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Introduction
[bookmark: _Toc242573354]In this contribution the simultaneous reception of MBS broadcast and unicast, from the same or different gNBs (operators), with shared resources (hardware/processing) in the UE, is discussed further.
Background
RAN2#119-e
Shared processing for MBS broadcast and unicast reception was discussed briefly [11], and the following agreement was reached: 
· RAN2 focuses on solutions taking multi-Rx UEs (i.e. no specific enhancements for 1Rx UEs).
Thus RAN2 does not focus on UEs that can receive only from one cell at a time and require gaps. 
[bookmark: _Toc242573360]Use case description
A UE supporting MBS broadcast supports simultaneous reception of MBS broadcast and unicast in RRC_CONNECTED (dependent on the UE capabilities scheduled in the same slot and on SCell or on PCell only). In some UE implementations the hardware/processing resources to receive MBS broadcast and unicast simultaneously are shared, i.e. shared hardware/processing with single Tx + single Rx architecture. For example a ROM/FTA device that supports MBS broadcast reception but unicast as well. In such implementation the unicast connection is impaired on the Carrier Component (CC) that is shared with MBS broadcast. The MBS broadcast and unicast may be received from different gNBs (operators), and the gNB handling the unicast connection may not be aware of the MBS broadcast configuration and transmissions.
LTE solution
In LTE the UE implementation described above is supported in Rel-14/Rel-15 with FeMBMS supporting ROM UEs. ROM frequencies with different numerologies are supported with larger computational complexity (15 kHz for MBMS and unicast in Rel-13 and 7.5 and 1.25 kHz for FeMBMS only in Rel-14). Due to processing restrictions and limited hardware in the UE, the unicast reception is impaired when the UE also wants to receive MBMS broadcast: 
[image: ]
RAN1 agreed that, based on the UE capability, the Carrier Aggregation (CA) configuration is constrained by the MBMS broadcast reception in the following way [1,2]: 

Where:
1) T: Maximum “baseband bandwidth” the UE is able to process
2) C is the total number of CC configured for the UE
3)  is the number of spatial layers supported in that CC
4)  is the bandwidth (in number of PRBs) for carrier c
5)  if carrier c is XkHz subcarrier spacing, and 0 otherwise
6) ,: Scaling factor for processing one unit of bandwidth of 7.5/1.25kHz with respect to one unit of bandwidth of 15kHz.
Reception of unicast and MBMS broadcast from the same gNB (operator)
The UE that supports MBMS informs the gNB about its limitations to receive both unicast and MBMS simultaneously via UE capability signalling in Rel-14 [3,4]:
UE-EUTRA-Capability ::=			SEQUENCE {
…
MBMS-Parameters-v1430 ::=				SEQUENCE {
…
	subcarrierSpacingMBMS-khz7dot5-r14	ENUMERATED {supported}		OPTIONAL,
	subcarrierSpacingMBMS-khz1dot25-r14	ENUMERATED {supported}		OPTIONAL
}
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-MaxBW
Indicates maximum supported bandwidth (T) for MBMS reception, see TS 36.213 [23. 11.1]. If the value is set to implicitValue, the corresponding value of T is calculated as specified in TS 36.213 [23, 11.1]. If the value is set to explicitValue, the actual value of T = explicitValue * 40 MHz. 

	mbms-ScalingFactor1dot25, mbms-ScalingFactor7dot5
Indicates parameter A(1.25 / A(7.5, i.e., scaling factor for processing one unit of bandwidth corresponding to subcarrier spacing of 1.25 kHz / 7.5 kHz, with respect to one unit of bandwidth corresponding to subcarrier spacing of 15 kHz. See TS 36.213 [23, 11.1]. This field is included only if subcarrierSpacingMBMS-khz1dot25 / subcarrierSpacingMBMS-khz7dot5 is included. This field shall be included if mbms-MaxBW and subcarrierSpacingMBMS-khz1dot25 / subcarrierSpacingMBMS-khz7dot5 are included.

