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[bookmark: _Ref492503575]Introduction
Rel-18 WI on enhancements of NR MBS includes the following objectives (highlighting added), see RP-221458:
	This Work Item is to further enhance the NR Multicast/Broadcast functions based on Rel-17 MBS. The objectives for Rel-18 include:
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]
· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
· Specify Uu signalling enhancements to allow a UE to use shared processing for MBS broadcast and unicast reception, i.e., ‎including UE capability and related assistance information reporting regarding simultaneous unicast reception in RRC_CONNECTED and MBS broadcast reception from the same or different operators [RAN2]
· Study and if necessary, specify enhancements to improve the resource efficiency for MBS reception in RAN sharing scenarios [RAN3]
Note: collaboration with SA2 is expected in due course for the above objectives. 



RAN2#119e agreed the following:
RAN2 focuses on solutions taking multi-Rx UEs (i.e. no specific enhancements for 1Rx UEs).

This contribution discusses shared processing for MBS broadcast and NR unicast reception, specifically on how to enable UE capability indication and sharing between the unicast reception from serving gNB and broadcast reception from a non-serving gNB.

Discussion



Figure 1 Framework for support of simultaneous reception of MBS + NR unicast operation
The scenario under consideration is a UE receiving NR unicast from a unicast gNB, while receiving (or being interested to receive) NR MBS broadcast from a non-serving gNB (which may be collocated or non-collocated, and may belong to same or different operator), as shown in Figure 1. 
When operating with simultaneous NR unicast and broadcast, the amount of available resources for broadcast would depend on the NR unicast configuration. For example, a UE (capable of multiple carriers) configured with a single carrier for unicast may have more leftover baseband resources available for broadcast than the UE configured with multiple NR carriers for unicast.
To enable UE capability indication and sharing between the unicast reception from serving gNB and broadcast reception from a non-serving gNB, following are possible solutions:
1. MUSIM-like solution
2. LTE-based solution
MUSIM-like solution
One straightforward way to enable the scenario discussed above is to use multi-SIM as baseline, where unicast and broadcast can be considered as being on two separate connections. Depending on how MUSIM discussion in Rel-18 progresses, the UE may be able to reuse the solution to dynamically indicate UE capability update to the unicast gNB depending on the broadcast services it is receiving or interested to receive from non-serving gNB.
[bookmark: _Toc110352640][bookmark: _Toc110352672][bookmark: _Toc110352912][bookmark: _Toc110421221][bookmark: _Toc110942760][bookmark: _Toc110943429][bookmark: _Toc110956398][bookmark: _Toc110956772][bookmark: _Toc110958656][bookmark: _Toc110961955]If agreed in Rel-18 MUSIM, UE may be able to reuse the solution to dynamically indicate UE capability update to the unicast serving gNB, based on the broadcast services the UE is receiving or interested to receive from non-serving gNB.
For this solution, RAN2 should wait for Rel-18 MUSIM discussion to progress first. Harmonization of solution can be done in later stage of the release if agreed/needed.
[bookmark: _Toc110352641][bookmark: _Toc110352673][bookmark: _Toc110352913][bookmark: _Toc110421222][bookmark: _Toc110942761][bookmark: _Toc110943430][bookmark: _Toc110956399][bookmark: _Toc110956773][bookmark: _Toc110958657][bookmark: _Toc110961956]RAN2 should wait for Rel-18 MUSIM discussion to progress first. Harmonization of solution can be done in later stage of the release if agreed/needed.
LTE-based solution 
UE Capability signalling
LTE specifications include the following capability signalling (see TS 36.331) regarding MBMS reception which was added in Rel-14 and later extended for Rel-16:
MBMS-Parameters-v1470 ::=		SEQUENCE {
	mbms-MaxBW-r14					CHOICE {
		implicitValue					NULL,
		explicitValue					INTEGER(2..20)
	},
	mbms-ScalingFactor1dot25-r14		ENUMERATED {n3, n6, n9, n12}	OPTIONAL,
	mbms-ScalingFactor7dot5-r14		ENUMERATED {n1, n2, n3, n4}		OPTIONAL
}

MBMS-Parameters-v1610 ::=		SEQUENCE {
	mbms-ScalingFactor2dot5-r16		ENUMERATED {n2, n4, n6, n8}			OPTIONAL,
	mbms-ScalingFactor0dot37-r16	ENUMERATED {n12, n16, n20, n24}		OPTIONAL,
	mbms-SupportedBandInfoList-r16	SEQUENCE (SIZE (1..maxBands)) OF MBMS-SupportedBandInfo-r16
}

MBMS-SupportedBandInfo-r16 ::=		SEQUENCE {
	subcarrierSpacingMBMS-khz2dot5-r16	ENUMERATED {supported}		OPTIONAL,
	subcarrierSpacingMBMS-khz0dot37-r16	SEQUENCE {
		timeSeparationSlot2-r16			ENUMERATED {supported}			OPTIONAL,
		timeSeparationSlot4-r16			ENUMERATED {supported}			OPTIONAL
	}	OPTIONAL
}

