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1 Introduction
In RAN4#108bis meeting, it’s agreed to provide simulation results regarding to feasibility of TDCP test. 
In this contribution, we provide simulation results and discuss how to design test case if feasible.
	· Simulation assumption and results
· Analysis of ideal correlation value
· Test metric based on instant delta between ideal and estimated value
· Test metric based on mean value delta between ideal and estimated value
· Test metric based on CDF difference between ideal and estimated value
· Test metric based only on estimated value


2 Discussion
2.1 Simulation assumption and simulation results
The agreed simulation assumptions are as below:

	Parameter
	Value

	Delay (between TRS symbols)
	1slot

	Channel model
	TDL-A, delay spread=30ns

	Doppler Spread
	10, 30, 75, 100, 200, 300

	SNR
	5:5:20

	Number of averaging samples: 
	one shot as baseline, 4 samples

	Channel BW
	10MHz

	SCS
	30KHz as baseline, 15KHz 2nd priority

	Reference Channel estimation
	LS CE for TRS as baseline, MMSE CE as 2nd priority

	Correlation matrix and antenna configuration
	1x2 Low


CDF curves of (including the 90% and 50% and 10% CDF points) for estimated TDCP. TDCP calculation reference:


The simulation results for estimated correlation value are as below:
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Fig.1 CDF of estimated correlation amplitude
Table 1: Estimated correlation value for SNR = 5dB, SCS=30KHz

