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[bookmark: _Ref165266342]1.Introduction
In the previous RAN2 meetings, agreements relevant to group notification on MBS supporting node were as follows.
[bookmark: _Hlk67993708]RAN2 agreements 
1 There is support to have group notification for multicast for MBS supporting nodes (e.g. paging).
2 Use same group notification identity for both RRC_IDLE and RRC_INACTIVE states.
3 For supporting nodes, using MBS session ID is feasible.
4 [bookmark: _Hlk71293628]RAN2 will discuss and down-select from the following two options for the UE to get aware of session stop/modification:
[bookmark: _Hlk71293810]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
5 It is up to RAN1 to decide about the RNTI and DCI format used for MCCH change notifications.
In this contribution, we would like to discuss some issues related to group notification on MBS supporting node as below,
· Group notification mechanism: MCCH, different group paging solutions, and comparison.
· RRC connection eatablishment and resume procedure upon group notification:initiation condition, resumeCause and establishmentCause value, and Access Category.
2.Discussion  
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]2.1 Group notification 
2.1.1 MCCH 
MBS supporting node has the ability for MCCH mechanism and may simultaneously provide broadcast session and multicast session. For broadcast session, we will design the MCCH change notification mechanism for broadcast session start and/or the change of onging broadcast session. Considering that session activation is similar to session start, so we can directly enhance MCCH to simultaneously notify broadcast session and multicast session. More specifically,the MBS session ID list can be included in MCCH. After detecting the corresponding MBS session IDs in MCCH, NON-RRCCONNECTED UE should enter the RRC-CONNECTED state to receive the activated multicast session which is provided by delivery mode 1.
Proposal 1: Multicast session ID list can be included in MCCH message.
When multicast session ID list is included in MCCH message, changed MCCH may be due to three cases, i.e., broadcast session start, the change of ongoing broadcast session, and the change of multicast session ID list(more specifically, it can even be separated into two cases, new multicast session ID is added and old multicast session ID is removed). Regarding the specific method, RAN2 has also proposed one possible method when discussing the change of ongoing broadcast session, i.e., DCI used for the MCCH change notification indicates the change of ongoing broadcast session. In our understanding, DCI-based method is better because UE does not need to read MCCH once per each modification period and can clearly know the reason for MCCH change. So DCI-based method can be enhanced to indicate whether the changed MCCH is due to the change of multicast session ID list.
Proposal 2:DCI used for the MCCH change notification indicates the change of multicast session ID list.
2.1.2 Group paging
In RAN2#113Bis-e meeting, we have concluded that using MBS session ID is feasible for MBS supporting nodes. So we can include MBS session ID in the paging message to notify a group of UEs interested in the same multicast session, e.g., MBS Session ID is as a new choice value for PagingUE-Identity. However, regarding the PO for group paging, there are different solutions [1] [2] below.
Mechanism 1: Group paging _ dedicated PO from legacy paging
· Define dedicated group paging cycle, dedicated PF/PO calculation formula for group paging. 
Mechanism 2: Group paging_shared PO with legacy paging
· Use UE-specific legacy PO for group paging.
2.1.3 Comparison
[bookmark: _Hlk71552713][bookmark: OLE_LINK5]In this section, we will compare three kinds of group notifications in UE power consumption for group notification, network transmission efficiency, and information comprehensiveness aspects. The corresponding table and figures are as below.
	
	[bookmark: _Hlk71552853][bookmark: _Hlk71536530]Group paging_ dedicated PO from legacy paging
	[bookmark: _Hlk71536558]Group paging_shared PO with legacy paging 
	MCCH group notification

	UE power consumption for group notification
	High:
1 PO: interested in one multicast session

More than one PO: interested in several multicast sessions

	Low:
0 PO
	Low:
[bookmark: _Hlk71554083][bookmark: OLE_LINK4][bookmark: OLE_LINK2]0  PDCCH occasion monitoring: if UE is interested in broadcast session and multicast session.

1 PDCCH occasion monitoring: if UE is only interested in multicast session.

	[bookmark: _Hlk71360979]Network transmission efficiency
	High: 
Group notification is send on single PO for one multicast session
	Low: 
Group notification is sent on all related legacy POs of UEs in the multicast group
	High:
All group notifications are send on one PDCCH occasion associated with MCCH 

	[bookmark: _Hlk71552330]Information comprehensiveness (especially for Local MBS case)
	Bad:
Can notify a multicast session is activated only at the activation point



	Bad:
Can notify a multicast session is activated only at the activation point

	Good:
[bookmark: _Hlk71538247]Can notify a multicast session is activated or unactivated in real time



Table 1: Comparison for different group notifications
[bookmark: _Hlk71553196]Regarding the UE power consumption for group notification, in group paging with dedicated PO from legacy paging case, the paging occasions may be associated with the MBS session ID or MBS session ID group rather than UE ID to achieve the group notification for all related UEs. When UE is interested in a lot of multicast  services, UE has to monitor many paging occasions for different multicast services individually( e.g., in Figure 1 below, UE needs to monitor 4 POs in a PF). Only by special mechanism or rules, UE only needs to monitor one PO for all multicast sessions. In other words, more UE power consumption for group notification is required. 


