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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was decided in RAN2#114e that “RLC-AM is not supported for PTM (for MBS R17 WI).”
There had been extensive discussions during the study of NR in Rel-14 on where L2 retransmission should be done [4] – “ R2-166828	Second level retransmissions in NR	Ericsson	discussion
-	CATT understand that ARQ should not deal with front haul errors but ARQ above the front haul can bring benefits in multiconnectivity scenarios to help cope with link failures. We should not preclude that ARQ is in the CU
-	LG would like to discuss this again after reordering is decided
=>	Comeback to discuss P3
-	LG think that ARQ could be in PDCP based on PDCP SN. 
-	MediaTek support ARQ in RLC especially for DC cases.
-	CATT think it should be possible to configure ARQ in PDCP, to deal with the fact that the link can break quickly. It should not be ruled out at the moment. Ericsson think if it is in PDCP then we have backhaul issues. This doesn't preclude duplication in PDCP to send packets on different links and it is also a lower delay solution. Huawei also think that an eNB could resend packets on the other link if it detects low throughput on the other link.
-	ZTE agree with the proposal. 

Agreement
-	The ARQ will be supported in RLC. 
”
[bookmark: _Ref70686458]Performing L2 retransmission at PDCP layer may subject a system to additional delay over front-haul between DU and CU, and degrade system performance.
[bookmark: Observation1]Observation 1: Extensive study in Rel-14 led to the agreement of having ARQ supported in RLC sublayer to avoid performance degradation from additional delay over front-haul between DU and CU. 
[bookmark: _Hlk77160613]However, there have been proposals to introduce L2 ARQ by PDCP for PTM. This contribution analyses issues in L2 ARQ by PDCP for PTM, and proposes to not introduce new PDCP behavior for L2 ARQ of PTM transmission.
Discussion
[bookmark: _Ref70685517]Though PDCP duplication has been specified in Rel-15 and Rel-16, its operation is not based on the status report of a receiver. Duplication is done blindly for all PDCP PDUs to support URLLC services, which uses small payload size, at the expense of radio resource utilization. Given the potentially large payload size of MBS traffic, it is not radio efficient to apply PDCP duplication for reliable PTM transmission.
[bookmark: Observation2]Observation 2: PDCP duplication blindly transmits multiple copies of every PDCP PDU, and it is not suitable to achieve radio efficient Multicast transmission.
PDCP status report can be generated when [1]: “
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery;
-	upper layer requests a uplink data switching;
-	upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331 [3].” 
[bookmark: _Ref70686101]That is, PDCP status report is triggered by RRC, not by the transmission/reception status of PDCP PDU. On the other hand, RLC status report can be triggered by polling and t-Reassembly timer for the transmission/reception status of RLC PDU [2].
[bookmark: Observation3]Observation 3: While RLC status report can be triggered by polling and t-Reassembly timer expiry, PDCP status report is triggered by RRC specific events, not by the transmission/reception status of PDCP PDU.
When loss of RLC PDU is detected and RLC status report is triggered by the receiving side of an AM RLC entity, the lower edge of RLC receiving window RX_Next is not moved, and the retransmitted RLC PDU will still fall within the RLC receiving window [2] – “
[bookmark: _Hlk60843956]When t-Reassembly expires, the receiving side of an AM RLC entity shall:
-	update RX_Highest_Status to the SN of the first RLC SDU with SN >= RX_Next_Status_Trigger for which not all bytes have been received;
-	if RX_Next_Highest> RX_Highest_Status +1: or
-	if RX_Next_Highest = RX_Highest_Status + 1 and there is at least one missing byte segment of the SDU associated with SN = RX_Highest_Status before the last byte of all received segments of this SDU:
-	start t-Reassembly;
-	set RX_Next_Status_Trigger to RX_Next_Highest.”
When loss of a PDCP PDU is detected, however, the lower edge of PDCP reception buffer RX_DELIV is moved forward, and any retransmission of missing PDCP PDU would fall out of reception buffer [1] – “
[bookmark: _Hlk60843892]When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value >= RX_REORD;
[bookmark: _Hlk60949479]-	if RX_DELIV < RX_NEXT:
-	update RX_REORD to RX_NEXT;
[bookmark: _Ref70686189]-	start t-Reordering.”
[bookmark: Observation4]Observation 4: While RLC sublayer already supports the retransmission of a lost RLC PDU, the lower edge of PDCP reception buffer RX_DELIV is moved forward when loss of a PDCP PDU is detected, and any retransmission of missing PDCP PDU would fall out of UE reception buffer.
