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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
A new work item on the support of NR Multicast and Broadcast was approved at RAN#86. This document discusses the modelling of the radio bearer structure for the data transmission of NR Multicast and Broadcast services at the UE side.  
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Terminology and Options to Model MBS Transmission
Based on the related discussion at SA2 for 5G MBS, there are two delivery methods for the transmission of MBS packet flows over radio:
· Point-to-Multipoint (PTM) delivery method: a RAN node delivers a single copy of MBS data packets over radio to a set of UEs.
· Point-to-Point (PTP) delivery method: a RAN node delivers separate copies of MBS data packet over radio to individual UE.
The RAN node (i.e. gNB) may use PTM, PTP or a combination of PTP/PTM mode to deliver the MBS data of a particular MBS service to the interested UEs within a cell. The support of the simultaneous PTP/PTM delivery method is to cater for the diverse handling for the UEs for the MBS service reception e.g. radio resource utilization scheme, different QoS requirements.    
In addition, taking account of the requirement to support reliable multicast transmission, a companion PTP delivery leg may be used to perform UE specific retransmissions.  Then from the RAN node perspective, there are four delivery modes available to deliver MBS data over the air interface: 
· PTM only transmission
· PTP only transmission
· PTM and PTP (with PTP for initial transmission)
· PTM and PTP (with PTP only for retransmission)
It should be noted that when the RAN node configures both PTM leg and PTP leg for MBS data delivery for a particular MBS session, some UEs may only receive the PTM leg, some UEs may only receive PTP leg, and the other UEs may receive both PTM and PTP legs. Then the discussion is suggested to continue from UE side.
From UE reception perspective, corresponding to the delivery modes adopted by the RAN node, there are also different options to model the reception behavior, which can be shown in Figure 1.  
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Figure 1: Options for UE reception on MBS data
Option 1 (only receiving PTM leg): UE only receives the PTM leg regardless if there are any other PTP legs established by the network for other UEs. From the UE perspective, the reliable reception is not expected in this case. This option requires the RAN node to establish a PTM leg for the transmission of a particular MBS session. 
Option 2 (only receiving PTP leg): UE only receives the PTP leg regardless if there is ongoing PTM leg established for other UEs by the network. From the UE perspective, the reliable reception can be expected if required in this case. This option requires the RAN node to establish UE specific PTP leg(s) for the transmission of a particular MBS session.
Option 3 (receiving both PTM and PTP leg): UE receives the initial transmission of the MBS data from both PTM leg and PTP leg. It assumes the RAN node establishes both PTM leg and UE specific leg for the UE. The RAN node delivers the data in a duplicated manner to both PTM leg and UE specific leg. During MBS reception, UE combines the received data from two legs and discards the duplicated data if any. 
Option 4 (receiving both PTM and PTP leg with PTP for only retransmission): UE receives the initial transmission of the MBS data from PTM leg. UE receives the retransmission of MBS data from PTP leg. It assumes the RAN node establishes both PTM leg and UE specific leg for the UE. However the PTP leg is only used for data retransmission based on UE specific uplink feedback. During MBS reception, UE combines the received data from two legs.  
Alternatives to Model UE reception on NR MBS RB
Based on the options as described in the previous section, different alternatives to model the UE reception on NR MBS Radio Bearer can be developed. The factors to classify the alternatives include the support of the uplink feedback, the exact protocol layer for the UE to provide the uplink feedback, and the protocol layer for the UE to receive the duplicated data or retransmitted data.
 
Table 1: Alternatives developed on top of the options
	Protocol layer for feedback/duplication/ retransmission
	Option 1 (only receiving PTM leg)
	Option 2 (only receiving PTP leg)
	Option 3 (receiving both PTM and PTP leg)
	Option 4 (receiving both PTM and PTP leg with PTP for only retx)

	A: No feedback
	1A (PTM w/o feedback, legacy)
	2A (legacy)
	
	

	B: HARQ 
	1B (PTM with feedback)
	2B(legacy)
	3B(duplicated data at HARQ)
	4B(HARQ feedback /retransmission)

	C: RLC 
	
	2C(legacy)
	3C(duplicated data at RLC)
	4C(RLC feedback /retransmission)

	D: PDCP 
	
	2D(legacy)
	3D(duplicated data at PDCP)
	4D (PDCP feedback /retransmission)



