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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]).  On the RAN#95-e, the core requirement of FR2 HST has been completed [3] [4]. 
Accordingly, the performance part of RRM requirement shall begin from RAN4#103-e, for the following objectives on RRM performance requirements captured in WID [2]. 
	· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements. 



In RAN4#103-e, WF on RRM performance requirement for FR2 HST has been approved [6]. In this contribution, we would like to provide our viewpoints on RRM performance requirement for FR2 HST. 

2 Discussion
2.1 RRM Test Configuration and Applicability

Issue 1: Applicability of Set-1 and Set-2 of enhanced RRM requirements
Captured in [6], the following way forward is approved on the applicability of Set-1 and Set-2 of enhanced RRM requirements and test configuration. 
	Way Forward:
· Applicability of Set-1 and Set-2 of enhanced RRM requirements: 
	TC category 
(if confirmed in Sub-Topic 1)
	Applicability of set1 and set2
(either set1 with 2RX beams or set2 with 6RX beams, or both)

	[bookmark: _Hlk103617732]TC for Cell Re-selection Requirement
	TBD

	TC for Re-establishment Delay Requirement
	TBD

	TC for Timing Related Requirement
	N/A (not differentiated by set1 and set2)

	TC for MAC-CE based TCI State Switch Delay Requirement
	TBD (for target TCI is unknown, SSB-based TCI switching to a RS with new QCL-TypeD reference)

	TC for L3 measurement
	TBD

	TC for L1-RSRP/SINR Measurement Requirement
	TBD


 



As specified for core requirements, the Set-1 and Set-2 of enhanced RRM requirements should depends on NW RRC configuration, highSpeedMeasFlagFR2-r17 = set1 or set2, which is used to indicate FR2 HST UE to follow different delay requirements for RRM procedures, like measurement etc. Based on RAN4 discussion, the scaling factor for UE beam sweeping N = 2 shall be assumed if highSpeedMeasFlagFR2-r17 = set1 which may be more suitable for RRH deployment scenario-A (i.e., Ds = 700m, Dmin = 10m). On the other hand, if highSpeedMeasFlagFR2-r17 = set2, the scaling factor N=6 shall be assumed, which could be more suitable for RRH deployment scenario-B (i.e., Ds = 700m, Dmin = 150m). 
It should be noted that in core requirement discussion, there is no conclusion on “prioritization” between Scenario-A and B, but considering to control/reduce the number of test cases, we suggest to configure set1 or set2 in different test cases. Therefore, for the TC category with “TBD” in the column of “applicability of set1 and set2”, we suggest the following ways to configure highSpeedMeasFlagFR2-r17 = set1 or set2 as TC condition. 
Proposal 1: Considering no prioritization between Scenario-A and B (corresponding to set1 and set2 respectively), to further reduce/control the test effort, RAN4 adopt the applicability of set1 and set2 provided as below: 
	TC category 
(if confirmed in Sub-Topic 1)
	Applicability of set1 and set2
(either set1 with 2RX beams or set2 with 6RX beams, or both)

	TC for Cell Re-selection Requirement
	Set1 only

	TC for Re-establishment Delay Requirement
	Set2 only (if TC for re-establishment delay confirmed)

	TC for MAC-CE based TCI State Switch Delay Requirement
	Set1 only (for target TCI is unknown, SSB-based TCI switching to a RS with new QCL-TypeD reference)

	TC for L3 measurement
	Set2 only

	TC for L1-RSRP/SINR Measurement Requirement
	Set1 for L1-RSRP and 
Set2 for L1-SINR (if TC for L1-SINR measurement confirmed)



