[bookmark: _Hlk492190689][bookmark: _Hlk73431007]3GPP TSG-RAN2 Meeting #121bis-e	R2-2303620
eMeeting, 17 – 26 April 2023
	
Agenda Item:	7.11.2.1 Control plane
Source: 	Ericsson
Title:  	Multicast reception in RRC_INACTIVE
Document for:	Discussion and Decision
Introduction
In this contribution the open issues for multicast reception in RRC_INACTIVE are discussed further.
[bookmark: _Toc242573354]Discussion
Comparing the different solutions 
The picture below provides an overview of the solutions being discussed for multicast reception in RRC_INACTIVE: 
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Figure 1: Solutions for multicast reception in RRC_INACTIVE.
In the following text the solutions are compared. 
Mobility based on handovers or cell reselections
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In the table below a solution based on handovers or cell reselection is compared:
	
	Handovers
	Cell reselection

	Short description
	· PTM config:
· provided in RRCRelease
· valid in serving cell only


· UE resumes when:
· Link below RSRP/RSRQ threshold, or
· Cell reselection is about to be initiated


· MCCH:
· PTM config change using PDSCH
	· PTM config:
· provided in MCCH 
· in both serving and neighbour cell
· MCCH config in multicast SIB

· UE resumes when:
· MCCH is not configured, or
· MCCH does not provide the PTM config of the interesting session

· MCCH:
· PTM config change using PDSCH

	Comparison
	· Interruption duration:
· UE uses the old configuration until it receives a new configuration
· Short interruption due to Resume

· Load:
· Random access and resume
· Handover for mobility

· Quality:
· Closer to connected mode quality
	· Interruption duration:
· UE uses the old configuration until it receives a new configuration
· Long interruption due cell reselection

· Load:
· UE remains in RRC_INACTIVE


· Quality:
· Idle mode quality


Evaluation:
· Handovers provide a better quality at the expensive of an increase in system load (i.e. solution resembles the Rel-17 multicast approach)
· Cell reselection reduces the load on the system at the expense of quality (i.e. solution resembles the Rel-17 multicast approach)
In our view both options should be supported because which option is most suitable may depend on which requirements are prioritized (capacity vs quality):  
Proposal 1: Mobility for multicast reception in RRC_INACTIVE, i.e. handover or cell reselection, depends on network configuration. 
Furthermore a hybrid approach can achieve the best of both worlds:
· The threshold only applies when the session is active
· When the session is inactive the system load is reduced because cell reselection is used but the quality is not impacted
· When the session is active the quality is improved because handovers are used
Proposal 2: The threshold, if configured, is only applicable when the session is active.
Notification of session status via paging or MCCH
RAN2 promised that the UE would be informed about the session status while receiving multicast in RRC_INACTIVE (e.g. activation/deactivation). These notifications enable the UE to start and stop monitoring G-RNTI. For the UE it is not relevant whether it should start/stop monitoring G-RNTI due to activation/deactivation, data inactivity or because the session is released. Furthermore it is up the gNB implementation to decide when the inform the UE about data inactivity:
Proposal 3: The UE configured to receive multicast in RRC_INACTIVE is informed when it shall start and may stop monitoring G-RNTI.
In the table below the notification of start/stop monitoring using paging or MCCH is compared:
	
	Paging
	MCCH

	Short description
	· UE monitors every Paging Occasion
· UE receives Paging message on PDSCH if indicated on PDCCH 
· In pagingGroupList-r18 it is indicated per G-RNTI to start/stop monitoring 
	· UE monitors every MCCH occasion
· UE receives MBSMulticastConfiguration message on PDSCH if ‘change’ is indicated in PDCCH 
· From MBSMulticastConfiguration message UE learns which session is activated/deactivated

	Comparison
	· Impacts legacy UEs
· UE needs to be prepared to receive PDSCH in every Paging Occasion
· Reliability may be impaired during cell re-selection and at cell border
	· Does not impact legacy UEs
· UE needs to be prepared to receive PDSCH in every MCCH occasion 
· Robust due to repetitions


