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[bookmark: _Toc116995841]Introduction
At the previous RAN4#110 meeting the scope of the test cases for PC6 UEs possessing Rel-18 HST FR2 Enhanced capabilities were agreed, as captured in the WF ‎[1]. Moreover, the first version of the draft CRs were already endorsed and collected in the draft bigCR ‎[2].
As recommended in the WF, some of the issues can be discussed directly on the CRs, however, some general agreements on the following topics discussed in the paper can be still useful:
· L1-RSRP test case and a need for a new 2AoA test setup for PC6 UEs capable of multi-RX reception.
· Design of TCI state switching test case,
· Design of test case on inter-frequency measurements,
· Desing of the test case for even triggered reporting test for intra-frequency measurements on the SCell.
In this paper, we address the above open points and discuss what tests might need to be modified to address the new core requirements in Rel-18 HST FR2 enhanced deployments. Some of the proposals form this paper are reflected in the accompanying draft CRs assigned to Nokia [4], [5].

[bookmark: _Toc116995842]Discussion
The following list of test cases was agreed for specification in Rel-18 PC6 UEs:
	TC index
	Corresponding Core Requirement
	Necessity of New Test Case
	Company for CR volunteer

	TC1
	Requirements for Cell Re-selection
	New test case 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)
	Intel

	TC3-TC6
	Requirements for Inter-frequency measurement with measurement gaps
	New test case needed.
(New test case for A.7.6.2.X3 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))
	Huawei

	
	
	New test case needed.
(New test case for A.7.6.2.X4 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))
	Ericsson

	TC8
	Requirements for One shot large UL timing adjustment for FR2 Power Class 6 UE 
	New test case(s) needed.

	Nokia


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

	
	New requirements for MRTD with simultaneous two-panel reception for FR2 Power Class 6 UE
	
	

	TC11
	Requirements for SSB based L1-RSRP
	New test case needed.
(New test case for A.7.6.3.X SSB based L1-RSRP measurement when DRX is used for FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18)
	Samsung

	TC12
	Requirements for Intra-frequency measurements with/without measurement gaps
	New test case needed.
 (New test case for A.7.6.1.X SA event triggered reporting test without gap under non-DRX for UE supporting [measurementEnhancementCAInterFreqFR2-r18])
	Nokia



On SSB based L1-RSRP test cases
On testing setup with 2 AoA
At the previous meeting one of the companies have suggested to discuss a new testing AoA setup for SSB-based L1-RSRP measurements:
	Issue 1-1-1 AoA setup for multi-Rx chain DL reception in Rel-18 FR2 HST
Agreement in Ad-hoc minutes: 
	Agreement:
For FR2 PC6 UE, 
· 2AoA Setup 3, the Relative angular offset between active probes: 
· Only keep 150 degree as option


1) Whether to use 2AoA setup for SSB based L1-RSRP test case
· Agreement: 
· For the test design, configuration set 2 with 2AoA setup should be applied for SSB based L1-RSRP test case in FR2 HST.
2) Whether to define a new 2AoA setup for multi-Rx chain DL reception for SSB based L1-RSRP test case
· Way Forward: 
· Option 1: Yes.
	Define a new AoA setup to support the SSB based L1-RSRP measurement test on FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18
· AoA Setup X: 2 AoAs, both AoAs are in Rx beam peak direction
· The details on how to define the AoA Setup X for test case, the conclusion from Rel-18 Multi-RX WI could be considered


· Option 2: No.



In our view, the discussion of new test setups should be aligned with the similar discussion of OTA testing for Multi-RX capable UEs. The study is already ongoing, and the outcomes are summarised in Study on NR frequency range 2 (FR2) Over-the-Air (OTA) testing enhancements (Release 18) TR 38.871, Clause 6 (UE RRM testing methodology for multi-Rx chain DL reception). This section mostly focuses on TCI state switching aspects. However, UE RF testing methodology for multi-RX chain DL reception is described in Section 5 for TR 38.871.
At the same time, a similar discussion on test-cases is taking place in Multi-RX WI. In our view, a similar testing setup with two AoA should be followed in the both WIs. Moreover, the testing setup should be compliant with the conclusions from TR 38.871.
Additionally, it was already agreed in the Issue 1-1-1 above from RAN4#110, and in the TS 38.101-2, Clause 7.3K.6 (2AoA spherical coverage for power class 6) that only 150 degree angle in between the probes should be used:
	7.3K.6 2AoA spherical coverage for power class 6
The requirements for a power class 6 UE are applicable with network signalling highSpeedDeploymentTypeFR2-r17 configured as bidirectional. UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a in clause 6.2.1.6, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex L.1. If one AoA is within Area-1 and another AoA is within Area-2, the 2AoA spherical coverage requirements apply with DL power specified in Table 7.3K.6-1 for the PDSCH of each AoA. For any AoA pair selected from Area-1 and Area-2, respectively, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels which is specified in A.3.x and A.3.y for UEs supporting singleDCI-SDM-scheme-r16 and for UEs supporting multiDCI-MultiTRP-r16 respectively. The requirement is verified with a 150° angular separation between 2AoAs. The requirement is verified with the test metric of Throughput (Link=2AoA Spherical coverage grid, Meas=Link angle).



