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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 support for basic mobility with service continuity [RAN2, RAN3]

During RAN2#111e, following agreed for connected mode mobility:

· 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.
From RAN3#109e, following are the agreements for mobility [8]:

· Prioritize work on support of mobility scenarios of UEs moving from a cell with established MBS session resource to another cell with established or to be established MBS session resource.

· For the prioritized scenario, intra-CU mobility and Xn/NG based inter-gNB mobility will be considered.

· WA: the UE Context to be transferred to the target gNB contains information about the MBS Session(s) the UE joined. Details are FFS.

· Xn Handover Request and the NG Handover Request message should contain MBS context information for the UE

· The F1AP UE context should contain MBS context information

· The MBS configuration decided at target gNB is sent to the UE via the source gNB (details e.g. RRC container etc. pending RAN2 progress)

· WA: In RRC_CONNECTED state, the MBS multicast tree is updated between the gNB and the MB-UPF at least for the first UE joining an MBS multicast session at a gNB. Similarly, the MBS multicast tree is updated between the target gNB and the MB-UPF at least for the first UE requesting an MBS multicast session and accepted into the target gNB.

In this document, we will discuss our views about how to support NR multicast and broadcast 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). 

Rel-17 NR Multicast mode main goal is to provide high reliability data delivery service to a group of UEs (which have joined multicast session) and improve radio efficiency by using common radio resources for group of UEs and multicast service QoS requirements are same as unicast delivery QoS requirements.

In Rel-17 NR Multicast system design, one of the key enhancements is to move transport  functionality from service layer to 5G RAN level and RAN is expected to provide all reliability requirements, which is more dynamic compared to service layer, reduces service latency and makes use of unicast based architecture efficiently. Rel-17 NR Multicast service is expected to be used for various applications like V2X, MCPTT, Public safety, file download, software delivery etc and some applications like public safety, V2X, software down load, mission critical applications are required to meet high reliability QoS requirements when multicast services are delivered to UEs in RRC_CONNECETED state.  In order to meet high reliability QoS requirements for some applications, it is essential to support loss-less multicast handover. 
As we discussed in our companion RAN2 paper [3], one of the key design requirements of MRB (i.e.PTM) is ability to support loss-less handover.

Observation 1. Rel-17 NR Multicast has to provide high reliability for certain applications like V2X, public safety, mission critical services, software download etc and need to support reliability same as unicast mode.
Proposal 1.   RAN2 agrees to support Loss-less HO (i.e for R15 regular handover) for NR Multicast to meet multicast high reliability service requirements and loss-less HO is not applicable for Broadcast services.

NR Multicast service can be delivered to RRC_CONNECTED state UEs either by using PTM or PTM+PTP or standalone PTP as gNB implementation choice. As we understand, PTM/PTP L2 architecture is still under discussion in [6] and also covered in our companion paper [3]. PTM/PTP L2 architecture may have one common PDCP entity associated with 2 RLC legs (i.e one Multicast RLC leg and other unicast RLC leg). A gNB capable of multicast feature and when shared MBS session between UPF and gNB is established, gNB may either use PTM or PTP or PTP+PTM configuration to serve shared multicast data to UEs. In order to support various configurations of radio bearers, it is desirable to support loss-less HO to target cell supporting at least PTM + PTP, PTP only configuration and optionally for PTM only configuration requires more discussion. Target cell PTP can be used for PDCP re-transmissions and details are discussed further in this paper. Thus, we propose:
Proposal 2.   Support NR Multicast loss-less HO to multicast target cells having PTM+PTP, PTP only, PTM only radio bearer configuration.   

During RAN2#111e, following was agreed.

· Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD. 

From SA2 TR 23.757[2], Solution#27 for KI#7 includes following scenarios:

The handover includes the following scenarios:

-
The source RAN support MBS, UE receives data via MBS Session in Source RAN:

a)
Target RAN node does not support MBS,


The MBS Session is converted to the unicast PDU Session during handover.

b)
Target RAN node supports MBS

-
If the MBS Session is not established in Target RAN, the MBS Session can be established during the HO procedure.

