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Background
The email discussion [89-10] was formed in RAN1#89 with the intention of finalizing the channel modeling discussion for aerial UEs so that initial evaluations for ‘enhanced support for aerial vehicles’ SI can be commenced in RAN1#90.
Summary
Based on the discussion in Section 3, we have the following agreements and working assumptions.

Agreement:  The following pathloss model is used for LOS pathloss for RMA-AV aerial UEs above 10m height with an applicability range of 10km:

FFS the modeling of LOS pathloss for RMa-AV aerial UEs with heights above 10m for applicability range higher than 10km including the possible modeling of breaking point.


Agreement:  The UMi LOS pathloss model in TR38.901 is reused for UMi-AV aerial UEs below 22.5m height.


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 4km:

where  is the free space path loss.


Agreement:  The following pathloss model is used for NLOS pathloss for RMA-AV aerial UEs above 10m height with an applicability range of 10km:



where  is the RMa-AV LoS pathloss formula for aerial UEs with a height above 10m.  FFS the modeling of LOS pathloss for RMa-AV aerial UEs with heights above 10m for applicability range higher than 10km.


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 4km:




Agreement:  The UMi NLOS pathloss model in TR38.901 is reused for UMi-AV aerial UEs below 22.5m height.


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 4km.  The following expression is used to model NLOS pathloss for UMi-AV aerial UEs above 22.5m height:



where  is UMi-AV LOS pathloss model and  is given by
.


Working Assumption:  LOS shadowing for UMa-AV with aerial UE heights between  is modelled by  with  and .


Agreement:  For UMi-AV aerial UEs with heights below 22.5m, reuse the UMi LOS shadowing model in TR38.901.


Agreement:  LOS shadowing for UMi-AV with aerial UE heights between  is modelled by  with  and .


Working Assumption:  For RMa-AV aerial UEs with heights above 10m, use a fixed value of 6dB as NLOS shadowing std.


Agreement:  For UMa-AV aerial UEs with heights above 22.5m, use a fixed value of 6dB as NLOS shadowing std.


Agreement:  For UMi-AV aerial UEs with heights below 22.5m, reuse a the UMi NLOS shadowing model in TR38.901.


Agreement:  For UMi-AV aerial UEs with heights above 22.5m, use a fixed value of 8dB as NLOS shadowing std.


Agreement:  For RMa-AV aerial UEs below 10m height and for UMi-AV aerial UEs below 22.5m height, the existing fast fading model from TR38.901 can be reused.


Working Assumption:  For fast fading modeling for RMa-AV aerial UEs between 10m and 300m heights, companies can simulate with one of the options below.

Option 1: CDL-D model with the procedures and parameters as provided in Ericsson’s response to Question #17 in Section 3.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ESA, ESD, and K parameters modified according to Huawei’s response to Question #17 in Section 3.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  The number of clusters can be modelled as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #17 in Section 3.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.

FFS on convergence to one of the options or a combination of multiple options.  Other fast fading models are not precluded during further study.


Working Assumption:  For fast fading modeling for UMa-AV aerial UEs between 22.5m and 300m heights, companies can simulate with one of the options below.

Option 1: CDL-D model with the procedures and parameters as provided in Ericsson’s response to Question #18 in Section 3.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ESA, ESD, and K parameters modified according to Huawei’s response to Question #18 in Section 3.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  The number of clusters can be modelled as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #18 in Section 3.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.

FFS on convergence to one of the options or a combination of multiple options.  Other fast fading models are not precluded during further study.


Working Assumption:  For fast fading modeling for UMi-AV aerial UEs between 22.5m and 300m heights, companies can simulate with one of the options below.

Option 1: “reverse” UMa scenario where the base station is below the average rooftop height and the UE is well above rooftop.  Reuse the existing fast fading model in TR38.901 with the angular spreads at base station and UE interchanged.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ZSA, and ZSD parameters modified according to ZTE’s response to Question #19 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances. The number of clusters can be modelled as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #19 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.

FFS on convergence to one of the options or a combination of multiple options.  Other fast fading models are not precluded during further study.


Agreement:  Confirm working assumption that the threshold height for 100% LOS in RMa-AV is 40m and the threshold height for 100% LOS in UMa-AV is 100m.


Agreement:  Confirm working assumption on LOS probability for RMa-AV, UMa-AV, and UMi-AV.


Agreement:  For UMa-AV aerial UEs with heights below 22.5m, reuse the UMa NLOS shadowing model in TR38.901.


Agreement:  For RMa-AV aerial UEs with heights below 10m, reuse the RMa LOS shadowing model in TR38.901.


Agreement:  For RMa-AV aerial UEs with heights below 10m, reuse the RMa NLOS pathloss model in TR38.901.


Discussion on remaining channel modelling details

The following questions may help to finalize the discussion on remaining details of channel modelling:

LOS Pathloss
In RAN1#89, the LOS pathloss model corresponding to UMa-AV was agreed for .  However, the LOS pathloss models corresponding to RMa-AV (for ) and UMi-AV (for ) are still open.

In [1], a LOS pathloss model was proposed for RMa-AV (for ) where the model was derived from the average RMa LOS pathloss of all contributing companies.

Question #1: Could the averaged LOS RMa pathloss of all contributing companies be used to model LOS pathloss for RMa-AV aerial UEs above 10m height?  If the answer is yes, provide an expression that closely represents the averaged path loss model and its applicability range.  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	Yes, we support the averaged LOS RMa pathloss of all contributing companies up to 10 km applicability range.  The following expression can be used to model the RMa LOS pathloss:

In the following figures, we show that this model fits the RMa LOS path losses obtained from simulations with 3D map data reasonably well.  Although only two UE heights are shown below, the model is a reasonable fit for other UE heights as well. 
[image: ][image: ]

	Huawei, HiSilicon
	Yes, average path loss is our preference. The average could be taken in two parts: before the breakpoint and after the breakpoint, or in one part (no breakpoint).

	Qualcomm
	We are fine with the following proposed RMa LoS pathloss model. From the following figure it can be seen the proposed model is close to the free-space model aligned with our measurement data. The applicability range of this model can be up to 10km.
[image: ][image: ] 

	Nokia, ASB
	Yes, we support the averaged LOS RMa pathloss of all contributing companies. 

As observed in measurement results of RMa scenario, the aerial UE can detect more cells than the legacy terrestrial UE due to its higher flight height, and the cells at distances up to 20km can be detected by an aerial UE in the 800MHz frequency band. Hence the pathless model with maximal 2D distance of 20km is preferred. Therefore we would like to support   as the applicability range of this model. 
[image: ][image: ]


	ZTE
	The above model based averaged pathloss is fine. Considering large applicability range for RMa scenario, the study on the difference between PL before and after the breakpoint is encouraged. If no reasonable PL model (after the breakpoint) can be provided due to the limited time,  the sing model can also be acceptable, since the breakpoint distance (d’BP = 4 h’BS h’UT fc/c) is larger than the 10 km when h’UT is larger than 36 m (h’BS =30,fc=700M).

	Intel
	We support the following model 




Summary:  All companies support the averaged path loss model for LOS RMA-AV pathloss.  According to multiple companies, the following averaged pathloss model is suitable for LOS RMA pathloss:

Multiple companies prefer an applicability range of 10km for the above model, one company prefers an applicability range of 20km.  Two companies discussed the possibility of modeling the breaking point.

