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Introduction
A WID [1] on NR Multicast and Broadcast Services has been approved in RAN#88. And one of objective of this WID is:
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].


In this contribution, we discuss the key issues related to the MBS reception by UE in RRC_IDLE/RRC_INACTIVE state. More specifically, the discussions cover
· Scenarios of MBS service reception in IDLE/INACTIVE state, 
· Configuration of PTM bear in IDLE/INACTIVE state,
· Service continuity in IDLE/INACTIVE state, and
· BWP configuration aspects.
Our proposals are summarized in Section 3. 
Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Scenarios of MBS service reception in IDLE/INACTIVE state

As in WID [1], different MBS application/services could have different requirement on reliability.
	The level of reliability should be based on the requirements of the application/service provided.



There are a variety of MBS services to be supported in NR, e.g. transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications, V2X applications,  and public safety. For MBS services with stringent QoS requirement including shorter delay, high reliability and/or high security, it should be received by UE only in RRC_CONNECTED state to enable functions such as UL feedback/retransmission. For other MBS services with lower QoS requirement, it is not necessary for them to be received only in RRC_CONNECTED state. Besides, due to the limited capacity of NG-RAN, it is unrealistic to require all the MBS services to be received in RRC_CONNECTED state, e.g., there are mission critical MBS services which need to support a large number of devices. 
We therefore have the following proposal. 
Proposal 1: Reception of MBS services should be supported for UE in RRC_IDLE/RRC_INACTIVE states.

Among the variety of MBS services, it is meaningful to clarify which of them should be received only in RRC_CONNECTED state, and which of them can be received in IDLE/INACTIVE (i.e., without a need to stay in or at least having to first go into RRC_CONNECTED). Along this line, the MBS services could be classified into advanced MBS services and normal MBS services, as shown in Table 1.
	
	RRC state
	QoS requirement
	Characteristics
	Use cases

	Advanced MBS services
	RRC_CONNECTED
	High
	-UL feedback
-Dynamic switch between PTP and PTM for a given UE
-Service continuity with reliability
	V2X,
software delivery,
etc

	Normal MBS services
	RRC_IDLE
RRC_INACITVE
RRC_CONNECTED 
	Low
	-Service continuity with mobility with the best effort
	TV,
Mission critical,
Public safety,
Group communications,
IoT,
etc


Table 1 Classification of MBS services

Proposal 2: Two MBS service reception modes are supported, i.e., a) MBS service reception only in RRC_CONNECTED state, and b) MBS service reception in either RRC_CONNECTED or IDLE/INACTIVE states.

Configuration of PTM bearer in IDLE/INACTIVE state
Design principle for the configuration of PTM bearer
We first discuss some general principles regarding PTM configuration to the UEs in RRC_IDLE/ RRC_INACTIVE.

1. Whether the MBS reception by UE in RRC_IDLE/ RRC_INACTIVE states should have dependency on the PTM configuration acquired by UE in RRC CONNECTED state.
2. Whether SC-PTM mechanism could be the baseline for transmitting of the configuration of PTM bearer to the UEs in RRC_IDLE/ RRC_INACTIVE states.

Issue 1: Whether the MBS reception by UE in RRC_IDLE/ RRC_INACTIVE states should have dependency on the PTM configuration acquired by UE in RRC CONNECTED state.

The configuration of PTM bearer to enable the MBS reception for UE in RRC_IDLE/ RRC_INACTIVE states could be acquired via different approaches. The key point is whether the MBS reception in RRC_IDLE/ RRC_INACTIVE states has dependency on the configuration of the PTM bearer acquired in RRC CONNECTED state.
Option 1: The configuration of PTM bearer could be acquired when UE is in RRC_IDLE/ RRC_INACTIVE states 
With option 1, the configuration of PTM bearer is acquired when UE is in RRC_IDLE/ RRC_INACTIVE states before UE starts the reception of MBS service; UE also acquires the configuration of PTM bearer in RRC_IDLE/ RRC_INACTIVE states upon cell changes or configuration changes. By doing this, the MBS reception in RRC_IDLE/ RRC_INACTIVE states has no dependency the configuration of the PTM bearer acquired in RRC CONNECTED state.

