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5.2
Key performance indicator

Editor’s note:
To capture the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc.
For system level evaluation purposes, the following performance metrics are considered:

· Packet throughput 
· UL and DL packet throughput statistics of all UTs Data traffic
· UL and DL packet throughput statistics of aerial UTs Data traffic
· 
· UL and DL packet throughput statistics of terrestrial UTs Data traffic
· Interference
· UL IoT (interference over thermal) and DL wideband SINR statistics for reference
· NOTE: UL IoT above refers to effective IoT defined in clause A.2.1.8 of [6]
· Reliability as defined in [10] for evaluation of C&C traffic for aerial UTs with X = 1250 bytes and L = 50 ms, wherein X and L are defined in [10]
· Other metrics are not precluded

6
Identified problem 

Editor’s note:
Potential issues to cater for aerial vehicles using the existing LTE network will be captured in this section.

6.1 Downlink interference on Aerial UTs 

Based on results from 7 sources presented in Table C-2 of Annex C.2, it is observed that for aerial UTs uniformly distributed between 1.5 m and 300 m AGL in UMa-AV, the five percentile downlink geometry experienced by the aerial UTs is statistically worse than the five percentile downlink geometry experienced by the terrestrial UTs.  Since the aerial UTs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UTs, the aerial UTs will receive interference from more cells in the downlink than a typical terrestrial UT could.  Hence, the degraded five percentile downlink geometry experienced by the aerial UTs with respect to terrestrial UTs is due to aerial UTs receiving downlink inter-cell interference from multiple cells. 
------------------------ Unchanged parts omitted ------------------------

Annex A: Evaluation assumptions

Editor’s note: This section will capture details of evaluation assumptions.
	
	UMi-AV
	UMa-AV
	RMa-AV

	Cell layout
	· Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
· Hexagonal grid, 37 micro sites, 3 sectors per site (ISD = 200m)

· Hexagonal grids with more than 37 micro sites and 3 sectors per site (ISD = 200m) are not precluded
	· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
· Hexagonal grid, 37 macro sites, 3 sectors per site (ISD = 500m)
	· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m)
· Hexagonal grid, 37 macro sites, 3 sectors per site (ISD = 1732m)

	BS antenna height 
	10m
	25m
	35m

	Carrier frequency
	2GHz
	2 GHz
	700 MHz; optionally 800 MHz

	System bandwidth
	10 MHz
	10 MHz
	10 MHz

	Total BS Tx power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	BS antenna configuration
	· 2Tx/2Rx cross polarized

· Optionally, (M, N, P) = (8, 4, 2) according to [3] with 32 Tx ports and 32 Rx
· Other antenna configurations are not precluded
	· 2Tx/2Rx cross polarized

· Optionally, 8Tx/8Rx cross polarized

· Optionally, (M, N, P) = (8, 4, 2) according to [3] with 32 Tx ports and 32 Rx
· Other antenna configurations are not precluded
	· 2Tx/2Rx cross polarized

· Other antenna configurations are not precluded

	BS antenna pattern
	· For non FD-MIMO, the following assumptions are used to generate the BS antenna pattern:

· (M,N,P) = (8,1,2) according to [3]

· antenna element pattern according to [3]

· a vertical element spacing of 0.8λ
· vertical virtualization performed with down tilt angle ϑ
· Companies to provide down tilt angle ϑ used in their evaluations

· Additional simulation results with realistic antenna patterns are not precluded



	BS antenna element patternand gain (including connector loss)
	For FD-MIMO, according to [4] 
	For FD-MIMO, according to [4] 
	For FD-MIMO, according to [4] 

	UT location 
	Outdoor terrestrial/indoor terrestrial/aerial
	Outdoor terrestrial and indoor terrestrial (same as UMi/UMa in [4]), and aerial UTs
	Outdoor terrestrial and indoor terrestrial (same as RMa in [4]), and aerial UTs

	
	LOS/NLOS (terrestrial)
	LOS and NLOS

	
	LOS/NLOS (aerial)
	Modelled according to Annex B

	
	Height 
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 (terrestrial)
	Same as UMi in [4]
	Same as UMa in [4]
	Same as RMa in [4]

	
	Height 
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 (aerial)
	· Uniformly distributed between 1.5m and 300m
· Optionally, fixed height value chosen from {50, 100, 200, 300} m.  
· Other optional fixed height values are not precluded.