Agreement:  The following pathloss model is used for LOS pathloss for RMA-AV aerial UEs above 10m height with an applicability range of 10km:

FFS the modeling of LOS pathloss for RMa-AV aerial UEs with heights above 10m for applicability range higher than 10km including the possible modeling of breaking point.


Question #2: Could the UMi LOS pathloss model in TR38.901 be reused for UMi-AV aerial UEs below 22.5m height?

	Company name
	View

	Ericsson
	Yes. This model was developed for indoor users on floor levels up to 22.5 m so should be fine also for outdoor aerials (the explicit building penetration loss of 38.901 should of course not be applied). 

	Huawei, HiSilicon
	Yes, the UMi LOS path loss from TR38.901 can be reused for UMi-AV LOS below 22.5 m.

	Qualcomm
	Yes. 

	Nokia, ASB
	Yes.

	ZTE
	Yes, the model from TR38.901 can be re-used for UE within original applicable range, i.e., below than 22.5 m.

	Intel
	Yes



Summary:  All companies support reusing the UMi LOS pathloss model in TR38.901 for UMi-AV aerial UEs below 22.5m height.

Agreement:  The UMi LOS pathloss model in TR38.901 is reused for UMi-AV aerial UEs below 22.5m height.




Three LOS pathloss models proposed by different companies for UMi-AV (for ) were summarized in [2].

Question #3: Could one of the LOS pathloss models summarized in [2] be used to model LOS pathloss for UMi-AV aerial UEs above 22.5m height?  If the answer is yes, specify which model and justify your choice.  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	Yes, any of the three UMi LOS models summarized in [2] is fine in our view. All three LOS path loss models in [2] have similar path loss trends close to the free space path loss so we expect that the performance will be similar whichever of the models is used.
The comparisons shown in [2] did not show a breaking point for UMi LOS pathloss within the range of 2D distances considered (i.e., below 2D distances of 4-5 km).  Hence, we think the breaking point distance does not need to be modeled within this 2D distance range.  We suggest PL1 of the existing UMi LOS pathloss model in TR 38.901 with an applicability range of 4-5 km.



	Huawei, HiSilicon
	Our preference is the reference [3] of [2], i.e. R1-1707015.

	Qualcomm
	Similar to UMa AV we don’t think the need for modeling the height dependency of the pathloss exponent for UMi AV. Therefore, we think we reuse the existing PL1 formula from UMi TR 38.901 for UMi-AV LoS pathloss.

	Nokia, ASB
	There are three options below from the contributing companies. In the UE height between 22.5m and 100m, Option 1 and Option 3 are very close to each other. However, when the UE height is higher, Option 3 would be more close to free space model while Option 1 has a 5dB gap compared to free-space modeling. Option 2 provides lower pathloss than free-space model in some cases. So we prefer Option 3 as the UMi-AV LOS pathloss model.
· 
Option 1: 
· Option 2: 3D-UMa LOS swapped
· 
Option 3:



Since  if , we suggest the equation below for simplification.

 

where .
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	ZTE
	The model proposed in the reference [7] of [2] is preferred to capturing the height-dependent properties of channel, i.e., R1-1707263.

	Intel
	Among the proposed options we prefer the following pathloss model or UMi AV aerial UEs above 22.5m height.






Summary:  For LOS pathloss model for UMi-AV aerial UEs above 22.5m height, the following options are discussed: 
· 
Option 1: 
· Option 2: 3D-UMa LOS swapped (i.e., BS in UMi AV scenario =”UE” in 3D-UMa, AV UE in UMi AV scenario=”BS” in 3D-UMa)
· 
Option 3:
Three companies preferred Option 1, two companies preferred Option 3, and one company preferred Option 2.  A maximum applicability range of 4km is suggested.

Follow up to Question #3:
· How to converge on one of the options above?

	Company name
	View

	Ericsson
	One way of moving forward is to average the three options and to bound the resulting pathloss expression with respect to free space path loss.  The following is one such expression that can be considered to model the LOS pathloss for UMi-AV:

where  is the free space path loss.  The applicability range of this model can be up to 4km.  In the following figures, we show that this model fits the averaged LOS UMi-AV pathloss reasonably well.  
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	Nokia, ASB
	The averaging is fine. As the observation in figure (a) below, LOS path loss of Option 2 is less than LOS path loss of free space model when  and .  Moreover, Option 1, Option3 and free-space model have similar slope which is smaller than the slope of Option 2 as shown in figures above from Ericsson as well as figure (b) below. Using Option 2 for average will result in that the fitted model has similar slope as Option 2 instead of Options 1 and 3. So we would like to suggest using Option 1 and Option 3 for averaging. 
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                                     (a)                                                                   (b)

	ZTE
	The averaging is fine. The obtained results can be used to for evaluation. 

	Huawei
	Huawei proposed originally the Option 2, but for the sake of consensus we are ready to support Option 1 and/or the averaged model.



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 4km:

where  is the free space path loss.


NLOS Pathloss
The NLOS pathloss models corresponding to RMa-AV (for ), UMa-AV (for ), and UMi-AV (for  and ) are still open.

Three NLOS pathloss models proposed by different companies for RMa-AV (for ) were summarized in [3].

Question #4: Could one of the NLOS pathloss models summarized in [3] be used to model NLOS pathloss for RMa-AV aerial UEs above 10m height?  If the answer is yes, specify which model and justify your choice.  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	One way of moving forward is to derive an expression from the average of the NLOS pathloss models summarized in [3] to model the NLOS pathloss for RMa-AV.  The following is one such expression that can be considered to model the NLOS pathloss for RMa-AV:

where PL’ is the free space path loss.  The applicability range of this model can be up to 10 km.  In the following figures, we show that this model fits the RMa NLOS path losses obtained from simulations with 3D map data reasonably well.
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	Huawei, HiSilicon
	Our preference is the reference [3] of [2], i.e. R1-1707015. However, we are open for further compromise with possible new measurement data.

	Qualcomm
	The proposed RMa NLoS pathloss model for  by E/// is okay for us except for replacing PL’ with the RMa-AV LoS pathloss formula.

	Nokia, ASB
	Support the height-dependent NLOS pathloss model derived from the ‘average’ pathloss models summarized in [3] as Ericsson. If considering the free space path loss suggested by Ericsson, the RMa-AV NLOS pathloss model could be expressed as


As observed in measurement results of RMa scenario, the aerial UE can detect more cells than the legacy terrestrial UE due to its higher flight height, and the cells at distances up to 20km can be detected by an aerial UE in the 800MHz frequency band. Hence the pathless model with maximal 2D distance of 20km is preferred. Therefore we would like to support   as the applicability range of this model.

	ZTE
	Similar as the LoS case, the proposed averaged PL model is acceptable for the initial evaluation. No breakpoint should be considered due to the limited 2D range in simulation.

	
	



Summary:  Majority of the companies prefer to use the average of the NLOS pathloss models summarized in [3] to model the NLOS pathloss for RMa-AV with aerial UE heights above 10m. Most companies prefer an applicability range of up to 10km for the averaged model, while one company prefers an applicability range of up to 20km.  One company prefers to use the model in reference [3] captured in [2].  

