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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led WI on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. In this contribution, we would like to provide proposals for the TC for Rel-18 FR2 HST.
2 Discussion 
2.1 RRM test cases scope
[bookmark: _Toc116995848]2.1.1 Summary of impacted RRM Core Requirements update
Based on the big CR [2] approved and corresponding agreements reached in last meeting [3], we update the impacted RRM core requirements, summarized as below. The main updated aspect is the scheduling availability of UE during L1-RSRP measurement is precluded.
	Issue 1-1-1: Scheduling restriction requirements
Agreement:
· No enhancement on the scheduling/measurement restriction requirements for SSB based L1 measurements.



Table 1. Summary of impacted RRM core requirements
	RRM Req. Category
	Sub-Category
	Summary of Impacted 
Core Requirement (Impacted parameters)

	4 SA: RRC_IDLE state mobility

	Cell Re-selection 

	New requirement defined for Measurements of inter-frequency NR cells (Tdetect,NR_Inter_HST, Tmeasure, NR_Inter_HST, Tevaluate, NR_Inter_HST)

	7 Timing

	Maximum Receive Timing Difference
	New requirement defined for Rel-18 FR2 PC6 (MRTD=[8] µs)

	
	UE transmit timing 
	New requirement defined for one shot large UL timing adjustment for FR2 Power Class 6 UE (UE transmit timing)

	8 Signalling characteristics

	Radio Link Monitoring
	New requirements for SSB based RLM (N1)

	
	Link Recovery Procedures
	New requirement for SSB based BFD (N1)

	
	Active TCI state switching delay
	New requirement defined for MAC-CE based TCI state switch delay in HST FR2 scenarios (TCI state switch delay)

	
	SCell Activation and Deactivation Delay
	New requirement defined for SCell Activation Delay for Deactivated SCell (Tactivation_time) for FR2 HST

	9 Measurement Procedure

	L1-RSRP measurements for Reporting 
	New requirement defined for measurement requirements for SSB based L1-RSRP (N1)

	
	NR intra-frequency measurements 
	New requirement defined for Intra frequency measurements w/o measurement gaps 

	
	NR inter-frequency measurements
	New requirement defined for:
NR Inter-frequency measurements w/o gaps
Inter-frequency measurements
(TPSS/SSS_sync_inter, TSSB_time_index_inter, T SSB_measurement_period_inter)


2.1.1 Necessity of TCs related to the enhanced core requirements
Based on the above summary, we give our analysis around the necessity of TCs.
i. Necessity of TCs for L1 Measurement (RLM, BFD, L1-RSRP)
For L1-RSRP, two sets of enhanced RRM core requirements in terms of number of Rx beams were defined with the consideration of new UE simultaneous reception capability [simultaneousReceptionFR2HST-r18] in the previous meeting. Since the scaling factor (no matter N1=1.5 or N1=4) is enhanced for FR2 HST PC6, RAN4 should define new test case to verify the enhanced requirements for FR2 HST PC6 UE in Rel-18. 
For RLM and BFD, the TCs for PC6 is intended to test the same beam sweeping factor (N1) as L1-RSRP measurement test, the functionality difference to Rel-17 FR2 HST can be verified by L1-RSRP test, so there is no need to define additional RLM and BFD ones. Regarding the impacted Section, since the TC is to verify the measurement procedure instead of measurement performance (SS-RSRP, SS-RSRQ, etc.), it is reasonable to define new test case for A.7.6 Measurement procedure.
Furthermore, for FR2 HST multi-Rx L1-RSRP enhancement,
1) 2AoA setup, Setup3 and/or Setup 4 need to be considered, then the legacy general test parameters for Rel-17 FR2 HST should be updated
2) based on RF requirement agreement, copied as below
	Feature CR for RF requirements of FR2 HST multi-panel operation, R4-2314757:
Table 7.3K. 6-1: DL power for 2AoA spherical coverage requirement for power class 6
	Operating band
	PDSCH DL power over UE spherical coverage evaluation areas (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-82.6
	-79.6
	-76.6
	-73.6

	n258
	-82.8
	-79.8
	-76.8
	-73.8

	n261
	-82.6
	-79.6
	-76.6
	-73.6

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The 2AoA spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3:	The requirements in this table are applicable with the network signalling highSpeedMeasFlagFR2-r17 configured as set2.





