Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting #87	R4-1806768
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Busan, Korea (Republic of), 21 – 25 May 2018

Agenda Item:	7.12.1.6
Source:	Ericsson
Title:	Propagation channel model for demodulation requirements
Document for:	Discussion
1	Introduction
RAN4#86bis discussed the NR UE demodulation and CSI reporting requirements, and we reached high level agreement as follows [1]. In this contribution, we discuss further the channel model especially used for UE demodulation in FR1. 
	· FR1
· Simplified TDL channel in TR 38.901
· FFS for which power delay profile is used. 
· FFS for delay spared
· FFS how to simplify the models
· FFS for LTE propagation channels, e.g., EPA/EVA (<= 30MHz UE CBW)
· FR2
· FFS



2	Simplified TDL propagation channel models
2.1	Simplification procedure
As RAN4#86bis 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. In [3], it was discussed a method of simplification of channel model. In this contribution we studied the simplified TDL-A and TDL-C based on the method in [3]. 
The simplified method consists of: 
	Step 1: Apply the desired delay spread to get the actual tap delays.
Step 2: Decide the path grid based on resolution, and round the path delay position close to the grid. 
Step 3: 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 4: Remove the path if the path power is less than threshold. 
Step 5: Scale the path powers to keep the maximum values (in linear) to 1.0.



2.2	Simplified TDL-A
Figure 1 and Figure 2 show the example of simplified TDL-A channel model according to the method in 2.1 for desired delay spread of 30ns (short delay spread) and 300ns (long delay spread), respectively. The reason we set 30ns and 300ns is close to the EPA (DS=43ns) and EVA (357ns). The figures show the path delay profile in time domain (upper figure) and frequency correlation (lower figure). 
According to TS36.101-1, the maximum channel bandwidth for FR1 is 100MHz. Then we set the resolution to 5ns (1/(2*100MHz)). The correlation figures show the correlation peak (1.0) appears every 200MHz because of the resolution of 5ns. 
For each figure, we set the trimming thresholds to -13dB and -20dB.
Table 1 and Table 2 show the path positions and their relative powers for simplified TDL-A channel models. These tables also show the effective RMS delay spread. It is clearly observed that trimming threshold of -20dB results the effective delay spread values are close to the desired DS values, although more delay taps are needed. With the threshold of -13dB, the number of delay taps almost halves, but the effective delay spread values are much smaller than desired DS values. Considering the number of taps and effective delay spread, we could set the threshold between -20 to -13dB. 

[image: ][image: ]
[bookmark: _Ref513644355]Figure 1	Example of simplified TDL-A (Desired DS=30ns); Path power trimming threshold = -13dB (left) and -20dB (right).
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[bookmark: _Ref513644358]Figure 2	Example of simplified TDL-A (Desired DS=300ns); Path power trimming threshold = -13dB (left) and -20dB (right).

[bookmark: _Ref513645181]Table 1	Tap delay and relative power for the simplified TDL-A with Desired DS=30ns
	Trimming threshold = -13dB
	Trimming threshold = -20dB

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

	10
	0
	0
	-15.4

	15
	-5.1
	10
	0

	20
	-5.1
	15
	-5.1

	25
	-9.5
	20
	-5.1

	55
	-8.6
	25
	-9.5

	75
	-11.5
	45
	-17.9

	
	
	55
	-8.6

	
	
	65
	-13.1

	
	
	75
	-11.5

	
	
	90
	-13.3

	
	
	120
	-14.7

	
	
	135
	-16.2

	
	
	150
	-18.6

	
	DS = 15.9ns
	
	DS = 27.9ns




[bookmark: _Ref513645183]Table 2	Tap delay and relative power for the simplified TDL-A with Desired DS=300ns
	Trimming threshold = -13dB
	Trimming threshold = -20dB

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

	115
	0
	0
	-13.4

	120
	-2.2
	115
	0

	140
	-6
	120
	-2.2

	160
	-8.2
	140
	-6

	175
	-3.1
	160
	-8.2

	200
	-9.9
	175
	-3.1

	230
	-7.5
	200
	-9.9

	570
	-6.6
	230
	-7.5

	650
	-12.4
	460
	-15.9

	755
	-10.8
	570
	-6.6

	915
	-11.3
	650
	-12.4

	1225
	-12.7
	665
	-16.7

	
	
	750
	-15.2

	
	
