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Introduction
The NR_MBS Work Item has as a main goal to enable “general MBS services over 5GS” for a number of use cases, including: public safety and mission critical, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. Each of these use cases would benefit from a mechanism of broadcast/multicast communication over the RAN. 
One of the objectives listed in the  NR MBS WID [1] 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]
Many options have been discussed in order to improve the reliability of multicast service transmission. The following related agreements/confirmations/working assumptions were achieved in RAN2#112-e [2] and RAN2#113-e [3]:
1. 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).
2. RAN2 confirmation: RAN reliability requirements for NR MBS are derived based on QoS reliability requirements configured by 5GC MB-SMF.
3. RAN2 confirmation: 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 
4. [bookmark: _Hlk68111854]RAN2 confirmation: QoS requirements are same whether gNB delivers multicast data to UEs by using DRB associated with Unicast PDU session or by using MRB associated with MBS session.
5. Working assumption: MRB may include both PTP and PTM
6. Agreement: 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 this contribution, we discuss our views related to improving reliability for multicast services.
Discussion
[bookmark: _Hlk525905422]RAN2 has already confirmed that the QoS requirements are the same whether gNB delivers multicast data to UEs by using a DRB associated with Unicast PDU session or by using MRB associated with an MBS session. We have also already agreed that we will support Delivery mode 1, which is intended for traffic with high QoS (reliability, latency) requirement. 
Based on e-mail discussion during to RAN2 #113e [4], numerous mechanisms were discussed regarding how to achieve or help achieve this high reliability for multicast services that require it: 
1. Layer 1 HARQ feedback;
2. RLC approach: Use of RLC-AM for these multicast services, and relying on RLC retransmissions;
3. PDCP approach: Use of PDCP status reporting, and relying on PDCP retransmissions for these multicast services;
4. Split Bearer approach: Using a split bearer and relying on the PTP leg of the split bearer for retransmissions

Layer 1 HARQ feedback has been agreed in RAN1, although some of the details are still FFS. For example, it is not yet decided whether retransmissions can go over G-RNTI, C-RNTI, or both. Either way, it is expected that the HARQ feedback alone will not be sufficient to meet the most stringent reliability requirements of some multicast services. For such services, a Layer 2 mechanism is required to overcome HARQ residual error. 

Observation 1: Layer 1 HARQ feedback alone will not be sufficient to meet the most stringent reliability requirements.

Proposal 1: RAN2 agree that a Layer 2 mechanism is required, in addition to the Layer 1 HARQ feedback, for certain multicast services requiring high reliability and lossless operation.
Radio Bearer (RB) Options for Multicast traffic
A number of RB options are available for transmission of multicast traffic. The various combinations are shown in Figure 1:
a) Data Radio Bearer (DRB) with RLC-UM
b) DRB with RLC-AM
c) Non-split bearer Multicast Radio Bearer (MRB) with RLC-UM
d) Non-split bearer MRB with RLC-AM
e) Split bearer MRB: PTM leg with RLC-UM and PTP leg with RLC-UM
f) Split bearer MRB: PTM leg with RLC-UM and PTP leg with RLC-AM
g) Split bearer MRB: PTM leg with RLC-AM and PTP leg with RLC-UM
h) Split bearer MRB: PTM leg with RLC-AM and PTP leg with RLC-AM



[bookmark: _Ref68078763]Figure 1: RB Options for Multicast Services 
Based on current RAN2 agreements and working assumptions, only (a, b, c, and e) are allowed. We believe that limiting the RB options to only (a, b, c, e), may be unnecessarily restrictive to the gNB. The gNB may have multiple reasons for preferring one RB option over another. Clearly, a gNB may decide to use RLC-AM for a non-split bearer, or for the PTM leg of a split bearer, in order to meet high reliability requirements. However, we also feel that the gNB may prefer an MRB option with a split bearer for example, for throughput enhancement or to assist in handover. Based on a number of factors, such as required reliability, UE location, required throughput, etc., the gNB may select an RB option to deliver the multicast service to the UEs interested in the service.
Observation 2: The possible RB options for multicast traffic are split according to: DRB vs MRB, split bearer vs non-split bearer, and RLC-AM vs RLC-UM. 