Option 2: The configuration of PTM bearer used by UE in RRC_IDLE/ RRC_INACTIVE states is always acquired in RRC_CONNECTED state
The idea of option 2 is based on the description in WI [1],
	with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception



The configuration of PTM bearer acquired on RRC dedicated signaling when UE is in RRC_CONNECTED state is applicable to MBS reception by UE in RRC_CONNECTED state and also by UE in RRC_IDLE/ RRC_INACTIVE states. With this approach, UE in RRC_IDLE/ RRC_INACTIVE states could reuse the configuration of PTM bearer acquired when UE is in RRC_CONNECTED state directly. However it means that UE always needs to enter RRC_CONNECTED state to acquire the configuration of PTM bearer upon the start of MBS reception, cell change and PTM configuration update, which will result in increase of UE power consumption and increase of NG-RAN overhead.

Observation 1: Reusing the PTM configuration acquired by UE in RRC_CONNECTED state for the reception of MBS services by UE in RRC_IDLE/ RRC_INACTIVE will result in increased UE power consumption and higher NG-RAN overhead.

Moreover, it is stated in the WI [1] as below that whether the MBS reception in RRC_IDLE/ RRC_INACTIVE states has dependency on the configuration of the PTM bearer acquired in  RRC CONNECTED state is undetermined and to be checked further,
	Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 



UE may not need to enter RRC_CONNECTED state at any time for the reception of some specific broadcast services to be supported in NR in the future. Given this, a solution with future proof is expected to support the reception of MBS broadcast services which has no need to enter RRC_CONNECTED state at any time. 
Observation 2: A future proof solution to support the reception of MBS broadcast services is desirable. 
Therefore it is better that the solution for the MBS reception in RRC_IDLE/RRC_INACTIVE states has no dependency on the configuration of the PTM bearer acquired in RRC CONNECTED state. 
Proposal 3: The MBS reception by UE in RRC_IDLE/ RRC_INACTIVE states should have no dependency on the PTM configuration acquired by UE in RRC_CONNECTED state.

Issue 2: Whether SC-PTM mechanism could be the baseline for transmitting of the configuration of PTM bearer to the UEs in RRC_IDLE/ RRC_INACTIVE states.
In SC-PTM, the configuration of PTM bearer is transmitted over a MBS specific control channel (SC-MCCH).The overall channel structure for SC-PTM is characterized by:
-	There is One SC-MCCH and one or more SC-MTCH(s) are mapped on DL-SCH within the cell;
-	SC-MCCH and SC-MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH (there is a one-to-one mapping between TMGI and G-RNTI used for the reception of the DL-SCH to which a SC-MTCH is mapped);
The general procedure for acquisition of the PTM configuration is shown as Figure 1 below,
Step 1: UEs interested in MBS service receive the single SC-MCCH configuration by reading SIB20, 
Step 2: UEs interested in MBS service receive the SC-MTCH configuration in SCPTMConfiguration message which is transmitted in the SC-MCCH. 
Step 3: UEs receive the interested MBS service using the SC-MTCH configuration acquired in step 2.

 
Figure 1 LTE SC-PTM configuration and service acquire procedure
When it comes to MBS in NR, we think the general channel structure and procedure defined in SC-PTM could be the baseline for transmitting of the configuration of PTM bearer in RRC_IDLE/ RRC_INACTIVE states. 
Proposal 4: Use the SC-MCCH related mechanism in SC-PTM as the baseline for transmitting the configuration of PTM bearer to UE in RRC_IDLE/ RRC_INACTIVE states. 
Change notification mechanism in IDLE/INACTIVE state
We believe the SC-MCCH change notification mechanism in SC-PTM should be a baseline if applicable, and possible enhancement in NR may be discussed if needed. 

In SC-PTM, SC-MCCH is transmitted by RRC every SC-MCCH repetition period during modification period which is separated from the DRX cycle in idle mode.

