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Introduction

The work item on Enhancements of NR Multicast and Broadcast services has been agreed in [2]. This RAN3 scope matches the ongoing discussions in SA2 concerning release 18 key issue 2.
Several open issues are to be continued from RAN3#118:

· Assistance information from 5GC to RAN 
· Mobility of UEs towards cells with established multicast resources

· Mobility of UEs towards cells with not yet established multicast resources

This paper provides our view on the above topics and also has a first TP for starting baseline CR to 38.300.
Description
1. Assistance Information
SA2 has agreed UE level assistance information as optional parameter to be sent from 5GC to gNB. It is set per MBS session. It is sent by the AF to inform the network whether from the expected traffic pattern of the UE it is preferred to keep the UE in the RRC Connected state even if it is able according to its radio capabilities to receive the MBS session data in RRC_INACTIVE state, e.g., a frequent talker. 
The SMF provides the received UE level MBS assistance information to NG-RAN node as part of the PDU session information in N2 SM Info and sent to gNB via AMF.
The encoding of the parameter is up to RAN3 to decide. It can be “a flag, multiple choices (high/low/medium) or multiple integer values of the assistance information for the expected traffic pattern”.
In our view what matters is for gNB to determine that UE should be kept RRC_connected. Therefore, a flag or binary encoding “connected preferred” is sufficient. As agreed per SA2 should be per MBS session.
Proposal 1: agree an ENUMERATED (connected preferred) optional per MBS session. If not included UE is handled normally. 
The next question is when should 5GC send this UE level assistance information?

The UE level assistance information can be sent at UE joining or later using the NG PDU Session Modification procedure or the PDU session setup procedure. It can also be sent to the target gNB during mobility events i.e. Xn/NG Handover messages. In fact, the simplest solution is to add this Assistance information within the existing MBS Session Information which is already sent over RAN3 Transfer containers to MBS supporting gNBs.   

Proposal 2: include the “connected preferred” optional IE per MBS session within the existing MBS session Information in all PDU session setup/modify and handover messages. 

2. Mobility involving multicast reception in RRC inactive state
a. Mobility of UEs receiving multicast in RRC_INACTIVE state (in congested cells) towards cells with established multicast resources
Based on RAN2 agreement, if a UE moves with Reception in RRC Inactive mode enabled into target cell, the UE should be able to continue receiving without getting RRC connected. RAN3 agreed similar text at RAN3#117bis:

NG-RAN signaling supports service continuity for UEs receiving multicast session data in RRC_INACTIVE, i.e., a UE is able to continue multicast reception without RRC state transitioning after cell reselection in RRC_INACTIVE state if the configuration of the new cell is available for the UE. FFS impacts to network interface
However, this assumes that the UE can quickly determine if the target cell has activated the mode of reception in RRC inactive state. Since this activation/deactivation is varying information, we don’t think UE can always be configured in advance as part of RAN2 early PTM configuration. Therefore, this information should be broadcast.

Besides, if the UE enters from outside into the service area in RRC inactive state, the UE should be able to quickly determine the multicast session status i.e. if the multicast session is active or inactive. Again, this is dynamically changing information and cannot be configured in advance as part of RAN2 early PTM configuration. Therefore, this should be broadcast.
In summary, assuming target cell has established multicast resources, an RRC_INACTIVE UE entering a target cell must be able to discriminate between three types of target cells:

· The target cell has not activated reception in RRC_INACTIVE state (UE needs to get RRC connected to receive the session),

· The target cell has activated reception in RRC_INACTIVE state but the session is inactive (UE stays RRC_INACTIVE and does not try to decode SIBx/MCCH),

· The target cell has activated reception in RRC_INACTIVE state and the session is active (UE remains RRC_INACTIVE and can decode SIBx/MCCH and starts receiving the multicast in RRC_INACTIVE).

Proposal 3: broadcast in SIBx/MCCH whether the reception in RRC inactive state has been activated or not, and whether the multicast session is active or inactive.

b. Mobility of UEs receiving multicast in RRC_CONNECTED state (in non-congested green cells) towards congested red cells with established multicast resources (red cells)
If the target cell has activated multicast reception in RRC_INACTIVE state due to congestion reason, one can assume that the number of connected UEs in that target cell is at its maximum threshold and that a new incoming UE, even incoming through an handover, should be sent to RRC_INATIVE if possible. This target cell can be represented as a red cell.

