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 Introduction

In this contribution, some of the leftover issues on service continuity especially on mode switch are analyzed.

A full story of mode switch (or the missing part of mode switch: QoS monitoring)
Whether PDCP SR is needed for different MRB configuration.
Whether to prioritize one specific frequency for Multicast services
 QoS monitoring for MBS delivery
 Effective mode switch
Although it is agreed that as a baseline no new UE based signaling was needed to assist gNB to make the switch decision, whether existing mechanism is able to allow network to monitor the PTM transmission (or the QoS of which) is still a question.
RAN2 113bis-e agreements

As a baseline, no new UE based signalling is introduced to support gNB switch decision (e.g. PDCP SR for high reliability is still TBD)

Mode switching is introduced in NR MBS as one of the basic measures to ensure reliability of Multicast service delivery. Network can apply PTP transmission to enforce the QoS requirement, and for PTM transmission it is also required that the same QoS requirements also apply. This was also indicated in RAN3 running CR to stage 2 spec 38.300.
RAN3 running CR to stage 2 spec 38.300

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.

The same level of QoS requirement is expected to be applied on the MRB regardless of the mode switching decision.

And it is also recognized that in cases of PTM can not meet the QoS requirement, one of the measure network can apply is switching to PTP. Therefore, network shall be able to take mode switch to PTP when the QoS requirement can not be met by PTM:
RAN2 113bis-e agreements
For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.

Network shall be able to take actions, e.g., mode switch to PTP, when the QoS requirement can not be met by PTM.
This raises an issue that how network can decide the right timing to apply the mode switching to enable a trustworthy and timely mode switch decision. For a reliable mode switch, network shall be aware of UE's reception quality and only with a closed loop feedback gNB is then able to enforce the QoS requirement and perform the mode switching when it is needed. 
Network shall be able to recognize the appropriate timing for mode switching to make a trustworthy and timely mode switch decision.
Depending on the entity (e.g., network or UE) who initiates the mode switching, there are two options to allow a reliable mode switching:

Option 1. with UE reception quality reports by PTM reception, network evaluate the need for mode switching.
Option 2. UE itself as the Multicast receiver, requests PTP link or initiates mode switch request to network.
Note: In case of UE is already receiving by PTP transmission, network will be aware of the reception quality in L1 BLER directly per such UE/network link. Therefore the following discussion will only consider the cases of UE receiving the MBS service by PTM transmission.
 UE reception quality reports

Current (feedback) mechanisms for network to be aware of the reception quality of PTM are analyzed and presented with pros and cons: 
# CSI feedback

CSI feedback/measurement report. Currently there is no per MBS CSI-RS defined yet. Moreover, such layer 1 feedback on L1 physical channel for each UE will be hard to precisely reflect the MBS reception quality.
# HARQ feedback
HARQ ACK/NACK feedback. As indicated in RAN1 progress (RAN1#104-e), HARQ feedback might be an optional feature. It has also been confirmed that the HARQ feedback itself can be disabled according to RAN1 progress. 
RAN1#104-e agreements

For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 

- Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.

- If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 

- FFS details on RRC signalling and DCI indicating. 

- If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.

- FFS whether enabling or disabling the feedback is the default mode. 

- Option 2: RRC indicates enabling/disabling.

- FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 

- FFS: enabling/disabling by MAC-CE.
Even if there the feedback is enabled, for the NACK-only feedback option, it is non-UE specific which means network won't be able to be aware of the reception quality of one specific UE.
RAN1#104b-e agreement

Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 


# PDCP status report
PDCP status report, which truly reflects the MSB reception quality per MRB per MBS, but might not be timely enough in current PDCP status report framework, as in current PDCP status report mechanism, it is only available and triggered by specific events, like mobility, PDCP re-establishment, and PDCP recovery.

table 1. Summarizing the issues of existing feedback/report mechanisms.
	mechanisms
	availability
	accuracy
	timeliness

	CSI /measurement report
	Relies on implementation to align the configuration to all concerned UEs with the same or close CSI-RS resources, and it only reflects the channel condition configured per UE. 
	low, only reflects the channel condition configured per UE. can not precisely reflect the QoS requirement of the MBS
	High, but hard to reflect the channel status/reception quality in cases of rapid fading.