-
If the MBS Session is established in Target RAN, reuse the existing MBS session in target RAN.
-
Depending on 3GPP RAN WG decision: The source RAN performs temporary MBS data forwarding to the T-RAN. The MB-UPF in addition add sequence numbers to MBS data it forwards. This enables the T-RAN to address potential data loss or duplication for the UE being handed over, e.g. by a temporary unicast transmission of MBS data to the UE entering the cell until it is in synch with the multicast transmission in that cell.

-
The source RAN does not support MBS, the Target RAN supports MBS:


In source RAN, the MBS data is sent to UE via the unicast PDU Session. When UE moves to Target RAN, the unicast PDU Session is handed over to the Target RAN as normal PDU Session handling. After handover completion, the SMF triggers the conversion from the unicast PDU Session to the MBS Session.
RAN3#109e agreement:

· Prioritize work on support of mobility scenarios of UEs moving from a cell with established MBS session resource to another cell with established or to be established MBS session resource.

From above SA2 TR discussion and RAN3 discussion, as part of MBS-MBS HO scenario, it is reasonable for RAN2 to make progress assuming support for loss-less HO to target cells which are already serving multicast service (i.e MBS session already established) and target cells which may join MBS session based on multicast HO UEs. Based on further SA2 discussion, RAN2 can discuss how to support HO from Multicast supporting source cells to target cells not supporting multicast services and vice versa.
Observation 2. RAN2 work assumes support of NR Multicast loss-less HO to multicast target cells with established MBS session and target cells which can join MBS session during HO preparation phase.  

Below fig. 1 shows high level call flow.
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Figure 1: 5G Multicast Loss-Less Handover Procedure

HO Measurement configuration and reporting:

For single cell broadcast/multicast, existing measurement for unicast can be used. For PTP 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 enhanced and it is up to RAN1 to decide how small area SFN configuration to be supported with. 

Based on RAN1 progress about how to support small area SFN within DU, RAN2 can discuss any required measurement enhancements.  

HO Preparation phase and data forwarding:

Based on UE measurement reports, source gNB decides to perform HO to a target cell. Source gNB sends HO Request including UE Multicast context. UE Multicast context may include UE interested multicast services, which services UE currently receiving, Multicast service configuration and PTP/PTM configuration details etc. 
Case 1: Target gNB has established shared MB-N3 tunnel and is already serving same multicast service
Target cell sends HO Request Ack message to source cell including HO command with target cell PTP/PTM configuration, MB-N3 availability etc. 
Multicast data forwarding from source to target need to be supported for various reasons like 
· N3-tunnel for UE interested/receiving multicast service is not available at target cell or
· Target cell multicast packets ahead of source cell 

· Whether target cell has buffed any Multicast data or not and how much data is buffered etc.
Observation 3. Multicast data forwarding from source to target cell need to be supported for various reasons like N3-tunnel for UE interested/receiving services is not available at target cell OR target cell serving multicast packets ahead of source cell multicast OR availability of target cell buffered multicast data etc. 
Source cell sends SN status transfer message to target cell indicating what is last PDCP SN served to Multicast UEs  and Target can send another SN status transfer message to indicate PDCP SNs requiring tunneling and tunneling information etc.

If data forwarding request is received from target cell, Target gNB can request information about which packets to be forwarded by indicating 
· Target cells current serving PDCP SN; and/or 

· Desired start PDCP SN range; and/or

· Explicit PDCP SNs requested etc.
Source gNB will start forwarding multicast PDCP SNs to target cell and actual data forwarding details can be further discussed in RAN3.
Alternatively, upon receiving HO Request Ack from target gNB, based on implementation choice source gNB may send SN status transfer message including DL PDCP SN, HFN (SN+HFN value is set to last PDCP SN that was submitted to source RLC and source may continue to deliver other PDCP SNs after sending this SN Status Transfer message to target cell) and source can start forwarding DL Multicast data towards target cell. Depending on whether target cell multicast data scheduling is ahead or behind source multicast PDCP SN delivery or based on availability of MB-N3 at target cell and depending on whether target cell has any buffered multicast PDCP SNs availability, target may either use PDCP SNs received via Xn interface for delivering to HO UE or target cell may discard if same multicast PDCP SNs are available in target cell buffer.
Multicast data forwarding details can be further discussed in RAN3.