	  Indoor terrestrial UT ratio = 
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	80%
	80%
	50%

	  Outdoor terrestrial UT ratio = 
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	  Aerial UT ratio =
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	· Case 1: 0% (corresponding to 
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· Case 2: 0.67% (corresponding to 
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· Case 3: 7.1% (corresponding to 
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· Case 4: 25% (corresponding to 
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	Number of total UTs per sector
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	Traffic model
	· For terrestrial UTs, data traffic is assumed in both UL/DL where FTP model 3 as in [5] is used with packet size 0.5 MB
· For aerial UTs, data traffic is assumed in UL where FTP model 3 as in [5] is used with packet size 0.5 MB
· For aerial UTs, command and control traffic is assumed in both UL/DL, where packets arrive periodically with packet size 1250 bytes and period 100 ms. See Note 1.
· Packet arrival rates are chosen to achieve resource utilization values of 20% and 50% (note: these values should take into account the resource utilization of aerial UTs)

	Scheduler assumptions
	· For baseline evaluations, QoS is not assumed at the scheduler

· Evaluations including QoS in the scheduler are not precluded

	UT mobility (horizontal plane only)
	· 30 km/h for outdoor terrestrial UTs
· 3 km/h for indoor terrestrial UTs
· 160 km/h for aerial UTs
	· 30 km/h for outdoor terrestrial UTs
· 3 km/h for indoor terrestrial UTs
· 160 km/h for aerial UTs
	· 30 km/h for outdoor terrestrial UTs
· 3 km/h for indoor terrestrial UTs
· 160 km/h for aerial UTs

	Min. BS – Terrestrial UT distance (2D)
	10m
	35m
	35m

	Min. BS – Aerial UT distance (3D)
	10m
	10m
	10m

	UT distribution (horizontal) – for outdoor terrestrial/indoor terrestrial/aerial
	Uniform
	Uniform
	Uniform

	Channel models for terrestrial UT
	According to [3] or [4]
	According to [4]
	According to [4]

	Channel models for aerial UT
	According to Annex B

	Penetration loss for outdoor terrestrial UT
	According to clause 7.4.3.2 of [4]
	According to clause 7.4.3.2 of [4]
	Penetration loss for outdoor terrestrial UT

	Penetration loss for indoor terrestrial UT
	According to Table 7.4.3-3 of [4]
	According to Table 7.4.3-3 of [4]
	According to Table 7.4.3-2 of [4]

	Penetration loss for aerial UT
	No penetration loss added

	Terrestrial UT Tx Power
	23dBm
	23dBm
	23dBm

	Aerial UT Tx Power
	23dBm
	23dBm
	23dBm

	Power control
	· Baseline: open loop power control
· Companies to provide the power control parameter settings (including 
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	· Baseline: open loop power control
· Companies to provide the power control parameter settings (including 
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	· Baseline: open loop power control.
· Companies to provide the power control parameter settings (including 
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	Terrestrial or aerial UT antenna element pattern 
	Omnidirectional/isotropic
	Omnidirectional/isotropic
	Omnidirectional/isotropic

	Terrestrial or aerial UT antenna element gain
	0dBi
	0dBi
	0dBi

	Number of terrestrial or aerial UT antennas 
	· 1 or 2 Tx cross polarized, 2 Rx cross polarized

· Other antenna configurations are not precluded 
	· 1 or 2 Tx cross polarized, 2 Rx cross polarized

· Other antenna configurations are not precluded
	· 1 or 2 Tx cross polarized, 2 Rx cross polarized

· Other antenna configurations are not precluded

	BS receiver noise figure
	5dB
	5dB
	5dB

	Terrestrial/aerial UT receiver noise figure
	9dB
	9dB
	9dB

	Handover margin
	Companies to provide assumption on handover margin.

