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1. Introduction

In RAN#86 meeting, a new WI for MBS is approved for R17 NR. Two objectives are specified in WI [1].

The set of objectives includes:
· 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]

In this paper, we will discuss how to achieve low data loss due to mobility and dynamic PTM/PTM switching.
2. Service continuity due to mobility 
In RAN2#111e meeting, RAN2 discussed the mobility issue for MBS and reached some agreements:

· 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.
And in RAN3#109-e, the following text is agreed:

· Working Assumption: NG-RAN protocols shall support minimization of data loss. Discussion on using or adapting existing protocol functions for support of lossless mobility is deprioritized due to expected issues with scalability.

In RAN2#112 meeting, RAN2 agreed to support lossless handover for MBS-MBs mobility. 

	· R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)

· In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
· From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target cell by the target cell according to target configuration.

· From UE side, PDCP status report may be supported as well. 


In NR, only AM mode RLC will indicate PDCP about the successful delivery of the RLC SDU. So only for AM RLC, the PDCP will know the PDCP PDU of successful delivery or not. For UM RLC, the PDCP does not know it.

	5.2.3
AM data transfer

5.2.3.1
Transmit operations

5.2.3.1.1
General

===omit some text===
When receiving a positive acknowledgement for an RLC SDU with SN = x, the transmitting side of an AM RLC entity shall:

-
send an indication to the upper layers of successful delivery of the RLC SDU;
-
set TX_Next_Ack equal to the SN of the RLC SDU with the smallest SN, whose SN falls within the range TX_Next_Ack <= SN <= TX_Next and for which a positive acknowledgment has not been received yet.


During handover in NR, the PDCP status report will be triggered after handover. For legacy handover case, the HO command will include PDCP re-establishment indication to trigger PDCP to perform PDCP reestablishment, then trigger PDCP status report as result.
	5.4
Status reporting

5.4.1
Transmit operation

For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:

-
upper layer requests a PDCP entity re-establishment;
-
upper layer requests a PDCP data recovery;

-
upper layer requests a uplink data switching;

-
upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331 [3].


In PDCP configuration, i.e. PDCP-Config IE, the statusReportRequired IE indicates whether the PDCP status report can be triggered. However, the statusReportRequired IE is only used for AM RLC in legacy handover.

	statusReportRequired

For AM DRBs and DAPS UM DRBs, indicates whether the DRB is configured to send a PDCP status report in the uplink, as specified in TS 38.323 [5]. For DAPS AM DRBs, it also indicates whether the DRB is configured to send a second PDCP status report in the uplink, as specified in TS 38.323 [5].


After PDCP reestablishment, the PDCP SN will not continue for UM DRB, but continue for AM DRB.

	5.1.2
PDCP entity re-establishment

=====omit some text====

When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the clause 5.2.2.1;

-
for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-
for SRBs and UM DRBs, if t-Reordering is running:

-
stop and reset t-Reordering;
-
for UM DRBs, deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;

=====omit some text====

-
for UM DRBs and SRBs, set RX_NEXT and RX_DELIV to the initial value;
=====omit some text====


Observation 1: Only RLC AM will indicate PDCP about the successful delivery of the RLC SDU and only RLC AM DRB will configure PDCP status report in legacy handover.

Observation 2: The PDCP SN will continue only for AM DRB after PDCP reestablishment, not for UM DRB.

For case 3 and 4 (from PTM to *), the RLC is UM mode due to working assumption RAN2 make before. The source PDCP does not know the RLC SDU is delivered successfully or not. 

Question 1: How does the source gNB decide which data will be forwarded for not to the target cell? If the target multicast’s progress is slower than the source unicast or multi cast, there is data gap between source and target. The forwarding data may be not needed in target cell. 

Question 2: How does the target gNB choose the data to transmit for the UE due to there is no PDCP status report from UE for UM RLC?

Question 3: How does the UE detect the duplication and reorder the data because the PDCP SN will reset due to RLC UM?

In last RAN2 meeting, RAN2 agreed that “the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data.” We want to confirm whether the agreement also applies to case 3 and 4.

For handover from PTP(UM) to PTP/PTM, the same reason as discussion above, there is also no data forwarding, no SN STATUS TRANSFER and no PDCP status report.
Proposal 1: RAN2 is kindly asked to confirm that for handover from PTM or PTP(UM)to PTP/PTM, there is no data forwarding, no SN STATUS TRANSFER and no PDCP status report due to UM RLC in source cell.

For handover from PTP(AM) to PTM case, it will change the RLC AM to RLC UM. From Qos requirement point of view, we are not sure whether there is the case actually, i.e. the data lossless requirement changed during handover.

For handover from PTP(AM) to PTP(UM) case, the same reason as handover from PTP(AM) to PTM case, we are not sure whether there is the case actually.

Proposal 2: RAN2 is kindly asked to confirm handover from PTP(AM) to PTM and from PTP(AM) to PTP(UM) are not supported from Qos requirement point of view.

In RAN2#112 meeting chairman notes that the anchor PDCP seems the way forward for the next step.

	Chair: it seems there are two proposals on the table 

1) P16P17 with PDCP as the anchor

2) To have also a Common PTP PTM RLC entity to easier support RLC AM for PTM. 

Will come back to this discussion. 