Notification via Paging or MCCH is rather similar. The MCCH is continuously repeated, i.e. by nature more robust at cell border and with cell re-selection compared to paging:
Observation 1: Notification via MCCH is more robust compared to Paging.
UE vendors expressed (implicitly) concerns with introduction of a multicast MCCH for PTM configuration change because it requires the UE to wake up during MCCH occasions in addition to the Paging occasions. 
PTM configuration change is not expected to happen often, i.e. perhaps the MCCH could only be configured in SIB when a change is pending. But session status change (deactivation, data-inactivity) may happen frequently. The power consumption to monitor MCCH can be minimized when the UE only needs to wake-up and be prepared to receive MCCH PDCCH:
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Furthermore if there is a time offset configured between PDCCH and PDSCH, then the UE can also enter a light sleep before being prepared to receive PDSCH. The power consumption to monitor the multicast MCCH then becomes very similar to the power consumption to monitor PEI/WUS for Paging. 
DCI format 4_0 is likely to be re-used for the multicast MCCH. This format has 14 reserved bits, some of which could be used to signal session status change, without increasing the DCI size. The mapping between DCI bit and G-RNTI can be signalled in RRCRelease or multicast SIB
The UE only acquires the PDSCH when the PTM configuration changes which is rarely, if at all. Only 1 bit in DCI is needed to trigger PDSCH reception e.g. “change”, i.e. UE needs to acquire the MBSMulticastConfiguration message on PDSCH to find out what has changed. But normally the UE can go back to deep sleep immediately after receiving the PDCCH:
Proposal 4: MCCH DCI is used to notify start/stop monitoring G-RNTI and a time offset can be configured between MCCH PDCCH and PDSCH.
Configuration aspects and congestion dynamics
For mission critical extreme congestion may happen when there is a large-scale emergency in a certain area (e.g. 9/11). For type of congestion it cannot be predicted in advance when and where it will happen. And the area affected and congestion level may vary in time quickly. 
Thus the necessary configuration to enable multicast reception in RRC_INACTIVE cannot be pre-configured, but the (re-)configuration has to happen when the emergency occurs and develops. Thus things like multicast SIB, MCCH, NCL, frequencies where UE can receive multicast in RRC_INACTIVE, etc cannot be configured in advanced but the reconfiguration(s) are needed dynamically. Furthermore the congestion can be cell specific: 
Observation 2: Reconfiguration(s) to enable multicast reception in RRC_INACTIVE should be handled locally per cell without required coordination or signalling between neighbouring cells. 
In our view the MCCH is suitable to provide the necessary information locally in the cell, while dedicated signalling has limitations. For example when a set of cells is provided in the RRCRelease message to indicate where the PTM configuration is valid, then this cannot be updated when the congested area changes. Furthermore system resources may be wasted when the configuration is applied to all the cells of the gNB, even when there is only congestion in a single cell (e.g. MCCH is configured in cells of the gNB when there is congestion in a single cell):
Proposal 5: The PTM configuration provided in RRCRelease is valid in the serving cell only.
In case the UE has joined multiple sessions then multiple configurations need to be provided in the RRCRelease.
Service continuity
Service continuity is already supported without neighbour cell information (NCL) or frequency prioritization when the UE resumes when MCCH is not configured or the MCCH does not provide the PTM configuration the UE is interested in. 
Furthermore congestion is not frequency specific e.g. congestion is not expected to happen specifically on certain frequencies. And it is preferred to receive multicast in RRC_CONNECTED, i.e. no need to direct the UE to a frequency where it can receive multicast in RRC_INACTIVE. Furthermore, when there is a high number of mission critical UEs in a specific geographical area, then a gNB implementation could only release UEs to RRC_INACTIVE when RRC_CONNECTED is congested on all frequencies, i.e. in a congested area multicast reception in Inactive is more likely to be configured on all frequencies:
Observation 3: Multicast neighbour cell information or frequency prioritization is not required to enable basic service continuity.
The multicast NCL also needs to indicate whether the PTM configuration is the same on the neighbour cell, otherwise the UE still needs to acquire the MCCH on the target cell. And in case the MCCH on the target cell provides the PTM configuration to support mobility, then there is no use to configure NCL on the serving cell:  
Proposal 6: Further service continuity enhancements are not supported.
PTM configuration with cell reselection
Two options have been proposed to enable PTM configuration with cell reselection:
1. UE acquires the PTM configuration from the MCCH on the target cell
2. UE resumes and receives the PTM configuration in the release without going to connected
In our view the MCCH is the preferred, because the MCCH can fulfil several needs:
· Initial PTM configuration
· PTM configuration change
· PTM configuration with mobility
· Notification start/stop monitoring G-RNTI
Furthermore using Resume-Release to provide the PTM configuration with mobility has the following disadvantages:
· During congestion the UE should not perform RACH access and increase the congestion level.
· The release message size is increased, which may cause reception problems in bad coverage and trigger another resumption in the UE. 
· The UE may have joined multiple sessions and not necessarily needs a new configuration for all of them. There are no spare bits in the RRCResumeRequest/ RRCResumeRequest1. Potentially a new resume cause can be introduced, but this would not enable the UE to indicate for which active session it requests a (new) configuration in case multiple sessions are configured in the UE. 
