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Introduction
In RAN2#113bis-e meeting, following was agreed:

	⇒ 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).
… 
⇒ 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, we discuss MBS support for RRC_IDLE/INACTIVE.
Discussion
MCCH
There are several open issues regarding MCCH design. 
Area specific MCCH
One issue is whether MCCH can be area specific, similar to area specific SIB introduced in Rel-15. In typical cases, MCCH is cell specific regarding ongoing MBS sessions, therefore it is unlikely that neighboring cells share the same MCCH content. Introduction of area specific MCCH requires that the version of the MCCH (similar to valueTag) as well as area ID (similar to systemInformationAreaID) are signaled in MBS SIB. The reason not to reuse systemInformationAreaID in SIB1 is that the area for SIB and MCCH can be different. Given that version of MCCH is signalled in MBS SIB, the MBS SIB should be updated with the new MCCH version information whenever MCCH content changes. This makes two-step MBS configuration approach not useful at all. In addition, this approach cannot work if MCCH should be changed faster than 640 ms (minimum BCCH modification period). Given the increased overhead, unclear benefit, and potential issues discussed above, it is proposed to not consider area specific MCCH.
[bookmark: Proposal_Area_MCCH]Proposal 1: Area specific MCCH is not supported.
On-demand MCCH
There were proposals regarding on-demand MCCH to minimize the overhead of MCCH. On-demand MCCH increases latency especially in consideration of service continuity. Delivery mode 2 is similar to LTE SC-PTM, which supports MCCH modification period as short as 20 ms. Although delivery mode 2 is for “low” QoS services, it is expected that delivery mode 2 can support MCCH modification period in a similar value range as that in LTE SC-PTM. Therefore the additional delay due to on-demand MCCH can be significant in some cases.
[bookmark: Proposal_Ondemand_MCCH]Proposal 2: On-demand MCCH is not supported.
Single vs. multiple MCCHs
One FFS from RAN2#113bis-e meeting discussion is “whether to support multiple MCCH, e.g. to support different service types”. In LTE SC-PTM, there is a single SC-MCCH. There were proposals to have multiple MCCHs for NR MBS design, with the aim to have flexible configuration for different type of services. However, there are also potential drawbacks for multiple MCCH approach, e.g. more power consumption for UEs monitoring multiple MCCHs. In addition, there are increased complexity and more discussion is needed on multiple MCCH design, e.g. how UE can know which subset of MCCHs to monitor, MCCH notification, and DRX for multiple MCCH monitoring. It is therefore proposed to reuse LTE SC-PTM design of single MCCH.
[bookmark: Proposal_Single_MCCH]Proposal 3: PTM configuration is transmitted by a single MCCH within a cell.
MCCH change notification
Two options are identified in RAN2#113bis-e meeting regarding how UE is aware of the session stop/modification:
· Option A: Reading MCCH once per each MCCH modification period when receiving an ongoing broadcast session
· Option B: DCI used for MCCH notification indicates the change of an ongoing broadcast session
Option A is LTE MBS behavior. Motivation of Option B is to help UE power saving. In our view, power saving gain and RAN1 impacts of using MCCH notification for session stop/modification should be carefully evaluated. 
We first analyze session stop indication. Firstly, a single bit in DCI to indicate session stop is not sufficient. The reason is that there can be multiple broadcast sessions ongoing in one cell, and a single bit cannot indicate which session is to be stopped. With single bit session stop indication, the UE still needs to read MCCH, and there is no power saving gain from using the session stop indication. Therefore multiple bits of session stop indication should be introduced. Currently there is no agreement regarding the maximum number of broadcast sessions to be supported in one cell. In the following discussion we use LTE SC-PTM as a reference. As from the related ASN.1 code in TS 36.331, there can be up to 1023 SC-MTCHs in one cell. Using a bitmap to indicate session stop requires 1023 bits, while using index requires 10 bits. It should be noted that index approach has the drawback that only a single session stop can be supported, while multiple indices in DCI might easily exceed the number of available bits of DCI.
SCPTMConfiguration-r13 ::=		SEQUENCE {
	sc-mtch-InfoList-r13			SC-MTCH-InfoList-r13,
	scptm-NeighbourCellList-r13		SCPTM-NeighbourCellList-r13			OPTIONAL,	-- Need OP
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SCPTMConfiguration-v1340							OPTIONAL
}
SC-MTCH-InfoList-r13 ::=			SEQUENCE (SIZE (0..maxSC-MTCH-r13)) OF SC-MTCH-Info-r13
maxSC-MTCH-r13				INTEGER ::= 1023	-- Maximum number of SC-MTCHs in one cell
