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Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined:
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.

Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite
Note 2: The spectrum usage on the service link for HAPS might be a different spectrum allocation than for Satellite. 



In this contribution we present discussion of some open issues for general NTN demodulation requirements. 
In particular we will discuss the need for a “delay profile simplification” section in the specification.


Discussion
RAN4 #104-bis-e agreed a WF on general aspects with several topics that are of interest for the definition of delay profiles and have impact on the need for simplification question [2]:
Issue 1-1-1: Channel model for NTN-TDLC (LOS) 
· Agreement: DS=5ns, Doppler=200Hz. K-factor=8.05dB.  
Issue 1-1-2: Delay resolution 
· Proposals 
· Option 1 (Ericsson, Qualcomm, Nokia, Apple): Adopt 5 ns as the delay resolution  
· Option 2 (Huawei): Reduce the delay resolution to 2 ns for NTN TDL channel model simplification. 
· Agreement:  
· Option 1 is agreed 
Issue 1-1-3: Delay profile for NTN-TDLA 
· Agreement on delay profile for NTN-TDLA 
Tap # 
Delay [ns] 
Power [dB] 
Fading distribution 




1 
0 
0 
Rayleigh 
2 
110 
-4.7 
Rayleigh 
3 
285 
-6.5 
Rayleigh 
Issue 1-1-4: Delay profile for NTN-TDLC 
· Proposals: To further confirm option 1 or option 2 (only difference is Power for Tap#2) 
· Agreement 
· Option 1 is agreed  
Tap # 
Delay 
Power in [dB] 
Fading distribution 
1 
0 
-0.6 
LOS path 

0 
-8.9 
Rayleigh 
2 
60 
-21.5  
Rayleigh 
 
 
 
 




The NTN-TDL channel model generation is described in TR 38.811 [3] as follows:
“The Tapped Delay Line (TDL) models are filtered from the CDL models according to the section 7.7.4 of TR 38.901 [4] by assuming isotropic UE antenna. Two TDL models, namely NTN-TDL-A and NTN-TDL-B are constructed to represent two different channel profiles for NLOS, while NTN-TDL-C and NTN-TDL-D are constructed for LOS. The parameter of these models can be found in Tables 6.9.2-1 to 6.9.2-4 in TR 38.811 [3]. The Doppler spectrum for each tap is defined as described in subclause 7.7.2 of TR 38.901. Each TDL model can be scaled in delay to achieve desired RMS delay spread according to the procedure specified in subclause 7.7.3 of TR 38.901. For LOS channel models, the K-factor of NTN-TDL-C and NTN-TDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.”

These NTN-TDL power delay profiles (PDPs) for LoS and NLoS depicted in Tables 6.9.2-1-6.9.2-4 of TR 38.811 [3] have only few taps (maximum 4 taps). 
Observation 1: The NTN-TDL power delay profiles (PDP) for LoS and NLoS depicted in Tables 6.9.2-1-6.9.2-4 of TR 38.811 [3] have only a few taps (maximum 4 taps).

For instance, NTN-TDLA-100 and NTN-TDLC-5 models are considered for demodulation requirements studies according to the previous RAN4 agreements. In addition, these two power delay profiles with 5ns resolution are explicitly defined and agreed in RAN4 #104-bis-e meeting. 
Observation 2: The PDP of NTN-TDLA and NTN-TDLC considered in demodulation requirements are explicitly defined with 5ns resolution and agreed in RAN4 #104-bis-e meeting.

The current RAN4 specications (e.g., TS 38.104 and TS 38.101-4), as well as the CRs submitted to the last meeting, contain a description of how the RAN4 used “delay profiles are simplified from the TR 38.901 [16] TDL models”.
This simplification step was necessary in RAN4, as TE vendors in Rel-15 declared that the current equipment could not handle more than 12 taps, had a fixed 5ns tap grid, and fixpower normalization to 0dB of the strongest path. As such the simplification steps aim to reduce the TR 38.901 NLOS TDL models to 12 taps max, at 5ns grids, and to renormalize the taps afterwards.
For example, see TS 38.104:
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The delay profiles are simplified from the TR 38.901 [16] TDL models. The simplification steps are shown below for information. These steps are only used when new delay profiles are created. Otherwise, the delay profiles specified in G.2.1.1 and G.2.1.2 can be used as such.
	Step 1: Use the original TDL model from TR 38.901 [16].
	Step 2: Re-order the taps in ascending delays.
	Step 3: Perform delay scaling according to the procedure described in clause 7.7.3 in TR 38.901 [16].
	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)
•	[…]
-	Otherwise
•	For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the weakest tap.
o	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.
o	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. 
•	[…]
-	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 à -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 the highest tap to 0 dB.
Note 1:	Some values of the delay profile created by the simplification steps may differ from the values in tables G.2.1.1-2, G.2.1.1-3, G.2.1.1-4, and G.2.1.2-2 for the corresponding model. 
Note 2:	For Step 5 and Step 6, the power values are expressed in the linear domain using 6 digits of precision. The operations are in the linear domain.