RAN3#109e agreement:

· Xn Handover Request and the NG Handover Request message should contain MBS context information for the UE

Observation 4.  RAN2 assumes that during Multicast HO preparation phase, source cell will send UE Multicast context information in HO Request message to target cell.

Proposal 3.   In order to support NR Multicast loss-less HO, depending on use cases, support  Xn data forwarding from source to target cell and further data forwarding details can be discussed in RAN3.

Case 2: Target gNB does not have established shared MB-N3 tunnel and is not currently serving same multicast service

RAN3#109e WA:

· WA: In RRC_CONNECTED state, the MBS multicast tree is updated between the gNB and the MB-UPF at least for the first UE joining an MBS multicast session at a gNB. Similarly, the MBS multicast tree is updated between the target gNB and the MB-UPF at least for the first UE requesting an MBS multicast session and accepted into the target gNB.

Upon receiving HO Request message including UE multicast context information and if target cell does not have established shared MB-N3 tunnel for a given multicast service then target cell can join multicast session to establish MB-N3 tunnel (i.e between UPF and target gNB). Target gNB sends HO Request Ack, which contains HO command including target cell PTP/PTM configuration, MB-N3 availability etc. 
Source cell sends SN status transfer message to target cell indicating what is last PDCP SN served to Multicast UEs and Target can send another SN status transfer message to indicate PDCP SNs requiring tunneling and tunneling information etc. case2 data forwarding details are same as case 1 description.
Observation 5.   If Target cell has not yet joined shared multicast session, upon receiving Xn HO Request msg, target cell initiates multicast session joining procedure.

In order to support multicast PDCP data forwarding from source to target cell and to maintain PDCP SN continuity during handover, one of the key requirements is both source and target cells PDCP SNs have to be synchronized. In our view, it is possible to have 

· At UPF: Same payload (e.g. IP packet) can be assigned with same GTP-U SN in all the N3 tunnels between multiple gNBs and UPF

· gNB PDCP SN allocation and N3 GTP-U SN allocation @ UPF are 1:1 mapped

Proposal 4.   In order to support Multicast loss-less HO using Xn data forwarding, source and target cells PDCP SNs synchronization must be supported. It is upto RAN3 to discuss how to synchronize multiple cells PDCP SNs with multicast data received from UPF.

HO Execution phase:

Source gNB will send HO Command to UE transparently in RRCReconfiguration Message. UE stops receiving multicast data from source cell PTM/PTP radio bearer. Like in legacy HO, UE will send RRCReconfigComplete message to target cell using RACH procedure. UE performs PDCP re-establishment for PTM/PTP radio bearer and  sends PDCP status report to indicate FMC, missing SNs and successfully received SNs. Target gNB has multicast data received from source gNB and directly received from UPF via MB-N3 tunnel.
Note that in case of common PDCP associated with both Multicast RLC and Unicast RLC entities, even if Multicast RLC entity configured as either AM or UM mode, unicast RLC configured as AM mode can be used for UE specific PDCP re-transmission. In case of Multicast RLC configured as AM mode, which can be associated with unicast LCID and multicast LCID as described in our paper [3]. If a UE reported PDCP SN A as missing and the same PDCP SN A at target cell is associated assigned with RLC SN B and this RLC SN B is still within multicast RLC AM Tx window (this PDCP-RLC SN association should be known to gNB scheduler implementation)  and could be re-transmitted by Multicast RLC AM by using unicast LCID and this requires multicast RLC AM window sync between target gNB and HO UE.
If Target gNB PDCP multicast is running ahead of source gNB , then target gNB will re-transmit all missing PDCP SNs to UE using PTP/PTM link until it converges with Multicast SN and UE can continue to receive multicast data by using PTM/PTP link. If target gNB PDCP multicast is running behind source gNB, then there is no need for target gNB to re-transmit missing PDCP SNs explicitly for handover UE (i.e because HO UE has already some of multicast PDCP SNs in advance from source cell). When HO UE receives same PDCP SNs from target cell (since target cell multicast is running behind source cell multicast), UE PDCP discards duplicate SNs and retains other PDCP SNs.

