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Introduction
In this paper we discuss Nokia’s view on TDCP RRM requirements. 
TDCP accuracy requirements discussion
In the last RAN4 meeting the following options we discussed regarding TDCP requirements

	Issue 1-1-1: Is it feasible to define TDCP accuracy requirement for TDCP?
Agreement: 
· No RRM core requirement to be defined, and further discuss the following options:
· Option 1: Define accuracy and test cases as part of performance requirement
· Option 2: Do not define accuracy requirement but define test cases for particular configurations as part of performance requirements
· Option 3: Do not define accuracy requirement and test cases as part of performance requirements




In this session we present simulation results with different configurations. The purpose of this analysis is to find the best combination of parameters that would result in good discrimination between Doppler of 30 Hz, indicating low mobility, and 200 Hz, indicating high mobility. 
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	a) No averaging
	b) 2 samples averaging
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	c) 4 samples averaging
	d) 8 samples averaging


[bookmark: _Ref159267519]Figure 1 CDF for TDCP reports with different averaging
Figure 1 shows one example of how averaging is helping for the discrimination of low and high mobility. In the examples above, there is a high overlap between low Doppler and High Doppler TDCP statistics when 2 samples are used. This indicates that mobility detection would provide many errors when using magnitude and only 2 samples averaging. On the other hand, when the averaging is increased to 4 or 8 samples the separation between high and low Doppler is much more pronounced, which indicates that 4 or 8 samples averaging is helping significantly for the detection of mobility using TDCP. 

[bookmark: _Toc159272932]Define TDCP requirements with 4 samples averaging
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	a) D=1slot, 4 samples averaging
	b) D=10slots, 4 samples averaging


[bookmark: _Ref159268787]Figure 2 CDF for TDCP reports with different lags between TRS samples
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	a) D=1slot, no averaging
	b) D=10slots, no averaging


[bookmark: _Ref159277429][bookmark: _Ref159277434]Figure 3 CDF for TDCP reports with SNR variation and different lags between TRS samples

Figure 2 shows one example comparing lags between TRS of 1 and 10 slots. From those plots we can notice that the overlap between 30 Hz and 200 Hz is reduced to a good extent when using D=10 slots. So far, the companies in RAN4 have only provided simulation results with D=1. However, the results comparing D=1 and D=10 show that this is an important parameter to improve the mobility detection using TDCP. More gain of adding higher delay between TRS lags observed in the presence of noise, Figure 3. As multiple companies noticed, high doppler cases experience less effect of the noise, the same is effect is present for lower Doppler cases when delay between lags is increased. Therefore, we suggest using D=10 slots. 
With lag of 1 slot, there is no significant difference in TDCP reports with low and high Doppler.
Lower noise effect is experienced for higher Doppler and longer delays Di between lags.
With lag of 10 slots, the difference in TDCP reports with low and high Doppler is increased in comparison to lag of 1.
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	a) D=1slot, no averaging
	b) D=10slots, no averaging
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	c) D=1slot, averaging=4
	d) D=10slots, averaging=4


[bookmark: _Ref159268635]Figure  Polar plot showing class separation 
In  we present polar plots for representing magnitude and phase of the TDCP reports for 100 samples of high and low Doppler. The blue samples are the TDCP reports for Doppler=30 Hz, whereas the red samples are the TDCP reports for Doppler=200 Hz. In this figure we can notice that magnitude in combination with D=10 slots is helping greatly to distinguish between TDCP samples for high and low mobility. In the CDF plots shown in Figure 1 and  we can notice that only with magnitude there is a significant overlap between the CDFs for Doppler = 30 Hz and 300 Hz. On the other hand, the polar plot shows that by combining D=10 slots, averaging and the phase information, the detection error of mobility could be significantly reduced. Therefore, we believe that RAN4 should also consider the phase information for the TDCP reports. 
With lag of 10 slots, the difference in TDCP reports with low and high Doppler is increased in comparison to lag of 1.
[bookmark: _Toc159272933]Use of phase in combination with magnitude increases the differentiation between low and hight Doppler using TDCP reports. 
[bookmark: _Toc159272934]Define TDCP requirements with lag of 10 slots
[bookmark: _Toc159272935]Define TDCP requirements with amplitude and phase