	subcarrierSpacingMBMS-khz7dot5, subcarrierSpacingMBMS-khz1dot25
Indicates the supported subcarrier spacings for MBSFN subframes in addition to 15 kHz subcarrier spacing. subcarrierSpacingMBMS-khz1dot25 and subcarrierSpacingMBMS-khz7dot5 indicates that the UE supports 1.25 and 7.5 kHz respectively for MBSFN subframes as described in TS 36.211 [21], clause 6.12. This field is included only if fembmsMixedCell or fembmsDedicatedCell is included.


Additional subcarrier spacings for MBMS (0.37 kHz and 2.5 kHz), including scaling factors, were introduced in Rel-16 (per supported band). In Rel-17 the UE can also indicate the supported Physical Multicast Channel (PMCH) bandwidth.
Based on the unicast and MBMS capabilities the gNB can (re-)configure the UE appropriately to receive unicast and MBMS broadcast simultaneously while taking the UE restrictions into account. Via MBMSInterestIndication signalling the UE informs the gNB when it is interested to receive an MBMS broadcast service. 
Reception of unicast and MBMS broadcast from different gNBs (operators)
In case the MBMS broadcast is received from a different gNB (operator), then the unicast gNB may not be aware of the broadcast configuration. The UE informs the unicast gNB (not broadcasting SIB20) when it starts and stops receiving MBMS broadcast from another gNB (operator) and it is using shared resources and processing for unicast and broadcast [5, 6, 7]:
[image: ]
This is a very special use case where the unicast gNB (operator) does not support MBMS broadcast, but it does support reception of MBMSInterestIndication message, indicated by mbms-ROM-ServiceIndication. In the MBMSInterestIndication message the UE informs the unicast gNB (operator) that it is receiving MBMS broadcast from another gNB (operator) and that it has hardware/processing restrictions which impair the unicast connection. In Rel-15 the UE can include the frequency, bandwidth and SCS where it is receiving MBMS broadcast service in Receive Only Mode (ROM) in the MBMSInterestIndication message: 
MBMSInterestIndication-r11 ::=		SEQUENCE {
…
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} #resource blocks
}
The unicast gNB is not aware of the MBMS broadcast DRX configuration nor scheduling, i.e. does not know when the UE is receiving MBMS broadcast on CC3. 
The Frequency, subcarrierSpacing and bandwidth are provided in the USD [8] to inform the UE about the parameters used for the MBMS broadcast service (TMGI), see 26.346 clause 11.2.1.2.
WID objective
The work item description includes the following justification and objective [9]:
Justification
The Rel-17 NR MBS broadcast solution allows that the UE receives broadcast service in a downlink only manner i.e. performing broadcast reception without a need to access the network beforehand. However, in the typical use case for broadcast, the UE may be required to simultaneously receive broadcast service and unicast service from the network(s) of same or another operator, and some UEs may share the hardware resources between broadcast and unicast. Therefore, the unicast connection might be impacted by the broadcast reception for this kind of UEs. The optimization for such case is not specifically addressed in Rel-17, and should focus on the case of unicast reception in RRC_CONNECTED and broadcast reception from the same or different operators, including emergency and public safety broadcast.
Objective
· 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]
Note: collaboration with SA2 is expected in due course for the above objectives.
Discussion
Reception of unicast and MBMS broadcast from the same gNB (operator)
This use case is already supported. In case MBS broadcast and unicast is received from the same gNB (operator) the gNB configures unicast Carrier Aggregation (CA) and MBS broadcast based on the UE interest and the UE capabilities.
In case MBS broadcast and unicast are received from the same gNB (operator) then MBS broadcast can be configured on the PCell or Scell dependent on UE capability (e.g. broadcastSCell-r17 and supported band combinations). The UE monitors (and the gNB schedules) the unicast and MBS broadcast according to the configured unicast DRX and PTM DRX respectively. Dependent on the UE capabilities the UE can receive (and the gNB can schedule) unicast and MBS broadcast in the same slot. After transition to connected mode the UE indicates via MII signalling the broadcast frequencies and session(s) of interest. In case the UE does not support broadcastSCell-r17 and the session the UE is interested in is only provided on an SCell frequency, then the gNB has to re-configure the PCell of the UE on the frequency of interest to enable broadcast reception. 
