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 Introduction
In this paper, we will analyze the following issues:

section 2, the ping-ping issue in the mechanism of reception quality measurement
section 3, the solutions of multicast frequency prioritization in RRC_INACTIVE
section 4, on co-existence of SDT and Rel-18 MBS
section 5, the configuration parameters in RRCRelease message
section 6, the analysis of UE behavior after released
section 7, the indication of session deactivation
 The mechanism of reception quality measurement
RAN2 has agreed to introduce a configuration threshold to quantify the reception quality of multicast reception in RRC_INACTIVE. Still, there is an FFS on whether/how we need to address ping-pong issue.
	RAN2#123 agreements

=>For a UE receiving multicast in RRC_INACTIVE, the UE resumes the RRC connection when the measured RSRP or RSRQ based on the existing measurement requirements (whichever is configured by the NW) of the serving cell becomes lower than the threshold configured by network. FFS whether/how we need to address ping-pong issue.


# Whether there is a ping-pong issue?
The ping-pong issue means UE frequently switches between two states, e.g., for one UE at cell edge it might frequently re-select to two neighbouring cells if not properly configured. In our scenario, UE will only trigger to resume RRC connection when reception quality is not good enough, whether to allow UE access is completely in the control of gNB. For example, if UE always trigger to resume RRC connection after being released to RRC_INACTIVE, gNB can decide to not release it again or configure it to stay in RRC_INACTIVE for a while with a back off timer. Thus, there is no real ping-pong issue when RRC_INACTIVE UEs resume RRC connection due to the poor multicast reception quality. The key here is to define how to determine that the reception quality is not good enough, and the left is network implementation.
RRC_INACTIVE UEs will only trigger to resume RRC connection when reception quality is not good enough, and whether to allow UE access is completely in the control of gNB.
There is no ping-pong issue when RRC_INACTIVE UEs resume RRC connection due to the poor multicast reception quality.
No need to solve the ping-pong issue when resuming RRC connection due to poor reception quality.
# How to deal with the randomness of signal drop?
Despite the fact that no ping-pong issue exists in this scenario, we need to ensure the reason for resume RRC connection is a consistent signal drop, i.e., random signal drop should be filter out.
In 3GPP, to solve this issue, a time interval is used, e.g., during cell re-selection, measurement reporting, etc. The procedure will only be triggered after the conditions are met after a time interval, .

To filter out random signal drop, one usual method is to introduce a time interval, for cell reselection, measurement reporting.
Same solution can be introduced in this scenario. That is, UE will resume the RRC connection if the measured RSRP or RSRQ becomes lower than the threshold consistently after a time interval.

UE will resume RRC connection if the measured RSRP or RSRQ becomes lower than the threshold consistently after a time interval.

 Frequency prioritization
In RAN2#123 meeting, the agreements about frequency prioritization are as follows.
	RAN2#123 agreements

=> Dedicated frequencies in RRCRelease can be used by the NW, as legacy

=> FFS whether we need something more, e.g. frequency priorities in MCCH or a solution based on FSAI


Dedicated frequencies in RRCRelease can be used by the NW for multicast frequency prioritization in RRC_INACTIVE.
# solutions based on FSAI

Other than the frequency information in the dedicated RRCRelease message, it was suggested that the frequency prioritization mechanism defined for MBS broadcast can be re-used. There are concerns with a frequency prioritization solution with SA2 involved, e.g., based on FSAID, though. Fow now, such mechanism was only defined for MBS broadcast.
	#23.247
The MBS Frequency Selection Area (FSA) ID is used for broadcast MBS session to guide the frequency selection of the UE.
MBS FSA ID identifies a preconfigured area within, and in proximity to, which the cell(s) announces the MBS FSA ID and the associating frequency (details see TS 38.300 [9]). MBS FSA ID and their mapping to frequencies are provided to RAN nodes via OAM.
Based on this configuration, RAN nodes announce in SIBs over the radio interface information about the MBS FSA IDs and frequencies.
When a broadcast MBS session is created, the AF may provide MBS FSA ID(s) based on the business agreement. If the AF does not provide MBS FSA ID(s), the MB-SMF determines MBS FSA ID(s) based on configured mapping from MBS service area and/or broadcast MBS session information (e.g. application ID) to MBS FSA ID(s) and sends the determined MBS FSA ID(s), to the AF (optionally via NEF).


The MBS FSA ID(s) is provided by NAS layer for MBS broadcast, e.g., only for a broadcast MBS session when it is created.

