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1. Introduction
In RAN RP#89-e, the RAN4-led work item of NR support for FR2 HST has been approved [1]. In RAN4 #102-e meeting, the WF on L1 and L3 measurement accuracy (performance) was agreed [2]. Furthermore, the WF on RRM performance requirement [3] with detailed simulation assumptions [5] was agreed in RAN4 #103-e meeting, as shown below, and in this meeting some simulation results have been submitted [4]. 
	<Agreement from RAN4#102-e RRM Session>
WF on L1 and L3 measurement accuracy (performance):
	Way forward:
Interested companies are invited to bring link-level simulation parameters and results for L1 and L3 measurement accuracy in HST FR2



<Agreement from RAN4#103-e RRM Session>
Sub-Topic 4: Measurement Accuracy Requirement for FR2 HST UE
	Issue 4-1: Measurement accuracy for FR2 HST UE
Way forward:
· Measurement accuracy for L1 and L3 measurement: 
· FFS
· Companies are encouraged to provide simulation results in next meeting. 

Issue 4-3: Simulation assumption further alignment for L3 measurement
Way forward:
· Confirm the simulation assumptions provided in R4-2209525, except:
· AWGN with 19444 Hz offset between desired and interfering cells, for bi-directional case
· use SINR = -6dB only, and no need to consider “FFS: -8dB, -7dB”. 

Issue 4-4: Simulation assumption further alignment for L1 measurement
Way Forward:
· Confirm the simulation assumptions provided in R4-2209525, except:
· AWGN with 19444 Hz offset for bi-directional case






In this contribution, we provide our simulation results of L1 and L3 measurement accuracy for FR2 HST.
2. Simulation Results 
Based on the link simulation assumptions for L1/L3 measurement accuracy for FR2 HST scenarios approved in [5], we perform the L1-RSRP, L1-SINR, SS-RSRP, SS-RSRQ, and SS-SINR measurement simulations and summarize the results in below tables. The results in those tables show 5%, 50% and 95%-tile of the CDF curves of measurement accuracy calculated by using the following equations:
For L1 measurement accuracy for both SSB-based and CSI-RS-based,
· Delta L1-RSRP = Estimated L1-RSRP – Ideal L1-RSRP			[dB]
· Delta L1-SINR = Estimated L1-SINR – Ideal L1-SINR				[dB]
For L3 measurement accuracy,
· Delta SS-RSRP = Estimated SS-RSRP – Ideal SS-RSRP			[dB]
· Delta SS-RSRQ = Estimated SS-RSRQ – Ideal SS-RSRQ			[dB]
· Delta SS-SINR = Estimated SS-SINR – Ideal SS-SINR				[dB] 
2.1 The simulation results of L1 measurement accuracy
The following L1 measurement evaluations are all based on 1 sample @-3dB. Table 1 and Table 2 show the 5%, 50%, 95%-tile of the CDF curves of SSB based delta L1-RSRP and CSI-RS based delta L1-RSRP, respectively, both for 120kHz SCS. 
Table 1. Measurement accuracy of SSB based delta L1-RSRP, SCS 120 kHz (1 sample)
	Propagation condition
	SNR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-1.17
	0.02
	1.03
	1.19
	1.01
	1.17

	AWGN 19444Hz
	-3
	-1.82
	-0.49
	0.58
	1.33
	1.07
	1.82


Table 2. Measurement accuracy of CSI-RS based delta L1-RSRP, SCS 120 kHz (1 sample)
	Propagation condition
	SNR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-1.12
	0.03
	0.95
	1.15
	0.92
	1.12

	AWGN 19444Hz
	-3
	-1.59
	-0.35
	0.67
	1.24
	1.02
	1.59



Table 3 shows the 5%, 50%, 95%-tile of the CDF curves of CSI-RS based delta L1-SINR, for 120 kHz SCS. And all of them are for CMR only configuration.
Table 3. Measurement accuracy of CSI-RS based delta L1-SINR, SCS 120 kHz (1 sample)
	Propagation condition
	SNR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-1.30
	0.1
	1.29
	1.40
	1.19
	1.30