RRM would be better to align to RF conclusion and configure the parameter highSpeedMeasFlagFR2-r17 to set2 to define the new test requirements in TS 38.133 
3) the applicable condition for Rel-18 FR2 HST multi-RX in the spec not only contain Rel-17 HST flag (highSpeedMeasFlagFR2-r17) but also contain the bi-direction flag (highSpeedDeploymentTypeFR2) from NW configuration perspective. Regarding how to design the TC structure, at the beginning, we think there are two possible handling ways, the first is to define a Sub-section of A.7.6.3.5 as A.7.6.3.5.X (option 1-1), the second is to define a new Section A.7.6.3.X containing the applicable condition for Rel-18 FR2 HST multi-RX and the updated test parameters. Comprehensive consideration on the design, the second way is more clear and reasonable for sure. 
Proposal 1: 
· RAN4 to introduce new test cases for SSB based L1-RSRP measurement requirements for Rel-18 FR2 HST PC6.
· Need new test case for A.7.6 Measurement procedure
· RAN4 do not introduce new test cases for SSB based RLM/BFD measurement requirements for Rel-18 FR2 HST PC6.
Proposal 2: 
RAN4 to define new test case for A.7.6.3.X “SSB based L1-RSRP measurement when DRX is used for PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs” with considering highSpeedMeasFlagFR2-r17 configured as set2 and 2AoA setup 
ii. Necessity of TCs for cell re-selection
Since measurement requirement enhancement for inter-frequency NR cells in the idle mode is introduced, we see the necessity to define the corresponding test case.
Proposal 3: RAN4 to introduce new test case for cell re-selection requirement: Inter-frequency measurement in Idle mode
From our understanding, idle mode inter-frequency is different from connected mode inter-frequency. In idle mode, no NW-UE interaction exists, that is to say, no UE capability report behavior. UE can declare it supports idle mode inter-frequency measurement enhancement for HST, but NW won’t know. In other words, the capability [measurementEnhancementCAInterFreqFR2-r18] is actually for connected mode. In this sense, there is no need to define a new TC for UE supporting [measurementEnhancementCAInterFreqFR2-r18] for inter-frequency measurement in idle mode.
Proposal 4: 
· RAN4 to define new test case for A.7.1.1.X Cell reselection to FR2 inter-frequency NR case for Rel-18 FR2 HST intra-band CA
· No need to define new TC for UE supporting [measurementEnhancementCAInterFreqFR2-r18]
iii. Necessity of TCs for cell re-selection
As we analyzed in our another discussion paper, we can keep the enhanced core requirement, but there is no strong need to define new TC for FR2 HST to verify the 3 ms including MAC CE decoding process. 
Proposal 5: There is no strong need to define new TC for SCell activation delay for Rel-18 FR2 HST PC6.
iv. Necessity of TCs for intra-frequency measurement
Regarding the enhancement for the SCell, considering the enhancement is similar as the enhancement for PCell, which is verified in Rel-17 (Actually, new TC for A.7.6.1.X, SA event triggered reporting test without gap under non-DRX for PC6 UE were expected in Rel-17 FR2 HST), the tests on activate SCell can be omitted in Rel-18. And since we agreed to not specify requirements for deactivated SCell in Rel-18 FR2 HST scenario, there is no need to define corresponding test case to verify the measurement performance on deactivated SCell.
Proposal 6: RAN4 do not introduce new test case for intra-frequency measurement requirements for Rel-18 FR2 HST PC6.
v. Necessity of TCs for inter-frequency measurement enhancement
In last meeting, the following agreement was achieved:
	Issue 1-2-4: Necessity of Test Cases for inter-frequency measurement in connected mode
· Agreement: 
· To define the new test case for enhancement on inter-frequency measurement, both with and without SSB time index detection 
· Way Forward: 
· FFS whether to define test case for enhancement on inter-frequency measurement considering with and without gap
· FFS whether to define test case for enhancement on inter-frequency measurement considering DRX and non-DRX
· FFS the new test cases list for inter-frequency measurements with gaps requirements for Rel-18 FR2 HST PC6


In the existing spec., there are no test cases to verify delay requirements for FR2 HST inter-frequency CA. From test coverage point of view, it is necessary to discuss and define test cases on the enhancement on PSS/SSS detection period requirements, time index detection period requirements, and measurement period requirements with/without gaps in connected mode. Specifically, for inter-frequency with gap, one possible way is to cover the following cases:
	1. Without SSB time index detection when DRX is not used
	2. Without SSB time index detection when DRX is used