[bookmark: Obs_Latency]
[bookmark: Obs_Stop_Indication_Bits]Observation 1: Indicating session stop in DCI requires at least 10 bits, and index based session stop indication has the issues of either only indicating a single session stop or exceeding the number available bits of DCI.
We now analyze the potential power saving gain. As in email discussion summary [3] for “[Post113-e][053][MBS17] MCCH scheduling and MCCH change notification”, there are several options for MCCH change notification, with mainly two options for using PDCCH as change notification as summarized below:
· Option 1: a new RNTI different from MCCH-RNTI is introduced for MCCH change notification. In this option, PDCCH for change notification and PDCCH scheduling MCCH are different.
· Option 2: the notification function is integrated into MCCH-RNTI which is used to schedule MCCH. In this option, there is only a single PDCCH for both change notification and MCCH scheduling.
It can be seen that with Option 1, there is additional power consumption of introducing session stop notification. The reason is that for UEs already receiving broadcast session, there is no need to receive PDCCH for change notification. Introducing session stop notification requires those UEs to receive PDCCH for change notification, which consumes more power. For Option 3, session stop indication can only save one MCCH decoding for UEs receiving one MBS session. In this case, considering that the UE has already received the MBS session for some time, the power saving gain is marginal. For UEs receiving multiple broadcast sessions, the UE needs to receive MCCH anyway unless all the broadcast sessions it is receiving are stopped simultaneously. Therefore there is no power saving gain for UEs receiving multiple broadcast sessions in most cases.
[bookmark: Obs_Stop_Indication_Power]Observation 2: Indicating session stop in DCI either consumes more power, or has marginal power saving gain.
Above discussion shows that it is not desirable to introduce session stop notification considering the limited gain vs. significant impact.
We then analyze the pros and cons of session modification notification. In LTE NB-IoT, notification of SC-MCCH modification is supported as from TS 36.331 clause 5.8a.1.3, as below:
When the network changes SC-MTCH specific information e.g. start of new MBMS service(s) transmitted using SC-PTM or change of ongoing MBMS service(s) transmitted using SC-PTM, it notifies the BL UEs, UEs in CE or NB-IoT UEs in the PDCCH which schedules the SC-MTCH in the current modification period. The notification is transmitted with a 2 bit bitmap. The LSB in the 2-bit bitmap, when set to '1', indicates the change of the on-going MBMS service and the MSB in the 2-bit bitmap, when set to '1', indicates the start of new MBMS service(s), see TS 36.212 [22], clauses 5.3.3.1.12, 5.3.3.1.13 and 6.4.3.2.
It should be noted that the key difference between NR MBS and NB-IoT MBMS is that NR bandwidth is significantly larger than that of NB-IoT MBS and there can be many broadcast sessions ongoing in one cell in NR. For example, NB-IoT MBMS can support up to 64 (maxSC-MTCH-NB-r14) SC-MTCHs, which is much smaller than 1023 (maxSC-MTCH-r13) for normal SC-PTM deployment. 
There are basically two options to indicate session modification. One option is similar to NB-IoT MBMS, where a single bit indicates whether there is change of MCCH content. The other option is to explicitly list the broadcast sessions whose configuration have been changed. The latter option is not practical given the limited size of DCI. As for the first option, the power saving gain is limited since configuration change of any MTCH requires the UE to acquire MCCH.
Therefore, it is not desirable either to introduce session modification notification considering the limited gain.
In summary, it is proposed to not introduce mechanism to notify session stop/modification.
[bookmark: Proposal_Notification]Proposal 4: No mechanism is introduced to notify session stop/modification, i.e. UE should read MCCH once per each MCCH modification period when receiving an ongoing broadcast session.
Multicast access control
In [4][5], it is proposed to enhance Unified Access Control (UAC) for multicast. In NR Rel-15, UAC is introduced to control congestion based on Access Category and Access Identity(ies). For multicast session, at least for delivery mode 1, upon session activation, UEs in RRC_IDLE/INACTIVE are notified to move to RRC_CONNECTED, from the following agreements made in RAN2#113bis-e meeting:
	Support group notification for multicast for MBS supporting nodes
For delivery mode 1 UE is not expected to monitor Group notification channel in RRC_CONNECTED 
It is FFS whether RAN2 needs to handle PRACH capacity issues due to group notifications 
Use same group notification identity for both RRC_IDLE and RRC_INACTIVE states