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution we RRM requirements for TDCP. As part of this discussion we have derived the following observations and proposals:
Proposal 1: Define TDCP requirements with 4 samples averaging
Observation 4: Use of phase in combination with magnitude increases the differentiation between low and hight Doppler using TDCP reports.
Proposal 2: Define TDCP requirements with lag of 10 slots
Proposal 3: Define TDCP requirements with amplitude and phase
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Appendix A: Simulation results
Simulation parameters
The following simulation parameters were fronted in the RAN4#108bis as a starting point:
Table 2: Simulation parameters
	Parameter
	Value

	Delay (between TRS symbols)
	1 slot

	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 

	Channel BW
	10MHz

	SCS
	30KHz

	Reference Channel estimation
	LS base CE for TRS as baseline

	Correlation matrix and antenna configuration
	1x2 Low


 
As a preliminary position, these parameters are reasonable for use with simulating TDCP accuracy requirements.
Simulation results

[bookmark: _MON_1769890338][bookmark: _1769883740]Using the simulation parameters above, the following results were obtained. Selected results are provided bellow.
	Doppler
	SNR
	10%
	90%

	
	
	1 slot
	10 slots
	1 slot
	10 slots

	
	
	1 samp.
	2 samp.
	4 samp.
	1 samp.
	2 samp.
	4 samp.
	1 samp.
	2 samp.
	4 samp.
	1 samp.
	2 samp.
	4 samp.