A notification mechanism is used to announce changes of SC-MCCH to normal UEs due to Session Start,
   -The notification is sent in the first subframe in a repetition period where the SC-MCCH can be scheduled. The notification is sent using the DCI format 1C with SC-N-RNTI and one bit within the 8-bit bitmap;
   -When the UE receives a notification, it acquires the SC-MCCH in the same subframe;
The change notification mechanism in SC-PTM is shown in Figure 2,


Figure 2 SC-MCCH change notification in SC-PTM
As the SC-MCCH change notification mechanism in SC-PTM has already considered the balance between the latency requirement of group communication and the power consumption of UE, we think the mechanism in SC-PTM could be a baseline for NR.
Proposal 5: Use the SC-MCCH change notification mechanism in SC-PTM as the baseline for change notification of the configuration of PTM bearer in RRC_IDLE/ RRC_INACTIVE states. 

Based on the notification mechanism in SC-PTM, possible enhancement could also be considered from resource efficiency perspective and UE power consumption perspective. In SC-PTM, the change to any one of the MBS services supported by the cell is notified by SC-N-RNTI with only 1 bit information. The DCI indicated by SC-N-RNTI could not provide information on which MBS services changes.
UE may only interest in some of the MBS services. But in current SC-PTM mechanism, UE in RRC_IDLE/RRC_INACTIVE state will be waked up and to receive the updated SC-MCCH control information blindly, then find out whether the interested MBS service has changed finally. Therefore probably there could be some enhancement to improve the power saving of UE. A possible enhancement is that the MBS services could be grouped and the change is only notified to the involved UEs which have interest.

We understand any enhancement to address the above issue should consider the impact to the overhead and complexity of NG-RAN carefully. So we suggest RAN2 to discuss whether any enhancement to the SC-MCCH change notification mechanism of SC-PTM is need in NR.
Proposal 6: FFS whether any enhancement to the SC-MCCH changes notification mechanism of SC-PTM is needed in NR.
Service continuity with mobility in IDLE/INACTIVE state
The UE which is receiving MBS service in RRC_IDLE or RRC_INACTIVE state may reselect to another cell. Even through the requirement for the service continuity in RRC_IDLE/ RRC_INACTIVE states could not be as stringent as that in RRC_CONNECTED state, the basic service continuity during cell reselection should also be considered. 
The key issue to enable the service continuity of MBS reception for UE during cell reselection is how to determine a candidate cell supports the receiving MBS service. We discuss this issue based on the assumption that MBS reception by UE in RRC_IDLE/ RRC_INACTIVE states has no dependency on the configuration of PTM bear acquired by UE in RRC CONNECTED state as we have proposed in section 2.2.1. 

In MBSFN, the UE is made aware of which frequency is providing which MBMS services through the combination of USD and SIB15. UE can determine whether a specific MBMS service is provided on a specific frequency to which a neighboring cell belongs during the evaluation of cell reselection. In other words, UE does not determine whether a specific MBS service is supported on cell level during cell reselection, instead it only determines the MBS service on a granularity of frequency. We understand that the reason for this is that normally the MBS service is deployed on a frequency basis in MBSFN.
In SC-PTM, it follows the legacy mechanism of MBSFN. The reason for SC-PTM to follow the legacy mechanism of MBSFN is more or less for avoiding the extra specification changes, as it would be necessary to distinguish different types of MBMS service if SC-PTM adopts a different mechanism from MBSFN.
Observation 3: In SC-PTM, MBS services on neighbor cells are determined through the combination of USD and SIB15 on a granularity of frequency.

When it comes to MBS in NR, MBS solution will be based on NR spec without any legacy MBS design in NR. Therefore there is no need to consider the alignment to the legacy solution as what SC-PTM did to the mechanism of MBSFN. We can consider the solution only based the possible deployment scenarios for MBS in NR. The MBS services will not necessarily be deployed on a frequency basis in NR, so it  does not make sense to indicate the MBS services in system information on a granularity of frequency.
Observation 4: MBS services will not necessarily be deployed on a frequency basis in NR.

Proposal 7: The SC-PTM mechanism with transmitting the information in the system information for determining the MBS services in the granularity of frequency is not applicable to NR.

