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1	Introduction
RAN4#AH1807 discussed the simplification of TDL channel models for NR UE demodulation and CSI reporting requirements and agreed with the way forward [1]. 
	· Simplification methods
· Option 1: Choose strongest paths that contribute to [X%] of total power
· Option 1: X=90% for TDL-A; X=87% for TDL-C
· Option 2: X = 90% or 95% for TDL-A and TDL-C
· Option 2: Choose 9 paths for TDL-A and TDL-C using the frequency correlation method
· TDL-A: Tap#1-6, 9, 11, 15 defined in Table 7.7.2-1 of TR 38.901
· TDL-C: Tap#1-2, 4-8, 13-14 defined in Table 7.7.2-3 of TR 38.901
· Number of path: less than or equal to 12 is acceptable from test equipment point of view



RAN4 is discussing the used channel modes for FR2 are Option1: TDL channel modeling or Option 2: CDL channel modeling, but RAN4 AH1807 agreed with the working assumption option 1 is used for FR2. 
	Working assumption: Channel Model Option 1 will be used for FR2.
· Companies will provide the simulation results based on working assumption
· Companies are requested to provide more input to confirm the working assumption in August meeting. And final comfirmation of working assumption will be based on majority companies’ view.



Since there is no difference with regard to delay position and relative powers between TDL and CDL in TR38.901 [2], we discuss the simplification of delay position and relative powers for these models for FR2 also.
2	Simplified TDL propagation channel models
2.1	Simplification procedure
As RAN4#87 discussed, the resolution of delay path grids for CDL/TDL channel models in TR38.901 is 1 pico-second (1ps). To avoid the complexity of the test setting, RAN4 discussed to assume the simplification of the channel model. 
The simplification method in this paper is same as what we have done for FR1 [3].
	Step 1: Remove the path if the path power is less than threshold.
Option 1: Choose strongest paths that contribute to [X=90,95]% of total power.
Option 2: Choose [Y=9] strongest paths that contribute for NLOS PDPs.
Step 2: Apply the desired delay spread after removing the weak paths.
Option 1: Adjust the delay position to keep the delay spread to the desired delay spread (e.g., 30ns).
Option 2: Keep the original delay position. This results the effective delay spread may be smaller than the desired delay spread. 
Step 3: Decide the path grid based on resolution, and round the path delay position close to the grid.
Set the grid step size to [5] ns. 
Step 4: If two or more paths are rounded to the same grid τ, the path power at τ is set as a sum of all the path power values (in linear) rounded to τ.
Step 5: Normalize the power so that the relative power of the strongest path becomes 0dB.



2.2	Simplified	 TDL-D and TDL-E
The difference between TDL-A/B/C and TDL-D/E is the LOS path is included or not. Considering the radio propagation characteristics, RAN4 should also consider the channel models including LOS path for FR2.
2.2.1	TDL-D
We studied the simplified TDL-D path delay profile as shown in Figure 1 and Figure 2. In Figure 1, we did not trim any paths. But some delay paths are close each other, after rounding to the closest path grid. Therefore, some paths are combined and therefore the total number of paths are reduced from the original one. 
Figure 2 is the results of removing the paths whose relative power is less than -25dB. Left figure (case 1) is the case the path position is adjusted to keep the desired delay spread to 30ns; right figure (case 2) is the case the original path position is kept. As the results of that, the effective DS for case 1 is 30.2ns, but the DS for case 2 is 24.1ns. The difference of both cases is observed if we compare the frequency correlation characteristics. 
Table 1 shows the path positions and their relative powers for simplified TDL-D channel models. Because of the overlap after applying the desired delay spread factor, the number of non-LOS paths is reduced from 13 to 10. If it is preferable to reduce some weakest paths further, we can remove the paths whose relative power is less than -25dB, but it keeps 99.3% of original path power.
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[bookmark: _Ref520126416]Figure 1	Example of simplified TDL-D (Desired DS=30ns); No path trimming.
[image: ][image: ]
[bookmark: _Ref513644355]Figure 2	Example of simplified TDL-D (Desired DS=30ns) with removing the path whose power < -25dB.  Adjust the delay position to keep DS to 30ns (left) and keep the original delay position (right).

[bookmark: _Ref513645181]Table 1	Tap delay and relative power for the simplified TDL-D with Desired DS=30ns
	
	No trimming
	Delay position adjusted
	Keep the original delay position

	
	X = 100%
	X = 99.3%
	X = 99.3%

	
	Tap delay [ns]
	Relative power [dB]
	Tap delay [ns]
	Tap delay [ns]
	Tap delay [ns]
	Tap delay [ns]

	
	0
	-0.2 (LOS)
	0
	-0.2 (LOS)
	0
	-0.2 (LOS)

	1
	0
	-13.5
	0
	-13.5
	0
	-13.5

	2
	20
	-21.1
	25
	-21.1
	20
	-21.1

	3
	40
	-16.7
	50
	-22.9
	40
	-16.7

	4
	55
	-18.3
	55
	-18
	55
	-18.3

	5
	80
	-22
	65
	-23
	80
	-22

	6
	120
	-27.9
	70
	-20.2
	240
	-23.7

	7
	240
	-23.7
	95
	-22
	285
	-24.9

	8
	285
	-24.9
	300
	-23.7
	
	

