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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1]. RAN2 agreed the two delivery modes, i.e., delivery mode 1 for multicast sessions received by UEs in Connected, and delivery mode 2 for broadcast sessions received by UEs in all RRC states [2]
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[3]. 
In RAN2#113bis-e, the following details were agreed for delivery mode 2 [4]: 
	· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. 

· New RNTI is defined for scheduling MCCH.
· The concept of MCCH transmission window, similar to the one used for LTE SC-PTM, is used for NR MCCH scheduling. The exact parameters to define the window are FFS (discussed in the following proposals).
· Common search space is needed for MCCH scheduling. RAN2 should request RAN1 to discuss the details of CSS for MCCH.

· R2 assumes PDCCH occasions for MCCH search space are associated with SSBs in a pre-defined manner so that the UE can receive MCCH scheduling on PDCCH occasions according to its detected SSB. 
· R2 assumes, In case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· R2 assumes that If common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331. 

	· Request RAN1 to discuss the details of the configuration of the bandwidth for MCCH reception. 

· The modification period is defined for NR MCCH and NR MCCH contents are only allowed to be modified at each modification period boundary.
· The updated MCCH message should be sent in the same MCCH modification period where the change notification is sent.

· UE in RRC IDLE/INACTIVE should be able to monitor/read both MCCH channel and SI/Paging without BWP switch. It is up to RAN1 to decide how this is ensured.

· It is up to RAN1 to to decide about the RNTI and DCI format used for MCCH change notifications. 

· FFS whether to support multiple MCCH, e.g. to support different service types. 

· RAN2 will discuss and down-select from the following two options for the UE to get aware of session stop/modification:

Reading MCCH once per each MCCH modification period when receiving an ongoing broadcast session

DCI used for MCCH notification indicates the change of an ongoing broadcast session 


In this contribution, the consideration of control plane aspects for delivery mode 2 is provided, taking into account the LTE eMBMS mechanism and the up to date RAN2 agreements. 
2. Discussion 
At this point, the characteristics of two delivery modes may be summarized in Table 1, according to the RAN2 agreements [2][3][4] and the statements in LS reply to SA2 [5]. 
Table 1
Summary of Stage-2 control plane aspects for delivery modes [2]
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[3]
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[4] 
(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

Deprioritized: IDLE/INACTIVE
	ALL RRC states

	Configuration reception in
	Connected
	All RRC states

	Configuration signalling by
	RRC Reconfiguration
	BCCH and MCCH

	Notification by
	RRC Reconfiguration
 for Connected
 due to session start
Group notification
 for IDLE/INACTIVE
 (details FFS; e.g., paging)
	MCCH change notification 
 due to session start
 for other cases (FFS)

	UE’s interests informed by
	5GC (MBS session join/leave)
	UE (MBS Interest Indication)


2.1. Multicast session via delivery mode 2 
NR MBS is expected to support various types of use cases, as quoted from the WID below [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. 
	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. 


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.  This issue was left to FFS from RAN2#112-e through RAN2#113bis-e, but in general there seems no technical reason to limit it from our perspective. 
Note that although RAN2 agreed “Chair: RAN2 will prioritize Active Multicast support in RRC Connected mode in Rel-17. If time permits Multicast support for RRC Inactive can be considered later (once connected mode Multicast solution, and Broadcast solution has become more mature)” [4], it does not preclude the multicast session by delivery mode 2 for UEs in Connected in our understanding, since the agreement was made in context of delivery mode 1. 
Proposal 1 RAN2 should agree that delivery mode 2 can be used for multicast sessions, in addition to broadcast sessions. 

2.2. MCCH enhancements 
2.2.1. Multiple MCCH
RAN2 left “FFS whether to support multiple MCCH, e.g. to support different service types.” [4] 

In LTE SC-PTM, the configuration is provided by the two messages, i.e., SIB20 and SC-MCCH [8]. 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 same mechanism was agreed to be reused for NR MBS [3].  

In LTE SC-PTM, there is only one SC-MCCH in a cell [8], which is a much simpler mechanism to support with limited number of services. SC-MCCH scheduling parameters may be configured from wide range of values as shown below, e.g., the repetition period between rf2 (20ms) and rf256 (2,560ms) and the modification period between rf2 (20ms) and rf65536 (10.92min) [8]. These range values of these parameters are beneficial for supporting various types of service requirements, but not efficient for supporting these services simultaneously due to the limitation of only one SC-MCCH per cell. 
	SystemInformationBlockType20-r13 ::=
SEQUENCE {


sc-mcch-RepetitionPeriod-r13

ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},


sc-mcch-Offset-r13



INTEGER (0..10),


sc-mcch-FirstSubframe-r13

INTEGER (0..9),


sc-mcch-duration-r13


INTEGER (2..9)
OPTIONAL,


sc-mcch-ModificationPeriod-r13
ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,