As shown in the table above, depending on the protocol layer to handle the uplink feedback, duplicated reception or the reception on the retransmitted data at PTM leg and/or PTP leg, the following alternatives can be obtained:
· Alt-1A: PTM only reception without provisioning of UL feedback, which is legacy PTM reception;
· Alt-1B: PTM only reception with HARQ layer uplink feedback;
· Alt-2A: PTP only reception without provisioning of UL feedback, which is legacy PTP reception;
· Alt-2B: PTP only reception with HARQ layer uplink feedback, which is legacy PTP reception;
· Alt-2C: PTP only reception with RLC layer uplink feedback, which is legacy PTP reception;
· Alt-2D: PTP only reception with PDCP layer uplink feedback, which is legacy PTP reception;
· Alt-3B: PTM/PTP reception with duplicated HARQ reception over PTM/PTP leg 
· Alt-3C: PTM/PTP reception with duplicated RLC reception over PTM/PTP leg
· Alt-3D: PTM/PTP reception with duplicated PDCP reception over PTM/PTP leg
· Alt-4B: PTM/PTP reception with HARQ layer uplink feedback (the reception of the PTP leg is for HARQ retransmission) 
· Alt-4C: PTM/PTP reception with RLC layer uplink feedback (the reception of the PTP leg is for RLC retransmission)
· Alt-4D: PTM/PTP reception with PDCP layer uplink feedback (the reception of the PTP leg is for PDCP retransmission)
Elaboration on Radio Bearer Model Alternatives
Alt-1A: PTM only reception without UL feedback
There are cases where only PTM based reception without UL feedback is allowed for MBS reception, for example, the reception of the delivery of the broadcast application. In this option, no feedback is provided from the UE. The network may perform one shot transmission or perform blind retransmission at HARQ or L2. Following the general principle of legacy PTM RB reception, this option requires the UE to establish a single PDCP entity and RLC entity for downlink reception and the RLC entity runs in receiving only mode. 
Alt-1B: PTM only reception with HARQ feedback
Alt-1B follows the general principle of Alt-1A. However, in this option, the UE needs to provide the HARQ feedback according to the resource allocation by the RAN node. The HARQ feedback may be used by the network to determine the needed retransmission. The details of this alternative (e.g. HARQ feedback methods based on a group of UEs) is subject to RAN1 discussion. 
Alt-2A/2B/2C/2D: PTP only reception 
In case of PTP reception (Alt-2A/2B/2C/2D), the UE fully follows the legacy behaviour of unicast reception. The network needs to establish an independent UE specific PTP RB for the UE.  

Alt-3B: PTM/PTP reception with duplicated HARQ reception over PTM/PTP leg
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Figure 2: MBS Reception with Alt-3B
The protocol stack of Alt-3B is depicted in Figure 2. As can be seen from Figure 2, UE receives both PTM leg and PTP leg from the perspective of HARQ. For example, UE monitors the G-RNTI scrambled PDCCH for PTM reception and monitors the C-RNTI scrambled PDCCH for PTP reception. In this case, the UE may receive the same TB from both legs. 
More specifically, the UE may receive the same or different RV version of the same TB from the two legs and then HARQ combining can take place at physical layer. The UE can provide its uplink HARQ feedback to the network based on the result of the HARQ combining for a particular TB, with the expectation to receive the HARQ retransmission for the same TB. From RAN node side, the multicast data will be duplicated over PTM and PTP legs at HARQ layer with different HARQ entities or different HARQ process. The details of this alternative is subject to RAN1 discussion.   
Alt-3C: PTM/PTP reception with duplicated RLC reception over PTM/PTP leg 
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Figure 3: MBS Reception with Alt-3C
The protocol stack of Alt-3C is depicted in Figure 3. As can be seen from Figure 3, UE receives both PTM leg and PTP leg from the perspective of RLC in a single DRB. In this case, the UE may receive the same PDCP packets from both legs. The UE uses two RLC entities to receive the two legs since the packets are allocated SN by different RLC entities at network side. The UE reception behavior is a bit like the DC based reception. At PDCP layer, the UE can combine the received data packets and discard the duplicated packets if any.  The UE can provide its independent uplink HARQ feedback to the network based on the reception of each leg, then there is no HARQ combination between the two legs. From RAN node side, the multicast data will be duplicated over PTM and PTP legs like the handling of DC.
      