The motivation for UAC is that network can bar connection requests which consumes the network resource. The key difference between UAC for unicast and (potential) UAC for multicast is that in multicast, network has already allocated most of the related resources even before the connection request is initiated. 5GC has already allowed the UE to join the multicast session, and gNB can statistically estimate radio resource for the multicast session (e.g. DL PTM transmission resource, PTP transmission resource, RRC signalling, RLC status report, and L1 HARQ feedback) based on QoS information about the multicast session and which UEs have joined the multicast session (details are described in SA2 TR 23.757 clause 8.2.3) provided by 5GS. Although the resource allocation can be adjusted by gNB based on other factors e.g. CSI measurement, but that adjustment can be only performed after UE transits to RRC_CONNECTED. Therefore for UEs to be notified to transit to RRC_CONNECTED for one multicast session, there is no strong motivation to bar the UE’s access. 
[bookmark: Obs_UAC]Observation 3: There is no strong motivation to bar the UE’s access to multicast session if it is notified to transit to RRC_CONNECTED for multicast session.
Following is Access Category table in TS 22.261. It can be seen that Access Category other than Category 1 is based on type of access attempt. Given above observation, it seems that barring based on Access Category is not suitable for multicast.  
Table 6.22.2.3-1: Access Categories
	Access Category number
	Conditions related to UE
	Type of access attempt

	0
	All
	MO signalling resulting from paging

	1 (NOTE 1) 

	UE is configured for delay tolerant service and subject to access control for Access Category 1, which is judged based on relation of UE’s HPLMN and the selected PLMN.
	All except for Emergency, or MO exception data

	2
	All
	Emergency

	3
	All except for the conditions in Access Category 1.
	MO signalling on NAS level resulting from other than paging

	4
	All except for the conditions in Access Category 1.
	MMTEL voice (NOTE 3)

	5
	All except for the conditions in Access Category 1.
	MMTEL video

	6
	All except for the conditions in Access Category 1.
	SMS

	7
	All except for the conditions in Access Category 1.
	MO data that do not belong to any other Access Categories (NOTE 4)

	8
	All except for the conditions in Access Category 1
	MO signalling on RRC level resulting from other than paging

	9
	All except for the conditions in Access Category 1
	MO IMS registration related signalling (NOTE 5)

	10 (NOTE 6)
	All
	MO exception data 

	11-31
	
	Reserved standardized Access Categories

	32-63 (NOTE 2)
	All
	Based on operator classification



In TS 38.331, Access Category “0” is not barred, as shown below:
2>	if the Access Category is '0':
3>	consider the access attempt as allowed;
Currently in NR MBS discussion, there is no conclusion on whether paging or MCCH based approach is used for group notification. If paging is used, then access due to multicast session activation is not barred according to the specification coped above. If MCCH based approach is used, then some further check is needed to see whether existing Access Categories can cover multicast.
[bookmark: Proposal_AC]Proposal 5: From RAN2 point of view, there is no need to introduce new Access Categories for multicast. This assumption can be revisited if RAN2 agrees to use MCCH based approach for group notification.  
It was proposed in [4] to add new RRC establishment causes for multicast services. The establishment causes and resume causes in TS 38.331 are shown below. It can be seen that resume causes are superset of establishment cause, with the addition of rna-Update. 
EstablishmentCause ::= ENUMERATED {
emergency, highPriorityAccess, mt-Access, mo-Signalling, mo-Data, mo-VoiceCall, mo-VideoCall,
mo-SMS, mps-PriorityAccess, mcs-PriorityAccess,spare6, spare5, spare4, spare3, spare2, spare1}
ResumeCause ::= ENUMERATED {
	emergency, highPriorityAccess, mt-Access, mo-Signalling, mo-Data, mo-VoiceCall, mo-VideoCall, 
mo-SMS, rna-Update, mps-PriorityAccess, mcs-PriorityAccess, spare1, spare2, spare3, spare4, 
spare5 }


Field description of establishmentCause indicates that establishmentCause “Provides the establishment cause for the RRCSetupRequest in accordance with the information received from upper layers”. All establishment causes are defined in CT1 specification TS 24.501 Table 4.5.6.1. 
The primary motivation for establishment cause is to reject the access in case of RAN overload. In case of multicast access control, the same discussion regarding UAC applies since gNB has already allocated resource before UE initiates the state transition to RRC_CONNECTED. If paging is used for group notification, establishment case mt-Access is sufficient. If MCCH is used for group notification, RAN2 may discuss whether existing establishment causes can cover multicast.

