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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
Reliability improvement for PTM transmission has been discussed in several meetings. The discussion focus on: PTM RLC AM, PDCP retransmission, PTM to PTP switch.
In last meeting, RAN2 agreed:
For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.
This contribution will clarify the objective of reliability for PTM mode, and discuss the potential solutions based on detailed designs.
Discussion
The objective of reliability 
In RAN2#113-e meeting, based on the email discussion [1], RAN2 reached below agreements.
	[bookmark: OLE_LINK6][bookmark: OLE_LINK9]RAN2#113-e
Confirm P1 P2 P3 (assume that MRB may include both PTP and PTM)

Proposal 1 : 	RAN2 agrees that RAN reliability requirements for NR MBS are derived based on QoS reliability requirements configured by 5GC MB-SMF.
Proposal 2 :	 RAN2 agrees that for a given set of configured QoS parameter values, it is interpreted in the same manner by RAN for both unicast and multicast service delivery. 
Proposal 3: 	RAN2 agrees that QoS requirements are same whether gNB deliveres multicast data to UEs by using DRB associated with Unicast PDU session or by using MRB associated with MBS session.


Although it had been argued by several companies during last meetings, we would like to clarify again that above agreement means RAN should satisfy diverse QoS requirements from 5GC MB-SMF but it doesn’t mean all QoS requirements (such as high reliability requirements) have to be satisfied by PTM mode.
Observation 1: RAN should satisfy the NR MBS QoS requirements derived from 5GC MB-SMF, but it doesn't mean that PTM and PTP have to reach the same reliability level.
It was argued that HARQ mechanism cannot satisfy high reliability requirements [2]. Although RAN1 has not evaluated MBS transmission reliability, referring to the reliability evaluation in URLLC [5] quoted as below, RAN1 can reach Ultra-high reliability at least for some UEs. We checked with RAN1 colleagues prudently, below evaluation considered HARQ mechanism only, without RLC ARQ involved.
	[bookmark: _Hlk536158423]On reliability analysis using single UE link level evaluations, RAN1 makes the following conclusions:
-	For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication). It is RAN1 conclusion that PDCP duplication is not always available/applicable.


In Rel-17 MBS, we focus on RRC connected UEs. For the connected UEs, gNB is aware of the channel condition and other factors impacting transmission reliability. So for a group of UEs receiving an MBS service with high reliability requirement, gNB can use PTM mode for the UEs in good channel condition and PTP (for which RLC AM is allowed) for the other UEs.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Observation 2: For a group UEs receiving an MBS service with high reliability requirement, gNB can use PTM mode for the UEs in good channel condition with RLC UM and PTP for the others with RLC AM.
Proposal 1: Clarify two aspects of reliability requirements for PTM mode:
· the ultra-high reliability requirements for PTM mode is not needed;
· For a group UEs receiving an MBS service with high reliability requirement, gNB can use PTM mode for the UEs in good channel condition with RLC UM and PTP for the others with RLC AM.
RLC AM and PDCP retransmission
Some companies compared RLC ARQ and PDCP retransmission and concluded that PDCP retransmission is more complex without further benefits [2].
First of all, we need to point out the purpose of PDCP retransmission is different to RLC AM. RLC AM is for lossless transmission and PDCP retransmission is for reliability enhancement in specific cases. PDCP retransmission will not reuse the mechanism of RLC AM, such as Tx window left edge movement. We will address the details of PDCP retransmission in section 2.2.2 for better understanding.
Additionally, no matter what kind of observation between RLC ARQ and PDCP retransmission is reached, the comparison between RLC AM and PDCP retransmission cannot be a reason for the need of PTM RLC AM. RLC AM for PTM mode should be compared with PTM/PTP switch.
Observation 3: The purpose of PDCP retransmission is different to RLC AM and the comparison between RLC AM and PDCP retransmission should not be a reason for the need of PTM RLC AM.
Proposal 2: When RAN2 discusses whether to adopt RLC AM for PTM mode, we should compare PTM RLC AM with PTM/PTP switch.
PTM RLC ARQ
We take the RLC AM mode for PTM described in [2] for discussion. The characteristics of PTM RLC AM are listed below.
· Network RLC entity acts as single transmitter and all the receiving UEs will become RLC receiving entities.
· When multicast RLC leg is configured in AM, gNB is expected to receive RLC status report for the same PDU user data sequence from multiple UEs.
· NW RLC transmitter cannot move the lower edge of the RLC AM Tx Window without receiving acknowledgement from all the receivers subscribed to multicast service.
· Optimization for the movement of the PTM RLC Tx Window lower edge: gNB moves the lower edge by implementation; UE moves the lower edge by gNB information (a new RLC control PDU) or timer-based.
· gNB side PTM RLC entity retransmit the RLC PDU with G-RNTI for multicast group, or C-RNTI for a specific UE.
It addressed two issues mentioned in [3]: RLC status report and RLC retransmission.
RLC status report
In [3], two disadvantages of RLC status report for PTM RLC AM are listed: 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.
In [2], it is argued that “Multiple UEs in multicast mode send RLC Status PDUs using PUSCH resources should not cause additional UL overhead compared to multiple UEs sending PTP RLC Status reports during unicast PDU data transfer procedure. Because even if any DL RLC re-transmission are performed through PTP leg, UEs are still required to send RLC Status PDU reports using PUSCH and it uses the same procedure.”
However, because of below reasons, PTP RLC AM has less resource consumption for RLC status report comparing to PTM RLC AM.
· PTP leg has less packet error rate, so:
· it has less probability to trigger a status report; and
· when the status report is triggered by other reasons (such as polling), the size of RLC STATUS PDU is smaller.
· Because gNB can transmit MBS service via PTM/PTP switch, the number of UEs which need to send status report can be much less than the total number of UEs in the group.
Observation 4: PTP RLC AM has less resource consumption for RLC status report comparing to PTM RLC AM.
Another disadvantage of status report for PTM RLC AM is time delay. If the number of UEs configured as PTM RLC AM is huge, the time to collect all UEs’ status report will be considerable. With such time delay, the PDB could be exceeded.
Observation 5: The time delay to collect status reports from all UEs is considerable if the number of UEs configured as PTM RLC AM is huge.