Alt-3D: PTM/PTP reception with duplicated PDCP reception over PTM/PTP leg 
The protocol stack of Alt-3D as depicted in Figure 4 follows the same principle of Alt-3C. The difference is that the multicast data will be duplicated over PTM and PTP legs at PDCP layer. The UE performs the PTP and PTM reception together. From the UE reception perspective, the UE should use two RLC entities to receive the data from PTM and PTP legs. There is unified SN allocation for the PDCP packets at the network side, so then the UE’s PDCP entity can combine the packets received from PTM leg and PTP leg. From RAN node side, the multicast data will be duplicated over PTM and PTP legs at PDCP layer.
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Figure 4: MBS Reception with Alt-3D 
Alt-4B: PTM/PTP reception with HARQ layer uplink feedback (the reception of the PTP leg is for HARQ retransmission)
The protocol stack of Alt-4B is the same as Alt-3B, as depicted in Figure 2. The difference is that from PTP leg the UE can only receive the HARQ retransmission of a TB. Then the UE always receive different RV version of the same TB from the two legs. HARQ combining can take place at physical layer. The UE can provide its uplink HARQ feedback to the network based on the result of the HARQ combining for a particular TB, with the expectation to receive the HARQ retransmission for the same TB from PTP leg. From RAN node side, the initial transmission of the TB for the multicast data take place at PTM leg and the retransmission of the RB takes place at PTP leg. The HARQ transmission may be supported by different HARQ entities or different HARQ process. The details of this alternative is subject to RAN1 discussion.
Alt-4C: PTM/PTP reception with RLC layer uplink feedback (the reception of the PTP leg is for RLC retransmission)
As depicted in Figure 5, at UE side, the UE performs the PTP and PTM reception together. Monitoring the PTP leg is only for purpose of the reception of the retransmitted RLC packets. The UE establishes a single/combined DRB and a single PDCP entity to receive both PTM leg and PTP leg. The UE can establish a single RLC entity to receive the two legs. 
UE monitors two independent LCHs (one for PTM data and the other for PTP data) via different RNTIs. UE assembles the data packets from two independent LCHs at RLC, since it assumes the SN is aligned, as the SN is supposed to be allocated by a single RLC SN allocation function block at network side. In uplink, UE provides the uplink feedback (i.e. RLC status report) to the network, when there is a Polling Request received for the multicast transmission.
From network side. There are independent RLC functions supported at network side for each UE. It should be noted that the PTP RLC functions only part of RLC entity functions as there is no SN allocation function.The PDCP packets are delivered to a common RLC SN allocation function block at RLC layer. The PTM RLC entity runs for initial PTM transmission. Any transmission in PTP (or unicast manner) is for PTP Retransmission. 
There may be retransmission buffer implemented at each UE specific RLC AM entity following legacy principle.
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Figure 5: MBS Reception with Alt-4C

Alt-4D: PTM/PTP reception with PDCP layer uplink feedback (the reception of the PTP leg is for PDCP retransmission)
As depicted in Figure 6 for Alt-4D, at UE side, the UE performs the PTP and PTM reception together like Alt-4C. Monitoring the PTP leg is only for purpose of the reception of the retransmitted PDCP packets. The UE establishes a single/combined DRB and a single PDCP entity to receive both PTM leg and PTP leg. The UE can establish a two RLC entities to receive the two legs and both runs in RLC UM mode. 
UE monitors two independent LCHs (one for PTM data and the other for PTP data) via different RNTIs. UE assembles the data packets from two independent LCHs at PDCP, since it assumes the SN is aligned, as the SN is supposed to be allocated by a single PDCP SN allocation function block at network side. In uplink, UE provides the uplink feedback (i.e. PDCP status report) to the network, when there is a Polling Request received for the multicast transmission.

