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 Introduction

Service continuity has been one of the most basic but essential features for MBS. For multicast the service continuity is reflected in two features/scenarios, namely mode switch and mobility support. In this contribution,
a review of MRB configuration is presented based on RAN2 progress; and

based on the above MRB configuration, service continuity is discussed from the perspective of mode switching.
 MRB configuration
All service continuity mechanism is based on the possible MRB configurations. Current user plane progress for NR MBS is as following:
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.

Chair: NOTE that the below agreements are only based on architecture decisions so far. The reliability discussion not concluded yet i.e. other cases than RLC UM + RLC UM. PTM PTP switch for such other cases is FFS

Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.

Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, the usage of the PTP leg cannot be deactivated (i.e. the UE needs to always monitor C-RNTI) after the necessary split-MRB configuration.

Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, it is FFS whether the usage of the PTM leg of the split-MRB may be subject to activation or deactivation and the details of such.

RAN2#114-e agreements

RLC-AM is not supported for PTM (for MBS R17 WI).

Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.

For Multicast session, a split MRB can at least be of the following combination: one RLC AM entity for PTP transmission, and another one RLC UM entity for PTM transmission.  
Other MRB configurations have not been touched.
It is not clear about the feasibility of other possible MRB configurations for a Multicast session. In the following discussion, analysis to MRB configuration is provided, from the perspective of:

Other combinations of split MRB, including RLC entity direction and the combinations with respective scenarios.

Non split MRB, i.e., MRB with only PTP leg or PTM leg.
 Spit MRB
Although it was agreed that (a split) MRB with can be configured with a PTM leg, with an RLC-AM PTP leg in case of mode switching to meet the MRB’s requirements, there are following cases that:

A PTP transmission, which consists of both UL and DL UM mode RLC entity (UL can be used in PDCP Status Report or other recognized issues), is good to reduce the packet loss at least in cases in mobility, and possibly during mode switching. In previous WI on Rel-16 mobility enhancement, it was shown that for some of the services, a DAPS bearer could be associated with RLC UM entity while the PDCP status report could be enabled to reduce the packet loss. For similar reasons, a split MRB shall be allowed to be configured with a UL UM RLC entity.

A PTP transmission, which is DL only UM mode RLC entity, is good enough compared to PTM transmission which might be compromised without link dynamic adaptation. While for PTP transmission there can be UE specific link adaptation (e.g, flexible RLC segmentation, MAC multiplexing, MCS and MIMO in physical layer) for one specific UE. Meanwhile, RLC UM is suitable in cases of shorter latency is required (or in cases RLC AM won’t be able to meet the latency requirement).

Therefore, the following combinations of split MRB shall be allowed (with a common PDCP entity):

PTP of AM mode, and PTM of UM mode;

PPT 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
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)
Therefore, we suggest the following configuration for a split MRB:
PTP RLC entity of a split MRB can also be UM mode.

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

 Non split MRB

Previous RAN2 discussion was mainly focused on the case of split MRB bearer where both PTP RLC leg and PTM RLC leg are configured. However, there are cases when a split MRB is not needed, but a non-split MRB could fit better into some scenarios. Consider the following scenarios:

# A Few UEs consuming the MBS service
In some cases where

One UE is the first UE who starts consuming the Multicast service in one cell, or 

there are only a few UEs in one cell that are interested in one Multicast service.

In both cases, network might find that PTP only for each UE is the optimal solution. Especially when UE is the first UE in one cell, there is no need to configured the UE with a PTM leg while there is no PTM transmission at all. (network won’t need to have such a PTM configuration when it does not intends to have PTM transmission, and UE won’t need to monitor such PTM transmission.)
Therefore, there should be the possibility that UEs are configured with only one PTP leg.

There are cases when UE are configured with only one PTP leg for one MRB.

# A Multicast service with low reliability requirement
There are cases when the Multicast service requires no better than best effort delivery. Network might find that PTM good enough to meet the QoS requirement (e.g., with or even without the help of L1 HARQ feedback). In such case when UE numbers is above a threshold, a common PTM transmission is applied for all UEs in that cell. Therefore, UEs might be configured with only one PTM leg.

There are cases when UE shall be allowed to be configured with only one PTM leg for one MRB.

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.

Although in the agreed running TS 38.300 CR for the time being that such configuration is allowed: to make it a more formal agreement, we suggest that:
An MRB can be configured with a PTP RLC entity only, or a PTM RLC entity only.

 Service continuity in Mode switching
 Mode switching scenarios
# for split MRB

Split MBR with both PTP and PTM RLC entity configured is a recognized MRB configuration in RAN2. RAN3 further confirmed that it is a lower layer scheduling decision in gNB-DU.

