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1. Introduction
In RAN4#89 there was a discussion on updating and clarifying the methodology for channel model simplification in TS 38.101-4 Annex B.2.1. In this contribution we provide our views on the updated methodology and impact to the channel model PDPs already captured in 38.101-4.

2. Discussion
2.1 Channel Models with new methodology
In RAN4#88bis the methodology for channel model simplification was agreed [1] and the channel models generated based on the methodology were generated and captured in TS.38.101-4 Annex B.2.1. 
During RAN4#89 a proposal to update the channel model simplification methodology was proposed over email to clarify the existing methodology. The new proposed methodology is captured in Appendix.
We examined the newly proposed procedure and re-generated the PDPs for FR1 channel models. The newly generated PDPs for TDLA10, TDLB100 and TDLC300 are captured below alongside the PDPs in TS 38.101-4.

Table 1: TDLA10 PDPs
	TDLA10-New
	Tap #
	Delay [ns]
	Power [dB]

	1
	0
	-15.4

	2
	10
	0.0

	3
	15
	-5.1

	4
	20
	-5.1

	5
	25
	-9.5

	6
	50
	-8.2

	7
	65
	-13.1

	 8
	75
	-11.5

	9
	90
	-13.3

	10
	120
	-14.7

	11
	215
	-17.2

	12
	290
	-27.6



	TDLA10
	Tap #
	Delay [ns]
	Power [dB]

	1
	0
	-15.5

	2
	10
	0

	3
	15
	-5.1

	4
	20
	-5.1

	5
	25
	-9.6

	6
	50
	-8.2

	7
	65
	-13.1

	 8
	75
	-11.5

	9
	105
	-11.0

	10
	135
	-16.2

	11
	150
	-16.6

	12
	290
	-26.2





TDLB100
Table 2: TDLB100 PDPs
	TDLB100-New
	Tap #
	Delay [ns]
	Power [dB]

	1
	0
	0.0

	2
	10
	-2.2

	3
	20
	-0.6

	4
	30
	-0.6

	5
	35
	-1.7

	6
	40
	-3.4

	7
	50
	-5.2

	 8
	55
	-5.9

	9
	110
	-4.8

	10
	140
	-3.5

	11
	190
	-0.9

	12
	480
	-6.0



	TDLB100
	Tap #
	Delay [ns]
	Power [dB]

	1
	0
	0

	2
	10
	-2.2

	3
	20
	-0.6

	4
	30
	-0.6

	5
	35
	-0.3

	6
	45
	-1.2

	7
	55
	-5.9

	 8
	120
	-2.2

	9
	170
	-0.8

	10
	245
	-6.3

	11
	330
	-7.5

	12
	480
	-7.1






TDLC300
Table 3: TDLC300 PDPs
	TDLC300-New
	Tap #
	Delay [ns]
	Power [dB]

	1
	0
	-6.9

	2
	65
	0.0

	3
	70
	-7.7

	4
	190
	-2.5

	5
	195
	-2.4

	6
	200
	-9.9

	7
	240
	-9.6

	 8
	260
	-10.4

	9
	370
	-7.6

	10
	390
	-9.3

	11
	1030
	-8.3

	12
	2595
	-15.7



	TDLC300
	Tap #
	Delay [ns]
	Power [dB]

	1
	0
	-6.9

	2
	65
	0

	3
	70
	-7.7

	4
	190
	-2.5

	5
	195
	-2.4

	6
	200
	-9.9

	7
	240
	-8.0

	 8
	325
	-6.6

	9
	520
	-7.1

	10
	1045
	-13.0

	11
	1510
	-14.2

	12
	2595
	-16.0






It can be seen that the PDPs generated based on the new methodology is different from PDPs already captured in TS 38.101-4. 
Observation #1: The PDPs for FR1 channel models generated based on new methodology are different from those captured in 38.101-4
The channel models captured in 38.101-4 have been agreed and used for simulation alignment across companies and to derive performance requirements. Moreover, there might be no necessity to re-generate simplified channel models that have already been agreed upon. 
Observation #2: The simplified channel models in 38.101-4 are already used for simulation alignment
Observation #3: There might be no necessity to re-generate simplified models for those already defined in 38.101-4. 
Updating the channel models at this stage would require significant effort and another simulation campaign for alignment of results. This might have an impact on timelines to define Rel-15 NR UE Performance requirements. Hence, we don’t recommend updating the channel models that are already defined.
We also studied the impact on performance with new PDP on a select few test cases for PDSCH and PDCCH.
 