RLC retransmission
Two optimizations are considered in [2]:
· RLC retransmission in PTP leg;
· In gNB side, moving the lower edge of the RLC AM Tx Window by implementation; in UE side, moving the lower edge of the RLC AM Rx Window by gNB information or pre-configured timer.
If gNB always performs RLC retransmission in PTM leg, it increases the consumption of PTM resources and UEs’ processing load. If gNB can perform RLC transmission in PTP leg, we need to study how to maintain RLC AM Rx Window and how to perform RLC reordering in the 2 RLC legs.
For the optimization of window stalling, we need to specify how to move RLC AM Rx Window accordingly.
Observation 6: The optimizations of PTM RLC AM introduce further specification impacts:
· If gNB can perform RLC retransmission in PTP leg, we need to study how to maintain RLC AM Rx Window and how to perform RLC reordering in the 2 RLC legs.
· For the optimization of window stalling, the movement of RLC AM Rx Window should be specified in RRC and RLC specifications.

Others
Except the 2 issues, some other aspects need to be evaluated for PTM RLC AM.
· The impact of initial values
In PTP RLC AM, the initial values of some variables, such as RX_Next, RX_Highest_Status should be initialized to 0. For PTM RLC AM, if the UE join the MBS service during PTM transmission, the initial values of the variables can be non-zero. We need to consider how to initiate the related variables and guarantee consecutive SNs for PTM RLC AM.
· DL Resource efficiency
It is possible to argue that PTM mode is more resource efficient. In PTM RLC AM, the initial transmission is PTM mode, and the retransmission can be PTM or PTP mode. In PTM/PTP switch, the initial transmissions include PTM for all UEs and PTP for specific UEs. With reasonable configuration by gNB, it is very possible that the UEs configured with PTP AM leg is the ones need to receive RLC retransmissions if PTM RLC AM is configured for all UEs. From this aspect, the DL resource efficiency for PTM RLC AM and PTM/PTP switch can be similar with reasonable gNB configuration.
Observation 7: the DL resource efficiency for PTM RLC AM and PTM/PTP switch can be similar with reasonable gNB configuration.

In summary, both PTM RLC AM and PTM/PTP switch can meet the QoS requirements of MBS services. The comparison between PTM RLC AM and PTM/PTP switch is summarized in Table 1
[bookmark: _Ref66731434]Table 1 Comparison between PTM RLC AM and PTM/PTP switch
	
	PTM RLC AM
	PTM/PTP switch

	Purpose
	Meet the QoS requirements of MBS services including high reliability requirements.

	Specification impacts
	High
· If gNB can perform RLC retransmission in PTP leg, we need to study how to maintain RLC AM Rx Window and how to perform RLC reordering in the 2 RLC legs.
· For the optimization of window stalling, the movement of RLC AM Rx Window should be specified in RRC and RLC specifications.
· The initial values of some variables, such as RX_Next, RX_Highest_Status could be non-zero.
	Low
UE maintains the two RLC legs independently. 

	Resource efficiency
	DL (for data transmission)
	Similar with reasonable gNB configuration

	
	UL (for status report)
	-
	+

	Feasibility
	It is not applicable to the group with many UEs because the time delay to collect status reports from all UEs is considerable.
	It is applicable to any cases.