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.3883
	0.7243
	0.8753

	Doppler = 30 Hz
	0.4105
	0.7166
	0.8706

	Doppler = 75 Hz
	0.3572
	0.6910
	0.8661

	Doppler = 100 Hz
	0.3264
	0.6759
	0.8617

	Doppler = 200 Hz
	0.2549
	0.5908
	0.8179

	Doppler = 300 Hz
	0.2283
	0.5510
	0.7754



Table 2: Estimated correlation value for SNR = 10dB, SCS=30KHz

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.6518
	0.8757
	0.9522

	Doppler = 30 Hz
	0.6604
	0.8811
	0.9580

	Doppler = 75 Hz
	0.5923
	0.8598
	0.9490

	Doppler = 100 Hz
	0.5410
	0.8484
	0.9470

	Doppler = 200 Hz
	0.4139
	0.7646
	0.9196

	Doppler = 300 Hz
	0.3651
	0.7138
	0.8905



Table 3: Estimated correlation value for SNR = 15dB, SCS=30KHz

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.8673
	0.9587
	0.9860

	Doppler = 30 Hz
	0.8395
	0.9552
	0.9843

	Doppler = 75 Hz
	0.7793
	0.9437
	0.9818

	Doppler = 100 Hz
	0.6944
	0.9280
	0.9798

	Doppler = 200 Hz
	0.5092
	0.8532
	0.9620

	Doppler = 300 Hz
	0.4386
	0.7892
	0.9411



Table 4: Estimated correlation value for SNR = 20dB, SCS=30KHz

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.9478
	0.9862
	0.9959

	Doppler = 30 Hz
	0.9381
	0.9842
	0.9948

	Doppler = 75 Hz
	0.8502
	0.9715
	0.9918

	Doppler = 100 Hz
	0.7602
	0.9589
	0.9901

	Doppler = 200 Hz
	0.5298
	0.8935
	0.9764

	Doppler = 300 Hz
	0.4620
	0.8216
	0.9582



2.2 Test metric
In legacy, accuracy requirement is defined based on the delta between ideal value and estimated value. In last meeting, some company mention that if ideal value is hard to derive, it’s also possible to define test metric based on only estimated value. Therefore, there are several possible Test metrics:
1. Test metric based on instant value delta between estimated and ideal value 
2. Test metric based on mean value delta between estimated and ideal value
3. Test metric based on CDF delta between estimated and ideal value
4. Test metric based only on estimated value
For the first three metrics, it needs to discuss the feasibility of deriving ideal value. Then next, we will analyze ideal value first.
2.3 Analysis of ideal correlation value
For normal accuracy test, it verifies whether the estimated value can be within a threshold compared with ideal value for a fixed doppler.
In last meeting, it’s agreed that TDL-A channel will be used for verification. For TDCP test, the difficulty is that fading channel will be adopted, then ideal correlation value will vary time. 
If the ideal correlation value will change within a smaller range, it’s still possible to test TDCP accuracy similar as before. Bessel function only provide the mean value. It’s still not clear about the distribution of ideal value corresponding to a specific doppler with fixed time delta. Besides, it’s also not clear what’s the difference between ideal valued derived from TDL-A channel and Bessel function. 
Therefore, in the following, we analyse the two issues:
· Analyse difference of ideal value derived from TDL-A channel and ideal value derived from Bessel function
· Analyse Distribution of ideal correlation value based on TDL-A

2.3.1 Difference of ideal value between TDL-A channel and Bessel function
The ideal correlation value can be derived from TDL-A channel without noise. The CDF of ideal correlation value for different dopplers based on TDL-A channel is provided as below:
[image: ]
Fig.2 CDF of ideal correlation value based on TDL-A channel with 1 slot delay
We compare the ideal value derived from TDL-A model and the ideal value derived from Bessel function in the following table.
Table 5: Compare ideal value from TDL-A channel and from Bessel function
	
	Doppler = 10Hz
	Doppler = 30Hz
	Doppler = 75Hz
	Doppler = 100Hz
	Doppler = 200Hz
	Doppler = 300Hz

	Mean value derived from channel model
	0.9991
	0.9910
	0.9549
	0.9295
	0.8331
	0.7685

	Median value derived from channel model
	0.9998
	0.9978
	0.9860
	0.9742
	0.9104
	0.8405

	Value from Bessel function
	0.9998
	0.9978
	0.9862
	0.9755
	0.9037
	0.79



From the table, it’s shown that ideal value from Bessel function is quite close to Median value derived from TDL-A channel since the distribution is long tail. The mean value is close either, e.g. difference smaller than 0.08 for all cases.
Observation 1: The ideal mean value or median value derived from TDL-A model is close to ideal value derived from Bessel function.
Proposal 1: Ideal mean/median value can be derived from TDL-A channel without noise. The ideal mean value or median value derived from TDL-A model is close to ideal value derived from Bessel function.
2.3.2 Distribution of ideal correlation value based on TDL-A channel
The PDF of ideal correlation value for different doppler is plotted as below (doppler = 10Hz,30Hz,200Hz, 300Hz): 
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Fig.3 PDF of ideal correlation value
It is shown that for doppler = 10Hz and 30Hz, the ideal correlation value distribution will concentrate to close to 1. it’s possible to use a constant value over time as ideal value.
While for doppler = 200Hz and 300Hz, the ideal value distribution will more diverse. Then it’s hard to use a constant value as ideal value over time.
Furthermore, we also provide the detail value in Table 2 based on CDF curve based on Fig.2.
Table: Ideal correlation value for different doppler based on TDL-A channel for SCS = 30KHz
	
	CDF = 5%
	CDF = 10%
	CDF = 50%
	CDF = 90%
	CDF = 95%

	Doppler = 10 Hz
	0.9958
	0.9979
	0.9998
	1.0000
	1

	Doppler = 30 Hz
	0.9677
	0.9811
	0.9978
	0.9997
	0.9998

	Doppler = 75 Hz
	0.8023
	0.8862      
	0.9860  
	0.9979
	0.9987

	Doppler = 100 Hz
	0.6954
	0.8018
	0.9742
	0.9964
	0.9981

	Doppler = 200 Hz
	0.3849
	0.5533
	0.9104
	0.9856
	0.9921

	Doppler = 300 Hz
	0.3172
	0.4749
	0.8405
	0.9699
	0.9755



From the CDF distribution of ideal channel correlation amplitude, it can be observed that:
· For doppler = 10Hz, ideal correlation value span from 0.9958 to 1 with range = 0.0042 in 95% cases, 
· For doppler = 30Hz, ideal correlation value span from 0.9677 to 0.9998 with range = 0.0321 in 90% cases
· For doppler = 75Hz, ideal correlation value span from 0.8023 to 0.9987 with range = 0.1964in 90% cases
· For doppler = 100Hz, ideal correlation value span from 0.7808 to 0.9981 with range = 0.2173 in 90% cases
· For doppler = 200Hz, ideal correlation value span from 0.5533 to 0.9921 with range = 0.4388 in 90% cases
· For doppler = 300Hz, ideal correlation value span from 0.4749 to 0.9755 with range = 0.5006 in 90% cases

