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Introduction
Now that core work on high speed train RRM for NR is complete, it is time to agree and start working on the necessary test cases.
Discussion
We begin by reviewing the tests introduced for LTE high speed train
	A.4.2.39	E-UTRAN FDD – FDD Intra frequency case for UE configured with highSpeedEnhMeasFlag2-r16
A.4.2.40	E-UTRAN TDD – TDD Intra frequency case for UE configured with highSpeedEnhMeasFlag2-r16
A.8.1.43	E-UTRAN FDD-FDD intra-frequency event triggered reporting with DRX for UE configured with highSpeedEnhMeasFlag2-r16
A.8.2.15	E-UTRAN TDD-TDD intra-frequency event triggered reporting with DRX for UE configured with highSpeedEnhMeasFlag2-r16
A.8.16.107	E-UTRAN FDD event triggered reporting under deactivated SCell in non-DRX with highSpeedEnhMeasFlag2-r16
A.8.16.108	E-UTRAN TDD event triggered reporting under deactivated SCell in non-DRX with highSpeedEnhMeasFlag2-r16




In principle a similar approach should be taken for NR HST RRM tests, however we need to consider differences in the requirements, such as the fact that NR HST includes high speed mobility (idle and connected) between LTE and NR in both directions, and that there are additional functionalities to consider such as L1-RSRP measurement.The agreed core WI CRs for HST are in [1][2][3][4][6][7]. The corresponding added requirements are
1. Idle Intrafrequency reselection for UE configured with RRM enhancements for high speed (Tdetect,Tmeasure,Tevaluate)
2. RRC connected requirements for high speed intra measurements without gaps
· Time period for PSS/SSS detection for UE configured with RRM enhancements for high speed
· Time period for time index detection for UE configured with RRM enhancements for high speed
· Measurement period for UE configured with RRM enhancements for high speed
3. RRC connected requirements for high speed intra measurements with gaps
· Time period for PSS/SSS detection for UE configured with RRM enhancements for high speed
· Time period for time index detection for UE configured with RRM enhancements for high speed
· Measurement period for UE configured with RRM enhancements for high speed
4. L1 RSRP measurement for UE configured with RRM enhancements for high speed
5. Idle NR-EUTRA reselection for UE configured with RRM enhancements for high speed (Tdetect,Tmeasure,Tevaluate)
6. Idle EUTRA-NR reselection for UE configured with RRM enhancements for high speed (Tdetect,Tmeasure,Tevaluate)
7. Requirement to identify a newly detectable E-UTRAN xDD cell for UE configured with RRM enhancement for high speed
8. Requirements for E-UTRA-NR high speed measurements 
· Time period for PSS/SSS detection for UE configured with RRM enhancements for high speed
· Time period for time index detection for UE configured with RRM enhancements for high speed
· Measurement period for UE configured with RRM enhancements for high speed

NR RRC connected tests are needed for EN-DC and SA operation. Unlike LTE HST, there are no enhancements specified for deactivated Scell measurements and all enhancements relate to DRX operation. Only tests for FR1 need to be considered.

Based on this analysis we propose the following test case list
	Test
	Title
	Description

	1.SA

	NR-NR intrafrequency reselection for UE configured with RRM enhancements for high speed
	Test consists of 2 NR intrafrequency cells Note 1. UE is configured with 320ms DRX cycle and 20ms SMTC period. During T1, cell 1 is 3dB better ranked (SS-RSRP) than cell 2. During T2 the power of the cells is swapped such that cell 2 is 3dB better ranked than cell 1. Reselection delay from the end of T1 until the UE completes reslection during T2 is verified to meet the requirement. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2..

	2a.ENDC
2b.SA
	NR-NR intrafrequency event triggered reporting without gaps or time index reading in DRX for UE configured with RRM enhancements for high speed
	Test consists of 2 NR intrafrequency cells Note 1. UE is configured with 640ms DRX cycle and 20ms SMTC period. During T1, cell 2 is off. At the start of T2, cell 2 is powered up, and the time for an event triggered measurement report is verified to meet the requirement. Time index reading is not configured. The SSB of both cells is within the active BWP. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2.

	3a.ENDC
3b.SA
	NR-NR intrafrequency event triggered reporting without gaps and with time index reading in DRX for UE configured with RRM enhancements for high speed
	Test consists of 2 NR intrafrequency cells Note 1. UE is configured with 320ms DRX cycle and 20ms SMTC period. During T1, cell 2 is off. At the start of T2, cell 2 is powered up, and the time for an event triggered measurement report is verified to meet the requirement. Time index reading is configured. The SSB of both cells is within the active BWP. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2.

	4a.ENDC
4b.SA
	NR-NR intrafrequency event triggered reporting with gaps and without time index reading in DRX for UE configured with RRM enhancements for high speed
	Test consists of 2 NR intrafrequency cells Note 1. UE is configured with 640ms DRX cycle and 20ms SMTC period. During T1, cell 2 is off. At the start of T2, cell 2 is powered up, and the time for an event triggered measurement report is verified to meet the requirement. Time index reading is not configured. The SSB of both cells is outside the active BWP and gaps with MGRP=80ms are configured. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2.

