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1	Introduction
In this paper we discuss what should be the bandwidth signalled in the MBS Interest Indication message from UE to gNB, where the UE is capable of simultaneous reception of MBS broadcast from non-serving cell and unicast from serving cell. It also discusses the scenarios to be supported. 
2	Discussion
2.1	Background
RAN2 discussed [1] shared processing of MBS broadcast and unicast reception in RAN2#119bis-e and agreed the following:
	For shared processing we adopt the following as a baseline: 
1) new IE is added in system information to control whether MBSInterestIndication for shared processing can be sent or not; 
2) MBSInterestIndication message content and related procedure is updated for shared processing.
New IE to control whether MBSInterestIndication for shared processing can be sent or not is added to SIB1. 
In MBSInterestIndication, for a broadcast service that the UE is receiving or is interested to receive, at least the following information can be signalled: broadcast frequency, subcarrier spacing, and bandwidth. FFS details/exact parameters and other information. FFS in which scenarios the UE reports this information (e.g. intra-PLMN case, inter-PLMN case)
FFS whether UE capability is needed to enable shared processing.



Although the proposal in [1] suggested to use the bandwidth of the common frequency resources (CFR) used for scheduling MBS broadcast, the agreement in RAN2#119bis left the details of signalled bandwidth for further study.
2.2	Bandwidth
Discussions so far in RAN2 on shared processing of MBS broadcast and unicast reception in NR is based on the LTE MBMS Receive-Only Mode (ROM) solution. Also, the RAN2 focus so far is on multi-Rx/single-Tx UE configuration for shared processing. In LTE, the UE signals the bandwidth configuration corresponding to the frequency used for the reception of MBMS service (mbms-Bandwidth) as shown in the signalling structure from LTE below:
MBMS-ROM-Info-r15 ::= SEQUENCE {
	mbms-ROM-Freq-r15						ARFCN-ValueEUTRA-r9,
	mbms-ROM-SubcarrierSpacing-r15		ENUMERATED {kHz15, kHz7dot5, kHz1dot25},
	mbms-Bandwidth-r15					ENUMERATED {n6, n15, n25, n50, n75, n100}
}

	mbms-Bandwidth
Indicates the UE received MBMS service frequency bandwidth configuration, NRB in downlink, see TS 36.101 [42], table 5.6-1. n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on.



In LTE, the bandwidth, mbms-Bandwidth, corresponds to a channel bandwidth expressed in terms of the number of resource blocks used as the ‘Transmission bandwidth’, as defined in RAN4 specification TS 36.101 in Table 5.6-1 [2].
Observation 1: The bandwidth, mbms-Bandwidth, signalled in LTE corresponds to a channel bandwidth expressed in terms of the number of resource blocks used as ‘Transmission bandwidth’, as defined in RAN4 specification TS 36.101.
However, in NR, the scheduling of MBS broadcast is by using common MBS frequency resources (CFR) that defines an ‘MBS frequency region’ in the frequency domain. In addition, in NR, there are multiple cases for CFR configuration used for MBS broadcast as shown in the figure below:
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Figure 1 Broadcast CFR configuration cases
According to Section 4.4.6 in TS 38.211 [3], “A UE is not expected to receive PDSCH or PDCCH associated with MBS transmissions scheduled with G-RNTI, G-CS-RNTI or MCCH-RNTI outside the common MBS frequency resource”. Given this, it makes sense to signal, in the MBSInterestindication message in NR, the bandwidth of the Broadcast CFR as opposed to the channel bandwidth for the frequency of reception of MBS service. 
In NR, the bandwidth of Broadcast CFR is signalled as part of cfr-ConfigMCCH-MTCH-r17 in SIB20, in the locationAndBandwidthBroadcast-r17 field as shown below:
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	locationAndBandwidthBroadcast
Indicates starting PRB and the number of PRBs of CFR used for MCCH and MTCH reception.
Value sameAsSib1ConfiguredLocationAndBW means the CFR for broadcast has the same location and size as the locationAndBandwidth for initial BWP configured in SIB1.
Value locationAndBandwidth is used to configure CFR with bandwidth that is larger than and fully contains the bandwidth for the initial DL BWP and CORESET#0 configured in SIB1.
If the field is absent, the CFR for broadcast has the same location and size as CORESET0.