It also shows that if doppler is larger, the ideal correlation value will span a big range. Therefore, if test the TDCP accuracy with ideal value for each instance, it’s expected that the ideal value will not change a lot during the whole time. 
Therefore, low doppler is preferred for accuracy test. For example, if doppler = 10Hz is applied, the ideal doppler will within a smaller range, e.g. from 0.99 to 1 for 95% cases. Then it’s possible to set a fixed value as ideal value, Then the estimated value can be compared with the fixed value.
Observation 2: For low doppler case, e.g. smaller than 30Hz, the ideal correlation value distribution will concentrate to 1 with small variation. it’s possible to use a constant value over time as ideal value.
· For doppler = 10Hz, ideal correlation value span from 0.9958 to 1 with range = 0.0042 in 95% cases, 
· For doppler = 30Hz, ideal correlation value span from 0.9677 to 0.9998 with range = 0.0321 in 90% cases

Observation 3: For high doppler case, large than 75Hz, the ideal value distribution will be more diverse. Then it’s hard to use a constant value as ideal value over time.
· For doppler = 75Hz, ideal correlation value span from 0.8023 to 0.9987 with range = 0.1964 in 90% cases
· For doppler = 100Hz, ideal correlation value span from 0.7808 to 0.9981 with range = 0.2173 in 90% cases
· For doppler = 200Hz, ideal correlation value span from 0.5533 to 0.9921 with range = 0.4388 in 90% cases
· For doppler = 300Hz, ideal correlation value span from 0.4749 to 0.9755 with range = 0.5006 in 90% cases

Based on the above observation, we propose that:
Proposal 2: It’s possible to use a constant value over time as ideal value for low doppler case, e.g. smaller than 30Hz. It’s hard to use a constant value as ideal value for high doppler case, e.g. larger than 75Hz.

2.4 Test metric based on instant delta between ideal and estimated value
Based on analysis in section 2.3, it’s possible to define test metric based on instant delta between ideal and estimated value for low doppler cases. The test metric is that:
Delta = instant Estimated value – Ideal value (fixed value)
2.4.1 Impact of SNR
In this section, we provide the CDF for estimation error. Here, we plot the estimation error for all dopplers including both low and high doppler. For high doppler, the ideal value is not known in real test but it can be known in simulation. We just would like to understand the impact of SNR to estimation error.
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Fig.4 CDF of estimated correlation amplitude Error
Table: Estimated Error for different doppler based on TDL-A channel for SNR = 20dB

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.0040   
	0.0135    
	0.0494

	Doppler = 30 Hz
	0.0046
	0.0134
	0.0436

	Doppler = 75 Hz
	0.0045
	0.0129
	0.0398

	Doppler = 100 Hz
	0.0045
	0.0126
	0.0387

	Doppler = 200 Hz
	0.0041
	0.0115
	0.0317

	Doppler = 300 Hz
	0.0033
	0.0116
	0.0299




Table: Estimated Error for different doppler based on TDL-A channel for SNR = 15dB

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.0139
	0.0408
	0.1292

	Doppler = 30 Hz
	0.0152
	0.0416
	0.1336

	Doppler = 75 Hz
	0.0149
	0.0388
	0.1142

	Doppler = 100 Hz
	0.0145
	0.0397
	0.1076

	Doppler = 200 Hz
	0.0155
	0.0374
	0.0913

	Doppler = 300 Hz
	0.0141
	0.0350
	0.0840



Table: Estimated Error for different doppler based on TDL-A channel for SNR = 10dB

