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1 Introduction

During the March 2017 RAN plenary meeting, it was agreed to start a SI on Enhanced Support for Aerial Vehicles [1]. Channel modeling is one of the main objectives, and it is aimed to select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized.
During the May 2017 RAN1 meeting, several agreements and working assumptions were done. The discussion continued via RAN1 email reflector leading to even more agreements and working assumptions. However, it was impossible to conclude everything via the email discussion. Therefore, some remaining issues are discussed in this contribution. Additionally, this contribution summarizes the working assumptions and makes proposals on agreements.

2 Overview of the LTE Aerials channel model situation in RAN1
Table 1 shows a summary of the channel model agreements in RAN1 based on draft minutes of Hangzhou meeting [2] as well as the LS from RAN1 to RAN2 summarizing the email discussion [3]. Please note that this table shows only high level summary, and the exact information can be found from [2] and [3].
Table 1. Summary of channel model agreements in RAN1
	Parameter
	Condition
	RMa
	UMa
	UMi

	
	
	Below RT
	Above RT
	Below RT
	Above RT
	Below RT
	Above RT

	Path Loss 
	LOS 
	38.901 
	Agreed (one FFS) 
	38.901 
	38.901 

(but further investigation is encouraged) 
	38.901 
	WA 

	
	NLOS 
	38.901 
	Agreed 
	38.901 
	WA 
	38.901 
	WA 

	Shadowing 
	LOS 
	38.901 
	WA 
	38.901 
	WA 
	38.901 
	Agreed 

	
	NLOS 
	
	WA 
	38.901 
	Agreed 
	38.901 
	Agreed 

	LOS prob. 
	Below TH 
	38.901 
	Agreed
	38.901 
	Agreed 
	38.901 
	Agreed 

	
	Above TH 
	N/A 
	100% 
	N/A 
	100% 
	N/A 
	N/A 

	Fast fading 
	LOS 
	38.901 
	WA (3 opt.) 
	38.901 
	WA (3 opt.) 
	38.901 
	WA (3 opt.) 

	
	NLOS 
	38.901 
	WA (3 opt.) 
	38.901 
	WA (3 opt.) 
	38.901 
	WA (3 opt.) 


· Note 1: RT stands for rooftop, i.e. 10 m for RMa and 22.5 m for UMa & UMi

· Note 2: (3 opt.) means three optional models. These options are different for each scenario.
· Note 3: WA stands for working assumption.

· Note 4: 38.901 means that it was agreed to reuse TR38.901 channel model.

· Note 5: TH stands for threshold.

3 Below rooftop propagation
As can be seen from Table 1, it has been agreed to use TR38.901 in below rooftop propagation (below 10 m for RMa, below 22.5 m for UMa & UMi). However, the RMa NLOS shadowing model was not discussed yet. We propose to use TR38.901 also for RMa NLOS shadowing.

Proposal 1: Reuse TR38.901 for RMa NLOS shadowing below 10 m UE height.

Proposal 2: Reuse TR38.901 for all channel model parameters below rooftop (i.e. below 10 m for RMa, below 22.5 m for UMa & UMi)

4 Working Assumptions to be agreed
The following working assumptions were made during the RAN1 meeting in May and the email discussion after that.
4.1 Working Assumptions done during the RAN1 F2F meeting in Hangzhou
The following working assumptions were done in Hangzhou [2]. The first three working assumptions were later agreed in email discussion, but the last one (shadow fading for RMa LOS) is still a working assumption. We suggest that it is confirmed as an agreement.
Agreements:
· Reuse the existing LoS probability model for UE below 10m for RMa, 22.5m for UMa and UMi.
· All UEs should be assumed to be in LoS if their heights are above a certain threshold:

· Working Assumption: For RMa AV, the threshold height is 40m

· Working Assumption: For UMa AV, the threshold height is 100m

· No threshold for UMi AV

Working Assumption  For LOS probability, the following function is adopted (note that m below represents meters):
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Where the parameters d1 and p1 for the three scenarios are defined as follows:
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Working Assumption:
· Adopt following function as standard deviation of shadow fading in dB for  LOS aerial UEs in RMa AV scenario. 

