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 Introduction

In this paper, we will focus on the issues about PTM configuration for multicast reception in RRC_INACTIVE. There are some agreements about PTM configuration in previous meeting as follows:
	#119 meeting
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).

#120 meeting
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. 


Several assumptions can be obtained from these agreements:
Assumption 1: For one specific multicast session, there are UEs in CONNECTED and INACTIVE states at the same time.

Assumption 2: The same PDCCH/PDSCH resources can be used for all UEs.

Assumption 3: MCCH is used to carry PTM configuration update.

Assumption 4: The PTM configuration used in RRC_CONNECTED will continue to be used in RRC_INACTIVE.

To meet above assumptions, we need to discuss several questions as follows:

How to configure L1 config (such as DCI format/BWP/SearchSpace/CORESET) in RRC_INACTIVE to ensure all UEs are using the same PDSCH/PDCCH resources.
Whether MCCH configuration is delivered via dedicated signaling.
Whether UE should receive other cells’ PTM configuration for multicast reception in RRC_INACTIVE.
 The PTM configuration content
 The DCI format for multicast reception in RRC_INACTIVE
For receiving the same session, there may be several types of UEs, such as Rel-18 RRC_INACTIVE UEs/Rel-18 RRC_CONNECTED UEs/Rel-17 RRC_CONNECTED UEs. Different types of UEs obtain PTM configurations in different ways, as shown below, PTM configurations may be delivered by RRCReconfiguration message and MCCH message.
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For receiving the same session, if there is a need for change in PTM change, all UEs which joined this session group need to be indicated. To satisfy Assumption 2, how to align PTM configurations in MCCH and RRCReconfiguration need to be discussed.

There are several options:

Option 1 (multicast-like): The parameters carried in MCCH for multicast are copied from RRCReconfiguration. And DCI format used for INACTIVE UEs receiving multicast is the same as that used by CONNECTED UEs.
Option 2 (broadcast-like): The parameters carried in MCCH for multicast refer to the parameters for carried in MCCH for broadcast. And DCI format used for INACTIVE UEs receiving multicast is the same as that used to receive broadcast.

Option 3 (mix-like): The parameters carried in MCCH for multicast refer to the parameters for carried in MCCH for broadcast. And DCI format used for INACTIVE UEs receiving multicast is the same as that used by CONNECTED UEs.

At first, option 2 does not satisfy Assumption 2. For option 1, it can be guaranteed that the same PDCCH/PDSCH resources used for all UEs, but complex modification for MCCH message will be introduced at the same time. 

For option 3, fewer modifications for MCCH message by reusing the configuration parameters for broadcast as much as possible, but how to ensure the same PDCCH/PDSCH resources are used for all UEs needs to be discussed.

The DCI format used for multicast reception in RRC_INACTIVE is the same as the DCI format used for UE in RRC_CONNECTED.

 The BWP configuration in RRC_INACTIVE

In Rel-17, RRC_CONNECTED UE will receive multicast based on a UE-specific BWP. The configurations about multicast reception, such as search space (s), control resource set (s), frequency domain location and bandwidth, are configured in the UE-specific BWP when UE is in the RRC_CONNECTED state. And UE will monitor SIB message/Paging message based on the initial BWP when transitions to RRC_INACTIVE state. 

In Rel-17, multicast reception in RRC_CONNECTED is based on a UE-specific BWP, and the SIB/Paging message reception in RRC_INACTIVE based on the initial BWP.
The UE-specific BWP and the initial BWP are configured independently, which means the UE-specific BWP may not contain the initial BWP. How to satisfy these Assumptions needs to be discussed. That is, RRC_INACTIVE UEs can continue to use the multicast configuration used in the RRC_CONNNECTED state, and start to monitor the SIB/paging/MCCH messages.There are several possible options as follows:

Option 1: Restrict the BWP used by multicast transmitted under inactive to always include the initial BWP.
Option 2: Allow RRC_INACTIVE UEs to monitor SIB/paging/MCCH message in the UE-specific BWP.

Option 3: Allow RRC_INACTIVE UEs to continue using the multicast configuration used in the RRC_CONNNECTED state, and can monitor SIB/paging messages based on the initial BWP.

For option 1 and 3, there is no spec modification. RRC_INACTIVE UEs can continue to receive multicast based on the multicast configuration used in the RRC_CONNNECTED state, and can monitor the SIB/paging messages based on the initial BWP. For option 2, some spec modifications will be introduced and other RRC_INACTIVE UEs moving from other cells may not remain in RRC_INACTIVE to obtain the MCCH message from the initial BWP.

If multicast reception in RRC_INACTIVE is not based on the initial BWP, other UEs moving from other cells cannot remain in RRC_INACTIVE to obtain the PTM configuration.
Multicast reception in RRC_INACTIVE will be based on the initial BWP received in SIB1.
 The search space (s), control resource set (s), frequency domain location and bandwidth for multicast reception in RRC_INACTIVE

The configurations about multicast reception, such as search space (s), control resource set (s), frequency domain location and bandwidth, are configured for multicast MTCH in the UE-specific BWP when UE is in the RRC_CONNECTED state. In the RRC_INACTIVE state, these parameters are configured for multicast MCCH and multicast MTCH, as listed below.

The search space (s) of multicast MTCH

The control resource set (s) of multicast MTCH

The frequency domain location and bandwidth of multicast MTCH

The search space (s) of multicast MCCH

The control resource set (s) of multicast MCCH

The frequency domain location and bandwidth of multicast MCCH
How to configure these parameters for multicast reception in RRC_INACTIVE needs to be discussed. There are several options:

Option 1 (broadcast-reusing): The search space (s), control resource set (s), frequency domain location and bandwidth for multicast MCCH and MTCH in RRC_INACTIVE are the same as these for multicast MCCH and MTCH.

