3GPP TSG-RAN WG4 Meeting #88bis	R4-1812177
Chengdu, China, 8th – 12th Oct, 2018


Agenda item:	7.13.1.5
Source: 		Intel Corporation
Title: 	             	Discussion on simplified TDL channel models   
Document for:	Discussion
1. Introduction
In RAN4#88 the WF for channels models was approved [1]. The TDL model simplification was proposed as:
	· Simplification methods
· Option 1: Choose strongest paths that contribute to [X%] of total power
· Option 2: Choose N paths for TDL-A and TDL-C using the frequency correlation method
· Use option 1 and option 2 to generate up to 12 taps after 5 ns quantization for following FR1 models
· RMS delay spread TDL-A (30 ns)
· RMS delay spread TDL-B (100 ns)
· RMS delay spread TDL-C (300 ns)
· 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
· Make final model down-selection in RAN4 88bis



In this contribution we provide simplified TDL channel models based on simplification method 1.
2. Discussion
In NR testability SI, the delay grid quantization is agreed as T<=1/200MHz, this results in a delay grid quantization of <=5ns. The frequency correlation characteristics of the channel model are dependent on the delay quantization applies and hence we propose that the delay grid quantization be fixed to 5ns for defining channel models for UE demodulation and CSI in FR1 and FR2. 
Proposal #1: Set delay grid quantization to 5ns for FR1 and FR2 channel models
Based on inputs from TE vendors, the number of taps for the TDL channel models shall be no greater than 12. In RAN4#88, the agreement was to generate 12 taps after applying DS scaling and tap delay quantization of 5ns a re-normalize the tap delays to achieve the desired RMS delay spread.
Another method would be to select the 12 strongest paths from the original TDL channel models, re-normalize the tap delays and then apply desired delay spread scaling and delay quantization. Depending on the RMS delay spread scaling and quantization the final channel model might have 12 or fewer taps.  
Based on the analysis shown in [2] and choosing strongest paths contributing to X% of total power, we proposed choosing strongest paths contributing to 90% of total power for TDL-A, TDL-C and 85% of total power for TDL-B.
We compare the frequency correlation characteristics of the original channel model and the three simplification methods: 
Option 1: 12-taps after DS scaling and quantization (12 taps-5ns)
Option 2: 12 strongest paths prior to DS scaling
Option 3: Strongest paths contributing to X% of total power
The taps are quantized to 5ns delay grid. The RMS delay spread is based on the agreement in RAN4#88:
TDL-A; 30ns
TDL-B; 100ns
TDL-C; 300ns
For the original channel model the FCF without any quantization is also compared.
[image: ]
Figure 1: FCF for TDL-A
For TDL-A, using criteria of strongest paths contributing to 90% of total power gives the desirable frequency correlation. 
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Figure 2: FCF for TDL-B
For TDL-B we observe a few jumps in FCF above 0.6 for 12 taps case and propose to use criteria of strongest paths contributing to 85% of total power.
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Figure 3: FCF for TDL-C
For TDL-C channel model, the original and 12 taps after quantization model have quite significant number of jumps in FCF above 0.6 and propose to use the criteria of strongest paths contributing to 90% of total power.
Proposal #2: 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.
In FR1 the maximum channel BW for demodulation requirements is 40MHz. All the above simplified channel models have the desirable frequency correlation properties up to 40MHz and are suitable for defining requirements.
Based on the simplification method criteria of choosing strongest paths contributing to x% of total power, the agreed delay spread values for channel models and 5ns delay quantization, the channel models are captured below.
Table 1: Channel models for FR1
	TDL-A-30
	Tap #
	Path delay [ns]
	Power in [dB]

	1
	20
	0.0

	2
	25
	-6.0

	3
	30
	-5.2

	4
	35
	-7.6

	5
	95
	-8.6

	6
	125
	-12.8

	7
	150
	-13.3



	TDL-B-100
	Tap #
	Path delay [ns]
	Power in [dB]

	1
	0
	0.0

	2
	20
	-2.2

	3
	35
	-3.2

	4
	40
	-4.0

	5
	50
	-1.2

	6
	65
	0.5

	7
	90
	-5.2

	8
	190
	-4.8

	9
	220
	-5.7

	10
	270
	-7.5

	11
	310
	-1.9



	TDL-C-300
	Tap #
	Path delay [ns]
	Power in [dB]

