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Introduction
In RAN1#89 [1] and the follow up email discussions, agreements were reached on wide aspects of channel modelling for RMA-AV, UMa-AV and UMi-AV, including pathloss, LOS probability, shadowing, and etc [2].  However, there are still some remaining issues to be resolved. A few working assumptions need to be further confirmed. One typo was also identified during offline calibration among some companies.  There are some questions on what O2I penetration loss should be used. In addition, fast fading modeling is still to be agreed.
In this contribution, we discuss these remaining details of channel modelling for aerial UEs. 
Pathloss Models for Aerial UEs
LOS pathloss model for UMi-AV above 22.5m
The following working assumption on LOS pathloss for UMi-AV was reached during the email discussion: 
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:
 			EQ.1
where  is the free space pathloss.

This working assumption has been used in the offline calibration with good match among companies and there are no issues identified. So, we propose to confirm the working assumption.

[bookmark: _Toc489821143][bookmark: _Toc490081364][bookmark: _Toc490265896][bookmark: _Toc490266324]Confirm the working assumption on LOS pathloss for UMi-AV for drone heights above 22.5m.
NLOS Pathloss model for UMa-AV above 22.5m
The following working assumptions on NLOS pathloss for UMa-AV was reached during the email discussion: 
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:
	 			EQ.2
The above formula was meant to approximate the average of two proposals in RAN1#89, i.e. option1 and option 2.  It was noted, however, during the offline calibration that excessive pathloss was observed with the above formula. A correction was proposed as follows:
 			EQ.3
The NLOS pathloss with the proposed correction as well as with option 1 and option 2 are shown in Figure 1.  The proposed correction provides a good approximation of the average of options 1 and 2.  So we propose to adopt the proposed correction for NLOS pathloss for UMa-AV. 

[bookmark: _Ref489808802]Figure 1: NLOS pathloss for UMa-AV with the proposed correction.
[bookmark: _Toc489821144][bookmark: _Toc490081365][bookmark: _Toc490265897][bookmark: _Toc490266325]Adopt  EQ.3 for NLOS pathloss for UMa-AV for drone heights above 22.5m.
NLOS Pathloss model for UMi-AV above 22.5m
The following working assumptions on NLOS pathloss for UMi-AV was reached during the email discussion: 
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:
 					EQ.4
where  is UMi-AV LOS pathloss model and  is given by
. 			 EQ.5

This working assumption has been used in the offline calibration with good match among companies and there are no issues identified. So, we propose to confirm the working assumption.

[bookmark: _Toc489821145][bookmark: _Toc490081366][bookmark: _Toc490265898][bookmark: _Toc490266326][bookmark: _Hlk487554180]Confirm the working assumption on NLOS pathloss for UMi-AV for drone heights above 22.5m.
LOS Shadowing for UMa-AV above 22.5m
The following working assumptions on LOS shadowing for UMa-AV for drones above 22.5m was reached during the email discussion: 
Working Assumption:  LOS shadowing for UMa-AV with aerial UE height range  is modelled by  with  and .

This working assumption has been used in the offline calibration with good match among companies, so we propose to confirm the working assumption.

[bookmark: _Toc489821146][bookmark: _Toc490081367][bookmark: _Toc490265899][bookmark: _Toc490266327]Confirm the working assumption on LOS shadowing for UMa-AV for drones above 22.5m.
LOS shadowing for RMa-AV above 10m
In RAN1#89, a working assumption was reached for the LOS shadowing for RMa-AV for aerial UEs between  where the LOS shadowing is modelled by
  with  and .  						EQ.6

With the above formula, the shadowing as a function of drone height is shown in Figure 2. It can be seen that the minimum shadowing is about 1dB at drone height of 300m. During the email discussion, some companies proposed to introduce a lower bound of 2dB, but there was no consensus on the proposed change. Given that the working assumption has been used in the offline calibration and there was no measurement data to support the change, we propose to confirm the working assumption.

[bookmark: _Ref489816603]Figure 2: LOS shadowing for RMA-AV for different drone heights according to EQ.6.
. 
[bookmark: _Toc489821147][bookmark: _Toc490081368][bookmark: _Toc490265900][bookmark: _Toc490266328]Confirm the working assumption on  LOS shadowing model for RMa-AV.
NLOS shadowing for RMa-AV above 10m
The following working assumptions on LOS shadowing for UMa-AV for drones above 22.5m was reached during the email discussion: 
Working Assumption:  For RMa-AV aerial UEs with heights above 10m, use a fixed value of 6dB as NLOS shadowing std.

