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1	Introduction
One of the objectives for the introduction of multicast in NR is the support of multicast in Idle and Inactive mode [1]:
· Specify RAN basic functions for 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].
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 Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this contribution, the objective to support of multicast in Idle and Inactive mode is discussed further. In the following discussion the term MBS (Multicast/Broadcast Service) is used to include both multicast and broadcast services.
[bookmark: _Ref178064866]2	Discussion
The Idle/Inactive mode solution can potentially be much more complex compared to the Connected mode solution, and in our view the work in the Connected mode solution should be prioritized: 
[bookmark: _Toc47694993][bookmark: _Hlk47675099]The Connected mode solution is prioritized.
2.1	MBS solution in Idle and Inactive mode
First, it is assumed that solutions for MBS reception by UEs in RRC_IDLE/INACTIVE should be first developed in RAN2.
[bookmark: _Toc47694994]MBS reception by UEs in RRC_IDLE/INACTIVE should be first discussed in RAN2. 
In the following discussion it is assumed that there are no fundamental differences to support MBS in Idle or Inactive mode. In the following discussion the term Idle mode is used to keep it brief, but the solution covers both Idle and Inactive mode.
In case MBS is supported by transition to Connected mode, and the UE comes from Inactive mode, then there is of course the benefit of having a UE context, which may include the MBS services the UE is interested in, and/or the PTM configuration that has been used previously. But while the UE was in Inactive mode, and potentially has been roaming around, the UE preferences and PTM configuration may have changed, i.e. the stored information may not be up to date. 
[bookmark: _Toc47694986][bookmark: _Hlk47675118]The solution to support MBS in Idle and Inactive mode is assumed to be similar. 
A separate solution of Idle and Inactive mode is not further discussed in this contribution. 
2.1.1	PTM reception in Idle/Inactive mode (or not)
If it is the case that support of MBS in Idle mode is achieved more easily by transitioning to Connected mode, why considering PTM reception in Idle mode at all? Two potential reasons are identified:
1. Are there use cases where the number of UEs to support is too large to use Connected mode?
2. Are there other trade-offs when reception of PTM in Idle mode is preferred?
Case 1:
There could be public safety cases where the number of simultaneous users is very high. Furthermore, there may be localised hot spot scenarios (e.g. stadiums) where a very high number of simultaneous users needs to be supported. Further discussion is needed to establish the requirements.
[bookmark: _Toc47694987]Further discussion is needed to agree on the (maximum) number of simultaneous users per cell that needs to be supported.
Case 2:
Idle mode is the best power saving state for the UE, and for this reason reception of PTM in Idle mode may be preferred. Furthermore, a different quality level, lower compared to connected mode, may be preferred for Idle mode, which provides a more best effort type of quality (still pretty good but reduced at cell border or indoor) but it is cheaper. Furthermore the needed resources in Idle mode may be lower compared to Connected mode (e.g. when PTP is used in Connected mode).
[bookmark: _Toc47694988]Transmission of PTM in Idle/Inactive mode without UE feedback is a trade-off between reception quality and NW resources.
The following solutions can be considered in further details:
1. MBS reception in Connected, transition from Idle triggered by higher layers
2. MBS reception in Connected, transition from Idle triggered by RRC connection setup/resume
3. MBS reception in Connected, transition from Idle via Paging
4. PTM reception in Idle mode, reusing configuration received while in RRC_CONNECTED 
5. PTM reception in Idle mode, using configuration in RRCRelease message
6. PTM reception in Idle mode, using System Information
7. PTM reception in Idle mode, using MCCH
[bookmark: _Hlk47641391]Variations and combinations of the solutions above are also possible. For example, when the UE transitions to Connected mode to receive MBS, then the UE could be released to Idle mode after PTM has been configured in Connected mode, and the UE continues to receive PTM in Idle mode (as long as the UE remains properly synced, and inside the coverage area of the cell).
Solutions for reception in RRC_IDLE/INACTIVE state should take into account the possible signalling load impact of frequent changes that the UE would need to be informed about. 
[bookmark: _Toc47694989]Solutions for reception in RRC_IDLE/INACTIVE state should take into account possible signalling load impact when frequent changes for MBS need to be signalled to the UE.
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Figure 1: Challenges to support MBS in Idle/Inactive mode.
A basic challenge with support of PTM reception in Idle mode, is to figure out where UEs are who are interested in which services. The location of the UE is not known on a cell level, and the UE preferences which services the UE may be interested to receive may have changed, without informing the network:
[bookmark: _Toc47694990]The network may not be aware of which UEs in the cell may be interested in which service(s) in Idle/Inactive mode.
