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Introduction
Core work on high speed train RRM for NR FR2 is agreed in RAN4#102bis-e, In this contribution, we present and analysis the necessary test cases.
Discussion
Measurement accuracy 
Below Measurement accuracies shall be checked and verified with HST FR2 channel.
· L1 measurements (L1-RSRP/RSRQ/SINR) under HST FR2 channel: AWGN with [19444] Hz
· L3 measurements (RSRP/RSRQ) under HST FR2 channel: AWGN with [19444] Hz

Proposal 1: Requirements on measurement accuracy shall be checked and verified with HST FR2 channel.
· L1 measurements (L1-RSRP/RSRQ/SINR) under HST FR2 channel: AWGN with [19444] Hz
· L3 measurements (RSRP/RSRQ) under HST FR2 channel: AWGN with [19444] Hz

Scenario for test cases
The agreed core WI big CRs for HST FR1are in [1]. The corresponding added requirements are listed as follows:
· 4.2.2.3	Measurements of intra-frequency NR cells
· 6.2.1.2.1	UE Re-establishment delay requirement
· 7.1.2.1	Gradual timing adjustment
· 7.1.2.X1	One shot large UL timing adjustment for FR2 Power Class 6 UE
· 8.1.2.2 	Requirements for SSB based radio link monitoring
· 8.5.2	.2 Requirements for SSB based beam failure detection
· 8.10.X2 MAC-CE based TCI state switch delay in HST FR2 scenarios
· 9.2.5 Intra-frequency measurements without measurement gaps
· 9.5.4.1	SSB based L1-RSRP Reporting
· 9.5.6.3	Scheduling availability of UE performing L1-RSRP measurement on FR2

Proposal 2: Develop tests cases for the above requirements.

Test configuration aspects
· Channel model – HST channel for bi-directional and ui-directional
· Uni- directional or bi-directional: Define tests for uni- directional or bi-directional if necessary.
· Doppler shift: [19444] Hz
· DRX cycles shall be limited to 80ms, or 40ms depends on test cases.
· SMTC and measurement gap configuration shall be limited also. 

Proposal 3: Above test configurations shall be defined.

Test case list
Based on this analysis we propose the following test case list:
	Test
	Title
	Description
	Number of tests

	1.SA

	Cell reselection to FR2 intra-frequency NR case for UE configured with
[highSpeedMeasFlagFR2-r17]

	This test is to verify the requirement for the intra frequency NR cell reselection requirements for UE configured with [highSpeedMeasFlagFR2-r17].
Test parameters:
Test consists of 2 NR intra-frequency FR2 cells.
UE is configured with DRX cycle length=0.32s.
Propagation condition is AWGN with [19444] Hz frequency offset between cell1 and cell 2.
T2=10s with [highSpeedMeasFlagFR2-r17 = set1]
T2=20s with [highSpeedMeasFlagFR2-r17 = set2]
T3=5s with [highSpeedMeasFlagFR2-r17 = set2]
T3=15s with [highSpeedMeasFlagFR2-r17 = set2]

Test requirements:
The cell reselection delay to a newly detectable cell is defined as the time from the beginning of time period T2, to the moment when the UE camps on Cell 2, and starts to send preambles on the PRACH for sending the RRCSetupRequest message to perform a Registration procedure for mobility and periodic registration update on Cell2.
The cell re-selection delay to a newly detectable cell shall be less than 7s when [highSpeedMeasFlagFR2-r17 = set1] is configured; 17s when [highSpeedMeasFlagFR2-r17 = set2] is configured;

The cell reselection delay to an already detected cell is defined as the time from the beginning of time period T3, to the moment when the UE camps on cell 1, and starts to send preambles on the PRACH for sending the RRCSetupRequest message to perform a Registration procedure for mobility and periodic registration update on cell1.
The cell re-selection delay to an already detected cell shall be less than 4s when [highSpeedMeasFlagFR2-r17 = set1] is configured; 12s when [highSpeedMeasFlagFR2-r17 = set2] is configured;
	2 tests:1 for unidirectional and 1 for bi-directional 

	2.SA

	SA event triggered reporting test without gap under DRX configured with
[highSpeedMeasFlagFR2-r17]

	This test is to verify the requirement for the intra frequency NR cell reselection requirements for UE configured with [highSpeedMeasFlagFR2-r17].
Test parameters:
Test consists of 2 NR intra-frequency FR2 cells.
UE is configured with DRX.1 and SMTC.1 in cell1 and cell2 both.
Propagation condition is AWGN with [19444] Hz frequency offset between cell1 and cell 2.
DRX= 80ms
T2 = 5s when [highSpeedMeasFlagFR2-r17 = set1] is configured.
T2 = 12s when [highSpeedMeasFlagFR2-r17 = set2] is configured.
Test Requirements:
In test 1, the UE shall send one Event A3 triggered measurement report, with a measurement reporting delay less
than X ms from the beginning of time period T2, where X is
- 3.6s. for a UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set1]