In case MCCH can be used to provide PTM configuration with cell reselection, then it can also be used to provide the initial configuration. When the UE is released the UE continues to use the connected mode configuration until it receives the new configuration from MCCH: 
Proposal 7: The MCCH is used to provide the PTM configuration for the following cases:
· Initial PTM configuration
· PTM configuration change
· PTM configuration with cell reselection
Further details on threshold
The threshold should be based on existing measurements when the UE is in RRC_INACTIVE and not impact RAN4. In such case the measurements are limited to RSRP, indicating the signal strength, and RSRQ, indicating possible interference. 
Proposal 8: The UE resumes when the measured RSRP or RSRQ drops below a configured threshold.
Proposal 9: If a threshold is configured, the UE can be configured to resume before cell reselection is triggered.
Proposal 10: The threshold can be configured in MCCH or RRCRelease (when MCCH is not configured).
PTM configuration change in RRC_CONNECTED and RRC_INACTIVE
The PTM configuration issues (CFR, beam sweeping, receiving connected mode retransmissions, DRX, etc) are discussed under UP agenda item. In case separate resources are used in connected and idle, then a lot of complexity can be avoided. Duplicating the PTM resources is acceptable, because the number of PTM resources scale with the number of activate sessions, which is expected to be limited. Furthermore the need for a synchronized PTM configuration change can be avoided:
Proposal 11: Configuration of separate resources for multicast reception in RRC_INACTIVE and RRC_IDLE is supported.
How to enable shared resources can be further discussed under UP. Configuration of separate resources is already supported by just re-using Rel-17 broadcast and multicast configuration. 
In case the MRB in RRC_CONNECTED needs to be reconfigured for a large number of UEs, then the gNB may need to transmit and process RRCReconfiguration and RRCReconfigurationComplete messages for perhaps thousands of UEs simultaneously. Dependent on the gNB implementation this is likely to take longer time than 10 ms, and cause a noticeable interruption at the UE side: 
Proposal 12: The mrb-ActivationTime IE (OP) in MRB-ToAddMod-r17 IE indicates when the UE applies the new MRB configuration (SFN), otherwise the UE applies the configuration “now”. 
The mrb-ActivationTime IE could be defined as x LSBs of the SFN. 
When the UE remains in RRC_CONNECTED
SA6 expressed concerns about data loss when a mission critical session is deactivated [1]. SA2 is discussing different solutions, e.g. disable deactivation for mission critical session [2]. In case deactivation is disabled, then RAN can use data inactivity detected in RAN notify the UEs in RRC_INACTIVE. 
RAN3 and SA2 are discussing the CN assistance information concerning this “special” UE that should preferably kept in RRC_INACTIVE. RAN2 should wait for feedback from RAN3/SA2 before discussing whether the special UE can be released when the session is deactivated. 
[bookmark: _Toc242573360]When the session is deactivated or when there is data inactivity, the gNB can decide to temporarily release the UE for power saving reasons. When the gNB releases the UE new data is not expected soon, however new data may arrive at any time and at some time it will. There is a cost associated with RRC state transitions, e.g. paging and setup/resume signalling. And if the UE has to return soon again, there is not that much power saving gain. Thus it might be beneficial to have further power saving in connected mode when there is data inactivity. Instead of releasing the UE, the UE could drop into a more power efficient DRX triggered by data inactivity, similar as with long/short DRX and unicast: 
Proposal 13: Introduce a shortDurationTimer and shortDuration in DRX-ConfigPTM to enable further power saving when there is data inactivity (e.g. when the session is deactivated).
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss multicast reception in RRC_INACTIVE: 
Proposal 1: Mobility for multicast reception in RRC_INACTIVE, i.e. handover or cell reselection, depends on network configuration. 
Proposal 2: The threshold, if configured, is only applicable when the session is active.
Proposal 3: The UE configured to receive multicast in RRC_INACTIVE is informed when it shall start and may stop monitoring G-RNTI.
Observation 1: Notification via MCCH is more robust compared to Paging.
Proposal 4: MCCH DCI is used to notify start/stop monitoring G-RNTI and a time offset can be configured between MCCH PDCCH and PDSCH.
Observation 2: Reconfiguration(s) to enable multicast reception in RRC_INACTIVE should be handled locally per cell without required coordination or signalling between neighbouring cells. 
Proposal 5: The PTM configuration provided in RRCRelease is valid in the serving cell only.
Observation 3: Multicast neighbour cell information or frequency prioritization is not required to enable basic service continuity.
Proposal 6: Further service continuity enhancements are not supported.
Proposal 7: The MCCH is used to provide the PTM configuration for the following cases:
· Initial PTM configuration
· PTM configuration change
· PTM configuration with cell reselection
Proposal 8: The UE resumes when the measured RSRP or RSRQ drops below a configured threshold.
Proposal 9: If a threshold is configured, the UE can be configured to resume before cell reselection is triggered.
Proposal 10: The threshold can be configured in MCCH or RRCRelease (when MCCH is not configured).
Proposal 11: Configuration of separate resources for multicast reception in RRC_INACTIVE and RRC_IDLE is supported.
Proposal 12: The mrb-ActivationTime IE (OP) in MRB-ToAddMod-r17 IE indicates when the UE applies the new MRB configuration (SFN), otherwise the UE applies the configuration “now”. 
Proposal 13: Introduce a shortDurationTimer and shortDuration in DRX-ConfigPTM to enable further power saving when there is data inactivity (e.g. when the session is deactivated).
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