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 Introduction

The past RAN2 meetings (from 111e to 113e) have been focused on the User Plane design for mode switching and reliability. In this paper, discussions about the signaling issues for mode switching are provided.
 Discussion
 Requirements
Delivery mode switching of Multicast session can enhance the service reliability which is of great help for use cases like MCPTT. Basically the requirements on delivery mode switching can be categorized into the following aspects:

Reliability. Mode switching is expected to offer a reliable delivery solution for Multicast services, therefore network shall be able to monitor UE's reception quality and enable the mode switching to enforce the QoS requirement on the reliability.
Switching latency. Shorter switching latency means shorter service interruption to minimize the perceivable service interruption in mode switching, e.g., voice call. This was also what mode switching in access layer aimed for, to provide a better switch latency compared to other solutions like application layer switch in previous techniques.
Power efficiency. MBS service transmission can be in PTP transmission, PTM transmission, or both. The extra requirement on PTM transmission monitoring means the their might be more power consumption unless carefully designed.
Data loss. Minimized data loss, or even lossless for some services, as in some data transmission scenarios is pursued.

Therefore it is suggested to consider minimizing the the reliability, switching latency, power efficiency and data loss in the signaling design for mode switching.
In the design of mode switching for NR MBS, below factors shall be taken into consideration: reliability, switching latency, data loss, and power efficiency.
Lossless mode switching is supported at least for MBS services with high-level reliability requirement.

 Reliable mode switching
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Figure 1. general delivery mode switching procedure
A general delivery mode switching procedure can be working as above in Figure 1. 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:

MBS session resource establishment or modification between RAN node and 5GC.
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. 
In above procedure, UE feedback in step 5 might be the most essential part to enable a reliable mode switching: only with a closed loop feedback, gNB is then able to enforce the QoS requirement, and perform the mode switching when it is needed. This was also confirmed in RAN3 running CR to stage 2 spec 38.300 [1] where UE individual feedback on reception quality is needed.
The PTP-PTM Switching function is only applicable for a Multicast session and resides in NG-RAN node. It enables the NG-RAN node to decide for which UEs to use PTP or PTM (PTP, PTM to be defined with RAN2) for the MBS session. The NG-RAN node takes its decision based on information such as MBS Session QoS requirements, number of joined UEs, UE individual feedback on reception quality, and other criteria. The same QoS requirements apply regardless of the decision.
Explicit individual UE feedback on MBS reception quality is needed for network to perform reliable mode switching.
In current cellular network design, the feedback options each has its pros and cons: 

CSI feedback, measurement reports. Such Layer 1 feedback is not MBS service specific, which is hard to precisely reflect the MBS reception quality.
HARQ ACK/NACK feedback. As indicated in RAN1 progress [2], HARQ feedback is an optional feature. And for some of its options like NACK-only feedback (still under discussion in RAN1), it is non-UE specific which means network won't be able to be aware of the reception quality of specific UE through such HARQ feedback.
PDCP status report, which truly reflects the MSB reception quality per MRB, but might consume more radio resources and might not be timely enough in current PDCP status report framework.
Therefore, it is suggested to enhance current feedback mechanism or have new MBS reception quality report mechanism to enable an accurate and timely switch.

Existing mechanism is not able to meet the reliable mode switching.
RAN2 to study enhancement or new mechanism for MBS reception quality report. FFS on the signaling design, e.g. PDCP status report, or other report about the reception quality.
 Mode switching signaling
The discussion in the section is based on the assumption that PDCP as the anchor layer for mode switching as agreed in last RAN2 meeting [3]. 

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).

and also in the approved CR at the time of being, that:
For multicast session, the UE may be configured with two RLC-UM entities for an RB: one RLC entity is used to receive data using PTP transmission, and the other RLC entity is used to receive data using PTM transmission, as described in section 16.x.5.4. And the UE may be configured with one RLC-UM or RLC-AM entity for an RB for multicast session, which can be used to receive data using PTP transmission. Alternatively, the UE may be configured with one RLC-UM entity for an RB for multicast session, which can be used to receive data using PTM.

Based on above agreed User Plane architecture, two kinds of mode switching signaling, as depicted in Figure 2 are anticipated considering the possible user plane configurations.