In SC-PTM, UE can autonomously prioritize the SC-PTM frequency during cell reselection, to ensure service continuity. This is based on the SC-PTM mechanism that the information for determining the MBS services is indicated in the granularity of frequency in the system information as we mentioned above. This frequency prioritization rule may be not applicable to NR as MBS services will not necessarily be deployed on a frequency basis in NR.
Proposal 8: The MBS specific frequency prioritization rule during cell reselection in SC-PTM is not applicable to NR.

As we have discussed in [2], the establishment of multicast transport on demand in NG-RAN is possible upon UE which is receiving MBS service moves into the coverage of the cell according to the solution agreed in SA2 SI for MBS, as specified in [3]. 
With this assumption, the multicast transport could be setup dynamically in MBS capable target cell upon UE reselects to the target cell in case there is no corresponding MBS service being transmitted in the target cell before the cell reselection. Then we are wondering whether it is still necessary for NG-RAN to signal the information for determining the MBS services supported by neighboring cells in system information to UE, as that in SC-PTM.
Proposal 9: FFS whether transmission of the information for determining the MBS services supported on neighboring cells are still needed, based on the SA2 assumption that multicast transport could be established on demand in MBS capable cell in a dynamic manner.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As discussed in [2], to support RAN based dynamic PTM/PTM switch over radio interface, RAN based or CN based counting mechanism on the UE interest in MBS services is necessary.
In SC-PTM, the counting of UE interest in MBS service is performed in application layer. The counting is not accurate as UE may keep staying in idle when it moves to a new cell. Thus, the UE can’t update the cell information to the application layer if UE keeps stay in idle.
Observation 5: The counting of UEs interested in MBS service is not accurate if UE in RRC_IDLE/RRC_INACTIVE states does not report its interest of MBS service upon mobility.

Besides, as we mentioned above, it is possible to trigger the establishment of multicast transport on demand in NG-RAN. Source cell could send the information of the MBS service received by the UEs in RRC_CONNECTED state to target cell. By this it assists target cell to determine the trigger of the multicast transport on demand.
To make target cell aware of the MBS service received by UE in RRC_IDLE/RRC_INACTIVE state when UE moves in, UE may need to report interested MBS service to NG-RAN upon cell reselection.
Observation 6: The interest in MBS by UE in RRC_IDLE/RRC_INACTIVE states needs to be sent to MBS capable NG-RAN node upon cell reselection, to enable target cell to trigger the establishment of multicast transport if not existing.

Proposal 10: UE in RRC_IDLE/RRC_INACTIVE state could report interested MBS services to NG-RAN, especially upon cell reselection.
BWP configuration for MBS in IDLE/INACTIVE state
UE in RRC_IDLE/RRC_INACTIVE state operates on initial Downlink BWP which is common for all UEs in the cell coverage. System information acquisition and paging reception in RRC_IDLE/RRC_INACTIVE states could all be performed by UE on initial downlink BWP. Bandwidth of the initial downlink BWP may be not so large as there is limited data to be transmitted on initial downlink BWP.
For MBS services that could be received by UE in RRC_IDLE/RRC_INACTIVE state, it is a straight forward method to deliver it in initial BWP. However there may be no enough capacity in initial BWP to accommodate the transmission of the variety of MBS services supported by the cell. Therefore we may need to consider delivering the MBS services on a specific BWP which is not same as initial downlink BWP.
Proposal 11: Define the MBS specific BWP for MBS service transmission.

UE in RRC_IDLE/RRC_INACTIVE state will be required to operate on both MBS BWP and initial downlink BWP. However UE is not required to operate on more than one BWP simultaneously in NR. Therefore the scheduling between the MBS reception on MBS BWP and operation on initial downlink BWP is needed, 
There are a couple of solutions could be considered to address this issue from frequency domain perspective or from time domain perspective.
Option 1: Frequency space of initial downlink BWP are always covered by the frequency space of MBS BWP completely.
As shown in Figure 3, the MBS BWP could always be configured to cover the initial downlink BWP in the frequency domain.
With this, the UEs which are interested in MBS only monitor the MBS BWP for all the operation in RRC_IDLE/RRC_INACTIVE state. Other UEs could monitor the initial downlink BWP as in legacy way.
An issue to be clarified is whether all the UEs are able to receive two PDSCHs (one PDSCH for MBS, another PDSCH for system information or paging) simultaneously within the MBS BWP.