[image: ]
Figure 6: MBS Reception with Alt-4D
From network side. There are independent PDCP functions supported at network side for each UE. It should be noted that the PTP PDCP functions only part of RLC entity functions as there is no SN allocation function.The SDAP packets are delivered to a common PDCP SN allocation function block at PDCP layer. The PTM PDCP entity runs for initial PTM transmission. Any transmission in PTP (or unicast manner) is for PTP Retransmission. There may be retransmission buffer implemented at each UE specific PDCP AM entity following legacy principle.
Analysis on Radio Bearer Modelling Alternatives
This section tries to compare the different alternatives as described in the previous section and then provide a comparison table as a summary. 
Alt-1A (PTM only reception):  Alt-1A cannot support any reliable transmission even though blink retransmission may be supported. 

Alt-1B (PTM only reception with HARQ feedback): Alt-1B assumes the HARQ based enhancement and is pending on the evaluation by RAN1.

Alt-2A/2B/2C/2D (PTP only reception):  Alt-2A/2B/2C/2D is governed by legacy mechanism, which presents inefficient radio resource utilization. 

Alt-3B (PTM/PTP reception with duplicated HARQ reception over PTM/PTP leg): Alt-3B relies on the HARQ based duplicated transmission. The UE specific PTP transmission is independent from the PTM transmission. From HARQ perspective, there is HARQ combining gain between PTM and PTP leg. However, resource utilization is not in an optimal way since the PTP transmission takes place as a duplication regardless of the UE reception quality at the PTM leg. There should be standard impact from HARQ perspective and is pending on the evaluation by RAN1.
 
Alt-3C (PTM/PTP reception with duplicated RLC reception over PTM/PTP leg): Alt-3C adopts the same handling as DC for the UE and the data is duplicated at RLC layer and then there is no HARQ impact. The resource utilization of Alt-3C is worse than Alt-3B because of the additional packet header overhead. There is RLC combining gain for Alt-3C. Alt-3C requires the UE to model two RLC entities for the same DRB. However, the PTP RLC leg only performs full RLC packet transmission and cannot perform selective transmission based on the RLC feedback, since no RLC feedback is supported for this alternative. Alt-3C can achieve unicast-alike reliable performance at the cost of inefficient radio resource utilization.
  
Alt-3D (PTM/PTP reception with duplicated PDCP reception over PTM/PTP leg): Alt-3D adopts the same handling as Alt-3C for the UE but the data is duplicated at PDCP layer. There is no HARQ impact. The resource utilization of Alt-3D is worse than Alt-3C because of the additional packet header overhead (at higher protocol layer). There is PDCP combining gain for Alt-3D. Alt-3D also requires the UE to model two RLC entities for the same DRB. Alt-3D can achieve unicast-alike reliable performance at the cost of inefficient radio resource utilization.

Alt-4B (PTM/PTP reception with HARQ feedback and with PTP leg as retransmission based HARQ reception):  Alt-4B relies on the UE HARQ based feedback and retransmission. The PTP HARQ retransmission is based on UE HARQ feedback of its reception of PTM. PTP HARQ retransmission cannot run independently and then the performance will be impacted. The standards impact for this option is on the coordinated HARQ operation between PTM and PTP from DL perspective and is pending on the evaluation by RAN1. Comparing with Alt-3B, the resource utilization is optimized at Alt-4B.

Alt-4C (PTM/PTP reception with HARQ feedback and with PTP leg as retransmission based RLC reception): Alt-4C requires the UE to model two RLC entities for the same DRB. Alt-4C allows the network to establish a combined RLC leg for PTP/PTM transmission to the UE, which presents efficient resource utilization since the PTP leg runs with PTM in a coordinated manner taking the advantage of the RLC feedback. For example, only missing packets is transmitted by PTP leg.  So then the highest RLC combination gain can be achieved.  Alt-4C can achieve unicast-alike reliable performance. However Alt-4C requires to support the coordinated PTM/PTP transmission within the RLC layer, which needs RAN2 work.

Alt-4D (PTM/PTP reception with HARQ feedback and with PTP leg as retransmission based PDCP reception):  Alt-4D requires the UE to model two RLC entities for the same DRB. Alt-4D allows the network to establish a combined PDCP leg for PTP/PTM transmission to the UE, which presents efficient resource utilization since the PTP leg runs with PTM in a coordinated manner taking the advantage of the PDCP feedback. Alt-4D works as same as Alt-4C but at PDCP layer. Alt-4D can achieve unicast-alike reliable performance. However Alt-4D requires to support the coordinated PTM/PTP transmission within the PDCP layer at the network, which needs RAN2 work.
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Table 2: Comparison on the pros and cons on the alternatives
	Items
	Alt-1A 
	Alt -1B
	Alt-2A/2B/2C/D
	Alt-3B
	Alt-3C
	Alt-3D
	Alt-4B
	Alt-4C
	Alt-4D

