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Introduction
In RAN2#111e meeting, agreements on dynamic PTM/PTP switch were made as below,
	For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)
FFS which layer(s) handles reliability (in general), inorder delivery / duplicate handling, and it is FFS how it works at PTM PTP switch. 



Dynamic PTM/PTP switch were also discussed further in email discussion [1]. In this contribution, we further discuss some remaining issues related to Dynamic PTM/PTP switch.
More specifically, the discussions cover the following aspects,
· MBS radio bearer configuration,
· Dynamic mode switch procedure,
· Minimize data loss during dynamic switch.
Discussion
0. MBS radio bearer configuration
Issue 1: Definition of MBS radio bearer(MRB)
It has been agreed in RAN2#111e meeting the PTP and PTM transmission over radio will be supported for multicast services.
	Confirm that We will, for multicast services introduce support for PTP and PTM transmission of shared traffic delivered by 5GC, at least for connected mode (this is not intended to exclude other cases)


Similar as in LTE, MRB should be newly defined for MBS transmission. If the MBS data from MBS session is received by UE using PTM resource over radio, the associated radio bearer should be MRB naturally.
According to [1], the majority of the companies prefer PDCP acts as the anchor for PTP and PTM dynamic switch. It means that common PDCP entity is used before and after the dynamic switch, so PTP leg should also be associated to the same MRB, because there is one to one mapping between the common PDCP entity and the MRB.
For different services in different scenarios, gNB can decide that MRB is associated with PTM leg,or PTP leg,or both PTM leg and PTP leg simultaneously. i.e.,
    - For broadcast session, MRB associated to a PTM leg only can be configured to UE as RAN3 has Agreed that only PTM applies for broadcast (i.e. no PTP).
    - For multicast session, MRB associated to a PTM leg only can be configured to UE.
    - For multicast session, MRB associated to a PTP leg only can be configured to UE.
    - For multicast session, MRB associated to PTM leg and PTP leg simultaneously can be configured to UE.
Proposal 1: MBS radio bearer (i.e., MRB) can be associated with PTM leg only, or PTP leg only, or both.
Issue 2: Initial COUNT value.
As discussed in [4], when a new UE joins an ongoing multicast session, the HFN may be different than 0, and the PDCP sequence number is may be different than 0.this may bring challenge to the legacy mechanisms which are dependent on COUNT value such as security, PDCP status report. So if security is to be supported for MBS, Then the network shall provide an initial value for initialization of RX_NEXT and RX_DELIV as part of the configuration of MBS data bearer that uses a single PDCP entity on the network side.
In legacy unicast mechanism, COUNT value is used for State variables RX_NEXT, RX_DELIV, RX_REORD of the receiving PDCP entity. The initial value is 0 for RX_NEXT, RX_DELIV.
When a new UE joins an ongoing multicast session, the expected COUNT value of the first PDCP PDU maybe be different than 0 as the HFN at NG-RAN side may be different than 0, and the sequence number of the first PDCP PDU to be received by UE may be different than 0.then there should be a different way the initial value of RX_NEXT, RX_DELIV.
Theoretically, there are three options to decide the initial value of RX_NEXT, RX_DELIV.
Option 1: the initial COUNT value of the first PDCP PDU is sent to UE.
With option 1, the COUNT value of the first PDCP PDU is sent to UE as part of the MBS configuration, then UE will set the initial value of RX_NEXT, RX_DELIV to the received COUNT value.
Option 2: HFN is sent to UE, UE deduce the initial COUNT value by combining received HFN value and SN of the first received PDCP PDU.
[bookmark: _GoBack]With option 2, NG-RAN sends the current HFN to UE, and then UE deduces the current COUNT value by combining received HFN value and SN of the first received PDCP PDU. Eventually UE sets the initial value of RX_NEXT, RX_DELIV to the deduced COUNT value.
Option 3: UE deduce the initial COUNT value by combining a assumed HFN(assume the HFN as 0) and SN of the first received PDCP PDU.
With option 3, UE does get any information from NG-RAN about the initial COUNT value, but deduce the initial COUNT value by itself, by combining a assumed HFN(assume the HFN as 0) and SN of the first received PDCP PDU.
If option 3 is used, the HFN may be not synchronized between UE and NG-RAN. But it can also works well if there are no functions for MBS are dependent on the COUNT value. Unfortunately there are some MBS functions which may be dependent on the PDCP COUNT value. The details are as following,
1. PDCP COUNT is used in PDCP status report.
For mobility with Service continuity, RAN2 has agreement that PDCP status report may be supported. So UE need to know the correct COUNT value for PDCP status report. 
	From UE side, PDCP status report may be supported as well. 


2. PDCP COUNT is used in PDCP security functions
We cannot exclude the security functions for MBS as RAN2 is waiting for SA3’s progress on security issues.
So potentially the correct COUNT value may be necessary for PDCP security function.
	In general: RAN2 wait for SA3’s progress for discussing security issues. TBD whether we need to send LS to SA3. 