	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type A, QPSK, Rank 1, TDL-B 100 ns, 400 Hz

	2 Rx (5.2.2.1.1, 1-1)
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	4 Rx (5.2.3.1.1, 1-1)
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	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type A, 256QAM, Rank 1, TDL-A 30 ns, 10 Hz

	2 Rx (5.2.2.1.1, 1-3)
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	4 Rx (5.2.3.1.1, 1-3)
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	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type A, 64QAM, Rank 2, TDL-A 30 ns, 10 Hz

	2 Rx (5.2.2.1.1, 2-1 (a))
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	4 Rx (5.2.3.1.1, 2-1 (a))
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	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type A, 16QAM, Rank 3, TDL-A 30 ns, 10 Hz
	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type A, 16QAM, Rank 4, TDL-A 30 ns, 10 Hz

	4 Rx (5.2.3.1.1, 3-1)
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	4 Rx (5.2.3.1.1, 4-1)
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	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type A, 16QAM, Rank 2, TDL-C 300 ns, 100 Hz

	2Rx (5.2.2.1.2, 1-1)
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	4Rx (5.2.3.1.2, 1-1)
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	FDD, CBW 10 MHz, SCS 15 kHz, PDSCH mapping Type B, QPSK, Rank 1, TDL-A 30 ns, 10 Hz

	2Rx (5.2.2.1.3, 1-1)
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	4Rx (5.2.3.1.3, 1-1)
[image: ]

	


Figure 1. Channel PDP impact on PDSCH test cases for FR1 FDD
Form the performance plots above we see that there is minimal impact to PDSCH performance with the new channel PDP.
Observation #4: Minimal impact to PDSCH performance with new channel model PDP
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Figure 2: Channel PDP impact on PDCCH test cases for FR1
From the PDCCH performance curves above, some test cases do show some performance impact with channel PDP update
Observation #5: There is some non-negligible impact to PDCCH performance with new channel model PDP in some cases 
Given the performance impact of new PDP on PDSCH and PDCCH test cases, we recommend not updating the channel models in 38.101-4.
Proposal #1: Do not re-define the channel models for those already defined in 38.101-4. 
With regards to the methodology for generating any channel models in the future, we believe that the procedure used to simplify and define models in [2] are a bit ambiguous. We recommend capturing the new methodology in [2] as a guideline for generating more channel models if necessary in the future. We also recommend to clarify that the channel models TDLA10, TDLB100, TDLC300 and TDLC60 defined in [2] use a different methodology for simplification. 
Proposal #2: Capture new methodology for simplification of additional channel models in the future
Proposal #3: Clarify simplification procedure for channel models TDLA10, TDLB100, TDLC300 and TDLC60 in 38.101-4
2.2 Simplification methodology
The new proposed methodology captured in Appendix A is well suited to be added to 38.101-4 for generating new channel models in the future. Step 6 in the procedure needs to be updated to capture the case when there are more than 1 weakest paths. 
[bookmark: _GoBack]Proposal #4: Update Step 6 in new methodology for case when more than 1 weakest path is present

3. Conclusion
In this paper we present our views on the channel model simplification methodology and updating the channel models for NR UE demodulation and CSI requirements. Our observations and proposals are as follows:

Observation #1: The PDPs for FR1 channel models generated based on new methodology are different from those captured in 38.101-4

Observation #2: The simplified channel models in 38.101-4 are already used for simulation alignment
Observation #3: There might be no necessity to re-generate simplified models for those already defined in 38.101-4. 
Observation #4: Minimal impact to PDSCH performance with new channel model PDP
Observation #5: There is some non-negligible impact to PDCCH performance with new channel model PDP in some cases 
Proposal #1: Do not re-define the channel models for those already defined in 38.101-4. 
Proposal #2: Capture new methodology for simplification of additional channel models in the future
Proposal #3: Clarify simplification procedure for channel models TDLA10, TDLB100, TDLC300 and TDLC60 in 38.101-4
Proposal #4: Update Step 6 in new methodology for case when more than 1 weakest path is present
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Appendix
New methodology for channel model simplification
	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).
· When the weakest tap is the first delay tap, merge taps as follows.
· 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
· 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.
· 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
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