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1. Introduction
In the RAN#94e meeting, a new Work Item on Enhancements of NR Multicast and Broadcast Services was approved [1]. One of the objectives of this WI is related to multicast reception in RRC_INACTIVE state listed as below: 
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]
· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
In last RAN2 meeting, the following agreement has been made regarding PTM configuration and mobility 
For PTM configuration delivery, RAN2 further investigates the following solutions:
Option 1: Dedicated signalling
Option 2: Solution based on SIB+MCCH
We do not preclude some “mix” of the options
Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported (if the configuration of the new cell is available for the UE). FFS whether there are cases where the UE needs to resume the connection. FFS RAN3 impacts due to inter-gNB mobility.
Upon cell reselection to neighbour cells during active multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, then the UE is required to resume RRC connection to get the Multicast MRB configuration. 

In this contribution, we will further analyze multicast reception by UEs in RRC_INACTIVE state.
2. Discussion
2.1 PTM configuration for multicast reception in RRC_INACTIVE
An email discussion addressing PTM configuration has been triggered. Based on the email discussion, the main concern for option-1 is that it is difficult to update the configuration once configured to UE, i.e. the network has to send paging to wake up all the UEs in RRC_INACTIVE and update the configuration by dedicated signaling. 
Option-2 can avoid the configuration update problem as the RRC_INACTIVE UE can directly read the updated configuration in MCCH. However the main concern for option 2 is that it exposes the PTM configuration to UEs which do not belong to certain MBS groups and thus security might be a problem. We can further analyze these two issues for selection of PTM configuration options.
Configuration update issue for option-1
Based on the email discussion, it seems a common understanding that the UE can be pre-configured with PTM configurations for a set of cells before it enters RRC_INACTIVE mode. The configuration update might be needed for the following scenarios:
Scenario 1: Switch-off of PTM transmission for RRC-INACTIVE in some pre-configured cells
The preconfigured cells are the cells where PTM transmission to RRC-INACTIVE UEs is supposed when the UE is transited to RRC-INACTIVE. However, some of these cells may decide to stop PTM for RRC-INACTIVE later due to some reasons, such as congestion relieviation or lack of UEs in RRC-INACTIVE that are receiving a certain service (it can be discussed later how this can be known by the network). Once any of the pre-configured cells has switched off PTM transmission for RRC-INACTIVE, the UE has to be informed so that it can transit to RRC_CONNECTED mode timely to continue service reception.
Scenario 2: PTM parameters change for RRC-INACTIVE
PTM parameters change may result from several factors such as: 
a) MBS session update (for example QoS parameters update to add or remove Qos flows).
b) Radio resource reconfiguration due to change of radio resources availability in the concerned cell, e.g. due to rate matching resources for multicast update resulting from CSI-RS update for unicast operation and so on.  
Base on the scenarios above, it can be seen that the configuration update is NOT an infrequent operation during multicast session. Thus, the low efficacy configuration/high load update operation should be avoided in the solution design, especially considering that congestion scenario is the main motivation for multicast reception in RRC_INACTIVE mode.
Observation 1: configuration update is NOT an infrequent operation for option-1 during multicast session.
Propsoal 1: Frequent PTM configuration update using dedicated signaling should be avoided in the solution design, especially considering that congestion scenario is the main motivation for multicast reception in RRC_INACTIVE mode.
Security issue for option 2   
· Confidentiality
Considering the traffic is already encrypted by the service layer or the application layer, unauthorized UE will not be able to decipher the data even when it acquires the configuration from MCCH. 
· Integrity
The fake base station may broadcast fake configuration, which leads to the failure in UE side. However, if the UE could detect such failure by integrity check or consecutive upper layer decoding failure and switch to the connected mode and fetch the genuine configuration, the problem may be solved. 
Based on the above, it seems there are no genuine security issues with option 2. However, this can be further checked with SA3, if needed.
Proposal 2: There seem to be no genuine security issues for option 2. In case there is a need to further confirm，an LS can be sent to SA3 for further check. 