The UE capabilities above are used to indicate the overall baseband budget and the scaling factors that establish limits on MBMS reception, as described in TS 36.213, subclause 11.1. This capability indication is introduced for LTE only and is “per UE”. The scaling factor corresponding to each subcarrier spacing (other than 15 kHz) indicates the required capability for processing one unit of bandwidth corresponding to that subcarrier spacing, with respect to one unit of bandwidth corresponding to subcarrier spacing of 15 kHz. See TS 36.213, clause 11.1.
For NR, since the unicast capabilities are already indicated for various supported SCS, and no new SCS is to be added for Rel-18 multicast, existing NR capability indication framework seems sufficient to indicate baseband budget per band combination (i.e. no need to signal mbms-MaxBW and the scaling factors). 
If the UE supports multiple timing advance capability for CA, it can indicate whether certain CC in a band combination supports MBS broadcast reception from non-serving cell, further indicating that it is capable of async CA with longer timing offset between broadcast and unicast. This information is useful for the network to determine which CCs may potentially be used by the UE for non-serving cell reception within the overall baseband budget.
[bookmark: _Toc110352642][bookmark: _Toc110352674][bookmark: _Toc110352914][bookmark: _Toc110421223][bookmark: _Toc110942762][bookmark: _Toc110943431][bookmark: _Toc110956400][bookmark: _Toc110956774][bookmark: _Toc110958658][bookmark: _Toc110961957]Existing NR unicast capability signalling indicates UE’s processing baseband budget per band combination for different SCS. 
[bookmark: _Toc110352643][bookmark: _Toc110352675][bookmark: _Toc110352915][bookmark: _Toc110421224][bookmark: _Toc110942763][bookmark: _Toc110943432][bookmark: _Toc110956401][bookmark: _Toc110956775][bookmark: _Toc110958659][bookmark: _Toc110961958]UE should be allowed to indicate whether certain CC in a band combination supports MBS reception from non-serving cell with a longer timing offset between unicast and broadcast than async CA.
MBS Interest Indication
UE can receive the information about the available services from the MBS broadcast gNB and decide on which MBS broadcast services it is receiving or is interested to receive from the MBS gNB. In current NR specification, the MII message is as follows:



MBSInterestIndication message
-- ASN1START
-- TAG-MBSINTERESTINDICATION-START
 
MBSInterestIndication-r17 ::= SEQUENCE {
    criticalExtensions            CHOICE {
        mbsInterestIndication-r17     MBSInterestIndication-r17-IEs,
        criticalExtensionsFuture      SEQUENCE {}
    }
}
 
MBSInterestIndication-r17-IEs ::= SEQUENCE {
    mbs-FreqList-r17                  CarrierFreqListMBS-r17              OPTIONAL,
    mbs-Priority-r17                  ENUMERATED {true}                   OPTIONAL,
    mbs-ServiceList-r17               MBS-ServiceList-r17                 OPTIONAL,
    lateNonCriticalExtension          OCTET STRING                        OPTIONAL,
    nonCriticalExtension              SEQUENCE {}                         OPTIONAL
}
 
-- TAG-MBSINTERESTINDICATION-STOP
-- ASN1STOP

-- ASN1START
-- TAG-CARRIERFREQLISTMBS-START
 
CarrierFreqListMBS-r17 ::=      SEQUENCE (SIZE (1..maxFreqMBS-r17)) OF ARFCN-ValueNR
 
-- TAG-CARRIERFREQLISTMBS-STOP
-- ASN1STOP

-- ASN1START
-- TAG-MBS-SERVICELIST-START
 
MBS-ServiceList-r17 ::=         SEQUENCE (SIZE (1..maxNrofMBS-ServiceListPerUE-r17)) OF MBS-ServiceInfo-r17
 
MBS-ServiceInfo-r17 ::=         SEQUENCE {
    tmgi-r17                        TMGI-r17
}
 