	Baseline receiver for terrestrial/aerial UT
	MMSE-IRC; non-ideal interference estimation

	Feedback assumption
	Non-ideal CSI feedback and non-ideal CSI-RS channel estimation

	Channel estimation
	Non-ideal. Optionally, ideal channel estimation for demodulation purpose

	Backhaul delay
	Companies to provide assumptions on backhaul delay when evaluating interference coordination schemes

	Note 1: Performance of command and control traffic and data type traffic for aerial UT is separately evaluated.


------------------------ Unchanged parts omitted ------------------------

Table B-1: LOS probability
	Scenario
	LOS probability (distance is in meters)
	Applicability range in terms of aerial UT height

	RMa-AV
	According to Table 7.4.2-1 of [4] using the 
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	UMa-AV
	According to Table 7.4.2-1 of [4] using the
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	UMi-AV
	According to Table 7.4.2-1 of [4] using the 
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	Note 1:
The LOS probability is derived assuming antenna heights of 35m for RMa-AV, 25m for UMa-AV, and 10m for UMi-AV.
Note 2: 
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 is given in units of meters.


Table B-2: Pathloss models

	Scenario and LOS/NLOS condition
	Pathloss [dB] (fc is in GHz and distance is in meters)
	Applicability range

	RMa-AV LOS
	According to Table 7.4.1-1 of [4] using the 
[image: image36.wmf]LOS

RMa

-

PL

 formula
	
[image: image37.wmf]m

10

m

5

.

1

£

£

UT

h



	
	
[image: image38.wmf](

)

÷

ø

ö

ç

è

æ

+

-

=

-

-

3

40

log

20

)

(

log

20

),

(

log

8

.

1

9

.

23

max

10

3D

10

10

c

UT

LOS

AV

RMa

f

d

h

PL

p


	
[image: image39.wmf]m

300

0m

1

£

<

UT

h



[image: image40.wmf]km

10

2

£

D

d



	RMa-AV NLOS
	According to Table 7.4.1-1 of [4] using the 
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see Note 2
	

[image: image45.wmf]m

40

0m

1

£

<

UT

h



[image: image46.wmf]km

10

2

£

D

d



	UMa-AV LOS
	According to Table 7.4.1-1 of [4] using the 
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	UMa-AV NLOS
	According to Table 7.4.1-1 of [4] using the 
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	UMi-AV LOS
	According to Table 7.4.1-1 of [4] using the 
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	UMi-AV NLOS
	According to Table 7.4.1-1 of [4] using the 
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	Note 1:   For UMa-AV LOS, breakpoint distance is not observed for the ariel UT height range 
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Note 2:   In this expression, 
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 is the RMa-AV LOS pathloss of aerial UTs with height range 
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Note 3:   In this expression, 
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 represents the free space path loss.
Note 4:   In this expression, 
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 is the UMi-AV LOS pathloss of aerial UTs with height range 
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Table B-3: Shadow fading standard deviation

	Scenario and LOS/NLOS condition
	Shadow fading std [dB]
	Applicability range

	RMa-AV LOS
	According to Table 7.4.1-1 of [4]
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	RMa-AV NLOS
	According to Table 7.4.1-1 of [4]
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	UMa-AV LOS
	According to Table 7.4.1-1 of [4]
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	UMa-AV NLOS
	According to Table 7.4.1-1 of [4]
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	UMi-AV LOS
	According to Table 7.4.1-1 of [4]
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	UMi-AV NLOS
	According to Table 7.4.1-1 of [4]
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Table B-4: Fast fading model