	755
	-10.8

	
	
	915
	-11.3

	
	
	1225
	-12.7

	
	
	1335
	-16.2

	
	
	1370
	-18.3

	
	
	1440
	-18.9

	
	
	1500
	-16.6

	
	
	1590
	-19.9

	
	DS = 229.1ns
	
	DS = 296.2ns



2.3	Simplified TDL-C
Figure 3 and Figure 4 are the simplified TDL-C channel models with desired DS of 30ns and 300ns. As same as TDL-A, we set the trimming threshold to -13dB and -20dB for comparison. Table 3 and Table 4 give the delay tap positions and their relative powers. Like TDL-A, it is observed the trimming threshold of -20dB results the effective delay spread is close to the desired delay spready although it needs many taps.  
[image: ][image: ] 
[bookmark: _Ref513645631]Figure 3	Example of simplified TDL-C (Desired DS=30ns); Path power trimming threshold = -13dB (left) and -20dB (right).
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[bookmark: _Ref513645632]Figure 4	Example of simplified TDL-C (Desired DS=300ns); Path power trimming threshold = -13dB (left) and -20dB (right).


[bookmark: _Ref513645731]Table 3	Tap delay and relative power for the simplified TDL-C with Desired DS=30ns
	Trimming threshold = -13dB
	Trimming threshold = -20dB

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

	0
	-7.8
	0
	-7.8

	5
	-0.2
	5
	-0.2

	20
	0
	20
	0

	25
	-8.9
	25
	-8.9

	35
	-8.5
	30
	-14.5

	40
	-10.2
	35
	-8.5

	65
	-12.1
	40
	-10.2

	
	
	65
	-12.1

	
	
	80
	-16.6

	
	
	130
	-17.3

	
	
	140
	-17.3

	
	
	165
	-19.2

	
	
	190
	-19.4

	
	
	200
	-19.1

	
	DS = 13.1ns
	
	DS = 27.5ns




[bookmark: _Ref513645733]Table 4	Tap delay and relative power for the simplified TDL-C with Desired DS=300ns
	Trimming threshold = -13dB
	Trimming threshold = -20dB

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

	0
	-6.9
	0
	-6.9

	65
	0
	65
	0

	70
	-7.7
	70
	-7.7

	190
	-2.5
	190
	-2.5

	195
	-2.4
	195
	-2.4

	200
	-9.9
	200
	-9.9

	240
	-9.6
	240
	-9.6

	370
	-7.6
	245
	-13.2

	390
	-9.3
	280
	-13.6

	650
	-11.2
	370
	-7.6

	
	
	390
	-9.3

	
	
	650
	-11.2

	
	
	815
	-15.7

	
	
	1280
	-16.4

	
	
	1380
	-16.4

	
	
	1645
	-18.3

	
	
	1680
	-19.6

	
	
	1890
	-18.5

	
	
	1990
	-18.2

	
	DS = 126.9ns
	
	DS = 283.7ns




2.4	Discussion
RAN4 needs to specify the exact tap delay position and their relative powers in TS38.101-4. For this purpose, RAN4 need to agree with the following parameters: 
· Simplification method
· Desired delay spread
· Tap delay resolution
· How to remove the weak paths not contributing the path profile
If RAN4 agree to use the method to define the simplified TDL models we used, our preference is to set tap delay resolution up to 5ns to be used for channel bandwidth up to 100MHz for FR1. For desired delay spread, if RAN4 want to apply the similar delay spread as EPA/EVA, set 30ns for shorter delay spread such as EPA and 300ns for longer delay spread such as EVA. 
[bookmark: _Ref352176984]4	Conclusion
Proposal 1: RAN4 defines the propagation channel model for FR1 by simplifying the path delay profile specified in TR 38.901, TDL-A, TDL-B, and TDL-C. 
Proposal 2: For simplification, RAN4 set the tap delay resolution up to 5ns. 
[bookmark: _GoBack]Proposal 3: For TDL propagation channel model, RAN4 sets the realistic delay spread factors according to the measurement results in the field. For FR1, we should set 30ns to 300ns, considering macro cell, micro cell or indoor.
Proposal 4: For TDL propagation channel model, RAN4 considers trimming the weak channel paths.
Proposal 5: For FR2, RAN4 consider using TDL channel models with small delay spread but need wait for the outcome of testability SI. 
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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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