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1   Introduction

In the RAN#86 meeting the WID of New Work Item on NR support of Multicast and Broadcast Services was approved. In the WID, we have the following objective to be implemented:
· Specify support for basic mobility with service continuity [RAN2, RAN3]

In this contribution, we will discuss the scenario and necessary requirement for service continuity for Connected mode UE. 
2   Discussion

2.1   Scenario of Connected mode UE mobility
Among these scenarios, it is identified that use cases of NR MBS mainly consist of public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. Most of these use cases involve MBS service reception during inter-node mobility, e.g. public safety, V2X applications and so on. Obviously, the above use cases require high reliability, for example, according to 5GAA, V2X applications require up to 99.9999% reliability. Regarding public safety, the MCPTT service also requires up to 99.9999% reliability [2]. 

Proposal 1: high reliability service should require the UE to be in RRC_CONNECTED mode before handover. 
In the email discussion [2], the following scenarios are listed to be discussed for the connected mode UE mobility: 

· Scenario 1: PTP->PTP;

· Scenario 2.1: PTP->PTM with PTP;

· Scenario 2.2: PTP->PTM;

· Scenario 3.1: PTM with PTP->PTP;

· Scenario 3.2: PTM ->PTP;

· Scenario 4.1: PTM with PTP->PTM with PTP;

· Scenario 4.2: PTM ->PTM;

· Scenario 4.3: PTM ->PTM with PTP;

In scenario 2.1, 4.1 and 4.3, the PTP is added as complementary channel alone with PTM in the target gNB. In scenario 1, 3.1, 3.2, the target MBS mode is PTP. All these scenarios have a same feature: the target gNB has a PTP to ensure the reliability. So it can be observed that if the target gNB has a PTP channel (both single PTP channel and PTM with PTP), the lossless handover can be ensured. 
Observation 1: the lossless handover can be ensured if the target gNB has a PTP channel (both single PTP channel and PTM with PTP).
On the contrary, scenario 2.2 and 4.2, the target gNB only has PTM for the UE, so due to the transmission gap between source gNB and target gNB, the lossless handover is not guaranteed. 
Observation 2: the lossless handover can’t be ensured if the target gNB doesn’t have a PTP channel (either single PTP channel or PTM with PTP).
2.2   Potential solutions to guarantee the minimize data loss during handover

In the email discussion [2], rapporteur listed some of the potential approaches related to this issue are as follows:
Option 1: the UE will receive the multicast MBS of source and target multicast MBS simultaneously until the UE receive the all the data in the data gap. 

For this option, it is discovered that the UE capability is limited to receive the multicast MBS of source and target multicast MBS simultaneously. The reception of PDSCH from TRP-1 and TRP-2 (at least in FR1) with large timing difference requires two FFT operations at the UE corresponding to FFT windows with timing matched to TRP-1 and TRP-2 respectively. This could raise the base-band complexity for UEs supporting such reception (similar to certain DAPs HO scenarios). 
Furthermore, since SC-PTM is the baseline for NR MBS, it may happen that the source gNB and the target gNB schedules a MBS TB in the same time and frequency domain, in result that the UE is not able to decode the TB. So based on the above study, option 1 can be supported without any additional enhancement, but it is not enough to guarantee the lossless handover.
Observation 3: option 1 can be supported without any additional enhancement, but it is not enough to guarantee the lossless handover. 
Option 2: the source gNB will forward the data to the target gNB and the target gNB will deliver the forwarding data via unicast. After that, the UE will receive the MBS in the target cell via multicast. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data.
In this option, it is required that the target gNB should have a unicast channel for lossless handover. But with option 1, the UE can keep receiving the MBS in the target cell via multicast. So the UE may receive the target cell’s multicast data regardless the handover procedure is completed. 
Observation 4: option 1 is conflict with option 2, the UE doesn’t have to wait the handover completed to receive target gNB’s PTM service. 
Option 3: MBS can be configured as AM bearer, then lossless packet delivery based on PDCP status report and PDCP re-establishment/recovery can be supported as well.

If the MBS is configured as RLC AM, then we have two options:

Option 1: MBS by PTM is configured as RLC AM

In this option, we have to develop how the RLC status report can be sent by UE in the uplink manner. The PTM only has downlink transmission, the UL transmission can’t be shared by all UEs who are interested in the MBS services. 
Option 2: an associated PTP is configured with PTM

In this option, each PTM channel is associated with a PTP, this PTP is only used for RLC status report, RLC re-transmission and PDCP status report. With this complementary PTP channel, the PTM reliability can be guaranteed. 

Proposal 2: in order to guarantee the lossless handover, an associated PTP is configured with PTM. The RLC status report, RLC re-transmission, PDCP status report are all send via this associated PTP channel. 
3   Conclusion

In this contribution, we mainly discussed the scenario of simultaneous transmission of unicast and multicast and the benefit for simultaneous transmission of unicast and multicast. Hereby we have the following observations and proposals:
Observation 1: the lossless handover can be ensured if the target gNB has a PTP channel (both single PTP channel and PTM with PTP).
Observation 2: the lossless handover can’t be ensured if the target gNB doesn’t have a PTP channel (either single PTP channel or PTM with PTP).
Observation 3: option 1 can be supported without any additional enhancement, but it is not enough to guarantee the lossless handover. 
Observation 4: option 1 is conflict with option 2, the UE doesn’t have to wait the handover completed to receive target gNB’s PTM service. 
Proposal 1: high reliability service should require the UE to be in RRC_CONNECTED mode before handover. 
Proposal 2: in order to guarantee the lossless handover, an associated PTP is configured with PTM. The RLC status report, RLC re-transmission, PDCP status report are all send via this associated PTP channel. 
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