	10
	5
	0,44
	0,44
	0,43
	0,43
	0,44
	0,45
	0,88
	0,87
	0,87
	0,88
	0,87
	0,86

	
	10
	0,71
	0,71
	0,71
	0,70
	0,70
	0,71
	0,96
	0,96
	0,96
	0,96
	0,95
	0,95

	
	15
	0,89
	0,89
	0,89
	0,87
	0,87
	0,88
	0,99
	0,99
	0,99
	0,99
	0,98
	0,98

	
	20
	0,96
	0,96
	0,96
	0,95
	0,95
	0,95
	1,00
	1,00
	1,00
	0,99
	0,99
	0,99

	30
	5
	0,44
	0,44
	0,43
	0,39
	0,43
	0,49
	0,88
	0,87
	0,87
	0,87
	0,85
	0,79

	
	10
	0,71
	0,71
	0,71
	0,63
	0,65
	0,70
	0,96
	0,96
	0,96
	0,95
	0,94
	0,91

	
	15
	0,89
	0,88
	0,88
	0,78
	0,78
	0,82
	0,99
	0,99
	0,99
	0,98
	0,97
	0,96

	
	20
	0,96
	0,96
	0,96
	0,85
	0,84
	0,86
	1,00
	1,00
	1,00
	0,99
	0,99
	0,97

	75
	5
	0,43
	0,44
	0,44
	0,26
	0,29
	0,34
	0,88
	0,87
	0,87
	0,83
	0,72
	0,63

	
	10
	0,71
	0,71
	0,71
	0,39
	0,38
	0,43
	0,96
	0,96
	0,95
	0,92
	0,84
	0,75

	
	15
	0,88
	0,88
	0,88
	0,47
	0,41
	0,47
	0,99
	0,99
	0,98
	0,95
	0,89
	0,81

	
	20
	0,95
	0,95
	0,95
	0,50
	0,43
	0,49
	1,00
	1,00
	0,99
	0,97
	0,91
	0,84

	100
	5
	0,43
	0,44
	0,45
	0,23
	0,19
	0,19
	0,88
	0,87
	0,86
	0,79
	0,68
	0,57

	
	10
	0,70
	0,70
	0,71
	0,34
	0,23
	0,23
	0,96
	0,95
	0,95
	0,89
	0,80
	0,69

	
	15
	0,87
	0,87
	0,88
	0,39
	0,26
	0,25
	0,99
	0,98
	0,98
	0,93
	0,85
	0,74

	
	20
	0,95
	0,95
	0,95
	0,42
	0,27
	0,25
	1,00
	0,99
	0,99
	0,95
	0,88
	0,77

	200
	5
	0,42
	0,43
	0,48
	0,23
	0,14
	0,11
	0,87
	0,86
	0,83
	0,77
	0,63
	0,50

	
	10
	0,67
	0,68
	0,71
	0,32
	0,17
	0,14
	0,95
	0,95
	0,94
	0,87
	0,74
	0,59

	
	15
	0,84
	0,84
	0,85
	0,37
	0,19
	0,16
	0,98
	0,98
	0,97
	0,92
	0,79
	0,64

	
	20
	0,91
	0,90
	0,91
	0,40
	0,20
	0,16
	0,99
	0,99
	0,99
	0,93
	0,81
	0,66

	300
	5
	0,39
	0,43
	0,49
	0,23
	0,14
	0,11
	0,87
	0,85
	0,79
	0,77
	0,61
	0,47

	
	10
	0,63
	0,65
	0,70
	0,32
	0,18
	0,14
	0,95
	0,94
	0,91
	0,87
	0,72
	0,57

	
	15
	0,78
	0,78
	0,82
	0,37
	0,19
	0,16
	0,98
	0,97
	0,96
	0,92
	0,78
	0,61

	
	20
	0,85
	0,84
	0,87
	0,39
	0,19
	0,16
	0,99
	0,99
	0,97
	0,93
	0,80
	0,63
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Rx=1; Averegaing over 4 samples
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; Rx=1; Averegaing over 8 samples
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image5.png
Correlation amplitude CDF nonquantized; Y=1; D=1; Rx=1; Averegaing over 4 samples.
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Amplitudes



		Doppler		SNR		5%												10%												90%												95%

						1 slot						10 slots						1 slot						10 slots						1 slot						10 slots						1 slot						10 slots

						1 sample		2 samples		4 samples		1 sample		2 samples		4 samples		1 sample		2 samples		4 samples		1 sample		2 samples		4 samples		1 sample		2 samples		4 samples		1 sample		2 samples		4 samples		1 sample		2 samples		4 samples		1 sample		2 samples		4 samples

		10		5		0.3588		0.3594		0.3581		0.3529		0.3608		0.3891		0.4371		0.4381		0.4318		0.4326		0.4373		0.4518		0.8794		0.8743		0.8709		0.8782		0.8716		0.8627		0.9035		0.9		0.896		0.9021		0.897		0.8879

				10		0.6426		0.6429		0.6397		0.6296		0.6348		0.6558		0.7112		0.712		0.7071		0.702		0.7026		0.7115		0.9578		0.9564		0.955		0.957		0.9549		0.9512		0.967		0.9659		0.9646		0.9663		0.9643		0.961

				15		0.8513		0.8513		0.8502		0.8334		0.8355		0.8445		0.886		0.8856		0.8855		0.8731		0.8742		0.8757		0.9862		0.9857		0.9853		0.9855		0.9848		0.9834		0.9893		0.989		0.9885		0.9888		0.988		0.987

				20		0.9477		0.9476		0.9473		0.9271		0.9279		0.9304		0.9609		0.9607		0.9607		0.9473		0.9467		0.9465		0.9956		0.9954		0.9953		0.9949		0.9947		0.9941		0.9966		0.9965		0.9963		0.9961		0.9958		0.9954

		30		5		0.3583		0.3592		0.3624		0.3054		0.3606		0.4295		0.4367		0.4356		0.4332		0.3919		0.4274		0.4869		0.8793		0.874		0.8704		0.8701		0.8489		0.7934		0.9029		0.8997		0.895		0.8967		0.8779		0.8264

				10		0.6424		0.6409		0.6453		0.5394		0.5811		0.6553		0.7107		0.7088		0.7092		0.6294		0.647		0.6975		0.9578		0.9562		0.955		0.9508		0.9408		0.9079		0.9668		0.9657		0.9642		0.9617		0.9533		0.925

				15		0.8498		0.8493		0.8507		0.6979		0.7239		0.7873		0.8854		0.8846		0.8846		0.782		0.7824		0.8155		0.9861		0.9856		0.9852		0.9804		0.9747		0.9557		0.9892		0.9888		0.9884		0.9851		0.981		0.9644

				20		0.9462		0.9459		0.9461		0.7674		0.7902		0.8375		0.9598		0.9597		0.9595		0.8461		0.8372		0.8647		0.9955		0.9954		0.9952		0.9908		0.9871		0.9732		0.9965		0.9964		0.9963		0.9931		0.9905		0.9795