For MBS broadcast the maximum number of MIMO layers is one (38.300 section 16.10.6.6). Furthermore, via UE capability signalling the UE indicates the supported bands and supported band combinations, including the maximum bandwidth and supported SCS on downlink per carrier component. To support proper configuration of unicast and MBS broadcast on the same gNB (operator) no new UE capability signalling is needed:
Proposal 1: No new Uu signalling is introduced to support configuration of unicast and MBS broadcast on the same gNB (operator).
Reception of unicast and MBMS broadcast from different gNBs (operators)
In case MBS broadcast is received from another gNB (operator) and the unicast connection would be impaired because resources are shared between MBS broadcast and unicast in the UE, then the UE shall not operate MBS broadcast and unicast simultaneously, unless the UE informs the unicast gNB about the MBS broadcast reception, and the unicast gNB supports receiving such information: 
Proposal 2:  The UE shall not configure MBS broadcast from another gNB (operator) when this impairs the unicast reception because resources need to be shared with another gNB (operator), unless the UE informs the unicast gNB (operator) about the MBS broadcast configuration and the unicast gNB (operator) supports receiving such information.
Further discussion on the use case and scope of the solution is needed, before equivalent Uu signalling as in LTE is introduced in NR: 
Use case
First it is observed that the requirements for this use case are mainly driving by the operators:
Observation 1: The requirements for the use case are mainly driven by the operators.
So the proposals in this section should be interpreted from a technical perspective, i.e. the operators probably have the final say. 
The use case is rather special, where one operator does not support MBS broadcast[footnoteRef:1], but it gives up some unicast resources in the UE to make room for MBS broadcast from another operator which does not support unicast. This can be considered UE sharing between very different operators for simultaneous unicast and MBS broadcast. The broadcast operator is allowed to (temporary) reduce the unicast transmission from another operator to the relevant UE. For this reason care should be taken in the proper control in the selected solution. At first glance it is perhaps not obvious that the unicast operator has to move, but it is assumed that MBS broadcast is deployed on a single frequency and cannot move:  [1:  Or the operator does MBS broadcast, but it does not support the broadcast session the UE is interested in. Perhaps it requires further discussion if an MBS operator may not know or may not offer what a broadcast UE wants. ] 

Proposal 3: RAN2 to confirm that the MBS broadcast transmission the UE is interested in is on a single frequency, i.e. the broadcast cannot move.
The use case is applicable only when Carrier Aggregation (CA) is configured and MBS broadcast reception interferes with unicast transmission/reception on SCell in our view. In case the MBS broadcast reception would interfere with PCell, then the UE might not be able to receive Paging/System Information from the unicast gNB when the MBS bandwidth overlaps with CORESET#0. This could impair reception of etwsAndCmasIndication via Paging PDCCH and ETWS/CMAS SIBs in connected mode. And it is not possible to dynamically reconfigure Paging/SI in the PCell, which would also impact other UEs: 
Proposal 4: Resource sharing between MBS broadcast and unicast is only supported on SCell.
RAN2 can discuss and agree later for which architectures the solution is applicable. But the assumption for now is that Carrier Aggregation is configured. 
ROM
In LTE it is assumed that a ROM device is receiving MBMS broadcast from another gNB (operator) (see 36.300 section 15.11). In Rel-17 NR the UE is not required to transit to connected mode to receive the MBS broadcast PTM configuration. But there is no full/explicit ROM support in Rel-17 because the Rel-17 work item explicitly excluded ROM support [9]. ROM support in NR requires SA2/SA1 involvement to introduce a dedicated TMGI range for ROM devices and enable service configuration/announcement for ROM devices. These changes are transparent to RAN though. There is no need to explicitly talk about ROM devices for the RAN solution, nor limit the solution to ROM devices:
Assumption 1: ROM support in RAN is not required to fulfil the work item objective.
Dual SIM
A ROM device does not require a SIM card, i.e. MBS broadcast can be received without a subscription (24.116). A ROM device that also supports unicast requires USIM for the unicast connection. It is assumed that the UE is not required to support dual SIM when receiving unicast from one gNB (operator) and MBS broadcast from another gNB (operator): 
Assumption 2: The UE is not required to support dual SIM to support the solution discussed in this contribution.
