can be performed with or without the associated unicast channel. Whether to configure the unicast channel for PTM transmission relies on the reliability of the MBS service. If the interested services is on-going in the target cell, UE can continue to receive the services when it moves to the target cell. In order to meet the same reliability requirement, the PTM transmission mode i.e. with or without the associated unicast channel should be kept the same in the source cell and the target cell. The handover procedure with service continuity for PTM with unicast (scenario 4.1) and PTM without unicast (scenario 4.2) should be supported. 
Proposal 2: Handover procedure with service continuity is supported for the following 7 scenarios: 
· Scenario 1: PTP->PTP;
· Scenario 2.1: PTP->PTM with unicast;
· Scenario 2.2: PTP->PTM without unicast;
· Scenario 3.1: PTM with unicast->PTP;
· Scenario 3.2: PTM without unicast->PTP;
· Scenario 4.1: PTM with unicast->PTM with unicast;
· Scenario 4.2: PTM without unicast->PTM without unicast. 


Figure 2 Scenarios to support service continuity during handover
Lossless Handover
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 3: 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. 
For scenario 1 PTP->PTP handover, if the DRB is configured with RLC AM mode, lossless handover can be performed with/without PDCP re-establishment. Current handover procedure has already supported this scenario. 
Observation 3: Lossless handover is already supported for PTP->PTP handover for RLC AM bearers.  
In current handover procedure to avoid packet loss, the source cell sends SN STATUS TRANSFER message to the target cell, indicating the next PDCP SN that the target cell shall assign to new SDUs. The source cell also forwards the PDCP SDUs of which the reception was not acknowledged by the UE to the target cell. The target cell triggers status report and asks the UE to report the SNs of the lost PDCP PDUs. Then it retransmits the DL PDCP SDUs forwarded by the source cell according to the status report. DL PDCP SN continuity at the network side is an important prerequisite to realize lossless handover. 
Observation 4: In current handover procedure, DL PDCP SN continuity at the network side is a prerequisite to realize lossless handover.
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 lost 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. Different from the unicast service that the target delivers the data packets to the UE only after handover is completed, it is possible that the interested MBS service is already on-going at the target cell when UE performs handover in scenario 2.1 and 4.1. In order to avoid packets loss, 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. How to buffer the DL data packets can be left to network implementation. 
Proposal 4: 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. 
From RAN2 aspect, DL PDCP SN continuity should be guaranteed by the network side to realize the lossless handover for 5G MBS services. If different RAN nodes have problem to align the DL PDCP SN for the same MBS services, DL PDCP SN continuity can’t be guaranteed by the network, In this case, lossless handover doesn’t need to be supported. 
In LTE, a new protocol, i.e. SYNC is defined additionally on transport network layer to support content synchronization mechanism. It enables eNBs to identify the timing for radio frame transmission and detect packet loss. eNB buffers MBMS packet and waits for the transmission timing indicated in the SYNC protocol. Such protocol may be extended to support SN synchronization among the RAN nodes which perform PTM transmission for the same 5G MBS service. 
Proposal 5: Confirm in RAN2 that lossless handover for the 5G MBS service requires DL PDCP SN synchronization and continuity between the source cell and the target cell. 


Conclusion
According to the following observations:
Observation 1: LTE MBMS supports service continuity for UE in IDLE state. 
Observation 2: Service continuity can be supported by current handover procedure if 5GC delivers the MBS traffic in the individual manner via per-UE PDU session. 
Observation 3: Lossless handover is already supported for PTP->PTP handover for RLC AM bearers.  
Observation 4: In current handover procedure, DL PDCP SN continuity at the network side is a prerequisite to realize lossless handover.
We propose:
Proposal 1: Service continuity is supported for UE in IDLE/INACTIVE when performing cell reselection.  RAN2 starts the discussion after SA2 makes some progress. 
Proposal 2: Handover procedure with service continuity is supported for the following 7 scenarios: 
· Scenario 1: PTP->PTP;
· Scenario 2.1: PTP->PTM with unicast;
· Scenario 2.2: PTP->PTM without unicast;
· Scenario 3.1: PTM with unicast->PTP;
· Scenario 3.2: PTM without unicast->PTP;
· Scenario 4.1: PTM with unicast->PTM with unicast;
· Scenario 4.2: PTM without unicast->PTM without unicast. 
Proposal 3: 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 4: 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 5: Confirm in RAN2 that lossless handover for the 5G MBS service requires DL PDCP SN synchronization and continuity between the source cell and the target cell. 
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