	HARQ ACK/NACK feedback
	Not always available in some configurations, e.g., NACK only (an option confirmed in RAN1 114bis-e) or HARQ disabled for PTM (still under RAN1 discussion)
	High, in per transmission granularity
	High, reflects the per transmission quality.

	PDCP status report
	Not always available, is only triggered by certain events, e.g., mode switching (still under discussion in RAN2), mobility, re-configuration.
	High, and in bearer granularity
	Low, and only triggered by certain events.


Therefore, it is suggested to enhance current feedback mechanism or have new MBS reception quality report mechanism to enable an accurate and timely switch.

Network won't be able to monitor the PTM transmission QoS by existing mechanisms (i.e., CSI-RS, HARQ feedback, and PDCP status report).
Enhancement or new mechanisms for MBS reception quality report are needed for network initiated mode switching.

 UE initiated based on UE reception quality

In case of the rapid channel condition change, and network is not able to monitor UE's reception quality, UE might be able to trigger the mode switching instead of reporting the MBS reception quality to network, for example, 

UE is directly aware of the reception quality even without any of the feedback mechanisms.

UE initiated mode switching can be of lower delay and less signaling overhead, e.g., directly based on the network configured condition, without constantly reporting to network reception quality.
It should be noted that the final decision on mode switching or not belongs to network, to avoid any pingpong effect in mode switching or any unnecessary mode switching.
UE requests PTP link or mode switch trigger features the advantages of lower mode switching delay and lower signaling overhead.
Based on the analysis and observations in section 3.2.1 and 3.2.2, it is suggested in RAN2.
Further study the enhancement on UE reception quality report, to enable reliable and timely mode switching decision.
Further study UE initiated mode switching.
 PDCP status report for MBS
In RAN2 115-e meeting, concerns were raised whether for RLC UM, PDCP SR was needed or not.
In RRC signalling, Support DL only UM RLC configuiration for PTM, both DL and UL AM RLC configuiration for PTP, DL only UM RLC configuiration for PTP, FFS both DL and UL UM RLC configuiration for PTP.

FFS whether PDCP SR can be triggered due to bearer type change in RRC signaling and FFS how to tigger PDCP SR if need.

Analysis is provided based on the scenarios and spec impacts.
 Minimization of data loss

For either kind of mode switch (RRC based, or lower layer based), there will be potential packet loss, either 

before the switching (e.g., PTM to PTP, because of the worsen reception quality), or
during switching, e.g. there might be a gap during the mode switching, or one specific RLC leg is released.
There can be packet loss during mode switch (RRC based or lower layer based).

 PDCP status report
It is needed to allow network to minimize the data loss for some of the Multicast services, and whether PDCP Status report is enabled shall be of network decision for such services.

Re-transmission in PDCP level, e.g., network initiated based on PDCP status report, can be used to minimize the data loss.

We will have our discussion for two kinds of mode switching (i.e., RRC based and lower layer based).
# For RRC based mode switching
Traditionally, PDCP SR is triggered in below circumstances:
PDCP re-establishment (triggered by security change which is further triggered by other procedures)

Legacy PDCP recovery (therefore PDCP SR is triggered to report the reception status.) 
As discussed in previous sessions, RRC signaling will be applied to such mode switching. In such process, legacy mechanism, e.g., PDCP recovery can be used to trigger PDCP status report, and there will be no specification impacts.

Legacy PDCP recovery can be triggered for loss minimization for non split MRB for mode switch.