Agreement:  The following pathloss model is used for NLOS pathloss for RMA-AV aerial UEs above 10m height with an applicability range of 10km:



where  is the RMa-AV LoS pathloss formula for aerial UEs with a height above 10m.  FFS the modeling of LOS pathloss for RMa-AV aerial UEs with heights above 10m for applicability range higher than 10km.


In [5], two options for NLOS pathloss model for UMa-AV () were listed, and it was proposed to derive an NLOS pathloss model for UMa-AV that is the average over the two options.

Question #5: Could the averaged NLOS UMa pathloss of the two options listed in [5] be used to model NLOS pathloss for UMa-AV aerial UEs above 22.5m height?  If the answer is yes, provide an expression that closely represents the averaged path loss model and its applicability range.  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	Averaging should be fine. The averaged NLOS UMa pathloss of the two options listed in [5] can be given by

In the following figures, we show that this model fits the averaged NLOS UMa pathloss reasonably well.  The applicability range of this model is 4km.
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	Qualcomm
	For the two options listed in [5] we prefer to option 1 (E/// proposal) since option 2 (dash line) may overestimate the NLoS pathloss. As seen from the following, the difference to the LoS pathloss by option 2 is much larger, e.g., about 30-40dB for height=25m. The LoS/NLoS pathloss difference by option 1 is more reasonable and close to the existing model for height=25m. Although the averaged model can reduce the difference, it is still much larger than the existing model. Therefore, we propose to consider option 1 for UMa-AV NLoS pathloss, see below.
 where 

 is UMa AV LoS pathloss
[image: ]

	Nokia, ASB
	The NLOS UMa pathloss model based on averaging is fine.


	ZTE
	Similar as other cases, the proposed averaged PL model is acceptable for the initial evaluation. Further updates based on new data are fine. No breakpoint should be considered due to the limited 2D range in simulation.

	Intel
	The NLOS UMa pathloss model based on averaging is fine.





Summary:  Majority of the companies prefer to use the average of the two NLOS pathloss models summarized in [5] to model the NLOS pathloss for UMa-AV with aerial UE heights above 22.5m.  One company prefers to use one of the model options listed in [5].  

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 4km:






Question #6: Could the UMi NLOS pathloss model in TR38.901 be reused for UMi-AV aerial UEs below 22.5m height?

	Company name
	View

	Ericsson
	Yes. This model was developed for indoor users on floor levels up to 22.5 m so should be fine also for outdoor aerials (the explicit building penetration loss of 38.901 should of course not be applied).

	Qualcomm
	Agree.

	Nokia, ASB
	Yes

	ZTE
	Agree.

	Intel
	Yes



Summary:  All companies support reusing the UMi NLOS pathloss model in TR38.901 for UMi-AV aerial UEs below 22.5m height.

Agreement:  The UMi NLOS pathloss model in TR38.901 is reused for UMi-AV aerial UEs below 22.5m height.


Three NLOS pathloss models proposed by different companies for UMi-AV (for ) were summarized in [2].

Question #7: Could one of the NLOS pathloss models summarized in [2] be used to model NLOS pathloss for UMi-AV aerial UEs above 22.5m height?  If the answer is yes, specify which model and justify your choice.  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	Our simulation results given below show very similar pathloss slopes for different UE heights.  The results can be modeled with the following pathloss formula quite well (see figure below):


 for 


Note that  above is the pathloss corresponding to UMi-AV LOS. 
[image: ]
(note: solide lines: simulation results; dashed lines: pathloss model given above above)

	Nokia, ASB
	Since the model suggested by Ericsson is based on UMi-AV LOS. We would like to suggest discussing it after UMi-AV LOS is determined.

	ZTE
	The model proposed in the reference [7] of [2], i.e. R1-1707263, can be considered. Further discussion could be done based comparison with more results from different companies.

	Intel
	We support proposal from Ericsson. Since LOS pathloss can be considered as lower bound for NLOS pathloss, it is OK to support the proposed equation even if LOS pathloss is not defined.  

	
	



Summary:  For NLOS pathloss model for UMi-AV aerial UEs above 22.5m height, the following options are discussed: 
· 


Option 1: , where  is the pathloss corresponding to UMi-AV LOS and  is given by

 
· 

Option 2:  where 

Two companies preferred Option 1 and one company prefers to discuss Option 1 after discussing UMi-AV LOS pathloss. One company preferred Option 2.

Follow up to Question 7:
· How to converge on one of the options above?

	Company name
	View

	Nokia, ASB
	If averaging is accepted for UMi-AV LOS model, then averaging would be fine for UMi-AV NLOS modelling.
[image: ][image: ]
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	ZTE
	Same comments as Q3.

	Huawei
	We do not have a strong opinion here. We support the majority view here.



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 4km.  The following expression is used to model NLOS pathloss for UMi-AV aerial UEs above 22.5m height:



where  is UMi-AV LOS pathloss model and  is given by
.



LOS Shadowing
In RAN1#89, a working assumption was made for the LOS shadowing for RMa-AV for aerial UEs between  where the LOS shadowing is modelled by  with  and  [5].

Question #8: Could companies state if they have specific concerns with the RMa-AV LOS shadowing model in the above working assumption?  If there are concerns, could the concerned company provide an alternative model that is complete (i.e., without FFSs).  If there are no concerns, could the working assumption be confirmed?

	Company name
	View

	Ericsson
	No concerns.  We are ok to confirm the working assumption.

	Huawei, HiSilicon
	We support the Working Assumption in [5].

	Qualcomm
	Since the proposal is to use the height dependent shadowing model, we have a slight concern on the values of A, B and C. According to the current proposed values, the shadowing for RMa-AV is higher than that of UMa-AV at the same height. However, RMa-AV LoS pathloss uses a height dependent pathloss exponent model which is assumed to be more accurate than the non-height dependent model in UMa-AV LoS pathloss, it is expected that the shadowing is relatively small in RMa-AV. So we propose to have a larger slope for RMa-AV LoS, e.g., using the value of 0.01 for B instead of 0.0046. 

	Nokia, ASB
	There is always signal power fluctuation around the mean value due to the ground reflections (hilly terrain, building, etc). It would be better to limit the shadowing to no less than 2dB at the UE height of up to 300m. So we would like to suggest

where .

	ZTE
	After checking the methodology for combining the results from multiple contributions, we are generally fine with the work assumption. 
However, it will be better to re-calculate the results without introducing the proposed constant value for all UE height. The new model can be considered with A = 4.44, B = 0.0034.

	Intel 
	We support the working assumptions, however it is fine to specify the lower bound of the shadow fading std.




Summary:  Four companies are fine with the working assumption.  One company has a concern that the shadowing for RMa-AV is higher than that of UMa-AV at the same height, and prefers to replace B=0.0046 with B=0.01.  Two companies would like to introduce a lower bound of 2dB on the shadow fading std. 

Follow up to Question 8:  
· Are companies okay to change the value of B to 0.01?
· Are companies okay to introduce a lower bound of 2dB on the shadow fading std?

	Company name
	View

	Ericsson
	We are okay to introduce a lower bound of 2dB on the shadow fading std.  We are also fine to change the value of B to 0.01.  

