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1   Background
During the recent RAN4 AH-1807 meeting, some simplified channel models were discussed for NR in order to achieve lower simulation complexity for NR performance requirements [1, 2]. It was agreed that the PDP with less than or equal to 12 paths is acceptable for FR1 TDL simplified method. In this contribution, we continue some further discussions for this issue.
2   Discussion

In this section, we first focus on channel models TDL (-A, -B, -C) in TR 38.901 [3]. We will discuss some simplified models with various tap numbers and provide some comparisons in frequency correlation function and throughput performance for these channel models.
2.1   Simplified channel models
In order to reduce simulation complexity of NR performance requirements, some taps of these models are discarded and the tap number of these models are decreased up to 12. Since 9 taps had been used for ETU and EVA, the same number of taps can be considered for NR FR1 channel models so that the complexity of simulation and test equipment would be kept similar to LTE test scenarios. Therefore, we still use frequency correlation function discussed in [1] for constructing tapped delay line type channel models with n taps, where n is chosen among the number set of 9, 10, 11 and 12. 
TDL (-A, -B, -C) and their n-tap-simplified channel models (n=9, 10, 11, 12) are shown respectively in Table 1, 2, 3.

Table 1. TDL-A and n-tap-simplified channel models (n=9, 10, 11, 12)

	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution
	9 Taps
	10 Taps
	11 Taps
	12 Taps

	1
	0.0000
	-13.4
	Rayleigh
	1
	1
	1
	1

	2
	0.3819
	0
	Rayleigh
	2
	2
	2
	2

	3
	0.4025
	-2.2
	Rayleigh
	3
	3
	3
	3

	4
	0.5868
	-4
	Rayleigh
	4
	4
	4
	4

	5
	0.4610
	-6
	Rayleigh
	5
	5
	5
	5

	6
	0.5375
	-8.2
	Rayleigh
	6
	6
	6
	6

	7
	0.6708
	-9.9
	Rayleigh
	
	7
	7
	7

	8
	0.5750
	-10.5
	Rayleigh
	
	
	
	8

	9
	0.7618
	-7.5
	Rayleigh
	7
	8
	8
	9

	10
	1.5375
	-15.9
	Rayleigh
	
	
	
	

	11
	1.8978
	-6.6
	Rayleigh
	8
	9
	9
	10

	12
	2.2242
	-16.7
	Rayleigh
	
	
	
	

	13
	2.1718
	-12.4
	Rayleigh
	
	
	
	

	14
	2.4942
	-15.2
	Rayleigh
	
	
	
	

	15
	2.5119
	-10.8
	Rayleigh
	9
	10
	10
	11

	16
	3.0582
	-11.3
	Rayleigh
	
	
	11
	12

	17
	4.0810
	-12.7
	Rayleigh
	
	
	
	

	18
	4.4579
	-16.2
	Rayleigh
	
	
	
	

	19
	4.5695
	-18.3
	Rayleigh
	
	
	
	

	20
	4.7966
	-18.9
	Rayleigh
	
	
	
	

	21
	5.0066
	-16.6
	Rayleigh
	
	
	
	

	22
	5.3043
	-19.9
	Rayleigh
	
	
	
	

	23
	9.6586
	-29.7
	Rayleigh
	
	
	
	


Table 2. TDL-B and n-tap-simplified channel models (n=9, 10, 11, 12)
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution
	9 Taps
	10 Taps
	11 Taps
	12 Taps

	1
	0.0000
	0
	Rayleigh
	1
	1
	1
	1

	2
	0.1072
	-2.2
	Rayleigh
	2
	2
	2
	2

	3
	0.2155
	-4
	Rayleigh
	
	3
	3
	3

	4
	0.2095
	-3.2
	Rayleigh
	3
	4
	4
	4

	5
	0.2870
	-9.8
	Rayleigh
	
	
	
	

	6
	0.2986
	-1.2
	Rayleigh
	4
	5
	5
	5

	7
	0.3752
	-3.4
	Rayleigh
	5
	6
	6
	6

	8
	0.5055
	-5.2
	Rayleigh
	
	
	7
	7

	9
	0.3681
	-7.6
	Rayleigh
	
	
	
	

	10
	0.3697
	-3
	Rayleigh
	6
	7
	8
	8

	11
	0.5700
	-8.9
	Rayleigh
	
	
	
	

	12
	0.5283
	-9
	Rayleigh
	
	
	
	

	13
	1.1021
	-4.8
	Rayleigh
	7
	8
	9
	9

	14
	1.2756
	-5.7
	Rayleigh
	8
	9
	10
	10

	15
	1.5474
	-7.5
	Rayleigh
	
	
	
