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1. Introduction

In RAN#86 meeting, a new WI for MBS is approved for R17 NR. Two objectives are specified in WI [1].

The set of objectives includes:
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]

We will focus on reliability of MBS reception in this paper.
2. Discussion on reliability for MBS in RRC_CONNECTED
In NR, the data will loss due to channel condition, so we need some mechanism to reduce the data loss as much as possible, e.g. HAR feedback, repetition, diversity techniques and so on from RAN1, and RLC AM, PDCP duplication from RAN2. In order to improve the reliability further, RAN2 introduce the PDCP duplication with two legs in R15 and introduce PDCP duplication up to 4 legs in R16.
During HO, in order to ensure the lossless HO, NR supports data forwarding from source to target and retransmission based on PDCP status report.
For MBS in RRC_CONNECTED mode UE, we summarized three scenarios to address MBS reliability.

Scenario 1: Due to channel condition and no mobility, no switching between PTM and PTP.
Scenario 2: Due to mobility.
Scenario 3: Due to switching between PTM and PTP.
Observation 1: The three scenarios resulting in data loss are consider in MBS, i.e. due to channel condition, or Due to channel condition, or Due to switching between PTM and PTP.
Scenario 1: Due to channel condition and no mobility, no switching between PTM and PTP.
For the scenario 1, some RAN1 solutions can be used, e.g. HARQ feedback, repetition, diversity techniques. It is up to RAN1 to decide and design how to use or enhance the current solutions for MBS reliability. In RAN1#102 meeting, RAN1 already agreed to support HARQ feedback and the details are FFS.

	Agreements:

For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.

· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.


The RAN1 solutions cannot ensure the lossless but can reduce the data loss. So RLC or PDCP based feedback are proposed by some companies.
Option 1: HARQ feedback

Option 2: RLC based feedback

Option 3: PDCP based feedback

In RAN2#112 meeting, RAN2 agree a working assumption that RLC AM is not supported for PTM. RAN2 also agreed that RLC AM is supported for PTP.

· 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). 

· RLC AM is supported for PTP transmission of NR MBS.

· RLC UM is supported for PTP transmission of NR MBS.

In RAN2#112 meeting chairman notes that the anchor PDCP seems the way forward for the next step.
	Chair: it seems there are two proposals on the table 

1) P16P17 with PDCP as the anchor

2) To have also a Common PTP PTM RLC entity to easier support RLC AM for PTM. 

Will come back to this discussion. 


Here we assume that anchor PDCP is as baseline and based on current agreements, i.e. no PDCP feedback, only RLC UM is used, RLC AM/UM can be for PTP.
In NR, only AM mode RLC will indicate PDCP about the successful delivery of the RLC SDU. So only for AM RLC, the PDCP will know the PDCP PDU of successful delivery or not. For UM RLC, the PDCP does not know it. For PTM transmission, the gNB RLC does not know if the data is received successfully or not due to no RLC feedback. 

In the case that the PTP and PTM shared one common PDCP, if the PTP RLC is configured as RLC AM, the PTP RLC only can ensure the data reliability when the gNB switches PTM to PTP. During PTM transmission, the reliability cannot be guaranteed due to the dynamic PTP and PTM switching in gNB. Some person may think network should ensure there is no dynamic switching between PTM and PTM for the UE if PTP is configured with AM RLC. However, the common PDCP will maintain all the UE’s PDCP PDU delivery status. It is too complex for the PDCP. So we think it is no need to configure the RLC AM for PTP if PTP and PTM shared one common PDCP.

Observation2: “PTM with UM RLC + PTP AM RLC” can not ensure the data lossless.
If the PTP is configured with AM RLC, separate PDCP can be configured and the PDCP can only maintain one UE’s PDCP PDU delivery status. 
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Observation 3a: RLC AM is not necessary to support for PTP for the case that PTP and PTM shared one common PDCP due to the complexity to PDCP.
Observation 3b: If RLC AM is configured for PTP with separate PDCP configuration, there is no dynamic switching between PTP and PTM, i.e. the MBS data is always transmitted via PTP for the UE due to lossless requirement.

For the case that the RLC AM is configured for PTP and the MBS service has high reliability requirement, if the UE receive the MBS via PTM, it is not clear how does the gNB determine to switching the PTM to PTP for the UE. as discussed before, UM RLC will indicate PDCP about the successful delivery of the RLC SDU and UM RLC also does not know whether the data is delivered successfully or not due to no RLC feedback. Some companies may think we can rely on HARQ feedback of PTM. However, there are multiple PDCP SDU will be multiplexed in one MAC TB correspond the HARQ NACK and it is hard for the MAC to notify the AM RLC to retransmit the several PDCP SDU and corresponding PDCP SN based on PTM reception.

