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Introduction
A procedure to generate the simplified path delay profiles from TR38.901 was agreed to [1] and later used to generate the path delay profiles for UE/BS demodulation requirements. However, when several companies attempted to reproduce the path delay profiles, it was noted that the procedure had some ambiguities. This contribution clarifies the procedure.
Discussion
High level description
The high level procedure to generate involves reducing the number of taps by a process of merging weaker power taps. Situations involving the end points are not clarified and whether merged taps are used for further merging. The following figures show the merging examples.
· Figure 1 illustrates the proposed procedure for merging the first tap and second tap.
· Figure 2 illustrates the proposed procedure for merging the last tap and second-to-last tap.
· Figure 3 illustrates the proposed procedure for merging the tap n and two adjacent taps when the time delay between each adjacent tap and tap n is not the same as the delay between the other adjacent tap and tap n.
· Figure 4 illustrates the proposed procedure for merging the tap n and two adjacent taps when the time delay between each adjacent tap and tap n is the same as the delay between the other adjacent tap and tap n.
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[bookmark: _Ref535243394]Figure 1. Merging with first tap: green + orange  red located on first tap, orange tap location dropped. Used when first tap is weakest or when second tap is to merge with first tap
last
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[bookmark: _Ref535243482]Figure 2. Merging with last tap: green + orange  red located on last tap, orange tap location dropped. Used when last tap is weakest or when second-to-last tap is to merge with last tap




[bookmark: _Ref535243520]Figure 3. Merging when delays  are equal between the weakest tap and nearest neighbors. The selected tap is neighbor weaker in power. When the selected tap is not an end point: green + blue  red for a new tap located between green and blue taps. Orange and blue tap locations dropped.
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[bookmark: _Ref535243636]Figure 4. Merging when delays  are not equal between the weakest tap and nearest neighbors. The selected tap is neighbor closer in delay. When the selected tap is not an end point: green + blue  red for a new tap located between green and blue taps. Orange and blue tap locations dropped.
Updated algorithm description
There are several updates to the procedure. The text proposal is presented in [2].
First of all, the search for the weakest tap spans all taps. When there are more than one tap with the weakest value, select the tap with the smaller (-est) delay. Procedures when the first or last tap is used for merging are captured. 
Step 1: Use the original TDL model from TR38.901.
Step 2: Re-order the taps in ascending delays
Step 3: Perform delay scaling according to the procedure described in section 7.7.3 in TR38.901.
Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution. 
Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows
· Find the weakest tap from all taps (both merged and unmerged taps are considered).	Comment by Huawei: Used to state that all taps are considered and how to deal with equal values in the taps
· If there are two or more taps have the same value and are the weakest, select the tap that has the smallest delay as the weakest tap.
· When the weakest tap is the first delay tap, merge taps as follows.	Comment by Huawei: Merging with the first tap
· Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay tap.
· Remove the second delay tap.
· When the weakest tap is the last delay tap, merge taps as follows	Comment by Huawei: Merging with the last tap
· Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.
· Remove the second-to-last tap.
· Otherwise
· For each side of the weakest tap, identify the neighbour tap that is with the smallest delay difference to the weakest tap.
· When the delay difference between the weakest tap and the identified neighbour tap on one side equals the delay difference between the weakest tap and the identified neighbour tap on the other side.	Comment by Huawei: To handle ties in delay
· Select the neighbour tap that is weaker in power for merging.
· Otherwise, select the neighbour tap that has smaller delay difference for merging.
· To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected tap. 
· When the selected tap is the first tap, the location of the merged tap is the location of the first tap. The weakest tap is removed.
· When the selected tap is the last tap, the location of the merged tap is the location of the last tap. The weakest tap is removed.
· Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay. Otherwise, the location of the merged tap is rounded towards the direction of the selected tap (e.g. 10 ns & 25 ns  20 ns is used, if 25 ns had higher or equal power; 15 ns is used, if 10 ns had higher power). The weakest tap and the selected tap are removed.
· Repeat step 6 until the final number of taps is 12.
Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB  -8.8 dB) 
Step 8: If the delay spread has slightly changed due to the tap merge, adjust the final delay spread by increasing or decreasing the power of the last tap so that the delay spread is corrected.
Step 9: Re-normalize tap powers such that the strongest tap is at 0dB

Comparison
The procedure listed below is applied to the agreed channel models: TDLA30 (DS = 30 ns), TDLB100 (DS = 100ns), TDLC60 (DS = 60ns), and TDLC300 (DS = 300 ns). The following subsections compare the results.
TDLA30
TDLA-30 is used for both FR1 and FR2.
Table 1. TDL-A 30
	
