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Introduction
In RAN2#119-e meeting, following was agreed regarding shared processing for simultaneous MBS broadcast and Unicast reception: “RAN2 focuses on solutions taking multi-Rx UEs (i.e. no specific enhancements for 1Rx UEs)”.
The target scenario for shared processing for MBS broadcast and unicast reception is the Option 2 from RP-213339 [1], as copied below for convenience:
[image: ]
In this contribution, we discuss signalling enhancements on shared processing for MBS broadcast and unicast reception.
Recap of LTE solution
In LTE, stage-2 description for shared processing for broadcast (Receive Only Mode) and unicast is captured in TS 36.300 clause 15.11:
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. 
There are mainly two changes from RRC CR R2-1818597 to introduce MBMS reception in ROM:
· New IE “mbms-ROM-ServiceIndication-r15” is added in SIB2 to control whether MBMSInterestIndication for shared processing can be sent or not.
· MBMSInterestIndication message content and related procedure are updated. The message is updated with list of ROM services that UE is receiving or interested to receive, and the corresponding parameters for each ROM service include carrier frequency, subcarrier spacing, and channel bandwidth, with relevant ASN.1 shown below (for simplicity, Rel-16 extension is not shown). 
MBMSInterestIndication-v1540-IEs ::=	 SEQUENCE {
	mbms-ROM-InfoList-r15			SEQUENCE (SIZE(1..maxMBMS-ServiceListPerUE-r13)) OF MBMS-ROM-Info-r15																	OPTIONAL,
	nonCriticalExtension				MBMSInterestIndication-v1610-IEs	OPTIONAL
}

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}
}

The indicated parameters allow the eNB to properly configure unicast for several aspects: 1) Proper CA/DC band combination configuration based on reported carrier frequencies; 2) Available baseband processing capability for unicast, which is based on [2][3], as summarized below. The UE reports the capability parameters:
1) T: Maximum “baseband bandwidth” the UE is able to process, corresponding to mbms-MaxBW-r14 below.
2) ,: Scaling factor for processing one unit of bandwidth of 7.5/1.25kHz with respect to one unit of bandwidth of 15kHz, corresponding to mbms-ScalingFactor1dot25-r14 and mbms-ScalingFactor7dot5-r14 below.

ASN.1 for related MBMS capability is shown below:
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
}

When eNB configures unicast, based on UE capability and MBMSInterestIndication, eNB ensures that the following constraint should be met:

Where:
1) C is the total number of CC configured for the UE
2)  is the bandwidth (in number of PRBs) for carrier c
3)  is the number of spatial layers supported in that CC
4)  if carrier c is XkHz subcarrier spacing, and 0 otherwise

