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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1]. 
RAN2#112-e reached the agreements to introduce two delivery modes for MBS as follows [2]; 

	· For Rel-17, R2 specifies two modes: 


1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)


2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).


R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 


R2 assumes that delivery mode 2 is used for broadcast sessions. 


The applicability of delivery mode 2 to multicast sessions is FFS.

· No data: When there is no data ongoing for the multicast session, the UE can stay in RRC_CONNECTED. Other cases FFS


Regarding the delivery mode 2, the outline of MBS configuration was additionally agreed as follows; 
	· UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode. Connected mode FFS (dep on UE cap and where service is provided etc). A notification mechanism is used to announce the change of MBS Control information.


In this contribution, the consideration of control plane aspects for NR MBS is provided, taking into account the LTE eMBMS mechanism and the up to date RAN2 agreements. 
2. Discussion 
At this point, the two delivery modes may be summarized in Table 1, according to the RAN2 agreements quoted in section 1 [2]. 
Table 1
Summary of RAN2#112-e agreements for MBS configuration (Blue: Agreed, Red: FFS)
	
	Delivery mode 1
	Delivery mode 2

	Intended for
	Multicast sessions
(High QoS requirement)
	Broadcast sessions
Multicast sessions (FFS)

(Low QoS requirement)

	Data reception in
	Connected

IDLE/INACTIVE (TBD)
	Connected

IDLE/INACTIVE

	Configuration reception in
	
	Connected (FFS)
IDLE/INACTIVE

	Configuration signalling by
	
	BCCH

MCCH (TBD)

	Other
	
	A notification mechanism


2.1. Delivery mode 1 configuration 
Delivery mode 1 is mainly considered for data reception in RRC Connected, while the details of the configuration aspect has not been agreed yet [2]. It can be quite straightforward to assume that the MBS configuration is provided by RRC Reconfiguration, although it’s still undecided whether MCCH is received in Connected as in LTE eMBMS. Considering delivery mode 1 is used for high QoS services, it should involve e.g., the PTP/PTM split bearer and/or lossless handover. It does not make sense if these UE-specific configurations are provided via MCCH, so RRC Reconfiguration should be used to configure delivery mode 1 in our view. 
Proposal 1 For delivery mode 1, RAN2 should agree to use RRC Reconfiguration for MBS configuration. 

On the other hand, the WID clearly indicates that RRC Connected and IDLE/INACTIVE should have maximum commonality in terms of MBS configuration [1], although RAN2 agreed the separate delivery modes for multicast and broadcast sessions respectively [2]; 
	· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].


To meet the objective in the WID even if the RRC messages for these delivery mode would be different, the structure and the IEs of MBS configuration should be still aligned between the two delivery modes as much as possible, as suggested in [3] and pointed out in RAN2#112-e discussion [2]. For example, RRC Reconfiguration for the delivery mode 1 contains the MTCH scheduling information, which is a common block with delivery mode 2, plus delivery mode 1 specific information such as PTP/PTM split bearer and handover related information, whereby the details are FFS at this point. 

Proposal 2 RAN2 should agree to aim to the maximum commonality between two delivery modes in terms of MBS configuration, e.g., with common structures and IEs. 
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Figure 1
 Possible structure of delivery mode 1 configuration
Note that “MCCH” in Figure 1 only refers the MTCH scheduling information, i.e., the MBS session information and associated MTCH configuration; there’s no need for the neighbour cell information in case of delivery mode 1. 
However, it is still FFS whether the UE can be released to IDLE/INACTIVE when there is no on-going data for a multicast session. In other words, whether the UE in IDLE/INACTIVE is allowed to receive the MBS data via delivery mode 1.  As RAN2 agreed, the baseline assumption is that the UE should be kept in RRC Connected for delivery mode 1, i.e., a multicast session requiring high QoS. However, some other/exceptional cases are still worth considering. 
During the email discussion “[AT112-e][036][MBS] SA2 LS on MBS” [4], some companies pointed out that the network may not keep all UEs in Connected due to congestion. Some other companies also pointed out that the UE does not always need to stay in Connected due to uplink inactivity, QoS requirement and/or UE power consumption.  

