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Introduction
In the RAN4#97e meeting, on the propagation condition for the FR2 256QAM PDSCH normal demodulation requirement, following agreement was made in [1]:
· Propagation condition
· Introduce test case with TDLD30-75 based on the assumption that we can complete the work for introducing TDL-D channel model into specification in RAN4#98e. If no conclusion for introducing TDL-D channel model in RAN4#98e, then RAN4 will adopt TDLA30-300 instead of TDLD30-75.
During the meeting, some companies provided their initial proposals on the simplified TDLD30 channel model and some open issues were spotted.
Then an offline e-mail discussion on RAN4 draft reflector was held after RAN4#97e, for companies to discuss the simplification procedure on TDLD30 channel model into TS 38.101-4.
This paper summarized companies’ discussion and the proposed agreements reached during this offline e-mail discussion.
E-mail discussion on open issues 
Issue 1: For the two components with 0 ns delay in TDLD (one with LOS path, the other with Rayleigh distribution), are they considered as two taps or one tap from the TE implementation perspective?
[Rohde & Schwarz]: No issue from TE point of view.
[Anritsu]: They can be considered as one tap from our TE implementation perspective as they have the same delay.
· Proposed agreement
· One tap (Anritsu)

Issue 2: Delay resolution 
· Option A: Use the same delay resolution as that for NLOS, i.e., 5 ns.
· Option B: Use a smaller delay resolution which results in 12 taps in total (e.g., 2ns resolution if the answer for issue 1 is one tap)
[Intel]: It depends on input from TE vendors for Issue 1. If it is acceptable to have 12 Rayleigh taps and 1 LOS tap then we can use smaller delay resolution (i.e. 2ns) for LOS channels.
[Rohde & Schwarz]: Option A is the preferred solution from TE point of view. We already shared our view back in 2018 in R4-1804845 and R4-1807660, where we discussed the delay tolerance and based on this the 5 ns resolution was agreed. This agreement should be upheld, keeping in mind that we only have 200 MHz RMCs defined in the spec and for these cases 5 ns delay resolution is sufficient.
[Anritsu]: We prefer Option A, 5ns delay resolution.
[Keysight]: We agree with the 5ns delay resolution proposed earlier.
· Proposed agreement
· Option A, i.e., 5ns (R&S, Anritsu, QC, Keysight)


Issue 3: Can we skip Step 9 in section B.2.1 of TS 38.101-4 on re-normalizing the strongest path to 0dB?
[Intel]: Based on our understanding, this step is only applicable to NLOS channels because, in comparison to LOS channels, original models for these channels contain one tap with 0 dB power. Same time, for LOS, we think that we need to ensure that K-factor (ratio of LOS power to total power of NLOS components) is not significantly impacted after simplification.
[Rohde & Schwarz]: No issue from TE point of view. 
[QC]: We already have a simplification procedure specified in the spec and we don’t see any reason to change it. So, our preference is to follow all the 9 steps to generate the simplified model. This will be cleaner since anyone outside the 3GPP will be able to understand how it is derived instead of adding more clarifications which are not required. Based on our calculation, the final simplified channel after following all the steps looks as below:

