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[bookmark: _Toc116995841]Introduction
In this paper we present Nokia’s view on the remaining aspects for TDCP requirements. 
The paper includes analysis on the open issues, and the updated simulation results in Appendix A. 
[bookmark: _Toc116995842]Discussion
In the last RAN4 meeting, the following agreement was reached regarding TDCP test cases: 
	Issue 2-1-1: Test metric of TDCP test cases:
< Agreement>    :
Agreements for the test case definition:
· Define the same test case for both 15kHz with FDD and and 30kHz with TDD in the same sub-clause.
· Channel models: TDL-A30
· Doppler: 
· Two TCs with low and high Doppler
· TC1: low (10) for both 15kHz and 30kHz
· TC2: high
· Option 1: high (300)
· Option 2: 100 for 15kHz SCS, and 200 for 30kHz SCS
· BW: 
· 10MHz for FDD and TDD
· SNR:
· Option 1: 20dB for TC1
· Option 2: 10dB or 20dB for TC2
· The distance between two TRSs: 1
· Report index: Bring CR for both options, make decision in the next meting
· Option 1:
· lower Doppler: CDP at X1 is higher than Y1 = [90] %
· high Doppler: CDP at X2 is lower than Y2= [10] % 
· X1, X2, Y1, and Y2 can be different for TDD and FDD
· Option 2:
· [X1, X2] for Y2= FFS




From Nokia’s previous submission in RAN4 #110bis [1], we had the simulation results for the case of 30 KHz SCS (see Appendix A). In this paper we focused on simulations using 15 KHz SCS.
Below (Table 1) are the results obtained using 15 KHz SCS.
[bookmark: _Ref166176262]Table 1: Results for 15 KHz SCS (Quantized amplitudes).
	Doppler
	SNR
	P5
	P10
	P90
	P95

	10 Hz
	20
	7
	7
	0
	0

	100 Hz
	10
	13
	13
	7
	6

	
	20
	10
	9
	2
	1

	300 Hz
	10
	15
	15
	13
	12

	
	20
	14
	13
	5
	4



From the results in Table 1, we extract the values for 5th percentile (P5), 10th percentile (P10) , 90th percentile (P90)  and 95th percentile (P95) to demonstrate the differentiation in the TDCP reports with low and high Doppler as shown in Table 2 and Table 3 below. Here we are taking X1 = P5 - 1 and X2 = P95 + 1 as indicated in our previous proposal in RAN4 110bis.
[bookmark: _Ref166176399] Table 2: X1 and X2 values using 5th and 95th percentiles for 15 KHz SCS.
	5th and 95th percentile

	Doppler
	SNR
	Quantized
	Distance between X2 and X1

	
	
	X1
	X2
	

	10 Hz
	20
	8
	0
	8

	100 Hz
	10
	14
	5
	9

	
	20
	11
	0
	11

	300 Hz
	10
	15
	11
	4

	
	20
	15
	3
	12



[bookmark: _Ref166176403]Table 3: X1 and X2 values using 10th and 90th percentiles for 15 KHz SCS.
	 10th and 90th percentile

	Doppler
	SNR
	Quantized
	Distance between X2 and X1

	
	