After successful HO completion, target cell sends HO completion message to source cell. If there are no other UEs receiving multicast service from source cell, it may stop transmitting multicast service and source cell may trigger initiate signaling procedure to leave from shared MBS session. 
Proposal 5. Target cell provides HO command containing PTM/PTP configuration and source cell sends to UE in transparent manner.

Proposal 6. Delta signaling is supported for target cell PTM/PTP configuration during Multicast loss-less HO and PTM/PTP PDCP SN continuity to be supported.

Proposal 7.  Upon successful RACH to target cell, UE sends PDCP status report for PTM/PTM radio bearer.

Proposal 8. Target cell re-transmits any missing PDCP SNs reported by UE for PTM/PTP and re-transmission could be based on unicast DRB RLC or unicast RLC or multicast RLC leg of PTM/PTM bearer (i.e assuming common PDCP entity associated with unicast and multicast RLC legs). 
Multicast and Broadcast Service Continuity:

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 neighboring cell(s) supporting the MBMS services if possible. NR broadcast service behavior is same as LTE Broadcast service and it is reasonable to support NR Broadcast UE Interest Indication to gNB. If UE interested NR Broadcast service information is available, source gNB has to convey this information to target gNB as part of UE context information within Xn Handover Request Message.
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. 

Proposal 9.   In order to support service continuity for NR Multicast loss-less HO, UE is not required to send  NR Multicast service continuity message. 
Proposal 10. For supporting NR broadcast service continuity during connected mode handover, UE is required to send NR Broadcast service continuity message including UE interested broadcast service information.
Proposal 11. During NR broadcast handover preparation procedure, source cell will transfer NR UE Broadcast Interest indication to target cell.
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 Multicast has to provide high reliability for certain applications like V2X, public safety, mission critical services, software download etc and need to support reliability same as unicast mode.
Observation 2.
RAN2 work assumes support of NR Multicast loss-less HO to multicast target cells with established MBS session and target cells which can join MBS session during HO preparation phase.
Observation 3.
Multicast data forwarding from source to target cell need to be supported for various reasons like N3-tunnel for UE interested/receiving services is not available at target cell OR target cell serving multicast packets ahead of source cell multicast OR availability of target cell buffered multicast data etc.
Observation 4.
RAN2 assumes that during Multicast HO preparation phase, source cell will send UE Multicast context information in HO Request message to target cell.
Observation 5.
If Target cell has not yet joined shared multicast session, upon receiving Xn HO Request msg, target cell initiates multicast session joining procedure.


Proposal 1.
RAN2 agrees to support Loss-less HO (i.e for R15 regular handover) for NR Multicast to meet multicast high reliability service requirements and loss-less HO is not applicable for Broadcast services.
Proposal 2.
Support NR Multicast loss-less HO to multicast target cells having PTM+PTP, PTP only, PTM only radio bearer configuration. 
Proposal 3.
In order to support NR Multicast loss-less HO, depending on use cases, support  Xn data forwarding from source to target cell and further data forwarding details can be discussed in RAN3.
Proposal 4.
In order to support Multicast loss-less HO using Xn data forwarding, source and target cells PDCP SNs synchronization must be supported. It is upto RAN3 to discuss how to synchronize multiple cells PDCP SNs with multicast data received from UPF.
Proposal 5.
Target cell provides HO command containing PTM/PTP configuration and source cell sends to UE in transparent manner.
Proposal 6.
Delta signaling is supported for target cell PTM/PTP configuration during Multicast loss-less HO and PTM/PTP PDCP SN continuity to be supported.
Proposal 7.
Upon successful RACH to target cell, UE sends PDCP status report for PTM/PTM radio bearer.
Proposal 8.
Target cell re-transmits any missing PDCP SNs reported by UE for PTM/PTP and re-transmission could be based on unicast DRB RLC or unicast RLC or multicast RLC leg of PTM/PTM bearer (i.e assuming common PDCP entity associated with unicast and multicast RLC legs). 
Proposal 9.
In order to support service continuity for NR Multicast loss-less HO, UE is not required to send  NR Multicast service continuity message.
Proposal 10.
For supporting NR broadcast service continuity during connected mode handover, UE is required to send NR Broadcast service continuity message including UE interested broadcast service information.
Proposal 11.
During NR broadcast handover preparation procedure, source cell will transfer NR UE Broadcast Interest indication to target cell.
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