-- TAG-MBS-SERVICELIST-STOP
-- ASN1STOP

Since the serving gNB needs to know the frequency/frequencies on which the UE is receiving or is interested to receive MBS, the UE needs to send this information to the serving gNB so that the serving gNB knows which resources to set aside and not to configure for unicast. Additionally, the corresponding SCS, max modulation order and BW of the MBS broadcast should also be indicated to the unicast serving gNB so that the gNB can properly account for the baseband resources required for the broadcast and available for the unicast. This can be sent by reusing the MII mechanism. Details of signaling can be discussed later.
[bookmark: _Toc110352644][bookmark: _Toc110352676][bookmark: _Toc110352916][bookmark: _Toc110421225][bookmark: _Toc110942764][bookmark: _Toc110943434][bookmark: _Toc110956402][bookmark: _Toc110956776][bookmark: _Toc110958660][bookmark: _Toc110961959]The UE needs to send MII to the unicast serving gNB by including the list of broadcast frequencies and corresponding SCS, max modulation order and BW that the UE is receiving or interested to receive from the broadcast gNB.
Unicast serving gNB takes this into account to calculate remaining UE capability for unicast operation. Similar text as that was captured for LTE in TS 36.300 clause 15.11 can be captured in NR stage-2.
[bookmark: _Toc110352645][bookmark: _Toc110352677][bookmark: _Toc110352917][bookmark: _Toc110421226][bookmark: _Toc110942765][bookmark: _Toc110943435][bookmark: _Toc110956403][bookmark: _Toc110956777][bookmark: _Toc110958661][bookmark: _Toc110961960]Stage-2 can capture similar text as in LTE on how unicast serving gNB takes the MII info into account in calculating the remaining UE capability for unicast.
Network support
It is obvious that this optional UE capability information described in 2.2.1 and the MII described in 2.2.2 are provided to the unicast serving gNB and not to the broadcast non-serving gNB. Then it is essential that the gNB should let UE know whether it can understand these messages and supports the MII. A flag would be needed to be added in SIB.
[bookmark: _Toc110352646][bookmark: _Toc110352678][bookmark: _Toc110352918][bookmark: _Toc110421227][bookmark: _Toc110942766][bookmark: _Toc110943436][bookmark: _Toc110956404][bookmark: _Toc110956778][bookmark: _Toc110958662][bookmark: _Toc110961961]A new flag indicating network support of MII for non-serving cell MBS broadcast reception and corresponding UE capability sharing would be needed in the SIB (of the unicast serving gNB).
Deciding between the potential solutions
Based on above analysis, while MUSIM-like solution would provide a harmonized/unified solution, LTE-based solution is simple in terms of specification impact for MBS.
[bookmark: _Toc110352919][bookmark: _Toc110421228][bookmark: _Toc110942767][bookmark: _Toc110943437][bookmark: _Toc110956405][bookmark: _Toc110956779][bookmark: _Toc110958663][bookmark: _Toc110961962]While MUSIM-like solution would provide a harmonized/unified solution, LTE-based solution is simple in terms of specification impact for MBS.
Therefore, we propose the following:
Proposal 1: RAN2 to decide whether to start developing LTE-based solution or whether to wait for Rel-18 MUSIM discussion to progress. For MUSIM-like solution, harmonization of solution can be done in later part of the release if agreed/needed.
Proposal 2: For LTE-based solution: 
Proposal 2a: Introduce capability signalling to indicate whether MBS reception from non-serving cell is supported in a certain CC by the UE.
Proposal 2b: Add procedure for UE to send MII to the unicast serving gNB by including the list of broadcast frequencies and corresponding SCS, max modulation order and BW that the UE is receiving or interested to receive from the broadcast gNB. 
Proposal 2c: Add a flag indicating network support of MII and capability sharing in SIB (of the unicast serving gNB).
Proposal 2d: Capture in stage-2 on how unicast serving gNB takes the MII info into account in calculating the remaining UE capability for unicast (taking LTE stage-2 as baseline).

Summary and Proposals
As discussed above, we have following observations: 
Observation 1.	If agreed in Rel-18 MUSIM, UE may be able to reuse the solution to dynamically indicate UE capability update to the unicast serving gNB, based on the broadcast services the UE is receiving or interested to receive from non-serving gNB.
Observation 2.	RAN2 should wait for Rel-18 MUSIM discussion to progress first. Harmonization of solution can be done in later stage of the release if agreed/needed.
Observation 3.	Existing NR unicast capability signalling indicates UE’s processing baseband budget per band combination for different SCS.
Observation 4.	UE should be allowed to indicate whether certain CC in a band combination supports MBS reception from non-serving cell with a longer timing offset between unicast and broadcast than async CA.
Observation 5.	The UE needs to send MII to the unicast serving gNB by including the list of broadcast frequencies and corresponding SCS, max modulation order and BW that the UE is receiving or interested to receive from the broadcast gNB.
Observation 6.	Stage-2 can capture similar text as in LTE on how unicast serving gNB takes the MII info into account in calculating the remaining UE capability for unicast.
Observation 7.	A new flag indicating network support of MII for non-serving cell MBS broadcast reception and corresponding UE capability sharing would be needed in the SIB (of the unicast serving gNB).
Observation 8.	While MUSIM-like solution would provide a harmonized/unified solution, LTE-based solution is simple in terms of specification impact for MBS.

Based on these observations and discussion above, we have the following proposals:
Proposal 1: RAN2 to decide whether to start developing LTE-based solution or whether to wait for Rel-18 MUSIM discussion to progress. For MUSIM-like solution, harmonization of solution can be done in later part of the release if agreed/needed.
Proposal 2: For LTE-based solution: 
Proposal 2a: Introduce capability signalling to indicate whether MBS reception from non-serving cell is supported in a certain CC by the UE.
Proposal 2b: Add procedure for UE to send MII to the unicast serving gNB by including the list of broadcast frequencies and corresponding SCS, max modulation order and BW that the UE is receiving or interested to receive from the broadcast gNB. 
Proposal 2c: Add a flag indicating network support of MII and capability sharing in SIB (of the unicast serving gNB).
Proposal 2d: Capture in stage-2 on how unicast serving gNB takes the MII info into account in calculating the remaining UE capability for unicast (taking LTE stage-2 as baseline).
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