Figure 1: UE power consumption for group notification in Group paging with dedicated PO from legacy paging case
In MCCH group notification case, if UE is simultaneously interested in broadcast session and multicast session, the separate PDCCH occasion monitoring for group notification is 0. Because UE has to monitor MCCH for broadcast session configuration. That means the power consumption for MCCH group notification is less. Hence, we have the following observations,
Observation 1: The UE power consumption is non-ideal for group paging with dedicated PO from legacy paging considering UE has to monitor at least one PO for multicast activation except the legacy PO.
[bookmark: OLE_LINK1][bookmark: OLE_LINK3]Observation 2: The UE power consumption for monitoring MCCH group notification is zero if UE is simultaneously interested in broadcast and multicast session.
[bookmark: _Hlk71555841]Regarding the network transmission efficiency, in group paging with shared PO with legacy paging case, the network has to send the group notification in all related legacy POs of UEs in the multicast group as Figure 2 below. In Figure 2, there are 5 UEs interested in the same multicast session and the network needs to send the group paging including MBS session ID 5 times in a paging cycle. Therefore, the network transmission efficiency is non-ideal for group paging with shared PO with legacy paging.
Observation 3: The network transmission efficiency is non-ideal for group paging with shared PO with legacy paging considering network has to send the group notification in all related legacy POs of UEs in the multicast group.


Figure 2: The network transmission efficiency in group paging with shared PO with legacy paging case
For group paging, it can only notify a multicast session is activated by including the corresponding MBS session ID in the paging message at the activation point. However, for MCCH group notification, it can notify a multicast session is activated or inactivated in the multicast life cycle by updating the MBS session ID list. So UE can clearly know one multicast session is activated or inactivated in real time and does not need to enter RRC_CONNECTED state to join and/or receive a inactivated multicast session. This benefit is especially obvious in Local MBS case as the illustration below.
Multicast session timeline can be as the following Figure 3. After Session Establishment/Activation notification, multicast session data is transferred to UE. Then the multicast session becomes inactived and there is no data transfer. The multicast session is activated once again after the Session InActivation period with network’s second Session Activation notification.