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.0480
	0.1250
	0.3456

	Doppler = 30 Hz
	0.0414
	0.1158
	0.3211

	Doppler = 75 Hz
	0.0473
	0.1172
	0.2780

	Doppler = 100 Hz
	0.0465
	0.1161
	0.2608

	Doppler = 200 Hz
	0.0464
	0.1065
	0.2204

	Doppler = 300 Hz
	0.0459
	0.1018
	0.2071


              
           Table: Estimated Error for different doppler based on TDL-A channel for SNR = 5dB

	
	CDF = 10%
	CDF = 50%
	     CDF = 90%

	Doppler = 10 Hz
	0.1261
	0.2767
	0.6126

	Doppler = 30 Hz
	0.1300
	0.2810
	0.5711

	Doppler = 75 Hz
	0.1324
	0.2862
	0.5291

	Doppler = 100 Hz
	0.1295
	0.2796
	0.4937

	Doppler = 200 Hz
	0.1342
	0.2587
	0.4323

	Doppler = 300 Hz
	0.1247
	0.2340
	0.3887



Observation 4: With higher SNR level, instant estimated correlation error will decrease.
· At SNR = 20dB, estimated error can be less than 0.05 at CDF = 90% for all dopplers
· At SNR = 15dB, estimated error can be less than 0.14 at CDF = 90% for all dopplers
· At SNR = 10dB, estimated error can be less than 0.35 at CDF = 90% for all dopplers
· At SNR = 5dB, estimated error can be less than 0.62 at CDF = 90% for all dopplers
Considering the quantization step defined in RAN1, if TDCP test will be defined, SNR should be higher than 15dB.
Observation 5: if TDCP instant accuracy test will be defined, SNR should be higher than 15dB.
2.4.2 Threshold
In the next, we will take doppler = 10Hz as example. There are two possible ways to define the threshold:
· Based on correlation value delta without quantization
· Based on index delta after quantization
Based on correlation value delta without quantization
For doppler = 10Hz, ideal correlation value spans from 0.995 to 1 with range = 0.005 in 90% cases, then ideal value can be set for 0.995. From our simulation, the delta is 0.05 and 0.14 corresponding to CDF=90% for 20dB and 15dB respectively. 
Based on index delta after quantization
the Quantization of amplitude value for TDCP reporting is as below:
	Value of  
	Value of amplitude 

	0
	0.99609375

	1
	0.994475728

	2
	0.9921875

	3
	0.988951457

	4
	0.984375

	5
	0.977903

	6
	0.96875

	7
	0.955806

	8
	0.9375

	9
	0.911612

	10
	0.875

	11
	0.823223

	12
	0.75

	13
	0.646446609

	14
	0.5

	15
	0.292893219



Suppose the ideal value is 0.995, corresponding to index 1.
For SNR = 15dB, the delta is 0.14 for CDF=90%. Then UE needs to report value larger than 0.86 for 90%. The corresponding index is 10. The index delta will be 9.
When SNR = 20dB, the estimation error will be smaller than 0.05 for 90%, the threshold should be larger than 0.94. The corresponding index is 8. the delta in terms of index will be 7.
It seems that the index delta is still relatively large even at SNR=20dB. We are not sure whether such big index delta is reasonable for accuracy test. We suggest RAN4 to further study the feasibility.
Observation 6: For TDCP instant accuracy test for doppler = 10Hz:
· For SNR = 20dB, if the threshold is defined in terms of value without quantization, delta=0.05 corresponding to CDF=90%. if the threshold is defined in terms of index, index delta will be 7.
· For SNR = 15dB, if the threshold is defined in terms of value without quantization, delta=0.14 corresponding to CDF=90%. if the threshold is defined in terms of index, index delta will be 9.
Proposal 3: For TDCP instant accuracy test, e.g. doppler = 10Hz, the accuracy delta with high SNR is still large compared with quantization step.
2.5 Test metric based on mean value delta between ideal and estimated value
2.5.1 Mean value difference
The test metric can be defined as:
Delta = estimated Mean value – ideal Mean value 
In section 2.3.1, we already provide the ideal mean value derived from TDL-A channel. In the next, we will compare the mean value delta. The ideal mean value can be further aligned based on companies’ results. Or for simplicity, the value derived from Bessel function can be used.