· A = 4.2; B = 0.0046

· 10 m < hUT < 300 m
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· Note: the above model was derived by averaging the shadow fading standard deviation proposals multiple companies.

· Note: some companies have some concern with this methodology.

Proposal 3: The status of RMa LOS shadowing is changed from working assumption to agreement.

4.2 Working Assumptions done during the email discussion

The following working assumptions were done during the email discussion after the Hangzhou meeting [3]. We suggest that all of these except fast fading are confirmed as agreements.
Working Assumption:  The following pathloss model is used for LOS pathloss for UMi-AV aerial UEs above 22.5m height with an applicability range of up to 4km:
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where [image: image6.png]PL'



 is the free space path loss.

Working Assumption:  The following pathloss model is used for NLOS pathloss for UMa-AV aerial UEs above 22.5m height with an applicability range of up to 4km:
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Working Assumption:  The NLOS pathloss for UMi-AV aerial UEs above 22.5m height is obtained by averaging Option 1 and Option 2.  The applicability range is up to 4km.  The following expression is used to model NLOS pathloss for UMi-AV aerial UEs above 22.5m height:
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where [image: image10.png]PLyai-av-LoS



 is UMi-AV LOS pathloss model and [image: image12.png]PLyrti—av—NLOS



 is given by
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Working Assumption:  LOS shadowing for UMa-AV with aerial UE height range [image: image16.png]22.5m < hyr = 300m



 is modelled by [image: image18.png]osp = Aexp(—B - hyr)



 with [image: image20.png]4.64



 and [image: image22.png]B = 0.0066



.

Working Assumption:  For RMa-AV aerial UEs with heights above 10m, use a fixed value of 6dB as NLOS shadowing std.
Proposal 4: The status of the above five Working Assumptions are changed to agreements.
5 UMa-AV Path Loss issue

In RAN1#89, two options are proposed:

Option 1:
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is the pathloss corresponding to UMa AV LOS

Option 2:
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In the email discussion, It is agreed as working assumption to use averaged pathloss for option 1 and option 2, the formula is given by:
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However, when we calculate option 1, option 2 and the averaged one, it is found that the above working assumption is much larger than the averaged result. In order to modify the mismatch, we propose to use the following formula (only a shift is added to the original formula): 

[image: image30.wmf]/3)

(40πf

20log

+

)

(d

))log

(h

7log

-

(46.0

-17.5

=

)

PL(h

c

10

3D

10

UT

10

UT

+



Figures for option 1, option 2, averaged, working assumption and proposed modify are given below for hUT = 35 m and 75m respectively.
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Proposal 5: UMa-AV NLOS path loss is updated as follows:
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6 Discussion on Fast Fading
During the email discussion of fast fading, three different options for each scenario were used as working assumption. CDL-D based model was suggested to be used for RMa and UMa (Option 1). Here are some concerns on that approach:
1. It is not clear how to handle the interference and MU scenarios in the case of CDL. CDL assumes all the angles are the same for different users, but the proposed modification adds offset angles as well. Even in that case the channel is very similar, but just moved in angular domain. 

2. If necessary, zenith angle offset may be adjusted for the fast fading model based on TR38.901 as well. That aspect alone does not necessarily mean a need for different modeling methodology.

3. CDL model is not physical model at all. It is a link level model with normalized delay and angle spreads. Putting artificial angle spreads does not make it more physical than the generic model.

4. The generic model covers several different environments by the randomization of angles and delays. However, the CDL model with a fixed set of parameters will model only one environment.

5. We have already agreed to use TR38.901 as much as possible, and do the necessary extensions to support Aerial devices. Why do not we keep TR38.901 in those cases where we are not able to find a consensus?

6. The inconsistency between two modeling methodologies may lead to strange simulation results. We already agreed to use TR38.901 fast fading for low height UEs. CDL model is significantly different from the generic fast fading model used in 38.901. Then within a same simulation case, we use two different modeling methodologies for different aerial UEs. That might lead to challenges in interpretations of results.