	Duplication 
	No
	No
	legacy
	Duplication at HARQ
	Duplication at RLC
	Duplication at PDCP
	No
	No
	No

	UL feedback
	No 
	HARQ 
	legacy
	HARQ
	HARQ
	HARQ
	HARQ
	HARQ/RLC
	HARQ/PDCP

	Retransmission
	No 
	HARQ 
	legacy
	HARQ 
	HARQ
	HARQ
	HARQ
	HARQ/RLC
	HARQ/PDCP

	Coordination  between  PTP and PTM for DL transmission 
	No 
	No 
	legacy
	No
	No
	No
	HARQ
	RLC
	PDCP

	Reception combining between PTP and PTM
	No
	No
	legacy
	HARQ combining
	RLC layer combining
	PDCP layer combining
	HARQ combining
	RLC layer combining
	PDCP layer combining

	Packets for Duplication/Retransmission
	No
	For missing packets
	legacy
	Fully Duplicated
	Fully Duplicated
	Fully Duplicated
	For missing packets
	For missing packets
	for missing packets

	Reliability Performance
	No reliability
	minimum reliability
	legacy
	Unclear
	Like unicast
	Like unicast
	Unclear
	Like unicast
	Like unicast

	Limitation
	Applicability is limited
	Applicability is limited
	legacy
	HARQ coordination
	inefficient resource utilization
	inefficient resource utilization
	HARQ coordination
	efficient resource utilization
	efficient resource utilization

	UE impact 
	No 
	Uplink HARQ feedback
	legacy
	HARQ combining/ HARQ feedback
	One DRB receiving two LCH; RLC combining
	One DRB receiving two LCH; PDCP combining
	HARQ combining; HARQ feedback
	One DRB receiving two LCH; RLC combining
	One DRB receiving two LCH; PDCP combining

	Network impact
	No
	HARQ retransmission 
	legacy
	HARQ coordination between PTM and PTP
	Duplicated RLC packet transmission
	Duplicated PDCP packet transmission
	HARQ coordination between PTM and PTP
	Coordinated RLC packet transmission
	Coordinated PDCP packet transmission



Dynamic PTM/PTP switch
Cases of dynamic PTM/PTP switch 
When the RAN node configures the delivery mode for a particular MBS session within a cell, some UEs may be configured to receive the MBS session only via PTM leg, some UE s may be configured to only receive PTP leg, and some UEs may receive both PTM and PTP leg. As discussed in section 2, there are four option for UE reception on the MBS data: 
· Option 1 (only receiving PTM leg)
· Option 2 (only receiving PTP leg)
· Option 3 (receiving both PTM and PTP leg)
· Option 4 (receiving both PTM and PTP leg with PTP for only retransmission) 
Option 1
When the UE is receiving only PTM leg (Option 1), it can be moved by the RAN node to PTP leg if the network stops PTM delivery mode. But we do not think it makes sense to switch the UE from option 1 to option 3&4, since if there is a reliability requirement for the multicast reception, the UE should be configured with a UE specific independent PTP leg (Option 3) or companion PTP for retransmission (Option 4) at the beginning of the radio bearer establishment. So only Option 1-> Option 2 based switch is possible. 
Option 2
When the UE is receiving only PTP leg (Option 2), it can be moved by the RAN node to PTM leg if the network stops PTP delivery to the UE, e.g. it is more efficient to service a large number of users via PTM considering resource utilization efficiency. Meanwhile, it may help the UE to achieve some reception gain if the UE supports to receive both PTM and PTP (Option 3) when the RAN node starts PTM for other UEs while keeping the PTP leg for current UE. Furthermore, if the RAN node starts PTM for other UEs, the current UE can join the PTM reception while the RAN node can transmit the current UE specific PTP leg to a companion PTP leg for retransmission purpose for the UE (Option 4). So both Option 2-> Option 3 based switch and Option 2 -> Option 4 based switch make sense. 
Option 3
When the UE is receiving both PTM leg and PTP leg (Option 3), the UE can be moved to PTP only reception (Option 2), when the RAN node decides to disable PTM delivery because of few users interested in the multicast session. We see no other cases for the switch based on Option 3. 
Option 4
When the UE is receiving PTM leg for initial transmission and receiving PTP leg for companion retransmission (Option 4), the UE can be moved to PTP only reception (Option 2), when the RAN node decides to disable PTM delivery because of few users interested in the multicast session. We see no other cases for the switch based on Option 4.
In summary, the following switch types as described in the table can be studied for MBS from UE perspective:  
	From/To
	Option 1 (only receiving PTM leg)
	Option 2 (only receiving PTP leg)
	Option 3 (receiving both PTM and PTP)
	Option 4 (receiving PTM&PTP but PTP is only for retx)

