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Introduction
During the RAN4#94-e meeting, a way forward on RRM for NR HST [1] was approved. The open issues addressed in this paper are cell identification delay requirements for DRX case in connected mode and SS-SINR accuracy requirements. 
At the last meeting, comprehensive link simulation results for L1-RSRP measurement accuracy were provided in [2] and system simulation results in [3]. Here, further link simulation results for SS-SINR are provided. Based on our simulation results, we provide our analysis and proposals. 
Discussion
Background
From [1], the following is agreed for cell identification delay requirements for DRX case in connected mode: 
· Measurement delay for DRX cycle < 0.32s
· Option 1: 5 samples
· Option 2: 3 samples
· Other options are not precluded
· for measurement delay with DRX cycle = 320ms, the number of samples is
· Option 1 (Ericsson, DOCOMO, CMCC, Nokia, CATT): 3 samples
· Option 2 (QC, DOCOMO, Intel, Vivo, MTK): 4 samples
· Option 3 (Intel, Vivo, HW, Samsung, MTK): 5 samples
· Measurement delay for DRX cycle > 0.32s
· Option 1 (QC, DOCOMO, CMCC, Intel, Samsung, MTK): 3 samples are used when SMTC <= 40ms, 5 samples are used when SMTC >40ms
· Option 2: 3 samples are used when SMTC < 40ms, 5 samples are used when SMTC >= 40ms
· Option 3 (Intel, HW, Samsung): 5 samples
· Option 4 (Ericsson, Nokia, CATT): 3 samples applied for all the candidate SMTC
· Option 5 (Ericsson): 3 samples are used when SMTC <= 40ms, 5 samples are used when SMTC >40ms. Adding notes in the requirements, e.g. “Note x : Operation with 5 samples may not be sufficient in all high speed deployments considered in this release of the specifications”
· Applied DRX cycle in cell identification requirements for HST
· Option 1: for NR HST, enhanced requirements are considered for DRX cycle <= 1.28s, and no enhanced requirements are considered for DRX cycle = 2.56s
· Other options are not precluded
For SS-SINR, the following is agreed:
· Option 1(QC, Ericsson, DCM, HW): SINR accuracy requirement is not applicable to HST scenario when SNR > 5dB
· Option 2 (vivo, HW, MTK, QC): SINR accuracy requirement is not applicable to HST scenario
· Option 3 (DCM, Ericsson, CMCC): identify the SNR upper bound below which the SS-SINR measurement accuracy requirements are specified

SSB based SS-RSRP measurement accuracy 
From [2], the link simulation results for SSB based SS-RSRP measurement accuracy at the 5th, 50th and 95th percentiles of the CDF are shown in Tables 1-2 and Tables 3-4 for the synchronous and asynchronous cases, respectively. 
[bookmark: _Hlk31815706]Table 1: SS-RSRP measurement accuracy for SINR = -6 dB, AWGN with 2048 Hz offset and synchronous
	SCS
	SSB burst periodicity
	Number of Samples
	5th percentile
	50th percentile
	95th percentile

	



15 kHz
	5 ms
	1
	-1.1
	0.91
	2.43

	
	
	3
	-1.04
	0.63
	1.87

	
	
	5
	-0.85
	0.53
	1.57

	
	10 ms
	1
	-1.3
	0.94
	2.6

	
	
	3
	-0.9
	0.67
	1.84

	
	
	5
	-0.74
	0.6
	1.53

	
	20 ms
	1
	-1.15
	0.95
	2.65

	
	
	3
	-0.75
	0.68
	1.85

	
	
	5
	-0.6
	0.51
	1.42

	


30 kHz
	5 ms
	1
	-1.14
	0.95
	2.72

	
	
	3
	-0.57
	0.52
	1.52

	
	
	5
	-0.39
	0.44
	1.22

	
	10 ms
	1
	-1.09
	0.96
	2.71

	
	
	3
	-0.52
	0.58
	1.6

	
	
	5
	-0.39
	0.47
	1.29

	
	20 ms
	1
	-1.13
	1.04
	2.67

	
	
	3
	-0.39
	0.65
	1.69

	
	
	5
	-0.25
	0.5
	1.37



 Table 2: SS-RSRP measurement accuracy for SINR = -6 dB, AWGN with 3334 Hz offset and synchronous
	SCS
	SSB burst Periodicity
	Number of Samples
	5th percentile
	50th percentile
	95th percentile