In test 1, the UE shall send one Event A3 triggered measurement report, with a measurement reporting delay less
than X ms from the beginning of time period T2, where X is
- 10.8 for a UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set2]
	2 tests:1 for unidirectional and 1 for bi-directional

	3.SA
	One shot large UL timing adjustment for FR2 Power Class 6 UE 
	The test is to verify One shot large UL timing adjustment when When [largeOneStepUL-timingFR2-r17] is enabled.
Test case shall capture below specification: 
	The requirement in clause 7.1.2.1 doesn’t apply to the first UL transmission after a TCI state switch
The UE transmit timing immediately after TCI state switch shall be , where
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.
The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±[9]*64*Tc, and the reference point shall be the downlink timing of the new cell minus .



T1 and T2 shall have different timing based on typical Uni-direction deployment. 
Test case shall check UL timing error after MAC-CE based active TCI state switch, timing of the two TCI states following above T1 and T2.

	2 tests:1 for unidirectional and 1 for bi-directional

	4.SA
	L1-SINR measurement with SSB based CMR and dedicated IMR when DRX is used, configured with
[highSpeedMeasFlagFR2-r17]

	Test parameters:
Propagation condition is [AWGN], [19444] Hz frequency offset, to track Doppler shift among different RRHs within one cell.
T2 = 1s when [highSpeedMeasFlagFR2-r17 = set1] is configured.
 T2 = 3s when [highSpeedMeasFlagFR2-r17 = set2] is configured.
Test Requirements:
The UE shall send L1-SINR report every [640] (L1-SINR reporting period) slots. No later than X ms plus 640 slots from the beginning of time
period T2, UE shall send L1-SINR report including the results for both SSB#0+CSI-IM#0 and SSB#1+CSI-IM#1
while meeting the accuracy requirements defined in clause 10.1.28.2, where X is
- 720 for UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set1]
- 2160 for UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set2]

	2 tests:1 for unidirectional and 1 for bi-directional

	5.SA
	SSB based L1-RSRP measurement when DRX is used, configured with
[highSpeedMeasFlagFR2-r17]
	Test parameters:
T2 = 1s when [highSpeedMeasFlagFR2-r17 = set1] is configured.
 T2 = 3s when [highSpeedMeasFlagFR2-r17 = set2] is configured.
Test Requirements:
The UE shall send L1-RSRP report every [640] slots. No later than X ms plus 640 slots from the beginning of time
period T2, UE shall send L1-RSRP report including the results for both SSB#0 and SSB#1 while meeting the
accuracy requirements defined in clause 10.1.20.1, where X is 
- 720 for UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set1]
- 2160 for UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set2]

	2 tests:1 for unidirectional and 1 for bi-directional

	6.SA
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX mode, configured with
[highSpeedMeasFlagFR2-r17]
	Test parameters:
Compared to Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX mode (A.7.5.1,3),
T2=[14.48]s, shall be updated
T3=[14.48]s, shall be updated
D1=[14.44]s, shall be updated
	2 tests:1 for unidirectional and 1 for bi-directional

	7.SA
	Radio Link Monitoring In-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX mode, configured with
[highSpeedMeasFlag FR2-r17]
	Test parameters:
Compared to Radio Link Monitoring In-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX mode (A.7.5.1,3),
T3=[2.8]s, shall be updated
T5=[3.88]s, shall be updated
D1=[3.84]s, shall be updated
	2 tests:1 for unidirectional and 1 for bi-directional

	8.SA
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in DRX mode, configured with
[highSpeedMeasFlagFR2-r17]
	Test parameters:
Compared to Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in DRX mode (A.7.5.5,2),
SMTC Configuration= SMTC.1
T2=3.37s
T3=1 s for UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set1]
T3=2.2 s for UE supporting power class 6 configured with [highSpeedMeasFlagFR2-r17 = set2]
T5=0.61s
D1=0.57s
Test parameters:
The UE behaviour during time durations T1, T2, T3, T4 and T5 shall be as follows:
During the time duration T1 and T2, the UE shall transmit uplink signal at least in all subframes configured for CSI
transmission on Cell 1.
During the period from time point A to time point B the UE shall transmit uplink signal in Cell 1 in all uplink slots
configured for CSI transmission according to the configured periodic CSI reporting for Cell 1.
During T3 the UE shall detect beam failure and initiate link recovery. During T4 and T5 the UE measures and
evaluate beam candidate from beam candidate set q1.
No later than time point F occurring no later than D1 = 560+10 ms after the start of T5, the UE shall transmit
preamble on a beam associated with the candidate beam set q1. The UE shall not transmit preamble on a beam
associated with the candidate beam set q1 earlier than time point B