	Nokia, ASB
	We support to introduce a lower bound of 2dB for the shadow fading std and prefer to keep B = 0.0046 more. But it is also fine for us to 
· Update {A, B} to {4.4207,0.01} for RMa-AV LOS shadowing if {A, B} = {5,0.01} for UMi-AV LOS shadowing, or
· Update {A, B} to {4.2730, 0.0066} for RMa-AV LOS shadowing if {A, B} = {4.64,0.0066} for UMi-AV LOS shadowing
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	ZTE
	There is no need to introduce the lower bound (e.g., 2dB) for shadow fading std. The current formulation is enough to describe the variation of SF when the UE’s height increases, and it can also provide the reasonable value for each UE’s height to approximate the influence of terrain or building when UE locates at high altitude( e.g., A = 4.44, B = 0.0034, SF = 2.67 when h = 150m, SF = 1.60 when h = 300m).

	Huawei
	We prefer the working assumption, i.e. A = 4.2 and B = 0.0046. Lower bound is fine in principle, but 2 dB may be a bit high. How about 1.5 dB?



Conclusion:	No consensus on confirming working assumption.



In RAN1#89, it was agreed that the LOS shadowing for UMa-AV for aerial UEs between  is height dependent and the height dependent function  is listed as an example function [5].

Question #9: Could the above height dependent function be used to model LOS shadowing for UMa-AV aerial UEs between 22.5m and 300m heights?  If the answer is yes, provide the values of A, B, and C and justify your choice.  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	Our simulation results in figure (a) show that the STD of LOS pathloss for UMa -AV is both height and 2D distance dependent.  The maximum STD is slightly above 2dB, so a simple solution may be to use 2dB shadowing for all heights and 2D distances. But we are also fine to use the function if it is the choice for most companies.  In that case, {A=4.3, B=0.01, C=0.5 } may be used, the corresponding shadowing is shown in the figure (b) below.
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	(a) Simulation results on LOS shadowing
	(b) Shadowing STD with A=4.3, B=0.01, and C=0.5.

	
	




	Huawei, HiSilicon
	A = 4.64, B = 0.0066

	Qualcomm
	The values of A, B and C shall be selected to have a relatively larger shadowing for UMA-AV than RMa-AV. If {A=4.2, B=0.01} is used for RMa-AV then {A=4.64, B=0.0066} can be used for UMa-AV.

	Nokia, ASB
	There are two options currently for UMa-AV LOS shadowing modelling.  
· Option 1: {A=4.3, B=0.01, C=0.5}
· Option 2: {A = 4.64, B = 0.0066}
Both options are fine for us. There is always signal power fluctuation around the mean value due to the ground reflections (hilly terrain, building, etc). It would be better to limit the shadowing to no less than 2dB at the UE height of up to 300m. So we would like to suggest

where . 
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	ZTE
	The proposal in [5], i.e., A=4.64 and B = 0.0066, is preferred.

	Intel
	Both listed options are fine to us 
· Option 1: {A=4.3, B=0.01, C=0.5}
· Option 2: {A = 4.64, B = 0.0066}
We are also fine to specify the lower bound of shadow fading std



Summary:  Five companies are supportive of a height dependent function  with A=4.64, B=0.0066, and C=0.  Three companies are supportive of setting the values of A=4.3, B=0.01, and C=0.5.  As shown in Nokia’s response above, the two options are separated by less than 0.5dB.  One company would like to introduce a lower bound of 2dB on the shadow fading std. 


Working Assumption:  LOS shadowing for UMa-AV with aerial UE heights between  is modelled by  with  and .

Follow up to Question 9:  
· Are companies okay to introduce a lower bound of 2dB on the shadow fading std?

	Company name
	View

	Ericsson
	We are fine to introduce a lower bound of 2dB on the shadow fading std.

	Nokia, ASB
	We support to introduce a lower bound of 2dB fo the shadow fading std.

	ZTE
	Same comments as Q#8

	Huawei
	We support to introduce a lower bound of 1.5 dB for the shadow fading standard deviation.



Conclusion:  There is no consensus to introducing a lower bound of 2dB on the shadow fading std for LOS UMa-AV with aerial UE heights between .

Question #10: Could the UMi LOS shadowing model in TR38.901 be reused for UMi-AV aerial UEs below 22.5m height?

	Company name
	View

	Ericsson
	Yes. This model was developed for indoor users on floor levels up to 22.5 m so should be fine also for outdoor aerials (the explicit building penetration loss of 38.901 should of course not be applied).

	Huawei, HiSilicon
	Yes.

	Qualcomm
	Yes.

	Nokia, ASB
	Yes

	ZTE
	Agreed

	Intel
	Yes




Summary:  All companies agree that the UMi LOS shadowing model in TR38.901 can be reused for UMi-AV aerial UEs with heights below 22.5m. 


Agreement:  For UMi-AV aerial UEs with heights below 22.5m, reuse the UMi LOS shadowing model in TR38.901.


Question #11: Could a height dependent function be used to model LOS shadowing for UMi-AV aerial UEs between 22.5m and 300m heights?  If the answer is yes, provide the details of the height dependent function and justify your choice?  If the answer is no, provide an alternative model with complete details (i.e., without FFSs).

	Company name
	View

	Ericsson
	Our simulation results below show maximum 2.2dB LOS shadowing for UMi-AV, which is not height dependent.  Hence, we propose to use 2dB as LOS shadowing  for UMi-AV when UE heights are above 22.5m.
[image: ]

	Qualcomm
	The same model as UMa-AV can be reused for UMi-AV for simplicity. 

	ZTE
	For UMi-AV, the similar formulation as UMa-AV with A= 5.3712, B = 0.0131 is preferred. Here, the value of B is taken from  reference [7] of [2], i.e. R1-1707263, and A is adjusted to keep SF = 4 when hUT=22.5

	Intel
	We share the same view as ZTE’s

	
	



Summary:  Two companies are supportive of a height dependent function  with A=5.3712, B=0.0131, and C=0.  One company proposes a height dependent function with A = 4.64 and B = 0.0066 (same model as UMa-AV for simplicity).  One company proposes a fixed 2dB as LOS shadowing  for UMi-AV

Follow up to Question #11:  
· How to converge on one of the above options?
· Only four companies provided views and 3 different options are proposed.  More companies are encouraged to provide their view.

	Company name
	View

	Ericsson
	For the sake of progress, we are fine to take the average of the proposals from Qualcomm and ZTE.  That is use a height dependent function with A=5 and B = 0.01.

	Nokia, ASB
	We support to introduce a lower bound of 2dB for the shadow fading std. It is fine for us
· {A, B} = {5,0.01} for UMi-AV LOS shadowing if {A, B} = {4.4207,0.01} for RMa-AV LOS shadowing, or
· {A, B} = {4.64,0.0066} for UMi-AV LOS shadowing if {A, B} to {4.2730, 0.0066} for RMa-AV LOS shadowing
[image: ][image: ]

	ZTE 
	For achieving the progress, the averaged solution proposed by Ericsson is fine. For the lower bound issues, considering the high-rise building in Umi and the location of BS is always below the rooftop of surrounded buildings, so the introduction of lower bound (e.g., 2dB) is fine for Umi scenarios.

	Huawei
	We also support the a height dependent function  with A=5.3712, B=0.0131, and C=0, but for the sake of consensus, we may also accept A = 5 and B = 0.01.