	3. With SSB time index detection when DRX is not used
	4. With SSB time index detection when DRX is used


While, for the inter-frequency without gap, since inter-frequency is an optional UE capability, and the enhanced measurement period requirement for inter-frequency CA in Rel-18 is the same as the one defined for intra-frequency in Rel-17, which is copied as follows
	Table 9.2.5.2-7: Measurement period for intra-frequency measurements without gaps when highSpeedMeasFlagFR2-r17 is configured (FR2) when SMTC period <= 40ms
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(M1Note 2 x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 80ms
	max(400ms, ceil(M1Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	80ms< DRX cycle≤ 320ms
	ceil(1.5 x Mmeas_period_w/o_gaps Note 3 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps Note 3 xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	For UE supporting power class 6, M1 = 6 if highSpeedMeasFlagFR2-r17 = set1 or M1 = 18 if highSpeedMeasFlagFR2-r17 = set2






So there is no need to define a new test cast to verify the requirements on NR inter-frequency measurements without gaps in Rel-18 FR2 HST.
Proposal 7: RAN4 to introduce new test cases for inter-frequency measurements with gaps requirements for Rel-18 FR2 HST PC6, the test cases may capture below: 
· Without SSB time index detection when DRX is not use
· Without SSB time index detection when DRX is used
· With SSB time index detection when DRX is not used
· With SSB time index detection when DRX is used
Proposal 8: RAN4 do not introduce new test cases for inter-frequency measurements without gaps requirements for Rel-18 FR2 HST PC6.
vi. Necessity of TCs for UL timing adjustment
The following agreement was achieved in Wednesday session in last meeting:
	Agreement: 
· Define a new R18 TC combining with UL timing adjustment and TCI state switch.
· Further discuss the MRTD aspect.
· For UE passes the R18 test case, not perform the corresponding R17 test.


Regarding the MRTD aspect, since the MRTD is a new requirement defined for FR2-1 PC6 UE supporting [simultaneousReceptionFR2HST-r18], there is no need to combine MRTD here to verify UL timing adjustment, since that the later ones are irrelevant to multi-Rx simultaneous reception.
Proposal 9: RAN4 to define a new R18 TC combining with UL timing adjustment and TCI state switch
· No need to combine MRTD together to design the new TC
Based on the above analysis, we propose the following test case list
Proposal 10: The RRM performance test cases are expected to be introduced for the corresponding core requirement as below: 
	TC index
	Necessity of New Test Case
	Corresponding Core Requirement

	TC1
	New test case is needed.
(New test case for A.7.1.1.X Cell reselection to FR2 inter-frequency NR case for Rel-18 FR2 HST intra-band CA)
	Requirements for Cell Re-selection

	TC2
	No new test cases are needed.

	Requirements for SCell Activation Delay for Deactivated SCell

	TC3
	New test cases are needed.
1. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA with SSB time index detection when DRX is used (Pcell in FR2)
2. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA without SSB time index detection when DRX is used (Pcell in FR2)
3. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA with SSB time index detection when DRX is not used (Pcell in FR2)
4. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA without SSB time index detection when DRX is not used (Pcell in FR2))
	Requirements for Inter-frequency measurement with measurement gaps

	TC4
	No new test cases are needed.

	Requirements for Inter-frequency measurement without measurement gaps

	TC5
	Reuse test case of existing TC A.7.6.1.5

	Requirements for Intra-frequency measurements with/without measurement gaps

	TC6
	New test case is needed.
(New test case for A.7.5.8.X MAC-CE based active TCI state switch for Rel-18 FR2 HST considering 1 bit MAC-CE TCI state activation indicator)
	Requirements for One shot large UL timing adjustment for FR2 Power Class 6 UE 

	
	
	Requirements for MAC-CE based TCI state switch delay in HST FR2 scenarios

	TC7
	No new test cases are needed.
(TC7 can be verified by L1-RSRP measurement tests)
	Requirements for SSB based radio link monitoring

	TC8
	No new test cases are needed.
(TC8 can be verified by L1-RSRP measurement tests)
	Requirements for SSB based beam failure detection

	TC9
	New test case is needed.
(New test case for A.7.6.3.X SSB based L1-RSRP measurement when DRX is used Rel-18 FR2 HST multi-Rx)
	Requirements for SSB based L1-RSRP