Table: Mean value for ideal and estimated value:
	
	Doppler = 10Hz
	Doppler = 30Hz
	Doppler = 75Hz
	Doppler = 100Hz
	Doppler = 200Hz
	Doppler = 300Hz

	Ideal Mean value derived from channel model
	0.9991
	0.9910
	0.9549
	0.9295
	0.8331
	0.7685

	Estimated mean value for SNR = 20dB
	0.9772
	0.9707
	0.9359
	0.9100
	0.8151
	0.7522

	Estimated mean value for SNR = 15dB
	    0.9393

	  0.9277
	   
0.9036
	
0.8749
	
0.7860
	
0.7255

	Estimated mean value for SNR = 10dB
	0.8330
	0.8397
	0.8067
	0.7888
	0.7080
	0.6549

	Estimated value for SNR = 5dB
	0.6753
	 0.6741

	0.6467
	0.6333
	0.5554
	0.5177



According to the above table, the value difference between ideal mean value with estimated mean value is as below:
Table: Mean value difference between ideal and estimated:
	
	Doppler = 10Hz
	Doppler = 30Hz
	Doppler = 75Hz
	Doppler = 100Hz
	Doppler = 200Hz
	Doppler = 300Hz

	Mean value delta for SNR = 20dB
	0.0218
	0.0210
	0.0190
	0.0184
	0.0156
	0.0148

	Mean value delta for SNR = 15dB
	0.0596
	0.0629
	0.0537
	0.0534
	0.0473
	0.0435

	Mean value delta for SNR = 10dB
	0.1660
	0.1527
	0.1450
	0.1381
	0.1235
	0.1167

	Mean value delta for SNR = 5dB
	0.3237
	0.3178
	0.3097
	0.2960
	0.2718
	0.2470



Observation 7: The mean value deltas for all dopplers are:
· For SNR = 20dB, without quantization, delta is smaller than 0.0218. 
· For SNR = 15dB, without quantization, delta is smaller than 0.0629. 
· For SNR = 10dB, without quantization, delta is smaller than 0.1527. 
· For SNR = 5dB, without quantization, delta is smaller than 0.3237. 
2.5.2 Impact of quantization
UE will report the index after quantization. We also calculated the mean value after quantization. 
	
	Doppler = 10Hz
	Doppler = 30Hz
	Doppler = 75Hz
	Doppler = 100Hz
	Doppler = 200Hz
	Doppler = 300Hz

	Ideal Mean value derived from channel model
	0.9991
	0.9910
	0.9549
	0.9295
	0.8331
	0.7685

	Quantized mean value for SNR = 20dB
	0.9727
	0.9652
	0.9256
	0.8962
	0.7953
	0.7266

	Quantized mean value for SNR = 15dB
	    0.9274

	  
0.9143
	   
0.8874
	
0.8558
	
0.7613
	
0.6985

	Quantized mean value for SNR = 10dB
	0.8053
	0.8131
	0.7798
	0.7620
	0.6790
	0.6268

	Quantized value for SNR = 5dB
	0.6438
	0.6395
	0.6172
	0.6042
	0.5367
	0.5032



We also calculate the mean value delta after quantization.
Table: Mean value difference after quantization when compared with ideal value
	
	Doppler = 10Hz
	Doppler = 30Hz
	Doppler = 75Hz
	Doppler = 100Hz
	Doppler = 200Hz
	Doppler = 300Hz

	Mean value delta after quantization for SNR = 20dB
	0.0262
	0.0265
	 0.0294
	0.0322
	0.0354
	0.0403

	Mean value delta after quantization for SNR = 15dB
	0.0715  
	0.0763
	0.0699
	0.0725
	0.0721
	0.0705