Figure 3: The multicast session timeline example
After the first data transfer, RRC_CONNECTED UE may be released to NONRRCCONNECTED state by the dedicated RRC signalling due to the fact that this Local multicast session is inactivated. Then this UE may moves outside the Local multicast area. According to the definition of Local MBS in TS23.247[3], “When the join succeeds, if the multicast session is deactivated, the UE does not perform monitoring the session activation notification and any other information related to the multicast session identified by an MBS Session ID over the radio if outside the multicast service area”. So this UE can not know whether the multicast session is activated if outside the Local multicast area. Once UE moves inside the Local multicast area again, it does not know whether the group paging activation notification has been missed. So UE has to always enter RRCCONNETED state in this case. If the multicast session is still inactivated(e.g., UE moves inside the Local multicast area in the Session Inactivation period in Figure 3), the RRC signalling and power consumption for entering RRCCONNECTED is useless. However, by monitoring MCCH group notification, UE can know that Local multicast session is still inactivated, so it will avoid the useless RRC singlling and power consumption.
So we have the following observations,
Observation 4:MCCH group notification can indicate whether a multicast session is activated throughout the multicast life cycle while group paging can only indicate at the activation point. 
Observation 5:When UE moves inside the local multicast area and the group paging mechanism is adopted, useless RRC signalling and power consumption for entering RRCCONNECTED is cost if local multicast session is inactivaed.
Based on the analysis above, MCCH group notification is better than group paging considering UE power consumption for group notification, network transmission efficiency, and information comprehensiveness aspects.
Proposal 3:Multicast session ID list included in MCCH message and MCCH change notification mechanism are supported for multicast activation notification in NR MBS.
2.2 RRC connection establishment and resume procedure upon group notification 
[bookmark: _Hlk70408609]When RRC_IDLE/RRC_INACTIVE UE receives the group notification, if the group notification includes UE’s interested multicast sessions, UE will initiate the RRC connection establishment/resume procedure and enter RRC_CONNECTED state to receive the activated multicast session data provided by Delivery mode 1. In this section, we would like to discuss the detail in the RRC connection establishment/resume procedure.
Regarding the initiation condition of RRC connection establishment procedure for RRC_IDLE UE, according to the current Section 5.3.2.3 and 5.3.3.2 of TS38.331[4], upon receiving the legacy CN paging, UE behavior and the initiation condition of RRC connection establishment procedure are as follows,
[bookmark: _Hlk71550157]————————————————————Section 5.3.2.3————————————————
Upon receiving the Paging message, the UE shall:
1>	if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:
2>	if the ue-Identity included in the PagingRecord matches the UE identity allocated by upper layers:
3>	forward the ue-Identity and accessType (if present) to the upper layers;
————————————————————Section 5.3.3.2—————————————————
The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE and it has acquired essential system information as described in 5.2.2.1, or for sidelink communication as specified in sub-clause 5.3.3.1a.
In our understanding, group notification is very similar to CN paging which notifies RRC_IDLE UE to enter RRC_CONNECTED state for MT access. So for simplicity, we can reuse the existing UE behavior and the initiation condition. In other words, upon receiving the group notification message, RRC_IDLE UE shall forward the group notification information to the upper layers. After receiving the group notification information, upper layers request establishment of an RRC connection.  
[bookmark: _Hlk71380773][bookmark: _Hlk70516872][bookmark: _Hlk71381762][bookmark: _Hlk71549747]Proposal 4: Upon receiving the group notification message, RRC_IDLE UE shall forward the group notification information to the upper layers and initiates RRC connection eatablishment procedure when upper layers request establishment of an RRC connection.
According to the current Section 5.3.2.3 and 5.3.13.2 of TS38.331[4], upon receiving the legacy RAN paging, UE behavior and the initiation condition of RRC connection resume procedure are as follows,
————————————————————Section 5.3.2.3—————————————————
[bookmark: _Hlk71549180]Upon receiving the Paging message, the UE shall:
1>	if in RRC_INACTIVE, for each of the PagingRecord, if any, included in the Paging message:
2>	if the ue-Identity included in the PagingRecord matches the UE's stored fullI-RNTI:
3>	if the UE is configured by upper layers with Access Identity 1:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mps-PriorityAccess;
3>	else if the UE is configured by upper layers with Access Identity 2:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mcs-PriorityAccess;
3>	else if the UE is configured by upper layers with one or more Access Identities equal to 11-15:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to highPriorityAccess;
3>	else:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mt-Access;
————————————————————Section 5.3.13.2—————————————————
Upon initiation of the procedure, the UE shall:
1>	if the resumption of the RRC connection is triggered by response to NG-RAN paging:
2>	select '0' as the Access Category;
For the same reason, group notification is very similar to RAN paging which notifies RRC_INACTIVE UE to enter RRC_CONNECTED state for MT access. So upon receiving the group notification message in AS layer, 
RRC_INACTIVE UE shall initiate the RRC connection resumption procedure by response to group notification.
[bookmark: _Hlk71550358][bookmark: _Hlk71550398][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 5: Upon receiving the group notification message, RRC_INACTIVE UE shall initiate the RRC connection resumption procedure by response to group notification.
Regarding the establishmentCause and resumeCause value of RRC connection establishment and resume procedure upon group notification, referring to the current Section 4.5.6 of TS24.501[5], the mapping table for access identities/access categories and RRC establishment cause is as follows,

	Rule #
	Access identities
	Access categories
	RRC establishment cause is set to

	1
	1
	Any category
	mps-PriorityAccess

	2
	2
	Any category
	mcs-PriorityAccess

	3
	11, 15
	Any category
	highPriorityAccess

	4
	12,13,14,
	Any category
	highPriorityAccess

	5
	0
	0 (= MT_acc)
	mt-Access

	
	
	1 (= delay tolerant)
	Not applicable (NOTE 1)

	
	
	2 (= emergency)
	emergency

	
	
	3 (= MO_sig)
	mo-Signalling

	
	
	4 (= MO MMTel voice)
	mo-VoiceCall

	
	
	5 (= MO MMTel video)
	mo-VideoCall

	
	
	6 (= MO SMS and SMSoIP)
	mo-SMS

	
	
	7 (= MO_data)
	mo-Data

	
	
	9 (= MO IMS registration related signalling)
	mo-Data

	NOTE 1:	A UE using access category 1 for the access barring check will determine a second access category in the range 3 to 7 that is to be used for determination of the RRC establishment cause. See subclause 4.5.2, table 4.5.2.2, NOTE 6.
NOTE 2:	See subclause 4.5.2, table 4.5.2.1 for use of the access identities of 0, 1, 2, and 11-15.


