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[bookmark: _Ref165266342]1.Introduction
In the previous RAN2 meetings, agreements relevant to idle and inactive mode UEs were as follows.
RAN2#112e meeting agreements 
1   For Rel-17, R2 specifies two modes: 
    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)
    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.
RAN2#113e meeting agreements 
1 [bookmark: _Hlk68081565]The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused    for the transmission of PTM configuration for NR MBS delivery mode 2.
2 FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).
3 Assume that some information for purpose of service continuity can be provided for NR MBS delivery mode 2. (FFS what - need to be revisited, e.g. based on progress in other groups, e.g. USD, SAI/TMGI etc)
4 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).

In this contribution, we would like to discuss idle and inactive mode UEs on multicast service, MBS configuration and mobility issues.
2.Discussion
2.1 Multicast service 
According to TS23.501 [1], 5G QoS characteristics with standardized 5QI values are specified in Table 1 below,
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	1

	
GBR
	20
	100 ms
(NOTE 11,
NOTE 13)
	10-2
	N/A
	2000 ms
	Conversational Voice

	2

	(NOTE 1)
	40
	150 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)

	3
	
	30
	50 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Real Time Gaming, V2X messages (see TS 23.287 [121]).
Electricity distribution – medium voltage, Process automation monitoring

	4

	
	50
	300 ms
(NOTE 11,
NOTE 13)
	10-6
	N/A
	2000 ms
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 9,
NOTE 12)
	
	7
	75 ms
(NOTE 7, NOTE 8)
	
10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 12)

	
	
20
	100 ms
(NOTE 10,
NOTE 13)
	
10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	67
(NOTE 12)

	
	15
	100 ms
(NOTE 10,
NOTE 13)
	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	75
(NOTE 14)
	
	
	
	
	
	
	

	71
	
	56
	150 ms (NOTE 11, NOTE 13, NOTE 15)
	10-6
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	72
	
	56
	300 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	73
	
	56
	300 ms (NOTE 11, NOTE 13, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	74
	
	56
	500 ms (NOTE 11, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	76
	
	56
	500 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	5
	Non-GBR
	10
	100 ms
NOTE 10,
NOTE 13)
	10-6
	N/A
	N/A
	IMS Signalling

	6
	(NOTE 1)
	
60
	
300 ms
(NOTE 10,
NOTE 13)
	
10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
(NOTE 10,
NOTE 13)
	
10-3
	N/A
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	


300 ms
(NOTE 13)
	


10-6
	


N/A
	


N/A
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive

	9
	
	90
	
	
	
	
	video, etc.)

	69
(NOTE 9, NOTE 12)
	
	5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
(NOTE 12)

	
	55
	200 ms
(NOTE 7,
NOTE 10)
	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9)

	79
	
	65
	50 ms
(NOTE 10,
NOTE 13)
	10-2
	N/A
	N/A
	V2X messages (see TS 23.287 [121])

	80
	
	68
	10 ms
(NOTE 5,
NOTE 10)
	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	82
	Delay-critical GBR
	19
	10 ms
(NOTE 4)
	10-4
	255 bytes
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	83
	
	22
	10 ms
(NOTE 4)
	10-4
	1354 bytes
(NOTE 3)
	2000 ms
	Discrete Automation (see TS 22.261 [2]);
V2X messages (UE - RSU Platooning, Advanced Driving: Cooperative Lane Change with low LoA. See TS 22.186 [111], TS 23.287 [121])

	84
	
	24
	30 ms
(NOTE 6)
	10-5
	1354 bytes
(NOTE 3)
	2000 ms
	Intelligent transport systems (see TS 22.261 [2])

	85
	
	21
	5 ms
(NOTE 5)
	10-5
	255 bytes
	2000 ms
	Electricity Distribution- high voltage (see TS 22.261 [2]).
V2X messages (Remote Driving. See TS 22.186 [111], NOTE 16, see TS 23.287 [121])

	86
	
	18
	5 ms
(NOTE 5)
	10-4
	1354 bytes
	2000 ms
	V2X messages (Advanced Driving: Collision Avoidance, Platooning with high LoA. See TS 22.186 [111], TS 23.287 [121])

	



Table 1: Standardized 5QI to QoS characteristics mapping
It can be noted that there are many cases in which the packet error rate and packet delay of 5QI values( e.g., 2/3/65/67/7) is not high. Besides, these 5G QoS characteristics with low QoS requirements are also needed to be supported in Objective A [2], which 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. Hence, we have the following observation,