If the UE is connected in the source cell with only receiving the multicast session, we can assume that source cell is not congested and represented by a green cell.  This mobility is represented in the figure below:
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Figure 1: mobility from RRC_CONNECTED to RRC_INACTIVE

In order to not increase the load of target red cell above threshold this UE should preferably access the target cell receiving multicast in RRC_INACTIVE state.

For this the target gNB can build Handover Command moving the UE to RRC_INACTIVE and providing the PTM configuration at the same time as shown in below figure:

[image: image2.png]MB-UPF

UE source gNB 1 tareet.
et enB2cell2

T I
UEin gNB1 cell 1is RRC Target cellis congested;
connected and only receving, Reception in RRC_inacti

multicast TMGI 1

activated

HO Request Ack (RRC r

Handover request (tmefl1 )

uration (move to R

selects gNB2 cell 2

Leepirel?

ctive, PTM configliration)





Figure 1: call flow for mobility from RRC_CONNECTED to RRC_INACTIVE 

Proposal 4: when target cell is congested and UE has only multicast session ongoing, the target gNB can build handover command directly moving the UE to RRC_INACTIVE and providing the PTM configuration. This can be checked with RAN2.
c. Mobility of RRC_inactive UE (in congested red cells) towards cells with no established multicast resources (grey cells)
it is possible that a cell 1 of a gNB1 is delivering a public safety multicast MBS session 1 (TMGI 1) with both UEs in RRC connected and UEs in RRC inactive state and also that at the same time a neighbor cell 2 of neighbor gNB2 has not established MBS resources for that TMGI 1, yet. In such a case, if an RRC inactive UE under gNB1 cell 1 re-selects into gNB2 cell 2 and doesn’t find TMGI 1 resources setup, i.e., cannot find any multicast relevant information in SIB20 and MCCH, it will first resume into RRC connected state in gNB2 cell 2, and then after that the gNB2 will need to fetch the TMGI 1 information - if not available - to initiate the setup of MBS resources for TMGI 1 in the gNB2 cell 2. Only after that the UE will be able to receive the multicast in gNB2 cell 2, which means possibly after an interruption time and packet loss.
To address this problem, at last RAN3#118, tdoc R3-226455 proposed that gNB1 configures the UEs in RRC_INACTIVE in gNB1 cell 1 in such a way that the UE would resume to RRC connected state in gNB1 cell 1 before it would re-select to gNB2 cell 2 in order to perform Rel-17 RRC_CONNECTED mobility and establishing resources during handover preparation. For that, the gNB1 would signal about neighbor cell information in gNB1 cell 1, i.e., an information indicating that the neighbor gNB2 cell 2 does not provide the service, in SIB20/MCCH. To achieve this, tdoc R3-226455 proposes to exchange between neighbor gNBs which MBS session resources are established in their respective cells.
We however think that the above proposal has two major drawbacks: 
1) congestion and scalability issue

According to the current model, if some UEs are receiving the multicast in gNB1 cell 1 in RRC inactive, this means that the gNB1 cell 1 has scalability issue with RRC connected UEs and has already crossed the acceptable threshold of number of UEs which can receive the multicast in RRC connected. Therefore, it is not a good thing to move the involved UE into RRC connected while still in gN1B cell 1 which is already congested. Therefore, the solution in tdoc R3-226455 would only increase the congestion.

2) Unnecessary load due to too early connection Too early connection setup procedure
Following R3-226455 the UE would need to establish connection in gNB1 cell 1 before UE would actually trigger the need to make reselection to cell 2 (based on existing reselection mechanism). This would be needed as UE would otherwise cause interference to cell 2 if the connection is done after UE would be committed to make reselection to cell 2. Because the reconnection to gNB1 cell 1 needs to be done prior actual reselection would be performed it will frequently happen that UE would not need to do reselection at all and thus reconnection to cell 1 is done unnecessarily.

Observation 1: the proposal to reconnect an RRC_inactive UE in source cell before re-selection to target cell is detrimental to both interference, load and congestion in source cell.

Therefore, other solutions should be investigated for this mobility case. The proposal from R3-226455 that neighbor gNBs exchange their cell support of ongoing services can be kept whereby gNB1 can inform gNB2 over Xn of established multicast session in gNB1 cells and conversely. However, in our view the resources in the target cell can be prepared without having a UE connecting in source cell:  it is sufficient if the gNB2 sets up in advance the multicast resources of TMGI x in a gNB2 cell 2 whenever gNB2 cell 2 is a neighbor of a gNB1 cell 1 delivering TMGI x towards connected and inactive UEs.  
In the following pictures, three types of cells have been represented. 