	11

	16
	1.7842
	-1.9
	Rayleigh
	9
	10
	11
	12

	17
	2.0169
	-7.6
	Rayleigh
	
	
	
	

	18
	2.8294
	-12.2
	Rayleigh
	
	
	
	

	19
	3.0219
	-9.8
	Rayleigh
	
	
	
	

	20
	3.6187
	-11.4
	Rayleigh
	
	
	
	

	21
	4.1067
	-14.9
	Rayleigh
	
	
	
	

	22
	4.2790
	-9.2
	Rayleigh
	
	
	
	

	23
	4.7834
	-11.3
	Rayleigh
	
	
	
	


Table 3. TDL-C and n-tap-simplified channel models (n=9, 10, 11, 12)
	Tap #
	Normalized delays
	Power in [dB]
	Fading distribution
	9 Taps
	10 Taps
	11 Taps
	12 Taps

	1
	0
	-4.4
	Rayleigh
	1
	1
	1
	1

	2
	0.2099
	-1.2
	Rayleigh
	2
	2
	2
	2

	3
	0.2219
	-3.5
	Rayleigh
	
	
	
	

	4
	0.2329
	-5.2
	Rayleigh
	3
	3
	3
	3

	5
	0.2176
	-2.5
	Rayleigh
	4
	4
	4
	4

	6
	0.6366
	0
	Rayleigh
	5
	5
	5
	5

	7
	0.6448
	-2.2
	Rayleigh
	6
	6
	6
	6

	8
	0.6560
	-3.9
	Rayleigh
	7
	7
	7
	7

	9
	0.6584
	-7.4
	Rayleigh
	
	
	
	

	10
	0.7935
	-7.1
	Rayleigh
	
	
	8
	8

	11
	0.8213
	-10.7
	Rayleigh
	
	
	
	9

	12
	0.9336
	-11.1
	Rayleigh
	
	
	
	

	13
	1.2285
	-5.1
	Rayleigh
	8
	8
	9
	10

	14
	1.3083
	-6.8
	Rayleigh
	9
	9
	10
	11

	15
	2.1704
	-8.7
	Rayleigh
	
	10
	11
	12

	16
	2.7105
	-13.2
	Rayleigh
	
	
	
	

	17
	4.2589
	-13.9
	Rayleigh
	
	
	
	

	18
	4.6003
	-13.9
	Rayleigh
	
	
	
	

	19
	5.4902
	-15.8
	Rayleigh
	
	
	
	

	20
	5.6077
	-17.1
	Rayleigh
	
	
	
	

	21
	6.3065
	-16
	Rayleigh
	
	
	
	

	22
	6.6374
	-15.7
	Rayleigh
	
	
	
	

	23
	7.0427
	-21.6
	Rayleigh
	
	
	
	

	24
	8.6523
	-22.8
	Rayleigh
	
	
	
	


2.2   Frequency correlation
In this section, we provide some comparisons in frequency correlation function between channel models TDL (-A, -B, -C) and their n-tap-simplified channel models (n=9, 10, 11, 12), as shown respectively in Figure 1, 2, 3, which show these correlation metrics match very well.
Moreover, in Figure 1, 2, 3, we also compare frequency correlation metrics for three original TDL models and simplified TDL models with delay spread normalized to r.m.s, where these correlation metrics are significantly different.
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(g)                                                                              (h)
Figure 1: Frequency correlation function for TDL-A and simplified TDL-A
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(g)                                                                              (h)
Figure 2: Frequency correlation function for TDL-B and simplified TDL-B
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(g)                                                                              (h)
Figure 3: Frequency correlation function for TDL-C and simplified TDL-C
2.3   Performance comparison
In this section, we provide some performance comparisons between channel models TDL (-A, -B, -C) and their n-tap-simplified channel models (n=9, 10, 11, 12), as shown respectively in Figure 4, 5, 6. Moreover, in Figure 1, 2, 3, we also compare performances of three original TDL models and simplified TDL models with delay spread normalized to r.m.s. Some simulation assumptions are list in Table 4.
We find that difference of these performances can be almost negligible.
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(b)
Figure 4: Performance comparison between TDL-A and simplified TDL-A
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(a)
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(b)
Figure 5: Performance comparison between TDL-C and simplified TDL-C
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(a)
[image: image31.png]TDL-B and simplified channel models(with normalization), case 3a
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(b)
Figure 6: Performance comparison between TDL-B and simplified TDL-B
3   Conclusion / Proposals
In this contribution, we have discussed some simplified models with various tap numbers and provide some comparisons in frequency correlation function and throughput performance for these channel models.

Proposal:  we propose FR1 channel models in Table 1, 2, 3 with 9 taps shown in red colour.
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