	Tap #
	Delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	LOS path

	
	0
	-12.2
	Rayleigh

	2
	20
	-20.8
	Rayleigh

	3
	40
	-16.5
	Rayleigh

	4
	55
	-18.1
	Rayleigh

	5
	80
	-21.7
	Rayleigh

	6
	120
	-27.6
	Rayleigh

	7
	240
	-23.4
	Rayleigh

	8
	285
	-24.6
	Rayleigh

	9
	290
	-29.8
	Rayleigh

	10
	375
	-27.4
	Rayleigh


Rms delay spread for above channel is 30.01ns.
Based on 38.901 Section 7.7.6, K factor can be calculated as ratio of LOS power to sum power of NLOS taps. Using that formula, K factor of original TDL-D model in 38.901 is 8.98 dB and K factor of above channel is 9.00 dB which is pretty close. So, our preference is not to change anything in the simplification procedure and adapt above channel model.
[Intel]: Based on our understanding, the difference between this option and option 1 in WF R4-2017536 is re-normalization of taps to ensure that power of LOS component is 0 dB.
Could you please clarify the intention of such processing? LOS power in original model is not 0 dB. Therefore, we think that simplified model should follow the same configuration. As we commented below, we think that Step 9 is only applicable to NLOS models because original NLOS models have tap with 0 dB power in comparison to original LOS models.
Based on our understanding, the simplification procedure in Section B.2.1 should be applied to taps with same distribution type. Therefore, we think that we can assume that steps from 1 to 8 are applicable to Rayleigh components. Step 9 for LOS can be re-normalization to ensure that K factor is same as for original model.
[QC]: As far as I understand it, TE vendors’ implementation is not impacted by Step 9. Also, based on formula for K-factor, re-normalizing all taps will not impact the K-factor either. As we mentioned below, K-factor of simplified channel is very close to the original channel model. So, our preference is not to add more disclaimers in the simplification procedure for LOS/NLOS and keep it as is.
If we want to add further normalization to ensure that K-factor is exactly the same as the original model, that will change the rms delay spread. So, we can’t have both rms delay spread and K-factor as we want. In this case, K-factor is already close to the original one, hence we proposed below option and decided not to scale it based on K-factor.
There are two changes in our proposed option compared to Option1: Step 8 to adjust the power of the last tap to ensure the rms delay spread of 30ns and Step 9 for re-normalization.
[Intel]: It is still not clear why we need to apply Step 9 for LOS channel model, even if we will not introduce additional step to ensure same K-factor for original and simplified channel models.
Step 9 was introduced for NLOS models because combining of taps in Steps 5 and 6 may lead to increasing of power of tap which in original model has 0 dB power. Same time, original LOS models don’t have tap with 0 dB power. Also, based our understanding, Steps 5 and 6 are only applicable to taps with same distribution (i.e. Rayleigh) and LOS tap configuration remains unchanged. Therefore, we think that Step 9 is not applicable to LOS channel model.
In case, we apply Steps 1-8 to TDL-D channel model, we will have the following model (difference in comparison to Option 1 is slightly increased power of the last to ensure same delay spread as for original model)
	Tap #
	Delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-12.4
	Rayleigh

	2
	20
	-21
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh


[Intel]: We’ve made mistake in our new proposal for simplified model. The last tap power should be -27.8 dB, because, based on our calculations, delay spread of original model is 29.8 ns and delay spread of simplified model (after applying of Steps 1-7) is 29.9 ns. Therefore, we need to reduce power of the last tap to ensure same delay spread for simplified and original models.
[E///]: It looks the difference between Qualcomm model and Intel model is the process after Step 7.
Qualcomm model adds 0.2dB for both LOS path and Rayleigh paths independently after adjusting the last tap power.
Intel model adjusts the last tap power to keep the target delay spread.
We would like to keep Step 9 for consistency, but we would like to consider two taps in delay 0 as one tap, as Anritsu commented. Then the power of tap 0 is 0.1dB after rounding. 
This is our calculation after step 7:
Step 8: Adjust the last path to keep the desired delay spread, 30ns.
Step 9: Subtract 0.1dB from all the paths, such that the strongest tap is at 0dB.
Finally, path 0 is divided into LOS path and Rayleigh path to preserve the original K-factor of 8.98dB. According to TR38.901 7.7.6, as Qualcomm also referred, K-factor can be calculated as ratio of LOS power to sum power of NLOS taps. In our calculation LOS=-0.3dB and NLOS=-12.4dB, then the K factor is around 9.0dB.  
	Delay (ns)
	
	After Step 7
	Qualcomm model
	Intel model
	
	After Step 8
	After Step 9
	Ericsson’s proposal

	0
	LOS path
	-0.2
	0
	-0.2
	
	
	
