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 Introduction

In this paper, we will give further analysis on this issue based on RAN2 119-e meeting progress, especially the PTM configuration delivery method, namely option 1 and option 2, with their applicability in various scenarios.
 Delivery of PTM configuration

 PTM configuration for UEs in RRC_INACTIVE

In the last meeting [1], the options for delivery method of PTM configuration are as follows:

	=>P3: 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


There are several factors that need to be considered when deciding the delivery method of PTM configuration:

update of PTM configuration in RRC_INACTIVE

the support for scenarios in RRC_INACTIVE defined in last meeting
mobility for UE in RRC_INACTIVE

In this section, we will cover the following aspects:

analysis to the two options from the above perspectives, and the preferred PTM configuration delivery method. 
The content of PTM configuration for multicast reception in RRC_INACTIVE. 
The privacy concern on PTM configuration delivered by SIB+MCCH, a possible solution will be provided in this part. 
 Update of PTM configuration in RRC_INACTIVE
# Option 1: Dedicated signalling
For option1, the PTM configuration for multicast reception in RRC_INACTIVE is always delivered by dedicated signaling. 

Due to the absence RRC connection between gNB and UE in RRC_INACTIVE, gNB will have to deliver the PTM configuration used in RRC_INACTIVE by dedicated signaling beforehand, i.e., while UE in RRC_CONNECTED.

For option 1 (dedicated signaling), the PTM configuration used in RRC_INACTIVE is delivered by dedicated signaling when UE in RRC_CONNECTED.
To update of PTM configuration in RRC_INACTIVE, if needed, the RRC connection should be resumed. gNB will deliver the PTM configuration by dedicated signaling after UE transitions to RRC_CONNECTED state. Enhancement could be considered though, e.g., the updated PTM configuration is carried in a certain dedicated signaling during the RRC connection resume procedure and the full RRC connection need not be established completely. By this way, UE can update PTM configuration without state transitioning. However, there are still certain signaling interaction between UE and gNB, which might make the congestion worse.
For option 1 (Dedicated signaling), the RRC connection should be resumed to update the PTM configuration in RRC_INACTIVE.

For option 1 (Dedicated signaling), even enhancing RRC procedure to deliver the updated configuration to UE without state transitioning is possible, it might still make the congestion worse due to signaling interaction between UE and gNB.

# Option 2: SIB+MCCH
For option 2, the PTM configuration for multicast reception in RRC_INACTIVE is delivered by SIB+MCCH, the similar manner how, in Rel-17, the PTM configuration of broadcast service is delivered. Such configuration delivery and update mechanism for multicast reception in RRC_INACTIVE can be reused.

For option 2 (SIB+MCCH), the delivery and update mechanism can reuse the delivery mechanism of broadcast PTM configuration in Rel-17.
For the update of PTM configuration in RRC_INACTIVE, the MCCH modification mechanism can be reused. In this way, PTM configuration can be updated in RRC_INACTIVE without any signaling interaction between UE and gNB.

For option 2 (SIB+MCCH), PTM configuration can be updated in RRC_INACTIVE without any signaling interaction between UE and gNB.
 Support to various scenarios in RRC_INACTIVE
In last meeting [1], the basic scenarios about multicast reception for UEs in INACTIVE are as follows:

	=>In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:

-Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.

-Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session

FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.


In this section, we will clarify the scenarios at first and then analyze the two delivery method.
For scenario 1, the multicast session is active, and the PTM configuration has been delivered to UE. The multicast data is being received before and after state transitioning happens.

For scenario 1, the multicast session is active and the multicast data is being received before and after state transitioning happens.

For scenario 2, there are several possibilities:

2-1. The multicast session is active and the PTM configuration has been delivered to UE, but UE has not started to receive multicast data when UE transitions to RRC_INACTIVE, e.g., UE only starts the reception after being released.
2-2. The multicast session is inactive, gNB does not allocate radio resources for it when UE transitions to RRC_INACTIVE.
In scenario 2, different multicast session state will affect the delivery of PTM configuration. It is necessary to clarify the multicast session state in scenario 2.

For inactive multicast sessions (scenario 2-2), gNB will not allocate radio resources for it when UE transitions to RRC_INACTIVE.
We will then analyse how above scenarios can be supported by different PTM config delivery method (option 1 or 2).
# Option 1: Dedicated signalling
For scenario 1, gNB will deliver the corresponding PTM configuration used in RRC_INACTIVE by dedicated signaling for RRC_CONNECTED UE. And UE continues the multicast reception.

For option 1 (Dedicated signaling), RRC_INACTIVE UE continues to multicast reception using stored PTM configuration in scenario 1. 
For scenario 2, we will analyze the above possibilities separately.