Agreement:  LOS shadowing for UMi-AV with aerial UE heights between  is modelled by  with  and .


NLOS Shadowing
Question #12: Could companies state their proposals for NLOS shadowing model for RMa-AV aerial UEs between 10m and 300m heights?  Provide a complete model (without FFSs) and justify your model proposal.

	Company name
	View

	Ericsson
	Our simulation results below show roughly 4 to 8dB STD for NLOS shadowing in RMa-AV at large 2D distances, over which NLOS occurs with higher probability. At shorter 2D distance, LOS dominates and the STD is a bit distorted due to small number of samples for large UE heights.  There is some dependency of UE height, but it is not significant.   For simplicity, 6dB NLOS shadowing may be used for all UE heights and 2D distances. 
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	Qualcomm
	A simple solution is use a fixed value for NLoS shadowing between 10m and 40m height. For example,  4dB of NLoS shadowing.

	Nokia, ASB
	RMa LOS shadowing is modelled by using the averaging RMa LOS shadowing models of all contributed companies. The same approach should be applied for NLOS RMa shadowing derivation. 

	ZTE
	Since the NLoS samples is only considered when the UE below certain threshold, i.e., 40 m, the simplified model with fixed value is acceptable and one smaller value than current 901 is preferred, e.g., 4 dB.

	Intel
	In our view it is fine to use fixed value of 4 dB as shadowing std for NLOS RMa AV. 



Summary:  Majority of the companies prefer using a fixed value  for NLOS shadowing std for RMa-AV aerial UEs above height 10m. Upon further discussion, a fixed value of 6dB is proposed.

Working Assumption:  For RMa-AV aerial UEs with heights above 10m, use a fixed value of 6dB as NLOS shadowing std.



Question #13: Could companies state their proposals for NLOS shadowing model for UMa-AV aerial UEs between 22.5m and 300m heights?  Provide a complete model (without FFSs) and justify your model proposal.

	Company name
	View

	Ericsson
	Our simulation results below show approximately 5 to 10dB STD for NLOS pathloss in UMa-AV.  There is some height dependency, but it is not significant.  The STD also varies with 2D distance. For simplicity, 8dB of shadowing may be used.  
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	Qualcomm
	We propose to use a fixed value of 4dB for UMa-AV NLoS shadowing. 

	ZTE
	In UMa, since the NLoS samples will be considered when the UE below certain threshold, i.e., 100 m, the simplified model with single fixed value is not enough. For capturing the height-dependency shown in reference [6] of [4], and also weak dependence based on Ericsson results above, 6 dB can be considered for hUT<50, and 2dB for hUT within [50 100].

	Intel
	In our view it is fine to use fixed value of 6 dB as shadowing std for NLOS UMa AV.

	
	



Summary:  Three companies prefer using a fixed value for NLOS shadowing std for UMa-AV aerial UE heights above 22.5m; three different fixed standard deviation values are proposed (4dB, 6dB, 8dB).  Simulation results shown by one company showed 5 to 10dB NLOS shadowing std in UMa-AV.  One company proposes to use a 6dB for heights between 22.5m and 50m and 2dB for heights between 50m and 100m.

Agreement:  For UMa-AV aerial UEs with heights above 22.5m, use a fixed value of 6dB as NLOS shadowing std.



Question #14: Could the UMi NLOS shadowing model in TR38.901 be reused for UMi-AV aerial UEs below 22.5m height?

	Company name
	View

	Ericsson
	Yes.

	Qualcomm
	Yes.

	Nokia, ASB
	Yes

	ZTE
	Yes

	Intel
	Yes



Summary:  All companies agreed to reuse the UMi NLOS shadowing model in TR38.901 for UMi-AV aerial UEs with heights below 22.5m.

Agreement:  For UMi-AV aerial UEs with heights below 22.5m, reuse a the UMi NLOS shadowing model in TR38.901.


Question #15: Could companies state their proposals for NLOS shadowing model for UMi-AV aerial UEs between 22.5m and 300m heights?  Provide a complete model (without FFSs) and justify your model proposal.

	Company name
	View

	Ericsson
	Our simulation results below show about 10dB average STD for NLOS pathloss in UMi-AV ,  and it is not dependent on UE height. So 10dB of shadowing may be used for NLOS pathloss in UMi-AV.
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	Qualcomm
	A fixed 6dB of shadowing can be used for UMi-AV

	ZTE
	
For UMi case, NLoS samples will be considered within whole range of UE height, i.e., from 22.5 – 300. Considering the geometric environment, the number of high rise building is limited within certain range, and the influence of this building will be limited. So as proposed in the reference [7] of [2], the height dependent model should be considered. And the model  can be considered as WA for initial evaluation.

	Intel
	We prefer to use fixed value of 8 dB for NLOS UMi AV.

	
	



Summary:  Three companies prefer using a fixed value for NLOS shadowing std for UMi-AV aerial UE heights above 22.5m; three different fixed standard deviation values are proposed (6dB, 8dB, 10dB).  Simulation results shown by one company showed 5 to 10dB NLOS shadowing std in UMa-AV.  One company proposes to use a 6dB for heights between 22.5m and 50m and 2dB for heights between 50m and 100m.

Agreement:  For UMi-AV aerial UEs with heights above 22.5m, use a fixed value of 8dB as NLOS shadowing std.




Fast Fading
Question #16: Could the existing fast fading model from TR38.901 be reused for RMa-AV aerial UEs below 10m height and for UMi-AV aerial UEs below 22.5m height?

	Company name
	View

	Ericsson
	Yes.

	Huawei, HiSilicon
	For RMa-AV the existing model should be sufficient.

	Qualcomm
	Yes

	Nokia, ASB
	Yes

	ZTE
	Yes

	Intel
	Yes



Summary:  All companies agree that the existing fast fading model from TR38.901 can be reused for RMa-AV aerial UEs below 10m height and for UMi-AV aerial UEs below 22.5m height.

Agreement:  For RMa-AV aerial UEs below 10m height and for UMi-AV aerial UEs below 22.5m height, the existing fast fading model from TR38.901 can be reused.


In [6], fast fading model proposals from different companies are summarized.

Question #17: Could companies state their proposals for fast fading model for RMa-AV aerial UEs between 10m and 300m heights?  Provide a complete model (without FFSs) and justify your model proposal.

	Company name
	View

	Ericsson
	There are no measurement results for the fast fading modeling to aerials above 10 m at this point in 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. The procedure for using a CDL model in system simulations is as follows: 
1.  Follow steps 1- 3 in section 7.5 of TR38.901 (or section 7.3 of TR36.873) 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 for CDL-D for channel coefficient generation where the LOS AOD/AOA/ZOD/ZOA are used in the CDL-D models
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. Considering the expected lack of local scattering around the aerial UE and the corresponding lack of multipath, the desired angular spreads to which the CDL-D should be scaled are proposed in the table below.  The K-factor of the CDL-D model can be scaled to the desired K-factor according to section 7.7.6 of TR38.901.  The delay spread values of CDL-D can be scaled according to section 7.7.3 of TR38.901 with desired delay spread value is given in the table below.