In LTE, ROM is defined as an optional feature without UE capability signalling, as captured in TS 36.306 clause 6.3.6 (with corresponding reference copied below):
[bookmark: _Toc108824291]6.3.6		MBMS reception using Receive Only Mode
It is optional to support indication of MBMS reception using Receive Only Mode in an MBMSInterestIndication message for UEs supporting MBMS as specified in TS 36.331 [5].
NR solution
LTE solution on shared processing for broadcast and unicast reception can be the baseline for NR, i.e. 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.
[bookmark: Proposal_LTE]Proposal 1: LTE solution on shared processing for broadcast and unicast reception is the baseline for NR, i.e. 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.
[bookmark: _Hlk61435005]System information for shared processing 
The main discussion point is the location of the control bit for shared processing for broadcast and unicast reception. In LTE, the bit is placed in SIB2. LTE SIB2 functionality are mainly handled by NR SIB1. Considering that NR SIBs other than SIB1 has dedicated functionality and 1 bit overhead should not be a concern for SIB1, it is proposed that new IE to control whether MBSInterestIndication for shared processing can be sent or not is added to SIB1.
[bookmark: Proposal_SIB]Proposal 2: If Proposal 1 is agreed, a new IE to control whether MBSInterestIndication for shared processing can be sent or not is added to SIB1.
MBSInterestIndication update 
As the goal of reporting assistance information for shared processing is to assist gNB for proper unicast configuration, there are mainly two options regarding this kind of UE assistance information:
Option a) As in LTE, UE reports the parameters used by MBS broadcast services, and gNB derives available resources for unicast based on UE capability.
Option b) UE only reports the available resources for unicast (e.g. available CA/DC band combinations).
Option a) is more aligned with LTE approach while option b) is slightly easier for gNB to configure unicast. The key difference between LTE and NR is that dedicated subcarrier spacings (7.5 kHz / 1.25 kHz) are introduced for LTE MBMS while NR MBS uses the same numerology as unicast. Therefore, the following two cases are same from gNB’s perspective:
1) UE receives broadcast using a set of resources, gNB needs to figure out available resources for unicast;
2) UE receives unicast using a set of resources same as broadcast, gNB needs to figure out available resources for additional unicast usage.
Therefore in Option a), UE needs to report the parameters for broadcast services, and gNB can derive resources for unicast based on UE capability. Note that unlike LTE, there is no need to have capability similar to mbms-MaxBW-r14, mbms-ScalingFactor1dot25-r14 and mbms-ScalingFactor7dot5-r14. In option b), UE needs to report updated UE capability for unicast (e.g. available CA/DC band combination for unicast after excluding the carrier(s) used by broadcast), which incurs significant signalling overhead compared with Option a). Therefore it is proposed to go with option a) as in LTE.
[bookmark: Obs]Observation 1: Reporting updated UE capability for unicast (e.g. available CA/DC band combination for unicast after excluding the carrier(s) used by broadcast) incurs significant signalling overhead compared with reporting the parameters for broadcast services to let the gNB to derive resources for unicast based on UE capability.
We now discuss the parameters to be signalled for each MBS broadcast service. In LTE, carrier frequency (ARFCN-ValueEUTRA-r9), subcarrier spacing, and channel bandwidth are signalled. It is straightforward to signal in NR the carrier frequency (ARFCN-ValueNR) and subcarrier spacing. However, discussion is needed on how to signal the channel bandwidth. In NR MBS, the channel bandwidth for broadcast reception is related to CFR, which is indicated in SIB20 >> cfr-ConfigMCCH-MTCH-r17 >> locationAndBandwidthBroadcast-r17. Therefore, instead of indicating the whole channel bandwidth of a carrier frequency, UE should only indicate the bandwidth of the CFR.
[bookmark: Proposal_Interest]Proposal 3: If Proposal 1 is agreed, in MBSInterestIndication, for each broadcast service that the UE is receiving or is interested to receive, the following parameters are signalled: carrier frequency (ARFCN-ValueNR), subcarrier spacing, and bandwidth of the CFR (i.e. there is no need to include the whole channel bandwidth of a carrier frequency).
UE capability
In LTE, ROM is an optional feature without UE capability signalling. The principle can be applied to NR. Since system information can control whether UE can send MBSInterstIndication for shared processing or not, there is no need for gNB to know whether UE supports shared processing or not (via explicit UE capability signalling).
[bookmark: Proposal_UECap]Proposal 4: If Proposal 1 is agreed, shared processing for broadcast and unicast reception is an optional feature without UE capability signalling.
Conclusion
In this contribution, we discuss signalling enhancements on shared processing for MBS broadcast and unicast reception. We have the following observation:
Observation 1: Reporting updated UE capability for unicast (e.g. available CA/DC band combination for unicast after excluding the carrier(s) used by broadcast) incurs significant signalling overhead compared with reporting the parameters for broadcast services to let the gNB to derive resources for unicast based on UE capability.
We propose the following:
Proposal 1: LTE solution on shared processing for broadcast and unicast reception is the baseline for NR, i.e. 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.
Proposal 2: If Proposal 1 is agreed, new IE to control whether MBSInterestIndication for shared processing can be sent or not is added to SIB1.
Proposal 3: If Proposal 1 is agreed, in MBSInterestIndication, for each broadcast service that the UE is receiving or is interested to receive, the following parameters are signalled: carrier frequency (ARFCN-ValueNR), subcarrier spacing, and bandwidth of the CFR (i.e. there is no need to include the whole channel bandwidth of a carrier frequency).
Proposal 4: If Proposal 1 is agreed, shared processing for broadcast and unicast reception is an optional feature without UE capability signalling.
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