2-1. gNB will deliver the corresponding PTM configuration used in RRC_INACTIVE by dedicated signaling for RRC_CONNECTED UE. And UE starts multicast reception using the corresponding PTM configuration. 

2-2. UE cannot start to receive multicast in RRC_INACTIVE until the PTM configuration delivered by dedicated signaling. Some signaling interaction is needed for PTM configuration delivery when multicast session is activated, such as group paging mechanism. 

For option 1 (Dedicated signaling), UE cannot stay RRC_INACTIVE to obtain PTM configuration without signaling interaction when inactive multicast is activated.

# Option 2: SIB+MCCH

For scenario 1, gNB will deliver the corresponding PTM configuration which is used in RRC_INACTIVE by SIB+MCCH. And RRC_INACTIVE UE will monitor MCCH to obtain PTM configuration and continue to multicast reception using the corresponding PTM configuration. 

For scenario 2, we will analyze the above possibilities separately.

2-1: UE will monitor MCCH to obtain PTM configuration and start to multicast reception using the corresponding PTM configuration after transitioning to RRC_INACTIVE state.

2-2: gNB will deliver PTM configuration after the multicast session activation. UE will monitor MCCH to obtain PTM configuration and start multicast reception using the corresponding PTM configuration after transitioning to RRC_INACTIVE state.

For option 2 (SIB+MCCH), it can support scenario 1 and scenario 2 without additional interaction between UE and gNB.
 Support for mobility in RRC_INACTIVE
In last meeting [1], the mobility discussion about multicast reception for UEs in INACTIVE are as follows:
	=>P1: 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.

=>P4: 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. 


For multicast reception in RRC_INACTIVE state, it is supported that UE moves across cells without state transitioning if PTM config is available.
Different delivery methods of PTM configuration will have different impact on the mobility in RRC_INACTIVE.

# Option 1: Dedicated signalling
For option 1, UE needs to resume the connection to request PTM configuration. RRC release might be enhanced to deliver updated configuration, however it may make the congestion heavier due to signaling interaction between UE and gNB. Another alternative is to deliver neighbor cells’ PTM configuration in advance. However, the PTM configuration of neighbor cell is dynamic, which makes it less pragmatic to sync or deliver it to UE in advance. If the PTM configuration is not available, UE still needs to resume the connection or perform some signaling interaction with gNB in the re-selected cell.

Obtaining the neighbor cells’ PTM configuration in advance cannot be guaranteed.
For option 1 (Dedicated signaling), after cell reselection, UE needs to resume the connection or perform some signaling interaction with gNB to request the PTM configuration.

For option 2, after cell reselection, UE obtains the PTM configuration by monitoring MCCH like broadcast in Rel-17. Multicast service continuity after cell reselection is guaranteed without resuming RRC connection.

For option 2 (SIB+MCCH), after cell reselection, UE obtain the PTM configuration by monitoring MCCH without resuming RRC connection.
The comparison between these two options can be summarized as below:

Table 1.  the comparison between two delivery method
	
	Option 1: Dedicated signaling
	Option 2: SIB+MCCH

	Update of PTM configuration 
	hard to update PTM configuration without signaling interaction between UE and gNB

×
	Reuse the modification period of MCCH without any signaling interaction between UE and gNB

√

	The support of scenarios
	Support

Scenario 1       
without signaling interaction between UE and gNB

√
	Support

Scenario 2

2-1:active multicast
without signaling interaction
2-2: inactive multicast

with signaling interaction between UE and gNB

×
	Support 

Scenario 1 

without additional interaction between UE and gNB

√
	Support 

Scenario 2
2-1:active multicast
2-2: inactive multicast
without additional interaction between UE and gNB

√

	The support of mobility
	after cell reselection, UE needs to resume the connection or perform some signaling interaction with gNB to request the PTM configuration

×
	after cell reselection, UE obtain the PTM configuration by monitoring MCCH without resuming RRC connection in RRC_INACTIVE state

√


Based on the comparison, for the multicast reception in RRC_INACTIVE, the Option 2 (SIB+MCCH) performs better than Option 1 (dedicated signaling) in configuration update, the support of various scenarios, the support of mobility, and more generally on the scalability. Thus, the delivery of PTM configuration for multicast by Option 2 (SIB+MCCH) is more suitable, at least for UEs in RRC_INACTIVE. 
Support the delivery of PTM configuration for multicast by SIB+MCCH, at least for UEs in RRC_INACTIVE.
 PTM configuration for UEs in RRC_CONNECTED
In the last meeting [1], the UE state discussion for the same multicast are as follows:

	=>P3: It is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this. 