	Parameter
	ASA
	ASD
	ZSA
	ZSD
	K
	Desired Delay spread

	Unit
	º
	º
	º
	º
	dB
	ns

	RMa LOS
	0.2
	0.2
	0.1
	0.1
	20
	10

	RMa NLOS
	0.5
	0.5
	0.2
	0.2
	10
	30


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. 
We do not expect to see large-scale channel sounding campaigns of the sort required to parameterize a full system level model such as 38.901 in the foreseeable future.  

	Huawei, HiSilicon
	We suggest the following parameters for RMa.
	Para\Scenario
	RMa

	DS
	LoS
	

	-8.0945

	
	
	

	1.1879exp(-0.0086)

	
	NLoS
	

	-7.0805

	
	
	

	1.5546exp()

	ASA
	LoS
	

	-1.1645

	
	
	

	2.5622exp(-0.00251)

	
	NLoS
	

	+1.439

	
	
	

	1.5316exp()

	ASD
	LoS
	

	-0.89

	
	
	

	2.2056exp(0.0008)

	
	NLoS
	

	+0.5212

	
	
	

	1.357exp()

	ESA
	LoS
	

	+0.1569

	
	
	

	0.7579exp(-0.0069)

	
	NLoS
	

	+0.3287

	
	
	

	1.631exp(-0.0087)

	ESD
	LoS
	

	-0.9774

	
	
	

	0.7106exp(-0.0068)

	
	NLoS
	

	-1.2355

	
	
	

	1.5851exp(-0.0079)

	K
	LOS
	

	22.55log10(hUT)-4.72

	
	
	

	6.988exp(0.01659hUT)




	Qualcomm
	We have concerns to introduce a complicated fast fading model for aerial UEs. It may be true that fast fading parameters could be different for aerial UEs and terrestrial UEs. But the channel model shall be based on the massive measurement data and possibly ray-tracing simulation data. It is risky to introduce a complicated model totally different from the existing model. Regarding height dependency, the existing model already supports height dependent ESD and ESA. The height dependency for ASD and ASA is not supported in the existing model for height up to 22.5m. Therefore, we think there is no need to introduce this only for height above 22.5m. 
We propose to use the existing fast fading model as much as possible for aerial UEs. For NLoS, an existing channel model is reused. For LoS, we can use either a TDL/CDL model or existing model but with a large K factor. We propose to use a fixed value for K factor for simplicity, such as 15dB. 

	Nokia, ASB
	It is OK to use CDL-D model as the fast fading model for RMa-AV. The solution proposed by Ericsson is fine for simplification.  

	ZTE
	When the height of UE increase, the number of effective scatter will be decreased, and the correspondent changes w.r.t fast fading parameters will occur at same time. For capturing this phenomenon, the proposed model by HW with jointly considerations with different contributions is preferred. Meanwhile, the model for the number of cluster proposed in R1-1707264 can be considered as WA. Further updates after combining with the proposed results from other companies can be considered.
Moreover, the usage of link level channel model for system simulation is not proper. Especially, the channel for the legacy UE within the same simulation is generated by system level model.



Summary:  For fast fading modeling for RMa-AV aerial UEs between 10m and 300m heights, multiple options are proposed.

Option 1: CDL-D model with the procedures and parameters as provided in Ericsson’s response to Question #17 above.  This option is supported by three companies.  

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ESA, ESD, and K parameters modified according to Huawei’s response to Question #17 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  This option is supported by two companies.  One company prefers to model for the number of clusters as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #17 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  This option is supported by one company.

Follow up to Question 17:  
· How to converge on one of the above options?
· Only five companies provided views and 3 different options are proposed.  More companies are encouraged to provide their view.

	Company name
	View

	NTT DOCOMO
	We are very sorry about late input. In the current options, one important aspect is missing.
If we consider LOS ray and NLOS rays reflected at ground and/or building roof top, LOS ray can be far above the main lobe of BS while NLOS rays can be within (or near) the main lobe of BS. 
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However, in the current fast fading model, zenith angle of NLOS rays are determined as zenith angle of LOS ray plus angle offset, which is relatively small value. If we follow option 2 and option 3, zenith angle of LOS and NLOS rays can be above the main lobe of BS. So UE can be suffered from smaller RSRP than reality. For option 1 (CDL-D based), zenith angle of LOS ray can be too large depending on the aerial UE height and LOS ray will be within main lobe of BS. So RSRP can be higher than reality.
As it is difficult to build a sophisticated model based on massive measurements/ray-tracing simulations, the mean zenith angle can be geographically calculated assuming single reflection at ground or rooftop height for NLOS rays.  If this property is captured in the CDL-D based model, we are fine with CDL-D based option.

	SoftBank
	If it is difficult to reach the consensus, it would be good to agree on using CDL model and then we can discuss the how we can optimize the values. We believe this would be a good approach to avoid the introduction of a brand-new model.

	Ericsson
	We are okay to incorporate the proposal by NTT DOCOMO into the CDL model, if it is okay with other companies proposing the CDL model.  In the channel models of 38.901 and 36.873, the offset angle is applied only in NLOS and to all clusters. These models are not able to handle the example in the figure shown in DOCOMO’s response, since this example is most likely LOS but the clusters corresponding to scattered paths would have a different mean zenith.
A possible fix could be to apply an offset angle also in LOS, but only to the non-direct paths. i.e. to all the Laplacian clusters in CDL-D. This offset angle could be determined from the geometry assuming specular reflection on the building roofs or on the ground (as illustrated in the figure below).
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We still think Option 2 is complicated since it involves too many parameters and the proponents of Option 2 provide formulations for DS, ASA, ASD, ESA, ESD, and K based on simulations.  Simply reusing all the remaining parameters (i.e., the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances) from TR38.901 may not be very accurate.  Given the timeline of the SI, we do not expect to see large-scale channel sounding campaigns.  Hence, formulations for the remaining parameters in Option 2 seem unlikely in the near future.  We have similar concerns with Option 3.  Reusing all parameters from TR38.901 except the K factor (as proposed in Option 3) may not be very accurate.

	Nokia, ASB
	According to the comparison below for Option 2 and TR 38.901,   and  of Option 2 are almost 0 while  and , and  in Option 2 is changed from 0.8241 degree to 0.3632 degree when the UE height is changed from 10m to 300m. So it is unnecessary to introduce UE-height dependent ASD and ASA based on the observation. Although there is change in , there is still some concern for the trend of  when the UE height is from 10m to 300m. Since massive data is preferred for fast fading modelling, we would like to suggest to not introduce UE-height dependent fast fading until more results are received. 

One compromise method for simplification is to reuse the existing models in TR 38.901 but update the values of , , ,  and  in Table 7.5-6 Part-2 if necessary.

Option 1 is also one option. One way to make it more realistic is to generate LSP (DS, ASA, ASD, …) stochastically and use them to scale CDL multipath components. It will still be simple to implement.

	
	Comparison of Option 2 and Table 7.5-6 Part-2 of TR 38.901

	DS
	[image: ] [image: ]

	ASD
	  [image: ]

	ASA
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	ZSA
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	K
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	ZTE
	It seems that no consensus can be easily achieved between two options, considering timeline issues, all potential options (including the combination between option 1 and 2) can be listed as candidates for initializing the evaluation works. 