# Standard impacts

The following combinations of split MRB might be supported (with a common PDCP entity):

PTP of AM mode, and PTM of UM mode;

PTP of UM mode (two entities of both UL and DL), and PTM of UM mode;

PTP of UM mode (single entity of DL), and PTM of UM mode;
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Figure 1. Possible split MRB configuration from UE perspective
However there are still concerns on whether to support “PTP of UM mode (two entities of both UL and DL)” therefore to support any UL control information, e.g, PDCP Status and ROCH control info bits. Current RLC configuration already allows such flexibility, i.e., a UM mode RLC entity of DL only. For a split MRB, the detailed configuration of the PTP/PTM leg can be the same as legacy. There is no need to limit the possibility of the RLC combination which can be left to the service requirement and network decision.
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Figure 2. Currently allowed RLC configuration (Rel-16 TS 38.331)
Current PDCP Configuration already support an MRB with both RLC UM UL and RLC UM DL.

Therefore, we suggest the following configuration for an MRB:
PTP RLC entity of an UM mode can be DL only or be with both UL and DL.

Support PDCP SR for MRB with UL RLC entity.
 Multicast frequency prioritization
In RAN2 115-e meeting, one proposed issue is to study whether prioritize one frequency if UE is released to non RRC_CONNECTED state in case the Multicast is deactivated from 5GC.
RAN2 115-e agreements

It is FFS if there is a need to prioritize a frequency with multicast support for idle/inactive UEs that monitor multicast activation notification.

# motivations
Firstly, we don’t know if it is beneficial to do so.

Multicast is supposed to be provided in any cell UE is connected to, through PTP or PTM, or even a cell that is not support MBS (i.e., lack of capability, or old version network nodes) but in individual delivery.
RAN2 has also agreed that legacy per UE paging is done for such activation if the cell does not support group paging.
Limiting UE to monitor one specific frequency about one specific MBS or the activation of it, poses deployment limitation to it.

The group paging works without prioritizing any frequency.

# implementation

Also, based on existing Connection Control mechanism, the network is able to command UE to prioritize certain carrier/frequency in the RRCRelease signaling.

TS 38.304 5.2.4 Cell Reselection evaluation process

5.2.4.1
Reselection priorities handling

Absolute priorities of different NR frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. 

Therefore, even if network wants UE to listen to the group paging or even RACH to on specific carrier/frequency, it has way to do so.

Network is already able to command UE to prioritize certain frequency, e.g., through RRCRelease.
To conclude, nothing needs to be done either from the motivation or spec perspective.
No enhancement is needed to prioritize a frequency with multicast support for idle/inactive UEs that monitor multicast activation notification.
 Conclusion
Based on the analysis provided above, we have the following observations and proposals:

# QoS monitoring
Observation 1
The same level of QoS requirement is expected to be applied on the MRB  regardless of the mode switching decision.

Observation 2
Network shall be able to take actions, e.g., mode switch to PTP, when the QoS requirement can not be met by PTM.

Observation 3
Network shall be able to recognize the appropriate timing for mode switching to make a trustworthy and timely mode switch decision.

Observation 4
Network won't be able to monitor the PTM transmission QoS by existing mechanisms (i.e., CSI-RS, HARQ feedback, and PDCP status report).

Observation 5
Enhancement or new mechanisms for MBS reception quality report are needed for network initiated mode switching.

Observation 6
UE requests PTP link or mode switch trigger features the advantages of lower mode switching delay and lower signaling overhead.

Proposal 1
Further study the enhancement on UE reception quality report, to enable reliable and timely mode switching decision.

Proposal 2
Further study UE initiated mode switching.

# PDCP SR

Observation 7
There can be packet loss during mode switch (RRC based or lower layer based).

Observation 8
Re-transmission in PDCP level, e.g., network initiated based on PDCP status report, can be used to minimize the data loss.

Observation 9
Legacy PDCP recovery can be triggered for loss minimization for non split MRB for mode switch.

Observation 10
Current PDCP Configuration already support an MRB with both RLC UM UL and RLC UM DL.

Proposal 3
PTP RLC entity of an UM mode can be DL only or be with both UL and DL.

Proposal 4
Support PDCP SR for MRB with UL RLC entity.

# Multicast frequency prioritization
Observation 11
The group paging works without prioritizing any frequency.

Observation 12
Network is already able to command UE to prioritize certain frequency, e.g., through RRCRelease.

Proposal 5
No enhancement is needed to prioritize a frequency with multicast support for idle/inactive UEs that monitor multicast activation notification.
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