In Rel-18, it is supported to deliver PTM configuration for multicast by dedicated signaling in RRC_CONNECTED like Rel-17. If the delivery of PTM configuration for multicast is SIB+MCCH in RRC_INACTIVE, for the same multicast, whether the delivery of PTM configuration can be SIB+MCCH in RRC_CONNECTED need to be discussed.

For the same multicast, if the delivery of PTM configuration for multicast is SIB+MCCH in RRC_INACTIVE, whether the delivery of PTM configuration can be SIB+MCCH in RRC_CONNECTED needs to be discussed.
There are several options about the delivery method of PTM configuration:

Dedicated signaling in RRC_CONECTED and SIB+MCCH in RRC_INACTIVE
SIB+MCCH in RRC_CONECTED and SIB+MCCH in RRC_INACTIVE

# Dedicated signaling in RRC_CONECTED and SIB+MCCH in RRC_INACTIVE
PTM configuration can always be delivered by dedicated signaling in RRC_CONNECTED like Rel-17, and delivered by SIB+MCCH after transitioning to RRC_INACTIVE. In this way, The MBS data loss will be incurred while transitioning between RRC Connected state and RRC Inactive state in the middle of MBS data session. 

The MBS data loss might happen when UE transitions state if PTM configuration is delivered by dedicated signaling in RRC_CONNECTED and by SIB+MCCH in RRC_INACTIVE.

# SIB+MCCH in RRC_CONECTED and SIB+MCCH in RRC_INACTIVE
If PTM configuration is always delivered by SIB+MCCH in RRC_CONNECTED and RRC_INACTIVE state, it can avoid the MBS data loss when UE transitions state. 

To avoid the MBS data loss when UE transitions state, PTM configuration can be delivered by SIB+MCCH in RRC_CONNECTED and RRC_INACTIVE state. 

 Content of PTM configuration in RRC_INACTIVE
In last meeting [1], the agreement about the PTM configuration/resources is as follows:
	=>The following is taken as baseline: we assume the same PDCCH/PDSCH resources (e.g. resources used for MTCH) can be used for all UEs (including UEs in CONNECTED and/or INACTIVE states) for receiving the same multicast session. Different configuration/resources are not precluded as well. FFS what exactly can be common and what not (e.g. HARQ, SPS etc.) and what is needed in addition (to legacy PTM config).
=>P5: HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE. 


For the same multicast, the difference between the PTM configuration in RRC_INACTIVE and RRC_CONNECTED should be discussed.

In order to reduce the spec impacts, it can be easily assumed the PTM configuration in RRC_INACTIVE will follow what has already been defined in Rel-17:

If PTM configuration is delivered by dedicated signaling, the PTM configuration in RRC_INACTIVE should reuse the PTM configuration in RRCReconfiguration message as much as possible. 

If PTM configuration is delivered by SIB+MCCH, the PTM configuration should reuse the broadcast configuration in SIB+MCCH as much as possible. 

The PTM configuration in RRC_INACTIVE will be affected by its delivery method.
In Rel-18, the PTM configuration content should reuse the PTM configuration in Rel-17 as much as possible, details is FFS.
In the email discussion [2], there are two mainly concerns about using SIB+MCCH to deliver PTM configuration in RRC_INACTIVE.

Security concern: a fake gNB provide fake SIB/MCCH message.

Privacy concern: whether the PTM config for multicast shall be accessed by UE that has not joined the multicast session
There is a privacy concern about option 2 (SIB+MCCH), that is, whether the PTM config for multicast shall be accessed by UE that has not joined the multicast session.
For the security concern, In Rel-17, for broadcast services, SIB+MCCH has been used to deliver PTM configuration. And the fake SIB/MCCH message should be a common issue that not a specific problem for multicast reception in RRC_INACTIVE. We dont see it a concern here, and therefore no need to enhance anything.
A possible solution for the privacy concern is that, using a TMGI index that is anonymous to other UE, in MCCH to replace the real TMGI (which reduces the payload too). In this way, only a group of UEs which has joined the multicast session know the real multicast TMGI of PTM configuration in MCCH.
Use a TMGI index in MCCH to replace the real TMGI.
 Indication about the delivery of PTM configuration

If the delivery of PTM configuration can be configured by network, such as for UEs in RRC_CONNECTED/RRC_INACTIVE, it can be configured to receive PTM configuration by dedicated signaling or SIB+MCCH, whether an indication information from gNB is necessary.

