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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.

At last RAN3#117 meeting, the agreement was taken that the gNB will be the node which decides the delivery mode. Actually, RAN3 agreement is aligned with the following agreement which was made last time by RAN2:

It is up to gNB to decide whether a multicast session may be received by UE(s) in INACTIVE. FFS what information gNB may be provided to form such decision (related to SA2 discussion).

However, we think that this agreement should be refined. The gNB has actually to take two types of decision to make for a particular multicast MBS session: 

Proposal 1: RAN3 to confirm that gNB decides whether Reception in RRC Inactive is enabled or not in a cell for a particular multicast MBS session. (1)
Proposal 2: when gNB has enabled Reception in RRC Inactive in a cell, gNB decides the appropriate RRC_state for reception of MBS for each UE. (2)
This paper continues the discussion on which information gNB needs for (1) then for (2). 

Criteria for gNB to decide whether enabling multicast reception in RRC inactive in a cell 
1. Recommendation from 5GC to not enable reception in RRC_INACTIVE state.

The AF may have valuable information concerning a particular multicast session and send a recommendation to gNB that it may not be suitable that reception in RRC inactive is used at all for this MBS session.   
This recommendation from 5GC is already mentioned in the interim conclusion of SA2 in [3] with an FFS involving RAN WG:

-
Depending on RAN WG feedback, the assistance information may include recommendations whether to enable delivery for reception in RRC_Inactive state for an MBS session and information about UEs that should preferably be kept in RRC_Connected state, i.e. the MBS session level and UE level assistance information, and may be provided by the AF to 5GC and then to NG-RAN.

Proposal 3: agree that 5GC may send a recommendation to gNB recommending that reception in RRC inactive should not be enabled for a given multicast MBS session. 
2. QoS Parameters of the multicast MBS Session

Several QoS parameters can be used already which are of particular relevance such as ARP and PER. These existing parameters are deemed sufficient in our view.  This input to gNB decision criteria was already agreed last time:
b) the rel-17 multicast context, e.g. the qos parameters not associated to any specific ue;

3. Load in the considered cell: this can be related to e.g. radio resource usage or number of RRC_CONNECTED UEs.

Scalability issues were one of the main motivations for the WID. For example, if the cell is loaded with number of RRC_connected UEs, it may be interesting for the gNB to move at least some UEs to RRC_inactive to reduce the number of RRC_connected UEs, assuming of course they don’t have ongoing unicast services. This criteria was also already agreed at last RAN3:
c) parameters available at the local gnb without enhancement on interfaces, e.g. cell load.

4. Number of UEs eligible for reception in RRC inactive in a cell: 
The number of UEs eligible for reception in RRC inactive in a cell is defined as follows:

· Number of UEs which are interested to receive the multicast service and capable of receiving it in RRC inactive state,

· Minus number of those UEs which need to remain connected due to several reasons (other ongoing unicast service received by the UE or recommendation from CN /preference to receive in connected). 

Multicast reception in RRC inactive in a cell has drawbacks if the number of eligible UEs in the cell is low: 
· Quality and reliability of receiving multicast is degraded for those UEs receiving in RRC inactive state compared to if they would be receiving in R17 delivery mode,

· Spectral efficiency in the cell will degrade compared to using R17 delivery mode (e.g. due to no HARQ feedback). This is due to additional control plane settings in the cell (MCCH, Etc..) and more conservative setting for cell coverage which cost resources.
Therefore, gNB decision of using multicast reception in RRC inactive for each cell would actually be a trade-off between scalability gains (i.e. reducing the number of RRC connected UEs in a particular cell) and above drawbacks depending on number of eligible UEs in a cell.

For example, let say that 9 UEs are in a cell involved in a group communication for public safety. However, 4 or those UEs need to remain connected because of unicast service and 2 of them need to remain connected because they play an important role in the group communication (e.g. dispatcher). Then in total only 3 UEs are effectively eligible to receive in RRC_inactive state in this cell.  
In this scenario gNB will preferably not activate reception in RRC inactive in this cell and serve the 3 UEs in RRC connected R17 delivery mode.
Proposal 4: for gNB decision of enabling multicast reception in RRC inactive in a cell of a particular multicast MBS session, agree the additional decision criteria “number of UEs eligible for reception in RRC inactive state in the cell“. 
On the need of counting

Assuming proposal 4 is agreed, we explain below through some example scenarios why some counting mechanism should be designed to help gNB assess the number of UEs eligible for reception in RRC inactive. 

