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[bookmark: _Ref165266342]1.Introduction
In the previous RAN2 meetings, main agreements relevant to broadcast service continuity were as follows.
[bookmark: _Hlk71270273]Agreements 
1 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)
2 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).
3 FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).
4 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).
5 MBS Interest Indication is not supported for UEs in idle/inactive mode for NR MBS delivery mode 2.
In this contribution, we would like to discuss some issues related to broadcast service continuity as below,
· Neighbour cell information;
· [bookmark: _Hlk78880544]MBS interest indication.
2.Discussion
[bookmark: _Hlk79148790]2.1 Neighbour cell information
Based on the TS36.304 [1], 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. However, NON-RRCConnected UEs can’t continue to receive the interested MBMS service when changing to a cell not providing the MBMS service using SC-PTM. To solve the case above, some optimizations had been done in LTE as follows,
· according to the TS36.300 [2],
[bookmark: _Hlk79136822]‘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 [3], 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, then it checks if the reselected cell provides its 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: _Hlk68246181][bookmark: _Hlk78883200]Observation 1: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: _Hlk78901185]The case above 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. Therefore, neighbour cell information indicated in the SC-MCCH and SC-MTCHs in LTE SC-PTM can be reused to better achieve service continuity. Considering that a majority of companies agreed that gNB can indicate a list of neighbour cells where ongoing MBS service provided in the current cells are also provided as LTE SC-PTM in Post114e-073 email discussion, we only propose the neighbour cell information similar to that in SC-MTCH as follows,
[bookmark: _Hlk76572957][bookmark: _Hlk78878889]Proposal 1: For a broadcast service, gNB can indicate neighbour cells that also provide this service via PTM so that the UE can request unicast reception of the service before changing to a cell not providing the MBS service. 
2.2 MBS interest indication
In LTE, MBMS interest indication mechanism is a key feature to guarantee MBMS service continuity for an RRC Connected mode UE. The LTE MBMS interest indication will inform E-UTRAN of three types of important information:
· MBMS service identification list that the UE is receiving or is interested to receive via MRB;
· the priority of MBMS versus unicast reception;
· [bookmark: _Hlk78903045]MBMS frequencies list that implies multiple MBMS services reception capability, e.g. not from the perspective of CA band combination, but mainly from the perspective of UE buffering and processing capability to avoid UE reporting useless MBMS service ID(s) that exceeds its reception capability. It means that frequencies indicated in MBMS interest indication implicitly indicate that the UE is capable of simultaneously receiving MBMS on the set of MBMS frequencies of interest.
[bookmark: _Hlk76569472][bookmark: _Hlk78900599][bookmark: _Hlk78900837]Observation 2: In LTE SC-PTM, frequencies indicated in MBMS interest indication implicitly indicate that the UE is capable of simultaneously receiving MBMS on the set of MBMS frequencies of interest.
[bookmark: _Hlk78991314][bookmark: _Hlk78900825]According to LTE SC-PTM, when the UE indicates a list of frequencies, the gNB may not be able to configure all frequencies for the UE, due to the different radio conditions (e.g. congestion) on different frequencies. Then the frequencies indicated via MBMS interest indication is sorted by decreasing order of interest.
[bookmark: _Hlk78904886][bookmark: _Hlk78900961]Observation 3: In LTE, the frequencies indicated in MBMS interest indication are sorted by decreasing order of interest.
In LTE SC-PTM, two capability parameters(i.e., scptm-SCell-r13 and scptm-NonServingCell-r13) are introduced to report UE’s MBMS reception capability on an SCell or a non-serving cell of frequency indicated in an MBMSInterestIndication message. Therefore, the network will provide the MBMS service on PCell/SCell/non-serving cell to UE based on these two capability parameters and the MBMSInterestIndication message from UE.
[bookmark: _Hlk78991439][bookmark: _Hlk78991553]Observation 4: In LTE SC-PTM, scptm-SCell-r13 is defined to indicate whether RRC_CONNECTED UEs support MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, when an SCell is configured on that frequency (regardless of whether the SCell is activated or deactivated).
[bookmark: _Hlk78991459][bookmark: _Hlk78992052][bookmark: _Hlk78904209]Observation 5: In LTE SC-PTM, scptm-NonServingCell-r13 is defined to indicate whether RRC_CONNECTED UEs support MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, where (according to supportedBandCombination and network synchronization properties) a serving cell may be additionally configured.
