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 Introduction
One of the to be supported feature in Rel-18 NR MBS is enable UE to receive MBS broadcast service from one cell of one PLMN, while the RRC is established at another RAN node that belongs to another PLMN. The scenarios are quoted here from the WID [1] to specify the requirements to support the feature: 
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.

Basically a signaling is to be define to help the network that maintains the RRC connection to better schedule for the UE, such that UE can simultaneously receive the broadcast and unicast service on two networks. The limitation here is that both reception works on the same base-band, thus with shared UE capability.
 Discussion

We basically structure this discussion paper like this: review the design of ROM in LTE eMBMS which is exactly the same scenario we are working on; and then what needs to be done for NR, in parallel.
 Scenarios

Such feature had already been supported in LTE eMBMS in the so called receive-only mode (ROM) [2]:
36300g00 / 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.

Firstly the MBMS Interest Indication framework is reused to inform network (where the RRC connection is) about the baseband resources used for the purpose of MBMS services.

In ROM for LTE eMBMS, the MBMS interest indication is reused to inform network about the shared resource for MBMS services.
To better discussion this topic, we suggest naming this feature cross PLMN broadcast reception, or simply NR Broadcast receive only mode (ROM) as a stage 2 name for easy discussion. In later discussions, we try to figure the similarity and difference between LTE ROM and NR ROM.
NR ROM and LTE ROM share similar scenarios and requirements.

 Parameters to report

The content to report are the parameters to enable network to do the best scheduling for UE (e.g., simultaneous reception, HO decision), they are: frequency, sub carrier spacing, carrier bandwidth [3].
1>
if the UE is receiving MBMS service(s) in receive only mode:

2>
if the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the mbms-ROM-Freq:

3>
include mbms-ROM-Freq, mbms-ROM-SubcarrierSpacing and mbms-Bandwidth;

NOTE 3:
The EARFCN included in mbms-ROM-Freq is used to indicate a physical frequency the UE is interested to receive MBMS service(s) in receive only mode and is determined based on UE implementation.

The parameters in MII for LTE eMBMS ROM services includes frequency, sub carrier spacing, carrier bandwidth.

However, for NR Broadcast, the scheduling mechanism is fully aligned with NR framework which means 

some of the parameter does not work, e.g., BWP or CFR to indicate the bandwidth rather than merely the system or carrier bandwidth,
it also brings overhead, e.g., other than simply the frequency info, SCS, all the layer 1 configuration is indicated aligned with NR framework, e.g., MRB for broadcast, CFR, PDSCH config, PDCCH config, etc.. while in LTE eMBMS due to the eMBB oriented design, the lack of flexibility also brings simplicity and less overhead.
In NR Broadcast the configuration of which is aligned with NR framework which means more info shall be reported.

Therefore we propose RAN2 to discuss which parameter is needed to be reported to network for NR ROM reception. After all, RAN2 needs to filter out "shared ability" among those configurations.

// note: in LTE eMBMS, for ROM it only reports frequency but not service ID.

Further discuss which parameter to be reported to network for NR ROM reception.

 Trigger of MII for ROM 

For such ROM services, it does not rely on the SIB15 in LTE (or SIB21 in NR) but a separate indication in SIB2 to enable such the MII for ROM services. Although the framework for ROM service is in the Rel-15 is reused, the restriction of SIB15 was lifted.

Another thing that needs to be noted is that as long as the configuration of the ROM services in other cells are modified or updated, UE shall indicate that change to network [3].
5.8.5.2
Initiation

An MBMS or SC-PTM capable UE in RRC_CONNECTED may initiate the procedure in several cases including upon successful connection establishment, upon entering or leaving the service area, upon session start or stop, upon change of interest, upon change of priority between MBMS reception and unicast reception, upon change to a PCell broadcasting SystemInformationBlockType15, upon starting and stopping of MBMS service(s) in receive only mode, upon change of receive only mode frequency, bandwidth or subcarrier spacing of MBMS service(s) in receive only mode.

Upon initiating the procedure, the UE shall:

1>
if SystemInformationBlockType15 is broadcast by the PCell; or

1>
if mbms-ROM-ServiceIndication is received in SystemInformationBlockType2 from PCell:

..