It is to be noted that the signalling of locationAndBandwidthBroadcast also covers the Case A, where the bandwidth of the Broadcast CFR is the same as the Initial BWP, through the use of the value sameAsSib1ConfiguredLocationAndBW.
This then raises the question of how the UE knows the CFR configuration broadcast in SIB20 in a non-serving cell as currently the SIB20 is obtained by the UE only in the serving cell, either through broadcast system information acquisition in the serving cell or by dedicated signalling of SIB20 (of an SCell) by the serving gNB. If a UE is shared processing capable and can receive MBS broadcast from non-serving cell due to it’s multi-Rx configuration capability, it is possible the UE can also acquire SIB20 from a non-serving cell and can be entirely up to UE implementation. Alternatively, it could be up to network implementation to provision the CFR configuration of neighbour cells via OAM and which can be provided to a shared processing capable UE via dedicated signalling.
Proposal 1: RAN2 to agree that the bandwidth signalled in the MBS Interest Indication message, by a UE that is capable of simultaneous reception of MBS broadcast from non-serving cell and unicast from serving cell, is the bandwidth of the Broadcast CFR.
2.3	Scenarios to be supported
For shared processing, the following scenarios were mentioned in one or more company contributions in the past RAN2 meetings but the exact scenario(s) which are in the scope of the Rel-18 shared processing work is not very clear.
-	Same or different operator scenario
-	Intra-PLMN vs Inter-PLMN scenario
-	Intra-gNB vs Inter-gNB scenario
-	Carrier Aggregation scenario
-	Dual Connectivity scenario
-	Multi SIM scenario
According to the WID objective text (copied below), the exact scenario(s) to be addressed is not very clear.
	· 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]



However, most contributions consider shared processing as involving simultaneous reception of unicast from serving cell and MBS broadcast from non-serving cell. Also, in RAN2#119bis it was decided to adopt the LTE solution on shared processing for broadcast and unicast reception as the baseline when RAN2 agreed to enhance the MBS Interest Indication message (and later also agreed to introduce UE capability signalling in RAN2#120 which also follows the LTE solution as baseline). However, according to TS 36.300, the LTE solution, which is MBMS service reception using Receive Only Mode, involves reception of unicast and broadcast in different eNBs as shown below:
	[bookmark: _Toc20403026][bookmark: _Toc29372532][bookmark: _Toc37760486][bookmark: _Toc46498722][bookmark: _Toc52491035][bookmark: _Toc124792465]15.11	MBMS service reception using Receive Only Mode
MBMS service(s) can be received by a UE in ROM as described in TS 23.246 [48], clause D.2.3 and in TS 26.346 [49]. A UE may receive or be interested to receive broadcast MBMS service(s) in ROM from a different eNB while receiving unicast or MBMS service(s) from serving eNB. If UE baseband resources are shared for receiving unicast service and MBMS service(s) in ROM from different eNBs, the UE may use MBMSInterestIndication signaling procedure as described in TS 36.331 [16] to inform the unicast serving eNB about the baseband resources used for the purpose of MBMS service(s) in ROM from a different eNB.



Proposal 2: RAN2 to confirm that in NR, shared processing involves reception of unicast service in serving gNB while reception of MBS broadcast service is from a different gNB (an inter-gNB scenario).
Dual connectivity scenario: 
NR MBS in Rel-17 only supports reception of multicast service for a dual connectivity scenario. Rel-17 NR MBS does not support reception of broadcast service for a dual connectivity scenario. In RAN2#117-e there was an explicit agreement that broadcast support on SCG for DC scenario is not supported as shown in the following agreement:
	MBS on SCG is not supported (unless the UE can support it without specific DC coordination for Broadcast). 