According to the agreement in last meeting, PTM/PTP switch has been agreed to meet reliability requirements for MBS services. Considering the comparison in Table 1, RLC AM for PTM transmission should not be supported.
Proposal 3: Based on the comparison in Table 1, RLC AM for PTM transmission should not be supported.
PDCP retransmission and PDCP status report
In NR Rel-15/Rel-16 PDCP specification, PDCP retransmission is used to retransmit the PDCP Data PDUs for AM DRBs which has not been confirmed by lower layers. PDCP status report is used for duplication detection. Note PDCP retransmission is specified from UE side in PDCP specification. In 38.300, the target gNB should retransmit downlink data which is forwarded from the source gNB during mobility.
For MBS services, we find at least in two scenarios, PDCP retransmission for the PDCP PDUs delivered by PTM mode first is needed.
· Scenario 1: Handover from a source gNB in which PTM UM is enough for the reliability requirement.
· Scenario 2: Data recovery for MRB reconfiguration.
The two scenarios are similar to the scenarios in unicast transmission that PDCP retransmission and PDCP status report can be triggered for RLC AM.
The differences are: 
1) In the two scenarios, PDCP retransmission and PDCP status report for RLC UM should be introduced. Note PDCP status report for RLC UM has been introduced for DAPS in unicast transmission. 
2) In scenario 2, PDCP retransmission can be triggered by PDCP status report, however, it has no further specification impact since it is implemented in gNB side.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]We call it as basic PDCP retransmission solution. The basic PDCP retransmission solution includes below three aspects.
· Triggers: PDCP transmission and PDCP status report can be triggered during handover or MRB reconfiguration. 
· Status report: the status report can be transmitted in the path of UL RLC UM entity associated with PTM DL UM entity, or associated with PTP DL UM entity for the same MRB.
· PDCP retransmission: PDCP retransmission can be transmitted in PTM RLC leg or PTP RLC leg. Comparing to RLC retransmission discussed in section 2.2.1, UE maintains the two RLC legs independently.
Further enhancements for PDCP retransmission could be:
· PDCP status report triggered by gNB polling. It helps gNB to decide when to perform PTM/PTP switch. This enhancement introduces a POLL bit in DL PDCP PDU.
· PDCP status report triggered by number of missing SNs. This enhancement has more specification impacts, such as how to evaluate the missing SNs.
We can consider gNB polling first because it has smaller impact on PDCP specification. However, with any enhancements, basic PDCP functions, such as PDCP reordering and window management, should not be impacted.
Although the comparison between PTM RLC AM and PDCP retransmission should not be a criterion for L2 solution selection, we would like to compare the two solutions for better understanding.
Table 2 Comparison between PTM RLC AM and PDCP retransmission
	
	PTM RLC AM
	Basic PDCP retransmission
	Enhanced PDCP retransmission

	Purpose
	Lossless transmission
	Reliability improvement for specific cases, such as handover and data recovery for MRB reconfiguration.

	Specification impacts
	High
As discussed in section 2.2.1, with the optimization for RLC retransmission and window stalling, the specification impacts are considerable.
	Low
PDCP retransmission and PDCP status report for PTM RLC UM can be triggered during handover and MRB reconfiguration.
	Medium
We consider gNB polling first.



According to above discussion, at least basic PDCP retransmission mechanism can be adopted for reliability improvement during handover and MRB reconfiguration. The enhancement of PDCP status report, such as gNB polling and PDCP status report triggered by number of missing PDCP PDUSs could be considered.
Proposal 4: PDCP retransmission and PDCP status report for PTM UM can be supported in two scenarios: 1) UE handover; and 2) data recovery for MRB reconfiguration.
Proposal 5: RAN2 discuss other triggers for PDCP status report, such as gNB polling and number of missing PDCP PDUSs could be considered.
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.
Observations
Observation 1: RAN should satisfy the NR MBS QoS requirements derived from 5GC MB-SMF, but it doesn't mean that PTM and PTP have to reach the same reliability level.
Observation 2: For a group UEs receiving an MBS service with high reliability requirement, gNB can use PTM mode for the UEs in good channel condition with RLC UM and PTP for the others with RLC AM.
Observation 3: The purpose of PDCP retransmission is different to RLC AM and the comparison between RLC AM and PDCP retransmission should not be a reason for the need of PTM RLC AM.
Observation 4: PTP RLC AM has less resource consumption for RLC status report comparing to PTM RLC AM.
Observation 5: The time delay to collect status reports from all UEs is considerable if the number of UEs configured as PTM RLC AM is huge.
Observation 6: The optimizations of PTM RLC AM introduce further specification impacts:
· If gNB can perform RLC retransmission in PTP leg, we need to study how to maintain RLC AM Rx Window and how to perform RLC reordering in the 2 RLC legs.
· For the optimization of window stalling, the movement of RLC AM Rx Window should be specified in RRC and RLC specifications.
Observation 7: the DL resource efficiency for PTM RLC AM and PTM/PTP switch can be similar with reasonable gNB configuration.

Proposals
Proposal 1: Clarify two aspects of reliability requirements for PTM mode:
· the ultra-high reliability requirements for PTM mode is not needed;
· For a group UEs receiving an MBS service with high reliability requirement, gNB can use PTM mode for the UEs in good channel condition with RLC UM and PTP for the others with RLC AM.
Proposal 2: When RAN2 discusses whether to adopt RLC AM for PTM mode, we should compare PTM RLC AM with PTM/PTP switch.
Proposal 3: Based on the comparison in Table 1, RLC AM for PTM transmission should not be supported.
Proposal 4: PDCP retransmission and PDCP status report for PTM UM can be supported in two scenarios: 1) UE handover; and 2) data recovery for MRB reconfiguration.
Proposal 5: RAN2 discuss other triggers for PDCP status report, such as gNB polling and number of missing PDCP PDUSs could be considered.
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