Therefore, custom position of both probes will contradict this agreement: the orientation of both probes in RX beam peak direction will necessitate custom position of both prob that might be different from 150°.
However, the orientation of the second probe, when it is on the other side of the UE form the first probe and it is in the (spherical) coverage area of the PC6 UE may not be that important. The orientation of both probes in the beam reference directions for both UE panels is not realistic because UE should be able to measure the beams even when the signals are coming from directions not aligned with the beam peak direction, especially when rough beams are considered.
[bookmark: _Toc163498794]It is agreed that Rel-18 PC6 HST FR2 test cases with two AoAs are verified with 150° angular separation in between 2AoAs, i.e., in between the probes.
[bookmark: _Toc163498795]PC6 UE is expected to perform L1-RSRP measurement when the signals are coming in the directions different from RX beam peak.
However, it would be still beneficial to follow the progress of the Multi-Rx WI before any final conclusions are made:
[bookmark: _Toc163498796]RAN4 to consider the conclusions from Rel-18 Multi-RX WI and from TR 38.871 about the definition of OTA testing setup with two AoA for SSB based L1-RSRP measurements and TCI state switch in Rel-18 FR2 HST.

On test case configuration
In the drafted L1 RSRP test setup ‎[2], it is proposed to use 4 SSBs, whereas in the previous test setups, only two SSBs are usually considered, e.g., in the TS 38.133 Test Case A.7.6.3.1. To verify the correct reporting L1-RSRP measurement for the power class 6 UE supporting SimultaneousReceptionFR2HST-r18  it is enough for the UE to perform measurement on two different QCL Type D SSBs simultaneously and report periodically. To support this scenario having two SSB beams active and adding a new beam in the next slot seems to be enough.
In addition in the proposed test it has been assumed 2 SSBs to be transmitted together at the beginning of T2 slot. However, and as exampled in Figure 1, this is not typical scenario for HST FR2 deployments. Based on the train movement direction it is more logical to have two active beams in the first slot (T1) and to add just one more beam in the second slot (T2).
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[bookmark: _Ref163233645]Figure 1: Example of Bidirectional deployment.
[bookmark: _Toc163498797]It is not typical in HST FR2 scenario that the new beams on both sides of the UE can be detected/appear at the same time in addition to two serving beams/RRHs.
[bookmark: _Toc163498798]RAN4 to use only three SSBs (two serving on two sides of the UE during T1 and one additional/new during T2) in SSB based L1-RSRP test case.

On TCI state switching test cases
At RAN4#108-bis it was agreed that the new Rel-18 test case should combine UL timing adjustment and TCI state switch as for the legacy Rel-17 PC6 UE tests case. It was also agreed that for the PC6 UE that passes the R18 Test case there is no need to perform Rel-17 test case ‎[3]:
	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.



Additionally, at the previous RAN4#110 meeting it was discussed that testing of MRTD together with TCI state switch based on enhanced MAC CE command is not appropriate because PC6 UE may support enhanced MAC CE but not support simultaneous two-panel reception ‎[1]:
	[bookmark: _Hlk163134688]Issue 1-3-1 Whether to introduce simultaneous multi-panel operation at UL timing adjustment in Rel-18 FR2 HST
Agreement from Tuesday RRM session:
Issue 1-3-1: The necessity of introducing simultaneous multi-panel operation at UL timing adjustment in Rel-18 FR2 HST
Agreement: No
Issue 1-3-2 Discussion on the new R18 UL timing adjustment TC design for FR2 HST
It is encouraged companies to discuss how to design the MAC-CE indication based TCI state switch delay TC in Rel-18 FR2 HST at CR stage directly.