[bookmark: _Hlk60845063][bookmark: _Hlk60844220]In order to allow retransmission of lost PDCP PDU without RRC involvement, management of the reception buffer at PDCP sublayer needs to be modified such that its lower edge is not moved until the corresponding PDCP PDU is received. In other words, the procedure of handling t-Reordering timer expiration at PDCP sublayer should be modified in a way similar to the handling of t-Reassembly timer expiration at RLC sublayer. This basically leads to the replication of existing RLC functionality at PDCP sublayer.
[bookmark: _Ref70686241]The triggers for PDCP based retransmission for PTM is different from existing triggers for PDCP status report. To support PDCP based retransmission for PTM, similar mechanisms as RLC status report needs to be introduced. Contributions submitted to RAN2#113bis-e and RAN2#114e meetings propose various triggers for PDCP status reporting: expiry of t-Reordering, polling, number of failed PDCP PDUs, periodic reporting etc. It is clear that extra standardization efforts are required to support PDCP based ARQ.
[bookmark: Observation5]Observation 5: Retransmission of lost PDCP PDU without RRC involvement requires significant changes on both gNB and UE sides to introduce similar mechanisms as in RLC sublayer for handling of reception buffer and status report, effectively replicating an Acknowledged Mode at PDCP sublayer.
[bookmark: _Hlk60845831][bookmark: _Hlk68094194][bookmark: _Hlk68160142][bookmark: _Ref70686288][bookmark: _Hlk60947378]A PDCP entity may be associated with multiple RLC entities, which in turn are associated with different logical channels. For MRB with dynamic PTP/PTM switch, these RLC entities/logical channels may operate at different modes, like one in UM and another one in AM. This makes it difficult to configure proper t-Reordering timer, as different legs would take various time to finish transmission of a PDCP PDU.
[bookmark: Observation6]Observation 6: Retransmission of lost PDCP PDU without RRC involvement suffers performance degradation in MRB with dynamic PTP/PTM switch, as a single t-Reordering timer at PDCP sublayer wouldn’t fit to transmission time budgets of both UM and AM RLC legs.
[bookmark: _Ref70686414]When split MRB is configured with AM PTP leg, retransmission of lost PDCP PDU without RRC involvement can lead to two loops of L2 retransmission on PTP leg at RLC sublayer and PDCP sublayer, respectively. It is not clear how timers and state variables at PDCP and RLC sublayers can be configured and operated to avoid the intertwining of PDCP retransmission and RLC retransmission, i.e., (n+1)th retransmission of a PDCP PDU starts when RLC still performs retransmission on the n-th transmission of a PDCP PDU.
[bookmark: Observation7]Observation 7: Retransmission of lost PDCP PDU without RRC involvement generates conflict with RLC AM operation, and it leads to intertwining of PDCP retransmission and RLC retransmission on RLC AM PTP leg of the MRB with dynamic PTM/PTP switch.
[bookmark: _Ref70686633]Unlike for RLC AM DRB, RLC transmitter is always at network for MRB. Hence there’d be no extra specification work for the transmit operation of an MRB RLC AM entity. There is additional requirement on network implementation for PTM scheduling, which stems from the fact that one transmission needs to target at multiple UEs. This functional requirement applies no matter whether PTM scheduling is implemented at RLC sublayer or PDCP sublayer. That is, if retransmission is done at PDCP sublayer, then PDCP sublayer also needs to use a transmission window, and to move the transmission window based on the status report of all UEs receiving from the PTM transmission. As TB scheduling is at a DU (where MAC and RLC sublayers reside), handling PTM transmission window at PDCP sublayer, which resides at a CU, further incurs front haul F1 signaling and delay between CU and DU in PTM transmission window management and PTM scheduling operation.
[bookmark: Observation8]Observation 8: Scheduling requirement on network implementation to accommodate status reports from multiple UEs exists no matter whether L2 retransmission is done at RLC sublayer or PDCP sublayer. Retransmission of lost PDCP PDU without RRC involvement incurs extra front haul signaling and delay between CU and DU in PTM transmission window management and PTM scheduling operation.
[bookmark: _Ref70686701]With a MRB consisting of PTM and PTP legs, a UE’s reception feedback can be carried on the UL of its PTP leg, either as PDCP status report or as RLC status report. There is no difference in required feedback signaling between PDCP and RLC status reports for transmission over PTM, transmitted over MBS UEs’ respective dedicated logical channel over PTP leg. It is worth noting, however, that RLC status report is NACK based, while PDCP status report uses bit map to carry both ACK and NACK [3]. 
[bookmark: Observation9]Observation 9: PDCP status report for transmission over PTM requires similar amount of feedback signaling as RLC status report.
Table 1 summarises the comparison between L2 ARQ by PDCP and L2 ARQ by RLC.
Table 1: Comparison of L2 ARQ by PDCP vs by RLC
	
