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Introduction

The work item on Enhancements of NR Multicast and Broadcast services has been agreed in [2] with the following scope: 

Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]

Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
This RAN3 scope matches the ongoing discussions in SA2 concerning release 18 key issue 1 and key issue 6.

We assume that a specific transmission mode in release 18 is designed to enable the reception by UEs in RRC_INACTIVE state of a multicast MBS session in a cell. This transmission mode would presumably be similar to the broadcast mode used in release 17 i.e. MCCH, MTCH configuration added to group common PDCCH. For ease of reading, we will call this new multicast transmission mode “delivery mode 2” (DM2) in what follows (in reference to RAN2 discussions).
Similarly, we take as a starting assumption in this paper that the multicast transmission mode for UEs in RRC_CONNECTED state defined for multicast in release 17 is reused in release 18. For ease of reading, we will call this multicast transmission mode “delivery mode 1” (DM1) in what follows (in reference to RAN2 discussions).
However, it should be noticed that if DM2 is configured in a cell, UEs in RRC_CONNECTED state could also be configured with it to receive the multicast. 

We also assume in this paper that either DM1 or DM2 can be used in a cell for a given MBS session as starting point. Whether dual mode (combined DM1 and DM2) support in a cell is enabled in release 18 and associated functionalities are addressed in a separate paper (R3-22xxxx).

Summary of all mobility and state transition cases 

The following table summarizes all mobility and state transition cases and necessary actions as seen from the UE perspective:

	         Target Cell

Source Cell
	Connected DM2
	Connected DM1
	Inactive DM2

	Connected DM2
	Example Use case: unicast service ongoing, target cell in DM2
Action: handover with HO command containing the target MCCH/MTCH configuration.
	Example Use case: unicast service ongoing, target cell in DM1
Action: handover with HO command configuring the MRB for DM1
	Example Use case: 
1/ ongoing unicast service is no longer supported in target cell.
2/ source cell = target cell i.e. state transition in same cell due to termination of unicast service in the cell in absence of mobility.
Action: 
1/ handover with HO command releasing unicast services and containing the target MCCH/MTCH configuration. 
2/ gNB can release the UE to RRC_Inactive state and include in the release message the MCCH/MTCH configuration.

	Connected DM1
	Example Use case: unicast service ongoing, target cell in DM2
Action: handover with HO command containing the new MCCH/MTCH configuration + releasing DM1 MRB.
	Example use case: source and target cells in DM1 mode.

Action: R17 handover of MRBs. 
	Example use case: source cell in DM1, target cell in DM2, no other unicast service.

Action: HO command sending UE to RRC_inactive, releasing DM1 MRB and indicating the target MCCH/MTCH configuration. 

	Inactive DM2
	Example use case: source and target cells in DM2. UE exiting the RNA (RNA update).


	Example use case: source cell in DM2 and target cell in DM1. 

Action: UE shall reconnect unless session is inactive. 

Warning: means shall be provided to enable RRC_inactive UE to differentiate the case where target cell does not use DM2 – but rather DM1 - and the case where the session is deactivated. 
	Example use case: source and target cells in DM2.

Action: UE reads new MCCH/MTCH configuration and continues in inactive reception. 

Warning: means shall be provided to detect if DM1 or DM2 is used in target cell. 


From the above table, some detailed analysis follows to derive the key principles to guide the standardization work.

Detailed Principles for mobility from Inactive DM2 to Inactive DM2 
Determination of the distribution area for UEs receiving in inactive state
If we call “distribution area” the area where UEs interested to receive a multicast session are located, in release 17 the distribution area of a multicast session is determined by the presence of UEs that joined the multicast session in cells within the service area. The cells where UEs are present is known because the UEs must be receiving in RRC connected mode.

However, in release 18 multicast reception in RRC inactive state, the location of the UE is not known at cell level but at RNA level. UEs can move between cells of their RNA without notifying the NG-RAN. This is a good principle which should be kept i.e. one should not need to move UE to connected mode 
Principle 1:  UEs should be able to move within RNA receiving the multicast session in RRC inactive without the need to transition to RRC connected when both source and target cells support and use DM2.
If principle 1 is followed, when DM2 applies to a multicast session the distribution area of the multicast session is determined by the presence of UEs that joined the multicast session in an RNA.
The distribution area at a given time becomes therefore the union of all RNAs of UEs receiving in RRC inactive mode, of course to the extent of the boundary of the service area of the multicast session.