	Agreed Values
	Revised Algorithm

	Tap Number
	Tap Delay, ns
	Tap Value, dB
	Tap Delay, ns
	Tap Value, dB

	1
	0
	-15.5
	0
	-15.4

	2
	10
	0
	10
	0

	3
	15
	-5.1
	15
	-5.1

	4
	20
	-5.1
	20
	-5.1

	5
	25
	-9.6
	25
	-9.5

	6
	50
	-8.2
	50
	-8.2

	7
	65
	-13.1
	65
	-13.1

	8
	75
	-11.5
	75
	-11.5

	9
	105
	-11.0
	90
	-13.3

	10
	135
	-16.2
	120
	-14.7

	11
	150
	-16.6
	140
	-14.9

	12
	290
	-26.2
	290
	-22.7



Note the last tap was -16.8 dB prior to reducing it by 5.9 dB.
Observation 1: The differences between the agreed values and values generated by the revised algorithm for TDLA-300 are the last 4 taps.
TDLB100
TDLB-100 is used for FR1.
Table 2. TDL-B 100
	
	Agreed Values
	Revised Algorithm

	Tap Number
	Tap Delay, ns
	Tap Value, dB
	Tap Delay, ns
	Tap Value, dB

	1
	0
	0
	0
	0

	2
	10
	-2.2
	10
	-2.2

	3
	20
	-0.6
	20
	-0.6

	4
	30
	-0.6
	30
	-0.6

	5
	35
	-0.3
	35
	-1.7

	6
	45
	-1.2
	40
	-3.4

	7
	55
	-5.9
	50
	-2.5

	8
	120
	-2.2
	110
	-4.8

	9
	170
	-0.8
	140
	-3.5

	10
	245
	-6.3
	180
	-1.9

	11
	330
	-7.5
	245
	-4.7

	12
	480
	-7.1
	480
	-6.5



Note the last tap was -5.2 dB prior to reducing it by 1.3 dB.
Observation 2: The differences between the agreed values and values generated by the revised algorithm for TDLB-100 are the last 8 taps.
TDLC300
TDLC-300 is used for FR1.
Table 3. TDL-C 300
	
	Agreed Values
	Revised Algorithm

	Tap Number
	Tap Delay, ns
	Tap Value, dB
	Tap Delay, ns
	Tap Value, dB

	1
	0
	-6.9
	0
	-6.9

	2
	65
	0
	65
	0

	3
	70
	-7.7
	70
	-7.7

	4
	190
	-2.5
	190
	-2.5

	5
	195
	-2.4
	195
	-2.4

	6
	200
	-9.9
	200
	-9.9

	7
	240
	-8.0
	240
	-9.6

	8
	325
	-6.6
	260
	-10.4

	9
	520
	-7.1
	370
	-7.6

	10
	1045
	-13.0
	390
	-9.5

	11
	1510
	-14.2
	1030
	-8.3

	12
	2595
	-16.0
	2595
	-15.7



Note the last tap was -12.1 dB prior to reducing it by 3.6 dB.
Observation 3: The differences between the agreed values and values generated by the revised algorithm for TDLC-300 are the last 5 taps.
TDLC60
TDLC-60 is used for FR2.
Table 4. TDL-C 60
	
	Agreed Values
	Revised Algorithm

	Tap Number
	Tap Delay, ns
	Tap Value, dB
	Tap Delay, ns
	Tap Value, dB

	1
	0
	-7.8
	0
	-7.8

	2
	15
	-0.3
	15
	-0.2

	3
	40
	0
	40
	0

	4
	50
	-8.9
	50
	-8.9

	5
	55
	-14.5
	55
	-14.5

	6
	75
	-8.5
	75
	-8.5

	7
	80
	-10.2
	80
	-10.2

	8
	130
	-12.1
	130
	-12.1

	9
	210
	-13.9
	165
	-16.6

	10
	300
	-15.2
	255
	-17.3

	11
	360
	-16.9
	275
	-17.3

	12
	520
	-19.4
	520
	-8.5



Note the last tap was -13 dB prior to increasing it by 4.5 dB.
Observation 4: The differences between the agreed values and values generated by the revised algorithm for TDLC-60 are the last 4 taps.
Discussion
For simulation results, it agreed to use the full taps. However, some companies may have provided simulation results using the captured values for the taps. As a result, the decision to replace the existing tables with the revised values is difficult. One approach is to not to change the values but note the procedure should be used for future values. Another approach is to update the tables.
Proposal 1: Decide whether to update the tables with the new values or to retain the current values. A note may be needed to indicate the new procedure was not used to generate the current values. 
The algorithm is reproduced in the annex of several standards (38.104, 38.141-1, 38.141-2, and 38.101-4). Since the algorithm is a procedure for the generation of tap values and delays, a possible place to locate the algorithm is a technical report.
Proposal 2: Consider placing the algorithm from the technical specification to a technical report.
When more channels are generated, the revised algorithm should be used. However, a note should be captured stating that the agreed values were not generated by this specific algorithm.
Proposal 3: All future tap generation values should use the revised procedure.