Further considerations for the two solutions
For option-1, to reduce the configuration update load for option-1, some companies proposed to use 2 steps release procedure for configuration update, i.e. the network use RRC Release to respond to RRC Resume and configure new PTM parameters to UEs. This could somehow reduce the number of signaling for state transition, however the load for RACH and configuration in RRC Release message is still there, thus it can’t completely resolve the problem.
Another possibility is to use SIB to provide some additional information on PTM switch on/off information to address the scenario where PTM  switch-off for RRC-INACTIVE in the pre-configured cells. The UE can know whether PTM configuration can be further used in the concerned cell based on indications in SIB and can trigger connection resume if PTM for RRC-INACTIVE is switched off in the reselected cell. This could solve the issue for PTM switch off in the concerned cells. 
Observation 2: in option-1, combination of SIB and dedicated signaling could address signaling load issue in the scenario where PTM for RRC-INACTIVE is switched off in the preconfigured cells. 
For option 2, if the security issue is a real problem from SA3 point of view. Some enhancements can be considered such as:
Provide MCCH configuration for multicast, or some key MRB configurations, in the dedicated signalling instead of SIB20. This could prevent the UEs which did not join any MBS group from acquiring the MCCH messages or the complete MRB configurations.
Observation 3: by combination of dedicated signaling and MCCH message, the UEs which did not join an MBS group can be prevented from accessing the PTM configuration for multicast. 
Based on the observation 2/3, it seems the direction to improve the solution 2/3 are quite similar, i.e. use of common control channel + dedicated signalling can be considered to address the security issue in case it is a real problem from SA3 point of view.
Proposal 3: Combination of common control channel (SIB or MCCH) + dedicated signalling can be used to address signalling overhead issue of option 1 and the security issue of option 2 (if it is a real problem from SA3 point of view).
2.2 Mobility for multicast reception in RRC_INACTIVE
RRC Resume during mobility
It has been agreed that the UE needs to resume RRC connection if the PTM configuration is not available for the new cell for an active multicast session. However, if a multicast session is in de-activated status, and the PTM configuration for the service is not available for the new cell during mobility, there are two possibilities:
Case 1: the cell doesn’t provide this multicast service for RRC_INACTIVE UEs (even after the session is re-activated) 
Case 2: the cell provides multicast for RRC_INACTIVE UE once the session is re-activated but the UE is not preconfigured with the PTM parameters in option1 or the cell removes PTM configurations from MCCH after service de-activation (option2).
For case 1, RRC Resume is unnecessary and the UE can wait for group paging for service re-activation to trigger RRC resume, as Rel-17 UE. 
For case 2 with PTM configuration option 2, the UE doesn’t need to resume and can assume the network will provide PTM configuration in case the service is re-activated. However, for case 2 with PTM configuration option 1, the UE is better to resume to acquire PTM configuration before group paging and once group paging is received the UE can start to receive data directly to reduce the latency for PTM configuration acquisition.
Therefore, in PTM configuration option 2, the UE shall not be required to resume the connection for PTM configuration acquisition if a multicast session is in de-activation status, and the PTM configuration for the service is not available for the new cell during mobility. While in PTM configuration option 1, even though it is not necessary for UE to resume immediately after cell reselection to a cell not providing PTM configuration for the deactiviated MBS session, the UE is better to resume right away due to the fact that the UE can’t differentiate case1 or case 2 before resume. If it is case 1 and the UE triggers resume, the network may release the UE again as the result. 
Observation 4: in PTM configuration option 2, for an inactive multicast session, even though the PTM configuration is not available for the new cell during mobility, the UE is NOT required to resume the connection for PTM configuration acquisition.
Observation 5: in PTM configuration option 1, for an inactive multicast session, if the PTM configuration is not available for the new cell during mobility, the UE is required to resume the connection for PTM configuration acquisition.
If the UE triggers resume due to unavailability of the PTM configuration in the new cell, and the network is providing or can provide the multicast service interested by the UE for INACTIVE state, to respond to this kind of RRC resume request, the network should be able to use RRC Release directly (i.e. two-step RRC release) to keep the UE in RRC_INACTIVE state, and at the same time provide PTM configuration by option 1 (i.e. in the RRC release message) or option 2 (i.e. in MCCH) or the mixed option. 