Option 2 (multicast-independently): The search space (s), control resource set (s), frequency domain location and bandwidth for multicast MCCH and MTCH in RRC_INACTIVE can be configured independently or even per service, different from these for broadcast services.

Compared with option 2, option 1 will cause power consumption in monitoring MCCH and MTCH, and any modification on multicast MTCH or MCCH from Broadcast side needs to be notified to all UEs including UEs that are only interested in multicast services.

Compared with using independent configuration for multicast reception in RRC_INACTIVE, reusing the configuration of broadcast may cause power consumption in monitoring MCCH and MTCH.

The search space (s), control resource set (s), frequency domain location and bandwidth for multicast MCCH and MTCH in RRC_INACTIVE can be configured independently or even per service, different from these for broadcast services.

 MCCH configuration delivery method

In the last meeting, an agreement about MCCH configuration delivery method is as follows:
	FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.


To guarantee multicast reception for UEs moving from other cells, MCCH configuration should be provided via common signaling. 

As a baseline, MCCH configuration for multicast reception in RRC_INACTIVE should be provided via common signaling. 

MCCH configuration for multicast reception can be provided via dedicated signaling has two benefits:

# It can reduce the signaling overhead when the multicast configuration is updated. 

For RRC_CONNECTED UEs, the update of multicast reception configuration can also be obtained from monitoring MCCH message but not from RRC message.

For RRC_CONNECTED UEs, if MCCH configuration for multicast reception is provided via dedicated signaling, it can reduce the signaling overhead when the multicast configuration is updated
# It can reduce the power consumption of UEs monitoring SIB messages to obtain MCCH configuration for the first time.

For RRC_INACTIVE UEs, if MCCH configuration don’t provided via dedicated signaling, they need to monitor SIB message to obtain MCCH configuration. If the MCCH configuration is provided to the UE via dedicated signaling, the power consumption for monitoring SIB messages to obtain MCCH configuration for the first time can be reduced.

For RRC_INACTIVE UEs, if MCCH configuration for multicast reception is provided via dedicated signaling, it can reduce the power consumption of UEs monitoring SIB messages to obtain MCCH configuration for the first time.
MCCH configuration for multicast reception in RRC_INACTIVE can be provided via dedicated signaling for the UE to be released.

 Support for mobility in RRC_INACTIVE
In the 120 meeting, there is an agreement about the configuration delivered to UE as follows:

	When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).


There is an FFS question, that is, for service continuity when UE moves between cells, whether NW provides the PTM configuration for other cells which are not the serving cell. 

The benefits that NW provides the PTM configuration for other cells which are not the serving cell are as follows：

1. RRC_INACTIVE UE can know in advance whether the reselected cell is transmitting the multicast service it receives.

2. The UE can modify the configuration while reselecting the cell to reduce data loss caused by inter-cell movement.

But to achieve the above benefits, some spec modification and problems may be introduced.

Frequent signaling interactions between gNB and UE will be required when configuration is updated. 

Frequent signaling interactions between gNB and gNB will be required when configuration is updated.
There may be a gap between the configuration being used by the reselected cell and the configuration received in the source cell. It is hard to achieve benefit 2.

NW provides the PTM configuration for other cells may cause complex spec modification, and the availability of PTM configuration for other cells can not be guaranteed.
NW only provides the PTM configuration for the activated multicast session received in RRC_INACTIVE via the RRC dedicated signalling for the serving cell.
In order to improve the service continuity of the UE during mobility while reducing signaling overhead and spec modification, it can be considered to let the NW provide the UE with assistant information such as the presence or absence of multicast services in neighbor cells. Such assistant information can help UE to know in advance whether the reselected cell is transmitting the multicast service it receives.

The assistant information that the presence or absence of multicast services in neighbor cells can help UE to know in advance whether the reselected cell is transmitting the multicast service it receives.
To improve the service continuity of the UE during mobility, NW can provide the UE with assistant information such as the presence or absence of multicast services in neighbor cells.
RAN2 to consider whether cell re-selection shall be affected by the assistant information such as the presence or absence of multicast services in neighbor cells.
 Conclusion
We have the following recommendations on following aspects:

# L1 configuration for multicast reception in RRC_INACTIVE

Proposal 1
The DCI format used for multicast reception in RRC_INACTIVE is the same as the DCI format used for UE in RRC_CONNECTED.

Proposal 2
Multicast reception in RRC_INACTIVE will be based on the initial BWP received in SIB1.

Proposal 3
The search space (s), control resource set (s), frequency domain location and bandwidth for multicast MCCH and MTCH in RRC_INACTIVE can be configured independently or even per service, different from these for broadcast services.

# how UE monitors MCCH
Proposal 4
As a baseline, MCCH configuration for multicast reception in RRC_INACTIVE should be provided via common signaling. 

Proposal 5
MCCH configuration for multicast reception in RRC_INACTIVE can be provided via dedicated signaling for the UE to be released.

# service continuity / mobility
Proposal 6
NW only provides the PTM configuration for the activated multicast session received in RRC_INACTIVE via the RRC dedicated signalling for the serving cell.

Proposal 7
To improve the service continuity of the UE during mobility, NW can provide the UE with assistant information such as the presence or absence of multicast services in neighbor cells.

Proposal 8
RAN2 to consider whether cell re-selection shall be affected by the assistant information such as the presence or absence of multicast services in neighbor cells.
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