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1      Introduction
In RAN2 #112-e meeting, following working assumption was taken:
· Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this).

In email discussion “[Post112-e][071][MBS] UP Performance”, reliability requirements and related L2 retransmission techniques were discussed. 
In this contribution, we analyze the complexity of L2 retransmission techniques (RLC vs. PDCP) for PTM. 
2      Discussion
Before discussing L2 techniques to improve reliability, it is necessary to first discuss why L2 techniques are needed in addition to other techniques e.g. HARQ. This was discussed in email discussion “[Post112-e][071][MBS] UP Performance”. To recap, there are MBS services which has requirements of high reliability and moderate latency, e.g. Mission Critical delay sensitive signaling (5QI 69 in TS 23.501 Table 5.7.4-1) requires that packet error rate below 10-6 and packet delay budget of 60 ms. To support such services in radio efficient manner, HARQ alone is not sufficient e.g. due to NACK to ACK error (around 10-3). L2 retransmissions either in RLC or PDCP is needed. 
[bookmark: Proposal_L2]Proposal 1: L2 retransmissions are used to support MBS services of high reliability.
Below we analyze the complexity of L2 retransmission techniques (RLC vs. PDCP) for PTM. 
There were concerns for the complexity of supporting RLC AM for PTM. As analyzed in contribution R2-2009197 [1] (detailed RLC AM for PTM operation from [1] is shown in Annex), the main complexity lies in gNB implementation side, while the complexity increase in specifications or UE side is minimal, since RLC AM for PTM can be mostly based on RLC AM for unicast. From gNB implementation side, gNB tracks the received status of each RLC SDU/segment based on aggregated RLC status report, and decides whether to perform RLC retransmission (either via PTM or PTP). 
[bookmark: Obs_RLC]Observation 1: The complexity to support RLC AM for PTM is mainly in gNB implementation, with little impact to specifications or UE side.
For PDCP based ARQ/retransmission, it should be clarified that this is different from the existing PDCP status report, which is only triggered in a few “one-shot” scenarios, as from TS 38.323 clause 5.4.1, with related part copied below:
	For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	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].



The triggers for PDCP based retransmission for PTM is different from those for PDCP status report. PDCP based retransmission for PTM is triggered if PDCP SDUs are missing in the UE receiver side. There is a trade off between the latency to send PDCP status report and the overhead of PDCP status report. RLC AM already solves these issues by providing several tools to gNB. RLC status report is controlled by timer t-Reassembly, t-StatusProhibit, as well as polling from gNB. To support PDCP based retransmission for PTM, similar mechanisms as RLC status report needs to be introduced. This requires standardization efforts. In addition, PDCP based retransmissions has similar gNB complexity as RLC AM for PTM, since gNB also needs to track the received status of each PDCP SDU based on aggregated PDCP status report, and decides whether to perform PDCP retransmission.
[bookmark: Obs_PDCP]Observation 2: PDCP based retransmission has significant impact on specifications, and has similar complexity in gNB implementation as RLC AM for PTM.
There are also performance benefits of RLC based retransmission compared with PDCP based retransmission. Segmentation is performed in RLC layer, and RLC layer only needs to retransmit the RLC segments not correctly received. PDCP retransmission is always performed in PDCP SDU level. This means that if there is only a RLC SDU segment not correctly received, the corresponding whole PDCP SDU should be retransmitted. Therefore, RLC based retransmission is more resource-efficient compared with PDCP based retransmission. 
[bookmark: Obs_Effe]Observation 3: RLC based retransmission is more resource-efficient compared with PDCP based retransmission.
[bookmark: _GoBack]Table 1 below summarizes the comparison of RLC vs. PDCP based retransmission for PTM. Based on the comparison, it can be seen that RLC based retransmission for PTM is better than PDCP based retransmission. It is therefore proposed to revisit the working assumption made in last meeting and to support RLC AM for PTM. 
[bookmark: Table_Comp]Table 1: Comparison of RLC vs. PDCP based retransmission for PTM
	Options
	Standardization efforts
	Radio resource efficiency
	gNB implementation

	RLC based retransmission
	Very small J
	High J
	Complexity increase L

	PDCP based retransmission
	High L
	Low L
	Complexity increase L



[bookmark: Proposal_RLC]Proposal 2: RLC based retransmission is selected as L2 technique to improve reliability. Working assumption (“RLC-AM for PTM is not supported”) made in last meeting should be revisited, and RLC AM for PTM should be supported.
3      Conclusion
In this contribution, we analyze the complexity of L2 retransmission techniques (RLC vs. PDCP) for PTM. We have the following observations:
Observation 1: The complexity to support RLC AM for PTM is mainly in gNB implementation, with little impact to specifications or UE side.
Observation 2: PDCP based retransmission has significant impact on specifications, and has similar complexity in gNB implementation as RLC AM for PTM.
Observation 3: RLC based retransmission is more resource-efficient compared with PDCP based retransmission.
We propose the following:
Proposal 1: L2 retransmissions are used to support MBS services of high reliability.
Proposal 2: RLC based retransmission is selected as L2 technique to improve reliability. Working assumption (“RLC-AM for PTM is not supported”) made in last meeting should be revisited, and RLC AM for PTM should be supported.
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Annex RLC AM for PTM operation
For PTP MBS reception, RLC AM can be modelled as unicast RLC AM at the UE. At gNB side, it maintains separate RLC transmission and receiving window to each RRC_CONNECTED UE. Each UE independently reports its own status PDU based on the receiving ACK/NACK of its own. If NACK is reported from certain UEs, RAN performs packet retransmission to the target UE via C-RNTI.


[bookmark: _Ref54190343]Figure 1. RLC AM modeling for PTM
For PTM MBS service, one MBS bearer is transmitted to multiple UEs who are receiving MBS service. In this case, gNB should maintain a shared transmission window, recording the aggregated data transmission status (RLC ACK or NACK) of all RRC_CONNCTED UEs within this MBS bearer. Each UE receives MBS service in PTM, and reports status PDU independently triggered by UL grant in PTP.As shown in Figure 1 a), if all UEs in PTM sends ACK in status PDU back to RAN after a certain UE receives its own UL grant, gNB can mark this RLC SDU as ACK. For NACK status reporting, retransmission can use either PTM or PTP, a threshold at gNB of received NACK numbers can be considered set by implementation. If the number of received NACK is smaller than the threshold, gNB retransmits NACK packets to dedicated UE in PTP depending on its own status report, as shown in Figure 1 b). If multiple UEs (larger than threshold) in this MBS bearer reported NACKs, as shown in Figure 1 c), gNB receives status reports from all UEs and aggregates the union set of NACK SNs or segments, then retransmits those packets to all UEs in PTM. For those UEs who have received this retransmission RLC SDU or segments before, it can discard the duplicated bytes. This procedure is transparent to UEs, and status report aggregation and retransmission at RAN can be done by implementation, no extra specification effort is needed.
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