Proposal 2: RAN2 agree that RLC-AM is supported for PTM transmissions of NR MBS 
Proposal 3: RAN2 agree to support RB options a) – h) 
Reliability for Multicast Services
RLC Approach: Use of RLC-AM and RLC retransmissions
The basic operation of RLC-AM for PTM transmissions would require RLC status reports from all the receiving UEs, as well as some processing of the status reports at the gNB to decide whether to retransmit the RLC PDU. The gNB Tx window will move upon successful acknowledgement from all receiving UEs. In the case of a problem UE, for example a UE that is in poor coverage and unable to correctly receive a PTM transmission, there is a potential for Tx window stalling, and some mechanism is required to keep the window moving. In addition as highlighted in [5], a method is required to synchronize RLC AM window movement of gNB with all the receiving UEs.
[bookmark: _Hlk68149599]In such cases, the gNB should be able to reconfigure the RB option for this problem UE – for example reconfiguring to a DRB with RLC-AM.
Observation 3: RLC-AM for PTM transmissions requires new functionality at the:
·  gNB to deal with multiple RLC status reports. 
· UE to synchronize RLC AM window movement between gNB and receiving UEs
Observation 4: gNB should be able to reconfigure the RB option for a problem UE – for example reconfiguring to a DRB with RLC-AM.

PDCP Approach: Use of PDCP status reporting and PDCP retransmissions 
The basic operation relies on PDCP status reports informing the gNB of the PDCP SDUs that require retransmission. The approach is already used to support lossless handover of a DRB. The UEs could send a PDCP status report to the gNB, including the list of PDCP SDUs that it has failed to receive.   Based on the PDCP status reports, the gNB decides whether to retransmit the PDCP SDU. 
In the case of a problem UE, for example a UE that is in poor coverage and unable to correctly receive the PTM transmission, the gNB should be able to reconfigure the RB option for this problem UE – for example reconfiguring to a DRB with RLC-AM.
Observation 5: PDCP Status Reporting and PDCP retransmissions can address reliability

Split bearer Approach: Using a split bearer and relying on the PTP leg of the split bearer for retransmissions

[bookmark: _Hlk68149973]The basic operation relies on configuring radio bearer option f). In our view radio bearer option e) alone would not guarantee reliability, as both legs would use RLC-UM.  With radio bearer option f), reliability is met by having multicast traffic transmitted over the PTP leg. However, we do not think that a gNB would configure a split bearer if the PTP leg is to be used for all UEs and for all the multicast traffic of an MBS service. In such cases, the gNB would more likely configure a DRB with RLC-AM for these UEs. Consequently, a gNB is likely to use the PTP leg, not for all transmissions, but only for retransmissions of PDCP SDUs, and only for those UEs that have failed to receive the PDCP SDU. 
If this is the case, the gNB requires an indication of which PDCP SDUs have failed for a UE, and the PDCP status report may also be required for this solution.
Observation 6: Split-bearer MRB with PTP using RLC-AM is needed for reliability
Observation 7: gNB likely to use the PTP leg, not for all transmissions, but only for retransmissions of PDCP SDUs, and only for those UEs that have failed to receive the PDCP SDU.
Observation 8: PDCP status reporting necessary to support reliability over split bearer
In our view all three approaches for reliability are feasible.  As outlined above, we feel that the split bearer approach requires the PDCP approach as a baseline for efficient operation. In addition, we also feel that the PDCP approach may be used to enable lossless path switching and lossless reconfiguration of multicast RBs. 
Proposal 4: RAN2 agree to study the PDCP approach (PDCP Status Reporting and PDCP retransmissions) to address reliability

Conclusion
In this contribution, we discuss the options for PTM reliability, and make the following observations and conclusions:
Observation 1: Layer 1 HARQ feedback alone will not be sufficient to meet the most stringent reliability requirements.

Proposal 1: RAN2 agree that a Layer 2 mechanism is required, in addition to the Layer 1 HARQ feedback, for certain multicast services requiring high reliability and lossless operation.
Observation 2: The possible RB options for multicast traffic are split according to: DRB vs MRB, split bearer vs non-split bearer, and RLC-AM vs RLC-UM. 

Proposal 2: RAN2 agree that RLC-AM is supported for PTM transmissions of NR MBS 
Proposal 3: RAN2 agree to support RB options a) – h) 
Observation 3: RLC-AM for PTM transmissions requires new functionality at the:
·  gNB to deal with multiple RLC status reports. 
· UE to synchronize RLC AM window movement between gNB and receiving UEs
Observation 4: gNB should be able to reconfigure the RB option for a problem UE – for example reconfiguring to a DRB with RLC-AM

Observation 5: PDCP Status Reporting and PDCP retransmissions can address reliability
Observation 6: Split-bearer MRB with PTP using RLC-AM is needed for reliability
Observation 7: gNB likely to use the PTP leg, not for all transmissions, but only for retransmissions of PDCP SDUs, and only for those UEs that have failed to receive the PDCP SDU.
Observation 8: PDCP status reporting necessary to support reliability over split bearer
Proposal 4: RAN2 agree to study the PDCP approach (PDCP Status Reporting and PDCP retransmissions) to address reliability
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