2.1.2 RRM TC configuration
i. Channel model and propagation condition
Since we agreed that RAN4 to focus on bi-directional deployment in Scenario-A and Scenario-B to identify RRM requirement for HST FR2 PC6 with multi-Rx chain, we suggest:
Proposal 11: For test cases with multi-Rx chain, RAN4 adopts bi-directional assumption (i.e., AWGN (serving cell) and AWGN with 19444 Hz frequency offset (neighbour cell)).
ii. Test setup
Recall test setup conclusions in Rel-15 NR_newRAT-Perf WI and Rel-17 FR2 HST WI, we found that:
1) For cell re-selection test case: Setup 1 defined in A.3.15.1
2) For SA NR inter-frequency measurement test case:  Setup # 1 in non-DRX and short DRX. Setup # 3 for long DRX [from R4-1904783]
3) For TCI switch delay test case: Setup#3 (two AoAs for SSB0 and SSB1 respectively) A.3.15.3
4) For L1 measurement accuracy test case: Setup 1 according to A.3.15.1 [from R4-1904783]
Based on the above observation, in Rel-18 FR2 HST, RAN4 do not define RRM requirements for CA for PC6 UEs capable of multi-panel, so the legacy test setup for the following test cases: cell re-selection, and SA NR inter-frequency measurement are applicable for Rel-18 FR2 HST CA. Besides, for TCI state switch delay test case, in principle we still verify condition, UE behavior and accuracy but under different scenarios, so the test setup can inherit the existing AOA configuration. 
Proposal 12: For the test set up of the following test cases, RAN4 adopt:
· For cell re-selection test case: Setup 1 defined in A.3.15.1
· For SA NR inter-frequency measurement test case:  Setup # 1 in non-DRX and short DRX. Setup # 3 for long DRX
· For TCI switch delay test case: Setup#3 A.3.15.3 
While, for L1 measurement test case, the situation becomes different since that we introduce simultaneous reception. However, considering the same issues are discussed in parallel in Multi-Rx WI. We dont see much difference between the two WIs for such issue. W e suggest to wait for the conclusion from Rel-18 Multi-RX WI.
Proposal 13: For test setup of AOA configuration for L1 measurement requirement for FR2 HST multi-Rx
· The conclusion from Rel-18 Multi-RX WI could be considered. 
2.2 Measurement accuracy for Rel-18 FR2 PC6
Since CA and inter-frequency enhancement are introduced into FR2 HST, measurement accuracy requirement for SCells and inter-frequency measurement are need to be discussed. 
The following agreements we achieved in last meeting
	Issue 1-5-2: Measurement accuracy for SCells in Rel-18 FR2 HST`
· Way Forward:
· Measurement accuracy for SCells in Rel-18 FR2 HST
· For SS-RSRP measurement, the legacy accuracy requirements can be reused.
· FFS the requirements contain: Intra-frequency SS-RSRP accuracy requirements and intra-frequency RSRP accuracy requirements for FR2 for CA/DC Idle Mode Measurements
Issue 1-5-3: Measurement accuracy for inter-frequency in Rel-18 FR2 HST
· Way Forward:
· Measurement accuracy for inter-frequency in Rel-18 FR2 HST
· For SS-RSRP measurement, the existing inter-frequency RSRP measurement accuracy requirements are applicable.
· FFS the requirements contain: Inter-frequency SS-RSRP accuracy requirements and Inter-frequency RSRP accuracy requirements for FR2 for CA/DC Idle Mode Measurements