		75		5		0.355		0.3598		0.3774		0.1847		0.2281		0.2916		0.4346		0.4353		0.4434		0.2645		0.2885		0.3375		0.8788		0.8733		0.8668		0.827		0.7199		0.6322		0.9024		0.8981		0.8914		0.8636		0.7646		0.67

				10		0.6348		0.6375		0.6496		0.2812		0.2967		0.3784		0.7066		0.7058		0.711		0.3947		0.3753		0.4324		0.9574		0.9554		0.9529		0.9185		0.8381		0.7539		0.9665		0.9649		0.9626		0.9384		0.8705		0.7872

				15		0.8406		0.8423		0.8475		0.3433		0.3233		0.4095		0.8793		0.879		0.8794		0.4725		0.412		0.4715		0.9859		0.9852		0.9844		0.9549		0.8916		0.8137		0.989		0.9884		0.9876		0.9673		0.918		0.8437

				20		0.9369		0.9372		0.9377		0.3707		0.3309		0.4191		0.9535		0.953		0.9525		0.5042		0.432		0.4858		0.9952		0.995		0.9947		0.9686		0.9122		0.8379		0.9963		0.9961		0.9958		0.9782		0.9357		0.8664

		100		5		0.3531		0.3603		0.3894		0.1647		0.1324		0.1333		0.4333		0.4371		0.452		0.233		0.1909		0.1853		0.8783		0.8714		0.8626		0.7925		0.6773		0.5707		0.9021		0.8969		0.8881		0.8361		0.73		0.6169

				10		0.6291		0.6343		0.6558		0.2367		0.1704		0.1652		0.7019		0.7022		0.7114		0.3361		0.2349		0.2269		0.9569		0.9549		0.9511		0.8917		0.7979		0.6867		0.9663		0.9642		0.961		0.9181		0.8395		0.7348

				15		0.8333		0.8352		0.8445		0.2863		0.1882		0.1789		0.8732		0.8743		0.8756		0.3927		0.2588		0.2455		0.9855		0.9848		0.9835		0.9332		0.8545		0.7448		0.9888		0.988		0.987		0.9517		0.8891		0.7932

				20		0.9271		0.928		0.9303		0.307		0.1945		0.1826		0.9474		0.9469		0.9467		0.4185		0.2689		0.2541		0.995		0.9947		0.9941		0.9484		0.8766		0.7672		0.9961		0.9958		0.9954		0.9646		0.9081		0.8151

		200		5		0.3374		0.3629		0.4203		0.16		0.1023		0.0802		0.4157		0.4334		0.4768		0.2274		0.1441		0.1146		0.8746		0.8641		0.8337		0.7695		0.6258		0.4958		0.9006		0.8889		0.8644		0.8158		0.6862		0.5487

				10		0.5941		0.6145		0.6664		0.2285		0.1223		0.1006		0.6742		0.6802		0.7125		0.3162		0.1748		0.1436		0.9544		0.9499		0.9351		0.8726		0.7381		0.5903		0.9648		0.9601		0.949		0.9031		0.7957		0.6543

				15		0.7805		0.7866		0.8263		0.271		0.1295		0.1102		0.8382		0.8365		0.8525		0.3729		0.1906		0.1571		0.9835		0.9814		0.9745		0.917		0.7918		0.6383		0.9872		0.9855		0.9801		0.9394		0.8455		0.7048

				20		0.8659		0.8633		0.8941		0.2868		0.1327		0.1139		0.9095		0.9018		0.9112		0.396		0.1978		0.1623		0.9933		0.9922		0.9882		0.9335		0.8119		0.656		0.9949		0.994		0.9911		0.9533		0.8641		0.7206

		300		5		0.305		0.3604		0.4292		0.157		0.1028		0.0803		0.3931		0.4271		0.4867		0.232		0.1449		0.1145		0.8702		0.8488		0.7939		0.7686		0.6113		0.4702		0.8967		0.8779		0.8264		0.8109		0.6688		0.5229

				10		0.5386		0.5808		0.6552		0.2288		0.1201		0.1008		0.6303		0.6471		0.6977		0.3206		0.1757		0.1426		0.9507		0.9406		0.9081		0.8699		0.7244		0.5666		0.9617		0.9533		0.925		0.8992		0.7803		0.6237