	2 tests:1 for unidirectional and 1 for bi-directional

	9.SA
	Intra-frequency RRC Re-establishment in FR2, configured with
[highSpeedMeasFlagFR2-r17]
	Test parameters:
Tidentify_intra_NR = 1000 ms when [highSpeedMeasFlagFR2-r17 = set1] is configured.
Tidentify_intra_NR = 1200 ms when [highSpeedMeasFlagFR2-r17 = set2] is configured.


	2 tests:1 for unidirectional and 1 for bi-directional

	10.SA
	MAC-CE based TCI state switch delay in HST FR2 scenarios
	Test case shall capture below specification: 
	For FR2 power class 6 UE, if the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the symbol m of the first slot that is after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length. The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  .Where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE;
-	TSSB-proc = 2 ms;
-	Trs is time to the first TRS or SSB transmission after the SSB transmission in the definition of Tfirst-SSB is processed by the UE;
-	Trs-proc = 2 ms;
-	TOk = 1, m = 0 if target TCI state is not in the active TCI state list for PDSCH; otherwise TOk = 0, m = 1.
For FR2 power class 6 UE, if the target TCI state is unknown, the same requirement for unknown target TCI state case specified in clause 8.10.3 applies.



Test parameters:
Follow A.7.5.8.1.1 NR PCell FR2 active TCI state switch for a known TCI state
Target TCI state is in the active TCI state list for PDSCH.
Test parameters:
After receiving MAC-CE command in slot n, UE shall:
- be able to continue to receive on TCI state 0 till n+ THARQ +3 ms
- be able to start receiving on TCI state 1 after n+ THARQ +7 ms + Tfirst-SSB  + Trs  if target TCI state is in the active TCI state list for PDSCH.

	2 tests:1 for unidirectional and 1 for bi-directional

	11.SA
	Scheduling availability of UE performing L1-RSRP measurement on FR2, configured with
[highSpeedMeasFlagFR2-r17]
	Test case shall capture and verify below specification: 
	In HST scenario, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on 
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement and 1 data symbol before each consecutive SSB symbols to be measured for L1-RSRP and 1 data symbol after each consecutive SSB symbols to be measured for L1-RSRP, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement and 1 data symbol before each periodic CSI-RS resource to be measured for L1-RSRP and 1 data symbol after each periodic CSI-RS for L1-RSRP measurement symbols to be measured for L1-RSRP, and/or
-	symbols corresponding to the semi-persistent CSI-RS resource configured for L1-RSRP measurement and 1 data symbol before each semi-persistent CSI-RS resource to be measured for L1-RSRP and 1 data symbol after each semi-persistent CSI-RS resource to be measured for L1-RSRP when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement and 1 data symbol before each aperiodic CSI-RS resource to be measured for L1-RSRP measurement and 1 data symbol after each aperiodic CSI-RS resource to be measured for L1-RSRP measurement when the reporting is triggered.



	2 tests:1 for unidirectional and 1 for bi-directional

	12.SA
	Scheduling availability of UE performing L1-SINR  measurement on FR2, configured with
[highSpeedMeasFlagFR2-r17]
	Test case shall capture and verify below specification: 
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on the symbols to be measured for L1-SINR, and on 1 data symbol before symbols to be measured for L1-SINR and 1 data symbol after symbols to be measured for L1-SINR for FR2 power class 6 UE configured with [highSpeedMeasFlagFR2-r17].



	2 tests:1 for unidirectional and 1 for bi-directional

	Note 1 : All tests are for frequency range FR2
	


[bookmark: _Ref100739368]Table 1 Test parameters and configurations

Proposal 4: Add RRM tests for HST FR2, with parameters and configuration listed in Table 1.
Conclusions
Proposal 1: Requirements on measurement accuracy shall be checked and verified with HST FR2 channel.
· L1 measurements (L1-RSRP/RSRQ/SINR) under HST FR2 channel: AWGN with [19444] Hz
· L3 measurements (RSRP/RSRQ) under HST FR2 channel: AWGN with [19444] Hz

Proposal 2: Develop tests cases for all the above requirements.
Proposal 3: Above test configurations shall be defined.
Proposal 4: Add RRM tests for HST FR2, with parameters and configuration listed in Table 1.
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