3>
if at least one of the subcarrier spacing or bandwidth parameter of receive only mode MBMS frequency of interest, determined in accordance with 5.8.5.3, has changed since the last transmission of the MBMSInterestIndication message; or

In ROM for LTE eMBMS, MBMS interest indication for ROM services does not rely on the existence of SIB15 but a separate indication in SIB2.

As long as the config for ROM services is altered, UE needs to inform network about the change.

In NR ROM, we suggest similar mechanism applied here, i.e., a newly defined indication in broadcast signaling to indicate whether MII for ROM is needed or not, without such indication, UE shall not report MII for ROM in case network assumes no best effort support for ROM will be provided.
Defined an indication in broadcast signaling to enable MII for ROM.
 Overhead minimization

However, one thing shall not be overlooked in NR ROM support is the overhead caused by UE MII report for ROM services. Even a network controlled mechanism as in legacy and also in Propose 2 might be introduced, as in Observation 3 we have made, RAN2 shall be cautious about:
the larger set of configuration for NR ROM. for NR Broadcast, optimization had been made to minimize the MCCH size, e.g., using some index to cover the common configuration among different MBS services, like DRX-ConfigPTM-Index-r17 and PDSCH-ConfigIndex-r17. but for UE report to network from another PLMN, such optimization might not work, there are still larger set of configuration for such report.
What's worse, in some cases, there might be a lot of UEs that are consuming the same ROM service, might initiate the same larger report at the same time. Such scenarios shall not be overlooked as broadcast reception is designed to support large number of UEs, and there are cases to updated the MII for such ROM report.
such configuration might not be needed in the first place. There are also the same PLMN cases that the configuration might already be known to UE's PCell, as it was explicitly indicated in the WID that "of same or another operator" might be the provider of NR ROM services. Therefore if they are from the same operator, reporting one TMGI and frequency would be enough, and everything else would be wasting radio resources. The rest of it can be based on the network implementation with minimum overhead. 
Larger set of reports together with repeatedly sent by different UEs might introduce unnecessary overhead.
RAN2 is suggested to discuss how to reduce such unnecessary overhead from UE.

RAN2 to discuss how to avoid unnecessary MII for ROM services.
 Conclusion
The report content and procedure according to our analysis needs further discussion, to see how we can above any unnecessary MII for ROM services, as this can be huge in some cases for UL.

Proposal 1
Further discuss which parameter to be reported to network for NR ROM reception.

Proposal 2
Defined an indication in broadcast signaling to enable MII for ROM.

Proposal 3
RAN2 to discuss how to avoid unnecessary MII for ROM services.

 Reference
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 Annex (36331 ROM in LTE eMBMS since Rel-15 [3])

5.8.5
MBMS interest indication

5.8.5.1
General
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Figure 5.8.5.1-1: MBMS interest indication

The purpose of this procedure is to inform E-UTRAN that the UE is receiving or is interested to receive MBMS service(s) via an MRB or SC-MRB, and if so, to inform E-UTRAN about the priority of MBMS versus unicast reception or MBMS service(s) reception in receive only mode.

5.8.5.2
Initiation

An MBMS or SC-PTM capable UE in RRC_CONNECTED may initiate the procedure in several cases including upon successful connection establishment, upon entering or leaving the service area, upon session start or stop, upon change of interest, upon change of priority between MBMS reception and unicast reception, upon change to a PCell broadcasting SystemInformationBlockType15, upon starting and stopping of MBMS service(s) in receive only mode, upon change of receive only mode frequency, bandwidth or subcarrier spacing of MBMS service(s) in receive only mode.
Upon initiating the procedure, the UE shall:

1>
if SystemInformationBlockType15 is broadcast by the PCell; or

1>
if mbms-ROM-ServiceIndication is received in SystemInformationBlockType2 from PCell:

2>
ensure having a valid version of SystemInformationBlockType15 for the PCell, if present;

2>
if the UE did not transmit an MBMSInterestIndication message since last entering RRC_CONNECTED state; or

2>
if since the last time the UE transmitted an MBMSInterestIndication message, the UE connected to a PCell neither broadcasting SystemInformationBlockType15 nor including mbms-ROM-ServiceIndication in SystemInformationBlockType2:

3>
if the set of MBMS frequencies of interest, determined in accordance with 5.8.5.3, is not empty:

4>
initiate transmission of the MBMSInterestIndication message in accordance with 5.8.5.4;

2>
else:

3>
if the set of MBMS frequencies of interest, determined in accordance with 5.8.5.3, has changed since the last transmission of the MBMSInterestIndication message; or

3>
if at least one of the subcarrier spacing or bandwidth parameter of receive only mode MBMS frequency of interest, determined in accordance with 5.8.5.3, has changed since the last transmission of the MBMSInterestIndication message; or

3>
if the prioritisation of reception of all indicated MBMS frequencies compared to reception of any of the established unicast bearers has changed since the last transmission of the MBMSInterestIndication message:

4>
initiate transmission of the MBMSInterestIndication message in accordance with 5.8.5.4;

NOTE:
The UE may send an MBMSInterestIndication even when it is able to receive the MBMS services it is interested in i.e. to avoid that the network allocates a configuration inhibiting MBMS reception.
3>
else if SystemInformationBlockType20 is broadcast by the PCell:

4>
if since the last time the UE transmitted an MBMSInterestIndication message, the UE connected to a PCell not broadcasting SystemInformationBlockType20; or

4>
if the set of MBMS services of interest determined in accordance with 5.8.5.3a is different from mbms-Services included in the last transmission of the MBMSInterestIndication message;

5>
initiate the transmission of the MBMSInterestIndication message in accordance with 5.8.5.4.
5.8.5.3
Determine MBMS frequencies of interest

The UE shall:

1>
consider a frequency to be part of the MBMS frequencies of interest if the following conditions are met:

2>
at least one MBMS session the UE is receiving or interested to receive via an MRB or SC-MRB is ongoing or about to start; and

NOTE 1:
The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see TS 36.300 [9] or TS 26.346 [57].

2>
for at least one of these MBMS sessions either SystemInformationBlockType15 acquired from the PCell includes for the concerned frequency one or more MBMS SAIs as indicated in the USD for this session or this session is in receive only mode; and
NOTE 2:
The UE considers a frequency to be part of the MBMS frequencies of interest even though E-UTRAN may (temporarily) not employ an MRB or SC-MRB for the concerned session. I.e. the UE does not verify if the session is indicated on (SC-)MCCH

NOTE 3:
The UE considers the frequencies of interest independently of any synchronization state, e.g. TS 36.300 [9], Annex J.1.

2>
the UE is capable of simultaneously receiving MRBs and/or is capable of simultaneously receiving SC-MRBs on the set of MBMS frequencies of interest, regardless of whether a serving cell is configured on each of these frequencies or not; and
2>
the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the set of MBMS frequencies of interest;

NOTE 4:
Indicating a frequency implies that the UE supports SystemInformationBlockType13 or SystemInformationBlockType20 acquisition for the concerned frequency i.e. the indication should be independent of whether a serving cell is configured on that frequency.

NOTE 5:
When evaluating which frequencies it can receive simultaneously, the UE does not take into account the serving frequencies that are currently configured i.e. it only considers MBMS frequencies it is interested to receive.

NOTE 6:
The set of MBMS frequencies of interest includes at most one frequency for a given physical frequency. The UE only considers a physical frequency to be part of the MBMS frequencies of interest if it supports at least one of the bands indicated for this physical frequency in SystemInformationBlockType1 (for serving frequency) or SystemInformationBlockType15 (for neighbouring frequencies). In this case, E-UTRAN may assume the UE supports MBMS reception on any of the bands supported by the UE (i.e. according to supportedBandCombination).

5.8.5.3a
Determine MBMS services of interest

The UE shall:

1>
consider a MBMS service to be part of the MBMS services of interest if the following conditions are met:

2>
the UE is SC-PTM capable; and

2>
the UE is receiving or interested to receive this service via an SC-MRB; and

2>
one session of this service is ongoing or about to start; and

2>
one or more MBMS SAIs in the USD for this service is included in SystemInformationBlockType15 acquired from the PCell for a frequency belonging to the set of MBMS frequencies of interest, determined according to 5.8.5.3.

5.8.5.4
Actions related to transmission of MBMSInterestIndication message

The UE shall set the contents of the MBMSInterestIndication message as follows:

1>
if the set of MBMS frequencies of interest, determined in accordance with 5.8.5.3, is not empty:

2>
include mbms-FreqList and set it to include the MBMS frequencies of interest sorted by decreasing order of interest, using the EARFCN corresponding with freqBandIndicator included in SystemInformationBlockType1 (for serving frequency), if applicable, and the EARFCN(s) as included in SystemInformationBlockType15 (for neighbouring frequencies);

NOTE 1:
The EARFCN included in mbms-FreqList is merely used to indicate a physical frequency the UE is interested to receive i.e. the UE may not support the band corresponding to the included EARFCN (but it does support at least one of the bands indicated in system information for the concerned physical frequency).