				15		0.6983		0.7238		0.7868		0.2698		0.1292		0.1116		0.781		0.7826		0.8156		0.3727		0.1874		0.1554		0.9803		0.9747		0.9556		0.9152		0.7788		0.6146		0.9851		0.981		0.9645		0.9377		0.831		0.6757

				20		0.7684		0.7898		0.8384		0.2845		0.1326		0.1147		0.8461		0.8371		0.8653		0.3939		0.1938		0.1596		0.9908		0.9871		0.9731		0.9317		0.801		0.6325		0.9931		0.9905		0.9795		0.9518		0.8502		0.6937





Amplitudes (2)



		Doppler		SNR		10%												90%

						1 slot						10 slots						1 slot						10 slots

						1 samp.		2 samp.		4 samp.		1 samp.		2 samp.		4 samp.		1 samp.		2 samp.		4 samp.		1 samp.		2 samp.		4 samp.

		10		5		0.44		0.44		0.43		0.43		0.44		0.45		0.88		0.87		0.87		0.88		0.87		0.86

				10		0.71		0.71		0.71		0.70		0.70		0.71		0.96		0.96		0.96		0.96		0.95		0.95

				15		0.89		0.89		0.89		0.87		0.87		0.88		0.99		0.99		0.99		0.99		0.98		0.98

				20		0.96		0.96		0.96		0.95		0.95		0.95		1.00		1.00		1.00		0.99		0.99		0.99

		30		5		0.44		0.44		0.43		0.39		0.43		0.49		0.88		0.87		0.87		0.87		0.85		0.79

				10		0.71		0.71		0.71		0.63		0.65		0.70		0.96		0.96		0.96		0.95		0.94		0.91

				15		0.89		0.88		0.88		0.78		0.78		0.82		0.99		0.99		0.99		0.98		0.97		0.96

				20		0.96		0.96		0.96		0.85		0.84		0.86		1.00		1.00		1.00		0.99		0.99		0.97

		75		5		0.43		0.44		0.44		0.26		0.29		0.34		0.88		0.87		0.87		0.83		0.72		0.63

				10		0.71		0.71		0.71		0.39		0.38		0.43		0.96		0.96		0.95		0.92		0.84		0.75

				15		0.88		0.88		0.88		0.47		0.41		0.47		0.99		0.99		0.98		0.95		0.89		0.81

				20		0.95		0.95		0.95		0.50		0.43		0.49		1.00		1.00		0.99		0.97		0.91		0.84

		100		5		0.43		0.44		0.45		0.23		0.19		0.19		0.88		0.87		0.86		0.79		0.68		0.57

				10		0.70		0.70		0.71		0.34		0.23		0.23		0.96		0.95		0.95		0.89		0.80		0.69

				15		0.87		0.87		0.88		0.39		0.26		0.25		0.99		0.98		0.98		0.93		0.85		0.74

				20		0.95		0.95		0.95		0.42		0.27		0.25		1.00		0.99		0.99		0.95		0.88		0.77

		200		5		0.42		0.43		0.48		0.23		0.14		0.11		0.87		0.86		0.83		0.77		0.63		0.50

				10		0.67		0.68		0.71		0.32		0.17		0.14		0.95		0.95		0.94		0.87		0.74		0.59

				15		0.84		0.84		0.85		0.37		0.19		0.16		0.98		0.98		0.97		0.92		0.79		0.64

				20		0.91		0.90		0.91		0.40		0.20		0.16		0.99		0.99		0.99		0.93		0.81		0.66

		300		5		0.39		0.43		0.49		0.23		0.14		0.11		0.87		0.85		0.79		0.77		0.61		0.47

				10		0.63		0.65		0.70		0.32		0.18		0.14		0.95		0.94		0.91		0.87		0.72		0.57

				15		0.78		0.78		0.82		0.37		0.19		0.16		0.98		0.97		0.96		0.92		0.78		0.61

				20		0.85		0.84		0.87		0.39		0.19		0.16		0.99		0.99		0.97		0.93		0.80		0.63
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Correlation amplitude CDF nonquantized; Y=1; D=10; Rx=1; No averegaing
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image2.png
Correlation amplitude CDF nonquantized; Y=1; D=10; Rx=1; Averegaing over 2 samples,
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