Observation 4: The PTM cannot be applied if the MBS service has lossless requirement.
The PDCP status report is triggered based on following conditions (text copy from 38.323). 
	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].

For UM 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 uplink data switching.


So, the PDCP status report will not be reported randomly, it is based on some conditions. For MBS, it is not clear whether the PDCP status report can be enhanced to support the PDCP feedback to trigger PDCP retransmission for MBS data lossless. For our understanding, if the RLC AM is supported, no need to support the PDCP feedback for MBS reliability. If he RLC UM mode, it is also no need to support PDCP feedback for MBS reliability because the service will allow data loss.
For the ACK/NACK feedback kind of solutions, based on the analysis, the HARQ feedback will be supported as agreed in RAN1 and RLC AM will be supported, it is no need to support PDCP feedback in scenario 1.

Some companies may want to introduce ARQ like feedback in PDCP layer for MBS data lossless. it is also possible but will introduce complexity in PDCP layer. In order to ensure the data lossless for MBS, there are 3 options based on above discussion.

	Options to support data lossless
	Complexity and restriction 

	Option 1: If the MBS service require data lossless, the PTP with RLC AM is configured without dynamic switching between PTP and PTM.
	(1) It is simple to achieve.
(2) It restricts the MBS service with data lossless requirement only can be delivered via PTP.

	Option 2: RLC AM is configured for PTM.
	(1) It is complex for the RLC in gNB side, because the RLC will receive multiple UE’s RLC feedback to maintain the RLC transmission window.

(2) PTM can be used for the MBS service with data lossless requirement.

	Option 3: ARQ like feedback is supported in PDCP.
	(1) It is complex for the PDCP in gNB side, because the RLC will receive multiple UE’s PDCP feedback to maintain the PDCP transmission window.

(2) it is also complex for the PDCP in UE side, because UE will support PDCP feedback.

(3) PTM can be used for the MBS service with data lossless requirement.


Proposal 1: RAN2 is kindly asked to confirm which option will be used for MBS data lossless requirement.
In order to improve the reliability, RAN2 introduce the PDCP duplication with two legs in R15 and introduce PDCP duplication up to 4 legs in R16. For MBS reliability, the PDCP duplication can also be considered. 

In RAN2#111e meeting, RAN2 agree to start with NR SA. For PDCP duplication, we also can start with CA based PDCP duplication.
· Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported. 

Proposal 2: PDCP based duplication can be supported and CA based PDCP duplication is starting point for MBS reliability, FFS the number of legs.
Except ACK/NACK feedback kind of solutions, the repetition transmission can also improve the data loss. But it is RAN1 scope and need RAN1 to confirm whether repetition transmission can be used for MBS transmission. 

Proposal 3: It is up to RAN1 whether repetition transmission can be used for MBS transmission to improve the reliability. 

Scenario 2: Due to mobility.

This part will be discussed in [3].
Scenario 3: Due to switching between PTM and PTP.
If the service delivery progress of PTP is slower than PTM, there is a service data gap when the UE is switched from PTP to PTM. It is necessary to ensure the data in the data gap is also received by the UE, e.g. in below figure.
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There are two solutions to address the issue.

Solution 1: If the UE can receive the PTP and PTM simultaneously for a moment, the data in gap can be received for the UE. In order to ensure to delete the duplicated data and in order delivery to upper layer, the common PDCP for PTM and PTM transmission seems a good choice.

Solution 2: The gNB will ensure there is no data gap when command the UE switching from PTP to PTM. It will limit the time point of switching.

Proposal 4: Anchor PDCP protocol stack is proposed for data lossless during switching between PTM and PTP. 

Proposal 5: Both solution 1 (i.e. UE can receive the PTM and PTP simultaneously) and solution 2 (i.e. gNB will ensure there is no data gap when command the UE switching from PTP to PTM.) are considered.

3. Discussion on reliability for broadcast or MBS in RRC_IDLE
For RRC_IDLE/INACTIVE mode UE, the lossless of MBS data reception cannot be guaranteed, due to no RRC connection. But the low data loss can be considered compared with LTE SC-PTM.