If a solution based on FSAI is introduced for multicast frequency prioritization in RRC_INACTIVE, NAS layer impacts is inevitable. 

Other than this, the more important question is whether we need to expand the impacts to SA2, if it is a pure RAN issue at access layer?

RRC_INACTIVE reception is feature that is a RAN implementation decision that releasing UE to RRC_INACTIVE to continue the multicast reception. The cells that enables such delivery mode is an access layer scheduling decision. That means, the scheduling decision could be very dynamic and temporary to handle the cell congestion, also the area including the cells with this mode could be dynamic and small. While for broadcast, the frequency prioritization and FSAID is based on a more static planning, which is a distinctively different scenario that is inherited from LTE era.
A RAN internal decision on which frequency, if needed for UE, should be good enough, while no impacts is to be introduced to other WGs.
The frequency prioritization solution based on FSAI will introduce unnecessary impacts of NAS layer.
Do not introduce an FSAI based frequency prioritization solution for multicast in RRC_INACTIVE.
# frequency priorities in MCCH
In Rel-17, frequency priorities may be provided to the UE in the system information (e.g., SIB4 for NR frequency priorities), in the dedicated signalling message. And UE will delete priorities provided by dedicated signalling if one of the following conditions is met.
	#38.304
The UE shall delete priorities provided by dedicated signalling when:
-
the UE enters a different RRC state; or

-
the optional validity time of dedicated priorities (T320) expires; or

-
the UE receives an RRCRelease message with the field cellReselectionPriorities absent; or

-
a PLMN selection or SNPN selection is performed on request by NAS (TS 23.122 [9]).


To make sure the validity of frequency priorities, a validity time of dedicated priorities (T320) is provided by gNB. UE will delete priorities provided by dedicated signalling when it expires, and then, UE can obtain the frequency priorities from the system information or enter RRC_CONNECTED state to obtain it.

In Rel-17, RRC_IDLE/RRC_INACTIVE UE can obtain the new frequency priorities from the system information or enter RRC_CONNECTED state.
The next question is whether to provide/update such frequency info in the MCCH. Currently the candidate solutions are obtaining the frequency priorities information from:
dedicated signaling: the validity of frequency priorities cannot be guaranteed, frequency priorities can not be updated. If network wants to update this configuration it can only do this for UE in RRC_CONNECTED.

system information: the legacy frequency priorities in system information is used for load balancing, not used to improve the continuity of MBS transmission in RRC_INACTIVE state.

MCCH: To improve the continuity of MBS transmission in RRC_INACTIVE state, frequency priorities different from legacy may be provided by dedicated signaling. To enable network to update such info for curent serving cell, a possible solution is to update the frequency priorities via MCCH.

The legacy frequency priorities in system information is used for load balancing, instead of the continuity of MBS transmission in RRC_INACTIVE state.

Frequency info in MCCH allows network to update the frequency priority info for current cell.

Frequency priorities information are provided to the UE via MCCH.
 Multicast reception and SDT
During the running CR discussion phase in June, companies spotted that the UE behaviour of paging monitoring in RRC_INACTIVE, should be discussed, with the following FFS suggested by rapporteur:

Editor’s Note: FFS whether SDT and MBS multicast reception in RRC_INACTIVE can be configured together. And if yes, whether UE configured for MBS multicast reception in RRC_INACTIVE monitors group paging during SDT

The first question is whether SDT and MBS multicast reception in RRC_INACTIVE can be configured together or not. One thing widely accepted by companies is for Rel-18 there are very limited TUs, therefore no specific optimizations shall be included in case of SDT and Rel-18 MBS. However, if such configuration in certain deployment scenario happens, a strategy may be defined if the complexity is within control. We can come back to this question after a brief impacts review.
The controversy comes from whether UE needs to monitor paging if the SDT is ongoing, for now the scope is quite focused. For SDT current UE behaviour is defined as below in 331:

4.2.1
UE states and state transitions including inter RAT

-
While SDT procedure is not ongoing, monitors a Paging channel for CN paging using 5G-S-TMSI and RAN paging using fullI-RNTI, except if the UE is acting as a L2 U2N Remote UE;

-
If configured by upper layers for MBS multicast reception, while SDT procedure is not ongoing, monitors a Paging channel for paging using TMGI; 

5.2.2.2.2
SI change indication and PWS notification

UEs in RRC_INACTIVE while SDT procedure is ongoing shall monitor for SI change indication in any paging occasion at least once per modification period, if the initial downlink BWP on which the SDT procedure is ongoing is associated with a CD-SSB. 