Whether the delivery of PTM configuration can be dynamically determined by network should be discussed.
If the delivery of PTM configuration can be dynamically determined by network, an indication information from gNB is necessary.
QoS of multicast reception in RRC_INACTIVE
One missing part in last RAN2 meeting on this Rel-18 feature is the QoS support to multicast reception in RRC_INACTIVE, this is exactly also the part that differentiates multicast from broadcast is the QoS support in Rel-17 NR MBS. It is assumed that network will always guarantee the QoS that it receives the 5GC, just as it does for PDU session of the unicast service. While for broadcast, although there is also explicit QoS profile from 5GC, it is always best effort delivery. No close loop control broadcast, not at least inside 3GPP.

While UE is RRC_CONNECTED, network is of course in control. There is no worry or concern. However, as soon as UE is released to RRC_INACTIVE, network loses its control, at least temporarily. This is also the concern from SA2 in its latest LS (S2-2207470),

1.SA2 understands that it is NG-RAN decision on how to deliver MBS data to the UEs and whether to transition UEs receiving MBS data in an MBS session to RRC Inactive state.

SA2 is discussing whether AFs can recommend not to enable the function in NG-RAN for inactive reception for MBS sessions which are particularly sensitive for packet loss. Further, SA2 is discussing solutions where some UEs might not be suitable to be sent to RRC Inactive state (e.g., priority users in a multicast group).

SA2 is also discussing "assistance information" that can be provided by the core network (possibly based on input from the AF) to assist NG-RAN in those decisions.

Q1: SA2 would also like to understand:

a)If there are significant differences in the quality and reliability of the reception of MBS data between UEs in RRC Connected state and UEs in RRC Inactive state

The QoS for multicast reception in RRC_INACTIVE is rarely touched.

SA2 is seeking RAN WG understanding on whether there is a different of QoS between two UE RRC states (i.e., RRC_INACTIVE and RRC_CONNECTED).

One should make a reasonable assumption that the QoS shall still be guaranteed, as it would be not fair if some of the UE released to RRC_INACTIVE experiences downgraded QoS; while some of the UEs who stays in RRC_CONNNECTED due to ongoing unicast service, experiences normal QoS.

It is not fair for UEs experiencing different QoS in two RRC states.
Rel-18 WID NR MBS shall be able to provide multicast services to a large number of UEs, if network is congested, network either release the service or provide the service in a compromised way. However in some cases such as mission critical or public safety services, a compromised QoS might be the optimal solution compared to no service at all. 

In case of mission critical services in network congestion scenarios, compromised QoS can be better than no service at all.

Such compromise can be reflected either on lower QoS or releasing some of the UEs. Releasing part of the UEs can be a network implementation (e.g., part of the UEs' connection or audio/video/data transmission dropped, while UE is configured with a wait time to reconnect at AS layer), which brings deterioration in user experience. On the other hand, lower QoS or compromised QoS needs standardized support.
From service layer perspective, such compromised service should be allowed or enabled. Alternative QoS is a framework that can be adopted from legacy QoS modeling. Service layer (e.g.. application function can be notified.
For either case, whether UE maintained in RRC_CONNECTED or released to RRC_INACTIVE, UE receives the multicast service with the compromised QoS or alternative QoS.
Reusing the alternative QoS profile and QoS notification framework could facilitate network to continue the service during RAN resource congestion.
Reuse alternative QoS profile and QoS notification framework for Rel-18 NR MBS at least for multicast session.

If UE in RRC_INACTIVE is experiencing bad reception quality, e.g., below certain threshold, action must be taken to help UE resume the reception quality, if network is able to. One simple mechanism is to allow UE to resume RRC_CONNECTED state under such circumstances.

Allow UE to resume RRC_CONNECTED state if the reception quality is below certain threshold.
 Conclusion
We have the following recommendations:
Support the delivery of PTM configuration for multicast by SIB+MCCH, at least for UEs in RRC_INACTIVE.

For the same multicast, if the delivery of PTM configuration for multicast is SIB+MCCH in RRC_INACTIVE, whether the delivery of PTM configuration can be SIB+MCCH in RRC_CONNECTED needs to be discussed.

To avoid the MBS data loss when UE transitions state, PTM configuration can be delivered by SIB+MCCH in RRC_CONNECTED and RRC_INACTIVE state. 

In Rel-18, the PTM configuration content should reuse the PTM configuration in Rel-17 as much as possible, details is FFS.

Use a TMGI index in MCCH to replace the real TMGI.

If the delivery of PTM configuration can be dynamically determined by network, an indication information from gNB is necessary.

Reuse alternative QoS profile and QoS notification framework for Rel-18 NR MBS at least for multicast session.

Allow UE to resume RRC_CONNECTED state if the reception quality is below certain threshold.
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