	Mean value delta after quantization for SNR = 10dB
	0.1937
	0.1793
	 0.1719
	0.1650
	0.1526
	0.1448

	Mean value delta after quantization for SNR = 5dB
	0.3552
	0.3523
	0.3392
	0.3252
	0.2905
	0.2614



Observation 8: The mean value delta after quantization may increase 0.01~0.04:
· For SNR = 20dB, after quantization, delta is smaller than 0.0404 
· For SNR = 15dB, after quantization, delta is smaller than 0.0725 
· For SNR = 10dB, after quantization, delta is smaller than 0.1937
· For SNR = 5dB, after quantization, delta is smaller than 0.3552
2.6 Test metric based on CDF difference between ideal and estimated value
For example, after collecting many estimated values, it’s possible for TE to plot the CDF curve of estimated values. Then compare the estimated CDF curve with ideal CDF curve. Calculate the delta corresponding to CDF = 10%, CDF = 50% or CDF = 90% point.
For example, we plot the ideal and estimated correlation for 10Hz and 300Hz.
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Fig.5 ideal and estimated CDF
Table: Doppler = 300Hz
	
	CDF = 10%
	CDF = 50%
	CDF = 90%

	Ideal 
	0.4749 index 14
	0.8405
	0.9699   index 5

	Estimated with SNR = 20dB
	0.4620 index 14
	0.8216
	0.9582   index 6

	Estimated with SNR = 15dB
	0.4386 index 14
	0.7892
	0.9411   index 7

	Estimated with SNR = 10dB
	0.3651 index 14
	0.7138
	0.8905   index 9

	Estimated with SNR = 5dB
	0.2283 index 14
	0.5510
	0.7754   index 11



Table: Doppler = 10Hz
	
	CDF = 10%
	CDF = 50%
	CDF = 90%

	Ideal 
	0.9979  index 0
	0.9998
	1.0000  index 0

	Estimated with SNR = 20dB
	0.9478  index 7
	0.9862
	0.9959  index 0 

	Estimated with SNR = 15dB
	0.8673  index 10
	0.9587
	0.9860  index 3

	Estimated with SNR = 10dB
	0.6518  index 12
	0.8757
	0.9522  index 7

	Estimated with SNR = 5dB
	0.3883  index 14
	0.7243
	0.8753  index 10



For doppler = 300Hz, for CDF = 10% point, all the value will be mapping to index 14. There is no difference. For CDF = 90% point, there will be some index difference. For example, there will be 1,2,4,7 index delta from SNR=20dB to SNR=5dB. For CDF = 50% point, it’s median value difference.
For doppler = 10Hz, there will some delta for both low and high bound. 
However, this method is a little complex since it needs to calculate the CDF distribution of estimated values. We didn’t prefer to adopt this kind of comparison.
Observation 9: it’s possible to plot the CDF curve of estimated values. Then compare the estimated CDF curve with ideal CDF curve for CDF = 10%,50% and 90% points. However, this kind of method is a little complex.
2.7 Test metric based only on estimated value
In last meeting, some company also mention that if ideal-value based test is not feasible, the test metric can be defined only based on estimated value.
For example, for doppler =300Hz, the estimated value will change from 0.4286 to 0.9411 with 80% probability. then it’s possible to set two thresholds corresponding to CDF=10% and CDF=90% respectively. UE need to report value within the two thresholds with 80%. When SNR decrease, two other thresholds will be derived. However, we didn’t think such threshold is meaningful. It’s hard to justify whether the estimated results are accurate or not if the threshold is defined only based on the estimated value. 
Observation 10: It’s hard to justify whether the estimated results are accurate or not if the threshold is defined only based on the estimated value.
2.8 Summary
In this contribution, we provide analysis about ideal value and possible types of test metric. 
From our point of view, it’s more meaningful that the estimated value is compared with ideal value. The test method is possible. Our concern is that no matter which metric is taken, the delta is large when compared with quantization step. We are not sure whether the test is necessary.
Proposal 4: It’s possible to compare estimated value with ideal value by different types of metrics. RAN4 to discuss the necessity to define accuracy test with large delta compared with quantization step.
3 Conclusion
In this contribution, we provide the following proposals:
Observation 1: The ideal mean value or median value derived from TDL-A model is close to ideal value derived from Bessel function.
Proposal 1: Ideal mean/median value can be derived from TDL-A channel without noise. The ideal mean value or median value derived from TDL-A model is close to ideal value derived from Bessel function.
Observation 2: For low doppler case, e.g. smaller than 30Hz, the ideal correlation value distribution will concentrate to 1 with small variation. it’s possible to use a constant value over time as ideal value.
· For doppler = 10Hz, ideal correlation value span from 0.9958 to 1 with range = 0.0042 in 95% cases, 
· For doppler = 30Hz, ideal correlation value span from 0.9677 to 0.9998 with range = 0.0321 in 90% cases