In the red gNB1 cells where public safety service is very active, both RRC connected and RRC inactive UEs modes are activated for the multicast session. 
Due to the exchange above, neighbor cells of the red cells (represented as the blue cells below) can already prepare the multicast resources even if they belong to a different gNB by:

· Setting up the shared N3mb tunnel if not yet done,

· Retrieving the QoS Profile associated with the multicast session and setup the multicast context in target gNB,

· Provide SIBx/MCCH information as applicable.

RRC_INACTIVE UEs can re-select to the blue cells while staying RRC_INACTIVE which allows:

· To follow the RAN2/RAN3 agreement that RRC_INACTIVE UEs can re-select target cell while remaining RRC_INACTIVE,
· To Avoid increasing the load of the overloaded red source cell.

After re-selecting to the target blue cell, the UE can do fast RRC reconnection because the blue cells have been prepared with multicast context and resources. 
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Figure 3: mobility from RRC_INACTIVE to cells with no established multicast resources

Proposal 5: gNBs can exchange over Xn the list of TMGIs per cell in which a TMGI is delivered for both connected and inactive UEs. gNBs can set up a multicast context for a given TMGI in cells neighboring a cell which delivers the TMGI for both connected and inactive UEs.   

Conclusion and Proposals
This paper has investigated the open issues for mobility aspects:
Proposal 1: agree an ENUMERATED (connected preferred) optional per MBS session. If not included UE is handled normally. 

Proposal 2: include the “connected preferred” optional IE per MBS session within the existing MBS session Information in all PDU session setup/modify and handover messages. 

Proposal 3: broadcast in SIBx/MCCH whether the reception in RRC inactive state has been activated or not, and whether the multicast session is active or inactive.

Proposal 4: when target cell is congested and UE has only multicast session ongoing, the target gNB can build handover command directly moving the UE to RRC_INACTIVE and providing the PTM configuration. This can be checked with RAN2.
Proposal 5: gNBs can exchange over Xn the list of TMGIs per cell in which a TMGI is delivered for both connected and inactive UEs. gNBs can set up multicast context for a given TMGI in cells neighboring a cell which delivers the TMGI for both connected and inactive UEs.   

Besides, a TP for draft CR for TS 38.300 for release 18 stage 2 is presented below to capture some initial agreements for the baseline CR.
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16.10.5.x
Multicast Reception for UEs in RRC_INACTIVE State

Editor’s Note: Support for Multicast reception in RRC_INACTIVE state to be covered here.

16.10.5.x.1
General

The multicast session may be delivered for reception of UEs in RRC_INACTIVE state. 
The gNB decides whether to use multicast data delivery in RRC_INACTIVE state for a multicast session or for a UE based on assistance information. The QoS requirements of the multicast session apply regardless of the reception state which the gNB decides for the UE.
16.10.5.x.2 Assistance Information
The following assistance information may be used by the gNB to decide whether to activate multicast delivery in RRC_INACTIVE state for a multicast session in a cell:
-
The QoS parameters of the multicast session received from the 5GC such as 5QI, PER, ARP, Expected UE Activity Behaviour;
-
Information locally available at the gNB e.g. cell load;

Other per MBS session assistance information from 5GC is FFS.

If multicast delivery in RRC_INACTIVE state has been activated in the cell, the following assistance information may be used by the gNB to decide whether to configure a particular UE to use multicast reception in RRC_INACTIVE state:
-
The capability of the UE to receive in RRC_INACTIVE state.
-
The parameters received in the Core Network Assistance Information for RRC INACTIVE from the AMF.
-
Whether the UE is preferred to remain in RRC_CONNECTED state on a per multicast session basis. This parameter is received from the SMF in a PDU session Modification at joining time or later.
Other per UE assistance information from 5GC is FFS.

16.10.5.x.3 Resource Management in RRC_INACTIVE state

During an active multicast session, the gNB-DU shall keep the PTM transmission when delivering respective multicast data to RRC_INACTIVE UEs.  
FFS how the gNB-DU is aware that it delivers multicast service to UEs in RRC_INACTIVE state.

16.10.5.x.4 Mobility in reception in RRC_INACTIVE state
Service continuity may be used for reception in RRC_INACTIVE i.e. a UE may continue multicast reception in RRC_INACTIVE state without RRC state transition after cell re-selection if the configuration of the new cell is available for the UE.  
Impact on network interfaces FFS.


