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1 Introduction
In RAN4 AH1807 the WF on channel models for NR UE demodulation and CSI requirements in FR1 [1] was approved.
The TDL channel models as defined in TR38.901 [2] were agreed to be simplified and the following options for simplification methods were agreed:


	· 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




Also companies were encouraged to provide PDSCH performance results with different simplified models in order to choose the simplification method in RAN4#88 meeting.

[bookmark: _GoBack]In this paper we present the analysis for simplified channel models based on option 1-2 above, to keep strongest paths that contribute to 90% or 95% of the total power.
2 Discussion
The power delay profiles for TDL channel model defined in [2] are TDL-A/B/C for NLOS and TDL-D/E for LOS propagation conditions. The PDP defined have about 23 paths for NLOS models and 13 paths for LOS models. The TDL channel models could be simplified further to eliminate low power paths thus reducing the channel modelling complexity (which is beneficial for both TE and in terms of modelling complexity). 

In Table 1 below we summarize the number of channel taps for simplified TDL channel models by choosing strongest paths that contribute to 95% and 90% of total power. 
Table 1: Number of channel taps for simplified TDL channel models
	
	Original model
	Simplified model-95%
	Simplified model-90%

	TDL-A
	23
	14
	11

	TDL-B
	23
	17
	15

	TDL-C
	24
	15
	12

	TDL-D
	13
	3
	2

	TDL-E
	14
	5
	1


It may be observed that in case of using 95% criteria NLOS models will require 14-17 taps modelling, while in case of using 90% criteria the total number of taps is reduced to 11-15. Also, this is without taking into account the quantization of taps based on agreement in [3]. The agreed quantization method was to use a 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. 

The simplified TDL channel model PDPs keeping the strongest taps that contribute to 95% and 90% of the total power with normalized DS re-normalized after removing the weak paths are provided in the Appendix.

Performance with simplified TDL models
In RAN4 AH1807 it was agreed that the simplification method shall be based on impact to PDSCH performance. In order to compare performance of original and simplified channel models, the following tests scenarios were considered:
Table 2: Test parameters for performance comparison
	
	Test 1
	Test 2

	CBW/ SCS
	10MHz/ 15KHz
	10MHz/ 15KHz

	PDSCH Config
	MCS: 13; Rank: 2
	MCS: 24; Rank 2

	Propagation channel model
	TDL-A; 30ns; 10Hz
TDL-B; 100ns; 100Hz
TDL-C; 300ns; 100Hz
	TDL-A; 30ns; 10Hz
TDL-B; 100ns; 100Hz
TDL-C; 300ns; 100Hz

	Antenna Configuration
	2x2 Low
	2x2 Low

	Channel Estimation
	Ideal
	Ideal
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Figure 1: PDSCH Performance - TDL-A and simplified models
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Figure 2: PDSCH Performance - TDL-B and simplified models
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Figure 3: PDSCH Performance - TDL-C and simplified models

In the performance curves shown the performance of the original and simplified channel models are the same.

Observation #1: Using the simplification method of choosing strongest taps contribution to 95% or 90% of total power the performance is comparable to the original channel model. 
Effect of Quantization
In RAN4 #87 [3] the quantization method to use a equidistant delay modelling grid for TDL channel models after DS scaling with grid step ΔT ≤ 1/BW was agreed. With BW=200MHz. 
In RAN4 AH1807 [1] the following power delay profile and delay spread values were agreed to be used for NR UE performance requirements in FR1:
· TDL-A with Delay spread RMS=30ns
· TDL-B with Delay spread RMS=100ns
· TDL-C with Delay spread RMS=300ns


Based on the agreed PDP and delay spread values and grid step values, the number of taps reduces further and is captured in Table 3 below. 

[bookmark: _Ref521515713]Table 3: Number of taps after quantization
	
	95%
	90%

	TDL-A; 30ns
	10
	7

	TDL-B; 100ns
	16
	12

	TDL-C; 300ns
	15
	11


The number of taps in Table 3 would be the minimum number of taps based on the quantization step size of ΔT = 1/200MHz. In case the quantization step is smaller the number of taps could be larger and upper bounded by the number of taps captured in Table 1 based on the criteria chosen. We observe that the number of taps with TDL-B after choosing the strongest paths that contribute to 90% of the total power and further quantization would be between 12-15. In order to limit the maximum number to taps at 12, we recommend selecting the 12 strongest taps for TDL-B and that results in taps contributing to 85% of total power. The PDP with re-normalized delay spread for TDL-B with 12 taps is captured in Table A-5 in Appendix. 
Table 4: Range of number of taps after simplification and quantization
	
	% of Total power
	Min
	Max

	TDL-A; 30ns
	90
	7
	11

	TDL-B; 100ns
	85
	10
	12

	TDL-C; 300ns
	90
	11
	12


Based on the criteria to have 12 taps or fewer, choosing strongest taps contributing to 90% of total power for the TDL-A and TDL-C and 85% for TDL-B channel models is recommended.

