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Introduction
In RAN2#113 meeting, RAN2 agreed that MRB may include both PTP and PTM.
Confirm P1 P2 P3 (assume that MRB may include both PTP and PTM)
In RAN2#113bis-e meeting, RAN2 agreed that split MRB is configured a common PDCP entity with 2 RLC leg (PTM and PTP), dynamic switch is supported for split MRB bearer:
Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.
For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.
In the last RAN2#114e meeting, following was agreed:
 RLC-AM is not supported for PTM (for MBS R17 WI). 
This means PTP leg may be configured as RLC AM or UM, while PTM can only support RLC UM.
In “Email discussion [Post114-e][072][MBS] Delivery Mode 1 PTM PTP operation, companies discussed different schemes for PTM PTP switch and details.
This paper discuss PTM PTP operation and the necessity of MBS reliability enhancement based on L2 ARQ by PDCP, further details then be analysed.
PTM PTP switch and service continuity
PTP/PTM dynamic switch and service continuity
In RAN2#113, RAN2 confirmed that MRB may include both PTP and PTM (i.e. split-MRB). Whether to deactivate PTM leg of split-MRB can be FFS. According to the agreements, one possibility is that split MRB uses PTM leg at the beginning and switches to PTP automatically when channel condition deteriorate (i.e. PTM/PTP dynamic switch). When using PTP transmission, PTM can be deactivated to reduce power consumption.
In email discussion [1], another possibility is to use split MRB or PTM only at the beginning. When channel condition deteriorates, RRC signal (RRCReconfiguration message) is used to reconfigure MRB (i.e. bearer type change), and PTP only or split MRB (with PTM deactivation or not) will then be used to transmit data PDU.
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Figure 1: MRB architecture and switching cases
For some companies, the reason for objection to PTM deactivation is that if RRC-based MRB type change is used, PTM deactivation is not necessary. However, we think the details of dynamic switch and RRC based bearer type change should be discussed separately, and the above reason should not be taken for not supporting PTM deactivation. 
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Figure 2: Options for PTM deactivation
Observation 1: Dynamic PTM/PTP switch is exclusive of RRC-based MRB type change, which should not be a reason for not supporting PTM deactivation.
If PTM deactivation is not supported, the RLC window of PTM and PTP RLC entities may not be synchronized, as discussed in [1]. This may cause potential packet loss. Besides, when PTP leg is used to transmit data, UE can stop monitoring G-RNTI to reduce power consumption. MAC CE can be used to indicate PTM deactivation or activation due to its flexibility.
Another reason why gNB must inform UE for switching (i.e. in non-transparent manner) is that if L2 ARQ (Section 2.2) is accepted in subsequent discussion, UE cannot distinguish between dynamic switch and L2 ARQ by monitor C-RNTI implicitly, explicit signal from network is needed.
Observation 2: Considering UE power consumption and RLC window un-synchronization issue, PTM deactivation is necessary when switching to PTP.
Observation 3:	UE needs explicit signal from network to distinguish between dynamic switch and L2 retransmission.
Proposal 1: Support PTM deactivation based on MAC CE when switching to PTP.
For PTM PTP dynamic switch between split-MRB, PDCP can reduce data loss as a common entity. Service continuity can be provided by transmitting PDCP status report to public PDCP entities through UL PTP AM (PTP will not be deactivated) when switching between PTM and PTP. This is consistent with the legacy split DRB architecture for lossless switch (e.g. DAPS).
Some companies propose UE assistance information to request PTM/PTP dynamic switch explicitly. We think it has the same effect as PDCP status report to indicate reception failure and request dynamic switch, so it may not be necessary to introduce any other UE assistant information.
Observation 4: During the dynamic switch between PTP and PTM (split-MRB), common PDCP entity can provide service continuity by PDCP status report as legacy split DRB architecture.
Proposal 2: PDCP status report is supported for the trigger of dynamic PTM/PTP switch
RRC-based bear type change 
Since RLC-AM is not supported for PTM, RLC ARQ and PDCP data recovery is not supported. In this case, PDCP status report will not be transmitted to the network even if the PDCP reestablishment is triggered. We think uplink logical channel is unnecessary for PTM and DL only is enough.
Proposal 3： DL only is configured for PTM UM RLC.
Based on the agreement above, cases with “PTM only” have no uplink logical channel. Besides, RRC-based bearer type change requires PDCP entity reestablishment for both TX and RX side, which will initialize the variables of PDCP entity with UM DRB and affect service continuity.
	When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
……
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;
   ……
   for UM DRBs and SRBs, set RX_NEXT and RX_DELIV to the initial value;



