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1 Introduction
In this contribution, we propose to add enhancements to RAN2 specifications to enable simultaneous operation of NR Unicast and LTE MBMS in Release 16. First we describe need and benefit followed by details of the needed enhancements.
[bookmark: _GoBack]
2 Background
Current NR specifications do not offer support for multicast/broadcast services. Although a new work item to introduce this feature is planned for Rel-17 [1], it is expected that LTE MBMS services must continue for some time to serve legacy devices for users that do not require 5G QoS such as live streaming video services and emergency alerts. Additionally, certain aspects are out of scope of the Rel-17 WI on NR MBMS as indicated in the WID [1]:
This WI aims to provide the support in RAN for Objective A, consistently with TR 23.757.
Support of Objective B (e.g. linear TV, Live, smart TV, and managed and OTT content, radio services) is not in scope of this WI… 
Rel-17 NR MBMS also indicates “No support of Free to air/receive only mode is provided in this WI.”, i.e. ROM is possible only with LTE MBMS. At the same time, operators deploying NR prefer to migrate to NR sooner than later and may not want to continue to provide unicast over LTE. Therefore, not supporting LTE MBMS + NR unicast operation may slow down the migration towards NR unicast in some scenarios.
Observation 1: Not supporting LTE MBMS + NR unicast operation may slow down the migration towards NR unicast. 
Additionally, Rel-14 introduced dedicated MBMS carriers (for LTE), which will not be supported in NR Rel-17. In Rel-16, these were enhanced to meet the 5G requirements. Hence, operators deploying dedicated DL-only networks (terrestrial broadcast) have to rely on LTE.
The enhancements presented in this contribution are essentially a replication of the mechanisms already present in LTE. 
They are summarized as follows:
· Capability signalling: 
· Indicate baseband limitation (amount of “baseband resources” available for MBMS reception) similar to LTE. 

· Discovery assistance:
· NR SIB to indicate the presence of LTE MBMS carriers.

· MBMS Interest indication:
· RRC message to inform the serving gNB about the reception (or interest to receive) of LTE MBMS services.

· Cell reselection:
· When evaluating cell reselection for camping in NR, similar to LTE, allow UE to prioritize frequencies in which it can simultaneously receive the LTE MBMS service.

As will be clear from the discussion below, these enhancements are contained within RAN2 and do not impact other WGs. Therefore, the proposal in this contribution is to enable LTE MBMS + NR Unicast reception in TEI 16.

Proposal 1: Introduce enhancements to allow LTE MBMS + NR Unicast simultaneous operation in Rel-16.

3 General framework
The general framework for LTE MBMS + NR unicast operation is as follows:
1. gNB broadcasts assistance information in SIB for reception of LTE MBMS services.
2. UE indicates to gNB its capability to receive LTE MBMS services while operating in NR unicast.
3. UE indicates to gNB its intention to receive LTE MBMS services.
4. The gNB may (re)configure the UE to allow for LTE MBMS reception while operating in NR.



Figure 1 Framework for support of LTE MBMS + NR unicast operation

4 Capability signalling
Current LTE specifications include the following capability signalling regarding MBMS reception:

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-v16xy ::=		SEQUENCE {
	mbms-ScalingFactor2dot5-r16		ENUMERATED {n2, n4, n6, n8}			OPTIONAL,
	mbms-Parameters0dot37-r16		SEQUENCE {
		mbms-ScalingFactor0dot37-r16	ENUMERATED {n12, n24, ffs1, ffs2},
		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 indication is introduced for LTE only, and is “per UE”.
[bookmark: _Hlk39673164]When operating with simultaneous LTE and NR, the amount of available resources for LTE would depend on the NR configuration. For example, a UE configured with a single NR carrier may have more leftover resources available for LTE (and, therefore, LTE MBMS reception) than another UE configured with multiple NR carriers. Thus, we propose to signal the baseband budget mbms-MaxBW per band combination. Note this approach is similar to what is already done for 1024QAM baseband budget (dl-1024QAM-TotalWeightedLayers) [See TS 36.306 subclause 4.3.5.31 which refers to fields in TS 36.331 and TS 38.331] and FD-MIMO baseband budget (fd-MIMO-TotalWeightedLayers) [See TS 36.306 subclause 4.3.28.13 which refers to fields in TS 36.331 and TS 38.331] – we propose to follow the same approach here.
Note that mbms-MaxBW allows for implicit signalling (based on UE category) or explicit signalling. For NR unicast +LTE MBMS, we can restrict this signalling to be explicit only.
Proposal 2: Introduce “mbms-MaxBW” signalling with explicit value per band combination (within CA-ParametersEUTRA) in TS 38.331. 