Conclusions
A revision of the tap generation algorithm is proposed in this contribution to ensure reproducibility of the results. Some observations of the generated tap values in comparison to the agreed values are
Observation 1: The differences between the agreed values and values generated by the revised algorithm for TDLA-300 are the last 4 taps.
Observation 2: The differences between the agreed values and values generated by the revised algorithm for TDLB-100 are the last 8 taps.
Observation 3: The differences between the agreed values and values generated by the revised algorithm for TDLC-300 are the last 5 taps.
Observation 4: The differences between the agreed values and values generated by the revised algorithm for TDLC-60 are the last 4 taps.
Some proposals are
Proposal 1: Decide whether to update the tables with the new values or to retain the current values. A note may be needed to indicate the new procedure was not used to generate the current values. 
Proposal 2: Consider placing the algorithm from the technical specification to a technical report.
Proposal 3: All future tap generation values should use the revised procedure.
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Appendix
Using TDLC300 as an example, the following tables illustrate the generation of the taps. Green is the minimum tap value while blue is the selected tap. Yellow in Table 5 is used to indicate which taps should be merged after quantization.
[bookmark: _Ref963412]Table 5. Steps 1, 3, 4, 5 
	
	TDLC (original)
	Scaling
	Quantization 
	Merging

	
	Delay
	Power, dB
	Delay, ns
	Power, linear
	Delay, ns
	Power, linear
	Delay, ns
	Power, linear

	1
	0.
	-4.4
	0
	0.36308
	0
	0.36308
	0
	0.36308

	2
	0.2099
	-1.2
	62.97
	0.75858
	65
	0.75858
	65
	1.7676

	3
	0.2219
	-3.5
	65.28
	0.56234
	65
	0.56234
	
	

	4
	0.2329
	-5.2
	66.57
	0.44668
	65
	0.44668
	
	

	5
	0.2176
	-2.5
	69.87
	0.302
	70
	0.302
	70
	0.302

	6
	0.6366
	0
	190.98
	1
	190
	1
	190
	1

	7
	0.6448
	-2.2
	193.44
	0.60256
	195
	0.60256
	195
	1.0099

	8
	0.656
	-3.9
	196.8
	0.40738
	195
	0.40738
	
	

	9
	0.6584
	-7.4
	197.52
	0.18197
	200
	0.18197
	200
	0.18197

	10
	0.7935
	-7.1
	238.05
	0.19498
	240
	0.19498
	240
	0.19498

	11
	0.8213
	-10.7
	246.39
	0.085114
	245
	0.085114
	245
	0.085114

	12
	0.9336
	-11.1
	280.08
	0.077625
	280
	0.077625
	280
	0.077625

	13
	1.2285
	-5.1
	368.55
	0.30903
	370
	0.30903
	370
	0.30903

	14
	1.3083
	-6.8
	392.49
	0.20893
	390
	0.20893
	390
	0.20893

	15
	2.1704
	-8.7
	651.12
	0.1349
	650
	0.1349
	650
	0.1349

	16
	2.7105
	-13.2
	813.15
	0.047863
	815
	0.047863
	815
	0.047863

	17
	4.2589
	-13.9
	1277.7
	0.040738
	1280
	0.040738
	1280
	0.040738

	18
	4.6003
	-13.9
	1380.1
	0.040738
	1380
	0.040738
	1380
	0.040738

	19
	5.4902
	-15.8
	1647.1
	0.026303
	1645
	0.026303
	1645
	0.026303

	20
	5.6077
	-17.1
	1682.3
	0.019498
	1680
	0.019498
	1680
	0.019498

	21
	6.3065
	-16
	1891.9
	0.025119
	1890
	0.025119
	1890
	0.025119

	22
	6.6374
	-15.7
	1991.2
	0.026915
	1990
	0.026915
	1990
	0.026915

	23
	7.0427
	-21.6
	2112.8
	0.0069183
	2115
	0.0069183
	2115
	0.0069183

	24
	8.6523
	-22.8
	2595.7
	0.0052481
	2595
	0.0052481
	2595
	0.0052481



Table 6. Steps 6
	
	Iteration 1
	Iteration 2
	Iteration 3
	Iteration 4

	
	Delay
	Power, linear
	Delay, ns
	Power, linear
	Delay, ns
	Power, linear
	Delay, ns
	Power, linear