2.3	Registration and authorization
Whether the UE is in Connected or Idle mode, the UE needs to have a service subscription to receive MBS and be authorized to receive the MBS content. Service registration/authorization is not a RAN function, but a pre-requisite to receive MBS. 
A study item has been defined in SA3 to study potential security requirements and solutions of providing MBS/broadcast services [2]:
[bookmark: _Toc47694991]Registration and authorization for MBS reception is outside RAN.  
2.3	Impact on Idle/Inactive mode mobility
Idle mode mobility ensures that the UE re-selects to the strongest/highest ranked cell on the frequency, and tries to re-select to a higher priority frequency when such is measured. When MBS in Idle is introduced, it can be expected that new cell re-selection criteria will be discussed, but in our view there should be no significant impact on the legacy mobility behaviour:  
[bookmark: _Toc47694992]Introduction of MBS in Idle/Inactive mode should have no significant impact on the legacy mobility, i.e. UE supporting MBS should also be on the strongest/highest ranked cell on a frequency and should try to re-select to a suitable cell on a higher priority frequency, when such exists. 
In case the UE re-selects to a non-strongest cell on a frequency (e.g. because MBS is not supported on the serving cell, but is supported on the neighbouring cell), then the UE may cause interference when the UE goes to connected mode. Furthermore, unwanted behaviour may arise when the UE does not re-select to a higher priority frequency, when such frequency does not support MBS. 
Unless all frequencies/cells support MBS and the services the UE is interested in, there is likely to be discussion, what the UE should do when MBS reception conflicts with legacy idle mode mobility. This detailed discussion should be done when further details on the Idle mode solution have been agreed (e.g. when the UE transitions to Connected mode to receive MBS these problems are avoided). Furthermore, it needs to be discussed whether there are dedicated/mixed frequencies/cells. In case there are changes to idle mode mobility, then they should be clearly specified, and not be left to UE implementation. Furthermore it should be specified, what is the UE behaviour when the UE is no longer interested in MBS, e.g. UE should move to highest priority frequency. 
[bookmark: _Hlk47641665]It is also not clear whether service continuity needs to be supported in Idle mode or to what extent it needs to be supported, i.e. perhaps the Idle mode support is more limited compared to Connected mode. Potentially this could also be left as a configuration option for the network, i.e. for some MBS services, the UE will be kept in Connected, while for other (less important) services they are received in Idle mode.
2.4	Summary
The first impression is that MBS support in Idle mode is more easily achieved by transition to Connected mode. In case it is indicated in system information what services (and possibly the active sessions) that are supported in the cell, the UE can take the initiative to transition to Connected mode. Once in Connected mode the Connected mode functions can be re-used to receive the MBS content, and the Connected mode service continuity can be re-used. Unless there are urgent requirements to enable PTM reception in Idle mode, reception of MBS in Connected mode seems to be preferred:
[bookmark: _Toc47694995]Idle/Inactive mode solution for MBS should take into account the considerations in this contribution.
3	Conclusion
[bookmark: _Hlk47675422]In the previous sections we made the following observations: 
Observation 1	The solution to support MBS in Idle and Inactive mode is assumed to be similar.
Observation 2	Further discussion is needed to agree on the (maximum) number of simultaneous users per cell that needs to be supported.
Observation 3	Transmission of PTM in Idle/Inactive mode without UE feedback is a trade-off between reception quality and NW resources.
Observation 4	Solutions for reception in RRC_IDLE/INACTIVE state should take into account possible signalling load impact when frequent changes for MBS need to be signalled to the UE.
Observation 5	The network may not be aware of how which UEs in the cell may be interested in which service(s) in Idle/Inactive mode.
Observation 6	Registration and authorization for MBS reception is outside RAN.
Observation 7	Introduction of MBS in Idle/Inactive mode should have no significant impact on the legacy mobility, i.e. UE supporting MBS should also be on the strongest/highest ranked cell on a frequency and should try to re-select to a suitable cell on a higher priority frequency, when such exists.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The Connected mode solution is prioritized.
Proposal 2	MBS reception by UEs in RRC_IDLE/INACTIVE should be first discussed in RAN2.
Proposal 3	Idle/Inactive mode solution for MBS should take into account the considerations in this contribution.
[bookmark: _In-sequence_SDU_delivery] 4	References
RP-201038, NR Multicast and Broadcast Services, WID, Huawei, RAN#88-e
S3-201212, New SID: Study on Security Aspects of Enhancements for 5G Multicast-Broadcast Services, SID, Huawei, SA3#99-e
	4/4	
image1.png
RAN

W\





