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 Introduction

During RAN2 112e meeting the discussion of mode switching for NR MBS had left two proposals on the table: PDCP or RLC as the anchor layer, in which the anchor layer means the common protocol layer for both modes.
In this contribution, discussions about the the UP options for mode switching and the signaling issues for mode switching are provided.

 user plane
With regard to the UP options for mode switching, majority companies think PDCP should be the anchor layer, which is to say, the two delivery modes share the same PDCP entity. PDCP as the anchor layer features the benefits of:
consistency with current RAN architecture design with Dual Connectivity, Mobility support and CU/DU split, which all have PDCP as the anchor layer (e.g., for intra-CU mobility case, the same PDCP PDUs are delivered to different DUs to reduce the data gap and even achieve lossless handover).
least spec impacts on the signaling design (e.g., a mode switch is basically a bearer type change);
loss detection and reordering from either modes.
RLC layer was also proposed as an viable solution. To be more specific, in the RLC based solution the two delivery modes share the same RLC instance, therefore the same segmented RLC PDU is delivered to specific UE in PTP and to UE in PTM, dynamically decided by network. However, such solution poses extra complexity at the network side and the UE side:

UEs interested with the same Multicast session in one gNB might be in distinctively different connection status, maintaining the same segmentation from the same RLC instance might not be the optimal solution for the scheduler at network side.
For UEs interested with the same MBS session in one gNB but served by different gNB-DU hence different RLC instances, the user plane architecture falls back to PDCP as the anchor layer.

We have the below observation and suggest PDCP as the anchor layer for mode switching.
RLC as the anchor layer introduces implementation complexity/poses limits in scheduling flexibility.
PDCP as the anchor layer is a more universal solution for mode switching.

PDCP used as the anchor layer for mode switching.
Based on the above suggestions, we further suggest to have the definition of PTP type MRB and PTM type MRB from RAN2 perspective to avoid any ambiguities in future discussions.
PTP type MRB: the MRB that associates with one RLC entity of PTP type; PTM type MRB: the MRB that associated with one RLC entity of PTM type; 
 control plane
 switching requirements

Delivery mode switching of Multicast session can enhance the service reliability which is of great help for some scenarios like MCPTT. Basically the requirements on delivery mode switching can be categorized into two aspects:

Lower switching latency, which means shorter service interruption, to minimize the perceivable service interruption in mode switching, e.g., voice call.
Less data lose, or even lossless, as in some data transmission scenarios it is pursued.
Therefore it is suggested to set the minimizing the the switching latency and data loss as the goal or requirements of the delivery mode switching.
The requirements of the delivery mode switching for NR MBS should at least include minimizing the switching latency and data loss.
 Switching procedure
As has been confirmed in last RAN2 111e meeting, gNB is in charge of the delivery mode for specific Multicast session.
RAN2 111e
For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)

RAN node decides the delivery mode for the set of UEs associated with the MBS session based on the UE context and the MBS session context from CN. Figure 1 presents a general delivery mode switching procedure as below:

MBS session resource establishment or modification between RAN node and 5GC. Note this could happen anytime, e.g., in parallel with the RAN activities. RAN could update the resource allocation based on the latest MBS session context.
RAN decides the delivery mode for the set of UEs associated with the MBS session, based on the latest UE context, MBS session context, or the network resource.
According to the determined delivery mode, gNB allocates the radio resource associated with MBS data transmission and provides MRB bearer configuration to UEs.
UE interested in certain MBS service starts the MBS reception with the configured delivery mode.
UE may feedback the MBS reception status or channel condition.
RAN may update the delivery mode for the set of UEs associated with the MBS session based on the feedback provided by UE.
According to the updated delivery mode, gNB re-allocates the radio resource associated with MBS data transmission. 
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Figure 1. general delivery mode switching procedure
RAN node's decision on the delivery mode for one or more UEs associated with the Multicast session could be based on: UE specific context (e.g., UE reception status), information provided from 5GC (e.g., MBS context), and the access network resource (e.g., network load). 
 Mode Switching signaling
Part of the discussion in the section is based on the assumption that PDCP as the anchor layer for mode switching as in [Post111-e][904][MBS] L2 Architecture. 

In RAN1 it has been confirmed that PTM transmission will at least be identified by a common RNTI, e.g., G-RNTI, while for PTP transmission, it will be per UE C-RNTI.
Agreements:

For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.

FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.

PTM transmission will at least be identified by group common RNTI (i.e. G-RNTI), and PTP transmission will be identified by UE specific RNTI (i.e. C-RNTI).
In some cases, PTP and PTM transmission might co-exist, for example, initial transmission in PTM while retransmission in PTP, Therefore UE might need to monitor both transmission mode. However this shall not be the default configuration, since it is not power efficient for UE to monitor both PTP and PTM transmission blindly. Therefore, it is suggested that explicit signaling is needed to indicate to UE which mode is used.
Reception of both PTP and PTM transmission can be based on network configuration in some cases, however it is not power efficient as the default option for MBS reception.
Explicit signaling is needed to indicate to UE on the mode switching.

There are two example options for mode switching signaling between UE and network as in Figure 2.
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Figure 2. Delivery mode switching procedure in cases of CU decides and DU decides
In option 1, UE receives the the initial configuration from gNB, including the MBS bearer configuration, mode (PTP and or PTM) configuration and the physical layer resource allocation information for UE to correctly receive the MBS service. Based on the network status or the MBS context update in gNB, network might need to update the MBS configuration in RAN, such as bearer reconfiguration, reception mode update, or even the resource allocation update. The updated MBS configuration can be delivered to UE in RRC signaling. 
RRC signaling as one of the solutions for mode switching signaling.
In option 2, UE is configured with both the PTM and PTP RLC bearer configuration, while one of the two or both can be activated/deactivated, according to network decision. 

In such cases, mode switching can be achieved by activate or deactivate one of the RLC bearer by lower layer signaling, which might introduce lower signaling delay compared to RRC signaling. 

In our companion paper we have also discussed that there can be F1-C signaling delay (if DU initiates the MBS configuration update) as well if RRC signaling for mode switching is applied. [4]

Based on the analyse above, it is suggested that lower layer signaling can be applied as one of the potential solutions, and details of lower layer signaling can be further studied.
FFS details of lower layer signaling for mode switching.
 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1  RLC as the anchor layer introduces implementation complexity/poses limits in scheduling flexibility.

Observation 2  PDCP as the anchor layer is a more universal solution for mode switching.

Observation 3  RAN node's decision on the delivery mode for one or more UEs associated with the Multicast session could be based on: UE specific context (e.g., UE reception status), information provided from 5GC (e.g., MBS context), and the access network resource (e.g., network load). 

Observation 4  PTM transmission will at least be identified by group common RNTI (i.e. G-RNTI), and PTP transmission will be identified by UE specific RNTI (i.e. C-RNTI).

Observation 5  Reception of both PTP and PTM transmission can be based on network configuration in some cases, however it is not power efficient as the default option for MBS reception.

Based on the analysis provided above, we have the following proposals:

Proposal 1  PDCP used as the anchor layer for mode switching.

Proposal 2  PTP type MRB: the MRB that associates with one RLC entity of PTP type; PTM type MRB: the MRB that associated with one RLC entity of PTM type.
Proposal 3  The requirements of the delivery mode switching for NR MBS should at least include minimizing the switching latency and data loss.

Proposal 4  Explicit signaling is needed to explicitly indicate to UE on the mode switching.

Proposal 5  RRC signaling as one of the solutions for mode switching signaling.

Proposal 6  FFS details of lower layer signaling for mode switching.
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