Proposal #1: Use simplification method of choosing strongest paths contributing to 90% of total power for TDL-A, TDL-C and 85% of total power for TDL-B.
Propagation Channel Model
The simplified propagation channel models based on the PDP and delay spread values agreed and choosing strongest paths contributing to 90% of total power for TDL-A/C and 85% of total power for TDL-B are captured in tables below.

	TDL-A-30-Mod

	Tap #
	Delay Spread [ns]
	Power in [dB]

	1
	18.7
	0

	2
	19.7
	-2.2

	3
	28.8
	-4

	4
	22.6
	-6

	5
	26.4
	-8.2

	6
	32.9
	-9.9

	7
	28.2
	-10.5

	8
	37.4
	-7.5

	9
	93.1
	-6.6

	10
	123.2
	-10.8

	11
	149.9
	-11.3




	TDL-B-100-Mod

	Tap #
	Delay Spread [ns]
	Power in [dB]

	1
	0.0
	0

	2
	18.4
	-2.2

	3
	37.1
	-4

	4
	36.1
	-3.2

	5
	51.4
	-1.2

	6
	64.6
	-3.4

	7
	87.0
	-5.2

	8
	63.6
	-3

	9
	189.7
	-4.8

	10
	219.5
	-5.7

	11
	266.3
	-7.5

	12
	307.1
	-1.9



	TDL-C-300-Mod

	Tap #
	Delay Spread [ns]
	Power in [dB]

	1
	0.0
	-4.4

	2
	185.0
	-1.2

	3
	195.5
	-3.5

	4
	205.2
	-5.2

	5
	191.8
	-2.5

	6
	561.0
	0

	7
	568.2
	-2.2

	8
	578.1
	-3.9

	9
	580.2
	-7.4

	10
	699.2
	-7.1

	11
	1082.6
	-5.1

	12
	1152.9
	-6.8





Proposal#2: Define propagation models for NR UE demodulation and CSI requirements as captured in tables above.
3 Conclusion
In this paper we have compared PDSCH performance for original and simplified channel models based on choosing taps that contribute to 95% and 90% of the total power. We have the following observations and proposals:

Observation #1: Using the simplification method of choosing strongest paths contribution to 95% or 90% of total power the performance is comparable to the original channel model. 

Proposal #1: Use simplification method of choosing strongest paths contributing to 90% of total power for TDL-A, TDL-C and 85% of total power for TDL-B.

Proposal#2: Define propagation models for NR UE demodulation and CSI requirements as below

	TDL-A-30-Mod

	Tap #
	Delay Spread [ns]
	Power in [dB]

	1
	18.7
	0

	2
	19.7
	-2.2

	3
	28.8
	-4

	4
	22.6
	-6

	5
	26.4
	-8.2

	6
	32.9
	-9.9

	7
	28.2
	-10.5

	8
	37.4
	-7.5

	9
	93.1
	-6.6

	10
	123.2
	-10.8

	11
	149.9
	-11.3




	TDL-B-100-Mod

	Tap #
	Delay Spread [ns]
	Power in [dB]

	1
	0.0
	0

	2
	18.4
	-2.2

	3
	37.1
	-4

	4
	36.1
	-3.2

	5
	51.4
	-1.2

	6
	64.6
	-3.4

	7
	87.0
	-5.2

	8
	63.6
	-3

	9
	189.7
	-4.8

	10
	219.5
	-5.7

	11
	266.3
	-7.5

	12
	307.1
	-1.9



	TDL-C-300-Mod

	Tap #
	Delay Spread [ns]
	Power in [dB]

	1
	0.0
	-4.4

	2
	185.0
	-1.2

	3
	195.5
	-3.5

	4
	205.2
	-5.2

	5
	191.8
	-2.5

	6
	561.0
	0

	7
	568.2
	-2.2

	8
	578.1
	-3.9

	9
	580.2
	-7.4

	10
	699.2
	-7.1

	11
	1082.6
	-5.1

	12
	1152.9
	-6.8
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Appendix
Table A-1: Simplified Power Delay Profiles for TDL N-LOS Models-95% of total power
	Simplified TDL-A PDP
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	-13.4