Scenario 1: Mobility in RRC inactive
Let us take the example of a cell with 8 UEs receiving a multicast session in RRC_inactive state and one in RRC connected. Let us say also that the threshold of number of UEs to benefit from activation of reception in RRC inactive in the cell is 6 UEs. The RRC connected UE moves away. The RRC_inactive UEs move around as well. gNB has no idea at any point in time of the number of UEs which are located in the cell and receiving in RRC inactive. If 4 RRC inactive UEs have moved away and only 4 RRC inactive UEs remain in the cell, then gNB should rather move these UEs to RRC connected R17 delivery mode.
Scenario 2: Activation 
In another example, reception in RRC inactive is enabled in a cell for an MBS session. At MBS session activation time, the RAN paging message includes an indication that RRC inactive UEs don’t need to connect to receive the multicast i.e. they can receive the multicast keeping RRC_inactive. Then gNB has then no idea of how many UEs are receiving in RRC inactive after this multicast session activation given that UEs don’t try to connect and therefore gNB cannot determine if the number of eligible UEs is above threshold. There may be limited congestion in the cell and low number of RRC_inactive UEs and not triggering them back to RRC_connected in this case is not the best choice.
Scenario 3: Congestion or Scalability Recovery
In yet another example, still assuming that the threshold to benefit from reception in RRC inactive in a cell is 8 UEs, and there were 10 UEs moved to RRC inactive state due to scalability issues. Then the congestion situation improves a bit in the cell and gNB would like to bring back 5 UEs to R17 connected state for better quality reception. If gNB cannot count the number of UEs in the cell receiving in RRC inactive state, then gNB pages and pehaprs 15 more UEs get connected (an extra 5 UEs entered in the cell in RRC_INACTIVE in-between). That is too much for the congestion situation. But if instead gNB can count that number of UEs in the cell receiving in RRC inactive state has actually decreased from 10 to 5, then gNB can safely page and bring backs these 5 UEs into RRC connected R17 reception mode and they will receive good quality.

This means that proposal 4 implies proposal 5.

Proposal 5: means should be provided for counting the number of UEs in a cell eligible for reception in RRC_Inactive state.

Criteria for gNB to decide the RRC state of multicast reception for a particular UE

In what follows, we assume that gNB has activated reception in RRC inactive in the cell. This means that gNB has now to make the decision for each involved UE of whether receiving the multicast session in RRC inactive state or RRC connected state.  
1. UE Capability

One obvious criteria before deciding setting the UE into reception in RRC inactive state is that the UE supports this new delivery mode. This criteria has already been agreed last time:

a) the capability of ue (of whether support the mode “multicast over rrc inactive”);

2. Priviledged Connected UE 

One criteria which was discussed at last RAN3#117 is that the AF could recommend that a particular UE stays connected at all time. This is for example the case if the UE is the dispatcher of a public safety group call. This could be used by gNB to avoid sending this particular UE to RRC_inactive state. 

Proposal 6: for gNB decision of whether using reception in RRC inactive for a particular UE, agree the additional criteria of priviledged UEs which should remain RRC_connected as indicated from 5GC.

3. UE Preference

Another use case is when a UE has a preference for using reception in RRC inactive state due to power saving reasons. For example, if the cell is not loaded, the gNB could decide to keep the majority of UEs receiving in RRC connected R17 mode in order to have a better quality, while making an exception for those UEs which are power limited which it will set into RRC inactive reception in mode. 
In order for gNB to be informed, the UE can express a preference to use reception in RRC inactive state towards the gNB.
Another opposite example in which a UE can express a preference is a UE which would experience a bad reception quality. This reception quality as a criteria was mentioned at RAN3#117. This UE could then express a preference to use RRC connected R17 mode to get a higher quality. 

As can be seen, following UE preference is a must. It can be a preference to use reception in RRC inactive state (power saving limitations) or a preference to use reception in RRC connected state (quality and/or reliability preference).
Proposal 7: for gNB decision of whether using reception in RRC inactive for a particular UE, agree the additional decision criteria of UE preference to receive either in reception in RRC inactive state (power saving limitations) or a preference to use reception in RRC connected state (quality and/or reliability preference).
RAN architecture impact of mobility of UEs receiving multicast in RRC inactive state

At last RAN3#117, some companies tried to make mobility progress fully dependent of RAN2 progress. This was challenged and instead the following agreement was taken to continue in RAN3:

RAN3 can discuss the mobility taken into account the progress in RAN2 and coordinate with RAN2

For the mobility in RRC inactive, the UE should get aware of the PTM configuration of the cells of the RNA. RAN2 is studying two possible methods:

· Method 1: at the time a gNB sends the UE to RRC inactive and configures the RNA, it provides the UE with the PTM configuration of all cells comprising the RNA, as it received from its neighbor gNBs. With this information a UE moving around in its RNA has stored all the PTM configuration of any cell it may cross in the RNA.