[bookmark: _Toc163498799]The companies see a need to split testing of the UL timing adjustment and TCI state switching delay based on enhanced MAC CE PDCCH TCI state switch indication and of TCI state switching in the scenario with simultaneous multi-panel reception.

The following UE capabilities are defined for PC6 UE in Rel-18 that are relevant to TCI state switch, UL timing adjustment and MRTD:
1) 34-1, Support of NR FR2 HST with simultaneous DL signals reception associated with two different QCL TypeD RSs
2) 34-4, Support of enhanced MAC CE for TCI state switch indication for FR2 HST
Since there is a need to split the testing of two independent UE features above, it makes sense to define separate test cases:
· One test case can be dedicated to testing of enhanced MAC CE PDCCH TCI state switch indication, but when simultaneous multi-panel reception is not used.
· An additional open issue is: which type of indication signalled my MAC CE shall be tested: “0”, “1”, or both?
· In our view, when MAC CE is indicated as “1”, the behaviour is almost the same as in legacy (i.e., with regular MAC CE in HST FR2 scenario). Therefore, it makes more sense to test the indication “0” when both TCI state switch is shorter, and the same UL timing can be used after the TCI state switch.
· Since it was agreed that the new test(s) should replace the legacy Rel-17 test case, the scenario with large difference/jump in UL timing in between the source and target TCI states still needs to be covered.
· One option would be to have two tests with enhanced MAC CE, i.e., one when “0” is signalled and the other one, when “1”.
· Another approach would be to revert the previous agreement and still to keep Rel-17 test case. 
· Overall, it seems to be more logical to introduce in Rel-18 two test cases, when UE MAC CE and “0” and “1” are indicated. If UE does not support Rel-18 enhanced MAC CE, then the legacy Rel-18 test case shall be applied.
[bookmark: _Toc163498800]It is preferable to test enhanced MAC CE indicating “0” (no large jump in UL timing) because PC6 UE behaviour in Rel-18 is considerably different from Rel-17 requirement. However, if only one test is introduced and Rel-17 test case does not need to be passed, then the scenario with large jump in propagation delay will not be tested.
[bookmark: _Toc163498801]For the Rel-18 PC6 UE supporting enhanced MAC CE for TCI state switch indication, RAN4 to define two tests (or sub-test) covering both indication “0” (no large propagation delay jump) and indication “1” (with large propagation delay jump).
[bookmark: _Toc163498802]For the Rel-18 PC6 UE not supporting enhanced MAC CE for TCI state switch indication, the legacy Rel-17 test case (A7.5.8.3) shall be performed.
· Another test case is needed to verify the TCI state switching delay requirement in Multi-RX scenario, i.e., when UE is receiving DL signals simultaneously from two RRHs, and then needs to change one of the TCI states.
· In this test case one-shot timing adjustment may not be supported by the UE or may not be enabled because it is optional functionality. Therefore, to split UE features testing, such a test case can check only TCI state switching delay when UE is receiving 
[bookmark: _Toc163498803]If only test case for enhanced MAC is defined then it will not be any tests cases to check the TCI state switching in Multi-RX scenario.
[bookmark: _Toc163498804]RAN4 to introduce a new test case on TCI state switching delay for the PC6 UE receiving two simultaneous DL signals associated with two different QCL TypeD RSs.

On Inter-frequency measurement test cases
For testing Rel-18 enhanced FR2 CPE inter-frequency measurement, companies already provided following initial test case drafts ‎[2];
· [bookmark: _Hlk161673071]Test case A.7.1.1.8; Cell reselection to FR2 inter-frequency NR case for UE configured with highSpeedMeasFlagFR2-r17
· Test case A.7.6.2.X; SA event triggered reporting tests with SSB time index detection when DRX is not used (PCell in FR2) for FR2 power class 6 UE configured with highSpeedMeasFlagFR2-r17 in intra-band CA
· [bookmark: _Hlk161727220]Test case A.7.6.2.X4; SA event triggered reporting tests for FR2 without SSB time index detection when DRX is not used (PCell in FR2) for FR2 power class 6 UE configured with highSpeedMeasFlagFR2-r17

UE support of inter-frequency measurement enhancements for HST in FR2 for idle-mode cell reselection test
[bookmark: _Hlk161728475]Regarding “Test case A.7.1.1.8; Cell reselection to FR2 inter-frequency NR case for UE configured with highSpeedMeasFlagFR2-r17”, to define cell re-selection delay, the test refers to TS 38.133 table 4.2.2.4-2a with the enhanced HST requirements.
[bookmark: _Toc163498805]Test requirements in the test case A.7.1.1.8 refer only to the table 4.2.2.4-2a with the enhanced HST Idle mode inter-frequency measurement. 
[bookmark: _Toc163498806]For test case A.7.1.1.8 “Cell reselection to FR2 inter-frequency NR case for UE configured with highSpeedMeasFlagFR2-r17” RAN4 to specify that the TC is for UE supporting Idle mode inter-frequency measurement enhancement for HST in FR2.

