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[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]The support of dynamic PTM/PTP Switch for NR MBS transmission was initially discussed at last RAN2 meeting. The common understanding based on the discussed are copied 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.
The document further discusses the support of dynamic PTM/PTP Switch for NR MBS transmission. 
Triggers for PTM/PTP Switch
3GPP specified the basic eMBMS support of LTE since Rel-9 with the focus on MBSFN. At Rel-13, the Single-Cell Point to Multipoint (i.e. SC-PTM) was specified for LTE. Both MBSFN and SC-PTM transmission is supported based on the dedicated MBMS system architecture, where an MCE entity is located between RAN and CN. MCE is responsible for the determination of the transmission mode MBSFN or SC-PTM.
As a difference between NR multicast/broadcast and LTE multicast/broadcast, the delivery mode switching between PTP and PTM mode can only be performed in NR RAN system while supporting service continuity, even though the transmission mode over N2 interface (i.e. the adoption of IP multicast mode or IP unicast mode) is controlled by 5GC. 
Without the MCE-like entity, the transmission mode decision is made within gNB for NR Multicast and Broadcast. According to the objective described within the WID, dynamic delivery mode switching between PTM and PTP needs to be supported. It should be necessary to support reliable and efficient delivery mode switching between PTM and PTP depending on the number of active devices receiving a specific content, their location, etc. The base station (i.e. gNB) can dynamically transfer a PTP bearer to PTM delivery bearer and vice versa and all the concerned UEs follow the same transmission method i.e. either PTM or PTP. It should be noted that the discussion is per NR multicast/broadcast service. In general, the triggers for delivery mode switch at cell level can be network implementation.
Proposal 1: As the baseline, the triggers for cell specific delivery mode switch between PTM and PTP can be network implementation.
One important aspect for NR multicast is to support reliable transmission of multicast services. When the gNB detects that there is UE(s) that did not successfully receive the data packets, there are two options for the handling at gNB side. At first option, the gNB can decide to initiate the retransmission via PTP to the UE. In this case, UE still receives the PTM transmission as other UEs do.  Alternatively, the gNB can move the UE out of the reception of PTM transmission and perform dedicated PTP transmission to the UE. In the latter case, the PTM transmission continues for other UEs.  We believe the former case presents a better resource utilization efficiency for the system if the radio of the packets that are subject to PTP retransmission is low. However, if the radio of the packets that require retransmission is high, which means the link adaption for the multicast transmission is too aggressive for this UE. The network should have the freedom to adjust the link adaption to improve the successful probability of the initial reception for this UE, or maintain the current link adaption for the majority UEs and remove the UE from this PTM transmission (then a PTP based initial transmission should be performed from the network to the UE). Both cases are network operation, but it may impact the UE reception behavior.  
According to the description above, it is observed that PTM->PTP switch can be performed per UE and this type of PTM->PTP switch is triggered by the need of reliable multicast transmission. As a consequence, the PTM and PTP transmission may run simultaneously within a particular cell, since there may be other UEs receiving PTM transmission, when the concerned UE is moved from PTM to PTP.
Proposal 2: PTM->PTP switch can be triggered by the need of reliable multicast transmission.
Service Continuity requirements for PTM/PTP switch 
As the expectation of reliable MBS transmission is to achieve unicast alike performance, the data loss should be avoided during the switch (both PTM -> PTP switch and PTP -> PTM switch).