	1
	0
	0.36308
	0
	0.36308
	0
	0.36308
	0
	0.36308

	2
	65
	1.7676
	65
	1.7676
	65
	1.7676
	65
	1.7676

	3
	70
	0.302
	70
	0.302
	70
	0.302
	70
	0.302

	4
	190
	1
	190
	1
	190
	1
	190
	1

	5
	195
	1.0099
	195
	1.0099
	195
	1.0099
	195
	1.0099

	6
	200
	0.18197
	200
	0.18197
	200
	0.18197
	200
	0.18197

	7
	240
	0.19498
	240
	0.19498
	240
	0.19498
	240
	0.19498

	8
	245
	0.085114
	245
	0.085114
	245
	0.085114
	245
	0.085114

	9
	280
	0.077625
	280
	0.077625
	280
	0.077625
	280
	0.077625

	10
	370
	0.30903
	370
	0.30903
	370
	0.30903
	370
	0.30903

	11
	390
	0.20893
	390
	0.20893
	390
	0.20893
	390
	0.20893

	12
	650
	0.1349
	650
	0.1349
	650
	0.1349
	650
	0.1349

	13
	815
	0.047863
	815
	0.047863
	815
	0.047863
	815
	0.047863

	14
	1280
	0.040738
	1280
	0.040738
	1280
	0.040738
	1280
	0.040738

	15
	1380
	0.040738
	1380
	0.040738
	1380
	0.040738
	1380
	0.040738

	16
	1645
	0.026303
	1645
	0.026303
	1660
	0.045801
	
	

	17
	1680
	0.019498
	1680
	0.019498
	
	
	1775
	0.07092

	18
	1890
	0.025119
	1890
	0.025119
	1890
	0.025119
	
	

	19
	1990
	0.026915
	
	
	
	
	
	

	20
	2595
	0.012166
	2595
	0.039082
	2595
	0.039082
	2595
	0.039082



Table 7. Steps 6
	
	Iteration 5
	Iteration 6
	Iteration 7
	Iteration 8

	
	Delay
	Power, linear
	Delay, ns
	Power, linear
	Delay, ns
	Power, linear
	Delay, ns
	Power, linear

	1
	0
	0.36308
	0
	0.36308
	0
	0.36308
	0
	0.36308

	2
	65
	1.7676
	65
	1.7676
	65
	1.7676
	65
	1.7676

	3
	70
	0.302
	70
	0.302
	70
	0.302
	70
	0.302

	4
	190
	1
	190
	1
	190
	1
	190
	1

	5
	195
	1.0099
	195
	1.0099
	195
	1.0099
	195
	1.0099

	6
	200
	0.18197
	200
	0.18197
	200
	0.18197
	200
	0.18197

	7
	240
	0.19498
	240
	0.19498
	240
	0.19498
	240
	0.19498

	8
	245
	0.085114
	245
	0.085114
	245
	0.085114
	260
	0.16274

	9
	280
	0.077625
	280
	0.077625
	280
	0.077625
	
	

	10
	370
	0.30903
	370
	0.30903
	370
	0.30903
	370
	0.30903

	11
	390
	0.20893
	390
	0.20893
	390
	0.20893
	390
	0.20893

	12
	650
	0.1349
	650
	0.1349
	
	
	
	

	13
	815
	0.047863
	815
	0.047863
	730
	0.18276
	730
	0.18276

	14
	1280
	0.040738
	1330
	0.081476
	1330
	0.081476
	1330
	0.081476

	15
	1380
	0.040738
	
	
	
	
	
	

	16
	2595
	0.11
	2595
	0.11
	2595
	0.11
	2595
	0.11



Table 8. Final Steps
	
	After iteration
	Log domain
	Power normalization
	Delay spread correction

	
	Delay
	Power, linear
	Delay, ns
	Power, dB
	Delay, ns
	Power, dB
	Delay, ns
	Power, dB

	1
	0
	0.36308
	0
	-4.4
	0
	-6.9
	0
	-6.9

	2
	65
	1.7676
	65
	2.5
	65
	0.0
	65
	0.0

	3
	70
	0.302
	70
	-5.2
	70
	-7.7
	70
	-7.7

	4
	190
	1
	190
	0.0
	190
	-2.5
	190
	-2.5

	5
	195
	1.0099
	195
	0.0
	195
	-2.4
	195
	-2.4

	6
	200
	0.18197
	200
	-7.4
	200
	-9.9
	200
	-9.9

	7
	240
	0.19498
	240
	-7.1
	240
	-9.6
	240
	-9.6

	8
	260
	0.16274
	260
	-7.9
	260
	-10.4
	260
	-10.4

	9
	370
	0.30903
	370
	-5.1
	370
	-7.6
	370
	-7.6

	10
	390
	0.20893
	390
	-6.8
	390
	-9.3
	390
	-9.3

	11
	1030
	0.26424
	1030
	-5.8
	1030
	-8.3
	1030
	-8.3

	12
	2595
	0.11
	2595
	-9.6
	2595
	-12.1
	2595
	-15.7



The last value is determined iteratively such that T=300 ns



	Adjust A12 smaller if 


Where Ak represents the linear power, k is the tap delay 
Through iteration, the rms delay spread is 299.8 ns.

