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[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]During last RAN2 meeting (RAN#112e), there were discussions on MBS L2 Architecture with regard to the anchor layer for the dynamic switch of PTP and PTM dynamic switch. The majority companies suggest PDCP based PTP/PTM dynamic switch. 
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.

Also during last RAN2 meeting (RAN#112e), a working assumption was made based on the discussion for L2 reliability requirement for NR MBS 
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). 
This paper further discusses the functions and structures of MBS L2 Radio Bearer Architecture.
Baseline PDCP based MBS transmission structure
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Figure 1: Downlink of PDCP based MBS transmission structure
According to the discussion for MBS L2 architecture at last meeting, our interpretation is that the majority companies assume the PDCP based MBS transmission structure during the discussion for the PDCP layer based dynamic switch. 
This section aims to model the NR MBS RB following the abovementioned assumption. Figure 1 is a downlink view of such structure for reliable multicast service. As can be seen at Figure 1, one PDCP entity is associated with two types of RLC entities, one for PTP and the other for PTM.
From network perspective, simultaneous PTM leg and PTP leg(s) should be supported in order to cater for different UE requirement, e.g. the UEs at cell edge may not enjoy the same reception performance on PTM transmission comparing with the UEs at cell centre. This means the network may establish PTP legs specific to some UEs with ongoing PTM transmission. Within this structure, one PTP leg corresponds to one RLC entity; one PTP leg also corresponds to one unicast Radio Bearer.    
Proposal 1: Network supports simultaneous PTM transmission and PTP transmission for one multicast service. 
Proposal 2: one PTP transmission leg corresponds to one RLC entity and one unicast Radio Bearer.
Further details of PDCP based MBS transmission 
Allowed L2 Retransmission
With the PDCP based MBS transmission structure as discussed in section 2, we need to clarify where to support the needed L2 retransmission for reliable multicast service. There are three aspects to discuss as following. 
At first, should we allow PTM retransmission, or we just allow retransmission at PTP leg. Supporting PTM retransmission at L2 may serve multiple UEs in one shot if multiple UEs did not correctly receive the L2 packets based on the initial PTM transmission. It seems beneficial in terms of radio resource utilization efficiency. The PTP based retransmission should be decided per UE basis. 
Proposal 3: Support L2 PTM retransmission for reliable multicast service.
The second aspect is what is the rational to perform L2 retransmission (PTM and/or PTP). It is known that L2 retransmission can be performed blindly or based on L2 feedback. Blind L2 retransmission may have the benefit of ensuring low transmission latency but may sacrifice some radio resource utilization efficiency, since some packets may be well received by the UE. As RAN1 already takes the discussion on the possible repeated transmission at physical layer, the blind retransmission at L2 may be not needed any more. Then we suggest RAN2 to work on feedback based L2 retransmission.  
Proposal 4: Only support feedback based L2 retransmission for reliable multicast service.
The third aspect is which layer should take the responsibility for L2 retransmission. Clearly, there are two alternative way, one is PDCP based retransmission and the other is RLC based retransmission. 
PDCP based MBS retransmission
PDCP based MBS retransmission structure poses a good position to enable PDCP based retransmission. UE initially receives the PTM transmission and then the network can schedule PTM or PTP retransmission to the UE for PDCP packets. This alternative works based on the fact that the multicast packets are numbered by a single PDCP entity (with aligned PDCP SN). 
PDCP based retransmission may be based on the PDCP status report as discussed at the next section. Depending on the PDCP status report from the UE, the network can simply decides the PDCP packets for retransmission. 
PDCP based retransmission can be also based on the RLC status report as discussed at the next section. In this case, the network needs to rely on the interaction between RLC layer and PDCP layer in order to translate which PDCP packet to retransmit based on the status report for RLC SDUs and segments. The RLC layer may need to store the mapping relation between PDCP packets and RLC SDUs. Additionally network complexity is expected for this operation.