	Huawei
	We still prefer prefer the geometry-based stochastic models with parameters averaged from the Huawei and ZTE results, i.e. the table shown here.
	Para\Scenario
	RMa

	DS
	LoS
	

	-8.0945

	
	
	

	1.1879exp(-0.0086)

	
	NLoS
	

	-7.0805

	
	
	

	1.5546exp()

	ASA
	LoS
	

	-1.1645

	
	
	

	2.5622exp(-0.00251)

	
	NLoS
	

	+1.439

	
	
	

	1.5316exp()

	ASD
	LoS
	

	-0.89

	
	
	

	2.2056exp(0.0008)

	
	NLoS
	

	+0.5212

	
	
	

	1.357exp()

	ESA
	LoS
	

	+0.1569

	
	
	

	0.7579exp(-0.0069)

	
	NLoS
	

	+0.3287

	
	
	

	1.631exp(-0.0087)

	ESD
	LoS
	

	-0.9774

	
	
	

	0.7106exp(-0.0068)

	
	NLoS
	

	-1.2355

	
	
	

	1.5851exp(-0.0079)

	K
	LOS
	

	22.55log10(hUT)-4.72

	
	
	

	6.988exp(0.01659hUT)







Working Assumption:  For fast fading modeling for RMa-AV aerial UEs between 10m and 300m heights, companies can simulate with one of the options below.

Option 1: CDL-D model with the procedures and parameters as provided in Ericsson’s response to Question #17 above.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ESA, ESD, and K parameters modified according to Huawei’s response to Question #17 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  The number of clusters can be modelled as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #17 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.

FFS on convergence to one of the options or a combination of multiple options.  Other fast fading models are not precluded during further study.


Question #18: Could companies state their proposals for fast fading model for UMa-AV aerial UEs between 22.5m and 300m heights?  Provide a complete model (without FFSs) and justify your model proposal.

	Company name
	View

	Ericsson
	For reasons mentioned in our response to Question #17, 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. The procedure for using a CDL model in system simulations is as follows: 
1.  Follow steps 1- 3 in section 7.5 of TR38.901 (or section 7.3 of TR36.873) 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 for CDL-D for channel coefficient generation where the LOS AOD/AOA/ZOD/ZOA are used in the CDL-D models
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. Considering the expected lack of local scattering around the aerial UE and the corresponding lack of multipath, the desired angular spreads to which the CDL-D should be scaled are proposed in the table below.  The K-factor of the CDL-D model can be scaled to the desired K-factor according to section 7.7.6 of TR38.901.  The delay spread values of CDL-D can be scaled according to section 7.7.3 of TR38.901 with desired delay spread value is given in the table below.

	Parameter
	ASA
	ASD
	ZSA
	ZSD
	K
	Desired Delay spread

	Unit
	º
	º
	º
	º
	dB
	ns

	UMa LOS
	0.5
	0.5
	0.1
	0.1
	20
	10

	UMa NLOS
	1
	1
	0.3
	0.3
	10
	30


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. 
We do not expect to see large-scale channel sounding campaigns of the sort required to parameterize a full system level model such as 38.901 in the foreseeable future.

	Huawei, HiSilicon
	We suggest the following parameters for UMa:
	Para\Scenario
	UMa

	DS
	LoS
	

	-6.845

	
	
	

	0.7294exp(0.0014)

	
	NLoS
	

	0.0965-7.5030

	
	
	

	0.9745exp()

	ASA
	LoS
	

	-1.602

	
	
	

	1.0389exp()

	
	NLoS
	

	


	
	
	

	


	ASD
	LoS
	

	+1.3450

	
	
	

	1.0188exp()

	
	NLoS
	

	-0.6650

	
	
	

	1.2387exp()

	ESA
	LoS
	

	+0.2250

	
	
	

	0.9576exp(-0.0018)

	
	NLoS
	

	-0.4695

	
	
	

	1.6237exp(-0.0076)

	ESD
	LoS
	

	-0.5798

	
	
	

	1.0757exp(0.0059)

	
	NLoS
	

	-2.7250

	
	
	

	1.6421exp()

	K
	LOS
	

	4.217log10(hUT)+5.787

	
	
	

	8.158exp(0.0046hUT)




	Qualcomm
	Similar proposal as Question #17.

	Nokia, ASB
	It is OK to use CDL-D model as the fast fading model for UMa-AV. The solution proposed by Ericsson is fine for simplification.  

	ZTE
	Similar proposal and comments as Question #17. The model with jointly considerations with different contributions is preferred and corresponded model for number of cluster can also be found in R1-1707264.



Summary:  For fast fading modeling for UMa-AV aerial UEs between 22.5m and 300m heights, multiple options are proposed.

Option 1: CDL-D model with the procedures and parameters as provided in Ericsson’s response to Question #18 above.  This option is supported by three companies.  

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ESA, ESD, and K parameters modified according to Huawei’s response to Question #18 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  This option is supported by two companies.  One company prefers to model for the number of clusters as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #18 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  This option is supported by one company.

Follow up to Question #18
· How to converge on one of the above options?
· Only five companies provided views and 3 different options are proposed.  More companies are encouraged to provide their view.

	Company name
	View

	NTT DOCOMO
	Similar comment as Question#18.

	SoftBank
	Similar comment as Question#18.

	Ericsson
	Similar comment as Question#18.

	Nokia, ASB
	Similar comment as Question#17.

	ZTE
	Similar comment as Question#17.

	Huawei
	We still prefer prefer the geometry-based stochastic models with parameters averaged from the Huawei and ZTE results, i.e. the table shown here.
	Para\Scenario
	UMa

	DS
	LoS
	

	-6.845

	
	
	

	0.7294exp(0.0014)

	
	NLoS
	

	0.0965-7.5030

	
	
	

	0.9745exp()

	ASA
	LoS
	

	-1.602

	
	
	

	1.0389exp()

	
	NLoS
	

	


	
	
	

	


	ASD
	LoS
	

	+1.3450

	
	
	

	1.0188exp()

	
	NLoS
	

	-0.6650

	
	
	

	1.2387exp()

	ESA
	LoS
	

	+0.2250

	
	
	

	0.9576exp(-0.0018)

	
	NLoS
	

	-0.4695

	
	
	

	1.6237exp(-0.0076)

	ESD
	LoS
	

	-0.5798

	
	
	

	1.0757exp(0.0059)

	
	NLoS
	

	-2.7250

	
	
	

	1.6421exp()

	K
	LOS
	

	4.217log10(hUT)+5.787

	
	
	

	8.158exp(0.0046hUT)






Working Assumption:  For fast fading modeling for UMa-AV aerial UEs between 22.5m and 300m heights, companies can simulate with one of the options below.

Option 1: CDL-D model with the procedures and parameters as provided in Ericsson’s response to Question #18 above.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ESA, ESD, and K parameters modified according to Huawei’s response to Question #18 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  The number of clusters can be modelled as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #18 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.

FFS on convergence to one of the options or a combination of multiple options.  Other fast fading models are not precluded during further study.



Question #19: Could companies state their proposals for fast fading model for UMi-AV aerial UEs between 22.5m and 300m heights?  Provide a complete model (without FFSs) and justify your model proposal.

	Company name
	View

	Ericsson
	The UMi-AV scenario can actually 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.  However, the CDL model can be another alternative if we want to align the simulation implementation across scenarios.

	Qualcomm
	Similar proposal as Question #17.

	ZTE
	The model proposed in R1-1707264 for Umi can be considered. The usage of link level model is still no preferred.