In the Rel-18 MUSIM work item [10] enhancements for a dual SIM UE, with dual Tx/dual Rx architecture, are evaluated by dynamically sharing the hardware capabilities (e.g. capability update, release of cells, (de)activation of configured resources). It is too early to tell if there is overlap and possible re-use of the solution. 
Dedicated MBS frequency 
The ROM device in LTE is receiving MBMS from a downlink only MBMS frequency, i.e. on a frequency used by dedicated MBMS cells (36.304 section 5.2.4.1). In LTE the UE can indicate to support fembmsMixedCell-r14 and/or fembmsDedicatedCell-r14. 
ROM and dedicated MBS frequency support are coupled, i.e. from that perspective dedicated frequencies might not be required. However if dedicated frequencies are not supported, then the UE would be able to receive unicast from the other gNB (operator) and no solution for resource sharing would be needed:
Proposal 5: RAN2 to discuss the need to support downlink only MBS frequencies in NR and the possible implications when that is supported.
Solution framework
A high-level description of a possible solution is given below. This framework is aligned with the LTE solution:
Step 1: 	If supported by the gNB, the UE informs the gNB when it has restrictions to receive unicast.
Step 2: 	If the NW reconfigures the UE, that resolves the UE restrictions, the UE can configure MBS broadcast.
Step 3: 	The UE informs the gNB when the restrictions to receive unicast are alleviated.
Step 4: 	NW may reconfigure the UE.
The unicast operator should be able to indicate if unicast resources can be used for something else, and the unicast connection on a legacy gNB should not be impaired:
Proposal 6: The gNB indicates if it can receive information about UE restrictions to receive unicast when CA is configured.
What exactly the NW does to enable the MBS broadcast reception in the UE that has restrictions, can be left to NW implementation, but it is assumed that the NW reconfigures CA: 
Proposal 7: The NW action, after receiving UE restrictions to receive unicast, is left to network implementation.
An obvious NW action is to reconfigure the UE such that no unicast CC overlaps with the MBS broadcast. Perhaps the unicast CC can also be deactivated (MAC/RRC) and the UE does not perform CSI-RS/RLM/BFD but continues RRM measurements. Or the unicast CC is switched to a dormant BWP (DCI) and UE continues CSI-RS/RLM/BFD. But a simple solution is typically preferred in the implementation. Furthermore there is no strong need to re-establish the unicast resources as quickly as possible, because the MBS operator seems to be at the steering wheel, and it is unknown when it will come and for how long. 
If the CA reconfiguration enables the UE to receive MBS broadcast then the UE can configure MBS broadcast to receive the service it is interested in: 
Proposal 8: The gNB indicates to the UE if it can configure MBS broadcast.
In case the NW action does not enable the UE to receive MBS broadcast or for some reason the NW cannot reconfigure the UE, then the UE should not configure MBS broadcast. 
Proposal 9: The UE informs the gNB when the restrictions to receive unicast are alleviated.
UE capability update should not be used, because this should not be enforced on a legacy gNB, and it should be left to the unicast operator to honor the request from the UE. The broadcast operator might not be aware of the priority of the unicast connection: 
Proposal 10: UE capability update is not used to signal the UE restrictions to receive unicast.
UE assistance signalling is suitable to signal the UE restrictions. MBSInterestIndication message should not be used, because the unicast operator does not support MBS, and MBSInterestIndication message initiation depends on the presence of SIB21: 
Proposal 11: UE assistance signalling is used to inform the gNB about the restrictions to receive unicast when CA is configured.
The existing UE assistance signalling, like reduced CCsDL or reducedBW, is not suitable because it does not indicate where the problem is, i.e. does not enable the NW to do a proper CA reconfiguration. The NW needs to know the frequency location and bandwidth and SCS (details FFS) of the MBS broadcast configuration: 
Proposal 12: The UE includes the proper locationAndBandwidthBroadcast (details FFS) to indicate where it wants to receive MBS broadcast in the UE assistance signalling. 