We can agree that the 
Proposal 14: 
· For SS-RSRP measurement, the legacy accuracy requirements can be reused 
· The requirements contain: Intra-frequency SS-RSRP accuracy requirements and intra-frequency RSRP accuracy requirements for FR2 for CA/DC Idle Mode Measurements
· [bookmark: _GoBack]For SS-RSRP measurement, the existing inter-frequency RSRP measurement accuracy requirements are applicable
· The requirements contain: Inter-frequency SS-RSRP accuracy requirements 
3 Conclusion
[bookmark: _Toc116995849]In this contribution, we provided our viewpoints on the TC desing for FR2 HST, accordingly the following proposals are obtained: 
Proposal 1: 
· RAN4 to introduce new test cases for SSB based L1-RSRP measurement requirements for Rel-18 FR2 HST PC6.
· Need new test case for A.7.6 Measurement procedure
· RAN4 do not introduce new test cases for SSB based RLM/BFD measurement requirements for Rel-18 FR2 HST PC6.
Proposal 2: 
· RAN4 to define new test case for A.7.6.3.X “SSB based L1-RSRP measurement when DRX is used for PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs” with considering highSpeedMeasFlagFR2-r17 configured as set2 and 2AoA setup
Proposal 3: RAN4 to introduce new test case for cell re-selection requirement: Inter-frequency measurement in Idle mode
Proposal 4: 
· RAN4 to define new test case for A.7.1.1.X Cell reselection to FR2 inter-frequency NR case for Rel-18 FR2 HST intra-band CA
· No need to define new TC for UE supporting [measurementEnhancementCAInterFreqFR2-r18]
Proposal 5: There is no strong need to define new TC for SCell activation delay for Rel-18 FR2 HST PC6.
Proposal 6: RAN4 do not introduce new test case for intra-frequency measurement requirements for Rel-18 FR2 HST PC6.
Proposal 7: RAN4 to introduce new test cases for inter-frequency measurements with gaps requirements for Rel-18 FR2 HST PC6, the test cases may capture below: 
· Without SSB time index detection when DRX is not use
· Without SSB time index detection when DRX is used
· With SSB time index detection when DRX is not used
· With SSB time index detection when DRX is used
Proposal 8: RAN4 do not introduce new test cases for inter-frequency measurements without gaps requirements for Rel-18 FR2 HST PC6.
Proposal 9: RAN4 to define a new R18 TC combining with UL timing adjustment and TCI state switch
· No need to combine MRTD together to design the new TC
Proposal 10: The RRM performance test cases are expected to be introduced for the corresponding core requirement as below: 
	TC index
	Necessity of New Test Case
	Corresponding Core Requirement

	TC1
	New test case is needed.
(New test case for A.7.1.1.X Cell reselection to FR2 inter-frequency NR case for Rel-18 FR2 HST intra-band CA)
	Requirements for Cell Re-selection

	TC2
	No new test cases are needed.

	Requirements for SCell Activation Delay for Deactivated SCell

	TC3
	New test cases are needed.
1. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA with SSB time index detection when DRX is used (Pcell in FR2)
2. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA without SSB time index detection when DRX is used (Pcell in FR2)
3. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA with SSB time index detection when DRX is not used (Pcell in FR2)
4. New test case for A.7.6.2.X SA event triggered reporting tests for Rel-18 FR2 HST intra-band CA without SSB time index detection when DRX is not used (Pcell in FR2))
	Requirements for Inter-frequency measurement with measurement gaps

	TC4
	No new test cases are needed.

	Requirements for Inter-frequency measurement without measurement gaps

	TC5
	Reuse test case of existing TC A.7.6.1.5

	Requirements for Intra-frequency measurements with/without measurement gaps

	TC6
	New test case is needed.
(New test case for A.7.5.8.X MAC-CE based active TCI state switch for Rel-18 FR2 HST considering 1 bit MAC-CE TCI state activation indicator)
	Requirements for One shot large UL timing adjustment for FR2 Power Class 6 UE 

	
	
	Requirements for MAC-CE based TCI state switch delay in HST FR2 scenarios

	TC7
	No new test cases are needed.
(TC7 can be verified by L1-RSRP measurement tests)
	Requirements for SSB based radio link monitoring

	TC8
	No new test cases are needed.
(TC8 can be verified by L1-RSRP measurement tests)
	Requirements for SSB based beam failure detection

	TC9
	New test case is needed.
(New test case for A.7.6.3.X SSB based L1-RSRP measurement when DRX is used Rel-18 FR2 HST multi-Rx)
	Requirements for SSB based L1-RSRP


Proposal 11: For test cases with multi-Rx chain, RAN4 adopts bi-directional assumption (i.e., AWGN (serving cell) and AWGN with 19444 Hz frequency offset (neighbour cell)).
Proposal 12: For the test set up of the following test cases, RAN4 adopt:
· For cell re-selection test case: Setup 1 defined in A.3.15.1
· For SA NR inter-frequency measurement test case:  Setup # 1 in non-DRX and short DRX. Setup # 3 for long DRX
· For TCI switch delay test case: Setup#3 A.3.15.3
Proposal 13: For test setup of AOA configuration for L1 measurement requirement for FR2 HST multi-Rx
· The conclusion from Rel-18 Multi-RX WI could be considered. 
Proposal 14: 
· For SS-RSRP measurement, the legacy accuracy requirements can be reused 
· The requirements contain: Intra-frequency SS-RSRP accuracy requirements and intra-frequency RSRP accuracy requirements for FR2 for CA/DC Idle Mode Measurements
· For SS-RSRP measurement, the existing inter-frequency RSRP measurement accuracy requirements are applicable
· The requirements contain: Inter-frequency SS-RSRP accuracy requirements 
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