	1
	0
	-4.4

	2
	185
	-1.2

	3
	195
	-3.5

	4
	205
	-5.2

	5
	190
	-2.5

	6
	560
	0.0

	7
	570
	-2.2

	8
	580
	-2.3

	9
	700
	-7.1

	10
	1085
	-5.1

	11
	1155
	-6.8







The TDL models above are specified for certain delay spread scaling. In order to make the models generic and adaptable to different DS scaling, the modified PDPs with normalized delays would be useful to be specified in TS 38.101-4. The simplified TDL models with normalized delays are specified in table below.
[bookmark: _GoBack]Table 2: Generic channel models for FR1
	TDL-A-Mod
	Tap #
	Normalized delay
	Power in [dB]

	1
	0.624161
	0

	2
	0.657829
	-2.2

	4
	0.753439
	-6

	5
	0.878467
	-8.2

	7
	0.939755
	-10.5

	3
	0.959041
	-4

	6
	1.096327
	-9.9

	8
	1.245053
	-7.5

	9
	3.101683
	-6.6

	10
	4.105341
	-10.8

	11
	4.99819
	-11.3



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

	1
	0.0000
	0

	2
	0.1845
	-2.2

	3
	0.3605
	-3.2

	4
	0.3709
	-4

	5
	0.5139
	-1.2

	6
	0.6362
	-3

	7
	0.6457
	-3.4

	8
	0.8700
	-5.2

	9
	1.8967
	-4.8

	10
	2.1953
	-5.7

	11
	2.6630
	-7.5

	12
	3.0706
	-1.9



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

	1
	0
	-4.4

	2
	0.61655
	-1.2

	3
	0.639168
	-2.5

	4
	0.651798
	-3.5

	5
	0.684109
	-5.2

	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






3. Conclusion
In this paper we have compared different TDL channel model simplification methods and propose the following:
Proposal #1: Set delay grid quantization to 5ns for FR1 and FR2 channel models
Proposal #2: 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 #3: Define the channel models for FR1 as
	TDL-A-30
	Tap #
	Path delay [ns]
	Power in [dB]

	1
	20
	0.0

	2
	25
	-6.0

	3
	30
	-5.2

	4
	35
	-7.6

	5
	95
	-8.6

	6
	125
	-12.8

	7
	150
	-13.3



	TDL-B-100
	Tap #
	Path delay [ns]
	Power in [dB]

	1
	0
	0.0

	2
	20
	-2.2

	3
	35
	-3.2

	4
	40
	-4.0

	5
	50
	-1.2

	6
	65
	0.5

	7
	90
	-5.2

	8
	190
	-4.8

	9
	220
	-5.7

	10
	270
	-7.5

	11
	310
	-1.9



	TDL-C-300
	Tap #
	Path delay (ns)
	Power in [dB]

	1
	0
	-4.4

	2
	185
	-1.2

	3
	195
	-3.5

	4
	205
	-5.2

	5
	190
	-2.5

	6
	560
	0.0

	7
	570
	-2.2

	8
	580
	-2.3

	9
	700
	-7.1

	10
	1085
	-5.1

	11
	1155
	-6.8






Proposal #4: Define the generic channel models with normalized DS scaling for FR1 as
	TDL-A-Mod
	Tap #
	Normalized delay
	Power in [dB]

	1
	0.624161
	0

	2
	0.657829
	-2.2

	4
	0.753439
	-6

	5
	0.878467
	-8.2

	7
	0.939755
	-10.5

	3
	0.959041
	-4

	6
	1.096327
	-9.9

	8
	1.245053
	-7.5

	9
	3.101683
	-6.6

	10
	4.105341
	-10.8

	11
	4.99819
	-11.3



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

	1
	0.0000
	0

	2
	0.1845
	-2.2

	3
	0.3605
	-3.2

	4
	0.3709
	-4

	5
	0.5139
	-1.2

	6
	0.6362
	-3

	7
	0.6457
	-3.4

	8
	0.8700
	-5.2

	9
	1.8967
	-4.8

	10
	2.1953
	-5.7

	11
	2.6630
	-7.5

	12
	3.0706
	-1.9



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

	1
	0
	-4.4

	2
	0.61655
	-1.2

	3
	0.639168
	-2.5

	4
	0.651798
	-3.5

	5
	0.684109
	-5.2

	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
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