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In the MBS WID [1], the reliability of MBS service is required for connected UEs. Reliability enhancement has been discussed in both RAN1 and RAN2 [2]. This contribution will discuss reliability of PTM transmission from RAN2 aspects regarding the following open issues.
· Whether to support RLC AM?
· Whether to support PDCP status report?
· Reliability related issues in dynamic switching.
Discussion
RLC AM
RLC AM is used for lossless transmission. One main concern on RLC AM is long time delay because the receiver generates ARQ NACK in RLC status report after final HARQ failure in PHY layer. Referring to the QoS framework of TS 23.501, with the stringent reliability requirement, different services have different PDB, for example: 5QI=4, [PDB PER] = [300 ms, 10-6]. So it is possible to configure RLC AM to the MBS services with relative loose latency and high reliability requirement.
Observation 1: Latency requirement is not a critical block to support RLC AM for PTM.
Except for time delay, we need to consider the complexity and specification impacts of RLC AM for PTM. 
We list the functions of transmitting side and receiving side of AM RLC entity for PTP first, and then discuss the issues incurred by RLC AM for PTM.
The functions are supported by the transmitting side of AM RLC entity in PTP:
· Generate and transmit RLC PDUs (including segmentation and re-segmentation of RLC SDUs);
· Initialize the variables, such as TX_Next, POLL_SN to 0, and maintain the variables according to RLC PDU transmission;
· Maintain transmitting window according to the state variable TX_Next_Ack and AM_Window_Size;
· Poll its peer AM RLC entity to trigger RLC status report;
· Receive RLC status report from its peer RLC entity and perform retransmission (with RETX_COUNT).
The functions are supported by the receiving side of AM RLC entity in PTP:
· Receive RLC PDUs from peer AM RLC entity and discard duplicated AMD PDUs;
· Initialize the variables, such as TX_Next_Ack, RX_Next to 0, RX_Highest_Status, RX_Next_Highest to 0, and maintain the variables according to RLC PDU reception;
· Maintain receiving window according to the state variable RX_Next and AM_Window_Size;
· Detect the loss of AMD PDUs and generate RLC status report to request retransmission from its peer AM RLC entity. Triggers to initiate RLC status report include:
· Poll from its peer AM RLC entity
· The expiry of t-Reassembly
· Reassemble RLC SDUs from the received AMD PDUs and deliver the RLC SDUs to upper layer.
To support RLC AM for PTM, gNB should configure dedicated UL RLC channel associated to the DL PTM RLC channel for each UE. In another word, in the AM RLC entity in gNB, the transmitting side is PTM and the receiving side is PTP, as Figure 1. Since RLC AM is lossless transmission, gNB has to gather all RLC feedbacks from the connected UEs which receive the MBS service from the same AM RLC entity DL side and decide whether to send the RLC retransmission. Additionally, in PTP, the variables of receiving side of AMD RLC entity should be initialized to 0 and maintained without SN gap. For PTM, if the UE join the MBS service during PTM transmission, it is possible to initiate the receiving variables to 0. We need to reconsider how to initiate the related variables and guarantee consecutive SNs.
The impacts of RLC AM for PTM are listed in Table 1.


[bookmark: _Ref53592229]Figure 1 Model of RLC AM for PTM

[bookmark: _Ref21705]Table 1 The impacts of RLC AM for PTM
	
	Functions
	Impacts of RLC AM for PTM

	gNB
	Maintain transmitting window
	Set TX_Next_Ack based on all UEs feedbacks

	
	Poll
	One Poll bit triggers multiple RLC status reports from multiple UEs.

	
	Receive RLC status report
	For each RLC PDU, gNB needs to gather all RLC feedbacks from UEs which receive MBS service through the same gNB RLC entity.
It has two disadvantages: 1) Amounts of UL resource consumption for RLC status reports; 2) Considerable time delay due to scheduling and receiving the RLC status reports from multiple UEs.
Because of the two disadvantages, RLC AM for PTM is totally infeasible when the number of peer UEs are huge.