	Option 1 (only receiving PTM leg)
	NA
	Yes. E.g. few UEs remains for MBS reception
	No, PTP leg if needed should be established at the beginning
	No, PTP leg if needed should be established at the beginning

	Option 2 (only receiving PTP leg)
	Yes. E.g. More users join
	NA
	Yes. E.g. More users join 
	Yes. PTP leg can be standby for reliability purpose

	Option 3 (receiving both PTM and PTP)
	No
	Yes. E.g. few UEs remains in reception
	NA
	No

	Option 4 (receiving PTM&PTP but PTP is only for retx)
	No
	Yes. E.g. few UEs remains in reception
	No
	NA


Proposal 3: RAN2 discuss the support of UE specific PTM/PTP switch cases as listed below:   
· Case 1: Option 1 (only receiving PTM leg)-> Option 2 (only receiving PTP leg)
· Case 2: Option 2 (only receiving PTP leg) -> Option 1 (only receiving PTM leg)
· Case 3: Option 2 (only receiving PTP leg) -> Option 3 (receiving both PTM and PTP)
· Case 4: Option 2 (only receiving PTP leg) -> Option 4 (receiving PTM&PTP but PTP is only for retx)
· Case 5: Option 3 (receiving both PTM and PTP) -> Option 2 (only receiving PTP leg)
· Case 6: Option 4 (receiving PTM&PTP but PTP is only for retx) -> Option 2 (only receiving PTP leg)
Service Continuity requirements for PTM/PTP switch cases
Case 1: Option 1 (only receiving PTM leg) -> Option 2 (only receiving PTP leg)
During the PTM/PTP switch based on case 1, the data packets as delivered by the PTP leg needs to be consistent with the  data packets as previously delivered by PTM leg, in order to ensure the service continuity. Specifically, if the PTM/PTP switch is implemented at HARQ, the next multicast TB from upper layer needs to deliver to PTP HARQ entity and the UE needs to monitor C-RNTI scrambled PDCCH for the PTP leg reception. If the PTM/PTP switch is implemented at L2, the next L2 packets transmitted to the UE via PTP leg needs to inherit the Sequence Numbering from PTM leg. In order to keep service continuity, the UE is expected to receive the non-successfully received data packets (from previous leg) after the switch from the new leg.  

Case 2: Option 2 (only receiving PTP leg) -> Option 1 (only receiving PTM leg)
During the PTM/PTP switch based on case 2, the data packets as delivered by the PTM leg needs to be consistent with the  data packets as previously delivered by UE specific PTP leg, in order to ensure the service continuity. The challenge here is that the network cannot ensure the service continuity for multiple UEs simultaneously. If the RAN node has already established PTM leg for other UEs, the precondition for service continuity for the current UE is that the PTM HARQ entity and the PTP HARQ entity always transmit the same TB if the PTM/PTP switch is implemented at HARQ, or PTM leg and PTP leg shares the Sequence Numbering at L2 if the PTM/PTP switch is implemented at L2. If the RAN node has to establish the PTM leg for multiple UEs, the precondition for service continuity for all of the involved UE is that all of the UE specific PTP HARQ entities transmit the next multicast TB (as supposed to go to PTM HARQ entity) from upper layer if the PTM/PTP switch is implemented at HARQ, or all of the UE specific PTP legs transmit the next L2 packet (as supposed to go to PTM leg) if the PTM/PTP switch is implemented at L2. In order to keep service continuity, the UE is expected to receive the non-successfully received data packets (from previous leg) after the switch from the new leg.