It can be found that, if SDT procedure is ongoing, UE only acquires the SI change indication, but not the paging record. Since for DL data/connection management, it is under network control anyway if the SDT procedure is ongoing.
If SDT procedure is ongoing, a Rel-17 UE only acquires the SI change indication, but not the paging record.
While for multicast in RRC_INACTIVE in Rel-18, UE may not be configured in advance with any prior-knowledge, based on current signaling design (the pre-configuration in RRC Release is only optional). That is to say, UE will have to rely on the enhanced group paging to be aware of the session activation dynamically. Therefore UE in RRC_INACTIVE, regardless of whether SDT procedure is ongoing, should monitor the paging. It might not be friendly to power efficiency, but it should be affordable as the SDT procedure itself won't be long.
UE in RRC_INACTIVE needs to monitor paging to be aware of the session activation, regardless of the state of other procedures, e.g., SDT procedure.
Based on above, we see the complexity is within control for now, we propose:

No specific optimization is to be made in Rel-18 if a UE are both configured with SDT and MBS.
RRC_INACTIVE UE monitors paging, regardless of whether SDT procedure is ongoing.

 PTM configuration in RRCRelease message
RAN2 has agreed to deliver PTM configuration for multicast reception in RRC_INACTIVE via RRCRelease message. But the exact parameters in RRCRelease message has not been discussed. In this section, we will discuss some parameters which should be contained in RRCRelease for multicast reception in RRC_INACTIVE.

# Cell ID
A PTM configuration should always be related with one cell. For UEs in RRC_CONNECTED, the PTM configuration is always associated with one specific serving cell, UE always knows which cell it belongs to. For the PTM configuration in MCCH, it surely belong to the current cell. As for the PTM configuration in RRCRelease message, it must belong to the serving cell of UE. But there may be multiple serving cells, if there is no relevant cell ID, the UE cannot know which cell the configuration belongs to. Thus, the corresponding cell ID should be contained as part of the PTM configuration in RRCRelease message.

A PTM configuration should always be related with one cell.
The corresponding cell ID is part of the PTM configuration in RRCRelease message.
# Session state

The delivery method of PTM configuration in RRC_INACTIVE has been discussed before. The agreements are as follows:
	RAN2#121 agreements

=>If network finds it useful, the PTM configuration for the (single) serving cell can be configured to UE before the session activation, and UE stores the configuration. When session is activated, UE can receive multicast in INACTIVE state by applying the configuration without going back to RRC_CONNECTED, if not updated by MCCH after being configured.

=>When network configures UE to receive multicast in INACTIVE state, RRCRelease message with suspendconfig can be used to deliver the PTM configuration. Other dedicated RRC messages will not be used to provide PTM configuration for MBS multicast for INACTIVE.


It can be seen that, RRCRelease message can be used to provide PTM configuration for active multicast sessions and inactive multicast sessions. But UE will perform different behaviors for active sessions and inactive sessions.

For active sessions, UE will receive multicast in RRC_INACTIVE state by applying the configuration which is carried by RRCRelease message.

For inactive sessions, UE will store the configuration and receive multicast in RRC_INACTIVE state by applying it when session is activated.

RRCRelease message may be used to provide PTM configuration for active multicast sessions and inactive multicast sessions.

UE behaves differently for active sessions and inactive sessions when receiving the PTM configuration from RRCRelease message.
To help UE perform the right behavior, session state should be contained in the PTM configuration which is carried by RRCRelease message.

If there is no indication about session state, UE cannot know how to use the configuration which is carried in RRCRelease message.
And furthermore, in the last meeting, we have agreed to indicate which multicast service can be received in INACTIVE in suspendConfig of RRC Release, but how to indicate is still FFS.

	RAN2#123 agreements

=>NW indicates which multicast service can be received in INACTIVE in suspendConfig of RRC Release. FFS how exactly this is indicated.


The session state or corresponding UE behavior can also be used to indicate this corresponding multicast session can be received in INACTIVE. 

The session state or corresponding UE behavior can also be used to indicate this corresponding multicast session can be received in INACTIVE. 
Session state or corresponding UE behaviour should be contained in in the RRCRelease message.
 UE behavior after released

In the past meeting, we have agreed that MCCH is used to indicate a PTM configuration.
	RAN2#120 agreements

=>MCCH is used in case there is a need to indicate a PTM configuration in case there is a need for change in PTM config or during mobility beyond serving cell / gNB. FFS session status change and other indications.


