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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1]. RAN2#116e achieved significant progress on details of MBS Interest Indication (MII) [2]. 
In this contribution, the remaining issues of MBS Interest Indication are discussed. 
2. Discussion 
2.1. Message definition 

In the current Running CR for TS38.331, the following FFS is captured [3]. 

	Editor’s note: FFS whether the MII is reported via UEAssistanceInformation or a new RRC message and whether MII information is using a separate IE or included directly in the RRC message structure.


In LTE, MBMS Interest Indication (MII) was separated from UE Assistance Information (UAI) since the pre-condition was different, i.e., SIB15 acquisition for MII while RRC Connection Reconfiguration for UAI [5]. On the other hand, In-device Coexistence Indication (IDC), which was a separate message in LTE [5], is integrated within UAI in NR [6]. It’s feasible since the pre-condition in LTE (and also in NR) was same among IDC and UAI, i.e., RRC Connection Reconfiguration [5].

Observation 1 Whether MBS Interest Indication can be integrated with UE Assistance Information depends on whether the pre-condition is aligned among the two messages. 
For NR MBS, the neighbor frequency information in SIB is needed to generate MBS Interest Indication message with the IEs as above. Also, MBS Interest Indication is allowed to be sent if the UE can acquire SIB from the serving cell, same as it is with LTE eMBMS [5] , which is already captured in the endorsed CR, i.e., the condition “if SIBx1 is broadcast by the PCell” [3]. Thus, it’s not aligned with the pre-condition of UAI, i.e., RRC Reconfiguration [6]. So, MBS Interest Indication should be a separate message from UAI, like LTE eMBMS. 

Proposal 1 RAN2 should agree to define MBS Interest Indication as a new message, i.e., separate from UE Assistance Information. 

Proposal 2 RAN2 should agree that MBS Interest Indication is allowed to be sent when the UE can acquire MBS-specific SIB (i.e., SIBx1) from the serving cell (i.e., as the pre-condition). 

2.2. Other triggers and network control 
The following FFS is captured in the current Running CR [3]. 

	Editor’s Note: FFS other triggers and network control. 


In RAN2#116e, various triggers for MBS Interest Indication are agreed [2]. 
	· Confirm that the UE may initiate MII procedure upon successful connection establishment, upon entering or leaving the broadcast service area, upon MBS broadcast session start or stop, upon change of interest, upon change of priority between MBS broadcast reception and unicast reception, upon change to a PCell broadcasting SIBx1. FFS other triggers. FFS network control.


Regarding the additional triggers, it could be considered that MBS Interest Indication may need to be sent when the frequency list is changed.  RAN2#116e agreed the detailed behaviour on how to set the frequencies of interest, as follows [2]. 

	· During MII, the UE should only report the set of MBS frequencies of interest the UE is capable to simultaneously receive, i.e. the UE supports at least one band combination allowing it to receive the indicated set of frequencies.
· When evaluating which frequencies it can receive simultaneously for reporting in MII, the UE does not take into account the serving frequencies that are currently configured i.e. it only considers MBS frequencies it is interested to receive regardless of whether these can be received together with the current serving cells or not.


According to the agreements above, the frequency list could be changed when Carrier Aggregation configuration is updated, i.e., addition or removal of SCell(s), since it may affect the band combinations the UE can currently work. In this case, the up-to-date frequencies of interest may need to be reported to the serving cell, if it’s different from the frequency list reported in the previous MBS Interest Indication. So, RAN2 should discuss whether MBS Interest Indication should be sent upon change of frequencies for serving cells and non-serving cells, due to change of configuration for serving cells. 

Proposal 3 RAN2 should discuss whether MBS Interest Indication should be sent upon change of frequencies of UE’s interest, due to change of configuration for serving cells. 