Case 3: Option 2 (only receiving PTP leg) -> Option 3 (receiving both PTM and PTP)
During the PTM/PTP switch based on case 3, it is required that the UE is able to combine the data packets from both PTM leg and PTP leg after the PTM/PTP switch. As the PTP leg is still kept, the case is in a better position to keep the service continuity, since the UE can receive the non-successfully received data packets after the switch from the PTP leg.  The data transmission consistency requirement is the same as Case 2. 

Case 4: Option 2 (only receiving PTP leg) -> Option 4 (receiving PTM&PTP but PTP is only for retx)
During the PTM/PTP switch based on case 4, it is required that the UE is able to combine the data packets from both PTM leg and PTP leg (for retransmission) after the PTM/PTP switch. As the PTP leg is still kept for retransmission, the case is in a better position to keep the service continuity, since the UE can receive the non-successfully received data packets after the switch from the PTP leg. The data transmission consistency requirement is the same as Case 2. The data transmission consistency requirement is the same as Case 2.

Case 5: Option 3 (receiving both PTM and PTP) -> Option 2 (only receiving PTP leg)
During the PTM/PTP switch based on case 5, the PTP leg is still kept, the case is in a better position to keep the service continuity, since the UE can receive the non-successfully received data packets after the switch from the PTP leg. The data transmission consistency requirement is the same as Case 1.

Case 6: Option 4 (receiving PTM&PTP but PTP is only for retx) -> Option 2 (only receiving PTP leg)
During the PTM/PTP switch based on case 6, the PTP leg is still kept, and the UE can receive the non-successfully received data packets after the switch from the PTP leg. The data transmission consistency requirement is the same as Case 1.
In summary, in order to enable the service continuity during dynamic PTM/PTP delivery mode switch, the following proposals are made:  
Proposal 4: 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, or to ensure consistent multicast TB delivery after PTM/PTP switch if the PTM/PTP switch is implemented at HARQ.
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, the UE is required to receive the non-successfully received data packets (from previous leg) after the switch from the new leg.
Solutions to ensure Service Continuity for 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 Case 1 based PTM->PTP Switch, the UE specific PTP transmission leg can be established with a UE specific HARQ entity and the multicast TB is going to the PTP HARQ if there is no valid PTM transmission leg (as shown in Figure 7). In this case, the Multicast transmission block (TB) should be transmitted in a duplicated manner over multiple HARQ entity if multiple UEs receive their specific PTP leg (potentially including the PTM HARQ entity serving other UEs in PTM mode). 
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Figure 7: HARQ based PTM->PTP Switch (BS side)
When the UE did not correctly receive the previous multicast RB via PTM mode before PTM->PTP Switch, there is a risk for the UE to miss this TB when he switches to receive the PTP leg. 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. 
RLC based PTM/PTP switch
The dynamic PTM/PTP switch can be handled by RLC layer. In this case, we need take the advantage of the RLC layer based uplink feedback. For example, specific to Case 1 based PTM->PTP Switch, the UE specific PTP transmission leg can be established as a RLC transmission leg. During Case 1 based PTM->PTP Switch, the PTM RLC functions at the RAN node can be simply disabled and then the common RLC SN allocation function delivers the new data packets to each UE specific RLC function established (as shown in Figure 8). 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. For both RAN node and the UE, the same PDCP entity is used after the switch. 
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Figure 8: RLC based PTM->PTP Switch (BS side)
During Case 6 based PTM/PTP delivery mode switch (Option 4 -> Option 2), the PTP leg was already existing for L2 based retransmission. Then it requires to transit the PTP leg to be used for initial transmission. If there is any RLC packets that is subject to retransmission, they should be transmitted over this PTP leg after the delivery mode switch. 
PDCP based PTM/PTP switch
The dynamic PTM/PTP switch can be handled by PDCP layer. In this case, we need take the advantage of the PDCP layer based uplink feedback. For example, specific to Case 1 based PTM->PTP Switch, the UE specific PTP transmission leg can be established as a PDCP transmission leg. During Case 1 based PTM->PTP Switch, the PTM PDCP functions at the RAN node can be simply disabled and then the common PDCP SN allocation function delivers the new data packets to each UE specific PDCP function established (as shown in Figure 9). From UE perspective, the protocol stack for data reception is kept but the monitoring on the PTM leg is not needed. For both RAN node and the UE, the operation at PDCP is consistent after PTM/PTP switch since the PDCP SN allocation function is maintained. 
 