	-0.3

	0
	Rayleigh
	-12.4
	-12.2
	-12.4
	
	0.1
	0.0
	-12.4

	20
	Rayleigh
	-21
	-20.8
	-21
	
	-21
	-21.1
	-21.1

	40
	Rayleigh
	-16.7
	-16.5
	-16.7
	
	-16.7
	-16.8
	-16.8

	55
	Rayleigh
	-18.3
	-18.1
	-18.3
	
	-18.3
	-18.4
	-18.4

	80
	Rayleigh
	-21.9
	-21.7
	-21.9
	
	-21.9
	-22
	-22

	120
	Rayleigh
	-27.8
	-27.6
	-27.8
	
	-27.8
	-27.9
	-27.9

	240
	Rayleigh
	-23.6
	-23.4
	-23.6
	
	-23.6
	-23.7
	-23.7

	285
	Rayleigh
	-24.8
	-24.6
	-24.8
	
	-24.8
	-24.9
	-24.9

	290
	Rayleigh
	-30
	-29.8
	-30
	
	-30
	-30.1
	-30.1

	375
	Rayleigh
	-27.7
	-27.4
	-27.6
	
	-27.4
	-27.5
	-27.5

	DS
	
	
	
	
	
	30.04
	30.04
	


[QC]: If we are going to add more clarifications for LOS channel model simplification, we would like to add to the rules that LOS tap is treated as a separate tap when counting the number of taps in Step 6 and total number of taps is still <=12 (which is the case here) because one can implement the 1st tap as Rician fading (combined LOS and NLOS path) or treat LOS path as deterministic and Rayleigh fading separately and we would want to make this process to accommodate both implementations.
We would like to stick to 5ns delay resolution as preferred by TE vendors. Other than that, we don’t have any strong preference but we would like to minimize the clarifications to the simplification process. 
· Proposals:
· Option A: Yes (Intel - strong view)
· Option B: No (Qualcomm - no strong view, E///)
· QC: If go with Option A, the procedure for TDLD will be different with NLOS channel, which needs to be captured in TS 38.101-4 as well.
· Proposed agreement: 
· Considering the strong view and the technical issue identified by Intel, can we go with option A?

Issue 4: Is Step 8 on adjusting the delay spread needed? (seems not implemented in option 2 of the WF)
[Intel]: Based on our calculations this step is not required for this channel model because the delay spread after simplification for both options is close to delay spread for original model (i.e. 29.8 for original, 29.9 for Option 1, 29.8 for Option 2).
[Rohde & Schwarz]: No issue from TE point of view. 
· Proposals:
· Option A: Step 8 is needed to adjust the DS to the target DS (Intel, QC, E///)
· Option A1: target DS is the original DS, i.e., 29.8ns (Intel)
· Option A2: target DS is the desired DS, i.e., 30ns (QC, E///)
· Proposed agreement: 
· Given that the option A1 and A2 have marginal impact on the generated simplified channel, suggest to go with option A2 with more supporting companies.

Issue 5 (New Issue raised by E///): Additional steps for LOS path
· Proposals:
· While executing step8 and step 9, the LOS path and the Rayleigh path with 0 ns delay are considered as one tap, i.e., the power from the 2 paths are combined. After step 9, the first tap is finally divided to ensure the original K-factor of 8.98dB. (E///)
· Feedback from companies:
· QC: This proposal has no obvious impact on demodulation performance.
· Proposed agreement: 
· Given this proposal involves additional steps and has no obvious impact on the demod performance, we suggest not to consider it.

Issue 6: (New issue raised by Keysight) Additional method for generating the MIMO model with the LOS path, including the following:
· Correlation matrices for LOS path. 
· Phase relationship between the multiple antenna ports at the transmitter and the multiple antenna ports at the receiver.
· Doppler shift of the LOS path.
· Consider X-pol model.
[Keysight]: We believe that the method for generating the MIMO model with the LOS path addition seem to be missing. The correlation matrices cannot be applied for LOS path. The correlation matrices can be applied for the fading taps normally, but when the LOS path is added, it will increase the realized correlation of the MIMO model significantly. Furthermore, the phase relationship between the multiple antenna ports at the transmitter and the multiple antenna ports at the receiver should be defined for the LOS path. This could be simply introduced by defining reference geometry for the model (AoD and AoA, array orientations and antenna spacing). Also the Doppler shift of the LOS path should be defined and it could be based on the reference geometry if also direction and speed of movement and frequency would be defined. Furthermore, the Xpol model should also be considered with a specific array geometry definition and XPD assumption.
· Proposed agreement: 
· Given that we agreed to use low correlation in FR2 256QAM PDSCH demod test, we suggest to postpone this discussion for now and state in 38.101-4 that the current procedure/model is only applied for low correlation.