Observation 3: For high doppler case, large than 75Hz, the ideal value distribution will be more diverse. Then it’s hard to use a constant value as ideal value over time.
· For doppler = 75Hz, ideal correlation value span from 0.8023 to 0.9987 with range = 0.1964in 90% cases
· For doppler = 100Hz, ideal correlation value span from 0.7808 to 0.9981 with range = 0.2173 in 90% cases
· For doppler = 200Hz, ideal correlation value span from 0.5533 to 0.9921 with range = 0.4388 in 90% cases
· For doppler = 300Hz, ideal correlation value span from 0.4749 to 0.9755 with range = 0.5006 in 90% cases
Proposal 2: It’s possible to use a constant value over time as ideal value for low doppler case, e.g. smaller than 30Hz. It’s hard to use a constant value as ideal value for high doppler case, e.g. larger than 75Hz.

Observation 4: With higher SNR level, instant estimated correlation error will decrease.
· At SNR = 20dB, estimated error can be less than 0.05 at CDF = 90% for all dopplers
· At SNR = 15dB, estimated error can be less than 0.14 at CDF = 90% for all dopplers
· At SNR = 10dB, estimated error can be less than 0.35 at CDF = 90% for all dopplers
· At SNR = 5dB, estimated error can be less than 0.62 at CDF = 90% for all dopplers
Observation 5: if TDCP instant accuracy test will be defined, SNR should be higher than 15dB.
Observation 6: For TDCP instant accuracy test for doppler = 10Hz:
· For SNR = 20dB, if the threshold is defined in terms of value without quantization, delta=0.05 corresponding to CDF=90%. if the threshold is defined in terms of index, index delta will be 7.
· For SNR = 15dB, if the threshold is defined in terms of value without quantization, delta=0.14 corresponding to CDF=90%. if the threshold is defined in terms of index, index delta will be 9.
Proposal 3: For TDCP instant accuracy test, e.g. doppler = 10Hz, the accuracy delta with high SNR is still large compared with quantization step.
Observation 7: The mean value delta for all dopplers are:
· For SNR = 20dB, without quantization, delta is smaller than 0.0218. 
· For SNR = 15dB, without quantization, delta is smaller than 0.0629. 
· For SNR = 10dB, without quantization, delta is smaller than 0.1527. 
· For SNR = 5dB, without quantization, delta is smaller than 0.3237. 
Observation 8: The mean value delta after quantization may increase 0.01~0.04:
· For SNR = 20dB, after quantization, delta is smaller than 0.0404 
· For SNR = 15dB, after quantization, delta is smaller than 0.0725 
· For SNR = 10dB, after quantization, delta is smaller than 0.1937
· For SNR = 5dB, after quantization, delta is smaller than 0.3552
Observation 9: It’s possible to plot the CDF curve of estimated values. Then compare the estimated CDF curve with ideal CDF curve for CDF = 10%,50% and 90% points. However, this kind of method is a little complex.
Observation 10: It’s hard to justify whether the estimated results are accurate or not if the threshold is defined only based on the estimated value.
Proposal 4: It’s possible to compare estimated value with ideal value by different types of metrics. RAN4 to discuss the necessity to define accuracy test with large delta compared with quantization step.
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