[image: ]
Figure 9: PDCP based PTM->PTP Switch (BS side)
The PDCP feedback should be supported for PDCP based PTM/PTP Switch in order to allow the PDCP based retransmission after PTM/PTP Switch (e.g. for case 6).  
Comparison among the solutions
	Items
	HARQ based PTM/PTP switch
	RLC based PTM/PTP switch
	PDCP based PTM/PTP switch

	Protocol layer to split the transmission leg
	HARQ
	RLC
	PDCP

	Required uplink feedback
	HARQ feedback
	RLC Status Report
	PDCP Status Report

	Required retransmission 
	HARQ retransmission
	RLC retransmission
	PDCP retransmission

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

	Network impact
	HARQ operation
	RLC internal interaction
	PDCP internal interaction

	UE impact
	HARQ combining 
	RLC packet combining
	PDCP packet combining


Proposal 7: Discuss the following mechanisms for ensuring Service Continuity for dynamic PTM/PTP switch:
· HARQ based PTM/PTP switch
· RLC based PTM/PTP switch
· PDCP based PTM/PTP switch
Conclusion
The following proposals are made:  
Proposal 1:  RAN2 take the following options as the baseline to model the UE reception of NR MBS data: 
· Option 1 (only receiving PTM leg) 
· Option 2 (only receiving PTP leg)
· Option 3 (receiving both PTM and PTP leg) 
· Option 4 (receiving both PTM and PTP leg with PTP for only retransmission
Proposal 2:  Discuss different alternatives as mentioned in the paper and make a decision among them to model the UE reception of NR MBS RB: 
· Alt-1A: PTM only reception without provisioning of UL feedback, which is legacy PTM reception;
· Alt-1B: PTM only reception with HARQ layer uplink feedback;
· Alt-2A: PTP only reception without provisioning of UL feedback, which is legacy PTP reception;
· Alt-2B: PTP only reception with HARQ layer uplink feedback, which is legacy PTP reception;
· Alt-2C: PTP only reception with RLC layer uplink feedback, which is legacy PTP reception;
· Alt-2D: PTP only reception with PDCP layer uplink feedback, which is legacy PTP reception;
· Alt-3B: PTM/PTP reception with duplicated HARQ reception over PTM/PTP leg 
· Alt-3C: PTM/PTP reception with duplicated RLC reception over PTM/PTP leg
· Alt-3D: PTM/PTP reception with duplicated PDCP reception over PTM/PTP leg
· Alt-4B: PTM/PTP reception with HARQ layer uplink feedback (the reception of the PTP leg is for HARQ retransmission) 
· Alt-4C: PTM/PTP reception with RLC layer uplink feedback (the reception of the PTP leg is for RLC retransmission)
· Alt-4D: PTM/PTP reception with PDCP layer uplink feedback (the reception of the PTP leg is for PDCP retransmission)
Proposal 3: RAN2 discuss the support of UE specific PTM/PTP switch cases as listed below:   
· Case 1: Option 1 (only receiving PTM leg)-> Option 2 (only receiving PTP leg)
· Case 2: Option 2 (only receiving PTP leg) -> Option 1 (only receiving PTM leg)
· Case 3: Option 2 (only receiving PTP leg) -> Option 3 (receiving both PTM and PTP)
· Case 4: Option 2 (only receiving PTP leg) -> Option 4 (receiving PTM&PTP but PTP is only for retx)
· Case 5: Option 3 (receiving both PTM and PTP) -> Option 2 (only receiving PTP leg)
· Case 6: Option 4 (receiving PTM&PTP but PTP is only for retx) -> Option 2 (only receiving PTP leg)
Proposal 4: 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, or to ensure consistent multicast TB delivery after PTM/PTP switch if the PTM/PTP switch is implemented at HARQ.
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, the UE is required to receive the non-successfully received data packets (from previous leg) after the switch from the new leg.
Proposal 7: Discuss the following mechanisms for ensuring Service Continuity for dynamic PTM/PTP switch:
· HARQ based PTM/PTP switch
· RLC based PTM/PTP switch
· PDCP based PTM/PTP switch
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