It can be seen that MCCH is used to carry a PTM configuration in case there is a need for change in PTM config or during mobility beyond serving cell/gNB. It is necessary to clarify the trigger conditions for monitoring MCCH. In [1], we have discussed some scenarios for monitoring MCCH as follows.

Table 1. The scenarios for monitoring MCCH
	Condition
	Deactivated session
	Active session but temporary no data
	Active session

	
	Be indicated in RRCRelease
	Be indicated in RRCRelease
	?

	
	Receive PTM configuration in RRCRelease
	Not receive PTM configuration in RRCRelease
	Receive PTM configuration in RRCRelease
	Not receive PTM configuration in RRCRelease
	Receive PTM configuration in RRCRelease
	Not receive PTM configuration in RRCRelease

	UE behavior
	monitor MCCH DCI upon receiving group paging
	read multicast MCCH(if present) upon receiving group paging
	monitor MCCH DCI upon receiving group paging
	read multicast MCCH(if present) upon receiving group paging
	Start to monitor MCCH DCI for possible change notification in RRC_INACTIVE
	?


In the table above, the black parts, we've already discussed in [1], but for the red parts, we still haven’t discussed yet. The scenario is that, if the session is active which is indicated to be received in RRC_INACTIVE and the PTM configuration of corresponding session is not included in RRCRelease message. There are several possibility about UE behavior after transitioning to RRC_INACTIVE state.

Option 1: UE continues to use the PTM configuration in RRC_CONNECTED state according to the indication and does not perform Multicast MCCH information acquisition immediately but starts to monitor MCCH DCI for possible change notification after transiting to INACTIVE.

Option 2: UE continues to use the PTM configuration in RRC_CONNECTED state according to the indication and performs Multicast MCCH information acquisition immediately.

Option 3: UE suspends the PTM configuration in RRC_CONNECTED state according to the indication and performs Multicast MCCH information acquisition immediately.
In the table above, the black parts, we've already discussed in [1], but for the red parts, we still haven’t discussed yet.
If the session is active which is indicated to be received in RRC_INACTIVE and the PTM configuration of corresponding session is not included in RRCRelease message, UE behavior after transitioning to RRC_INACTIVE should be discussed.
 The indication of session deactivation
In RAN2#122 meeting, we have agreed that MCCH is used for notifying MC session deactivation, but how to indicate is still FFS.
	=> MCCH is used for notifying MC session deactivation for multicast reception in RRC_INACTIVE to enable Rel-18 UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI. 
=> This is assumed to have no/minor impact on RAN1/PHY 


There are two possible solutions as follows.

Solution 1: removing the corresponding PTM configuration in MCCH when session is deactivated.

Solution 2: Introducing an explicit indication (e.g., 1 bit) in MCCH which is used for notifying session deactivation.

For solution 1, a common concern is that UE cannot distinguish session deactivation and session not provided when UE selects a new cell. But session deactivation occurring during cell reselection is a corner case. It is unnecessary to introduce a new spec modification for solving this issue, such as solution 2.

Session deactivation occurring during cell reselection is a corner case.
Removing the corresponding PTM configuration in MCCH is used for notifying MC session deactivation.
 Conclusion
We have the following recommendations:

# Reception quality measurement
No need to solve the ping-pong issue when resuming RRC connection due to poor reception quality.
UE will resume RRC connection if the measured RSRP or RSRQ becomes lower than the threshold consistently after a time interval.

# Frequency prioritization

Do not introduce an FSAI based frequency prioritization solution for multicast in RRC_INACTIVE.
Frequency priorities information are provided to the UE via MCCH.
# Co-existence of SDT and Rel-18 MBS

No specific optimization is to be made in Rel-18 if a UE are both configured with SDT and MBS.
RRC_INACTIVE UE monitors paging, regardless of whether SDT procedure is ongoing.

# Configuration parameters in RRCRelease
The corresponding cell ID is part of the PTM configuration in RRCRelease message.
Session state or corresponding UE behaviour should be contained in in the RRCRelease message.
# UE behavior after released
If the session is active which is indicated to be received in RRC_INACTIVE and the PTM configuration of corresponding session is not included in RRCRelease message, UE behavior after transitioning to RRC_INACTIVE should be discussed.
# The indication of session deactivation
Removing the corresponding PTM configuration in MCCH is used for notifying MC session deactivation.
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