Doppler frequency offset configuration for idle-mode cell reselection test
The target of test case A.7.1.1.8 is to verify the enhanced HST requirement for the inter frequency NR cell reselection. As the cell reselection mainly happens due to mobility, for PC6 UEs, the enhanced requirements need to be tested by taking into account the impact of Doppler frequency offset between cells caused by high-speed design goal of PC6 UEs. 
[bookmark: _Toc163498807]RAN4 to assume the 19444 Hz Doppler offset between cells in Test case “A.7.1.1.8; Cell reselection to FR2 inter-frequency NR case for UE configured with highSpeedMeasFlagFR2-r17”.

Deployment setup for SA event triggered reporting tests
[bookmark: _Hlk161726494][bookmark: _Hlk161726936][bookmark: _Hlk163138462]Set 2 deployment i.e., highSpeedMeasFlagFR2-r17= Set 2 (scaling factor N1 = 6) is assumed for all Rel-18 HST introduced test cases that is different from those of Rel-17 in which highSpeedMeasFlagFR2-r17= Set 1. Regarding inter-frequency test cases, at previous RAN4#110 meeting, it was agreed to assume Set 2 deployment for inter-frequency idle-mode measurements. 
	Issue 1-2-5 How to design the test case for enhancement on SCell re-selection requirement: Inter-frequency measurement in Idle mode
· Agreement: 
· For the general test parameters in the test case on cell reselection to FR2 inter-frequency NR for Rel-18 FR2 HST, the highSpeedMeasFlagFR2-r17 is set to Set 2.




[bookmark: _Toc163498808]It has been agreed in RAN4 to assume highSpeedMeasFlagFR2-r17= Set 2 for Rel-18 HST inter-frequency idle-mode measurements test cases and not connected-mode SA event triggered reporting tests.
[bookmark: _Toc163498809]To diversify Rel-18 test cases, RAN4 to assume Set 1 deployment (i.e., highSpeedMeasFlagFR2-r17= Set 1) for one of the Rel-18 FR2 HST enhanced connected-mode inter-frequency test cases e.g., SA event triggered reporting tests with/without SSB time index detection.

Number of RF channels (carriers) in SA event triggered reporting tests
[bookmark: _Hlk163222048]Three RF channels (carriers) have been considered in the proposed draft test cases A.7.6.2.X and A.7.6.2.X4 (i.e., SA event triggered reporting tests with/without SSB time index detection for UE configured with highSpeedMeasFlagFR2-r17). In TS 38.133, test cases with 3 RF channels are mainly designed to verify the UE requirements/performance in dual-connectivity or measurement with concurrent gap. Also, current inter-frequency SA event triggered test cases proposed in TS 38.133 Section A.7.6.2, all assume 2 RF channels. From inter-frequency measurements point of view, it does not matter, whether there are two cells or three cells/ RF channels. In this case, it is not clear what is the motivation to complicate the testing setup.
[bookmark: _Toc163498810] The motivation to consider three RF channels in draft proposed test cases A.7.6.2.X and A.7.6.2.X4 “SA event triggered reporting tests with/without SSB time index detection for FR2 power class 6 UEs” is not clear. While, current inter-frequency SA event triggered reporting test cases proposed in TS 38.133 Section A.7.6.2, all assume 2 RF channels.
[bookmark: _Toc163498811]RAN4 to use only two RF channels in the test cases for inter-frequency SA event triggered reporting with measurement gaps to avoid the complication of the test setup.