The above points may be beneficial for both network and UE. However, it is understood that it’s up to gNB implementation whether/when the UE is released to INACTIVE, and it would be up to core network whether the UE is released to IDLE. One concern for MBS data reception in IDLE is that if the gNB releases the UE context, which is usually kept only for INACTIVE but not in IDLE, it means the gNB’s controllability may be lost, which may contradict the concept of delivery mode 1 in general. So, RAN2 should agree that delivery mode 1 can be received by the UE at least in INACTIVE, but FFS for IDLE. 
Proposal 3 For delivery mode 1, RAN2 should agree the MBS data can be received by the UE at least in RRC INACTIVE. It’s FFS for RRC IDLE. 
If Proposal 3 is agreeable, it’s unclear how the MBS configuration for IDLE/INACTIVE is provided to the UE. Three options may be considered as follows; 
· Option 1: RRC Reconfiguration

· The UE in IDLE/INACTIVE continues to apply the MBS configuration which was provided by RRC Reconfiguration.  This option is simple as the UE just reuses the MBS configuration which was originally provided for RRC Connected. However, some UE behaviours should be clarified as it transitions to IDLE/INACTIVE and/or when it resumes RRC connection, e.g., how to handle the PTP/PTM split bearer configuration, if configured. 
· Option 2: RRC Release

· The UE in IDLE/INACTIVE applies the MBS configuration which is provided by RRC Release. Although this option seems straightforward, it may not be efficient since it’s questionable if the MBS configuration is different from one previously provided by RRC Reconfiguration. 
· Option 3: Delivery mode switching from mode 1 to mode 2

· The UE is switched from delivery mode 1 to delivery mode 2, before it’s released to IDLE/INACTIVE.  This option is another simple solution since delivery mode 2 is designed to allow the data reception in all RRC states as RAN2 agreed. However, it may be foreseen that there may be some packet loss and/or latency, during the switching, e.g., due to MCCH acquisition. 
There are pros and cons for each option, but Option 1 is slightly preferable in terms of simplicity and efficiency, in our view. RAN2 should discuss how delivery mode 1 configuration should be provided to the UE for the data reception in IDLE/INACTIVE, including, but not limited to the options above. 
Proposal 4 If Proposal 3 is agreeable, RAN2 should discuss how the delivery mode 1 configuration for the data reception in INACTIVE is provided to the UE. 
2.2. Delivery mode 2 configuration 
In LTE SC-PTM, the configuration is provided by the two messages, i.e., SIB20 and SC-MCCH [5]. SIB20 provides the SC-MCCH scheduling information; and SC-MCCH provides the SC-MTCH scheduling information including G-RNTI and TMGI, and the neighbour cell information.  
The benefit of the two-step configuration in LTE was that SC-MCCH scheduling is independent from SIB20 scheduling, in terms of e.g., the repetition period, the duration and the modification period. Especially for the delay sensitive services and/or the UEs late-joining in the session, it facilitated the frequent scheduling/updating of SC-MCCH. It’s still the case in NR MBS since one of the applications is e.g., the group communication, according to the WID [1]. 
Observation 1 In LTE, the two-step configuration, i.e., with SIB20 and SC-MCCH, is beneficial for different scheduling of these control channels, which is still useful for NR MBS. 
Proposal 5 For delivery mode 2, RAN2 should agree with the use of the two-step configuration with SIB and MCCH, like SIB20 and SC-MCCH in SC-PTM. 
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Figure 2
 Two-step configuration in LTE SC-PTM

On top of Proposal 5, NR MBS is expected to support various types of use cases, that are stated in the WID [1]. It is observed that NR MBS should be well-designed for a variety of requirements, from the delay sensitive applications such as mission critical or V2X to the delay tolerant applications such as IoT, in addition to the other dimension of requirements from the lossless applications such as software delivery to the UDP type streaming such as IPTV. Some of these services may be covered by delivery mode 2, while the other services with “high QoS requirement” should need delivery mode 1. In this sense, it’s beneficial for the gNB to have the choice to use delivery mode 2 for multicast sessions.  
Also, it’s straight forward to allow the UE in RRC Connected to receive the MBS configuration, since RAN2 already agreed to allow the data reception in RRC Connected [2]. It does not make sense if the UE needs to transition to IDLE/INACTIVE only for acquiring MCCH. It’s simple to allow the UE in Connected to receive MCCH as well, but it may not be optimal in terms of scheduling flexibility (since the UE may need the “gap”) and/or UE power consumption (since the UE needs to monitor “SC-RNTI” in addition to C-RNTI and G-RNTI). More discussion is needed to decide whether the UE receives the MBS configuration via MCCH or RRC Reconfiguration. 
These two issues were left to FFS in RAN2#112-e, but in general there seems no technical reason to limit them from our perspective. 
Proposal 6 RAN2 should agree that delivery mode 2 can be used for multicast sessions, in addition to broadcast sessions. 