From RAN2#118-e:
	[034] P5: Capture the following RAN2 agreement in TS 38.300
"Multicast MBS can be supported in MCG side in NE-DC and NR-DC scenarios, i.e., MN terminated MCG bearer kind of MRB" 



Proposal 3: RAN2 to confirm that dual connectivity scenario is not the focus for shared processing in Rel-18.
Carrier Aggregation scenario: According to Section 16.10.6.3 in TS 38.300, in Rel-17 NR MBS, UE can be configured to receive MBS broadcast data either from a PCell or a single SCell at a time. While MBS broadcast data can be received from one serving cell at a time in carrier aggregation scenario, since the same gNB schedules both the unicast service and broadcast service, there is no need for any shared processing related enhancements for such an intra-gNB scenario.
Proposal 4: RAN2 to confirm that carrier aggregation scenario is not the focus for shared processing in Rel-18.
If the above proposals are agreed then for the inter-gNB scenario, the reception of MBS broadcast must be from a non-serving cell only.
Proposal 5: RAN2 to confirm that for shared processing the UE reception of MBS broadcast service is from a non-serving cell only.
Multi SIM scenario: During the initial discussions on the number of Rx and Tx configuration assumption for shared processing it was pointed out that RAN2 can wait for progress of Rel-18 Multi SIM work before considering any reuse of Multi SIM solutions for shared processing in NR MBS. 
Another open issue that is still not resolved is, the scenarios (e.g., intra-PLMN case, inter-PLMN case) in which the UE reports MBS Interest Indication for shared processing. Some companies pointed out that for intra-PLMN case it is not necessary to report MBS Interest Indication for shared processing because the serving cell (unicast service) and non-serving cell (broadcast service) may be under the same gNB or OAM configuration can be relied upon (even for an inter-gNB, intra-PLMN case). While this may be the case, for simplicity reasons (both from UE implementation and specification efforts perspective), consistency in the solution for intra-PLMN (both intra-gNB and inter-gNB) and inter-PLMN scenarios is preferred and hence it is simpler to support reporting of MBS Interest Indication for shared processing irrespective of the scenarios supported. Also, It is to be noted that the shared processing objective in the work item description states that support should be provided for “same or different operators” cases.
Proposal 6: RAN2 to agree to support reporting of MBS Interest Indication for shared processing irrespective of the scenarios supported i.e., for both intra-PLMN (both intra-gNB and inter-gNB) and inter-PLMN scenarios.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: The bandwidth, mbms-Bandwidth, signalled in LTE corresponds to a channel bandwidth expressed in terms of the number of resource blocks used as ‘Transmission bandwidth’, as defined in RAN4 specification TS 36.101.
Proposal 1: RAN2 to agree that the bandwidth signalled in the MBS Interest Indication message, by a UE that is capable of simultaneous reception of MBS broadcast from non-serving cell and unicast from serving cell, is the bandwidth of the Broadcast CFR.
Proposal 2: RAN2 to confirm that in NR, shared processing involves reception of unicast service in serving gNB while reception of MBS broadcast service is from a different gNB (an inter-gNB scenario).
Proposal 3: RAN2 to confirm that dual connectivity scenario is not the focus for shared processing in Rel-18.
Proposal 4: RAN2 to confirm that carrier aggregation scenario is not the focus for shared processing in Rel-18.
Proposal 5: RAN2 to confirm that for shared processing the UE reception of MBS broadcast service is from a non-serving cell only.
Proposal 6: RAN2 to agree to support reporting of MBS Interest Indication for shared processing irrespective of the scenarios supported i.e., for both intra-PLMN (both intra-gNB and inter-gNB) and inter-PLMN scenarios.
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