	AWGN 19444Hz
	-3
	-1.96
	-0.45
	0.82
	1.51
	1.27
	1.96



The L1-SINR measurement accuracy results for SSB based CMR + NZP CSI-RS, SSB based CMR + CSI-IM, CSI-RS based CMR + NZP CSI-RS, and CSI-RS based CMR + CSI-IM configurations are summarized in the below tables, respectively. 
Table 4. Measurement accuracy of delta L1-SINR in SSB based CMR+NZP CSI-RS, 
SCS 120 kHz (1 sample)
	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-0.81
	0.01
	0.79
	0.82
	0.78
	0.79

	AWGN 19444Hz
	-3
	-1.42
	-0.50
	0.31
	0.92
	0.81
	1.42


Table 5. Measurement accuracy of delta L1-SINR in SSB based CMR+CSI-IM, 
SCS 120 kHz (1 sample)
	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-1.21
	0.03
	1.12
	1.24
	1.09
	1.21

	AWGN 19444Hz
	-3
	-2.05
	-0.64
	0.53
	1.41
	1.17
	2.05


Table 6. Measurement accuracy of delta L1-SINR in CSI-RS based CMR+NZP CSI-RS, 
SCS 120 kHz (1 sample)
	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-0.79
	0.02
	0.75
	0.81
	0.73
	0.79

	AWGN 19444Hz
	-3
	-1.25
	-0.36
	0.45
	0.89
	0.81
	1.25


Table 7. Measurement accuracy of delta L1-SINR in CSI-RS based CMR+ CSI-IM, 
SCS 120 kHz (1 sample)
	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-3
	-1.18
	0.05
	1.08
	1.23
	1.03
	1.18

	AWGN 19444Hz
	-3
	-1.80
	-0.51
	0.62
	1.29
	1.13
	1.80



2.2 The simulation results of L3 measurement accuracy
The following L3 measurement is based on 3 samples@-6dB. The simulation results of L3 delta SS-RSRP, delta SS-RSRQ and delta SS-SINR measurement accuracy are provided in Table 8.
Table 8. L3 measurement accuracy for SS-RSRP, SS-RSRQ, and SS-SINR
	L3 Delta SS-RSRP, SCS 120 kHz (3 samples)

	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-6
	-0.70
	-0.07
	0.50
	0.63
	0.57
	0.70

	AWGN 19444Hz
	-6
	-1.17
	-0.51
	0.07
	0.66
	0.58
	1.17

	L3 Delta SS-RSRQ, SCS 120 kHz (3 samples)

	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-6
	-0.13
	0.51
	1.10
	0.64
	0.59
	1.10

	AWGN 19444Hz
	-6
	-0.58
	0.09
	0.70
	0.67
	0.61
	0.70

	L3 Delta SS-SINR, SCS 120 kHz (3 samples)

	Propagation condition
	SINR [dB]
	5%
	50%
	95%
	50% - 5%
	95% -50%
	Max (5%, 95%)

