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Introduction

According to the email discussion on UP architecture [1], there are three options on the table for L2 Reliability for NR MBS:
A1. No L2 ARQ for PTM

A2. L2 ARQ by PDCP for PTM 

A3. L2 ARQ by RLC-AM for PTM

In RAN2#113-e meeting, we have achieved the following agreements related to reliability [2].
	For the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).


In RAN2#113bis-e meeting, we have achieved the following agreements related to reliability [3].

	For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.


In this contribution, we will discuss L2 ARQ for MBS services with high-level reliability (e.g. for services that would typically be configured with RLC AM for unicast).
Discussion

In this section, we will first focus on L2 ARQ for MBS services with high-level reliability (e.g. for services that would typically be configured with RLC AM for unicast) in subsection 2.1. Then, we will discuss which bearer types for different MBS services can be configured to support PDCP status reporting in subsection 2.2.
Consideration on L2 ARQ
The issues and enhancements relating to the on-the-table three options have been discussed during RAN2#113-e meeting and RAN2#113bis-e meeting. Comparison between on-the-table 3 options can be summarized as the following table.

Table 1: Comparison of L2 ARQ options
	Different Aspects
	Performance Ranking (from best to worst)
	Analysis

	Reliability
	High
	A3
	A3 can provide high-level reliability by enabling ARQ at RLC.

	
	
	A2
	A2 can provide high-level reliability by enabling ARQ at PDCP. During normal data reception via PTM, PDCP status reporting is needed to avoid packet loss.

	
	
	A1
	A2 can provide high-level reliability by switching to PTP, where the trigger may be loss of PDCP PDUs or other factors which have been discussed under the mode switching AI. During switching, PDCP status reporting is needed to avoid packet loss.

	Transmission Efficiency
	High
	A3
	A3 supports retransmission of RLC segments.

UE-specific resources can be only used for re-transmitting lost packets.

Signaling overhead will be high due to command of moving reception window and frequent/prompt RLC status report for group members, especially in cases of PTM transmission where the channel is more unpredictable and hard to get the same level of channel adaptation for a PTP link.

	
	Medium
	A2
	A2 needs to re-transmit the whole PDCP PDUs (i.e., RLC SDUs).

UE-specific resources can be only used for re-transmitting lost packets.

Signalling overhead is medium since PDCP status report is done in a more relaxed manner compared to RLC statue report (but also note PDCP statue report is a much slower one compared to RLC)

	
	Low
	A1
	A1 needs to switch to PTP first and then keeps using PTP for initial transmission and re-transmission of all packets.

Signalling overhead is required only for the UE using PTP, and in a more relaxed manner.

	Implementation complexity
	Low
	A1
	UE side: 

UE might need to feedback the reception quality based on existing mechanism or enhanced mechanisms.

RAN side:

Network needs to monitor per UE reception quality and evaluate whether a mode switching is needed for such UE. During mode switching for a UE, PDCP status reporting might also be needed, and RAN needs to perform re-transmission of PDCP PDUs.

	
	
	A2
	UE side: 

PDCP status report might be needed.

Other behaviors can be same with current mechanism. Even though some companies indicate that window handling need to be updated, it is not necessary since the t-Reordering timer is also able to move the RX window forward.

RAN side:

For UEs which receive MBS via PTP or PTP+PTM (for enabling PDCP ARQ), gNB needs to maintain the receiving status of each UE at PDCP layer. 

	
	High
	A3
	UE side: 

To ensure the lossless packet reception of the worst UEs, the gNB needs to dynamically inform all UEs to move to a specific SN and reset timer. Otherwise, the transmitting window will be stuck by the worst UE’s reception status.

A PTM RLC entity needs to be associated with two logical channels, one for reception of group-common packets, one for reception and transmission of UE-specific packets (such as acknowledgments and re-transmission data packets).
RAN side:

gNB needs to maintain the receiving status of each UE which receives MBS via PTM (for enabling PTM RLC AM). 

For the transmission or reception window management, NW has to be smart enough to decide when to move forward, who is in the PTM transmission group, who should be kicked out. 

This greatly increase scheduling complexity compared to a per UE scheduling in unicast.

	Specification impacts
	Small
	A1
	UE needs to inform gNB to switch to PTP when PTM packet loss is detected. PDCP status reporting might be needed during mode switching to avoid packet loss.

	
	Medium
	A2
	PDCP status reporting or other feedback might be needed when PDCP PDU loss is detected in normal data transfer case.

	
	Great
	A3
	A PTM RLC entity needs to be associated with two kinds of logical channels.

The gNB needs to frequently inform all UEs to move to a specific SN, to enable the worst UEs lossless reception and keep up or stretch the TX window.