Principle 2: the distribution area for reception in RRC inactive state in a gNB should be the union of all RNAs of UEs receiving the multicast session in RRC inactive mode.

How to setup the distribution area 
Each gNB manages the multicast delivery of its own cells.
Therefore, each gNB must be informed of all ongoing RNAs set by neighbor gNBs which involve some of its cells. It must also be informed when such RNA is removed.

In the end, the distribution area for the multicast in RRC inactive reception for a given gNB corresponds to:
· The list of cells of this gNB involved by the RNA of a UE which it itself configured to RRC inactive, (1)
· The list of cells of this gNB involved by the RNA of a UE which a neighbour gNB configured to RRC inactive. (2)

Whenever the gNB is involved by (1) or (2) it needs to be set up the N3 shared delivery by sending NGAP Multicast Distribution Setup Request message towards the MB-SMF, if it has not yet done it already due to the presence of connected UEs within the multicast session. It shall also not release this N3 tunnel when the last connected UE leaves the gNB if the gNB is still involved by either (1) or (2).
For (2) a gNB1 doesn’t need necessarily to receive notification every time a new RNA is setup for one UE by a neighbour gNB2 if that new RNA does not change the distribution area that gNB2 “generates” over to gNB1.

Therefore, in order to reduce Xn signaling, a gNB2 needs not signal gNB1 each and every individual RNA it sets up for a UE involving gNB1, but the “consolidated distribution area” where gNB2 expects gNB1 to deliver the multicast session and any update of this consolidated distribution area. This is figured out in the following call flow:
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Figure 1: mobility from DM2 cell to DM2 cell: setting up the inactive reception distribution area
Principle 3: each gNB shall inform a neighbor gNB of the distribution area(s) generated by the UEs it has sent to RRC inactive state while receiving the multicast session if that neighbour gNB is involved in the RNA of one of these UEs.

Detailed Principles for mobility from Inactive DM2 to connected DM1 

Another case of mobility derived from the above table which needs a special focus is UE moving from a cell having decided using DM2 to a cell having decided using DM1.

As already stated, the support of the new DM2 mode is optional. It may be so that it is not supported in some cells or gNBs. Also, even if supported, DM2 may not be uniformly used because the decision to use DM2 is taken by gNB on a per cell basis (see paper xx). In that case, when a UE is moving within the RNA, it should be able to notice if a cell does not support and/or does not use DM2 but DM1 in order to get RRC connected and receive the multicast in DM1. This leads to the following principle:
Principle 4: RAN nodes within the RNA may have different support/use of DM2. Whether DM2 is used should be broadcast.

In addition, UE detecting whether DM2 is supported and/or used in target cell or not is not enough: the UE needs also to determine if the multicast session is activated or deactivated in the target cell. Indeed, if the multicast session is deactivated, then the UE does not need to reconnect. 

UE should also learn through some broadcast if session is active or inactive. Either by noticing that TMGI is not present in MCCH or by some other means. 

Principle 5: whether the multicast session is activated or deactivated in a cell should also be broadcast. Exact means are FFS.

NOTE 1: absence of TMGI in MCCH may not be sufficient to allow distinguishing DM2 not used in the cell vs DM2 used in the cell but MBS session deactivated. Therefore, sperate broadcast means may be needed to distinguish these two use cases.
Conclusion and Proposals
This paper has analysed all use cases of mobility involving Inactive DM2 mode and proposed:
· A table summarizing all cases

· A list of principles to capture as guidance for RAN specification work.

Principle 1:  UEs should be able to move within RNA receiving the multicast session in RRC inactive without the need to transition to RRC connected when both source and target cells support and use DM2.

Principle 2: the distribution area for reception in RRC inactive state in a gNB should be the union of all RNAs of UEs receiving in RRC inactive mode.

Principle 3: each gNB shall inform a neighbor gNB of the distribution area(s) generated by the UEs it has sent to RRC inactive state while receiving the multicast session if that neighbour gNB is involved in the RNA of one of these UEs.

Principle 4: RAN nodes within the RNA may have different support/use of DM2. Whether DM2 is used should be broadcast.

Principle 5: whether the multicast session is activated or dectivated in a cell should also be broadcast. Exact means are FFS.
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