	2
	0.4999
	0

	3
	0.5269
	-2.2

	4
	0.7681
	-4

	5
	0.6034
	-6

	6
	0.7036
	-8.2

	7
	0.8781
	-9.9

	8
	0.7527
	-10.5

	9
	0.9972
	-7.5

	10
	2.4842
	-6.6

	11
	2.8429
	-12.4

	12
	3.2881
	-10.8

	13
	4.0032
	-11.3

	14
	5.3420
	-12.7



	Simplified TDL-B PDP
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	0

	2
	0.1380
	-2.2

	3
	0.2774
	-4

	4
	0.2696
	-3.2

	5
	0.3843
	-1.2

	6
	0.4829
	-3.4

	7
	0.6506
	-5.2

	8
	0.4738
	-7.6

	9
	0.4758
	-3

	10
	0.7336
	-8.9

	11
	0.6800
	-9

	12
	1.4185
	-4.8

	13
	1.6418
	-5.7

	14
	1.9917
	-7.5

	15
	2.2964
	-1.9

	16
	2.5960
	-7.6

	17
	5.5075
	-9.2



	Simplified TDL-C PDP
	Tap #
	Normalized delays
	Power in [dB]

	1
	0
	-4.4

	2
	0.4974
	-1.2

	3
	0.5258
	-3.5

	4
	0.5519
	-5.2

	5
	0.5156
	-2.5

	6
	1.5085
	0

	7
	1.5279
	-2.2

	8
	1.5544
	-3.9

	9
	1.5601
	-7.4

	10
	1.8802
	-7.1

	11
	1.9461
	-10.7

	12
	2.2122
	-11.1

	13
	2.9110
	-5.1

	14
	3.1001
	-6.8

	15
	5.1429
	-8.7





 
[bookmark: _Ref514055195]Table A-2: Simplified Power Delay Profiles for TDL LOS Models-95% of total power
	TDL-D Simplified PDP
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	2
	0.2000
	-18.8
	Rayleigh

	3
	8.0297
	-17.9
	Rayleigh



	TDL-E Simplified PDP
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.03
	LOS path

	2
	2.1152
	-15.8
	Rayleigh

	3
	2.2417
	-18.1
	Rayleigh

	4
	2.3200
	-19.8
	Rayleigh

	5
	7.8673
	-18.6
	Rayleigh








Table A-3: Simplified Power Delay Profiles for TDL N-LOS Models-90% of total power
	Simplified TDL-A PDP
	Tap #
	Normalized delay
	Power in [dB]

	1
	0.624161
	0

	2
	0.657829
	-2.2

	3
	0.959041
	-4

	4
	0.753439
	-6

	5
	0.878467
	-8.2

	6
	1.096327
	-9.9

	7
	0.939755
	-10.5

	8
	1.245053
	-7.5

	9
	3.101683
	-6.6

	10
	4.105341
	-10.8

	11
	4.99819
	-11.3



	Simplified TDL-B PDP
	Tap #
	Normalized delay
	Power in [dB]

	1
	0
	0

	2
	0.1757
	-2.2

	3
	0.3533
	-4

	4
	0.3434
	-3.2

	5
	0.4895
	-1.2

	6
	0.6151
	-3.4

	7
	0.8287
	-5.2

	8
	0.6034
	-7.6

	9
	0.6060
	-3

	10
	0.9344
	-8.9

	11
	1.8067
	-4.8

	12
	2.0911
	-5.7

	13
	2.5366
	-7.5

	14
	2.9248
	-1.9

	15
	3.3063
	-7.6



	Simplified TDL-C PDP
	Tap #
	Normalized delays
	Power in [dB]

	1
	0
	-4.4

	2
	0.61655
	-1.2

	3
	0.651798
	-3.5

	4
	0.684109
	-5.2

	5
	0.639168
	-2.5

	6
	1.869918
	0

	7
	1.894004
	-2.2

	8
	1.926903
	-3.9

	9
	1.933952
	-7.4

	10
	2.330789
	-7.1

	11
	3.608537
	-5.1

	12
	3.842937
	-6.8








Table A-4: Simplified Power Delay Profiles for TDL LOS Models-90% of total power
	TDL-D Simplified PDP
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh



	TDL-E Simplified PDP
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.03
	LOS path

	2
	6.3074
	-15.8
	Rayleigh










Table A-5: Simplified Power Delay Profiles for TDL-B Model-85% of total power
	Tap #
	Normalized delay
	Power in [dB]

	1
	0.0000
	0

	2
	0.1845
	-2.2

	3
	0.3709
	-4

	4
	0.3605
	-3.2

	5
	0.5139
	-1.2

	6
	0.6457
	-3.4

	7
	0.8700
	-5.2

	8
	0.6362
	-3

	9
	1.8967
	-4.8

	10
	2.1953
	-5.7

	11
	2.6630
	-7.5

	12
	3.0706
	-1.9
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