For handover from PTP(AM) to PTP(AM) case, data forwarding, SN STATUS TRANSFER and PDCP status report can be supported. Now RAN2 agreed to use the anchor PDCP for PTP and PTM protocol stack and the RLC SDU will come from one common PDCP for both PTM and PTP. We believe that the newcomer UE from other cell should not impact the PTM transmission for one MBS service. We are not sure how to deliver the forwarding data from source cell based on the anchor PDCP for both PTM an PTP in target cell.
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Proposal 3: RAN2 is kindly asked to discuss how to deliver the forwarding data from source cell based on anchor PDCP protocol stack for both PTM and PTP in the target cell.
Proposal 4: If RAN2 agreed that forwarding data delivery in proposal 3 is an issue and it is proposed that target PTP(AM) during handover will configure separate PDCP for handover from PTP(AM) to PTP(AM) case.
Based on proposal 1, there is no data forwarding during handover and low or no data loss is the requirement for MBS during mobility and handover is baseline for the R17 NR MBS mobility.
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When UE handover from source cell to the target cell, there is data gap if the MBS data delivery of target is faster than source cell. In order to reduce amount of data forwarding or reduce the data loss due to the data gap between source cell and target cell, it is better the cells should negotiate the MBS data deliver status each other and reduce the data gap of PTM among each cell.

Proposal 5: MBS data deliver status should be negotiated between cells in order to reduce the data gap of PTM among each cell.
3. Service continuity due to dynamic PTP/PTM switching
In RAN2#113bis meeting, RAN2 agree dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.
· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.
· As a baseline, no new UE based signalling is introduced to support gNB switch decision (e.g. PDCP SR for high reliability is still TBD)
· Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, the usage of the PTP leg cannot be deactivated (i.e. the UE needs to always monitor C-RNTI) after the necessary split-MRB configuration.

· Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, it is FFS whether the usage of the PTM leg of the split-MRB may be subject to activation or deactivation and the details of such.

When UE is switched form PTM to PTP, e.g. due to bad channel condition, there are more NACK packet in PTM leg. However, the NACK packet can not be tranmissted by RLC due to seperate RLC entities for PTM and PTP respectively. In order to reduce the data loss during PTM/PTP switching, the PDCP status report can be triggered by the UE and the PDCP in network side will trigger the PDCP retansmission based on PDCP status report from UE.

Proposal 6: PDCP status report is triggered due to PTM/PTP switching.

If the service delivery progress of PTP is slower than PTM, there is a service data gap when the UE is switched from PTP to PTM. It is necessary to ensure the data in the data gap is also received by the UE, e.g. in below figure.
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There are two solutions to address the issue.

Solution 1: If the UE can receive the PTP and PTM simultaneously for a moment, the data in gap can be received for the UE. In order to ensure to delete the duplicated data and in order delivery to upper layer, the common PDCP for PTM and PTM transmission seems a good choice.

Solution 2: The gNB will ensure there is no data gap when command the UE switching from PTP to PTM. It will limit the time point of switching.

Proposal 7: Both solution 1 (i.e. UE can receive the PTM and PTP simultaneously) and solution 2 (i.e. gNB will ensure there is no data gap when command the UE switching from PTP to PTM.) are considered.

In RAN2#113bis meeting, some companies prpose to support deactive the PTM to UE if gNB decide to use PTP leg to tranmist the MBS data to the UE and UE can stop monitor G-RNTI for UE power saving purpose.

If PTP leg is used for MBS tranmission, it is true that no necessary to receive the MBS data via PTM due to more realibility on PTP leg. In order to achieve low data loss duering PTM/PTP switching, the PTM deactivation should delay a time gap from PTM to PTP switching, it is up to network control and implemetantion.

Proposal 8: Support to deactive the PTM if gNB decide to use PTP leg to tranmist the MBS data to the UE for UE power saving purpose.

proposal 9: It is up to network control and implemetantion to send PTM deactivation command and perfrom PTM/PTP switching.
3 Conclusions

Based on the discussion above, we propose:
Proposal 1: RAN2 is kindly asked to confirm that for handover from PTM or PTP(UM)to PTP/PTM, there is no data forwarding, no SN STATUS TRANSFER and no PDCP status report due to UM RLC in source cell.

Proposal 2: RAN2 is kindly asked to confirm handover from PTP(AM) to PTM and from PTP(AM) to PTP(UM) are not supported from Qos requirement point of view.

Proposal 3: RAN2 is kindly asked to discuss how to deliver the forwarding data from source cell based on anchor PDCP protocol stack for both PTM and PTP in the target cell.
Proposal 4: If RAN2 agreed that forwarding data delivery in proposal 3 is an issue and it is proposed that target PTP(AM) during handover will configure separate PDCP for handover from PTP(AM) to PTP(AM) case.
Proposal 5: MBS data deliver status should be negotiated between cells in order to reduce the data gap of PTM among each cell.
Proposal 6: PDCP status report is triggered due to PTM/PTP switching.

Proposal 7: Both solution 1 (i.e. UE can receive the PTM and PTP simultaneously) and solution 2 (i.e. gNB will ensure there is no data gap when command the UE switching from PTP to PTM.) are considered.

Proposal 8: Support to deactive the PTM if gNB decide to use PTP leg to tranmist the MBS data to the UE for UE power saving purpose.

proposal 9: It is up to network control and implemetantion to send PTM deactivation command and perfrom PTM/PTP switching.
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