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1	Introduction
RAN4#87 discussed the simplification of TDL channel models for NR UE demodulation and CSI reporting requirements and agreed with the way forward [1]. 
	Channel model simplifications
· Simplify the existing 38.901 TDL channel models by choosing strongest paths 
· Option 1: Choose strongest paths that contribute to [95%] of total power. 
· Examples of simplified profiles for Option1 provided in the next slides
· Option 2: Choose [7] strongest paths that contribute for NLOS PDPs 
· Apply normalization of the normalized DS after removing the weak paths (DS RMS = 1). 
· Use equidistant delay modelling grid for TDL channel models after DS scaling with grid step ΔT ≤ 1/BW. 
· BW = [200] MHz
· Paths that end up with the same delay will be combined into a single path by adding their respective powers
· Note: Initial simulations for July AH can be done based on non-simplified TDL models



In this contribution, we compare the option 1 and option 2 with regard to the UE demodulation performance.
2	Simplified TDL propagation channel models
2.1	Simplification procedure
As RAN4#87 discussed, the resolution of delay path grids for TDL channel models in TR38.901 [2] 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 consists of: 
	Step 1: Remove the path if the path power is less than threshold.
Trimming method 1: Choose strongest paths that contribute to [X=95%] of total power.
Trimming method 2: Choose [Y=7] strongest paths that contribute for NLOS PDPs.
Step 2: Apply the desired delay spread after removing the weak paths.
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-A (DS=30ns)
Figure 1 compares two trimming methods for the simplified TDL-A channel model according to the method in 2.1 for desired delay spread of 30ns. It is observed from our calculation that 95% of total path corresponds to 14 strong paths. Comparing two methods (7 strong paths vs. 14 strong paths), the left figure is more frequency-selective compared with 14 paths cases. In our observation, TDL-A is less frequency-selective, if we respect the original frequency correlation characteristics, we need to keep larger paths. As a compromise, we observe 11 strong paths (Figure 2) is a good compromise regarding the number of paths and frequency correlation characteristics. 
Table 1 shows the path positions and their relative powers for simplified TDL-A channel models. 
[image: ][image: ]
[bookmark: _Ref513644355]Figure 1	Example of simplified TDL-A (Desired DS=30ns); Method 2 with Y=7 paths (left) and Method 1 with X=95% (right).
[image: ]
[bookmark: _Ref513644358]Figure 2	Example of simplified TDL-A (Desired DS=30ns); Method 2 with Y=11 paths (X=90% in Method 1).

[bookmark: _Ref513645181]Table 1	Tap delay and relative power for the simplified TDL-A with Desired DS=30ns
	Y = 7 paths
	Y = 11 paths
	Y = 14 paths

	X = 81%
	X = 90%
	X = 95%

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

	30
	0
	20
	0
	0
	-15.4

	35
	-8
	25
	-6
	15
	0

	40
	-10.2
	30
	-5.2
	20
	-6

	45
	-6
	35
	-7.6
	25
	-4.3

	55
	-9.5
	95
	-8.6
	30
	-9.5

	140
	-8.6
	125
	-12.8
	75
	-8.6

	
	
	150
	-13.3
	85
	-14.4

	
	
	
	
	100
	-12.8

	
	
	
	
	120
	-13.3

	
	
	
	
	160
	-14.7

	
	DS=29.1ns
	
	DS=30.1ns
	
	DS=30.1ns



2.3	Simplified TDL-C (DS=300ns)
We have done the same exercise for TDL-C DS=300ns case. Figure 3 compares two trimming methods for simplified TDL-C channel models with desired DS of 300ns. We observed 15 strong paths corresponds to keep 95% of total power. The figure shows TDL-C with 7 strong paths is too frequency selective compared with the original TDL-C model. According to our observation selecting 11 strong paths could be a good compromise with regard to the number of paths and the frequency correlation characteristic as shown in Figure 4.
Table 2 gives the delay tap positions and their relative powers. 
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[bookmark: _Ref513645631]Figure 3	Example of simplified TDL-C (Desired DS=300ns); Method 2 with Y=7 paths (left) and Method 1 with X=95% (right).
[image: ]
[bookmark: _Ref513645632]Figure 4	Example of simplified TDL-C (Desired DS=300ns); Method 2 with Y=11 paths (corresponding to X=87% in Method 1).


[bookmark: _Ref513645731]Table 2	Tap delay and relative power for the simplified TDL-C with Desired DS=300ns
	Y = 7 paths
	Y = 11 paths
	Y = 15 paths

	X = 70%
	X = 87%
	X = 95%

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

	0
	-4.4
	0
	-4.4
	0
	-4.4

	265
	-1.2
	180
	-1.2
	150
	-1.2

	275
	-2.5
	190
	-2.5
	155
	-2.5

	280
	-3.5
	195
	-3.5
	160
	-3.5

	800
	0
	200
	-5.2
	165
	-5.2

	810
	-2.2
	555
	0
	455
	0

	820
	-3.9
	560
	-2.2
	460
	-2.2

	
	
	570
	-3.9
	465
	-3.9

	
	
	690
	-7.1
	470
	-7.4

	
	