Proposal 6: Only low data loss is considered for MBS reception for RRC_IDLE/INACTIVE mode UE, i.e. no lossless requirement.
The ACK/NACK feedback can not work for broadcast kind of MBS. 
MBS data repetition can improve the data loss of MBS reception. In R16 NR-U, the PO support repetition. The same mechanism can be designed for MBS transmission in repetition mode.

Proposal 7: MBS data repetition is supported for broadcast kind of MBS.

In LTE, the MBMS reception can be received from neighbour cells, we can see the Table 8.2-1and Table 8.2-2 from TS 36.302. 
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When the UE move the cell edge and will perform cell reselection, the SINR of the MBS channel will be low and the MBS reception will be impacted. In order to reduce the data loss of MBS reception, the UE can receive MBS data from both source cell and target cell as handover case.

Proposal 8: UE receives the MBS service from both source cell and target cell during cell resselection.

For SIB reception for RRC_IDLE/INACTIVE mode UE, the UE will measure the SSB to identify the good beam and chose one good beam to receive the PDCCH and with the same beam with PDCCH to receive PDSCH. In R15, the UE will receive the PDSCH from only one beam. In R16 eMIMO, the UE can receive PDSCH from more than one beam if the UE support multiple TRPs. For MBS reception in RRC_IDLE/INACTIVE mode, the UE can receive the PDSCH of MBS from multiple good beam to improve the reliability of MBS reception if the UE capability allows.

Proposal 9: UE can receive the PDSCH of MBS from multiple good beam to improve the reliability if the UE capability allows.
4. Conclusions

Based on the discussion above, we propose:
Observation 1: The three scenarios resulting in data loss are consider in MBS, i.e. due to channel condition, or Due to channel condition, or Due to switching between PTM and PTP.
(For multicast in RRC_CONNECTED:

Based on assumption and current agreements, i.e anchor PDCP is as baseline, no PDCP feedback, only RLC UM is used, RLC AM/UM can be for PTP. There are below observations:
Observation2: “PTM with UM RLC + PTP AM RLC” cannot ensure the data lossless.
Observation 3a: RLC AM is not necessary to support for PTP for the case that PTP and PTM shared one common PDCP due to the complexity to PDCP.
Observation 3b: If RLC AM is configured for PTP with separate PDCP configuration, there is no dynamic switching between PTP and PTM, i.e. the MBS data is always transmitted via PTP for the UE due to lossless requirement.

Observation 4: The PTM cannot be applied if the MBS service has lossless requirement.
	Options to support data lossless
	Complexity and restriction 

	Option 1: If the MBS service require data lossless, the PTP with RLC AM is configured without dynamic switching between PTP and PTM.
	(1) It is simple to achieve.

(2) It restricts the MBS service with data lossless requirement only can be delivered via PTP.

	Option 2: RLC AM is configured for PTM.
	(1) It is complex for the RLC in gNB side, because the RLC will receive multiple UE’s RLC feedback to maintain the RLC transmission window.
(2) PTM can be used for the MBS service with data lossless requirement.

	Option 3: ARQ like feedback is supported in PDCP.
	(1) It is complex for the PDCP in gNB side, because the RLC will receive multiple UE’s PDCP feedback to maintain the PDCP transmission window.
(2) it is also complex for the PDCP in UE side, because UE will support PDCP feedback.

(3) PTM can be used for the MBS service with data lossless requirement.


Proposal 1: RAN2 is kindly asked to confirm which option will be used to meet MBS data lossless requirement.

Proposal 2: PDCP based duplication can be supported and CA based PDCP duplication is starting point for MBS reliability, FFS the number of legs.

Proposal 3: It is up to RAN1 whether repetition transmission can be used for MBS transmission to improve the reliability. 

Proposal 4: Anchor PDCP protocol stack is proposed for data lossless during switching between PTM and PTP. 

Proposal 5: Both solution 1 (i.e. UE can receive the PTM and PTP simultaneously) and solution 2 (i.e. gNB will ensure there is no data gap when command the UE switching from PTP to PTM.) are considered.

(For broadcast in RRC_IDLE/INACTIVE:
Proposal 6: Only low data loss is considered for MBS reception for RRC_IDLE/INACTIVE mode UE, i.e. no lossless requirement.

Proposal 7: MBS data repetition is supported for broadcast kind of MBS.

Proposal 8: UE receives the MBS service from both source cell and target cell during cell resselection.

Proposal 9: UE can receive the PDSCH of MBS from multiple good beam to improve the reliability if the UE capability allows.
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