	
	RLC Retransmission
	Without optimization, gNB should retransmit RLC PDU in PTM way when one UE sends RLC NACK. It increases the consumption of PTM resources and other UEs’ processing load. However, this issue exists in HARQ retransmission mechanism too. 

	UE
	Variables Maintenance
	The initial values of reception variables could be non-zero.
How to maintain the reception SNs without gap should be researched.



[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation 2: The complexity and specification impacts of RLC AM for PTM are considerable and it is infeasible when the number of peer UEs is huge.
Proposal 1: RLC AM for PTM transmission is not supported.
PDCP status report
In unicast transmission, PDCP status report is supported for RLC AM during PDCP entity re-establishment, PDCP data recovery and uplink data switching. And it is supported for RLC UM for DAPS bearer during uplink data switching only. Note it is not a regular reliability enhancement mechanism for all data but triggered by mobility and data recovery only.
In the PDCP reordering mechanism, PDCP SN gap is allowed when PDCP entity deliver PDCP SDUs to upper layer.
PDCP status report has the drawback of higher time delay as RLC AM. For the delay insensitive high reliability MBS services, we can consider to adopt PDCP status report with minimal specification impacts.
When applied in PTM transmission, to avoid excessive uplink resource consumption and time delay, PDCP status report should be triggered only when necessary similar to that in unicast transmission. Meanwhile, PDCP SN gap should be allowed.
At least below triggers can be considered for PDCP status in PTM transmission.
· Handover;
· Data recovery for MRB reconfiguration;
· Others, such as the number of failed PDCP PDUs.
As we discussed in clause 2.1, RLC AM is too restricted and infeasible for PTM transmission with vast UEs. If we would like to consider PDCP status report, PDCP status report for RLC UM should be supported. It means gNB needs to configure UL RLC UM channel for UEs which need to send PDCP status report corresponding to DL RLC UM PTM channel as Figure 2.
When UE is configured with both PTM and PTP for one MBS service, one possible optimization is that UE sends the PDCP status report associated to DL PTM transmission via PTP UL channel.


[bookmark: _Ref53594145]Figure 2 Model of bi-directional RLC UM for PTM
In summary, the impacts of PDCP status report for PTM are listed in Table 2.
[bookmark: _Ref26148]Table 2 The impacts of PDCP status report for PTM
	Issues
	Impacts of PDCP status report  for PTM

	Trigger
	New triggers of PDCP status report

	RLC mode
	Support PDCP status report for UM MRB

	UL RLC channel
	Configuration, activation, and usage of UL RLC channel for PDCP status report transmission. For example, UE sends PDCP status report by a separate UL RLC UM channel for PTM as Figure 2, or by UL PTP transmission channel for the same MRB.



Proposal 2: PDCP status report for PTM can be considered for the delay insensitive high reliability MBS services with minimal specification impacts.
[bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 3: PDCP status report for PTM can be triggered by:
· Handover;
· Data recovery for MRB reconfiguration;
· Others, such as the number of failed PDCP PDUs.
Proposal 4: PDCP status report for PTM should be configured for UM MRB.
Dynamic switching between PTM and PTP for reliability
Although L2 architecture is not decided yet, as least below two L2 architectures can be considered. 