RAN3 113-e agreements
WA: For the RAN2 agreed split MRB bearer with a common PDCP: the decision of using PTP (RLC leg) or PTM (RLC leg) is made by the gNB-DU

For a split MRB, the mode switching is a lower layer scheduling decision and could be dynamic.
# for non split MRB
Scenarios in section 2.2 could be dynamically changed, such that UE might be re-configured in following cases, 

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. Naturally, RRC signaling, e.g., RRC re-configuration, can be used re-configure the UE among the three types of bearer type: split MRB, non split MRB (PTP only MRB, PTM only MRB).
UE might experience mode switch between two types of non-split MRBs, or between non-split MBR and split MRB, based on the scenarios and network decision to pursue better radio resource efficiency.
RRC signaling is used to re-configure such mode switch, although it could be a “slower” one compared to dynamic switch in lower layer.
RRC signaling can be used re-configure the UE among the three types of bearer type: split MRB, PTP only MRB, PTM only MRB.
 trigger for 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 radio bearer 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.
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 reception point, requests PTP link or initiates mode switch 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 while the signaling is still FFS in RAN1. 
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 might be 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.
 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.
# For lower layer based mode switching
For mode switching of split MRB, it is a lower layer scheduling decision to activate/deactivate the PTM transmission (with or without explicit signaling RAN2 further discussion). In case of minimization of data loss, currently there is no way to trigger PDCP status report.

PDCP status report won’t be triggered during mode switching for split MRB in existing design.

It is suggested that the mode switching itself can be a trigger for PDCP status report, to enable any possible action on packet loss minimization.
PDCP status report can be triggered by lower layer mode switching.

 UP behaviour during mode switching
# RRC based mode switching
For RRC based mode switching, existing bearer type change defined in TS 37.340 has provided a good start point. From UE’s perspective,

the PDCP entity will be reconfigured with different RLC legs, either PTP, PTM, or both;
the RLC entity will be either released, or established, depending the RLC leg combinations before and after RRC based mode switching.
Existing bearer type change as the UP behaviour baseline of RRC based mode switch.

# lower layer mode switching
It is also aimed in this section to discuss the user plane behaviour especially the PTM RLC entity during mode switching for split MRB. (For PTP RLC leg, it is always on, i.e., no deactivation of the functions. Therefore PTP works as legacy).
In our contribution [1], we have shown that an explicit PTM activation/deactivation is needed for power consumption concern. For the PTM RLC entity if deactivated, it could follow current RLC entity re-establishment process (with the help of explicit activation and deactivation signaling, result in no PTM leg variables ambiguity, e.g., the PTM leg is deactivated for a period, with RLC variables out of the reception window therefore packet loss):
After receiving the de-activation process, the PTM RLC entity is re-established, 
As long as the PTM RLC entity is activated, the same RLC variable initialization procedure as UP initialization as in [2] can be adopted.
38322
5.1.2
RLC entity re-establishment

When upper layers request an RLC entity re-establishment, the UE shall:

-
discard all RLC SDUs, RLC SDU segments, and RLC PDUs, if any;

-
stop and reset all timers;

-
reset all state variables to their initial values.

After deactivation, the PTM RLC entity can be re-established.
The PTM RLC entity can be initialized after activation based on the first received RLC PDU.
 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1
For Multicast session, a split MRB can at least be of the following combination: one RLC AM entity for PTP transmission, and another one RLC UM entity for PTM transmission.  

Observation 2
Other MRB configurations have not been touched.

Observation 3
There are cases when UE are configured with only one PTP leg for one MRB.

Observation 4
There are cases when UE shall be allowed to be configured with only one PTM leg for one MRB.

Observation 5
For a split MRB, the mode switching is a lower layer scheduling decision and could be dynamic.

Observation 6
UE might experience mode switch between two types of non-split MRBs, or between non-split MBR and split MRB, based on the scenarios and network decision to pursue better radio resource efficiency.

Observation 7
RRC signaling is used to re-configure such mode switch, although it could be a “slower” one compared to dynamic switch in lower layer.

Observation 8
The same level of QoS requirement is expected to be applied on the radio bearer regardless of the mode switching decision.

Observation 9
Network shall be able to take actions, e.g., mode switch to PTP, when the QoS requirement can not be met by PTM.

Observation 10
Network shall be able to recognize the appropriate timing for mode switching.

Observation 11
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 12
Enhancement or new mechanisms for MBS reception quality report might be needed for network initiated mode switching.

Observation 13
UE requests PTP link or mode switch trigger features the advantages of lower mode switching delay and lower signaling overhead.

Observation 14
There can be packet loss during mode switch (RRC based or lower layer based).

Observation 15
Re-transmission in PDCP level, e.g., network initiated based on PDCP status report, can be used to minimize the data loss.

Observation 16
Legacy PDCP recovery can be triggered for loss minimization for non split MRB for mode switch.

Observation 17
PDCP status report won’t be triggered during mode switching for split MRB in existing design.

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

Proposal 1
PTP RLC entity of a split MRB can also be UM mode.

Proposal 2
PTP RLC entity of an UM mode can be DL only or be with both UL and DL.

Proposal 3
An MRB can be configured with a PTP RLC entity only, or a PTM RLC entity only.

Proposal 4
RRC signaling can be used re-configure the UE among the three types of bearer type: split MRB, PTP only MRB, PTM only MRB.

Proposal 5
Further study the enhancement on UE reception quality report, to enable reliable and timely mode switching decision.

Proposal 6
Further study UE initiated mode switching.

Proposal 7
PDCP status report can be triggered by lower layer mode switching.

Proposal 8
Existing bearer type change as the UP behaviour baseline of RRC based mode switch.

Proposal 9
After deactivation, the PTM RLC entity can be re-established.  

Proposal 10
The PTM RLC entity can be initialized after activation based on the first received RLC PDU.
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