Proposal 7 For delivery mode 2, RAN2 should agree that the MBS configuration can be also received by the UE in RRC Connected. It’s FFS whether MCCH or RRC Reconfiguration. 
In light of Proposal 6, the control channel design for delivery mode 2 should consider the flexibility and its resource efficiency; otherwise, more signalling overhead may happen e.g., if the delay tolerant services and the delay sensitive services are configured together in one control channel, whereby the control channel needs to be frequently scheduled in order to fulfil the latency requirement from the delay sensitive services. 
	Objective A of the SA2 SI is about Enabling general MBS services over 5GS and the uses cases identified that could benefit from this feature include (but are not limited to) public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. 


Observation 2 The control channels for delivery mode 2 need to be flexible and resource efficient for various types of use cases. 
One possibility would be to consider whether the configuration channel should be separated for different use cases, as depicted in Figure 3. For example, one MCCH provides the delay sensitive services frequently while another MCCH provides the delay tolerant services sparsely. In LTE SC-PTM, there was the restriction that one cell has only one SC-MCCH. However, NR MBS delivery mode 2 should remove such a restriction, considering a larger number of use cases are assumed than LTE. If the multiple MCCHs are allowed in a cell, each MCCH has different scheduling configuration, such as the repetition period, which can be optimized for certain services. It’s FFS how the UE identifies which MCCH serves the service(s) of interest. 
Proposal 8 For delivery mode 2, RAN2 should discuss if multiple MCCH are supported in a cell, that was not in LTE. 

In addition, the new paradigm in NR is the support of On-demand SI transmission [6]

 REF _Ref45033256 \w \h 
[7]. The concept could be reused for MCCH in the delivery mode 2, i.e., On-demand MCCH. For example, the MCCH for delay tolerant services is provided on-demand, so that the resource consumption for signalling can be optimized.  Needless to say, the network still has another option to provide MCCH periodically, i.e., not on-demand, for e.g., delay sensitive services. 
Proposal 9 For delivery mode 2, RAN2 should discuss the option if MCCH is provided on-demand basis, that was not in LTE. 
As another possibility, it could be further considered to merge these messages, i.e., one-step configuration as depicted in Figure 3. For example, a SIB provides the MTCH scheduling information directly, i.e., without MCCH. It would provide an optimization for delay tolerant services and/or power sensitive UEs. For example, the UE may request for the SIB (on-demand), and the gNB may start providing the SIB and corresponding service after the requests from multiple UEs. These UEs do not need to monitor MCCH that is broadcasted repeatedly. 
Proposal 10 For delivery mode 2, RAN2 should discuss the option if the multicast reception without MCCH is supported (i.e., one-step configuration), e.g., SIB directly provides the MTCH scheduling information. 
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Figure 3
 Possible configuration schemes for delivery mode 2
2.3. Interest Indication / Counting 