Figure 3 overlapping between MBS BWP and initial BWP

Option 2: BWP switching in time domain between initial downlink BWP and MBS BWP.
To schedule between the operation on MBS BWP and the operation on initial downlink BWP from time domain perspective is through BWP switching as shown in figure 4 below,
With this, UEs which are interested in MBS in RRC_IDLE/RRC_INACTIVE state will be scheduled to switch between the operation on MBS BWP and the operation on initial downlink BWP.
One issue to be clarified is whether it is possible to avoid the conflict between the need of MBS reception and the need of SI/Paging reception.
Another issue to be clarified is whether the BWP Switching can be achieved by physical layer with fulfilling the QoS requirement such as the interruption time of the MBS service, which need to be investigated by RAN1 further.




Figure 4 Switching between MBS BWP and initial BWP

Both options mentioned above will have potential impact on RAN2 as BWP related configuration is configured via RRC signaling and the BWP switching handling is controlled in MAC layer partially. However the feasibility of the options also requires investigation in RAN1.
Proposal 12: FFS on the following options for scheduling between MBS BWP and initial downlink BWP in RRC_IDLE/RRC_INACTIVE states.
   	 Option 1: Frequency space of initial downlink BWP are always covered by the frequency space of MBS BWP completely.
    	Option 2: BWP switching in time domain between initial downlink BWP and MBS BWP.
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[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution we discuss on key issues related to the MBS reception by UE in RRC_IDLE/RRC_INACTIVE state. Based on the discussions, we propose the following. 

Scenarios of MBS service reception in IDLE/INACTIVE
Proposal 1: Reception of MBS services should be supported for UE in RRC_IDLE/RRC_INACTIVE states.
Proposal 2: Two MBS service reception modes are supported, i.e., a) MBS service reception only in RRC_CONNECTED state, and b) MBS service reception in either RRC_CONNECTED or IDLE/INACTIVE states.

Configuration of PTM bear in IDLE/INACTIVE
Proposal 3: The MBS reception by UE in RRC_IDLE/ RRC_INACTIVE states should have no dependency on the PTM configuration acquired by UE in RRC_CONNECTED state.
Proposal 4: Use the SC-MCCH related mechanism in SC-PTM as the baseline for transmitting the configuration of PTM bearer to UE in RRC_IDLE/ RRC_INACTIVE states. 
Proposal 5: Use the SC-MCCH change notification mechanism in SC-PTM as the baseline for change notification of the configuration of PTM bearer in RRC_IDLE/ RRC_INACTIVE states. 
Proposal 6: FFS whether any enhancement to the SC-MCCH changes notification mechanism of SC-PTM is needed in NR.

Service continuity in IDLE/INACTIVE
Proposal 7: The SC-PTM mechanism with transmitting the information in the system information for determining the MBS services in the granularity of frequency is not applicable to NR.
Proposal 8: The MBS specific frequency prioritization rule during cell reselection in SC-PTM is not applicable to NR.
Proposal 9: FFS whether transmission of the information for determining the MBS services supported on neighboring cells are still needed, based on the SA2 assumption that multicast transport could be established on demand in MBS capable cell in a dynamic manner.
Proposal 10: UE in RRC_IDLE/RRC_INACTIVE state could report interested MBS services to NG-RAN, especially upon cell reselection.

BWP configuration
Proposal 11: Define the MBS specific BWP for MBS service transmission.
Proposal 12: FFS on the following options for scheduling between MBS BWP and initial downlink BWP in RRC_IDLE/RRC_INACTIVE states.
   	 Option 1: Frequency space of initial downlink BWP are always covered by the frequency space of MBS BWP completely.
    	Option 2: BWP switching in time domain between initial downlink BWP and MBS BWP.
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