                                   
(a) MBS Separate Architecture                                     (b) MBS Split Architecture
[bookmark: _Ref53596561]Figure 3 Examples of L2 Architecture
Not all UEs have the capability or necessity to receive MRB service transmission by both PTM transmission and PTP transmission, so MBS Separate Architecture in Figure 3 (a) can be considered as baseline. In this architecture, when UE falls in deteriorated radio channel, gNB can reconfigure the UE to receive MBS service by PTP transmission. When the MBS service reliability of a UE can be guaranteed by PTM transmission (evaluated by CSI or HARQ feedback), gNB can reconfigure the UE to receive MBS service by PTM transmission only. During reconfiguration, data recovery mechanism should be considered for service continuity.
Proposal 5: Reconfiguration between PTM and PTP can be considered as a basic solution for reliability enhancement, and data recovery mechanism should be considered during the reconfiguration.
MBS Split Architecture in Figure 3 (b) is an attractive method for reliability. Dynamic switching between PTM and PTP can be performed with this architecture. We discuss the details in [6]. With the MBS split configuration, gNB needs to transmit MBS service by PTM transmission anyway because other UEs need to receive the PTM transmission. Meanwhile, gNB can transmit MRB data in PTP leg when it is activated. For UE, if the MRB data are received in two legs, it should perform PDCP reordering considering the two legs.
Proposal 6: MRB data could be delivered to both PTM and PTP, and UE should perform PDCP reordering considering the two legs.
Another optimization in the MBS split architecture is the initial transmit of a TB containing MRB data is transmitted in PTM leg and the retransmissions are transmitted in PTP leg.
This optimization needs shared HARQ process including HARQ process IDs and HARQ buffer between PTM and PTP. It should be discussed in RAN1. From RAN2 aspect, if retransmissions are performed in PTP leg, it has benefit to simplify PTM resource allocation and decrease time delay of the MRB data transmission in PTM leg.                        
Proposal 7: RAN2 consider the optimization of initial TB in PTM leg and retransmissions in PTP leg if RAN1 can support it.
Conclusion
[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the discussion in section 2, we get below observations and proposals:
Observation 1: Latency requirement is not a critical block to support RLC AM for PTM.
Observation 2: The complexity and specification impacts of RLC AM for PTM are considerable and it is infeasible when the number of peer UEs is huge.

Proposal 1: RLC AM for PTM transmission is not supported.
Proposal 2: PDCP status report for PTM can be considered for the delay insensitive high reliability MBS services with minimal specification impacts.
Proposal 3: PDCP status report for PTM can be triggered by:
· Handover;
· Data recovery for MRB reconfiguration;
· Others, such as the number of failed PDCP PDUs.
Proposal 4: PDCP status report for PTM should be configured for UM MRB.
Proposal 5: Reconfiguration between PTM and PTP can be considered as a basic solution for reliability enhancement, and data recovery mechanism should be considered during the reconfiguration.
Proposal 6: MRB data could be delivered to both PTM and PTP, and UE should perform PDCP reordering considering the two legs.
Proposal 7: RAN2 consider the optimization of initial TB in PTM leg and retransmissions in PTP leg if RAN1 can support it.
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Annex: Background
RAN1 progress
In last meeting, RAN1 agreed below mechanisms for reliability enhancement of MRB [2]. The details will be discussed in RAN1 subsequently. 
· HARQ feedback and HARQ retransmission;
· PDSCH repetition;
· Channel aware scheduling by CSI feedback.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In summary: RAN1 agreed HARQ mechanism, PDSCH repetition and channel aware scheduling for reliability enhancement.
RAN2 progress
RAN2 considered below 4 reliability enhancement mechanisms. HARQ mechanism has been agreed and will be studied in RAN1 mostly. For dynamic switching, RAN2 agreed “For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)”. RLC AM and PDCP reliability have been discussed in email of L2 architecture [3] without convergent opinions. 
· HARQ w feedback
· RLC-AM
· Dynamic Switching PTM/PTP
· PDCP reliability, split/duplication etc. 
In summary: RAN2 needs to decide: 1) whether to support RLC AM and PDCP reliability; 2) how to support dynamic switching PTM/PTP for reliability.
SA2 requirements
In SA2 TR23.757 [4], it is stated that “Support general multicast and broadcast communication services, e.g., transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications, V2X applications, public safety.” QoS level support is a key issue (key issue#4) in MBS support and the QoS framework of TS 23.501 [5] is taken as baseline.
In the QoS framework of TS 23.501, diverse requirements for delay and reliability are mentioned. For example: 5QI=4, [PDB PER] = [300 ms, 10-6]; 5QI=83, [PDB PER] = [10 ms, 10-4].
In summary: The delay and reliability requirements of MBS services from SA2 are diverse in a large scope. 
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