	5a.ENDC
5b.SA
	NR-NR intrafrequency event triggered reporting with gap sand time index reading in DRX for UE configured with RRM enhancements for high speed
	Test consists of 2 NR intrafrequency cells Note 1. UE is configured with 640ms DRX cycle and 20ms SMTC period. During T1, cell 2 is off. At the start of T2, cell 2 is powered up, and the time for an event triggered measurement report is verified to meet the requirement. Time index reading is configured. The SSB of both cells is outside the active BWP and gaps with MGRP=80ms are configured. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2.

	6a.ENDC
6b.SA
	SSB based L1-RSRP measurement when DRX is used for UE configured with RRM enhancements for high speed
	There is one NR cell in the test. Note 1
In the serving cell CSI measurement configuration, UE is indicated to perform L1-RSRP measurement on the SSBs and report periodically. The test consists of two successive time periods, with time duration of T1 and T2 respectively. The test has higher layer parameter timeRestrictionForChannelMeasurements configured. 
There is no measurement gap configured in the test. Two SSBs are configured for measurement. The delay from the start of T2 until the UE sends measurement reports containing both SSB0 and SSB1 while meeting absolute accuracy requirements shall be verified. .
DRX=320ms and SMTC=20ms shall be used.

	7a.ENDC
7b.SA
	CSIbased L1-RSRP measurement when DRX is used for UE configured with RRM enhancements for high speed
	There is one NR cell in the test. Note 1
In CSI measurement configuration, UE is indicated to perform L1-RSRP measurement on the CSI-RS and report aperiodically. The test consists of a single time period T1, during which the UE is triggered via DCI to report L1-RSRP on aperiodic CSI-RS resources. UE is also configured to measure L1-RSRP based on SSB. After the CSI-RSRP L1 measurement period from the beginning of the test, a DCI trigger comes in slot n of a frame and UE provides the report back at the expected time n+Treport based on the configured reporting configuration .
DRX=320ms and SMTC=20ms shall be used.

	8.SA
	NR-EUTRA intrafrequency reselection for UE configured with RRM enhancements for high speed
	The test consists of one NR and one LTE cell. The test consists of two successive time periods, with time duration of T1 and T2 respectively. The test both the NR cell 1 and E-UTRAN cell 2 are already identified by the UE. E-UTRAN cell 2 is of lower priority than cell 1. The E-UTRA cell is kept at constant RSRP during both phases, and the NR cell SS-RSRP is reduced to trigger a reselection to the lower priority E-UTRA cell. The reselection time from NR to E-UTRA after the power of the NR serving cell is reduced is verified to meet the requirement.
320ms idle DRX cycle and 20ms SMTC shall be used. 


	9 LTE
	EUTRA-NR intrafrequency reselection for UE configured with RRM enhancements for high speed
	The test consists of one NR and one LTE cell. The test consists of two successive time periods, with time duration of T1 and T2 respectively. The test both the NR cell 1 and E-UTRAN cell 2 are already identified by the UE. NR cell 1 is of lower priority than E-UTRA cell 2. The NR cell is kept at constant SS-RSRP during both phases, and the E-UTRA cell RSRP is reduced to trigger a reselection to the lower priority NR cell. The reselection time from E-UTRA to NR after the power of the E-UTRA serving cell is reduced is verified to meet the requirement.
320ms idle DRX cycle and 20ms SMTC shall be used. 


	10 SA
	NR-EUTRA event triggered reporting for UE configured with RRM enhancements for high speed
	Test consists of 1 NR serving cell(cell 1) and 1 E-UTRA neighbor cell(cell 2). UE is configured with 320ms DRX cycle and 20ms SMTC period. During T1, cell 2 is off. At the start of T2, cell 2 is powered up, and the time for an event triggered measurement report is verified to meet the requirement. Time index reading is not configured. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2.

	11 LTE
	EUTRA-NR event triggered reporting for UE configured with RRM enhancements for high speed
	Test consists of 1 E-UTRA serving cell(cell 1) and 1 nr neighbor cell(cell 2). UE is configured with 320ms DRX cycle and 20ms SMTC period for the NR neighbour. During T1, cell 2 is off. At the start of T2, cell 2 is powered up, and the time for an event triggered measurement report is verified to meet the requirement. Time index reading is not configured. Propagation condition is AWGN with xxxx Hz frequency offset between cell1 and cell 2.

	Note 1 : In addition, in EN-DC testing an E-UTRA PCell is configured
Note 2 : All tests use AWGN with xxxx Hz frequency offset between serving and neighbour cell
Note 3 : All tests are for frequency range FR1




Conclusions
In this contribution we have evaluated the necessary tests for NR high speed train RRM and propose the corresponding test case list. We invite interested companies to review the test case list then we propose
Proposal 1: RAN4 agrees the volunteer companies for the test case list in section 2, with possible updates after review.
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