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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 and discussion, we will therefore call this new multicast transmission mode “delivery mode 2” (DM2) in what follows (in reference to former 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 and discussion, we will call this multicast transmission mode “delivery mode 1” (DM1) in what follows (in reference to former 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. 

Backwards Compatibility related Issues
As it was analysed in tdoc [3], two types of backwards compatibility issues need to be considered when it comes to supporting reception in RRC inactive state:

1) Not all gNBs may support the release 18 enhancements for “multicast reception in DM2 mode” e.g. release 17 gNBs (this remains an optional feature for release 18) 
2) Not all UEs may support the release 18 enhancements for “multicast reception in DM2 mode” : as an obvious example, the network must still support release 17 UEs for which multicast can only be received in DM1 connected. 
The first type of backwards compatibility issues (1) has been addressed in paper [4] dealing with RRC_INACTIVE reception and mobility and it has showed some requirements concerning the mobility.

For example, it was shown necessary that the UE which is receiving multicast in RRC inactive and enters into a new cell can detect whether that new cell supports and also uses DM2 mode and also whether the MBS session is active or not:

· If the target cell supports and uses DM2 mode the UE can silently continue receiving in RRC inactive state,
· If the target cell does not support DM2 mode the release 18 UE will need to reconnect – unless the MBS session is deactivated. It should be noticed that the work item does not mandate seamless mobility support for this case.
Proposal 1: a release 18 gNB cell should broadcast whether it supports and uses multicast reception in DM2 mode and also whether the MBS session is deactivated.

The second type of backwards compatibility issues (2) puts severe limitations to the use of DM2. 

Assuming principle 3 of paper [3] is agreed:
Principle 3: the decision on the delivery mode used in a cell for an MBS multicast session should take into account, among others, the following criteria: quality of service parameters received for the MBS session, load in the considered cell, support of DM2 by the RAN node, number of DM2-capable UEs in the cell, presence of release 17 UEs in the cell, radio conditions in the cell, UE preferences.
In a cell where all UEs would be DM2 supporting UEs, the gNB could take free decision to use DM1 or DM2 based on all criteria mentioned above. For example, if a cell has a big number of UEs, for scalability reasons the gNB would decide to use DM2 in the cell so that all UEs which have no other unicast service can receive the multicast in RRC_INACTIVE state.

More precisely, when gNB decides to use DM2 in a cell:

· All release 18 UEs which have no other unicast service can receive the multicast in RRC inactive state (3)
· Release 18 UEs which have other unicast service ongoing remain connected and receive the multicast in DM2 connected. (4)
The efficiency gain provided from (3) is one of the main motivations for this release 18 feature.
Observation 1: use of DM2 in a cell is beneficial when sufficient number of UEs in the cell have no other unicast service and can receive the multicast in RRC inactive state.

However, the caveat associated with observation 1 is that many release 17 UEs will continue to co-exist in the network.

Whenever a release 17 UE is camping in the cell, it can only receive the multicast in DM1 connected and will reconnect. If DM1 and DM2 modes are exclusive in a cell this means that a gNB can never use the DM2 mode in a cell and benefit from it as long as at least one legacy release 17 UE is in that cell.
Observation 2: as long as at least one release 17 UE is in the cell, the release 18 gNB shall set the cell in DM1 mode.
Dual Delivery Mode (DDM) Support

The only remedy to the problem described above seems to allow Dual Delivery Mode support: by this we mean that both DM1 and DM2 modes can coexist in a cell i.e. a cell can deliver in DM1 and DM2 simultaneously. 
With the above, a gNB does not have to select DM1 or DM2 on a per cell basis, but instead if the two modes are turned on in the cell, the decision of DM1 vs DM2 becomes a per UE decision.
Observation 3: Dual delivery mode support in a cell means that gNB can deliver simultaneously in DM1 and DM2 in a cell and that gNB can decide DM1 or DM2 on a per UE basis instead of a per cell basis. 
Support of dual delivery mode seems good but is not at no cost. 

Even though the data transmission is done one time (PDSCH scrambled by G-RNTI received by UEs using DM1 and DM2), it leads to duplicated control information transmission (separate PDCCH signalling for UEs receiving DM1 and DM2).  In addition, the gNB should provide MCCH/MTCH configurations via broadcast for DM2, on top of DM1 configurations provided by dedicated signalling to the UEs.
Observation 4: support of Dual Delivery Mode (DDM) comes at the cost of some additional radio resources being used.

It is therefore proposed that RAN3 discusses whether Dual Delivery Mode can be supported in a cell in release 18, or instead whether DM1 and DM2 are two exclusive modes in a cell.
Proposal 2: RAN3 to discuss and decide whether Dual Delivery Mode (DDM) cells are assumed to be supported in release 18, or instead whether DM1 and DM2 are two exclusive modes in a cell.
If Dual Delivery Mode cells is supported in a cell, flexible allocation of DM mode can be done on a per UE basis. For example, a gNB can take all following non-exclusive decisions at the same time in a cell:
· gNB can decide to configure Release 17 UEs in DM1 connected.
· gNB can decide to configure Release 18 UEs supporting DM2 which care about power saving preferably in DM2. 

· gNB can decide to configure Release 18 UEs supporting DM2 which need higher quality of reception preferably in DM1 connected.
· many release 18 UEs can receive the multicast in RRC inactive in a cell even though some release 17 UEs and/or some release 18 power limited UEs receive the multicast in DM1 in the same cell.

Proposal 3: if Dual Delivery Mode is supported in a cell, gNB could flexibly allocate most suitable DM mode on a per UE basis based on UE capability and UE preferences. 

Conclusion and Proposals
This paper has investigated backwards compatibility aspects and notably the coexistence of release 17 UEs in cells where the new feature of multicast reception in RRC inactive is supported. It has drawn the following observations and conclusions:

Proposal 1: a release 18 gNB cell should broadcast whether it supports and uses multicast reception in DM2 mode and also whether the MBS session is deactivated.

Observation 1: use of DM2 in a cell is beneficial when sufficient number of UEs in the cell have no other unicast service and can receive the multicast in RRC inactive state.

Observation 2: as long as at least one release 17 UE is in the cell, the release 18 gNB shall set the cell in DM1 mode.

Observation 3: Dual delivery Mode support in a cell means that gNB can deliver simultaneously in DM1 and DM2 in a cell and that gNB can decide DM1 or DM2 on a per UE basis instead of a per cell basis. 

Observation 4: support of Dual Delivery Mode (DDM) comes at the cost of some additional radio resources being used.

Proposal 2: RAN3 to discuss and decide whether Dual Delivery Mode (DDM) cells are assumed to be supported in release 18, or instead whether DM1 and DM2 are two exclusive modes in a cell.

Proposal 3: if Dual Delivery Mode is supported in a cell, gNB could flexibly allocate most suitable DM mode on a per UE basis based on UE capability and UE preferences. 
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