Regarding the network control, it would be certainly useful to manage the transmissions of MBS Interest Indication from all its UEs, in order to avoid network congestion. In our understanding, there could be a couple of issues causing resource overload, i.e., a “spike” of MBS Interest Indications and a frequent MBS Interest Indications. 
Observation 2 A spike of MBS Interest Indications from many UEs and/or a frequent MBS Interest Indications from a UE may cause network congestion. 
As for the “spike transmissions”, it happens if huge number of UEs transmit MBS Interest Indications at the same time. The trigger which may cause this issue could be “MBS broadcast session start or stop”, since this is the common event for all UEs which are interested in an MBS broadcast session. Especially in case of session stop, the gNB already knows the MBS broadcast session is stopped by the CN, so the gNB may consider the UEs are no longer interested in this TMGI even without MBS Interest Indication.  Considering these scenarios, possible network controls are to spread out MBS Interest Indications in time domain and/or frequency domain (e.g., for session start), and/or to turn on/off MBS Interest Indication upon this event (e.g., for session stop). 
As for the “frequent transmissions”, it happens if a UE frequently changes its interest, e.g., depending on user preferences. The triggers which may cause this issue could be “change of interest” and “change of priority between MBS broadcast reception and unicast reception”. A possible network control is to configure the UE with a prohibit timer. 
For the other triggers, i.e., “successful connection establishment”, “entering or leaving the broadcast service area” and “change to a PCell broadcasting SIBx1”, it could be considered that these triggers don’t cause any significant issue, since these are well randomized (in time) or already controlled by the network. 

Given the discussions above, it’s observed that different triggers may need different control methods, i.e., spreading out, turning on/off or prohibit timer, and even other triggers may not need any enhancement. So, RAN2 should discuss whether the network control should be considered, and if so, which trigger needs what kind of network control. 
Proposal 4 RAN2 should discuss the network control to prevent UEs from MBS Interest Indication causing the spike transmissions and the frequent transmissions. 

Proposal 5 RAN2 should discuss if different network control methods are applied to different triggers for MBS Interest Indication. 
2.3. Early indication for better BWP switching behaviour 

The FFS is captured in the current Running CR [3], which is based on RAN2 agreement that “MBS Interest indication will be sent after security activation (can still discuss whether additional optimization is needed for better BWP switching behaviour)” [2]. 
	Editor’s note: FFS whether additional optimization is needed for better BWP switching behaviour.


The issue in service continuity happens when the UE transitions to Connected; specifically, if the serving cell configures the UE with dedicated BWP which is not aligned with Common Frequency Resource (CFR), the UE cannot continue receiving a broadcast session. Such a configuration can be avoided after MBS Interest Indication, but the issue happens before MBS Interest Indication, i.e., the configuration done before AS security activation. 
It was pointed out in [8] that the UE in INACTIVE is possible to be configured with the dedicated BWPs in Msg4 (RRC Resume), so it was suggested to have 1-bit indication in Msg3 to inform the serving cell that the UE is receiving MBS broadcast session.  In our understanding, the serving cell has UE context for UEs in INACTIVE, which includes previous reported MBS Interest Indication. Although this interest information is not up-to-date, the serving cell is expected to predict whether the UE transitioning from INACTIVE to Connected is receiving a broadcast session. So, it’s not critical to extend Msg3, given the limited message size. 
It was suggested in [9] to introduce an early “broadcast receiving” indication in Msg5, which is an information for the serving cell to configure dedicated BWP in subsequent RRC Reconfiguration.  In our understanding, this solution is beneficial and the extension is simple. 
According to the LS from SA3 [7], they are only concerned with the reporting of the TMGI list before AS security activation. In addition, they explicitly stated the other information can be reported before AS security activation, which are the frequency list and the priority information.  So, it would be considered that the UE may send an early MBS Interest Indication, whereby the early MBS Interest Indication is transmitted together with Msg5 and contains the frequency list and the priority information, i.e., the full contents other than TMGI list, i.e., instead of the 1-bit indication above. When the gNB receives the early MBS Interest Indication at Msg5, it can determine whether this UE is receiving a broadcast session, since MBS Interest Indication is for Delivery Mode 2. In addition, the full contents may be useful for the gNB to determine a suitable configuration for different frequencies, e.g., SCell configuration, even if TMGIs of UE’s interest is still unknown. These contents will be eventually reported after AS security activation, so there is no signalling overhead if these are reported in the early MBS Interest Indication. 
Additionally, it’s also worth considering whether additional information is needed for the early MBS Interest Indication.  For example, the UE reports CFR, of which it receives MBS broadcast session of interest, in the early MBS Interest Indication. The CFR information may be used by the gNB to determine appropriate dedicated BWP, e.g., as such CFR is a part of dedicated BWP.  As another example, the UE reports Cell IDs, in which MBS broadcast session of interest is provided, in the early MBS Interest Indication. 
Proposal 6 RAN2 should discuss if an early MBS Interest Indication is sent together with Msg5, which includes full contents other than TMGI list, i.e., the frequency list and the priority information. 
Proposal 7 RAN2 should further discuss if additional information is useful to be reported in an early MBS Interest Indication, e.g., CFR or Cell ID of interest. 
2.4. MBS Interest Indication for multicast sessions 
RAN2 currently assumes MBS Interest Indication is supported for broadcast sessions, but not for multicast sessions [10]. RAN2#115e agreed the basic contents of MBS Interest Indication, i.e., MBS frequency list, priority and TMGI list. 

