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Introduction
In RAN4 #103-e meeting, a WF for RRM requirement was approved [1]. In this contribution, we provide our view on the open issues. 
Discussion
Neighboring cell and L1-RSRP measurement tests
[bookmark: _Hlk107326476]The only difference between uni-directional and bi-directional deployment for neighboring cell and L1-RSRP measurement tests is the channel model: AWGN with 9722Hz or 19444Hz offset. Given that UE has to support both deployments, applying bi-directional channel model, AWGN with 19444Hz offset, can have one test verifying UE performance on both channel models based on the fact that larger frequency offset leads to worse measurement performance.
Observation 1: UE needs to support both uni- and bi-directional deployment, and larger frequency offset leads to worse measurement performance.
Proposal 1: Apply bi-directional deployment channel model, AWGN with 19444Hz frequency offset, to neighboring cell measurement tests including idle and connected modes. For connected mode neighboring cell measurement and L1-RSRP tests, since non-DRx is more common for CPE, the tests should be in non-DRx mode.
Connection Re-establishment test and L1-SINR test
Observation 2: Connection re-establishment and connected mode neighboring cell measurement are both requirement on looking for new cells to connect to. In FR2 HST enhancement, they have identical enhancements: replace the Rx sweeping factor of 8 by 2 and 6. Therefore, connection re-establishment test verifies the same function with the same enhancement with connected mode neighboring cell measurement. Same observation applies to L1-SINR test given that L1-RSRP test is introduced.
Proposal 2: Do no introduce Re-establishment and L1-SINR test since no additional functionalities and enhancement to be verified by this test given the agreed test set.
UL timing related requirements
There are two changes in UL timing related requirement for FR2 HST
· Relaxation of Tq
· One shot large UL timing adjustment 

For Tq relaxation, since it increases the range of autonomous UL timing adjustment, we do not see the need to introduce a test to verify it: UE vendors can easily have an implementation meeting such requirement with legacy design. In fact, R16 LTE HST has the same enhancement without additional test introduced. By increasing Tq, the challenge is actually on network side: network should be able to handle Tq properly to keep track of UL timing. If there is additional test to be introduced, RAN4 should first introduce a base station test to ensure proper network operation.
Observation 3: Tq increase is a relaxation on UE requirement in which even legacy UE can satisfy the requirement. On the other hand, it brings new challenge for network to handle the increased UE autonomous adjustment step properly and keep track of UL reception timing.
Proposal 3: Introduce a base station test to verify if network can function properly with increased UE autonomous adjustment step.
Observation 4: One shot large UL timing adjustment requirement is applicable only for cross-RRH TCI state switch.
Proposal 4: Since the only applicable scenario of one shot large UL timing adjustment requirement is cross-RRH TCI state switch, this requirement should be verified together with TCI state switch test to avoid duplicated tests.
MAC-CE based TCI state switch delay test
Uni-directional and bi-directional deployment is not relevant in this test configuration, since the DL measurement accuracy requirement is not part of the requirement verified with this test, and uni- and bi- directional deployment only change applicable DL channel model. DRx is also not relevant since the TCI switch should be in DRx active mode.
Observation 5: Uni- and bi-directional deployment is irrelevant in this test since no related DL measurement accuracy requirements in this test and therefore the propagation condition is irrelevant. The TCI state switch should be in DRx active mode.
New requirement of extended TCI state switch delay should be verified in this test with the timing offset between SSB 0 and SSB 1 configured as 2.33us. The correct reception of DL signals and transmission of UL signals can be verified by legacy procedure: 
The test equipment verifies that UE can be scheduled on PCell on TCI state 0 till n+ THARQ +3 ms. The test equipment also verifies the TCI state switch time in PCell by scheduling the UE on TCI state 1 after n+ THARQ +3 ms + (Tfirst-SSB + TSSB-proc).
Note that UE needs to utilize the extended TCI state switch to correct the >4CP timing offset to continue receiving the grants and transmit UL signals (ACK/NACK/L1 RSRP report).
Observation 6: Legacy test procedure and requirements can verify that UE correctly utilize the extended TCI state switch to correct the >4CP timing offset to continue receiving the grants and transmit UL signals (ACK/NACK/L1 RSRP report).
Proposal 5: Reuse A.7.5.8 test with the following modifications to design MAC-CE based TCI state switch delay test:
· Timing offset between SSB 0 and SSB 1 is 2.33us
· The requirement of reception on TCI state 1: after receiving MAC-CE command in slot n, UE shall be able to start receiving on TCI state 1 after slot n+ THARQ +  + (Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length, as defined in 8.10.3A
The rest can follow A.7.5.8.