The above working assumption has been used in offline calibration and there is no issue identified. So, we propose to confirm the working assumption.
[bookmark: _Toc489821148][bookmark: _Toc490081369][bookmark: _Toc490265901][bookmark: _Toc490266329]Confirm the working assumption on NLOS shadowing for RMa-AV for drones above 10m.
O2I penetration loss
During the offline calibration, there were some discussions on O2I penetration loss to be used:
1. For outdoor terrestrial UEs of 30km/h, UEs in cars should be considered. With this assumption, it is our understanding that we need to add car penetration loss according to TR 38.901 (section 7.4.3.2 in V14.1.0).
2. For UMa/UMi indoor terrestrial UEs, according to TR 38.901 (section 7.4.3.1 in V14.1.0), we should use the building penetration model in Table 7.4.3-3 for backwards compatibility with TR 36.873. 
3. For RMa indoor terrestrial UE, according to TR 38.901 (section 7.4.3.1 in V14.1.0), we should use the low-loss model in Table 7.4.3-2 for backwards compatibility with TR 36.873. 
4. For aerial UE, no penetration loss needs to be added.
So, we have the following proposals:
[bookmark: _Toc489821149][bookmark: _Toc490081370][bookmark: _Toc490265902][bookmark: _Toc490266330]For outdoor terrestrial UEs of 30km/h, car penetration loss according to TR38.901 (section 7.4.3.2 in V14.1.0).
[bookmark: _Toc489821150][bookmark: _Toc490081371][bookmark: _Toc490265903][bookmark: _Toc490266331]For UMa/UMi indoor terrestrial UEs, use the building penetration model in Table 7.4.3-3 of TR38.901 for O2I penetration loss.
[bookmark: _Toc489821151][bookmark: _Toc490081372][bookmark: _Toc490265904][bookmark: _Toc490266332]For RMa indoor terrestrial UEs, use the low-loss model in Table 7.4.3-2 of TR38.901 for O2I penetration loss.
[bookmark: _Toc489821152][bookmark: _Toc490081373][bookmark: _Toc490265905][bookmark: _Toc490266333]For aerial UE, no penetration loss is added.
CDL-D Based Fast Fading Model
RMa-AV and UMa-AV
There are no measurement results for the fast fading modelling to aerials above 10 m at this point of time, so the channel model will need to be based on conjectures, extrapolation of measurements at ground level, and possibly ray-tracing experiments. Therefore, we believe it is appropriate to start from a simpler fast fading model such as a CDL model that only has a few parameters. Later measurement results can be used to fine-tune these few parameters. 
Here we further clarify the procedure for using a CDL model in system simulations for RMA-AV and UMa-AV: 
1.  Follow steps 1- 3 in section 7.5 of TR38.901 for UE dropping, LOS/NLOS assignment and pathloss calculation;
2.  Continue with steps 1- 4 in section 7.7.1 of TR38.901 with parameters defined in Table 7.7.1-4 of TR38.901 for CDL-D  for channel coefficient generation. 

The angle values of CDL-D model are further scaled according to section 7.7.5.1 of TR38.901 with the actual LOS AOA, LOS AOD, LOS ZOA and LOS ZOD of a dropped aerial UE as the desired mean AOA, AOD, ZOA and ZOD, respectively.  The desired angular spreads (i.e., ) to be used for scaling are given  in Table 1 for RMa-AV and Table 2 for UMa-AV. Note that angular scaling is applied to ray angles (i.e.,  etc.) as indicated in Step 1 of Section 7.7.1 in TR38.901. 
The K-factor of the CDL-D model can be scaled to a desired K-factor according to section 7.7.6 of TR38.901.  The delay spread values of the CDL-D model is scaled according to section 7.7.3 of TR38.901 with a desired delay spread value.  The desired K-factor and the desired delay spread value are given in Table 1 for RMa-AV and Table 2 for UMa-AV.
[bookmark: _Ref489819807]Table 1: Desired angular spreads, K factor and delay spread for RMa-AV
	Parameter
	ASA
	ASD
	ZSA
	ZSD
	K
	Desired Delay spread

	Unit
	º
	º
	º
	º
	dB
	ns

	RMa-AV LOS
	0.2
	0.2
	0.1
	0.1
	20
	10

	RMa-AV NLOS
	0.5
	0.5
	0.2
	0.2
	10
	30



[bookmark: _Ref489819834]Table 2: Desired angular spreads, K factor and delay spread for UMa-AV
	Parameter
	ASA
	ASD
	ZSA
	ZSD
	K
	Desired Delay spread

	Unit
	º
	º
	º
	º
	dB
	ns

	UMa-AV LOS
	0.5
	0.5
	0.1
	0.1
	20
	10

	UMa-AV NLOS
	1
	1
	0.3
	[bookmark: _GoBack]0.3
	10
	30



In RMa-AV, for ZOD in LOS conditions, an offset angle can be added only to the non-direct paths (i.e., to all the Laplacian clusters in CDL-D) after the scaling of the angle values.  For RMa-AV, this offset angle is determined assuming specular reflection on the ground as shown in Figure 3.  This can be used to reflect the fact that the reflection path sometime can be in the main antenna beam while the direct path may be in the sidelobe. The offset angle can be computed as follows:
+

For ZOD in NLOS conditions,  in RMa-AV.