Observation 1: Many service cases of Objective A in RAN and SA2 WIDs use 5G QoS characteristics with low QoS requirements.
What is more, some of these service cases using 5G QoS characteristics with low QoS requirements should be multicast sessions rather than broadcast sessions considering that the network may manage the specific UEs authorized to receive these services.
Considering signalling and power consumption, UE can receive the multicast service with low QoS requirement in RRC-INACTIVE state. Because the QoS requirement of multicast service is low, inactive reception can already guarantee the QoS. Besides, compared with RRC-CONNECTED state, inactive UE does not need to monitor C-RNTI scheduling and do measurement operation etc, so power consumption is also saved. Therefore, we have the following proposal, 
[bookmark: _Hlk68243870][bookmark: _Hlk68008954]Proposal 1: RAN2 to confirm that UE can receive the multicast service with low QoS requirement in RRC-INACTIVE state.
[bookmark: _Hlk68244770]Regarding the multicast configuration obtainment, there are two methods. UE obtains the multicast configuration in RRC-CONNECTED state and receives multicast data in RRC-INACTIVE state. Alternatively, UE obtains the multicast configuration and receives multicast data in RRC-INACTIVE state by delivery mode 2. In our understanding, if the multicast configuration changes, extra signalling is needed to notify RRC-INACTIVE UE to enter the RRC-CONNECTED state to obtain the updated multicast configuration. Meanwhile, when UE is in RRC-CONNECTED state, more power is required (e.g., measurement). Hence, delivery mode 2 is simpler for RRC-INACTIVE UE to obtain the multicast configuration.  
[bookmark: _Hlk68009573][bookmark: OLE_LINK12][bookmark: _Hlk68009221]Proposal 2: RAN2 to confirm that delivery mode 2 can be used for RRC-INACTIVE UE to receive the multicast session with low QoS requirements.
[bookmark: _Hlk60906568]2.2 MBS configuration 
[bookmark: _Hlk60674139]In LTE, SC-PTM control information is provided on a specific logical channel SC-MCCH. A limited amount of SC-PTM control information is provided on the BCCH or BR-BCCH (i.e.SIB20) which primarily concerns the information needed to acquire the SC-MCCH. The information needed to acquire the SIB20 is included in SIB1. 
According to RAN2 agreements, the two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2, which means MBS specific SIB is needed. Therefore, the information needed to acquire the MBS specific SIB must be considered. In our views, like the scheduling information of other SIBs in NR, SIB1 can be used for acquiring the MBS specific SIB. Hence, we have the following proposals,
Proposal 3: A new MBS specific SIB should be introduced.
[bookmark: _Hlk60906557]Proposal 4: SIB1 can be used in NR for acquiring the MBS specific SIB.
2.3 Mobility 
Based on the TS36.304 [3], the network node of SC-PTM can indicate the possible multicast frequency to UEs by the assistance information (i.e. SIB15+USD). Then UE may consider the frequency providing the multicast service to be the highest priority during the MBMS session at the cell reselection procedure if UE can only receive this MBMS service while camping on the frequency. So, we have the following observation,
[bookmark: _Hlk60906605][bookmark: _Hlk60823050][bookmark: _Hlk67925168]Observation 2: In LTE SC-PTM, frequency priority for the cell reselection is enhanced (i.e. prioritizing the frequency providing interested MBMS service if UE can only receive this MBMS service while camping on the frequency).
Although the NR MBS service may be deployed per a cell basis and not relevant with the frequency, the legacy reselection frequency priority handling and the strongest cell belonging to the highest priority frequency should still be adopted to guarantee the unicast reception quality of non-MBS service(e.g. the downlink call) which may be more important than MBS service. Besides, to achieve as good as possible MBS service reception, the frequencies providing the MBS service should be set to the highest priority as that in LTE. Therefore, we have the proposal below,
[bookmark: _Hlk68246749]Proposal 5: In NR, the frequency providing interested MBS service is prioritized during the cell reselection procedure if UE can only receive this MBS service while camping on the frequency.
[bookmark: _Hlk60823329]Even though the service continuity for MBMS is better achieved by prioritizing the frequency providing interested MBMS service, NON-RRCConnected UEs may still not continue to receive the interested MBMS service when the strongest cell of the prioritized frequency providing interested MBMS service does not provide the MBMS service using SC-PTM, as the example listed in the table below.
	                                 MBMS frequency 1

	Cell ranking 
	The first strongest cell:
Cell 1
	The second strongest cell: Cell 2
	The third strongest cell: Cell 3

	Whether provides MBMS service
	  No
	No
	Yes



Table 2: Cells of the prioritized frequency providing interested MBMS service
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 3: In LTE SC-PTM, if the strongest cell of the prioritized frequency providing interested MBMS service does not provide the MBMS service using SC-PTM, NON-RRCConnected UEs may not continue to receive the interested MBMS service. 
To solve the case above, some optimizations had been done in LTE as follows,
· according to the TS36.300 [4],
‘E-UTRAN indicates in the SC-MCCH the list of neighbour cells providing this MBMS service so that the UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM.’
· [bookmark: _Hlk60825170]according to the TS36.331 [5], scptm-NeighbourCellList and sc-mtch-neighbourCell are separately indicated in SC-PTMConfiguration message and SC-MTCH-Info as the ASN.1 below. By this information, UE can know which neighbour cells provide which MBMS services provided in the current cell.

