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1. Introduction

In this paper, we intend to share views on the measurements of triggering inter-RAT handover from NR to E-UTRAN, and in order to cover all scenarios, both standalone NR and LTE/NR tight interworking are taken into consideration.

2. Inter-RAT handover from NR to E-UTRAN

It has agreed that Inter-RAT handover can be triggered from NR to E-UTRAN when E-UTRAN connected to 5GC, or E-UTRAN connected to EPC and there’s interface between 5GC and EPC. According to measurement analysis, for inter-RAT handover from NR to E-UTRAN, following scenarios are listed:

· Standalone NR: 

Case 1: single connection or intra-NR CA/DC, NR PCell handover to E-UTRAN;

· Non-standalone NR(NE-DC, NR acts MN):

Case 2: NR PCell handover to SN serving frequencies; 

Case 3: NR PCell handover to SN non serving frequencies;

· Non-standalone NR(EN-DC/NGEN-DC, NR acts SN):

Case 4: Changing from SgNB to SeNB; 

For case1,  it’s should be supported like normal inter-RAT mobility between LTE and UTRAN/GERAN.

For case2,  FFS is remained in RAN2#97bis meeting describes:”FFS how to allow the MN to perform inter-RAT measurement for potential handover to the serving SN frequency.” For case 3, MgNB to eNB handover should be supported to keep service continuity when UE moves out of NR coverage, such like MeNB to eNB handover in TS 36.330. In tight interworking between LTE and NR, especially with establishment of SCG SRB, SCells delete/addition within SN maybe unknown for MN side, so it’s hard for MN to distinguish whether measurement is configured on SN serving or non-serving frequencies, and there’s no requirement to differentiate case2 and case3. So we think both case2 and case3 should be supported for inter-RAT measurement and handover.

Proposal 1 For NE-DC, inter-RAT measurement and handover from NR to E-UTRAN should be supported both on serving SN frequencies and non serving SN frequencies.

For case4, if network want to support EN-DC/NGEN-DC to intra-LTE DC change, then MeNB should release source SgNB first and then add the target SeNB.

Proposal 2 For EN-DC and NGEN-DC, inter-RAT measurement and handover from NR to E-UTRAN should be not supported when NR acts SN.

Proposal 3: For the change from EN-DC/NGEN-DC to intra-LTE DC, MeNB should delete source SgNB first, and then add target SeNB. It is FFS whether these can be accomplished within one RRC message or not.

3. Inter-RAT measurement from NR to E-UTRAN
· Consideration on measurement event

In LTE, besides interworking with WLAN system, the following two inter-RAT measurement events are defined:

· Event B1: Inter RAT neighbour becomes better than threshold;

· Event B2: PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2; 

For case1 in section 2,  for normal standalone NR triggering inter-RAT handover, the above event B1 and B2 can totally be reused; 

For case2 and case3 in section 2, the inter-RAT measurement on E-UTRAN frequencies which to trigger NR to E-UTRAN handover is configured by NR side, and the measurement report will be sent to NR side, but E-UTRAN also acts SN for serving cells. So it’s confused whether the measurement on E-UTRAN frequency is defined as inter-RAT measurement or inter-frequency measurement.

Observation1: RAN2 is asked to clarify the definition of inter-RAT and inter-frequency measurement under LTE-NR tight interworking. 

In this contribution, we kindly ask RAN2 to simplify the definition refers to TS 36.300, if the measurement on E-UTRAN frequency is configured by NR, then the measurement is inter-RAT measurement, and only can use inter-RAT measurement events.

Proposal 4
Irrespective of SA and NSA, when NR configure measurement on E-UTRAN frequencies, it is defined as inter-RAT measurement and only inter-RAT measure events can be used.

With this clarified definition, case2 and case3 can be aligned with case1, and events B1 and B2 can be reused to trigger MgNB to eNB handover, and no other requirements on events for inter-RAT handover are foreseen.

Proposal 5 Events B1/B2 can be reused in SA and NSA(only for NE-DC) to trigger NR inter-RAT handover to E-UTRAN.

· Consideration on NCL and measurement report

In LTE, three types of measurement cell are defined in TS36.331:

· Serving cell(s): these are the PCell and one or more SCells, if configured for a UE supporting CA;

· Listed cells: these are cells listed within the measurement object(s); 

· Detected cells: these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s)
For LTE intra-freq and inter-freq measurement, UE can measure and report on the serving cell(s), listed cells, detected cells, for event B1/B2 measurement on UTRAN and CDMA2000, UE measures and reports on listed cells, for GEARN, UE measures and reports on detected cells. 

In NR, it’s possible that we may have the same categories of measuring cell type on the table. 

Observation2: In NR, the following types of cells in measurement will be defined: The serving cell(s), Listed cells and Detected cells. 
For inter-RAT measurement on E-UTRAN cells in NR, it’s flexible to allow UE to measure and report on detected cells, just like in LTE, and the size of measurement configuration message can be reduced due to minimize the cell list via Uu interface(only cells that configured with individual offset can be carried in message), so we kindly ask RAN2 to take this into account, and it’s better to send an LS to RAN4 to get final confirmation.