Option 1. Explicit RRC reconfiguration, as in current bearer type change, which is a more general one which covers all kinds of MRB configuration bearer type change.
Option 2. Network triggered switching, in case of only both legs being configured.
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Figure 2. Two options of delivery mode switching procedure
## Option 1

In Option 1, one specific UE receives the initial configuration from gNB, including the MBS bearer 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, or possible the resource allocation update. The updated MBS configuration can be delivered to UE in RRC signaling. From UE perspective it is simply an RRC reconfiguration procedure, few network impacts are anticipated.
RRC signaling functions as one of the solutions for mode switching signaling.
## Option 2 

In some cases, PTP and PTM transmission might co-exist, for example, initial transmission in PTM with retransmission (either in L2 or L1) in PTP, or in cases of higher reliability is pursued either always or temporarily. Therefore UE might need to monitor both transmission mode. However this shall not be the default configuration of the MRB configuration.
It is not power efficient for UE to monitor both PTP and PTM transmission blindly especially when PTM is not necessary, e.g., when PTM transmission is temporarily disabled from network perspective in cases PTP is the better option.
For UE to monitor both RNTI might be an extra requirement. For example, it is possible to have Rel-15 UE to support Multicast service but only support PTP reception in the access layer (e.g., to have better penetration rate of NR MBS support).

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

Monitoring both PTP and PTM transmission especially when PTM is not necessary introduces unnecessary power consumption.

Therefore, it is suggested that:

Simultaneous reception of PTP and PTM transmission shall not be the default option.

Explicit signaling is used to indicate the MBS delivery mode when both RLC legs are configured.
When UE is configured with both the PTM and PTP RLC bearer configuration, one of the two or both can be activated/deactivated through explicit signaling based on network decision as suggested above, as depicted in Figure 2. In such cases, mode switching can be achieved by activating or deactivating one of the RLC bearer by lower layer signaling, which will introduce lower signaling delay compared to RRC signaling. For example,

Lower layer signaling offers much lower delay compared to RRC signaling.
UE might be able to trigger the mode switching instead of reporting the MBS reception quality to network which introduces further signaling delay.
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.
Further study the lower layer based mode switching signaling. FFS UE triggered mode switching to shorten mode switching latency.
 Loss reduction during mode switching
Similar to mobility events, mode switching in case of RLC legs re-establishment or release, potential data loss needs to be taken into consideration. PDCP SR and duplication reception from both PTP & PTM can be the solution to support lossless switch. However, scenarios shall be identified first and the corresponding mechanism or any enhancement to current mechanism like PDCP SR. Therefore we propose:
Identify the scenarios where loss reduction is needed during mode switch, i.e., mode switch among the cases of PTP only, PTM only and both.
Study the mechanisms, e.g., PDCP SR, simultaneous reception, for loss reduction during mode switching.
 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1
Explicit individual UE feedback on MBS reception quality is needed for network to perform reliable mode switching.

Observation 2
Existing mechanism is not able to meet the reliable mode switching.

Observation 3
Reception of both PTP and PTM transmission can be based on network configuration in some cases, however it is not power efficient or realistic as the default option for MBS reception.

Observation 4
Monitoring both PTP and PTM transmission especially when PTM is not necessary introduces unnecessary power consumption.

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

Proposal 1
In the design of mode switching for NR MBS, below factors shall be taken into consideration: reliability, switching latency, data loss, and power efficiency.

Proposal 2
Lossless mode switching is supported at least for MBS services with high-level reliability requirement.
Proposal 3
RAN2 to study enhancement or new mechanism for MBS reception quality report. FFS on the signaling design, e.g. PDCP status report, or other report about the reception quality.

Proposal 4
RRC signaling functions as one of the solutions for mode switching signaling.

Proposal 5
Simultaneous reception of PTP and PTM transmission shall not be the default option.

Proposal 6
Explicit signaling is used to indicate the MBS delivery mode when both RLC legs are configured.

Proposal 7
Further study the lower layer based mode switching signaling. FFS UE triggered mode switching to shorten mode switching latency.

Proposal 8
Identify the scenarios where loss reduction is needed during mode switch, i.e., mode switch among the cases of PTP only, PTM only and both.

Proposal 9
Study the mechanisms, e.g., PDCP SR, simultaneous reception, for loss reduction during mode switching.
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