Set 1 or 2 requirements applicability in the test
We propose the following:
Proposal 6: For set 1 and 2 requirements applicability
(1) Use different sets for connected mode neighboring cell measurement and L1-RSRP measurement to verify both sets in connected mode
(2) Choose between set 1 and 2 for idle mode neighboring cell measurement
(3) No need to decide set 1 or 2 for timing and TCI state switch test since it is irrelevant.
Measurement accuracy requirement
We plotted the neighboring cell RSRP measurement accuracy degradation as a function of frequency offset in the following:
[image: ]
Observation 7: The accuracy impact can also be analytically derived by 10*log10(frequency offset/SCS). Note that the frequency offset impact is small since the frequency offset is ~16% of SCS, and the sinc function on frequency domain is flat around 0. 
We plotted the lower bound of the difference between the measured SINR and the ground truth SNR below
[image: ]
We can observe that the difference between the measured SINR and the ground truth SNR increases as SNR increases. Also sinc function is flat around zero, the ICI due to frequency offset starts dominating the measurement accuracy performance when noise gets smaller.
Observation 8: L1-SINR measurement is not reliable except in low SINR region, similar behavior as in FR1 HST which capping the applicable range of L1-SINR measurement at SNR < 5dB.
Proposal 7: Legacy RSRP measurement accuracy requirement is applicable to FR2 HST. Legacy L1-SINR measurement accuracy requirement is applicable to FR2 HST when SNR < 5dB
Conclusion
Observation 1: UE needs to support both uni- and bi-directional deployment, and larger frequency offset leads to worse measurement performance.
Proposal 1: Apply bi-directional deployment channel model, AWGN with 19444Hz frequency offset, to neighboring cell measurement tests including idle and connected modes. For connected mode neighboring cell measurement and L1-RSRP tests, since non-DRx is more common for CPE, the tests should be in non-DRx mode.
Observation 2: Connection re-establishment and connected mode neighboring cell measurement are both requirement on looking for new cells to connect to. In FR2 HST enhancement, they have identical enhancements: replace the Rx sweeping factor of 8 by 2 and 6. Therefore, connection re-establishment test verifies the same function with the same enhancement with connected mode neighboring cell measurement. Same observation applies to L1-SINR test given that L1-RSRP test is introduced.
Proposal 2: Do no introduce Re-establishment and L1-SINR test since no additional functionalities and enhancement to be verified by this test given the agreed test set.
Observation 3: Tq increase is a relaxation on UE requirement in which even legacy UE can satisfy the requirement. On the other hand, it brings new challenge for network to handle the increased UE autonomous adjustment step properly and keep track of UL reception timing.
Proposal 3: Introduce a base station test to verify if network can function properly with increased UE autonomous adjustment step.
Observation 4: One shot large UL timing adjustment requirement is applicable only for cross-RRH TCI state switch.
Proposal 4: Since the only applicable scenario of one shot large UL timing adjustment requirement is cross-RRH TCI state switch, this requirement should be verified together with TCI state switch test to avoid duplicated tests.
Observation 5: Uni- and bi-directional deployment is irrelevant in this test since no related DL measurement accuracy requirements in this test and therefore the propagation condition is irrelevant. The TCI state switch should be in DRx active mode.
Observation 6: Legacy test procedure and requirements can verify that UE correctly utilize the extended TCI state switch to correct the >4CP timing offset to continue receiving the grants and transmit UL signals (ACK/NACK/L1 RSRP report).
Proposal 5: Reuse A.7.5.8 test with the following modifications to design MAC-CE based TCI state switch delay test:
· Timing offset between SSB 0 and SSB 1 is 2.33us
· The requirement of reception on TCI state 1: after receiving MAC-CE command in slot n, UE shall be able to start receiving on TCI state 1 after slot n+ THARQ +  + (Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length, as defined in 8.10.3A
The rest can follow A.7.5.8.
Proposal 6: For set 1 and 2 requirements applicability
(1) Use different sets for connected mode neighboring cell measurement and L1-RSRP measurement to verify both sets in connected mode
(2) Choose between set 1 and 2 for idle mode neighboring cell measurement
(3) No need to decide set 1 or 2 for timing and TCI state switch test since it is irrelevant.

Observation 7: The accuracy impact can also be analytically derived by 10*log10(frequency offset/SCS). Note that the frequency offset impact is small since the frequency offset is ~16% of SCS, and the sinc function on frequency domain is flat around 0. 
Observation 8: L1-SINR measurement is not reliable except in low SINR region, similar behavior as in FR1 HST which capping the applicable range of L1-SINR measurement at SNR < 5dB.
Proposal 7: Legacy RSRP measurement accuracy requirement is applicable to FR2 HST. Legacy L1-SINR measurement accuracy requirement is applicable to FR2 HST when SNR < 5dB.
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