It seems the common understanding is that for multicast sessions, the core network would inform the gNB of UE’s interest since multicast sessions have the session join procedure in upper layer. In our understanding, it’s true for MBS services of UE’s interest. Also, it could be possible the gNB knows the MBS frequencies and the cells providing the MBS services of UE’s interest. However, the priority between MBS reception and unicast may not be provided by the core network since it’s purely AS-related information, i.e., it’s strange that the UE tells the core network of the priority information within the session join procedure. 

Observation 3 For multicast session, the core network may provide the gNB of UE’s interest such as MBS services and the gNB may know MBS frequencies/cells, but the core network and the gNB may not know the UE’s AS priority between MBS and unicast. 
The priority information is still considered useful for the gNB, e.g., on its scheduling and handover decision as similar in LTE eMBMS, which is also related to the service continuity. So, the UE should inform the gNB of its priority information also for multicast sessions. In this sense, RAN2 should agree MBS Interest Indication should be supported also for multicast services/Delivery mode 1. 

Proposal 8 RAN2 should agree that MBS Interest Indication is supported also for multicast sessions/Delivery mode 1, at least for the UE to inform the gNB of its priority between MBS reception and unicast reception. 
3. Conclusion 
In this contribution, the remaining issues of are discussed, and the possible solutions are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
Whether MBS Interest Indication can be integrated with UE Assistance Information depends on whether the pre-condition is aligned among the two messages.
Proposal 1
RAN2 should agree to define MBS Interest Indication as a new message, i.e., separate from UE Assistance Information.
Proposal 2
RAN2 should agree that MBS Interest Indication is allowed to be sent when the UE can acquire MBS-specific SIB (i.e., SIBx1) from the serving cell (i.e., as the pre-condition).
Proposal 3
RAN2 should discuss whether MBS Interest Indication should be sent upon change of frequencies of UE’s interest, due to change of configuration for serving cells.
Observation 2
A spike of MBS Interest Indications from many UEs and/or a frequent MBS Interest Indications from a UE may cause network congestion.
Proposal 4
RAN2 should discuss the network control to prevent UEs from MBS Interest Indication causing the spike transmissions and the frequent transmissions.
Proposal 5
RAN2 should discuss if different network control methods are applied to different triggers for MBS Interest Indication.
Proposal 6
RAN2 should discuss if an early MBS Interest Indication is sent together with Msg5, which includes full contents other than TMGI list, i.e., the frequency list and the priority information.
Proposal 7
RAN2 should further discuss if additional information is useful to be reported in an early MBS Interest Indication, e.g., CFR or Cell ID of interest.
Observation 3
For multicast session, the core network may provide the gNB of UE’s interest such as MBS services and the gNB may know MBS frequencies/cells, but the core network and the gNB may not know the UE’s AS priority between MBS and unicast.
Proposal 8
RAN2 should agree that MBS Interest Indication is supported also for multicast sessions/Delivery mode 1, at least for the UE to inform the gNB of its priority between MBS reception and unicast reception.
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