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1   Background
During the recent RAN4 Meeting #88, it was agreed that the TDL models specified in TR38.901 will be simplified for UE demodulation performance test, and the frequency correlation function (FCF) is used as a figure of merit in the comparison of different simplification proposals. The FCF should be calculated after the delay scaling and the quantization of the channel. The agreement in Gothenburg meeting is shown below [1], [2]:
Way forward on channel models simplification for FR1
a) Simplification methods

a. Option 1: Choose strongest paths that contribute to [X%] of total power

b. Option 2: Choose N paths for TDL-A and TDL-C using the frequency correlation method

b) Use option 1 and option 2 to generate up to 12 taps after 5 ns quantization for following FR1 models

a. RMS delay spread TDL-A (30 ns)

b. RMS delay spread TDL-B (100 ns)

c. RMS delay spread TDL-C (300 ns)

c) Further study the frequency correlation characteristics of channel models for Option 1 and 2

· e.g. The most suitable model is selected based on the visual inspection of the quantized FCF. The lower the correlation the better, preferably below 0.6 in full frequency range up to 100 MHz

d) Make final model down-selection in RAN4 88bis
2   Discussion

The tables below propose simplified channel models scaled and quantized from the original 23- and 24-tap versions in [3]. The method is slightly modified from [4]
The simplification is done via the following steps:

1. Re-ordering the taps in ascending delays.

2. Scaling the delays according to the agreed values (TDL-A: 30 ns, TDL-B: 100 ns, TDL-C: 300 ns)
3. Rounding the delays to the nearest multiple of 5 ns.

4. Merging the taps (Note 1)
a) TDL-A (original 23 taps): Take two tap, merge the taps with the same delay, then merge the rest (average delay, sum power). The delay spread error is corrected by adjusting the last tap by 0.83 dB. The final delay spread is 30.002 ns
b) TDL-B (original 23 taps): Take first two taps, then merge (average delay, sum power) 3rd & 4th, 5th & 6th, 21st & 22nd & 23rd. The delay spread error is corrected by adjusting the last tap by 0.23 dB. The final delay spread is 100.005 ns
c) TDL-C (original 24 taps): Take first tap, then merge (average delay, sum power) 2nd & 3rd, 4th & 5th, 22nd & 23rd & 24th. The delay spread error is corrected by adjusting the last tap by 0.42 dB. The final delay spread is 299.987 ns.
Note 1. Power cutting will reduce delay spread significantly. Therefore, it is not the recommended method. Instead of removing least significant taps, we merged nearby taps. The merge will also affect the delay spread, but very little. The delay spread error can be corrected by adjusting the power of the last tap (usually the weakest one).
Table 1. TDL-A and 12-tap-simplified channel model TDL-A-FR1
	TR38.901
	Intermediate step
	Proposed model TDL-A-FR1

	Tap #
	Normalized delay [s]
	Scaled delay [ns]
	Power in [dB]
	Fading distribution
	Quantized delay [ns]
	Quantized delay [ns]
	Adjusted power [dB]
	Fading distribution
	12 Taps

	1
	0.0000
	0
	-13.4
	Rayleigh
	0
	0
	-13.4
	Rayleigh
	1

	2
	0.3819
	11.457
	0
	Rayleigh
	10
	10
	2.05
	Rayleigh
	2

	3
	0.4025
	12.075
	-2.2
	Rayleigh
	10
	
	
	
	

	5
	0.4610
	13.83
	-6
	Rayleigh
	15
	15
	-3.08
	Rayleigh
	3

	6
	0.5375
	16.125
	-8.2
	Rayleigh
	15
	
	
	
	

	8
	0.5750
	17.25
	-10.5
	Rayleigh
	15
	
	
	
	

	4
	0.5868
	17.604
	-4
	Rayleigh
	20
	20
	-3.01
	Rayleigh
	4

	7
	0.6708
	20.124
	-9.9
	Rayleigh
	20
	
	
	
	

	9
	0.7618
	22.854
	-7.5
	Rayleigh
	25
	25
	-7.50
	Rayleigh
	5

	10
	1.5375
	46.125
	-15.9
	Rayleigh
	45
	45
	-6.12
	Rayleigh
	6

	11
	1.8978
	56.934
	-6.6
	Rayleigh
	55
	
	
	
	

	13
	2.1718
	65.154
	-12.4
	Rayleigh
	65
	65
	-11.03
	Rayleigh
	7

	12
	2.2242
	66.726
	-16.7
	Rayleigh
	65
	
	
	