[image: ]
[bookmark: _Ref490080014]Figure 3:  The reflection path added in the LOS scenario for RMa-AV.

In UMa-AV, for ZOD in LOS conditions, an offset angle can be added only to the non-direct paths (i.e., to all the Laplacian clusters in CDL-D) after the scaling of the angle values.  For UMa-AV, this offset angle is determined from geometry assuming specular reflection on the building roof as shown in .  A building height of  is assumed.  The offset angle determination is illustrated in the figure below, and the offset angle is computed as follows:

+

[image: ]
Figure 4:  The reflection path added in the LOS scenario for UMa-AV.

We are open to tune the scaling values for the delay and angular spreads in this proposal if companies have measurement data or simulation results. 
[bookmark: _Toc481073674][bookmark: _Toc481626008][bookmark: _Toc481655764][bookmark: _Toc481694510][bookmark: _Toc481695517][bookmark: _Toc489821153][bookmark: _Toc490081374][bookmark: _Toc490265906][bookmark: _Toc490266334]Consider to adopt the CDL-D model with additional scaling on angular spread, delay spread as well as K-factor as specified in Table 1 for RMa-AV and Table 2 for UMa-AV for fast fading modelling for aerial UEs above 22.5m in UMa-AV and above 10m in RMa-AV.
UMI-AV
The UMi-AV scenario can be linked to a “reverse” UMa scenario where the base station is below the average rooftop height while the UE is well above it.  Hence, for aerial UEs above 22.5 m in UMi-AV, we should consider reusing the existing multi-cluster fast fading model for UMa but with the angular spreads at base station and UE interchanged.  
[bookmark: _Toc481626010][bookmark: _Toc481655766][bookmark: _Toc481694512][bookmark: _Toc481695519][bookmark: _Toc489821155][bookmark: _Toc490081376][bookmark: _Toc490265908][bookmark: _Toc490266335]For aerial UEs above 22.5 m in UMi-AV, consider reusing the UMa channel model but with the angular spreads at BS and UE interchanged. While for aerial UEs below 22.5m, the existing multi-cluster fast fading models in 38.901 are used.
Conclusions
In this contribution, we have discussed channel modelling for aerial UEs.  Based on the discussion in this contribution we propose the following:
Proposal 1	Confirm the working assumption on LOS pathloss for UMi-AV for drone heights above 22.5m.
Proposal 2	Adopt  EQ.3 for NLOS pathloss for UMa-AV for drone heights above 22.5m.
Proposal 3	Confirm the working assumption on NLOS pathloss for UMi-AV for drone heights above 22.5m.
Proposal 4	Confirm the working assumption on LOS shadowing for UMa-AV for drones above 22.5m.
Proposal 5	Confirm the working assumption on  LOS shadowing model for RMa-AV.
Proposal 6	Confirm the working assumption on NLOS shadowing for RMa-AV for drones above 10m.
Proposal 7	For outdoor terrestrial UEs of 30km/h, car penetration loss according to TR38.901 (section 7.4.3.2 in V14.1.0).
Proposal 8	For UMa/UMi indoor terrestrial UEs, use the building penetration model in Table 7.4.3-3 of TR38.901 for O2I penetration loss.
Proposal 9	For RMa indoor terrestrial UEs, use the low-loss model in Table 7.4.3-2 of TR38.901 for O2I penetration loss.
Proposal 10	For aerial UE, no penetration loss is added.
Proposal 11	Consider to adopt the CDL-D model with additional scaling on angular spread, delay spread as well as K-factor as specified in Table 1 for RMa-AV and Table 2 for UMa-AV for fast fading modelling for aerial UEs above 22.5m in UMa-AV and above 10m in RMa-AV.
Proposal 12	For aerial UEs above 22.5 m in UMi-AV, consider reusing the UMa channel model but with the angular spreads at BS and UE interchanged. While for aerial UEs below 22.5m, the existing multi-cluster fast fading models in 38.901 are used.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref480916714][bookmark: _Ref489805596]Chairman’s note, RAN1#89
[bookmark: _Ref489805607][89-10] Email discussion on remaining details of channel modelling.
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