[bookmark: Proposal_Cause]Proposal 6: From RAN2 point of view, there is no need to introduce new establishment cause. This assumption can be revisited if RAN2 agrees to use MCCH based approach for group notification.
MBS interest indication
In RAN2#113-e meeting, following was agreed: “Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).” The reason not to consider interest indication for multicast service is that gNB is aware of the multicast sessions UE has joined based on information provided by CN. 
In LTE, MBMS interest indication conveys the following information:
· The frequencies which provide the service(s) that the UE is receiving or is interested to receive simultaneously, and which can be received simultaneously in accordance with the UE capabilities;
· A single bit whether UE prioritizes MBMS reception over unicast.
LTE MBMS interest indication can be reused for NR MBS. For multicast service, although gNB is aware of the multicast sessions UE has joined, gNB is not aware of the multicast sessions UE can receive simultaneously. In multicast session procedure (TR 23.757 [1] Figure 8.2.3-1), UE might join a multicast session before gNB allocates resource for the multicast session. Therefore providing information regarding MBS frequencies UE can simultaneously receive can help gNB configure UE (e.g. CA / DC) properly taking into account UE’s preference and capabilities. In addition, the preference bit regarding MBS vs. unicast can be also helpful for gNB scheduler.
[bookmark: Proposal_MBS_interst]Proposal 7: As in LTE, MBS interest indication sent in RRC_CONNECTED conveys: 1) the frequencies which provide the MBS services (including both broadcast and multicast services) that the UE is receiving or is interested to receive simultaneously, and which can be received simultaneously in accordance with the UE capabilities; 2) a single bit whether UE prioritizes MBMS reception over unicast.
Frequency prioritization
In RAN2#113-e discussion, there were two FFSes related to frequency prioritization:
⇒ FFS whether support UE awareness of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).
⇒ FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).
In LTE MBMS, frequency prioritization rule is defined in TS 36.304 as follows:
	If the UE is capable either of MBMS Service Continuity or of SC-PTM reception and is receiving or interested to receive an MBMS service and can only receive this MBMS service while camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority during the MBMS session TS 36.300 [2] as long as the two following conditions are fulfilled: …



The frequency prioritization rule is helpful for UE to receive MBS service in RRC_IDLE/INACTIVE and it is preferred to be supported in NR as well. To facilitate the frequency prioritization, a SIB similar to LTE SIB15 can be introduced to provide MBS service information. 
[bookmark: Proposal_freq]Proposal 8: As in LTE SC-PTM, UE is aware of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. reuse LTE SC-PTM mechanism), and frequency prioritization during cell reselection for service continuity is supported for NR MBS delivery mode 2.
Conclusion
In this contribution, we discuss MBS support for RRC_IDLE/INACTIVE, and have the following observations:
Observation 1: Indicating session stop in DCI requires at least 10 bits, and index based session stop indication has the issues of either only indicating a single session stop or exceeding the number available bits of DCI.
Observation 2: Indicating session stop in DCI either consumes more power, or has marginal power saving gain.
Observation 3: There is no strong motivation to bar the UE’s access to multicast session if it is notified to transit to RRC_CONNECTED for multicast session.
We propose the following:
Proposal 1: Area specific MCCH is not supported.
Proposal 2: On-demand MCCH is not supported.
Proposal 3: PTM configuration is transmitted by a single MCCH within a cell.
Proposal 4: No mechanism is introduced to notify session stop/modification, i.e. UE should read MCCH once per each MCCH modification period when receiving an ongoing broadcast session.
Proposal 5: From RAN2 point of view, there is no need to introduce new Access Categories for multicast. This assumption can be revisited if RAN2 agrees to use MCCH based approach for group notification.
Proposal 6: From RAN2 point of view, there is no need to introduce new establishment cause. This assumption can be revisited if RAN2 agrees to use MCCH based approach for group notification.
Proposal 7: As in LTE, MBS interest indication sent in RRC_CONNECTED conveys: 1) the frequencies which provide the MBS services (including both broadcast and multicast services) that the UE is receiving or is interested to receive simultaneously, and which can be received simultaneously in accordance with the UE capabilities; 2) a single bit whether UE prioritizes MBMS reception over unicast.
Proposal 8: As in LTE SC-PTM, UE is aware of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. reuse LTE SC-PTM mechanism), and frequency prioritization during cell reselection for service continuity is supported for NR MBS delivery mode 2.
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