	9
	290
	-30.1
	355
	-24.9
	
	

	10
	375
	-27.8
	
	
	
	

	
	
	DS=29.2ns
	
	DS=30.2ns
	
	DS=24.1ns



2.2.1	TDL-E
We have done the same exercise for TDL-E as shown in Figure 3 and Figure 4. As same as TDL-D, we set the desired delay spread to 30ns considering the FR2. It is observed that the the relative powers of non-LOS paths for TDL-E are also very weak. 
Table 2 shows the path positions and their relative powers for simplified TDL-E channel models. Because of the overlap after applying the desired delay spread factor, the number of non-LOS paths is reduced from 14 to 10. If it is preferable to reduce some weakest paths further, we can remove the paths whose relative power is less than -25dB, but it keeps 99.5% of total power.
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[bookmark: _Ref520127015]Figure 3	Example of simplified TDL-E (Desired DS=30ns); No path trimming.
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[bookmark: _Ref513645631]Figure 4	Example of simplified TDL-E (Desired DS=30ns) with removing the path whose power < -25dB.  Adjust the delay position to keep DS to 30ns (left) and Keep the original delay position (right).


[bookmark: _Ref513645731]Table 2	Tap delay and relative power for the simplified TDL-E with Desired DS=30ns
	
	No trimming
	Delay position adjusted
	Keep the original delay position

	
	X = 100%
	X = 99.5%
	X=99.5%

	
	Tap delay [ns]
	Relative power [dB]
	Tap delay [ns]
	Relative power [dB]
	Tap delay [ns]
	Relative power [dB]

	
	0
	-0.03 (LOS)
	0
	-0.03 (LOS)
	0
	-0.03 (LOS)

	1
	0
	-22.03
	0
	-22.03
	0
	-22.03

	2
	15
	-12.4
	25
	-12.4
	15
	-12.4

	3
	20
	-22.4
	35
	-22.4
	20
	-22.4

	4
	55
	-18.6
	90
	-18.6
	55
	-18.6

	5
	60
	-18.6
	95
	-18.6
	60
	-18.6

	6
	80
	-22.3
	130
	-22.3
	80
	-22.3

	7
	110
	-25.6
	265
	-20.2
	165
	-20.2

	8
	165
	-20.2
	
	
	
	

	9
	360
	-29.8
	
	
	
	

	10
	620
	-29.2
	
	
	
	

	
	
	DS=30.0ns
	
	DS=30.2ns
	
	DS=19.2ns



[bookmark: _Ref352176984]3	Simulation results
We investigated the PDSCH performance impact due to the simplification. Table 3 is the simulation parameters.
[bookmark: _Ref521703578]Table 3	Simulation parameters for PDSCH
	
	Case 1
	Case 2

	Propagation channel
	Model 1: TDL-D DS=30ns, Doppler=80Hz (~3km/h@30GHz)
Model 2: TDL-E DS=30ns, Doppler=300Hz (~10km/h@30GHz) 

	Frequency range
	FR2
	FR2

	UE system bandwidth
	100MHz
	100MHz

	SCS
	120kHz
	120kHz

	Antenna configuration and MIMO layers
	2x2 Low, 2 layers
	2x2 Low, 2 layers

	MCS
	MCS2 (QPSK 0.33) 
	64QAM MCS 24 (64QAM ???)

	Max HARQ transmission
	4
	4



[Simulation results to be added]
4	Conclusion
[bookmark: _GoBack]
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Appendix
Table 7.7.2-4. TDL-D.
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	2
	0.035
	-18.8
	Rayleigh

	3
	0.612
	-21
	Rayleigh

	4
	1.363
	-22.8
	Rayleigh

	5
	1.405
	-17.9
	Rayleigh

	6
	1.804
	-20.1
	Rayleigh

	7
	2.596
	-21.9
	Rayleigh

	8
	1.775
	-22.9
	Rayleigh

	9
	4.042
	-27.8
	Rayleigh

	10
	7.937
	-23.6
	Rayleigh

	11
	9.424
	-24.8
	Rayleigh

	12
	9.708
	-30.0
	Rayleigh

	13
	12.525
	-27.7
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 13.3 dB and a mean power of 0dB.



Table 7.7.2-5. TDL-E.
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.03
	LOS path

	
	0
	-22.03
	Rayleigh

	2
	0.5133 
	-15.8
	Rayleigh

	3
	0.5440
	-18.1
	Rayleigh

	4
	0.5630
	-19.8
	Rayleigh

	5
	0.5440
	-22.9
	Rayleigh

	6
	0.7112
	-22.4
	Rayleigh

	7
	1.9092
	-18.6
	Rayleigh

	8
	1.9293
	-20.8
	Rayleigh

	9
	1.9589
	-22.6
	Rayleigh

	10
	2.6426
	-22.3
	Rayleigh

	11
	3.7136
	-25.6
	Rayleigh

	12
	5.4524
	-20.2
	Rayleigh

	13
	12.0034
	-29.8
	Rayleigh

	14
	20.6519
	-29.2
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 22 dB and a mean power of 0dB.
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