· Method 2: Each cell of the RNA broadcast MCCH information comprising the PTM configuration. A UE moving around in its RNA can read and decode the MCCH in every cell traversed to learn which PTM configuration is applicable.

In the following table, we compare the advantages/disadvantages of these two methods: 

	
	Method 1 (Dedicated Signalling)
	Method 2 (Solution based on SIB/MCCH)

	Configuration for Multicast Reception in RRC_INACTIVE State


	Each time a gNB sends the UE to RRC_INACTIVE state, the gNB needs to contact all other gNBs whose cells are within the RNA of the UE to receive the multicast configuration, even if those cells do not provide multicast delivery to the UEs in RRC_INACTIVE state (e.g., not enough RRC_CONNECTED UEs receiving a particular multicast service to enable RRC_INACTIVE reception).

Considering that RNAs of different UEs may be different, and the main use case for RRC_INACTIVE reception is scalability, i.e., significant amount of UEs to be sent to RRC_INACTIVE, this would initiate significant signalling overload among gNBs.  
	gNB can make cell level decisions without special need to contact other gNBs whose cells are in the RNA of the UE.

The configuration for the cell that sends the UE to RRC_INACTIVE can be provided by dedicated signalling within RRC release with SuspendConfig. 

The UE can obtain configurations of other cells using SIB/MCCH when reselecting a new camped cell.

The solution is similar to the one defined for Rel-17 broadcast services, therefore, requires minimal changes in the specifications.
 

	Updates in the Configuration for Multicast Reception in RRC_INACTIVE State
	In case any cell that is within the RNA of the UE changes configuration of the multicast delivery to the UEs in RRC_INACTIVE state, paging is required to provide the UE with the changes of a single cell.  

Each UE that joined the session, sent to RRC_INACTIVE state and has the cell whose configuration has changed in its RNA needs to reconnect and receive the new configuration. 

This needs to be done for different multicast services at different times.

Significant amount of signalling load would be created. 
	gNB can reflect any change in the configuration within any of its cells individually using MCCH changes using well-defined MCCH modification mechanism of Rel-17 broadcast.

No need for paging the UEs unnecessarily.

The UEs do not need to perform state changes to receive configuration updates.

	Updates in the Delivery Mode of the Multicast Service
	Reception of a multicast service in  RRC_INACTIVE state shall be used for scalability which is the main objective of WI [1]. However, the number of UEs in a cell that receives a particular multicast service changes frequently. 

After the UE is sent to RRC_INACTIVE and provided with multicast configuration to receive multicast in RRC_INACTIVE state within the RNA, if any cell within the RNA of the UE changes the delivery mode (e.g., instead of having UEs in RRC_INACTIVE state receiving a service, the cell uses Rel-17 multicast reception method that provides better reliability and spectral efficiency as the number of UEs in the cell got smaller),  paging would be required. 

Otherwise, when the UE starts camping on the cell whose delivery method has changed, the UE would either not be able to receive the multicast service or receive it with lower reliability and spectral efficiency. 
	A gNB can easily indicate to the UEs in SIB/MCCH whether it provides the multicast service using the reception in RRC_INACTIVE state. 

Delivery mode changes do not require extra paging towards the UEs.



	Updates in the Activation Status of the Multicast Service
	The status of the multicast session can be provided for each cell in the RNA while sending the UE to RRC_INACTIVE state.

If any change in the activation status of the multicast session is made in any of the cells within the RNA, the UE needs to be paged and to be provided with the new configuration. 

Otherwise, for example, if the UE assumes that a particular multicast session is active whereas the session is deactived, the UE unnecessarily tries to receive the associated data in RRC_INACTIVE state that would cause unnecessary power consumption. In an opposite scenario, i.e., UE is configured with the information that the session is deactived but session gets activated, paging would be required for the UE to start trying to receive multicast data in RRC_INACTIVE state.


	A gNB can easily indicate to the UEs in SIB/MCCH whether a specific multicast service is active/deactived (see proposal x below), which would avoid any unnecessary power consumption at the UE side.