Proposal 6 For inter-RAT event measurement on E-UTRAN frequency configured by NR, UE can both measure and report the listed cells and detected cells (e.g. configured in measObjectEUTRA in TS38.331), and should get confirmation with RAN4.
· Consideration on measurement object

According to TS36.331, we list the elements of measObjectEUTRA in the following table, and give analysis on each element based on NR inter-RAT requirement, in order to generate the structure of inter-RAT measObject defined in TS38.331.

Table 1 requirement for inter-RAT measOject of E-UTRAN in NR
	Parameters
	Support or Not?
	Comments on elements

	carrierFreq
	Yes
	the same definition with TS36.331.

	allowedMeasBandwidth
	Yes
	indicates UE not to exceed the measure bandwidth of neighbour cells.

	presenceAntennaPort1
	Yes
	if UE is restricted only to use port0 for inter-RAT measurement, then it can not be carried.

	neighCellConfig
	Yes
	indicates UE not to measure on MBSFN, but the element definition needs modification. 

	offsetFreq
	Yes
	to prioritize the measurement event of specific frequency(ies).

	Cell list (with PCI and cellIndividualOffset)
	Yes
	cellIndividualOffset should be kept to facilitate mobility control.

	Black list
	Yes
	Should be included if we support UE measures and reports on detected cells. 

	cellForWhichToReportCGI
	Yes
	for inter-RAT ANR features.

	measCycleSCell
	No
	FFS for tight interworking.

	measSubframePatternConfigNeigh
	FFS
	Depends on whether inter-RAT to LTE CRE is supported. 

	widebandRSRQ-Meas
	FFS
	Depends on RAN1.

	Cells to apply alternative TTT
	FFS
	can be defined in intra-NR measObject.

	T312
	FFS
	can be defined in intra-NR measObject.

	reducedMeasPerformance
	FFS
	can be defined in intra-NR measObject.

	measDS-Config
	Yes
	to support measuring on LTE CSI-RS.

	White cells
	Yes
	Should be included if we support UE measures and reports on detected cells. 

	RMTC configuration
	No
	Not for R15


We kindly ask RAN2 to take the above analysis in the table into account.

Proposal 7 The measObjectEUTRA specified in TS38.331 should include the following at least:

- carrierFreq

- allowedMeasBandwidth

- presenceAntennaPort1

- neighCellConfig

- offsetFreq

- Cell list (with PCI and cellIndividualOffset)

- Black list

- cellForWhichToReportCGI

- measDS-Config

- White cells

4. Discussion on CSI-RS and NSS
In the past meetings, we’ve had a lot of agreements on NR measurement, but those are mainly based on intra-NR measurement, for inter-RAT measure events(i.e. B1 and B2) mentioned in section3, in this contribution, we discuss the following question and give a short answer. 

· Whether CSI-RS is supported in inter-RAT measurement in NR?

For B1/B2 events used to trigger NR handover to E-UTRAN, only B2-1 threshold is involved in NR measurement and evaluation. As we know, for multi-beam scenario, UE may use beamforming in PCell in NR, thus only measure on SS block can’t represent UE’s radio condition as well, so redundant inter-RAT handover might be triggered due to lack of measurement on serving beam’s CSI-RS. So even for B2-1 measurement, CSI-RS measurement should be supported. 

Proposal 8 For inter-RAT B2-1 threshold evaluation, both NR CSI-RS and NSS measurement should be supported, and can be configured by RRC. 
5. Conclusion

RAN2 is kindly asked to discuss and adopt the following observations and proposals:

Proposal 1 For NE-DC, inter-RAT measurement and handover from NR to E-UTRAN should be supported both on serving SN frequencies and non serving SN frequencies.

Proposal 2 For EN-DC and NGEN-DC, inter-RAT measurement and handover from NR to E-UTRAN should be not supported when NR acts SN.

Proposal 3: For the change from EN-DC/NGEN-DC to intra-LTE DC, MeNB should delete source SgNB first, and then add target SeNB. It is FFS whether these can be accomplished within one RRC message or not.

Observation1: RAN2 is asked to clarify the definition of inter-RAT and inter-frequency measurement under LTE-NR tight interworking. 

Proposal 4
Irrespective of SA and NSA, when NR configure measurement on E-UTRAN frequencies, it is defined as inter-RAT measurement and only inter-RAT measure events can be used.

Proposal 5 Events B1/B2 can be reused in SA and NSA(only for NE-DC) to trigger NR inter-RAT handover to E-UTRAN.

Observation2: In NR, the following types of cells in measurement will be defined: The serving cell(s), Listed cells and Detected cells. 
Proposal 6 For inter-RAT event measurement on E-UTRAN frequency configured by NR, UE can both measure and report the listed cells and detected cells (e.g. configured in measObjectEUTRA in TS38.331), and should get confirmation with RAN4.
Proposal 7 The measObjectEUTRA specified in TS38.331 should include the following at least:

- carrierFreq

- allowedMeasBandwidth

- presenceAntennaPort1

- neighCellConfig

- offsetFreq

- Cell list (with PCI and cellIndividualOffset)

- Black list

- cellForWhichToReportCGI

- measDS-Config

- White cells

Proposal 8 For inter-RAT B2-1 threshold evaluation, both NR CSI-RS and NSS measurement should be supported, and can be configured by RRC. 
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