In LTE eMBMS, the two types of methods to collect UE’s receiving/interested services were specified, i.e., MBMS Interest Indication (MII) and MBMS Counting [5], in order for the network to make proper decisions of MBMS data delivery including start/stop of MBMS sessions.  MII, which is triggered by the UE, contains the information related to MBMS frequencies of interest, MBMS services of interest, MBMS priority and MBMS ROM (Receive Only Mode).  Counting Response, which is triggered by the network via Counting Request for specific MBMS services, contains the information related to MBSFN Area and MBMS services of interest. 
These methods were introduced for different purposes. MII is mainly used for the network to ensure that the UE can continue to receive its service of interest while in Connected; whereas Counting is used to allow the network to determine whether a sufficient number of UEs have interest in receiving a service. 
Observation 3 In LTE eMBMS, the two types of UE assistance information are introduced for different purposes; MBMS Interest Indication for the eNB’s scheduling, and MBMS Counting for the MCE’s session control. 
For NR MBS, it may be expected for multicast services, such as group communication use case, the network already has full knowledge of which MBS service the UEs in Connected are interested in receiving, so any assistant information from UEs is not useful to the network e.g., the gNB’s decision of PTP/PTM delivery.  However, in our understanding, the same is not true for the broadcast services and/or the UEs in IDLE/INACTVIE. In particular, for the broadcast services, the issues solved by MII and Counting in LTE eMBMS, i.e., Observation 3, still exist in NR MBS.  So, RAN2 should discuss if the assistance information such as MII and Counting is useful for NR MBS.  
Note that the information on MBMS ROM information in MII and on MBSFN Area in Counting Response is not necessary in Rel-17, since ROM and SFN are not supported as stated in the WID [1]. 
Proposal 11 RAN2 should agree to introduce the UE assistance information for NR MBS, e.g., MBS Interest Indication and/or MBS Counting. 
If Proposal 11 is agreeable, the enhancements on top of LTE eMBMS would be worth considering. In LTE eMBMS, neither MII nor Counting can collect the information from UEs in IDLE, even though the majority of UEs are receiving the broadcast services in RRC IDLE. That’s one of the remaining issues in LTE eMBMS from the perspectives of session control and resource efficiency, in our understanding. 
In NR MBS, the same issue could exist for the UE in IDLE/INACTIVE. For example, the network doesn’t know if a UE in IDLE/INACTIVE is no longer receiving/interested in a broadcast service. Therefore, the network may continue to provide PTM transmissions even if there is no UE receiving the service. Such unnecessary PTM transmissions should be avoided if the gNB knows the interests of UEs in IDLE/INACTIVE. Conversely, if PTM is stopped when there are still IDLE/INACTIVE UEs receiving the service, a large number of UEs may send connection requests simultaneously, which is also undesirable. 
So, it’s worth considering whether to introduce a mechanism to collect the UE assistance information, specifically MBMS Counting, from the UEs in IDLE/INACTIVE. Needless to say, it’s preferable that these UEs in IDLE/INACTIVE can report the information without transitioning to RRC Connected. It may be achieved, for example, if the PRACH resource partitioning associated with MBS services is introduced for such reporting. 
Proposal 12 RAN2 should discuss if the UE assistance information, e.g., MBS Counting, is also collected from the UE in IDLE/INACTIVE. 
3. Conclusion 
In this contribution, the general consideration of control plane aspects in NR MBS are discussed. The remaining issues in RAN2#112-e are addressed and the possible direction of enhancements on top of LTE eMBMS mechanism are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
For delivery mode 1, RAN2 should agree to use RRC Reconfiguration for MBS configuration.
Proposal 2
RAN2 should agree to aim to the maximum commonality between two delivery modes in terms of MBS configuration, e.g., with common structures and IEs.
Proposal 3
For delivery mode 1, RAN2 should agree the MBS data can be received by the UE at least in RRC INACTIVE. It’s FFS for RRC IDLE.
Proposal 4
If Proposal 3 is agreeable, RAN2 should discuss how the delivery mode 1 configuration for the data reception in INACTIVE is provided to the UE.
Observation 1
In LTE, the two-step configuration, i.e., with SIB20 and SC-MCCH, is beneficial for different scheduling of these control channels, which is still useful for NR MBS.
Proposal 5
For delivery mode 2, RAN2 should agree with the use of the two-step configuration with SIB and MCCH, like SIB20 and SC-MCCH in SC-PTM.
Proposal 6
RAN2 should agree that delivery mode 2 can be used for multicast sessions, in addition to broadcast sessions.
Proposal 7
For delivery mode 2, RAN2 should agree that the MBS configuration can be also received by the UE in RRC Connected. It’s FFS whether MCCH or RRC Reconfiguration.
Observation 2
The control channels for delivery mode 2 need to be flexible and resource efficient for various types of use cases.
Proposal 8
For delivery mode 2, RAN2 should discuss if multiple MCCH are supported in a cell, that was not in LTE.
Proposal 9
For delivery mode 2, RAN2 should discuss the option if MCCH is provided on-demand basis, that was not in LTE.
Proposal 10
For delivery mode 2, RAN2 should discuss the option if the multicast reception without MCCH is supported (i.e., one-step configuration), e.g., SIB directly provides the MTCH scheduling information.
Observation 3
In LTE eMBMS, the two types of UE assistance information are introduced for different purposes; MBMS Interest Indication for the eNB’s scheduling, and MBMS Counting for the MCE’s session control.
Proposal 11
RAN2 should agree to introduce the UE assistance information for NR MBS, e.g., MBS Interest Indication and/or MBS Counting.
Proposal 12
RAN2 should discuss if the UE assistance information, e.g., MBS Counting, is also collected from the UE in IDLE/INACTIVE.
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