SCPTMConfiguration message
-- ASN1START

SCPTMConfiguration-r13 ::=		SEQUENCE {
	sc-mtch-InfoList-r13			SC-MTCH-InfoList-r13,
[bookmark: _Hlk60824611]	scptm-NeighbourCellList-r13		SCPTM-NeighbourCellList-r13			OPTIONAL,	-- Need OP
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SCPTMConfiguration-v1340			OPTIONAL
}

SCPTMConfiguration-v1340 ::= SEQUENCE {
	p-b-r13								INTEGER (0..3)			OPTIONAL,	-- Need ON
	nonCriticalExtension				SEQUENCE {}				OPTIONAL
}

-- ASN1STOP
SC-MTCH-InfoList information element
-- ASN1START

SC-MTCH-InfoList-r13 ::=			SEQUENCE (SIZE (0..maxSC-MTCH-r13)) OF SC-MTCH-Info-r13

SC-MTCH-Info-r13 ::=				SEQUENCE	{
	mbmsSessionInfo-r13						MBMSSessionInfo-r13,
	g-RNTI-r13								BIT STRING(SIZE(16)),
	sc-mtch-schedulingInfo-r13				SC-MTCH-SchedulingInfo-r13			OPTIONAL,	-- Need OP
	sc-mtch-neighbourCell-r13				BIT STRING (SIZE(maxNeighCell-SCPTM-r13))	OPTIONAL,	-- Need OP
	...,
	[[	p-a-r13								ENUMERATED {
												dB-6, dB-4dot77, dB-3, dB-1dot77,
												dB0, dB1, dB2, dB3}		OPTIONAL	-- Need ON
	]]
}

[bookmark: _Hlk60840013]In other words, the whole mobility procedure for NON-RRCConnected UEs can be as follows,
NON-RRCConnected UE performs the MBMS specific cell reselection procedure as Observation 2, then it checks if the reselected cell provides it’s interested MBMS service by scptm-NeighbourCellList and sc-mtch-neighbourCell separately indicated in SC-PTMConfiguration message and SC-MTCH-Info. If the reselected cell does not provide the interested MBMS service and NON-RRCConnected UE still wants to receive the MBMS service, UE can enter the RRCConnected state and request the unicast reception of the service. In the end, the achievement of the MBMS service reception is the same as the other unicast service handover. Hence, we have the following observation,
[bookmark: _Hlk60818790][bookmark: _Hlk60818876][bookmark: OLE_LINK3][bookmark: _Hlk60761445][bookmark: _Hlk60761699]Observation 4: In LTE SC-PTM, E-UTRAN indicates in the SC-MCCH and SC-MTCHs the list of neighbour cells providing this MBMS service so that the UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM.
[bookmark: _Hlk68246181]The case in LTE also exists in NR, i.e., if the strongest cell of prioritized frequency providing interested MBS service does not provide the MBS service, NON-RRCConnected UEs may not continue to receive the interested MBS service. To achieve service continuity, UE can request unicast reception of the service if UE changes to a cell that does not provide the MBS service. 
[bookmark: _Hlk68246766]Proposal 6:In NR MBS, UE can request unicast reception of the service if UE changes to a cell that does not provide the MBS service.
Besides, a majority of companies agreed that PTM configuration should include neighbour cell information as LTE SC-PTM in the email discussion [6]. Therefore, the list of neighbour cells providing MBMS services indicated in the SC-MCCH and SC-MTCH in LTE can be as a baseline in NR MBS to guarantee that UE can request unicast reception of the service before changing to a cell not providing the MBS service. Therefore, we have the following proposal,
[bookmark: _Hlk67563147]Proposal 7:The list of neighbour cells providing MBS services can be indicated in NR MBS so that the UE can request unicast reception of the service before changing to a cell not providing the MBS service.
3.Conclusions
Based on the analysis given above, we have the following observations and proposals:
-Multicast service
Observation 1:Many service cases of Objective A in RAN and SA2 WIDs use 5G QoS characteristics with low QoS requirements.
Proposal 1:RAN2 to confirm that UE can receive the multicast service with low QoS requirement in RRC-INACTIVE state.
Proposal 2: RAN2 to confirm that delivery mode 2 can be used for RRC-INACTIVE UE to receive the multicast session with low QoS requirements.
-MBS configuration
Proposal 3:A new MBS specific SIB should be introduced.
Proposal 4:SIB1 can be used in NR for acquiring the MBS specific SIB.
-Mobility
Observation 2: In LTE SC-PTM, frequency priority for the cell reselection is enhanced (i.e. prioritizing the frequency providing interested MBMS service if UE can only receive this MBMS service while camping on the frequency).
Observation 3:In LTE SC-PTM, if the strongest cell of the prioritized frequency providing interested MBMS service does not provide the MBMS service using SC-PTM, NON-RRCConnected UEs may not continue to receive the interested MBMS service.
Observation 4:In LTE SC-PTM, E-UTRAN indicates in the SC-MCCH and SC-MTCHs the list of neighbour cells providing this MBMS service so that the UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM.
Proposal 5: In NR, the frequency providing interested MBS service is prioritized during the cell reselection procedure if UE can only receive this MBS service while camping on the frequency.
Proposal 6: In NR MBS, UE can request unicast reception of the service if UE changes to a cell that does not provide the MBS service.
Proposal 7:The list of neighbour cells providing MBS services can be indicated in NR MBS so that the UE can request unicast reception of the service before changing to a cell not providing the MBS service.
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