rf512, rf1024, r2048, rf4096, rf8192, rf16384, rf32768,











rf65536},


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


...,


Considering the drawback of LTE SC-MCCH, when multiple services need to be supported simultaneously, the design of NR MCCH should consider the flexibility and its resource efficiency from the NW’s perspective, as well as the power efficiency from the UE’s perspective. For example, if the delay tolerant services and the delay sensitive services are configured together in one MCCH, MCCH needs to be frequently scheduled in order to fulfil the latency requirement from the delay sensitive services. For delay tolerant services, this results in excessive overhead due to unnecessary signalling and increased UE power consumption due to frequent monitoring at every MCCH modification period (regardless of whether MCCH Change Notification is sent also for content changes). 
Observation 1 Limitation of one MCCH per cell may cause inefficiency in signalling overhead and UE power consumption, especially when various service requirements are supported by a cell at the same time. 
It could be considered whether the MCCH should be separated for different use cases, also known as multiple MCCH which is discussed in [6]
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[7], as depicted in Figure 1. For example, one MCCH provides the delay sensitive services frequently while another MCCH provides the delay tolerant services sparsely. 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. 
Proposal 2 RAN2 should agree that multiple MCCH are supported in a cell. 

If Proposal 2 is agreeable, the UE needs to know which MCCH provides the service of interest. One approach is that the UE decodes all MCCHs to find out the service of interest, but it obviously causes additional UE power consumption. So, the UE would be provided the mapping information, i.e., mapping of services with MCCH, in order to be allowed only to decode the MCCH of interest. The information is needed before MCCH reception, so it would be considered that it’s suitable to be provided by MBS SIB. 
Proposal 3 If Proposal 2 is acceptable, RAN2 should agree that MBS SIB provides the mapping of MBS services with each MCCH. 
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Figure 1
 Multiple MCCH for delivery mode 2
2.2.2. On-demand MCCH 
In addition, the new paradigm in NR is the support of On-demand SI transmission [9]
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[10]. 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 4 RAN2 should discuss the option if MCCH is provided on-demand basis. 
2.2.3. One-step configuration 
As another possibility, it could be further considered to merge these messages, i.e., one-step configuration as depicted in Figure 2. 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 5 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 2  One-step configuration for delivery mode 2
2.3. MCCH Change Notification for other cases 
The MCCH change notification was agreed to be introduced [3], which is assumed to be similar with one in LTE SC-PTM. The UE is notified the change of MCCH at least due to session start. RAN2 further agreed that “RAN2 will discuss and down-select from the following two options for the UE to get aware of session stop/modification: Reading MCCH once per each MCCH modification period when receiving an ongoing broadcast session; DCI used for MCCH notification indicates the change of an ongoing broadcast session” [4].
According to the latest LTE specification [8], it’s specified that “When the network changes (some of) the SC-MCCH information, it notifies the UEs, other than BL UEs, UEs in CE or NB-IoT UEs, about the change in the first subframe which can be used for SC-MCCH transmission in a repetition period.” It may be interpreted that the SC-MCCH change notification is not needed to be limited in session start, to some extent. 

If the MCCH change notification is not provided during the MBS session, the UE always needs to decode MCCH, i.e., PDCCH and PDSCH, at every MCCH modification boundaries, just to check whether MCCH is updated or not. It’s inefficient from UE power consumption point of view, compared to only decoding the MCCH change notification, i.e., only PDCCH. So, the MCCH change notification should be provided not only due to session start but also whenever the configuration is changed. 
Proposal 6 For delivery mode 2, RAN2 should discuss if MCCH change notification is provided whenever MCCH information is changed. 
2.4. 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 [8], 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 2 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, MBS Interest Indication was agreed to be supported in RRC Connected, but not in IDLE/INACTIVE [3]. Based on this, 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, i.e., delivery mode 2 for broadcast sessions. 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. 
Note that there is no MCE in NR MBS, which means the MCE functionality would be integrated within the gNB. In this sense, It’s RAN2 to decide whether Counting is needed in NR MBS, regardless of whatever RAN3 decided from the perspective of their network interfaces. 
Proposal 7 RAN2 should discuss if MBS Counting is introduced and whether it’s 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#113-e are addressed and the possible enhancements on top of LTE eMBMS mechanism are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should agree that delivery mode 2 can be used for multicast sessions, in addition to broadcast sessions.
Observation 1
Limitation of one MCCH per cell may cause inefficiency in signalling overhead and UE power consumption, especially when various service requirements are supported by a cell at the same time.
Proposal 2
RAN2 should agree that multiple MCCH are supported in a cell.
Proposal 3
If Proposal 2 is acceptable, RAN2 should agree that MBS SIB provides the mapping of MBS services with each MCCH.
Proposal 4
RAN2 should discuss the option if MCCH is provided on-demand basis.
Proposal 5
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.
Proposal 6
For delivery mode 2, RAN2 should discuss if MCCH change notification is provided whenever MCCH information is changed.
Observation 2
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 7
RAN2 should discuss if MBS Counting is introduced and whether it’s also collected from the UE in IDLE/INACTIVE.
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