	1070
	-5.1
	565
	-7.1

	
	
	1135
	-6.8
	585
	-10.7

	
	
	
	
	665
	-11.1

	
	
	
	
	875
	-5.1

	
	
	
	
	930
	-6.8

	
	
	
	
	1545
	-8.7

	
	DS=299.8ns
	
	DS=300.3ns
	
	DS=300.3ns



3	Simulation results
[bookmark: _GoBack]We have compared different channel models with two PDSCH demodulation configurations: QPSK and 256QAM as shown in Table 3. Figure 5 and Figure 6 show our ideal simulation results with different channel models. Note the metric PDSCH BLER is given by the number of NACKs over the number of PDSCH transmissions including up to 4 HARQ retransmissions)
For TDL-A (Figure 5), QPSK result shows X=95% and X=80% are deviated from the original PDP, and 256QAM result shows X=95% case is also deviated but not so large deviation compared with X=90% and X=81%. 
For TDL-C (Figure 6), 256QAM result shows X=70% model is deviated significantly compared with the original PDP model. 
Observation: Simplified TDL-A/TDL-C models with 7 strongest paths shows significant deviation compared with the simulation results with original channel models. 
[bookmark: _Ref516738141]Table 3	Simulation parameters for PDSCH
	
	Case 1
	Case 2

	Propagation channel
	Model 1: TDL-A DS=30ns, Doppler=10Hz
Model 2: TDL-C DS=300ns, Doppler=100Hz 

	Frequency range
	FR1
	FR1

	UE system bandwidth
	100MHz
	100MHz

	SCS
	30kHz
	30kHz

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

	MCS
	MCS2 (QPSK 0.33) 
	MCS23 (256QAM 0.75)

	Max HARQ transmission
	4
	4




[image: ][image: ]
[bookmark: _Ref516738163]Figure 5	Simulation results for TDL-A.
[image: ][image: ]
[bookmark: _Ref516738165]Figure 6	Simulation results for TDL-C.
[bookmark: _Ref352176984]4	Conclusion
Observation: Simplified TDL-A/TDL-C models with 7 strongest paths shows significant deviation compared with the simulation results with original channel models. 
Proposal: RAN4 considers the simplified TDL-A channel model with X=87% in Method 1 and TDL-C channel model with X=90% in Method 1.
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Appendix
Table 7.7.2-1. TDL-A
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	-13.4
	Rayleigh

	2
	0.3819
	0
	Rayleigh

	3
	0.4025
	-2.2
	Rayleigh

	4
	0.5868
	-4
	Rayleigh

	5
	0.4610
	-6
	Rayleigh

	6
	0.5375
	-8.2
	Rayleigh

	7
	0.6708
	-9.9
	Rayleigh

	8
	0.5750
	-10.5
	Rayleigh

	9
	0.7618
	-7.5
	Rayleigh

	10
	1.5375
	-15.9
	Rayleigh

	11
	1.8978
	-6.6
	Rayleigh

	12
	2.2242
	-16.7
	Rayleigh

	13
	2.1718
	-12.4
	Rayleigh

	14
	2.4942
	-15.2
	Rayleigh

	15
	2.5119
	-10.8
	Rayleigh

	16
	3.0582
	-11.3
	Rayleigh

	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 7.7.2-2. TDL-B
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	0
	Rayleigh

	2
	0.1072
	-2.2
	Rayleigh

	3
	0.2155
	-4
	Rayleigh

	4
	0.2095
	-3.2
	Rayleigh

	5
	0.2870
	-9.8
	Rayleigh

	6
	0.2986
	-1.2
	Rayleigh

	7
	0.3752
	-3.4
	Rayleigh

	8
	0.5055
	-5.2
	Rayleigh

	9
	0.3681
	-7.6
	Rayleigh

	10
	0.3697
	-3
	Rayleigh

	11
	0.5700
	-8.9
	Rayleigh

	12
	0.5283
	-9
	Rayleigh

	13
	1.1021
	-4.8
	Rayleigh

	14
	1.2756
	-5.7
	Rayleigh

	15
	1.5474
	-7.5
	Rayleigh

	16
	1.7842
	-1.9
	Rayleigh

	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 7.7.2-3. TDL-C
	Tap #
	Normalized delays
	Power in [dB]
	Fading distribution

	1
	0
	-4.4
	Rayleigh

	2
	0.2099
	-1.2
	Rayleigh

	3
	0.2219
	-3.5
	Rayleigh

	4
	0.2329
	-5.2
	Rayleigh

	5
	0.2176
	-2.5
	Rayleigh

	6
	0.6366
	0
	Rayleigh

	7
	0.6448
	-2.2
	Rayleigh

	8
	0.6560
	-3.9
	Rayleigh

	9
	0.6584
	-7.4
	Rayleigh

	10
	0.7935
	-7.1
	Rayleigh

	11
	0.8213
	-10.7
	Rayleigh

	12
	0.9336
	-11.1
	Rayleigh

	13
	1.2285
	-5.1
	Rayleigh

	14
	1.3083
	-6.8
	Rayleigh

	15
	2.1704
	-8.7
	Rayleigh

	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
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