	



15 kHz
	5 ms
	1
	-1.57
	0.64
	2.2

	
	
	3
	-0.92
	0.25
	1.31

	
	
	5
	-0.71
	0.07
	1.04

	
	10 ms
	1
	-1.45
	0.67
	2.18

	
	
	3
	-0.95
	0.22
	1.29

	
	
	5
	-0.83
	0.08
	0.99

	
	20 ms
	1
	-1.67
	0.72
	2.23

	
	
	3
	-0.99
	0.23
	1.31

	
	
	5
	-0.82
	0.12
	1.01

	


30 kHz
	5 ms
	1
	-1.47
	0.68
	2.2

	
	
	3
	-0.96
	0.22
	1.34

	
	
	5
	-0.81
	0.15
	1

	
	10 ms
	1
	-1.43
	0.51
	2.07

	
	
	3
	-1.23
	0.13
	1.21

	
	
	5
	-1.08
	0
	0.9

	
	20 ms
	1
	-1.32
	0.62
	2.12

	
	
	3
	-0.9
	0.26
	1.17

	
	
	5
	-0.92
	0.14
	0.94



Table 3: SS-RSRP measurement accuracy for SINR = -6 dB, AWGN with 2048 Hz offset and asynchronous
	SCS
	SSB burst Periodicity
	Number of Samples
	5th percentile
	50th percentile
	95th percentile

	



15 kHz
	5 ms
	1
	-1.31
	0.79
	2.34

	
	
	3
	-0.7
	0.43
	1.51

	
	
	5
	-0.51
	0.29
	1.14

	
	10 ms
	1
	-1.26
	0.86
	2.51

	
	
	3
	-0.63
	0.49
	1.47

	
	
	5
	-0.46
	0.38
	1.09

	
	20 ms
	1
	-1.1
	0.84
	2.47

	
	
	3
	-0.54
	0.48
	1.49

	
	
	5
	-0.4
	0.35
	1.23

	


30 kHz
	5 ms
	1
	-1.03
	0.82
	2.22

	
	
	3
	-0.62
	0.46
	1.39

	
	
	5
	-0.47
	0.43
	1.14

	
	10 ms
	1
	-1.01
	0.89
	2.48

	
	
	3
	-0.67
	0.54
	1.43

	
	
	5
	-0.52
	0.44
	1.16

	
	20 ms
	1
	-1
	0.93
	2.51

	
	
	3
	-0.46
	0.53
	1.55

	
	
	5
	-0.39
	0.41
	1.26



Table 4: SS-RSRP measurement accuracy for SINR = -6 dB, AWGN with 3334 Hz offset and asynchronous
	SCS
	SSB burst Periodicity
	Number of Samples
	5th percentile
	50th percentile
	95th percentile

	



15 kHz
	5 ms
	1
	-0.97
	0.92
	2.36

	
	
	3
	-0.55
	0.53
	1.58

	
	
	5
	-0.41
	0.41
	1.19

	
	10 ms
	1
	-1.27
	0.78
	2.42

	
	
	3
	-0.82
	0.45
	1.46

	
	
	5
	-0.65
	0.3
	1.09

	
	20 ms
	1
	-1.64
	0.95
	2.34

	
	
	3
	-0.84
	0.44
	1.51

	
	
	5
	-0.58
	0.34
	1.17

	


30 kHz
	5 ms
	1
	-0.97
	0.82
	2.26

	
	
	3
	-0.51
	0.49
	1.49

	
	
	5
	-0.49
	0.39
	1.13

	
	10 ms
	1
	-1.18
	0.85
	2.22

	
	
	3
	-0.81
	0.47
	1.42

	
	
	5
	-0.76
	0.36
	1.16

	
	20 ms
	1
	-0.96
	0.92
	2.34

	
	
	3
	-0.54
	0.56
	1.56

	
	