Observation 6:  For cases with PTM only, there is no uplink logical channel in MRB.
Observation 7:  RRC-based bearer type change requires PDCP entity reestablishment, which affect service continuity of PDCP entity with UM DRB.
In these situations, we do not think PDCP status report in current specs works well for data loss reduction. PTM leg may be able to transmit L2 ARQ in another way, e.g. to use UL logical channel of unicast to carry PDCP status report. This method should be supported for PTM only or other cases. Otherwise, the service continuity of some bearer types may be limited (e.g. bearer type changes including “PTM only”)
Proposal 4：Support UE to use UL logical channel of unicast to carry PDCP status report for some cases.
Besides, we noticed that PTP only and split MRB with PTM deactivation both transmit data in PTP without the assistance of PTM. However, compared with the latter, it seems PTP only does not support dynamic switch without additional benefits. RAN2 can discuss the necessity of PTP only for MRB configuration.
Proposal 5： RAN2 to discuss the necessity of PTP only for MRB configuration.
L2 ARQ for reliability enhancement
When PTM/PTP switch is triggered, it can be assumed that both lost data and normal data will be (re)transmitted in PTP leg until the next switch signal (PTP/PTM switch). Such redundant transmission of normal data in PTP leg and the time delay of re-switching signal would reduce resource efficiency and goes against the purpose of efficient use of spectrum in multicast services.
In contrast, L2 ARQ of MBS service can provide more flexible retransmission since only lost data will be retransmitted through PTP leg while subsequent data packets are not affected. Thus it should be considered as priority for reliability enhancement of MBS and this would increase resource efficiency. However, if channel condition is consistently poor and data loss occurs frequently, dynamic switch to PTP leg should be considered to provide more reliable transmission (e.g. RLC-AM) and avoid excessive L2 retransmission in PTM leg. Since RLC-AM is not supported for PTM in the last meeting, PDCP SR is the only way to provide L2 retransmission. 
Observation 8:  PTM/PTP switch is more inflexible compared with L2 ARQ, and redundant transmission in PTP leg would reduce resource efficiency.
Proposal 6: L2 ARQ should be considered as priority for reliability enhancement when data loss occurred, PTP/PTM switching should be triggered later if channel condition always gets worse.
Proposal 7: PDCP status report is supported as L2 ARQ for MBS reliability enhancement.
Triggers of PDCP status report
From the above discussion, PDCP status report is supported as the trigger of PTM/PTP dynamic switch and L2 ARQ. In current specs, PDCP status report is triggered by upper layer, e.g. PDCP re-establishment, data recovery request, etc. So new triggers is needed for autonomous PDCP status report, which can be specified based on timer expires, polling or number of missing SNs. This is similar to the trigger of PDCP feedback for L2 ARQ. We prefer to use the expiry of timer due to its simplicity with relatively less standardization efforts. The only change is receiving window management similar to RLC AM to prevent packet loss by RX_DELIV moving forward. I.e., SDU will not be delivered to upper layer after t-reordering expires, and RX_DELIV remains unchanged. 
Based on this solution, we can apply the following changes for the specs of NR PDCP:
[image: ]
Proposal 8: Autonomous PDCP status report can be realized by t-reordering expires as the new trigger. 
Since L2 ARQ (PDCP SR) is also triggered by PDCP status report, so there is a need to distinguish the trigger of these two situations, which depends on specific PDCP status report and can be FFS. One possible method is to assess the number of loss PDUs in PDCP status reports received from specific UE(s). 
Proposal 9: FFS how to distinguish PDCP status report for PTP/PTM dynamic switch and L2 ARQ.
Conclusion
In this contribution, the following observation are made: 
Observation 1: Dynamic PTM/PTP switch is exclusive of RRC-based MRB type change, which should not be a reason for not supporting PTM deactivation.
Observation 2: Considering UE power consumption and RLC window un-synchronization issue, PTM deactivation is necessary when switching to PTP.
Observation 3:	UE cannot distinguish between dynamic switch and L2 ARQ by monitor C-RNTI implicitly.
Observation 4: During the dynamic switch between PTP and PTM (split-MRB), common PDCP entity can provide service continuity by PDCP status report as legacy split DRB architecture.
Observation 6: For cases with PTM only, there is no uplink logical channel in MRB.
Observation 7: RRC-based bearer type change requires PDCP entity reestablishment, which affect service continuity of PDCP entity with UM DRB.
Observation 8: PTM/PTP switch is more inflexible compared with L2 ARQ, and redundant transmission in PTP leg would reduce resource efficiency.

Based on these observations, the following proposals are made: 
Proposal 1: Support PTM deactivation based on MAC CE when switching to PTP.
Proposal 2: PDCP status report is supported for the trigger of dynamic PTM/PTP switch
Proposal 3：DL only is configured for PTM UM RLC.
Proposal 4：Support UE to use UL logical channel of unicast to carry PDCP status report for some cases.
Proposal 5：RAN2 to discuss the necessity of PTP only for MRB configuration.
Proposal 6: L2 ARQ should be considered as priority for reliability enhancement when data loss occurred, PTP/PTM switching should be triggered later if channel condition always gets worse.
Proposal 7: PDCP status report is supported as L2 ARQ for MBS reliability enhancement.
[bookmark: _GoBack]Proposal 8: Autonomous PDCP status report can be realized by t-reordering expires as the new trigger. 
Proposal 9: FFS how to distinguish PDCP status report for PTP/PTM dynamic switch and L2 ARQ.
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5222 Actions when a t-Reordering expires

For MRB when -Reordering expires, the receiving PDCP entity shall:

- trigger a PDCP status report;

- update RX_REORD to RX_NEXT;

- start +-Reordering,