	

	14
	2.4942
	74.826
	-15.2
	Rayleigh
	75
	75
	-9.45
	Rayleigh
	8

	15
	2.5119
	75.357
	-10.8
	Rayleigh
	75
	
	
	
	

	16
	3.0582
	91.746
	-11.3
	Rayleigh
	90
	105
	-8.93
	Rayleigh
	9

	17
	4.0810
	122.43
	-12.7
	Rayleigh
	120
	
	
	
	

	18
	4.4579
	133.737
	-16.2
	Rayleigh
	135
	135
	-14.11
	Rayleigh
	10

	19
	4.5695
	137.085
	-18.3
	Rayleigh
	135
	
	
	
	

	20
	4.7966
	143.898
	-18.9
	Rayleigh
	145
	145
	-14.59
	Rayleigh
	11

	21
	5.0066
	150.198
	-16.6
	Rayleigh
	150
	
	
	
	

	22
	5.3043
	159.129
	-19.9
	Rayleigh
	160
	225
	-20.30
	Rayleigh
	12

	23
	9.6586
	289.758
	-29.7
	Rayleigh
	290
	
	
	
	


Table 2. TDL-B and 12-tap-simplified channel model TDL-B-FR1
	TR38.901
	Intermediate step
	Proposed model TDL-B-FR1

	Tap #
	Normalized delay [s]
	Scaled delay [ns]
	Power in [dB]
	Fading distribution
	Quantized delay [ns]
	Quantized delay [ns]
	Adjusted power [dB]
	Fading distribution
	12 Taps

	1
	0.0000
	0.00
	0
	Rayleigh
	0
	0
	0
	Rayleigh
	1

	2
	0.1072
	10.72
	-2.2
	Rayleigh
	10
	10
	-2.2
	Rayleigh
	2

	4
	0.2095
	20.95
	-3.2
	Rayleigh
	20
	20
	-0.57
	Rayleigh
	3

	3
	0.2155
	21.55
	-4
	Rayleigh
	20
	
	
	
	

	5
	0.2870
	28.70
	-9.8
	Rayleigh
	30
	30
	-0.64
	Rayleigh
	4

	6
	0.2986
	29.86
	-1.2
	Rayleigh
	30
	
	
	
	

	9
	0.3681
	36.81
	-7.6
	Rayleigh
	35
	35
	-0.30
	Rayleigh
	5

	10
	0.3697
	36.97
	-3
	Rayleigh
	35
	
	
	
	

	7
	0.3752
	37.52
	-3.4
	Rayleigh
	40
	45
	-1.20
	Rayleigh
	6

	8
	0.5055
	50.55
	-5.2
	Rayleigh
	50
	
	
	
	

	12
	0.5283
	52.83
	-9
	Rayleigh
	55
	55
	-5.94
	Rayleigh
	7

	11
	0.5700
	57.00
	-8.9
	Rayleigh
	55
	
	
	
	

	13
	1.1021
	110.21
	-4.8
	Rayleigh
	110
	120
	-2.22
	Rayleigh
	8

	14
	1.2756
	127.56
	-5.7
	Rayleigh
	130
	
	
	
	

	15
	1.5474
	154.74
	-7.5
	Rayleigh
	155
	170
	-0.84
	Rayleigh
	9

	16
	1.7842
	178.42
	-1.9
	Rayleigh
	180
	
	
	
	

	17
	2.0169
	201.69
	-7.6
	Rayleigh
	200
	245
	-6.31
	Rayleigh
	10

	18
	2.8294
	282.94
	-12.2
	Rayleigh
	285
	
	
	
	

	19
	3.0219
	302.19
	-9.8
	Rayleigh
	300
	330
	-7.52
	Rayleigh
	11

	20
	3.6187
	361.87
	-11.4
	Rayleigh
	360
	
	
	
	

	21
	4.1067
	410.67
	-14.9
	Rayleigh
	410
	440
	-6.21
	Rayleigh
	12

	22
	4.2790
	427.90
	-9.2
	Rayleigh
	430
	
	
	
	

	23
	4.7834
	478.34
	-11.3
	Rayleigh
	480
	
	
	
	


Table 3. TDL-C and 12-tap-simplified channel model TDL-C-FR1
	TR38.901
	Intermediate step
	Proposed model TDL-C-FR1

	Tap #
	Power in [dB]
	Scaled delays [ns]
	Power in [dB]
	Fading distribution
	Quantized delays [ns]
	Quantized delays [ns]
	Adjusted Power [dB]
	Fading distribution
	12 Taps