[bookmark: _Hlk71552442][bookmark: _Hlk71551277]Table 2: Mapping table for access identities/access categories and RRC establishment cause when establishing N1 NAS signalling connection via NR connected to 5GCN
Considering that group notification also intends to indicate the MT access for multicast session to UE, so we can also reuse the existing establishmentCause and resumeCause value mt-Access fot this case. Furthermore, based on mt-Access in Table 2, the Access Category value of RRC connection establishment and resume procedure upon group notification is 0. Hence, we have the following proposals,
[bookmark: _Hlk71388986][bookmark: _Hlk71551696]Proposal 6: The establishmentCause and resumeCause value of RRC connection establishment and resume procedure upon group notification is mt-Access.
[bookmark: _Hlk71551768]Proposal 7: The Access Category value of RRC connection establishment and resume procedure upon group notification is 0.
3.Conclusions
Based on the analysis given above, we have the following observations and proposals:
-MBS Group notification
Observation 1:The UE power consumption is non-ideal for group paging with dedicated PO from legacy paging considering UE has to monitor at least one PO for multicast activation except the legacy PO.
Observation 2:The UE power consumption for monitoring MCCH group notification is zero if UE is simultaneously interested in broadcast and multicast session.
Observation 3:The network transmission efficiency is non-ideal for group paging with shared PO with legacy paging considering network has to send the group notification in all related legacy POs of UEs in the multicast group.
Observation 4:MCCH group notification can indicate whether a multicast session is activated throughout the multicast life cycle while group paging can only indicate at the activation point. 
Observation 5:When UE moves inside the local multicast area and the group paging mechanism is adopted, useless RRC signalling and power consumption for entering RRCCONNECTED is cost if local multicast session is inactivaed.
Proposal 1:Multicast session ID list can be included in MCCH message.
Proposal 2:DCI used for the MCCH change notification indicates the change of multicast session ID list.
Proposal 3:Multicast session ID list included in MCCH message and MCCH change notification mechanism are supported for multicast activation notification in NR MBS.
- RRC connection establishment and resume procedure upon group notification
Proposal 4: Upon receiving the group notification message, RRC_IDLE UE shall forward the group notification information to the upper layers and initiates RRC connection eatablishment procedure when upper layers request establishment of an RRC connection.
Proposal 5: Upon receiving the group notification message, RRC_INACTIVE UE shall initiate the RRC connection resumption procedure by response to group notification.
Proposal 6: The establishmentCause and resumeCause value of RRC connection establishment and resume procedure upon group notification is mt-Access.
Proposal 7: The Access Category value of RRC connection establishment and resume procedure upon group notification is 0.
[bookmark: _Toc502437832]4.Reference
[1] R2-2103179, " NR Multicast group paging aspects ".
[2] R2-2103905, " Discussion on group notification for multicast session activation ".
[3] TS23.247-020, " Architectural enhancements for 5G multicast-broadcast services; Stage 2 ".
[bookmark: _Hlk71624818][bookmark: _Hlk71631029][4] TS38.331-g41, " Radio Resource Control (RRC) protocol specification ".
[5] TS24.501-h21, " Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3 ".




	
Microsoft_Visio___1.vsdx
Legacy paging cycle
PO_UE1
PO_UE2
PO_UE3
PO_UE4
PO_UE5
UE 1
UE 2
UE 3
UE 4
UE 5


PF PO associated with UE ID
Group paging including MBS session ID



image3.emf
Multicast 

session 

Service 

Announcement

Session 

Establishment/

Activation

Session 

Activation

Data Transfer Data Transfer

Session 

InActivation 

period

Time


Microsoft_Visio___2.vsdx
Multicast session
Service Announcement
Session Establishment/Activation
Session Activation
Data Transfer
Data Transfer
Session InActivation period
Time



image1.emf
NG-RAN

Legacy paging

Group paging_1

Group paging_2

Group paging_3

PO

Legacy paging cycle

MBS paging cycle

PF PO associated with 

MBS session ID 1

PF PO associated with 

MBS session ID 2

PF PO associated with 

MBS session ID 3

1 2 3 4 5 6

PF PO associated with 

UE ID

7 8

SFN 1


Microsoft_Visio___.vsdx
NG-RAN
Legacy paging
Group paging_1
Group paging_2
Group paging_3
PO
Legacy paging cycle
MBS paging cycle
PF PO associated with MBS session ID 1
PF PO associated with MBS session ID 2
PF PO associated with MBS session ID 3
1
2
3
4
5
6
PF PO associated with UE ID
7
8
SFN 1



image2.emf
Legacy paging cycle

PO_UE1 PO_UE2 PO_UE3 PO_UE4 PO_UE5

UE 1

UE 2

UE 3

UE 4

UE 5

PF PO associated 

with UE ID

Group paging including 

MBS session ID