RLC based MBS retransmission
RLC based retransmission can also be used. In this case, there are two ways to make it happen. One way is that RLC AM is supported for PTM leg and then ARQ runs with RLC retransmission for PTM transmission, which is contradictory with work assumption we made during last RAN2 e-meeting. The second way is that the retransmission for PTM RLC packets is carried by RLC PTP leg based on the internal coordination between the PTP RLC entity and PTM RLC entity. If a common RLC entity is modeled at the network side to support such operation, this type of RLC based retransmission should be possible based on the fact that the multicast packets are numbered by a single RLC entity (with aligned RLC SN). It is obvious that the network complexity is expected for this operation comparing with PDCP based retransmission.
Based on the discussion above, we propose to support PDCP based retransmission with PDCP status report.       
Proposal 5: support PDCP based retransmission with PDCP status report for reliable multicast service. 
L2 Feedback
As discussed in previous section, L2 retransmission can be based on UE feedback. UE feedback for reliable multicast service can be provided at either RLC layer, PDCP layer or both. During the discussion on MBS L2 architecture, the majority view is to model the PTM transmission leg as RLC UM mode, which implies that PTM transmission leg cannot support UE uplink feedback. In case that the PTP transmission leg is in RLC AM mode, RLC status report for PTP is supported as legacy way. In addition, the PTP transmission leg in RLC AM mode should also support the uplink PDCP status report, in order for the network to know the reception status of the UE on the PDCP packets transmitted via PTM transmission.  
PDCP status report at the UE side can be triggered t-Reordering expiry and/or Polling request from network. This aspect can be further discussed.   
Proposal 6: PTP transmission leg in RLC AM mode is used to transmit uplink PDCP status report, in order for the network to know the reception status of the UE on the PDCP packets transmitted via PTM transmission.
Model of L2 MBS transmission and UE reception
Following the discussion above, this section aims to describe a general model for MBS transmission at L2 as depicted in Figure 2. 
In network side, there is only one PDCP entity established per MRB (serving all of the UEs) for reliable MBS transmission. The PDCP entity at network side delivers the duplicated PDCP packets to different RLC entities.  
The PDCP entity is tasked to perform both PTM transmission and PTP transmission. The PDCP entity runs in both PTM mode and PTP mode for initial PTM transmission. The PDCP entity can run in both PTM mode and/or PTP mode for PDCP packet retransmission. 
Initial PTM transmission or PTM retransmission of data is multicast/broadcast to multiple UEs using G-RNTI via a specific logical channel (i.e. LCH). The LCH for PTM transmission can be MTCH as defined by legacy system. PTP transmission or PTP retransmission if needed is unicast to the UE using C-RNTI via a unicast LCH (i.e. DTCH). 
At UE side, there can be single/combined protocol stack established for the reception of both PTM transmission and PTP transmission for a particular MRB. It means the UE establishes a single DRB for the MRB. UE monitors two independent LCHs (one for PTM data and the other for PTP data) via different RNTIs. UE assembles the data packets from two independent LCHs at PDCP as the PDCP SN is allocated by a single PDCP entity at network side. UE performs packet reordering, packet redundant detection and packet discard at PDCP layer. In uplink, UE provides the uplink feedback (i.e. PDCP status report) using C-RNTI to the network via DTCH.  
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Figure 2: Model of L2 MBS transmission (Downlink)

Proposal 7: The data of PTM (re)transmission is multicast to multiple UEs using G-RNTI via MTCH. 
Proposal 8: The data of PTP (re)transmission is unicast to a specific UE using C-RNTI via DTCH.
Proposal 9: UE provides the uplink feedback (i.e. PDCP status report) using C-RNTI to the network via DTCH.
Conclusion
The following proposals are made:
Proposal 1: Network supports simultaneous PTM transmission and PTP transmission for one multicast service. 
Proposal 2: one PTP transmission leg corresponds to one RLC entity and one unicast Radio Bearer.
Proposal 3: Support L2 PTM retransmission for reliable multicast service.
Proposal 4: Only support feedback based L2 retransmission for reliable multicast service.
Proposal 5: support PDCP based retransmission with PDCP status report for reliable multicast service.
Proposal 6: PTP transmission leg in RLC AM mode is used to transmit uplink PDCP status report, in order for the network to know the reception status of the UE on the PDCP packets transmitted via PTM transmission.
Proposal 7: The data of PTM (re)transmission is multicast to multiple UEs using G-RNTI via MTCH. 
Proposal 8: The data of PTP (re)transmission is unicast to a specific UE using C-RNTI via DTCH.
Proposal 9: UE provides the uplink feedback (i.e. PDCP status report) using C-RNTI to the network via DTCH.
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