Therefore, option 3 is not feasible.RAN2 do the down selection between option 1 and option 2.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: RAN2 to discuss how to inform the initial COUNT value of PDCP PDU to UE,
    Option 1: Initial COUNT value is sent to UE.
    Option 2: Initial HFN value is sent to UE, UE deduce the initial COUNT value by received HFN and SN of the first received PDCP PDU.
0. Dynamic mode switch procedure
Issue 1: Applicability of  PTP and PTM dynamic switch.
In RAN2#111e,it is agreed that PTP and PTM transmission are supported for multicast services, but it also indicated that other cases is not exclude.
	Confirm that We will, for multicast services introduce support for PTP and PTM transmission of shared traffic delivered by 5GC, at least for connected mode (this is not intended to exclude other cases)


Furthermore, in RAN3#110-e, it is agreed only PTM applies for broadcast services,
	· Agreed that only PTM applies for broadcast (i.e. no PTP).


Based on RAN3 agreement, RAN2 can conclude that PTP and PTM dynamic switch is only used for multicast session.
Proposal 3: PTP and PTM dynamic switch is only used for multicast session in Rel-17.
Issue 2: Signaling Procedure to perform PTP and PTM dynamic switch.
According to email discussion [1], the majority view is that PDCP acts as the anchor for PTP and PTM dynamic switch, and the split bearer like architecture in  Figure 1 can be used for dynamic switch between PTP/PTM,
[image: ]
Figure 1
It is not necessary to mandate UE always configured with both PTP leg and PTM leg simultaneously. NG-RAN should have the flexibility to configure PTM leg, or PTP leg, or both PTM and PTP legs to UE based on the reliability requirement. 
Based on whether UE is configured PTP leg and PTM leg simultaneously, the following two procedures should be supported to perform the PTP and PTM dynamic switch for difference cases. 
Procedure 1: UE is configured with MRB associating with PTP leg and PTM leg simultaneously, and which leg(s) to be activated is determined dynamically.
UE is pre-configured with both the PTM configuration and PTP configuration. It is up to NG-RAN to decide when to provide the PTP and PTM configuration to UE. It can be preconfigured at the beginning of MBS reception, or before the mode switch. 
After sending the PTM and PTM configuration simultaneously to UE, NG-RAN dynamically determines which delivery method is activated for UE. The need of notification will be discussed in the latter section. The general procedure is illustrated in Figure 2.


Figure 2
Procedure 2: RRC based reconfiguration between PTM configuration and PTP configuration.
UE receives the PTM configuration or PTP configuration from NG-RAN only when the corresponding delivery mode is activated for UE. The procedure is illustrated in Figure 3.


Figure 3
Proposal 4: Two procedures for PTM and PTP dynamic switch are supported,
- Procedure 1: UE is configured with MRB associating with PTP leg and PTM leg simultaneously, and which leg(s) to be activated is determined by gNB dynamically.
    - Procedure 2: RRC based reconfiguration between PTM configuration and PTP configuration.
Issue 3: Necessity of the notification to UE when PTP/PTM switch happens.
With Procedure 1 in proposal 3, UE can implicitly know which leg to monitor as only PTM leg or PTP leg is configured to UE.
But with Procedure 2 in proposal 3, UE are configured with MRB associating with PTP leg and PTM leg simultaneously. UE need to always monitor G-RNTI and C-RNTI if UE is not informed to monitor which one.
Whether the dynamic switch is transparent to UE has been discussed in RAN2#111e post email discussion [1]. In this contribution we further discuss the advantages and disadvantages of the possible solutions.
Option 1: Signaling-free switch
With option 1, the switch can be done by the gNB and transparent to the UE. The UE is configured with both G-RNTI and C-RNTI and will receive them both, and the gNB may dynamically switch the scheduling using G-RNTI and C-RNTI based on its radio status.
Option 2: Explicit RRC signaling or lower layer indication to UE
With option 2, upon NG-RAN triggering the PTP/PTM mode switch, UE will be informed about the switch via RRC signaling.
A comparison on the pros/cons between option 1 and option 2 is as following, 
Table 1 comparison between option 1 and option 2
	
	Option 1: Signaling-free switch
	Option 2: explicit RRC signaling or lower layer indication to UE

	Switch latency
	Low, as no delay due to the signaling indication
	High, compared to signaling-free method

	UE power consumption
	If the PTM/PTP switch is transparent to UE, it may result in the increase of UE power consumption. 
If both bearers are configured and NG-RAN is only transmitting the MBS data with PTP, UE still need to always monitor G-RNTI scrambled PDCCH search space as UE have no idea when the PTM transmission starts/stops. 
	The UE power consumption is low compared to signaling-free method, as UE is aware which RNTI (G-RNTI or C-RNTI) to monitor, then no need to always monitor both G-RNTI and C-RNTI simultaneously during the MBS reception.