	 L2 ARQ by PDCP for PTM
	 L2 ARQ by RLC-AM for PTM

	How it works

	Based on UE’s PDCP status reporting, gNB decides at PDCP level whether to re-tx via PTP RLC leg.
	Based on UE’s RLC status reporting, gNB decides at RLC level whether to re-tx via multicast or unicast manner.

	PTM efficiency

	Lower due to unicast L2 re-transmission of a whole PDCP PDU, and longer retransmission delay incurred in front haul between CU and DU.
	High due to multicast or unicast L2 re-transmission of RLC PDU (i.e., PDCP PDU segments), and retransmission is done at DU.

	PTM reliability and performance

	High
	High

	TX window management
	Complexity is higher, and latency is longer, due to PDCP entity is at CU while scheduling is at DU. 
	Medium

	UL feedback signalling overhead
	Similar

	Spec Complexity

	Very High, PDCP has to implement RLC AM kind of functionality, i.e., receive window management, status reporting enhancements, new triggering timer, polling etc.
	Low



Based on the above analysis, when compared to PDCP based solution, RLC based ARQ solution offers high radio efficiency, high reliability for PTM leg, and limited specification changes for MRB with dynamic PTM/PTP switch. Hence, there is no technical reason to introduce L2 ARQ by PDCP for PTM transmission, due to its inferior performance and higher standardization complexity. Thus, we propose
[bookmark: Proposal1]Proposal 1: L2 ARQ by PDCP is not supported for PTM reliability.
[bookmark: Proposal2]Proposal 2: As in Rel-15/16, PDCP status report is triggered by RRC procedures in MBS, e.g., during handover.

Conclusions
Extensive study in Rel-14 excluded L2 ARQ by PDCP in NR, due to the performance degradation from additional delay over front-haul between DU and CU. However, there have been proposals to introduce L2 ARQ by PDCP for PTM. This contribution analyses issues in L2 ARQ by PDCP for PTM, with the following observations and proposal:
Observation 1: Extensive study in Rel-14 led to the agreement of having ARQ supported in RLC sublayer to avoid performance degradation from additional delay over front-haul between DU and CU. 
Observation 2: PDCP duplication blindly transmits multiple copies of every PDCP PDU, and it is not suitable to achieve radio efficient Multicast transmission.
Observation 3: While RLC status report can be triggered by polling and t-Reassembly timer expiry, PDCP status report is triggered by RRC specific events, not by the transmission/reception status of PDCP PDU.
Observation 4: While RLC sublayer already supports the retransmission of a lost RLC PDU, the lower edge of PDCP reception buffer RX_DELIV is moved forward when loss of a PDCP PDU is detected, and any retransmission of missing PDCP PDU would fall out of UE reception buffer.
Observation 5: Retransmission of lost PDCP PDU without RRC involvement requires significant changes on both gNB and UE sides to introduce similar mechanisms as in RLC sublayer for handling of reception buffer and status report, effectively replicating an Acknowledged Mode at PDCP sublayer.
Observation 6: Retransmission of lost PDCP PDU without RRC involvement suffers performance degradation in MRB with dynamic PTP/PTM switch, as a single t-Reordering timer at PDCP sublayer wouldn’t fit to transmission time budgets of both UM and AM RLC legs.
Observation 7: Retransmission of lost PDCP PDU without RRC involvement generates conflict with RLC AM operation, and it leads to intertwining of PDCP retransmission and RLC retransmission on RLC AM PTP leg of the MRB with dynamic PTM/PTP switch.
Observation 8: Scheduling requirement on network implementation to accommodate status reports from multiple UEs exists no matter whether L2 retransmission is done at RLC sublayer or PDCP sublayer. Retransmission of lost PDCP PDU without RRC involvement incurs extra front haul signaling and delay between CU and DU in PTM transmission window management and PTM scheduling operation.
Observation 9: PDCP status report for transmission over PTM requires similar amount of feedback signaling as RLC status report.
Proposal 1: L2 ARQ by PDCP is not supported for PTM reliability.
Proposal 2: As in Rel-15/16, PDCP status report is triggered by RRC procedures in MBS, e.g., during handover.
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