2>
include mbms-Priority if the UE prioritises reception of all indicated MBMS frequencies above reception of any of the unicast bearers;
2>
if SystemInformationBlockType20 is broadcast by the PCell:

3>
include mbms-Services and set it to indicate the set of MBMS services of interest determined in accordance with 5.8.5.3a;
NOTE 2:
If the UE prioritises MBMS reception and unicast data cannot be supported because of congestion on the MBMS carrier(s), E-UTRAN may initiate release of unicast bearers. It is up to E-UTRAN implementation whether all bearers or only GBR bearers are released. E-UTRAN does not initiate re-establishment of the released unicast bearers upon alleviation of the congestion.

1>
if the UE is receiving MBMS service(s) in receive only mode:

2>
if the supportedBandCombination the UE included in UE-EUTRA-Capability contains at least one band combination including the mbms-ROM-Freq:

3>
include mbms-ROM-Freq, mbms-ROM-SubcarrierSpacing and mbms-Bandwidth;
NOTE 3:
The EARFCN included in mbms-ROM-Freq is used to indicate a physical frequency the UE is interested to receive MBMS service(s) in receive only mode and is determined based on UE implementation.

The UE shall submit the MBMSInterestIndication message to lower layers for transmission.

–
MBMSInterestIndication

The MBMSInterestIndication message is used to inform E-UTRAN that the UE is receiving/ interested to receive or no longer receiving/ interested to receive MBMS via an MRB or SC-MRB including MBMS service(s) in receive only mode.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

MBMSInterestIndication message

-- ASN1START

MBMSInterestIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




interestIndication-r11



MBMSInterestIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

MBMSInterestIndication-r11-IEs ::=
SEQUENCE {


mbms-FreqList-r11




CarrierFreqListMBMS-r11



OPTIONAL,


mbms-Priority-r11




ENUMERATED {true}




OPTIONAL,


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



MBMSInterestIndication-v1310-IEs
OPTIONAL

}

MBMSInterestIndication-v1310-IEs ::=
SEQUENCE {


mbms-Services-r13




MBMS-ServiceList-r13



OPTIONAL,


nonCriticalExtension



MBMSInterestIndication-v1540-IEs

OPTIONAL

}

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

}

MBMSInterestIndication-v1610-IEs ::=
SEQUENCE {


mbms-ROM-InfoList-r16



SEQUENCE (SIZE(1..maxMBMS-ServiceListPerUE-r13)) OF MBMS-ROM-Info-r16

OPTIONAL,


nonCriticalExtension



SEQUENCE {}






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}

}

MBMS-ROM-Info-r16 ::= SEQUENCE {


mbms-ROM-Freq-r16




ARFCN-ValueEUTRA-r9,


mbms-ROM-SubcarrierSpacing-r16

ENUMERATED {kHz2dot5, kHz0dot37},


mbms-Bandwidth-r16




ENUMERATED {n6, n15, n25, n50, n75, n100}

}

-- ASN1STOP

	MBMSInterestIndication field descriptions

	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.

	mbms-FreqList

List of MBMS frequencies on which the UE is receiving or interested to receive MBMS via an MRB or SC-MRB.

	mbms-Priority
Indicates whether the UE prioritises MBMS reception above unicast reception. The field is present (i.e. value true), if the UE prioritises reception of all listed MBMS frequencies above reception of any of the unicast bearers. Otherwise the field is absent.

	mbms-ROM-Freq

The value indicates the carrier frequency used by the UE to receive MBMS service(s) in receive only mode.

	mbms-ROM-InfoList
List of receive only mode MBMS service(s) related parameters which the UE is receiving or interested to receive. 

	mbms-ROM-SubcarrierSpacing

The value indicates subcarrier spacing for MBSFN subframes received by UE in receive only mode and kHz15 refers to 15kHz, kHz7dot5 refers to 7.5kHz subcarrier spacing and so on as defined in TS 36.211 [21], clause 6.12.
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