Definition of minimum SSB_RP
Based on LS from RAN5 ‎[4], it was indicated to RAN4 that some of conditions for RRM requirements applicability for operating bands (Annex B of TS 38.133) for PC6 UEs were missing. In addition to the requested conditions, since inter-frequency requirements are introduced for HST FR2 scenario in Rel-18, Minimum SSB_RP values for PC6 should be defined in the Table B.2.3-2: Conditions for inter-frequency measurements in FR2. This can be done in a similar way as in the Table B.2.4.1-2: Conditions for SSB based L1-RSRP measurements in FR2 from CR ‎[5].
[bookmark: _Toc163498812]RAN4 to define Minimum SSB_RP values in the Table B.2.3-2: Conditions for inter-frequency measurements in FR2 for PC6 UEs.
[bookmark: _Toc116995848]
Conclusion
In the paper, we provide the analysis of the open issues related to RRM test performance requirements for Rel-18 HST FR2 Enhanced UEs. 
The following Observations and Proposals were made:
Observation 1: It is agreed that Rel-18 PC6 HST FR2 test cases with two AoAs are verified with 150° angular separation in between 2AoAs, i.e., in between the probes.
Observation 2: PC6 UE is expected to perform L1-RSRP measurement when the signals are coming in the directions different from RX beam peak.
Proposal 1: RAN4 to consider the conclusions from Rel-18 Multi-RX WI and from TR 38.871 about the definition of OTA testing setup with two AoA for SSB based L1-RSRP measurements and TCI state switch in Rel-18 FR2 HST.
Observation 3: It is not typical in HST FR2 scenario that the new beams on both sides of the UE can be detected/appear at the same time in addition to two serving beams/RRHs.
Proposal 2: RAN4 to use only three SSBs (two serving on two sides of the UE during T1 and one additional/new during T2) in SSB based L1-RSRP test case.
Observation 4: The companies see a need to split testing of the UL timing adjustment and TCI state switching delay based on enhanced MAC CE PDCCH TCI state switch indication and of TCI state switching in the scenario with simultaneous multi-panel reception.
Observation 5: It is preferable to test enhanced MAC CE indicating “0” (no large jump in UL timing) because PC6 UE behaviour in Rel-18 is considerably different from Rel-17 requirement. However, if only one test is introduced and Rel-17 test case does not need to be passed, then the scenario with large jump in propagation delay will not be tested.
Proposal 3: For the Rel-18 PC6 UE supporting enhanced MAC CE for TCI state switch indication, RAN4 to define two tests (or sub-test) covering both indication “0” (no large propagation delay jump) and indication “1” (with large propagation delay jump).
Proposal 4: For the Rel-18 PC6 UE not supporting enhanced MAC CE for TCI state switch indication, the legacy Rel-17 test case (A7.5.8.3) shall be performed.
Observation 6: If only test case for enhanced MAC is defined then it will not be any tests cases to check the TCI state switching in Multi-RX scenario.
Proposal 5: RAN4 to introduce a new test case on TCI state switching delay for the PC6 UE receiving two simultaneous DL signals associated with two different QCL TypeD RSs.
Observation 7: Test requirements in the test case A.7.1.1.8 refer only to the table 4.2.2.4-2a with the enhanced HST Idle mode inter-frequency measurement.
Proposal 6: For test case A.7.1.1.8 “Cell reselection to FR2 inter-frequency NR case for UE configured with highSpeedMeasFlagFR2-r17” RAN4 to specify that the TC is for UE supporting Idle mode inter-frequency measurement enhancement for HST in FR2.
Proposal 7: RAN4 to assume the 19444 Hz Doppler offset between cells in Test case “A.7.1.1.8; Cell reselection to FR2 inter-frequency NR case for UE configured with highSpeedMeasFlagFR2-r17”.
Observation 8: It has been agreed in RAN4 to assume highSpeedMeasFlagFR2-r17= Set 2 for Rel-18 HST inter-frequency idle-mode measurements test cases and not connected-mode SA event triggered reporting tests.
Proposal 8: To diversify Rel-18 test cases, RAN4 to assume Set 1 deployment (i.e., highSpeedMeasFlagFR2-r17= Set 1) for one of the Rel-18 FR2 HST enhanced connected-mode inter-frequency test cases e.g., SA event triggered reporting tests with/without SSB time index detection.
Observation 9: The motivation to consider three RF channels in draft proposed test cases A.7.6.2.X and A.7.6.2.X4 “SA event triggered reporting tests with/without SSB time index detection for FR2 power class 6 UEs” is not clear. While, current inter-frequency SA event triggered reporting test cases proposed in TS 38.133 Section A.7.6.2, all assume 2 RF channels.
Proposal 9: RAN4 to use only two RF channels in the test cases for inter-frequency SA event triggered reporting with measurement gaps to avoid the complication of the test setup.
Proposal 10: RAN4 to define Minimum SSB_RP values in the Table B.2.3-2: Conditions for inter-frequency measurements in FR2 for PC6 UEs.
[bookmark: _Toc116995849]
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