	AWGN
	-6
	-0.39
	0.42
	1.13
	0.81
	0.71
	1.13

	AWGN
19444Hz
	-6
	-0.88
	-0.10
	0.62
	0.78
	0.72
	0.88



3. Discussion and Analysis
By comparing L1-SINR measurements between NZP CSI-RS and CSI-IM configurations (i.e., between Table 4 and Table 5, between Table 6 and Table 7), we can observe that under FR2 HST scenario with AWGN propagation condition (19444 Hz frequency offset), for the same SINR level, the L1-SINR measurements with NZP CSI-RS configuration show a better accuracy than that with CSI-IM configuration. That is because the L1-SINR measurement error mainly depends on the reference signal measurement error on CMR, and side condition (SNR) on CMR for NZP CSI-RS configuration (0 dB) is better than that for CSI-IM configuration (-3 dB).
Observation 1: For FR2 HST, the L1-SINR measurement with NZP CSI-RS configuration is relatively more accurate than that with CSI-IM configuration.
Based on the L1/L3 measurement accuracy results provided in Table 1 to Table 8, we have the following comparison among Max (5%, 95%) results. Table 9 is Delta Max (5%, 95%) for L1 measurement accuracy and Table 10 is that for L3 measurement accuracy, where Delta Max (5%, 95%) is calculated by:
· =   [dB]
Table 9. Delta Max (5%, 95%) for L1 measurement accuracy
	L1 measurement accuracy

	Results
	SINR [dB]
	Metric

	
	
	Delta L1-RSRP, SSB based 
	Delta L1-RSRP, CSI-RS based 
	Delta L1-SINR, CSI-RS based (CMR only)
	Delta L1-SINR, SSB based CMR+NZPCSI-RS
	Delta L1-SINR, SSB based CMR+CS-IM
	Delta L1-SINR, CSI-RS based CMR+NZPCSI-RS
	Delta L1-SINR, CSI-RS based CMR+ CSI-IM

	Delta Max (5%, 95%)
	-3
	0.65
	0.47
	0.66
	0.63
	0.84
	0.46
	0.62


Table 10. Delta Max (5%, 95%) for L3 measurement accuracy
	L3 measurement accuracy

	Results
	SINR [dB]
	Metric

	
	
	Delta SS-RSRP
	Delta SS-RSRQ
	Delta SS-SINR

	Delta Max (5%, 95%)
	-6
	0.47
	0.4
	0.25



By comparing the numerical results in terms of the delta max (5%, 95%) in the both tables, we can find that the maximum of delta max (5%, 95%) for L1 measurement is 0.84 and that for L3 measurement accuracy is 0.47, both of them are less than 1 dB. This indicate that the very large frequency drift (19444 Hz offset) has a limited impact on L1/L3 measurement accuracy. 
Observation 2: For L1/L3 measurement accuracy, there is less than 1dB difference between the two propagation conditions (AWGN and AWGN with 19444 Hz frequency offset). 
And accordingly, the following two proposals can be reached. 
Proposal 1: The side conditions of achieving the ideal SINR (-3dB) for both NZP CSI-RS and CSI-IM configurations in Non-HST FR2 can also be adopted in HST FR2, i.e., 
- For NZP CSI-RS: Side conditions (SNR) for CMR and IMR are both 0 dB
- For CSI-IM: Side condition (SNR) for CMR is -3 dB
Proposal 2: The FR2 measurement accuracy requirements of L1-RSRP, L1-SINR, SS-RSRP, SS-RSRQ, and SS-SINR defined in Rel-15/16 can be reused for L1/L3 measurement in FR2 HST scenario. 

3. Conclusion
In this contribution, we provide our L1/L3 measurement accuracy results for FR2 HST scenarios, and accordingly the following observations and proposals are obtained: 
Observation 1: For FR2 HST, the L1-SINR measurement with NZP CSI-RS configuration is relatively more accurate than that with CSI-IM configuration.
Observation 2: For L1/L3 measurement accuracy, there is less than 1dB difference between the two propagation conditions (AWGN and AWGN with 19444 Hz frequency offset). 
Proposal 1: The side conditions of achieving the ideal SINR (-3dB) for both NZP CSI-RS and CSI-IM configurations in Non-HST FR2 can also be adopted in HST FR2, i.e., 
- For NZP CSI-RS: Side conditions (SNR) for CMR and IMR are both 0 dB
- For CSI-IM: Side condition (SNR) for CMR is -3 dB
Proposal 2: The FR2 measurement accuracy requirements of L1-RSRP, L1-SINR, SS-RSRP, SS-RSRQ, and SS-SINR defined in Rel-15/16 can be reused for L1/L3 measurement in FR2 HST scenario. 
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