On L2 ARQ, A1, A2, A3 respectively have advantages and disadvantages on different aspects such as efficiency, complexity, and specification impacts. There is a trade off between complexity and efficiency when ensuring a same level of reliability by A1, A2 or A3.
Compared with A1 and A2, A3 may achieve a little bit higher resource efficiency at the cost of introducing great complexity at gNB by computing the optimal joint policy of segmenting, TB size for PTM transmission and TB size of PTP transmission for each UE. The exponentially increased complexity is usually unacceptable for gNBs' implementation. In addition, A3 needs great specification changes and implementation complexity (e.g, signalling overhead, scheduling efforts). Considering we have other mechanisms to ensure reliability, we do not think RLC AM for PTM is needed.
A3 (i.e., RLC AM for PTM) is not supported in Rel-17 MBS. 

Compared with A1, A2 can achieve higher resource efficiency with a little more specification changes. The reason is that a packet can be firstly transmitted to any UE via PTM and re-transmitted to the UE via PTP in A2, while the packet has to be transmitted to a UE via PTP no matter it is a re-transmission or first transmission once the UE is switched to PTP mode in A1. In addition, PDCP status reporting needs to be supported for MBS UE anyway (at least in handover case), A2 only needs a new trigger for PDCP status reporting during normal data reception. Then, we suggest to support both A1 and A2 both Rel-17 MBS. For example, A2 can be used when a gNB wants a high-level resource efficiency, A1 can be used when a gNB has redundant resources and do not care about the resource efficiency. Whether using A1 or A2 to ensure reliability can be decided by the network according to its consideration on efficiency. Considering that we have already agreed that PDCP anchored PTM – PTP switching shall be supported for the case that both PTM and PTP are RLC-UM, we suggest to further agree the following proposals.

For the case that PTM is RLC-UM and PTP is RLC-AM, PDCP anchored PTM – PTP switching shall be supported.
A2 (i.e., L2 ARQ by PDCP for PTM ) should be supported.
Bearer modes to support PDCP status reporting

If above proposals can be approved, one MBS bearer may be configured with one PTM RLC path and/or one PTP RLC path. Both RLC AM and RLC UM can be supported for PTP path, and only RLC UM is supported for PTM path. The MBS bearer configuration may have the following cases as shown in Table 2. 

Table 2 Cases for MBS bearer configuration
	Cases for MBS bearer configuration
	RLC mode
	Whether PDCP status reporting can be available in this case (DAPS is not taken into consideration).

	Case 1
	PTM RLC (UM)
	No

	Case 2
	PTM RLC (UM), PTP RLC (UM)
	Yes, at least for cases like mode switching and handover 

	Case 3
	PTM RLC (UM), PTP RLC (AM)
	Yes

	Case 4
	PTP RLC (UM)
	No

	Case 5
	PTP RLC (AM)
	Yes


One MBS bearer may be configured with one PTM RLC path and one PTP RLC path, which means that MBS bearers have various combinations of RLC modes. 

Suppose DAPS is not considered, case 4 and 5 are used for normal PTP transmission and case 5 can support the PDCP status report as legacy mechanism (in handover case). For Case 1, PDCP status reporting is not possible since PDCP status report needs to be transmitted from the UE to the gNB via a PTP RLC path. For case 2, we suggest not to exclude the possibility of PDCP status reporting in specifications. It can be up to network’s implementation on whether this is needed for each MBS service and UE, at least in cases like mode switching and handover where great packets loss may occur. As for case 3, there are two different RLC modes configured for one MBS bearer. Since PTP RLC path is AM based, it seems feasible to support PDCP status report.

PDCP status reporting is supported for the MBS bearer whose RLC mode is “AM RLC for PTP transmission” or “AM RLC for PTP transmission coexisting with UM RLC for PTM transmission”. It is FFS whether PDCP status reporting is supported for the MBS bearer whose RLC mode is “UM RLC for both PTP and PTM transmission”. 
Conclusion

In this contribution, we discussed the issues on reliability, such as L2 ARQ and HARQ. And we have the following observations and proposals:

On L2 ARQ, A1, A2, A3 respectively have advantages and disadvantages on different aspects such as efficiency, complexity, and specification impacts. There is always a trade off between complexity and efficiency when ensuring a same level of reliability by different means (e.g, A1, A2 or A3).
One MBS bearer may be configured with one PTM RLC path and one PTP RLC path, which means that MBS bearers have various combinations of RLC modes. 

A3 (i.e., RLC AM for PTM) should not be supported in Rel-17 MBS. 
For the case that PTM is RLC-UM and PTP is RLC-AM, PDCP anchored PTM – PTP switching shall be supported.

A2 (i.e., L2 ARQ by PDCP for PTM ) shall be supported.
PDCP status reporting is supported for the MBS bearer whose RLC mode is “AM RLC for PTP transmission” or “AM RLC for PTP transmission coexisting with UM RLC for PTM transmission”. It is FFS whether PDCP status reporting is supported for the MBS bearer whose RLC mode is “UM RLC for both PTP and PTM transmission”.
Reference

R2-2102313, Summary of email discussion [Offline-038][MBS] UP Architecture Decisions.

RAN2 113-e Chairman Notes EOM
RAN2 113bise Chairman Notes EOM
3GPP