According to above comparison, even signaling-free switch has the advantage on shortening the latency, but it seems that UE power consumption could be increased caused by unnecessarily monitoring G-RNTI scrambled PDCCH search space, in case PTM transmission is not on. So a notification through RRC signaling or lower layer indication to UE is necessary.
Proposal 5: If UE is configured with both PTP leg and PTM leg, a notification should be sent to UE when PTP/PTM switch happens. FFS on via RRC or lower layer signaling.
0. Minimize data loss during dynamic switch
RAN2#111e agreement,
	FFS which layer(s) handles reliability (in general), inorder delivery / duplicate handling, and it is FFS how it works at PTM PTP switch. 


As working assumption has been made in RAN2 that RLC-AM for PTM is not supported, it seems data lossless cannot be achieved for PTM transmission with pure RLC UM as data lossless is possible only when RLC AM is used.
	Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this). 



It does not make sense to discuss lossless switch if data lossless is not supported for normal PTM transmission. However, for now it is unclear whether data lossless will be supported for normal PTM transmission with some enhancement. But we still can discuss the potential solutions to minimize the data loss during mode switch.
Some packets sent by NG-RAN node in PTM mode may be missed by UE. These missed packets will not be sent to UE again after UE switch to PTP mode in case that NG-RAN is not aware that packets are missed at UE side.
To minimize the data loss during PTM to PTP mode switch, potentially there are some PDCP based approaches.
Approach 1: PTP transmission can always be started with retransmission a certain number of the last PDCP PDUs sent on PTM transmission. 
With option 1, there is no need for NG-RAN to be aware of the missed PDCP PDUs at UE side. For the last N(the N is up to network implementation) PDCP PDUs which has been sent with PTM before switch, NG-RAN retransmits them before sending the new PDCP PDUs.
Assuming common PDCP entity is used between PTM and PTP on UE side, UE can combine the packets from PTM leg and PTP leg together. Some missed PDCP PDUs will be received by UE on PTP leg alternatively. Then the data loss can be avoided. It is possible that some packets may be received by UE twice. That should not be an issue. As RAN2 has agreed that duplicate discarding function in PDCP is supported for MBS. The potential duplicated packets can be discarded by PDCP entity at UE side.
Approach 2: UE can be configured to receive PTM leg and PTP leg simultaneously during dynamic switch.
When the mode switch triggers, UE can be configured to receive PTP leg and PTP leg simultaneously for a short period. Data loss can be avoided at UE side by combing the data received on PTP and PTM assuming that the content of PTM transmission and PTP transmission is not well synchronized. Option 2 can also be used together with option 1.
Approach 3: PDCP status report is used during dynamic switch.
For lossless handover, it has been agreed that PDCP status report at UE side may be used for the case of mobility.
The same benefit is foreseen by extending the use of PDCP status report for mode switch. 
With PDCP status report used during mode switch, NG-RAN can be aware of the missed PDCP PDUs at UE side, and then retransmit the missed packets with PTP mode after mode switch. 
Proposal 6: To minimize data loss during dynamic switch, the following approaches are supported,
    - Approach 1: PTP transmission can always be started with retransmission a certain number of the last PDCP PDUs sent on PTM transmission.
    - Approach 2: UE can be configured to receive PTM leg and PTP leg simultaneously during dynamic switch.
    - Approach 3: PDCP status report is used during dynamic switch.
Conclusion
According to the analysis in section 2, we propose:
MBS radio bearer configuration
Proposal 1: MBS radio bearer (i.e., MRB) can be associated with PTM leg only, or PTP leg only, or both.
Proposal 2: RAN2 to discuss how to inform the initial COUNT value of PDCP PDU to UE,
    Option 1: Initial COUNT value is sent to UE.
    Option 2: Initial HFN value is sent to UE, UE deduce the initial COUNT value by received HFN and SN of the first received PDCP PDU.
Dynamic mode switch procedure
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 3: PTP and PTM dynamic switch is only used for multicast session in Rel-17.
Proposal 4: Two procedures for PTM and PTP dynamic switch are supported,
- Procedure 1: UE is configured with MRB associating with PTP leg and PTM leg simultaneously, and which leg(s) to be activated is determined by gNB dynamically.
    - Procedure 2: RRC based reconfiguration between PTM configuration and PTP configuration.
Proposal 5: If UE is configured with both PTP leg and PTM leg, a notification should be sent to UE when PTP/PTM switch happens. FFS on via RRC or lower layer signaling.
Minimize data loss during dynamic switch
Proposal 6: To minimize data loss during dynamic switch, the following approaches are supported,
    - Approach 1: PTP transmission can always be started with retransmission a certain number of the last PDCP PDUs sent on PTM transmission.
    - Approach 2: UE can be configured to receive PTM leg and PTP leg simultaneously during dynamic switch.
    - Approach 3: PDCP status report is used during dynamic switch.
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