Proposal 4: If the UE triggers resume due to unavailability of the PTM configuration in the new cell, the network should be able to use two-step RRC release (i.e. RRC release as a response to RRC Resume Request) to keep the UE in RRC_INACTIVE state.
PDCP COUNT Continuity 
In Rel-17, the PDCP COUNT synchronization among gNBs can be achieved based on MBS Qos Flow SN if the same QoS mapping rule is used, and initial PDCP COUNT of the UE is set based on network indication. For multicast reception in RRC_INACTIVE sate, the UE may move across cells without transition to RRC_CONNECTED mode. If the PDCP COUNT for all involved cells are synchronized, the UE can continue PDCP COUNT during cell change. However, if the PDCP COUNT of source cell or the target cell is not synchronized, the UE might need to re-initialize the PDCP window and then acquire RX_DELIV from the target cell. RAN2 should discuss how to provide the initial PDCP COUNT configuration.
Proposal 5: The UE needs to continue PDCP COUNT during cell change if the PDCP COUNT are synchronized between source and target, and re-initializes PDCP COUNT if the source and target are not synchronized. FFS how the initial PDCP COUNT configuration is provided during cell change.
Frequency prioritization   
For MBS broadcast the mapping between MBS service and frequencies are provided in SIB 21 and the UE is allowed to prioritize MBS frequency for MBS broadcast reception. For multicast, the dedicated frequency priority in RRC Release message might be used to control the UE to camp on the right frequency based on the joined MBS service. However, if a MBS multicast service is provided in different frequencies in different cell/area, the UE might not always camp on the right frequency and thus unnecessary RRC Resume and handover might be required in such case. 
Proposal 6: dedicated frequency priority can be used as baseline for multicast frequency prioritization and further discuss whether to address the scenario where a MBS multicast service is provided in different frequencies in different cell/area.
3. Conclusion
[bookmark: _GoBack]Based on the above discussion and the following observations, we recommend RAN2 to adopt the following proposals: 
Observation 1: configuration update is NOT an infrequent operation for option-1 during multicast session.
Observation 2: in option-1, combination of SIB and dedicated signaling could address signaling load issue in the scenario where PTM for RRC-INACTIVE is switched off in the preconfigured cells. 
Observation 3: by combination of dedicated signaling and MCCH message, the UEs which did not join an MBS group can be prevented from accessing the PTM configuration for multicast. 
Observation 4: in PTM configuration option 2, for an inactive multicast session, even though the PTM configuration is not available for the new cell during mobility, the UE is NOT required to resume the connection for PTM configuration acquisition.
Observation 5: in PTM configuration option 1, for an inactive multicast session, if the PTM configuration is not available for the new cell during mobility, the UE is required to resume the connection for PTM configuration acquisition.

Propsoal 1: Frequent PTM configuration update using dedicated signaling should be avoided in the solution design, especially considering that congestion scenario is the main motivation for multicast reception in RRC_INACTIVE mode.
Proposal 2: There seem to be no genuine security issues for option 2. In case there is a need to further confirm，an LS can be sent to SA3 for further check. 
Proposal 3: Combination of common control channel (SIB or MCCH) + dedicated signalling can be used to address signalling overhead issue of option 1 and the security issue of option 2 (if it is a real problem from SA3 point of view).
Proposal 4: If the UE triggers resume due to unavailability of the PTM configuration in the new cell, the network should be able to use two-step RRC release (i.e. RRC release as a response to RRC Resume Request) to keep the UE in RRC_INACTIVE state.
Proposal 5: The UE needs to continue PDCP COUNT during cell change if the PDCP COUNT are synchronized between source and target, and re-initializes PDCP COUNT if the source and target are not synchronized. FFS how the initial PDCP COUNT configuration is provided during cell change.
Proposal 6: dedicated frequency priority can be used as baseline for multicast frequency prioritization and further discuss whether to address the scenario where a MBS multicast service is provided in different frequencies in different cell/area.
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