Issue 7: Performance comparison between the original and simplified channel model (use the parameters agreed for PDSCH 256QAM).
[Intel]: Based on our initial simulation results the performance is rather same for all models
	
	SNR for 70% of max T-put

	
	Original
	Simple Opt1
	Simple Opt2

	Intel
	16.7
	16.7
	16.6


[QC]: We feel that either of channel models proposed by Ericsson, Qualcomm or Intel will not have much performance difference.
· Feedback from companies:
· Very marginal performance difference (Intel, QC)
· Intel: 0.0-0.1dB difference observed by initial simulation.

Issue 8: Final proposal on the simplified TDLD channel
· Proposed agreement: 
· Use Intel’s proposal with adjusting the power in tap #10 to -27.6dB (Target DS is 30ns).
	Tap #
	Delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-12.4
	Rayleigh

	2
	20
	-21
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh



Summary of proposed agreement
Issue 1: For the two components with 0 ns delay in TDLD (one with LOS path, the other with Rayleigh distribution), are they considered as two taps or one tap from the TE implementation perspective?
· Proposed agreement
· One tap (Anritsu)

Issue 2: Delay resolution 
· Option A: Use the same delay resolution as that for NLOS, i.e., 5 ns.
· Option B: Use a smaller delay resolution which results in 12 taps in total (e.g., 2ns resolution if the answer for issue 1 is one tap)
· Proposed agreement
· Option A, i.e., 5ns (R&S, Anritsu, QC, Keysight)

Issue 3: Can we skip Step 9 in section B.2.1 of TS 38.101-4 on re-normalizing the strongest path to 0dB?
· Proposals:
· Option A: Yes (Intel - strong view)
· Option B: No (Qualcomm - no strong view, E///)
· QC: If go with Option A, the procedure for TDLD will be different with NLOS channel, which needs to be captured in TS 38.101-4 as well.
· Proposed agreement: 
· Considering the strong view and the technical issue identified by Intel, can we go with option A?

Issue 4: Is Step 8 on adjusting the delay spread needed?
· Proposals:
· Option A: Step 8 is needed to adjust the DS to the target DS (Intel, QC, E///)
· Option A1: target DS is the original DS, i.e., 29.8ns (Intel)
· Option A2: target DS is the desired DS, i.e., 30ns (QC, E///)
· Proposed agreement: 
· Given that the option A1 and A2 have marginal impact on the generated simplified channel, suggest to go with option A2 with more supporting companies.

Issue 5 (New Issue raised by E///): Additional steps for LOS path
· Proposals:
· While executing step8 and step 9, the LOS path and the Rayleigh path with 0 ns delay are considered as one tap, i.e., the power from the 2 paths are combined. After step 9, the first tap is finally divided to ensure the original K-factor of 8.98dB. (E///)
· Feedback from companies:
· QC: This proposal has no obvious impact on demodulation performance.
· Proposed agreement: 
· Given this proposal involves additional steps and has no obvious impact on the demod performance, we suggest not to consider it.

Issue 6: (New issue raised by Keysight) Additional method for generating the MIMO model with the LOS path, including the following:
· Correlation matrices for LOS path. 
· Phase relationship between the multiple antenna ports at the transmitter and the multiple antenna ports at the receiver.
· Doppler shift of the LOS path.
· Consider X-pol model.
· Proposed agreement: 
· Given that we agreed to use low correlation in FR2 256QAM PDSCH demod test, we suggest to postpone this discussion for now and state in 38.101-4 that the current procedure/model is only applied for low correlation.

Issue 7: Performance comparison between the original and simplified channel model (use the parameters agreed for PDSCH 256QAM).
· Feedback from companies:
· Very marginal performance difference (Intel, QC)
· Intel: 0.0-0.1dB difference observed by initial simulation.

Issue 8: Final proposal on the simplified TDLD channel
· Proposed agreement: 
· Use Intel’s proposal with adjusting the power of tap#10 to -27.6dB (Target DS is 30ns).
	Tap #
	Delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-12.4
	Rayleigh

	2
	20
	-21
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh
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