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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 “[AT113-e][038][MBS] UP architecture decisions” [2], L2 ARQ and PTM/PTP switching anchor layer were discussed. Following was agreed based on the email discussion:
· 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). 

Whether to support of any of the following 3 options below was not concluded in RAN2#113-e meeting:
- A1+B1 for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure. 
- A2+B1 for PTM RLC-UM + PTP RLC-AM
- A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM

Related terminologies / options are as below:

A1. No L2 ARQ for PTM
A2. L2 ARQ by PDCP for PTM 
A3. L2 ARQ by RLC-AM for PTM
B1. PDCP anchored PTM/PTP switch
B2. RLC anchored PTM/PTP Switch
In RAN2#113bis-e meeting, way forward contribution [4] was discussed and following was agreed:
· For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.

In this contribution, we discuss unified MBS L2 architecture (option A3+B2) for PTP and PTM switching. 
Discussion on 3 UP options
In email discussion “[AT113-e][038][MBS] UP architecture decisions” [2], L2 ARQ and PTM/PTP switching anchor layer were discussed. Whether to support any of the following 3 options below was not concluded in RAN2#113-e meeting:
- A1+B1 for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure. 
- A2+B1 for PTM RLC-UM + PTP RLC-AM
- A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM

Related terminologies / options are as below:

A1. No L2 ARQ for PTM; 
A2. L2 ARQ by PDCP for PTM; 
A3. L2 ARQ by RLC-AM for PTM
B1. PDCP anchored PTM/PTP switch; 
B2. RLC anchored PTM/PTP Switch

There are some limitations of split bearer architecture option A1+B1 and A2+B1:
· High complexity of MBS L2 architecture
It may need to have some restriction to split bearer architecture in order to fit with MBS or define a new type of bearer architecture. Two RLC entities are introduced for split bearer since two RLC entities are in different RAN nodes. Another case for PDCP duplication, two or more RLC entities are introduced for CA duplication to handle LCP restriction in order to avoid duplicated packets transmitted in the same carrier. Hence, for MBS, it is not necessary to introduce two RLC entities for one MBS bearer and also new architecture may increase complexity in MBS architecture.
· Increase UE complexity and cost
During email discussion [AT110-e][017A][NR15], UE capability, Number of RLC entities, increases UE complexity and cost, hence, split bearer-like architecture which has two RLC entities may introduce UE complexity for MBS service.
· Different RLC modes per MRB
The necessity of configuring different RLC modes for the same MRB is questionable. RLC mode is chosen based on QoS requirements. For the same MRB/service, it is questionable why different RLC modes should be supported. Currently in NR packet duplication, for a bearer associated with multiple RLC entities, “All RLC entities have the same RLC mode” is required in TS 38.300 clause 16.1.3.
· Resource efficiency issue
This issue is analyzed in detail in [3].
· Standardization efforts for option A2+B1
This issue is analyzed in detail in [3].
[bookmark: Obs_Comparison]Observation 1: Option A1+B1 for PTM RLC-UM + PTP RLC-AM and option A2+B1 for PTM RLC-UM + PTP RLC-AM are not suitable for PTP-PTM switching option due to following reasons: 1) High complexity of MBS L2 architecture; 2) Increase UE complexity and cost; 3) Different RLC modes per MRB; 4) Resource efficiency issue; 5) Standardization efforts for option A2+B1.
Details on A3+B2 option
Hence, a unified MBS L2 architecture is proposed for PTP and PTM switching, which corresponds to option A3+B2 as in email discussion “[AT113-e][038][MBS] UP architecture decisions”. L2 architecture from UE’s perspective is shown in Figure 1. In this architecture, there is a single PDCP entity and a single RLC entity. 


[bookmark: _Ref53991735][bookmark: Fig_Arch_UE]Figure 1: MBS L2 Architecture (UE side)

L2 architecture from network’s perspective is shown in Figure 2 below.