The UE should not try to reconfigure the unicast PCell which would impact other UEs:
Proposal 13: The UE does not signal a locationAndBandwidthBroadcast that overlaps with the PCell of the unicast connection.
For the solution to work properly support from both UE and NW is required. A legacy gNB should not experience degradation in unicast performance without knowing what is going on: 
Proposal 14: Resource sharing between MBS broadcast and unicast is not supported in Rel-17.
The UE receives MBS broadcast from another gNB because the serving gNB does not support MBS broadcast or does not point to a frequency where MBS broadcast can be received. A gNB (operator) supporting broadcast would typically also not enable another broadcast operator to impair its unicast connection, but this can perhaps be left to NW configuration, i.e. a gNB can decide not to enable the UE assistance: 
Assumption 3: The UE assistance signalling is not configured on a gNB supporting SIB20 or SIB21.
Similar observation can be made for the unicast part, i.e. the UE does not receive unicast from both gNBs (operators). But given the special use case that the UE is ROM from MBS broadcast perspective there is no worries that the UE would try to receive unicast from both operators. 
From unicast gNB perspective the UE is in RRC_CONNECTED while from MBS broadcast gNB perspective the UE is in RRC_IDLE: 
Assumption 4: The UE is in RRC_IDLE from the MBS broadcast gNB perspective, and in RRC_CONNECTED from the unicast gNB perspective.
This is a dual connectivity use case where the UE is in different RRC states. Concerning mobility it is perhaps confusing who is at the steering wheel. But when the device moves around, connected mode mobility is used for the unicast connection, and idle mode mobility is used for the MBS broadcast connection. This implies that the UE has to perform idle mode and connected mode measurements simultaneously and the UE should not have any restrictions to do that, otherwise mobility might be compromised: 
Proposal 13: RAN2 to discuss possible implications when the UE is in different RRC states simultaneously.
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss MBS broadcast and unicast reception with shared resources in the UE: 
Observations
Observation 1: The requirements for the use case are mainly driven by the operators.
Assumption 1: ROM support in RAN is not required to fulfil the work item objective.
Assumption 2: The UE is not required to support dual SIM to support the solution discussed in this contribution.
Assumption 3: The UE assistance signalling is not configured on a gNB supporting SIB20 or SIB21.
Assumption 4: The UE is in RRC_IDLE from the MBS broadcast gNB perspective, and in RRC_CONNECTED from the unicast gNB perspective.
Proposals
Proposal 1: No new Uu signalling is introduced to support configuration of unicast and MBS broadcast on the same gNB (operator).
Proposal 2:  The UE shall not configure MBS broadcast from another gNB (operator) when this impairs the unicast reception because resources need to be shared with another gNB (operator), unless the UE informs the unicast gNB (operator) about the MBS broadcast configuration and the unicast gNB (operator) supports receiving such information.
Proposal 3: RAN2 to confirm that the MBS broadcast transmission the UE is interested in is on a single frequency, i.e. the broadcast cannot move.
Proposal 4: Resource sharing between MBS broadcast and unicast is only supported on SCell.
Proposal 5: RAN2 to discuss the need to support downlink only MBS frequencies in NR and the possible implications when that is supported.
Proposal 6: The gNB indicates if it can receive information about UE restrictions to receive unicast when CA is configured.
Proposal 7: The NW action, after receiving UE restrictions to receive unicast, is left to network implementation.
Proposal 8: If the NW action enables the UE to receive MBS broadcast, then the UE can configure MBS broadcast.
Proposal 9: The UE informs the gNB when the restrictions to receive unicast are alleviated.
Proposal 10: UE capability update is not used to signal the UE restrictions to receive unicast.
Proposal 11: UE assistance signalling is used to inform the gNB about the restrictions to receive unicast when CA is configured.
Proposal 12: The UE includes the proper locationAndBandwidthBroadcast (details FFS) to indicate where it wants to receive MBS broadcast in the UE assistance signalling. 
Proposal 13: RAN2 to discuss possible implications when the UE is in different RRC states simultaneously.
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