7. The same inconsistency happens between the scenarios: e.g. UMi and UMa use different methodologies.
8. The proposed angle spreads for CDL-D model are unphysical. 

9. The proposed K factor for NLOS is unphysical. 
10. Using a CDL for some users while the generic model for other users would mean implementation of both modeling approaches in the same simulation tool and thus increase the simulator complexity.

The Option 3 suggests reusing TR38.901 for high altitude drones (“Use the existing model in section 7.5 of TR38.901 with the K=15dB. ”). This approach is quite simplistic, and it neglects the fact that propagation is different for high altitude aerial vehicles than for the street level UEs. When the AV is above the rooftop (and BS as well by definition), the propagation environment is very different, more open, and more often LOS. However, Option 3 suggest to use always K = 15 dB, and it does not distinguish between LOS and NLOS. Does it mean K = 15 dB for NLOS as well? If that is the case, it does not follow the principles of TR38.901 in which K = -∞ dB for all NLOS cases. For LOS cases, the Option 3 provides a good consistency with low height AVs.
Table 2 compares these three options and Figure 1 depicts the consistency problem between the generic model and the CDL-D model (Option 1 of RMa and UMa).
Table 2. Comparison of fast fading options
	
	Summary (details in [3])
	Pros
	Cons

	RMa Option 1
	CDL-D with new parameters
	
	Different methodology from UMi and all scenarios below rooftop. For the methodology drawbacks, see the beginning of Section 6 in this contribution.

	RMa Option 2
	7.5 of TR38.901 with new parameters
	Similar methodology to UMa Options 2 and 3 and UMi all Options.
	

	RMa Option 3
	7.5 of TR38.901 with K = 15 dB
	Similar methodology to UMa Options 2 and 3 and UMi all Options.
	NLOS model undefined.

	UMa Option 1
	CDL-D with new parameters
	
	Different methodology from UMi and all scenarios below rooftop. For the methodology drawbacks, see the beginning of Section 6 in this contribution.

	UMa Option 2
	7.5 of TR38.901 with new parameters
	Similar methodology to RMa Options 2 and 3 and UMi all Options.
	

	UMa Option 3
	7.5 of TR38.901 with K = 15 dB
	Similar methodology to RMa Options 2 and 3 and UMi all Options.
	NLOS model undefined.

	UMi Option 1
	Reverse UMa
	Similar methodology to RMa and UMa Options 2 and 3
	Different from RMa and UMa Option 1

	UMi Option 2
	7.5 of TR38.901 with new parameters
	Similar methodology to RMa and UMa Options 2 and 3
	Different from RMa and UMa Option 1

	UMi Option 3
	7.5 of TR38.901 with K = 15 dB
	Similar methodology to RMa and UMa Options 2 and 3
	Different from RMa and UMa Option 1


[image: image36.emf]All scenarios

TR38.901

Section 7.5

RMa Option 1

UMa Option 1

RMa Options 2 & 3

UMa Options 2 & 3

UMi Options 1 & 2 & 3

inconsistency

consistency

inconsistency

above rooftop below rooftop


Figure 1. Consistency of channel model methodologies
Proposal 6: Follow the TR38.901 and use the generic model for fast fading (e.g. Option 2 for RMa, UMa, Option 1 for UMi).
7 Conclusion
Proposal 1: Reuse TR38.901 for RMa NLOS shadowing below 10 m UE height.

Proposal 2: Reuse TR38.901 for all channel model parameters below rooftop (i.e. below 10 m for RMa, below 22.5 m for UMa & UMi)

Proposal 3: The status of RMa LOS shadowing is changed from working assumption to agreement.

Proposal 4: The status of the above five Working Assumptions are changed to agreements.
Proposal 5: UMa-AV NLOS path loss is updated as follows:
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Proposal 6: Follow the TR38.901 and use the generic model for fast fading (e.g. Option 2 for RMa, UMa, Option 1 for UMi).
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