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1 Introduction
In RAN2#112e meeting, reliability for Multicast services delivered in RRC_CONNECTED state was discussed and the following was agreed:

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 a follow up email discussion, further discussions were made to identify the role of PTM vs PTP to achieve the required UP reliability/performance and identify any roadblocks to meet the required reliability/performances [1].  Therein, it was proposed:

Support MRB reliability using L2-based retransmission based on L2 feedback from the UE (in addition to L1 HARQ based retransmission). FFS which L2 based solution to be adopted: PDCP re-transmission based on PTM/PTP switching and/or PTM RLC AM based re-transmission.
In this document, we will discuss our views regarding which solution (PDCP retransmission based on PTM/PTP switching vs supporting RLC-AM for PTM) should be adopted to ensure reliability for MRBs. 
2 Multicast/broadcast service delivery objectives
The main objective behind delivering services via multicast/broadcast is resource/radio efficiency. Enabling multiple UE to get the data via shared resources, instead of a dedicated resource per each UE, has the potential to reduce the resource usage utilization by a factor of the number of UEs involved in the multicast/unicast session (in theory, assuming all the UEs are experiencing good radio conditions). Not only is the resource utilization is improved, but additional performance gains can also be expected for the individual UEs (e.g., extra latency could be incurred if the service was delivered solely via unicast when there are many UEs in the session, as the network may not have enough resources to schedule all the UEs all the time).

Observation 1:
Multicast/broadcast delivery enables not only efficient resource utilization but also ensures that the service performance (e.g., latency) will not be greatly impacted as the load (e.g., number of UEs in the MBS session) increases. 
It is however not practical to assume that all UEs will experience good radio conditions all the time and even in the best of cases, there may always be few UEs experiencing bad radio conditions, and thus will not be able to get the service with the same quality/reliability as the others. It is not necessary (and also difficult) to ensure that all UEs are experiencing the same quality/reliability, as long as the quality/reliability experienced by the UEs is fulfilling the QoS requirements of the MRB.

Observation 2:
The UEs involved in an MBS session are likely to experience different radio conditions, and thus likely to experience different MBS service quality/reliability.

Observation 3:
It is not necessary to ensure all UEs are experiencing exactly the same MBS service quality/reliability, as long as the quality/reliability experienced by the UEs is fulfilling the QoS requirements of the concerned MRB(s). 

3 Solutions to ensure MBS reliability

As mentioned above, two possible solutions are on the table to ensure reliability if/when radio conditions do not allow the provision of services that meets the QoS requirements of the MRB(s) solely via PTM for all UEs, namely [1]:

a) PTM/PTP switching (and possible PDCP level retransmissions) 
b) Support of RLC AM for PTM
Solution (a) tries to solve the issue on a per UE basis (i.e. switch the delivery for UEs experiencing the problem to PTP mode while letting the other UEs keep operating in PTM mode with RLC UM), while solution (b) tries to solve the problem by retransmission towards all UEs. 

Solution (a) can be realized by using the well-known concept of split bearers in DC. As shown in Figure 1, the PDCP of the MRB can be configured as a split bearer with two RLC entities, where one RLC entity is associated with PTM operation (operating in RLC UM mode), while the other is associated with PTP operation (operating in RLC AM mode). If the UE is monitoring the PDCCH for both C-RNTI and G-RNTI scheduling, the operation will be the same as legacy unicast (DRB) reception (i.e., the PDU will be received by the single MRB PDCP entity, whether it is received via the PTM or the PTP RLC). 
One possible drawback of solution (a) is that if the number of UEs experiencing bad radio conditions becomes considerable, then the resource utilization efficiency due to MBS operation will degrade as dedicated/unicast resources have to be utilized for each UE.
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Figure 1 Split bearer approach to realize MRBs
Solution (b), on the other hand, will require a mechanism where the RLC transmitter at the gNB is operating in PTM mode while the RLC receiver at the UE is operating in PTP mode, leading to considerable complexity. For example, the RLC transmitter at the gNB has to consider the feedback from all the UEs to decide whether to perform a retransmission or not.  The drawback of solution (b) is not only complexity, but also possible degradation of the performance of the UEs that are experiencing good radio conditions on behalf of those that are not, as the RLC retransmissions will be redundant for these UEs, and thus incurring unnecessary latency to the MRBs of these UEs. Even if only one UE has very bad radio condition, it could lead to all the other UEs to experience unnecessary increase in latency and possibly effective drop in data rates. Solution (b) also requires more UL resource utilization as RLC feedback from all UEs have to be considered, and a good percentage of these UL resource utilization may have been unnecessary (e.g. as there is no way to poll a particular UE or subset of UEs for an RLC status PDU while operating in PTM mode, all UEs, even the ones that are experiencing good radio conditions, will be forced to send RLC status reports).

One possible advantage of solution (b) is in scenarios where a considerable number of UEs are experiencing bad radio conditions, as they can all benefit from the RLC retransmissions. However, this is not a common scenario and it is questionable if it will be possible to fulfill the QoS requirements of the MBR in such cases, as the network may have to adjust the scheduling of the UEs to fit the radio conditions (e.g. lower the modulation order, use a lower coding rate, etc.). 
Observation 4:
MBS reliability via PTM to PTP switch has less complexity and can be realized by adopting the NR DC split bearer operation. 

Observation 5:
MBS reliability via PTM that supports RLC-AM leads to considerable complexity.
Observation 6:
MBS reliability via PTM that supports RLC-AM may lead to performance degradation (e.g., unnecessary latency for the UEs experiencing good radio conditions, unnecessary UL resource utilization, etc)

Observation 7:
MBS reliability via PTM that supports RLC-AM may perform better than PTM to PTP switch in scenarios where a considerable number of the UEs are experiencing bad radio conditions. However, this is not a typical scenario. 
Based on the observations above, we propose RAN2 to consider the working assumption made in RAN2-112-e as a formal agreement:

Proposal 1:
RLC AM is not supported for PTM operation. 

Proposal 2:
For a given UE, if the MRB’s QoS requirements are not met, the MBS operation could be switched from PTM to PTP. 

4 Conclusion
In this contribution, the following observation were made regarding multicast/broadcast service reliability: 

Observation 1:
Multicast/broadcast delivery enables not only efficient resource utilization but also ensures that the service performance (e.g., latency) will not be greatly impacted as the load (e.g., number of UEs in the MBS session) increases. 

Observation 2:
The UEs involved in an MBS session are likely to experience different radio conditions, and thus likely to experience different MBS service quality/reliability.

Observation 3:
It is not necessary to ensure all UEs are experiencing exactly the same MBS service quality/reliability, as long as the quality/reliability experienced by the UEs is fulfilling the QoS requirements of the concerned MRB(s).

Observation 4:
MBS reliability via PTM to PTP switch has less complexity and can be realized by adopting the NR DC split bearer operation. 

Observation 5:
MBS reliability via PTM that supports RLC-AM leads to considerable complexity.
Observation 6:
MBS reliability via PTM that supports RLC-AM may lead to performance degradation (e.g., unnecessary latency for the UEs experiencing good radio conditions, unnecessary UL resource utilization, etc)

Observation 7:
MBS reliability via PTM that supports RLC-AM may perform better than reliability via PTM to PTP switch in scenarios where a considerable number of the UEs are experiencing bad radio conditions. However, this is not a typical scenario.
Based on these observations, the following proposals were made:

Proposal 1:
RLC AM is not supported for PTM operation. 

Proposal 2:
For a given UE, if the MRB’s QoS requirements are not met, the MBS operation could be switched from PTM to PTP. 
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