Proposal 3: lossless switch should be ensured during PTM/PTP switch in order to ensure service continuity for reliable MBS transmission. 
In order to achieve lossless switch, the UE is expected to receive the unsuccessfully received data packets after the switch from the new transmission leg. This further requires the UE to enable data combining between the data received before PTM/PTP switch and the data received after PTM/PTP switch. That is to say, the UE needs to support redundant packets detection, packet reordering, packet discard if the PTM/PTP switch is implemented at L2. 
Proposal 4: To support service continuity during dynamic PTM/PTP switch, the UE is required to receive the non-successfully received data packets (from previous leg) after the switch to the new leg.
Proposal 5: To support service continuity during dynamic PTM/PTP switch, the UE is required to enable data combining between the data received before PTM/PTP switch and the data received after PTM/PTP switch.
PTM -> PTP switch
During the PTM->PTP switch, the data packets to be delivered by PTP mode needs to be consistent with the data packets as previously delivered by PTM mode, in order to ensure the service continuity. 
Specifically, if the PTM->PTP switch is implemented at HARQ, the next multicast TB from MAC layer needs to be delivered to PTP HARQ process. The unsuccessfully delivered multicast TB via PTM HARQ process may need to be retransmitted by PTP HARQ process to the UE. The UE needs to monitor C-RNTI scrambled PDCCH and receive the data coming from the PTP HARQ process following the PTM->PTP switch order from network. 
If the PTM->PTP switch is implemented at L2 (i.e. at RLC or PDCP), the next L2 packets transmitted to the UE via PTP leg needs to inherit the Sequence Numbering from PTM leg.  
PTP -> PTM switch
During the PTP->PTM switch, the data packets to be delivered by the PTM mode needs to be consistent with the  data packets as previously delivered by UE specific PTP transmission, in order to ensure the service continuity. The challenge here is that it is hard for the network to ensure the service continuity for multiple UEs simultaneously from PTP to PTM. 
If the RAN node has already established PTM leg transmission other UEs, the precondition for service continuity for the current UE is that the PTM HARQ process and the PTP HARQ process always transmit the same TB if the PTP->PTM switch is implemented at HARQ, or PTM leg and PTP leg share the a common Sequence Numbering at L2 (i.e. at RLC or PDCP) if the PTP->PTM switch is implemented at L2. 
In summary, according to the discussion in both section 3.1 and section 3.2, in order to enable the service continuity during dynamic PTM/PTP (PTP->PTM switch and PTM->PTP switch) delivery mode switch, the following proposals are made on the requirements: 
Proposal 6: To support service continuity during dynamic PTM/PTP switch, it is required to ensure consistent multicast TB delivery after PTM/PTP switch if the PTM/PTP switch is implemented at HARQ.
Proposal 7: To support service continuity during dynamic PTM/PTP switch, it is required to enable consistent data packet sequence numbering after PTM/PTP switch if the PTM/PTP switch is implemented at L2 (i.e. at RLC or PDCP) 
 Dynamic PTM/PTP switch 
HARQ based PTM/PTP switch
At the first place, the dynamic PTM/PTP switch can be handled by HARQ. For example, specific to PTM->PTP Switch, the UE specific PTP transmission can be established with a UE specific HARQ process and the multicast TB is going to the PTP HARQ process specific to a UE. In this case, the Multicast transmission block (TB) should be transmitted in a duplicated manner over multiple HARQ processes if multiple UEs receive their specific PTP transmission (potentially including the PTM HARQ process serving other UEs in PTM mode). 
When the UE did not successfully decode the previous multicast RB from PTM transmission before PTM->PTP Switch, there is a risk for the UE to miss this TB when he switches to receive the PTP transmission. Then the performance of the service continuity during dynamic PTM/PTP switch is subject to the detailed HARQ operation (e.g. HARQ feedback based HARQ retransmission) during the period, which can be coordinated with RAN1 for its further evaluation. 
L2 based PTM/PTP switch
The dynamic PTM/PTP switch can be handled by L2 (RLC layer or PDCP layer). In this case, we need take the advantage of the L2 based uplink feedback. For example, specific to PTM->PTP Switch, the UE specific PTP transmission leg can be established as a L2 transmission leg. During PTM->PTP Switch, the PTM L2 functions at the RAN node can be simply disabled and then the common L2 SN allocation function (PDCP or RLC) delivers the new data packets to each UE specific PDCP or RLC function established. From UE perspective, the protocol stack for data reception is kept but the monitoring on the PTM leg is not needed. The RAN node needs to notify this switch to the UE to perform such adaption from UE side.  There may be a case that the multicast RB is kept at RAN node after the switch from PTM->PTP, in order to support the PTM transmission to other UEs. 
Comparison between HARQ and L2 based switch
	Items
	HARQ based PTM/PTP switch
	L2 based PTM/PTP switch

	Protocol layer to switch the transmission
	HARQ
	L2

	Required uplink feedback
	HARQ feedback
	L2 Status Report

	Required retransmission 
	HARQ retransmission
	L2 retransmission

	Service continuity performance
	Risk to miss some TBs
	UE transparent Service continuity

	Network impact
	HARQ operation
	L2 internal interaction

	UE impact
	HARQ combining 
	L2 packet reordering/packet discard/ redundant packet detection


Proposal 8: Discuss the following mechanisms for ensuring Service Continuity for dynamic PTM/PTP switch:
· HARQ based PTM/PTP switch
· L2 based PTM/PTP switch
Transmission of Switch Order
In order to direct the UE to switch the reception mode from PTM to PTP, or vice versa, there is a need to transmit a switch order from network to the UE over Uu interface. Typically, the UE and other UEs are receiving the DL MBS transmission. So then a general distribution of the switch indication (or Switch Order) from the network to the UEs can be performed over the PTM transmission leg. As an alternative way, the switch indication can be sent to each UE via dedicated PTP signalling. The approach of PTP signalling for switch indication may be applicable to the case when the intention is to move the PTM to PTP for a particular UE or part of the UEs. And in this case, the other UEs should not be impacted. When moving the UE from PTP to PTM mode, it is natural to direct the UE via PTP signalling. MAC CE or High layer signalling may be used to carry the Switch Order over Uu from network to the UE, as L1 control signaling may be subject to the size limitation. 
Proposal 9: Discuss if the Switch Order for delivery mode switch is over PTM transmission, PTP transmission or both (depending on the cases).
Proposal 10: Discuss if the Switch Order for delivery mode switch is based on MAC CE or high layer signalling.
Conclusion
The following proposals are made: 
Proposal 1: As the baseline, the triggers for cell specific delivery mode switch between PTM and PTP can be network implementation.
Proposal 2: PTM->PTP switch can be triggered by the need of reliable multicast transmission.
Proposal 3: lossless switch should be ensured during PTM/PTP switch in order to ensure service continuity for reliable MBS transmission.
Proposal 4: To support service continuity during dynamic PTM/PTP switch, the UE is required to receive the non-successfully received data packets (from previous leg) after the switch to the new leg.
Proposal 5: To support service continuity during dynamic PTM/PTP switch, the UE is required to enable data combining between the data received before PTM/PTP switch and the data received after PTM/PTP switch.
Proposal 6: To support service continuity during dynamic PTM/PTP switch, it is required to ensure consistent multicast TB delivery after PTM/PTP switch if the PTM/PTP switch is implemented at HARQ.
Proposal 7: To support service continuity during dynamic PTM/PTP switch, it is required to enable consistent data packet sequence numbering after PTM/PTP switch if the PTM/PTP switch is implemented at L2 (i.e. at RLC or PDCP) 
Proposal 8: Discuss the following mechanisms for ensuring Service Continuity for dynamic PTM/PTP switch:
· HARQ based PTM/PTP switch
· L2 based PTM/PTP switch
Proposal 9: Discuss if the Switch Order for delivery mode switch is over PTM transmission, PTP transmission or both (depending on the cases).
Proposal 10: Discuss if the Switch Order for delivery mode switch is based on MAC CE or high layer signalling.
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