In our understanding, even though broadcast service configuration is per cell, broadcast service may also be deployed on a certain frequency for unified network management. Besides, a majority of companies in the Post114e-073 email discussion agreed that the mapping between frequency and MBS service is provided in SIB and the mapping between frequency and MBS service is provided in upper layer signalling (e.g. USD). Therefore, when UE indicates broadcast service IDs in MBMS interest indication, gNB can know the frequencies providing broadcast services. 
[bookmark: _Hlk78901496][bookmark: _Hlk78901408][bookmark: _Hlk78900206]Observation 6: When UE indicates broadcast service IDs in MBMS interest indication, gNB can know the frequencies providing broadcast services.
Based on Observation 2-6, there is a mapping between broadcast service and MBS frequency. Therefore, MBS frequency doesn’t need to be indicated in MBS interest indication and the broadcast service IDs in MBS interest indication is sufficient. As for the implicit reception capability and interest priority, the broadcast service IDs can also support them. When the network receives the MBS interest indication, it should still use both the capability parameters and MBS interest indication to decide how to provide the MBS services indicated in MBS interest indication. So capability parameters introduced in LTE should also be considered in NR MBS. Hence, we have the following proposals,
Proposal 2: In NR MBS, MBS frequency is not indicated in MBS interest indication.
Proposal 3: In NR MBS, broadcast service IDs indicated in MBS interest indication implicitly indicates that the UE is capable of simultaneously receiving these MBS services.
Proposal 4: Broadcast service IDs are indicated sorted by decreasing order of interest priority.
[bookmark: _Hlk78904907]Proposal 5: The capability parameter should be defined to indicate whether RRC_CONNECTED UEs support to receive broadcast service indicated in an MBS interest indication message on a frequency where an SCell is configured.
Proposal 6: The capability parameter should be defined to indicate whether RRC_CONNECTED UEs support to receive broadcast service indicated in an MBS interest indication message on a frequency where a serving cell may be additionally configured.
Regarding the RRC message, several options have been discussed in the Post114e-073 email discussion. Considering that LTE SC-PTM had fully discussed the content and initiation conditions of MBS interest indication for different cases, MBMSInterestIndication message can be reused in NR MBS to save work time and standard effort. Therefore, we have the following proposal, 
Proposal 7: New RRC message (e.g. MBSInterestIndication) is used to indicate MBS interest indication.
3.Conclusions
Based on the analysis given above, we have the following observations and proposals:
- Neighbour cell information
Observation 1: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 1: For a broadcast service, gNB can indicate neighbour cells that also provide this service via PTM so that the UE can request unicast reception of the service before changing to a cell not providing the MBS service. 
- MBS interest indication
Observation 2: In LTE SC-PTM, frequencies indicated in MBMS interest indication implicitly indicate that the UE is capable of simultaneously receiving MBMS on the set of MBMS frequencies of interest.
Observation 3: In LTE, the frequencies indicated in MBMS interest indication are sorted by decreasing order of interest.
Observation 4: In LTE SC-PTM, scptm-SCell-r13 is defined to indicate whether RRC_CONNECTED UEs support MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, when an SCell is configured on that frequency (regardless of whether the SCell is activated or deactivated).
Observation 5: In LTE SC-PTM, scptm-NonServingCell-r13 is defined to indicate whether RRC_CONNECTED UEs support MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, where (according to supportedBandCombination and network synchronization properties) a serving cell may be additionally configured.
Observation 6: When UE indicates broadcast service IDs in MBMS interest indication, gNB can know the frequencies providing broadcast services.
Proposal 2: In NR MBS, MBS frequency is not indicated in MBS interest indication.
Proposal 3: In NR MBS, broadcast service IDs indicated in MBS interest indication implicitly indicates that the UE is capable of simultaneously receiving these MBS services.
Proposal 4: Broadcast service IDs are indicated sorted by decreasing order of interest priority.
Proposal 5: The capability parameter should be defined to indicate whether RRC_CONNECTED UEs support to receive broadcast service indicated in an MBS interest indication message on a frequency where an SCell is configured.
Proposal 6: The capability parameter should be defined to indicate whether RRC_CONNECTED UEs support to receive broadcast service indicated in an MBS interest indication message on a frequency where a serving cell may be additionally configured.
Regarding the RRC message, several options have been discussed in the Post114e-073 email discussion. Considering that LTE SC-PTM had fully discussed the content and initiation conditions of MBS interest indication for different cases, MBMSInterestIndication message can be reused in NR MBS to save work time and standard effort. Therefore, we have the following proposal, 
Proposal 7: New RRC message (e.g. MBSInterestIndication) is used to indicate MBS interest indication.
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