	X1
	X2
	

	10 Hz
	20
	8
	0
	8

	100 Hz
	10
	15
	6
	8

	
	20
	15
	1
	9

	300 Hz
	10
	15
	12
	3

	
	20
	15
	4
	10



For  300 Hz Doppler at 10 dB SNR, we notice that there is a very small distance between X1 and X2, independent of which testing approach is used as highlighted in Table 2 and Table 3 above. From that we can infer that 300 Hz is a better option for the TDCP verification with high doppler.
For the low doppler (10 Hz) case, the TDCP variation is very large for low SNR (10 dB), and it is significantly reduced for high SNR (20 dB). For this reason, we propose that it is better to use 10 Hz Doppler with 20 dB SNR for the test case with low Doppler.
Following the analysis, some Observations and Proposals are made:
[bookmark: _Toc166440574]TDCP spread for 100 Hz for 15 KHz SCS, and 200 Hz for 30 KHz SCS Doppler is about 8 quantization levels. 
[bookmark: _Toc166440575]Adopt 300 Hz for TC2 (high Doppler case). 
[bookmark: _Toc166440576]TDCP spread for high Doppler case is reduced with 10 dB SNR. 
[bookmark: _Toc166440577]RAN4 to configure the SNR of test cases as 
a. [bookmark: _Toc166440578]20 dB for TC1
b. [bookmark: _Toc166440579]10 dB for TC2.
The test design illustration in Figure 1 below depicts two approaches for setting thresholds. In scenarios a) and b), a single threshold strategy is employed, utilizing the 10th and 90th percentiles for low and high Doppler respectively. 
Conversely, scenarios c) and d) take on a dual threshold approach, incorporating the 5th and 95th percentiles to establish upper and lower thresholds for low and high Doppler values. 
For the UE to pass the test, it should fall in the pass region as depicted in the illustration.
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[bookmark: _Ref166243952]Figure 1: Test Design illustration. a) and b) show the approach with a single threshold using 10th and 90th percentile for a) low and b) high Doppler. c) and d) show the approach with two thresholds using 5th and 95th percentile for c) low and d) high Doppler.
[bookmark: _Toc166244496][bookmark: _Toc166440580][bookmark: _Toc166244498][bookmark: _Toc166440582][bookmark: _Toc166244500][bookmark: _Toc166440584][bookmark: _Toc166440585]Use of 5th and 95th percentiles can result in quantization levels 0 and 15. 
[bookmark: _Toc166069688][bookmark: _Toc166174595][bookmark: _Toc166175647][bookmark: _Toc166176146][bookmark: _Toc166440586]For the test design, define decision levels as
c. [bookmark: _Toc166440587]Lower Doppler: pass criteria is TCDP > X1 for 90 % of the samples.
d. [bookmark: _Toc166440588]High Doppler: pass criteria is TCDP < X2 for 90 % of the samples.
e. [bookmark: _Toc163502206][bookmark: _Toc166440589]X1 is defined as quantized maximum value among the 90th percentile among all companies excluding outliers.
f. [bookmark: _Toc163502207][bookmark: _Toc166440590]X2 is calculated as quantized minimum value among the 10th percentile among all companies excluding outliers.
g. [bookmark: _Toc166440591]A result is considered as outlier if it deviates from the average of the other companies by 3 or more quantization levels. 
[bookmark: _Toc116995848]
Conclusion
The following Observations and Proposals were made:
Observation 1: TDCP spread for 100 Hz for 15 KHz SCS, and 200 Hz for 30 KHz SCS Doppler is about 8 quantization levels.
Proposal 1: Adopt 300 Hz for TC2 (high Doppler case).
Observation 2: TDCP spread for high Doppler case is reduced with 10 dB SNR.
Proposal 2: RAN4 to configure the SNR of test cases as
a.	20 dB for TC1
b.	10 dB for TC2.
Observation 3: Use of 5th and 95th percentiles can result in quantization levels 0 and 15.
Proposal 3: For the test design, define decision levels as
a.	Lower Doppler: pass criteria is TCDP > X1 for 90 % of the samples.
b.	High Doppler: pass criteria is TCDP < X2 for 90 % of the samples.
c.	X1 is defined as quantized maximum value among the 90th percentile among all companies excluding outliers.
d.	X2 is calculated as quantized minimum value among the 10th percentile among all companies excluding outliers.
e.	A result is considered as outlier if it deviates from the average of the other companies by 3 or more quantization levels.
[bookmark: _Toc116995849]
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Appendix A: Simulation results
Table 4: Simulation parameters.
	Parameter
	Value

	Delay (between TRS symbols)
	1 slot

	Channel model
	TDL-A, delay spread=30ns

	Doppler Spread
	10, 100, 300

	SNR
	 10,20

	Number of averaging samples:
	one shot 

	Channel BW
	10MHz

	SCS
	15 kHz and 30 kHz

	Reference Channel estimation
	LS base CE for TRS as baseline

	Correlation matrix and antenna configuration
	1x2 Low






Table 5: Results for 30 KHz SCS (Unquantized amplitudes).
	Doppler
	SNR
	P5
	P10
	P90
	P95

	10
	20
	0.9477
	0.9609
	0.9956
	0.9966

	100
	10
	0.6291
	0.7019
	0.9569
	0.9663

	 
	20
	0.9271
	0.9474
	0.995
	0.9961

	200
	10
	0.5941
	0.6742
	0.9544
	0.9648

	 
	20
	0.8659
	0.9095
	0.9933
	0.9949

	300
	10
	0.5386
	0.6303
	0.9507
	0.9617

	 
	20
	0.7684
	0.8461
	0.9908
	0.9931



Table 6: Results for 30 KHz SCS (Quantized amplitudes).
	Doppler
	SNR
	P5
	P10
	P90
	P95

	10
	20
	7
	7
	0
	0

	100
	10
	13
	12
	7
	6

	
	20
	8
	7
	1
	0

	200
	10
	13
	13
	7
	6

	
	20
	10
	9
	2
	1

	300
	10
	14
	13
	7
	7

	
	20
	12
	11
	2
	2



Table 7: Results for 15 KHz SCS (Unquantized amplitudes).
	Doppler
	SNR
	P5
	P10
	P90
	P95

	10
	20
	0.947627
	0.960917
	0.99531
	0.996378

	100
	10
	0.596581
	0.674678
	0.952174
	0.962333

	
	20
	0.86523
	0.907938
	0.992834
	0.994596

	300
	10
	0.106136
	0.148006
	0.64726
	0.703444

	
	20
	0.448187
	0.594842
	0.976572
	0.983549



Table 8: Results for 15 KHz SCS (Quantized amplitudes).
	Doppler
	SNR
	P5
	P10
	P90
	P95

	10
	20
	7
	7
	0
	0

	100
	10
	13
	13
	7
	6

	
	20
	10
	9
	2
	1

	300
	10
	15
	15
	13
	12

	
	20
	14
	13
	5
	4
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