5 Discovery assistance
In LTE, a UE is informed of the presence of MBMS services by information received in SIB15 – this allows the UE to avoid blind search of carriers with MBMS services. A UE camping in an NR cell should be enabled to receive assistance information regarding LTE MBMS services. Thus, we propose to broadcast (a subset of) the information in LTE SIB15 in an NR carrier.
LTE SIB15 includes the following information:
SystemInformationBlockType15-r11 ::=	SEQUENCE {
	mbms-SAI-IntraFreq-r11					MBMS-SAI-List-r11				OPTIONAL,	-- Need OR
	mbms-SAI-InterFreqList-r11				MBMS-SAI-InterFreqList-r11		OPTIONAL,	-- Need OR
	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	...,
	[[	mbms-SAI-InterFreqList-v1140		MBMS-SAI-InterFreqList-v1140	OPTIONAL	-- Cond InterFreq
	]],
	[[	mbms-IntraFreqCarrierType-r14		MBMS-CarrierType-r14			OPTIONAL,	-- Need OR
		mbms-InterFreqCarrierTypeList-r14	MBMS-InterFreqCarrierTypeList-r14	OPTIONAL	-- Need OR
	]]
}

The network needs to include only the highlighted fields in the new NR SIB (i.e., excluding the intra-frequency ones).
Proposal 3: Introduce new SIB in NR including the LTE SIB15. Only inter-frequency information is needed to be broadcasted. 


6 Interest indication
Once the gNB is aware of the UE capabilities, and the UE has determined its interest in receiving LTE MBMS service(s), the UE should inform the gNB of such interest. This way, the gNB can make sure that the unicast configuration (e.g. carrier aggregation) allows for the reception of LTE MBMS services. We propose to port this mechanism from LTE to NR.
 Proposal 4: Introduce MBMS interest indication over NR.

7 Cell reselection priority
TS 36.304 (LTE) defines applying different cell reselection priorities to allow for MBMS reception in a non-serving cell (as shown by highlighted text below). In summary, the specification allows for lowering the priority of those frequencies that would not allow the UE to simultaneously receive the MBMS service:
If the UE is capable either of MBMS Service Continuity or of SC-PTM reception and is receiving or interested to receive an MBMS service provided on a downlink only MBMS frequency, on a frequency used by dedicated MBMS cells, on a frequency used by FeMBMS/Unicast-mixed cells as defined in TS 36.300 [2], or on a frequency belonging to PLMN different from its registered PLMN, the UE may consider cell reselection candidate frequencies at which it can not receive the MBMS service to be of the lowest priority during the MBMS session TS 36.300 [2], as long as the above mentioned condition 1) is fulfilled for the cell on the MBMS frequency which the UE monitors or this cell broadcasts SIB1-MBMS and as long as the above mentioned condition 2) is fulfilled for the serving cell.
NOTE 2:	Example scenarios in which the previous down-prioritisation may be needed concerns the cases where camping is not possible, while the UE can only receive this MBMS frequency when camping on a subset of cell reselection candidate frequencies, e.g. the MBMS frequency is a downlink only carrier, the MBMS frequency is used by dedicated MBMS cells, the MBMS frequency is used by FeMBMS/Unicast-mixed cells TS 36.300 [2], or the MBMS frequency belongs to a PLMN different from UE's registered PLMN.

We propose to port this mechanism to NR, i.e. the UE can modify its (NR) cell reselection to allow for simultaneous reception of LTE MBMS.
Proposal 5: If a UE is interested in receiving an LTE MBMS service, it can modify the priority of NR cell reselection to allow for the LTE MBMS reception.

Based on the above description, we have following additional observations:
Observation 2: Proposed NR enhancements are essentially a replication of the signalling mechanisms already present in LTE.
Observation 3: Proposed enhancements do not affect other working groups.
Observation 4: Proposed enhancements allows flexibility to operators for using LTE MBMS for devices that are receiving unicast over NR.

Hence, we propose these enhancements to be introduced as NR TEI in Rel-16. The corresponding CRs to TS 38.300, TS 38.304, TS 38.306 and TS 38.331 are provided in [2]-[5].
[bookmark: _Hlk40814400]Proposal 6: Agree to corresponding CRs in R2-2004536/37/38/39. 


8 Summary
In this contribution we explained the need and benefits to enable LTE MBMS + NR Unicast in Release 16. We made the following observations. 
Observation 1: Not supporting LTE MBMS + NR unicast operation may slow down the migration towards NR unicast. 
Observation 2: Proposed NR enhancements are essentially a replication of the signalling mechanisms already present in LTE.
Observation 3: Proposed enhancements do not affect other working groups.
Observation 4: Proposed enhancements allows flexibility to operators for using LTE MBMS for devices that are receiving unicast over NR.

Based on these observations, we have following proposals. 
Proposal 1: Introduce enhancements to allow LTE MBMS + NR Unicast simultaneous operation in Rel-16.
Proposal 2: Introduce “mbms-MaxBW” signalling with explicit value per band combination (within CA-ParametersEUTRA) in TS 38.331. 
Proposal 3: Introduce new SIB in NR including the LTE SIB15. Only inter-frequency information is needed to be broadcasted. 
Proposal 4: Introduce MBMS interest indication over NR.
Proposal 5: If a UE is interested in receiving an LTE MBMS service, it can modify the priority of NR cell reselection to allow for the LTE MBMS reception.
Proposal 6: Agree to corresponding CRs in R2-2004536/37/38/39. 
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