	5
	-0.45
	0.45
	1.31



SS-based SS-RSRP accuracy is not significantly affected by HST for measurement samples = 3 and 5. 
Measurement accuracy for 5 measurement samples is the highest. However, the accuracy is slightly degraded by approximately 0.3 dB for 3 measurement samples as compared with 5 measurement samples. 
There is a trade-off between measurement accuracy and delays. For NR HST, it is desired to reduce measurement delays. According to the system simulation results in [3], measurement samples of 3 reduce the time-of-outage rate per call. 
As the difference in the measurement accuracy is small (based on Observation 1), 3 measurement samples are recommended for NR HST, which can meet the SSB-based SS-RSRP accuracy requirements for non-HST.  
[bookmark: _Hlk32244560]Based on the above observations, we propose the following:
[bookmark: _Hlk35873613] 
Measurement delay for DRX cycle < 0.32s
· 3 samples
for measurement delay with DRX cycle = 320ms, the number of samples is:
· 3 samples
Measurement delay for DRX cycle > 0.32s
· 3 samples applied for all the candidate SMTC

SSB-based SS-SINR measurement accuracy
This section considers the proposed 3 options outlined in Section 2.1. There is only a small difference between Options 1 and 3. That is, the SNR upper bound is 5 dB for Option 1 while, in Option 3, such an upper bound is to be determined.      
The simulation results of the mean estimated SS-SINR and mean SS-SINR accuracy vs varying SNR values for SCS = 15 kHz and CFO = 2408 Hz, and SCS = 30 kHz and CFO = 3334 Hz are shown in Figure 1(a) and (b), respectively. Figure 1(a) shows that the mean estimated SS-SINR begins to saturate at approximately SNR > 10 dB. This causes the mean delta SS-SINR to increase shown in Figure 1(b). Thus, the region for which SNR > 10 dB should not be used for specifying SS-SINR measurement accuracy requirements.  
For Option 3, the upper bound of SNR for which SS-SINR measurement accuracy requirements are specified should be smaller than the SNR value at the saturation point. From Figure 1(a), the saturation occurs at SNR < 10 dB. 
1.  For Option 3, the upper bound of SNR should be smaller than the SNR at saturation, i.e., SNR < 10 dB.
Figure 2 shows the CDF of the delta SS-SINR for different SNR values for SCS = 15 kHz and 30 kHz. As can be seen from the figure, when SNR is increasing, the delta SS-SINR is also increasing. It is worth noting in the figure, SS-SINR measurement accuracy, which is obtained as the maximum of the absolute 5th and 95th percentile, does not show the same behaviour as the mean for a given SNR. Consequently, this might affect the SNR upper bound for specifying the SS-SINR measurement accuracy requirements.   
1. For the maximum of the absolute 5th and 95th percentile, the delta SS-SINR is increasing as the SNR is decreasing. Thus, the behaviour is not the same as the mean delta SS-SINR.  
A SNR lower bound may also need to be defined. 
From the above proposals, the SNR will be chosen according to what is acceptable for the measurement accuracy requirement. One possibility is to reuse the Rel-15 SS-SINR measurement accuracy requirement for which the SNR lower and upper limits are set. 
 The Rel-15 SS-SINR measurement accuracy requirement can be reused for HST for which the SNR lower and upper limits are set.   

[image: ][image: ]
   	   (a) Mean estimated SS-SINR vs SNR		       (b) Mean delta SS-SINR vs SNR
Figure 1 
 [image: ] [image: ]
                             Figure 2: CDF for delta SS-SINR for SCS = 15 kHz and 30 kHz
Following Proposal 3, if the SNR range between the SNR lower and upper limits is considerably small, then the question is whether it is still useful to define such a requirement for HST. 
If the SNR range for the SS-SINR accuracy requirement is small, then it should be further discussed if such requirements are needed for HST.

Conclusion
Based on our analysis of link and system simulation results, we propose the following:
For cell identification delay requirements for DRX case in connected mode:
1. Measurement delay for DRX cycle < 0.32s
· 3 samples
For measurement delay with DRX cycle = 320ms, the number of samples is:
· 3 samples
Measurement delay for DRX cycle > 0.32s
· 3 samples applied for all the candidate SMTC
For SS-SINR accuracy requirements:
For Option 3, the upper bound of SNR should be smaller than the SNR at saturation, i.e., SNR < 10 dB.
A SNR lower bound may also need to be defined. 
The Rel-15 SS-SINR measurement accuracy requirement can be reused for HST for which the SNR lower and upper limits are set.   
If the SNR range for the SS-SINR accuracy requirement is small, then it should be further discussed if such requirements are needed for HST.
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