Based on the following points:
· the agreements to use NTN-TDLA and NTN-TDLC for demodulation requirements,
· the agreements on the explicit PDPs for these considered NTN-TDLA-100 and NTN-TDLC-5 channels with 5 ns PDP resolution,
· the fact of few taps in NTN channels (maximum 4 taps),
We propose to either update the simplification procedure for delay profiles in Annex D.2.1 of “TS 38.108 – Propagation conditions of NTN SAN performance requirements” by removing mainly step-6 (taps merge if more than 12 taps) and step-8 (Delay spread re-scaling if it has been changed due to step 6) of this procedure since they are not coherent with NTN-TDL channels. 
Alternatively, if these explicitly specified PDPs for NTN-TDLA-100 and NTN-TDLC-5 captured in D.2.2 of TS 38.801 are the only PDPs needed, then the simplification procedure in Annex D.2.1 of TS 38.108 could be completely omitted.
Considering that the simplification procedure was never used in combination with LOS paths, we also see “step 9 Re-normalize the highest tap to 0 dB” to be a potential source of error.
Following the steps by the letter, one could argue that the LOS tap in the following model should be normalized to 0dB.
	Tap # 
	Delay 
	Power in [dB] 
	Fading distribution 

	1 
	0 
	-0.6 
	LOS path 

	
	0 
	-8.9 
	Rayleigh 

	2 
	60 
	-21.5  
	Rayleigh 

	 
	 
	 
	 


This is, however, not the intention. Everyone will agree that the sum power of the first tap should be normalized to 0dB, which is currently the case in the model. There is a risk that future newcomers to the NTN topic will not be aware of this understanding, which would introduce issues with simulation alignment in the future.
As such we would prefer to remove the delay profile simplification completely, and only capture the agreed TDL models in the specification.
Observation 3: The power normalization step of the simplification has not been written for LOS model and might introduce normalization issues, if followed without historical knowledge. As such it is our preference to not capture the simplification algorithm in the specification.
Proposal 1: Consider the NTN-TDL channels characteristics (few taps) and the previous agreements in the simplification delay profiles procedure in Annex D.2.1 of “TS 38.108 – Propagation conditions of NTN SAN performance requirements”. Either the step-6 and step-8 in Annex D.2.1 could be removed to match the fact of few taps in NTN-TDL channels, or the simplification procedure at the beginning of D.2.1 section could be omitted since the considered PDPs are explicitly specified in sub-section D.2.1.1.


Conclusion
This contribution discusses aspects related to general NTN demodulation requirements and has the following observations/proposals:
Observation 1: The NTN-TDL power delay profiles (PDP) for LoS and NLoS depicted in Tables 6.9.2-1-6.9.2-4 of TR 38.811 [3] have only a few taps (maximum 4 taps).
Observation 2: The PDP of NTN-TDLA and NTN-TDLC considered in demodulation requirements are explicitly defined with 5ns resolution and agreed in RAN4 #104-bis-e meeting.

Observation 3: The power normalization step of the simplification has not been written for LOS model and might introduce normalization issues, if followed without historical knowledge. As such it is our preference to not capture the simplification algorithm in the specification.
Proposal 1: Consider the NTN-TDL channels characteristics (few taps) and the previous agreements in the simplification delay profiles procedure in Annex D.2.1 of “TS 38.108 – Propagation conditions of NTN SAN performance requirements”. Either the step-6 and step-8 in Annex D.2.1 could be removed to match the fact of few taps in NTN-TDL channels, or the simplification procedure at the beginning of D.2.1 section could be omitted since the considered PDPs are explicitly specified in sub-section D.2.1.1.
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