Issue 2: Applicability of Set-1 and Set-2 of enhanced RRM requirements
Another issue for TC definition is the choice of “unidirectional” or/and “bi-directional” deployment scenario, which is the discussion point for (1) cell reselection; (2) re-establishment delay (if TC confirmed); (3) MAC-CE based TCI state switching delay. See below example for WF on cell reselection test case. Therefore, we would like to discuss the choice of “unidirectional” or “bi-directional” deployment scenario as the general applicability issue. 
	Issue 1-1: Necessity of Test Cases for Cell Re-selection Requirement 
Way Forward:
· TC for Cell Re-selection Requirement: 
· New test case for A.7.1.1.X, Cell reselection to FR2 intra-frequency NR case for PC6 UE configured with highSpeedMeasFlagFR2-r17, DRX cycle=0.32s: 
· Test case definition and applicability: 
· Option-1: 1 test case defined from either unidirectional or bi-directional:
· FFS unidirectional or bi-directional: 
· Consider bi-directional as starting point  
· Option-2: 2 test cases defined for unidirectional and bi-directional respectively:
· Applicability rule is introduced: UE needs to be tested with one of the tests in either unidirectional or bidirectional.
· SMTC period = 20 ms, 
· Propagation condition: AWGN (serving cell) and AWGN with [9722] Hz frequency offset (neighbour cell) for unidirectional or [19444] Hz frequency offset (neighbour cell) for bi-directional case.  


Firstly, it should be noted that in Rel-15 test cases, for (1) cell reselection TC and (2) re-establishment delay TC, the test setup of AoA configuration is Setup-1, i.e., 1AoA test setup. Comparable to conducted test, the RF relevant function for beam sweeping and tracking is not the major focus of both test cases. For these two cases, we see no strong reason to consider bi-directional scenario, but can just follow unidirectional assumption (i.e., AWGN (serving cell) and AWGN with [9722] Hz frequency offset (neighbour cell) for unidirectional). 
Proposal 2: For (1) cell reselection TC and (2) re-establishment delay TC (if confirmed), RAN4 adopt: 
•	Option-1: 1 test case defined from unidirectional, i.e., AWGN (serving cell) and AWGN with 9722 Hz frequency offset (neighbour cell) 
However, for TC of MAC-CE based TCI switch delay requirement, Rel-15 test case use two AoAs for SSB0 and SSB1 respectively. From that perspective, two AoAs test condition is performed to simulate the UE’s reception from two distinct directions of UE. 
Proposal 3: For (3) MAC-CE based TCI state switching delay TC, RAN4 adopt: 
•	Option-1: 1 test case defined from bi-directional, i.e., AWGN (serving cell) and AWGN with 19444 Hz frequency offset (neighbour cell). 

2.2 Scope of RRM Performance Requirement
Based on the discussion during last meeting, the necessity of several test cases is still under discussion. Here are our views respectively: 
Issue 3: Necessity of Test Cases for Re-establishment Delay Requirement
During last meeting, some company proposed that TC re-establishment requirement is not necessary because similar function is already covered and verified by neighboring cell detection test. To reduce additional test efforts, the proposal is reasonable, while to make sure the FR2 HST UE specific requirement for re-establishment, the value of new TC should also be noted. Currently, we don’t see the strong necessity of TC for re-establishment delay requirement, considering intra-frequency measurement procedure requirements are well tested. 
Proposal 4: Considering to further reduce testing effort, TC for Re-establishment Delay Requirement can be skipped. 

Issue 4: Necessity of Test Cases for Timing Related Requirement
For test case to verify gradual timing adjustment requirement for FR2 PC6 UE, considering the new requirement provided for PC6 UE, testing should not be skipped. But for the detailed method to define test, we see that both below option 1 and 2 from last RAN4 meeting WF can works, i.e.,
	- Option 1: Need new test case (similar as A.7.4.1.1)
	- Option 2: Applying PC6 UE new requirement into A.7.4.1.1, and no need to define new test case.
Proposal 5: The necessity of TC for gradual timing adjustment for FR2 PC6 UE shall be confirmed, while both Option 1 and Option 2 works for this purpose. 
For one shot timing adjustment requirement, this is one of the new featured delicately introduced FR2 HST scenario. As quoted below from RRM core requirement, it can be seen that the condition to apply the one shot large timing adjustment is dependent not only on NW signaling but also on the detected absolute difference between DL timing from new and old TCI states, as highlighted below in yellow. Furthermore, the applicable new timing calculation and accordingly the timing accuracy, as highlighted in cyan, should also be the new UE behavior, which needs further verification. 
	7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±[7Ts], and the reference point is .
Above,
-	 (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.