	Security
	No extra security issues are foreseen compared to Rel-17 multicast.
	Some concerns were raised in last RAN2/3 meeting indicating that MCCH-based approach to provide multicast presumably creates security issues.

In our view, security would be needed from UP encryption at application level or at core level (MBSTF) appropriately, as defined for Rel-17, to avoid multicast to be received by any UE in a geographical area and limit the service only to the UEs that joined the session.

However, this is doable by Rel-17 specifications, and this is not unnatural. Indeed, for that reason, no major security concerns were raised for MCCH-based approach of broadcast, which shall be similar to what we define for Rel-18 multicast for RRC_INACTIVE UEs.

Thus, security is not a major problem with SIB/MCCH-based approach.

	Mobility interruption


	This option may reduce control plane latency within the RNA to continue receiving a multicast service in a new camped cell in RRC_INACTIVE state after cell reselection.

	When a UE in RRC_INACTIVE state receiving a multicast service would need to read SIB/MCCH to receive the configuration of the new camped cell to continue receiving the multicast service. However, WID explicitly mentions that seamless/lossless mobility is not required, and further optimizations can be investigated, if this problem is found critical.


From the above comparison table, method 1 has significant drawbacks and impacts on the RAN architecture:

· It involves a lot of Xn signaling across gNBs for both initial exchange and any subsequent update of the PTM configuration.

· It leads to huge radio signaling impact every time PTM configuration changes. For example, imagine the PTM configuration changes in one gNB2 cell, how would the RRC inactive UEs which have been configured in gNB1 with an RNA comprising the gNB2 cell be informed of the change? It should be noticed that such UE may be anywhere in their RNA, not necessarily in gNB2 cell. 

On the other hand, the alleged drawbacks of method 2 are not confirmed:

· There is no security issue as such, exactly like no major security concerns were raised for MCCH-based approach of broadcast,
· Method 2 may have the drawback of small interruption when moving between two cells of the RNA; however the WI doesn’t put any requirement on seamless/lossless mobility:

· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]

We conclude that the choice between method 1 and method 2 is not a mere RAN2 decision. Method 1 has huge impact on signaling load across various RAN interfaces which leads to the fact that even if RAN2 would see some advantage for method 1 as per RAN2 design, the RAN3 drawbacks are much more severe.

Proposal 8: RAN3 should inform RAN2 via LS that dedicated signaling method for PTM configuration leads to unacceptable drawbacks for RAN architecture and should be avoided.

Conclusion and Proposals
RAN3#117 has taken the agreement that the gNB will be the node which decides the delivery mode. This paper has completed the analysis of which information the gNB requires for deciding, also classifying this information in two sets of information:

Proposal 1: agree the following criteria is used by gNB to decide whether enabling multicast reception in RRC inactive for a multicast session in a particular cell:

· 5GC may send a recommendation to gNB recommending that reception in RRC inactive should not be enabled for a given multicast MBS session,
· Qos parameters of the multicast session not associated to a specific UE,
· Parameters available locally at gNB such as cell load (congestion),
· Number of UEs eligible to reception of the multicast session in RRC_Inactive state.

Proposal 2: once gNB has enabled reception in RRC inactive in a cell for a particular multicast session, agree the following criteria used by gNB to decide whether to use reception in RRC inactive for a particular UE:

· Capability of the UE,
· 5GC may send information that a UE should remain RRC_Connected,
· UE preference of delivery mode (e.g. RRC inactive state due to power saving reason of the UE or RRC connected state for quality or reliability reasons). 

Proposal 3: agree that means should be provided for counting the number of UEs in a cell eligible for reception in RRC_Inactive state to avoid deteriorating the overall quality of reception of UEs. It is proposed to liaise RAN2/RAN1 about the need to design a counting solution.
Proposal 4: RAN3 should inform RAN2 via LS that dedicated signaling method for PTM configuration leads to unacceptable drawbacks for RAN architecture and should be avoided.

A draft CR for TS 38.300 for release 18 stage 2 is presented below.
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16.10.5
Multicast Handling

16.10.5.1
Session Management

There are two delivery modes as specified in TS 23.247 [45]:

-
5GC Shared MBS traffic delivery;

-
5GC Individual MBS traffic delivery.

not modified
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.

The following key principles applies to multicast reception in RRC_INACTIVE state:
-
xxx (FFS);

-
xxx (FFS).

16.10.y
MBS Reception in RAN Sharing Scenario

Editor’s Note: Support for Enhancement to improve the resource efficiency for MBS reception in RAN sharing scenarios to be covered here.