	1
	-4.4
	0
	-4.4
	Rayleigh
	0
	0
	-4.40
	Rayleigh
	1

	2
	-1.2
	62.97
	-1.2
	Rayleigh
	65
	65
	1.21
	Rayleigh
	2

	5
	-2.5
	65.28
	-2.5
	Rayleigh
	65
	
	
	
	

	3
	-3.5
	66.57
	-3.5
	Rayleigh
	65
	70
	-1.26
	Rayleigh
	3

	4
	-5.2
	69.87
	-5.2
	Rayleigh
	70
	
	
	
	

	6
	0
	190.98
	0
	Rayleigh
	190
	190
	2.05
	Rayleigh
	4

	7
	-2.2
	193.44
	-2.2
	Rayleigh
	195
	
	
	
	

	8
	-3.9
	196.8
	-3.9
	Rayleigh
	195
	195
	-2.30
	Rayleigh
	5

	9
	-7.4
	197.52
	-7.4
	Rayleigh
	200
	
	
	
	

	10
	-7.1
	238.05
	-7.1
	Rayleigh
	240
	240
	-5.53
	Rayleigh
	6

	11
	-10.7
	246.39
	-10.7
	Rayleigh
	245
	
	
	
	

	12
	-11.1
	280.08
	-11.1
	Rayleigh
	280
	325
	-4.13
	Rayleigh
	7

	13
	-5.1
	368.55
	-5.1
	Rayleigh
	370
	
	
	
	

	14
	-6.8
	392.49
	-6.8
	Rayleigh
	390
	520
	-4.64
	Rayleigh
	8

	15
	-8.7
	651.12
	-8.7
	Rayleigh
	650
	
	
	
	

	16
	-13.2
	813.15
	-13.2
	Rayleigh
	815
	1050
	-10.53
	Rayleigh
	9

	17
	-13.9
	1277.67
	-13.9
	Rayleigh
	1280
	
	
	
	

	18
	-13.9
	1380.09
	-13.9
	Rayleigh
	1380
	1510
	-11.74
	Rayleigh
	10

	19
	-15.8
	1647.06
	-15.8
	Rayleigh
	1645
	
	
	
	

	20
	-17.1
	1682.31
	-17.1
	Rayleigh
	1680
	1785
	-13.51
	Rayleigh
	11

	21
	-16
	1891.95
	-16
	Rayleigh
	1890
	
	
	
	

	22
	-15.7
	1991.22
	-15.7
	Rayleigh
	1990
	2235
	-14.52
	Rayleigh
	12

	23
	-21.6
	2112.81
	-21.6
	Rayleigh
	2115
	
	
	
	

	24
	-22.8
	2595.69
	-22.8
	Rayleigh
	2595
	
	
	
	


2.1   Frequency correlation
This section provide comparison of original and simplified models in terms of frequency correlation function. The comparison shows good performance of the proposed simplified models.
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Figure 1. Throughput comparison between original TDL-A, TDL-B, TDL-C and simplified TDL-A-FR1, TDL-B-FR1, TDL-C-FR1 models, in figures (a), (b), (c), respectively.

2.2   Throughput simulation

Throughput simulation was done for the three different channel models with the simulation settings described in Table 1. Throughput performance curves for the cases 1a, 2a, and 3a are shown in Figure 2, Figure 3, and Figure 4, respectively. It can bee seen that difference of these performance curves are negligible.
Table 1. Simulation cases for FR1 FDD with 10 MHz + 15 kHz.
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Figure 2. Throughput comparison between original TDL-A and simplified model TDL-A-FR1.

[image: image6.png]4500000
4000000

o 3500000

P!

£ 3000000
=
3 2500000
o
3
O 1500000
8
=

o

TDL-C and simpl

ed channel models, case 2a

B

10

R

p—v




Figure 3. Throughput comparison between original TDL-C and simplified model TDL-C-FR1.
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Figure 4. Throughput comparison between original TDL-C and simplified model TDL-C-FR1.

3   Conclusion / Proposals
In this contribution, we proposed simplified TDL models for SISO NR FR1 UE demodulation tests. The frequency correlation and throughput simulation show that the simplification does not affect the performance too much. Therefore, the simplified models are proposed.
Proposal: The simplified models described in Table 1, Table 2, and Table 3 (TDL-A-FR1, TDL-B-FR1, TDL-C-FR1, respectively) are used in SISO NR UE demodulation FR tests.
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