Proposal 6: For TC for one shot large UL timing adjustment for FR2 PC6 UE, new test case shall be introduced to verify (1) the condition to apply one shot large UL timing adjustment, and (2) new transmit timing behavior and accuracy for one shot large UL timing adjustment. 

Issue 5: Necessity of Test Cases for L1-SINR Measurement
During Rel-16 MIMO enhancement work item, L1-SINR measurement is introduced as the new feature, for which (1) CSI-RS-based CMR only; (2) SSB-based CMR + IMR and (3) CSI-RS-based CMR + IMR are introduced. 
Based on our link-level analysis for measurement accuracy, even applying the 19444 Hz frequency offset (corresponding to the worst case of bi-directional deployment), the impact on measurement is identified, which is relative limited in the range of 0.6 – 0.9dB compared to AWGN with frequency offset = 0. More detailed results can be found in our accompanying paper [7]. Considering the L1-SINR measurement is the Rel-16 feature, which depends on UE baseband’s support of this optional feature (which is not mandatory one for FR2 HST scenario), we are okay to skip the FR2 HST specific L1-SINR measurement test. For FR2 PC6 UE which support Rel-16 L1-SINR measurement, it can rely on legacy Rel-16 test cases to verify the performance.  
Proposal 7: For TC for SSB-based L1-SINR measurement, RAN4 reuse Rel-16 L1-SINR test cases, and no need to define new test cases under AWGN with 19444 Hz frequency offset. 
3. Conclusion
In this contribution, we provided our viewpoints on RRM performance requirement for FR2 HST, accordingly the following observations and proposals are obtained: 
Proposal 1: Considering no prioritization between Scenario-A and B, to further reduce the test effort, the applicability of set1 and set2 is provided as: 
	TC category 
(if confirmed in Sub-Topic 1)
	Applicability of set1 and set2
(either set1 with 2RX beams or set2 with 6RX beams, or both)

	TC for Cell Re-selection Requirement
	Set1 only

	TC for Re-establishment Delay Requirement
	Set2 only (if TC for re-establishment delay confirmed)

	TC for MAC-CE based TCI State Switch Delay Requirement
	Set1 only (for target TCI is unknown, SSB-based TCI switching to a RS with new QCL-TypeD reference)

	TC for L3 measurement
	Set2 only

	TC for L1-RSRP/SINR Measurement Requirement
	Set1 for L1-RSRP and Set2 for L1-SINR (if TC for L1-SINR measurement confirmed)



Proposal 2: For (1) cell reselection TC and (2) re-establishment delay TC (if confirmed), RAN4 adopt: 
•	Option-1: 1 test case defined from unidirectional, i.e., AWGN (serving cell) and AWGN with 9722 Hz frequency offset (neighbour cell) 
Proposal 3: For (3) MAC-CE based TCI state switching delay TC, RAN4 adopt: 
•	Option-1: 1 test case defined from bi-directional, i.e., AWGN (serving cell) and AWGN with 19444 Hz frequency offset (neighbour cell). 
Proposal 4: Considering to further reduce testing effort, TC for Re-establishment Delay Requirement can be skipped. 
Proposal 5: The necessity of TC for gradual timing adjustment for FR2 PC6 UE shall be confirmed, while both Option 1 and Option 2 works for this purpose. 
Proposal 6: For TC for one shot large UL timing adjustment for FR2 PC6 UE, new test case shall be introduced to verify (1) the condition to apply one shot large UL timing adjustment, and (2) new transmit timing behavior and accuracy for one shot large UL timing adjustment. 
Proposal 7: For TC for SSB-based L1-SINR measurement, RAN4 reuse Rel-16 L1-SINR test cases, and no need to define new test cases under AWGN with 19444 Hz frequency offset. 
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