	
	

	
	




Summary:  For fast fading modeling for UMi-AV aerial UEs between 22.5m and 300m heights, multiple options are proposed.

Option 1: “reverse” UMa scenario where the base station is below the average rooftop height and the UE is well above rooftop.  Reuse the existing fast fading model in TR38.901 with the angular spreads at base station and UE interchanged.  This option is supported by two companies.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ZSA, and ZSD parameters modified according to ZTE’s response to Question #19 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  This option is supported by one.  This option also includes modeling of the number of clusters as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #19 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  This option is supported by one company.

Follow up to Question 19  
· How to converge on one of the above options?
· Only three companies provided views and 3 different options are proposed.  More companies are encouraged to provide their view.

	Company name
	View

	NTT DOCOMO
	Similar comment as Question#18. Even for “reverse” UMa scenario proposed by Ericsson, geographic calculation of mean zenith angle can be considered.

	Ericsson
	We are fine to consider geographic calculation of mean zenith angel as suggested by NTT DOCOMO, if this is okay with other companies supporting Option 1.

	Nokia, ASB
	Similar comment as Question#17.

	ZTE
	Similar comment as Question#17.

	
	



Working Assumption:  For fast fading modeling for UMi-AV aerial UEs between 22.5m and 300m heights, companies can simulate with one of the options below.

Option 1: “reverse” UMa scenario where the base station is below the average rooftop height and the UE is well above rooftop.  Reuse the existing fast fading model in TR38.901 with the angular spreads at base station and UE interchanged.

Option 2:  Use the existing model in TR38.901 with the DS, ASA, ASD, ZSA, and ZSD parameters modified according to ZTE’s response to Question #19 above.  All the remaining parameters are reused from TR38.901, including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances. The number of clusters can be modelled as proposed in R1-1707264.

Option 3:  Use the existing model in TR38.901 with the K=15dB according to Qualcomm’s response to Question #19 above.  All the remaining parameters are reused from TR38.901, including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.

FFS on convergence to one of the options or a combination of multiple options.  Other fast fading models are not precluded during further study.


LOS Probability
In RAN1#89, an agreement was made that all UEs should be assumed to be in LOS if their heights are above a certain threshold [5].  Furthermore, there are two working assumptions that state the threshold height for RMa-AV is 40m and the threshold height for UMa-AV is 100m.

Question #20: Could companies state if they have specific concerns with the above working assumptions for height threshold?  If there are concerns, could the concerned company provide an alternative threshold value with justification.  If there are no concerns, could the working assumptions be confirmed?

	Company name
	View

	Ericsson
	We have a slight concern with using a fixed threshold height for any horizontal distance, since obstacle or terrain height variations or even the curvature of the earth may cause aerials at 40 or 100 m height to be in NLOS when the distance becomes very large. This is clearly shown in the figures below, where LOS probability is shown as a function of UE elevation angle at various 2D distances. It can be seen that to achieve the same LOS probability, a larger UE elevation angle (or UE height) is needed at a larger 2D distance.
Though to accommodate the views reflected in the working assumption, we propose to use a fixed threshold height H0 for distances up to dlim, and a distance-dependent threshold of H = H0d/dlim beyond this distance, where dlim  is given below
· RMa-AV:  dlim =1km, H0=40m
· UMa-AV: dlim =2km, H0=100m
Which correspond to roughly 95% of LOS probability for UEs at height H=H0 and d2D = dlim.
	[image: ]
	[image: ]

	(a) RMa-AV
	(b) UMa-AV




	Huawei, HiSilicon
	We support the working assumption.

	Qualcomm
	We are fine to confirm the working assumption for height threshold for RMa-AV and UMa-AV. We also want to extend the height threshold modeling to UMi-AV since the agreement is made based on an assumption of maximum height of 150 meter. If the maximum height is 300m a height threshold is needed also for UMi-AV. In such case, 150m can be used as the threshold for UMi-AV.

	Nokia, ASB
	We support the working assumption for height threshold. In TR 38.901, the 2D-distance threshold is much lower, for example 10m or 18m. So we suggest to keep 10m for RMa-AV, and 18m for UMa-AV and UMi-AV as the 2D-distance threshold. 

	ZTE
	We support the working assumption. Based on the results proposed by Ericsson and ZTE, even the height of UE is 300, the LoS probability is still not fully saturated. So, the extension of the applicable range up to 300 m without threshold is fine. 
[image: ] 

	Intel
	We support the working assumption.



Summary:  Five companies are fine with the working assumption for RMa-AV and UMa-AV.  Four companies are fine to confirm the working assumption for UMi-AV.  One company has a concern on fixed threshold height for any horizontal distance for RMa-AV and UMa-AV, and proposes to use a fixed threshold height H0 for distances up to dlim, and a distance-dependent threshold of H = H0d/dlim beyond this distance (see Ericsson’s proposal for proposed values on dlim).  One company wants to extend the height threshold modeling to UMi-AV with height threshold fixed at 150m. 

Follow up to Question 20  
· Are companies okay to introduce a distance dependent threshold?
· Are companies okay to introduce a height threshold for UMi-AV?

	Company name
	View

	Ericsson
	Our preference is to introduce a distance dependent threshold particularly for RMa-AV.  However, if majority of companies prefer not to introduce such a threshold, we are okay to confirm the working assumption for the sake of progress.  We do not prefer to introduce a height threshold for UMi-AV.

	Nokia, ASB
	We support the working assumption.

	ZTE
	We support the working assumption.

	Huawei
	We support height dependent threshold for RMa-AV and UMa-AV, but not for UMi-AV. We do not see a need for a distance dependent threshold.

	
	



Agreement:  Confirm working assumption that the threshold height for 100% LOS in RMa-AV is 40m and the threshold height for 100% LOS in UMa-AV is 100m.


In addition, there is a working assumption that captures LOS probability expressions for RMa-AV, UMa-AV, and UMi-AV which are captured in [5].

Question #21: Could companies state if they have specific concerns with the above working assumption for LOS probability expressions?  If there are concerns, could the concerned company provide justification (i.e., with simulation results).  If there are no concerns, could the working assumptions be confirmed?

	Company name
	View

	Ericsson
	If our proposal in Question 20 can be agreed, then the working assumptions can be confirmed with an extension of UE heights up to 300m.

	Huawei, HiSilicon
	We support the working assumption.

	Qualcomm
	The working assumption can be confirmed if our proposal on Q20 is agreed.

	Nokia, ASB
	Same as Q20. 

	ZTE
	We support the working assumption.

	Intel
	We support the working assumption.



Summary:  All companies seem positive to confirming the working assumption on LOS probability expressions.

Agreement:  Confirm working assumption on LOS probability for RMa-AV, UMa-AV, and UMi-AV.


Additional Proposals:

[bookmark: _Hlk485941652]Agreement:  For UMa-AV aerial UEs with heights below 22.5m, reuse the UMa NLOS shadowing model in TR38.901.

[bookmark: _Hlk485941692]Agreement:  For RMa-AV aerial UEs with heights below 10m, reuse the RMa LOS shadowing model in TR38.901.

[bookmark: _Hlk485941709]Agreement:  For RMa-AV aerial UEs with heights below 10m, reuse the RMa NLOS pathloss model in TR38.901.
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