[bookmark: Fig_Arch_Network]Figure 2: MBS L2 Architecture (Network side)

In this unified L2 architecture, G-RNTI is used for PTM delivery, while C-RNTI is used for PTP delivery. It is possible that both PTM and PTP delivery for one MBS service is configured to one UE simultaneously. From network’s perspective, the RLC entity can route the same data for PTM and PTP delivery. From UE receiver’s perspective, the data received from PTM delivery (scheduled by PDCCH with G-RNTI) and PTP delivery (scheduled by PDCCH with C-RNTI) is delivered to the same RLC entity. In MAC layer, for one UE, one LCID is configured for PTP delivery of one MBS bearer. For PTM delivery, G-RNTI is used to map data to/from MBS bearer, similar to LTE SC-PTM. 
MAC SDUs carrying MBS data can be multiplexed with MAC SDUs carrying unicast data in a single MAC PDU sent on PDSCH with the C-RNTI for a single UE, with each PDSCH scheduled by UE specific C-RNTI. For PDSCH scheduled by C-RNTI, HARQ is performed separately for each UE, as in unicast transmissions in Rel-15/Rel-16.
In LTE SC-PTM, there is no MAC multiplexing and a fixed LCID (value 11001) is used for SC-MTCH and SC-MCCH, in the sake of having common MAC PDU format with unicast traffic. For NR MBS, as discussed in companion contribution [1], in PTM transmission (RAN2), multiplexing/demultiplexing of different logical channels from the same MBS service/session is proposed in MAC for NR MBS. In PTP transmission (RAN2), multiplexing/de-multiplexing of different logical channels from same or different MBS and unicast service is supported in MAC.
If only PTM delivery is configured for one MBS service and gNB decides to use PTP delivery, gNB can first allocate additional LCIDs to the UE, with the LCIDs linked to the MBS bearer of PTM. Then it is up to gNB to decide whether to deliver the MBS service via PTP or PTM.
Similarly, if only PTP delivery is configured for one MBS service and gNB decides to use PTM delivery, gNB can additionally configure PTM related configuration for the MBS service to the UE, e.g. G-RNTI, MBS specific DRX. Then it is up to gNB to decide whether to deliver the MBS service via PTP or PTM.
In summary, dynamic switching of PTP and PTM in intra-cell scenario can be handled by network scheduler by selecting corresponding LCID and RNTI. Given that UE can be configured to monitor both G-RNTI and C-RNTI, there is no service interruption during the switching.
There are several issues/observations raised in way forward contribution [4] regarding RLC based PTM/PTP switching and RLC AM for PTM, which are not applicable to the unified MBS L2 architecture discussed in current contribution. 
· Observation 3 in [4] is: “Lossless handover cannot work together with the RLC based PTP/PTM switching architecture.” However, as analyzed in companion contribution [5], lossless handover can be supported.
· Observation 8 in [4] is: “MBS reliability via PTM that supports RLC-AM leads to considerable complexity (e.g., RLC TX window management, UL resource allocation for UE specific RLC feedback, etc).” However, it should be noted that there is inherent complexity increase at gNB side to support high reliability. For example, for option A1, gNB implementation needs to switch UE operation between PTM and PTP legs based on suitable criteria so that reliability requirement can be satisfied.
· Observation 9 in [4] is: “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).” The main reason for the observation as in [4] is that: “The drawback of RLC-AM for PTM 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 all the other UEs to experience unnecessary increase in latency and possible reduction of throughput.” However, this is not the case for the unified L2 architecture proposed in the contribution. The reason is that there is a single RLC entity for both PTM and PTP. Retransmission in RLC layer can be handled by PTP delivery while there is no additional latency for PTM delivery.
Based on above analysis, following is proposed:
[bookmark: Proposal_UP]Proposal 1: RAN2 to support unified MBS L2 architecture (option A3+B2) for PTP and PTM switching.
Conclusion
In this contribution, we discuss unified MBS L2 architecture (option A3+B2) for PTP and PTM switching. We have the following observation:
Observation 1: Option A1+B1 for PTM RLC-UM + PTP RLC-AM and option A2+B1 for PTM RLC-UM + PTP RLC-AM are not suitable for PTP-PTM switching option due to following reasons: 1) High complexity of MBS L2 architecture; 2) Increase UE complexity and cost
We propose the following:
Proposal 1: RAN2 to support unified MBS L2 architecture (option A3+B2) for PTP and PTM switching.
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