	Scenario
	Fast fading model
	Applicability range

	RMa-AV
	According to clause 7.5 of [4]
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	According to Annex B.1
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	UMa-AV
	According to clause 7.5 of [4]
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	According to Annex B.1
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	UMi-AV
	According to clause 7.5 of [4]
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	According to Annex B.1
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B.1 Fast fading models for Aerial UTs
For fast fading modeling for RMa-AV aerial UTs between 10m and 300m heights and for UMa-AV/UMi-AV aerial UTs between 22.5m and 300m heights, one of the three alternatives in sub-clauses B.1.1, B.1.2, and B.1.3 can be used for evaluating the scenarios with 2Tx-2Rx at the base station and 1/2Tx-2Rx at the user terminal.
B.1.1
Alternative 1
For RMa-AV aerial UTs and for UMa-AV aerial UTs, the following procedures are used when evaluating with a CDL-D based fast fading model:
Step 1: Follow steps 1-3 in clause 7.5 of [4] for UT dropping, LOS/NLOS assignment and pathloss calculation; for LOS/NLOS assignment and pathloss, Tables B-1, B-2, and B-3 are used.
Step 2: Continue with steps 1-4 in clause 7.7.1 of [4] with parameters defined in Table 7.7.1-4 of [4] for channel coefficient generation.
Step 3: The angle values are further scaled according to clause 7.7.5.1 of [4] with the actual LOS AOA, LOS AOD, LOS ZOA and LOS ZOD of a dropped aerial UT as the desired mean AOA, AOD, ZOA and ZOD, respectively; the desired angular spreads (i.e., 
[image: image103.wmf]desired

AS

 in Equation 7.7-5 of [4]) to be used for scaling for RMa-AV and UMa-AV are given in Table B-5 and Table B-6, respectively.  Note that angular scaling is applied to ray angles (i.e., 
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 etc.) as indicated in Step 1 of clause 7.7.1 in [4].
Step 4: The K-factor of the CDL-D model is scaled to a desired K-factor according to clause 7.7.6 of [4].  The delay spread of the CDL-D model is scaled according to clause 7.7.3 of [4] with a desired delay spread value.  The desired K-factor and the desired delay spread values for RMa-AV and UMa-AV are given in Table B-5 and Table B-6, respectively.
Step 5:For ZOD in LOS conditions, an offset angle is added only to the non-direct paths (i.e., to all the Laplacian clusters in CDL-D) after the scaling of the angle values.  This offset angle is determined from geometry assuming specular reflection on the ground for RMa-AV and assuming specular reflection on the building roof for UMa-AV.  The offset angle determination for RMa-AV and UMa-AV are illustrated in Figure B-2 and Figure B-3, respectively.  The determined offset angles for RMa-AV and UMa-AV are given in (B.1-1) and (B.1-2), respectively.
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(B.1-2)
Step 6:  For ZOD in NLOS conditions, 
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 for both RMa-AV and UMa-AV.
Table B-5: Desired angular spreads, desired delay spreads, and desired K-factor for RMa-AV
	Scenario
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	Desired K
	Desired DS

	
	ASA
	ASD
	ZSA
	ZSD
	
	

	RMa-AV LOS
	0.2º
	0.2º
	0.1º
	0.1º
	20 dB
	10 ns

	RMa-AV NLOS
	0.5º
	0.5º
	0.2º
	0.2º
	10 dB
	30 ns


Table B-6: Desired angular spreads, desired delay spreads, and desired K-factor for UMa-AV
	Scenario
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	Desired K
	Desired DS

	
	ASA
	ASD
	ZSA
	ZSD
	
	

	UMa-AV LOS
	0.5º
	0.5º
	0.1º
	0.1º
	20 dB
	10 ns

	UMa-AV NLOS
	1º
	1º
	0.3º
	0.3º
	10 dB
	30 ns
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Figure B-2: Geometry based ZOD offset angle determination for RMa-AV.
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Figure B-3: Geometry based ZOD offset angle determination for UMa-AV.

For UMi-AV aerial UTs, a fast fading model based on the ‘reverse’ UMa scenario is used where the base station is below the average rooftop height and the UT is well above rooftop.  In this alternative, the fast fading model in clause 7.5 of [4] is reused with the angular spreads at the base station and UT interchanged.

B.1.2
Alternative 2
For RMa-AV aerial UTs and for UMa-AV aerial UTs, the fast fading model in clause 7.5 of [4] is used with the DS, ASA, ASD, ZSA, ZSD, and K parameters modified.  The modified parameters for RMa-AV and UMa-AV are given in Table B-7 and Table B-8, respectively.  For UMi-AV aerial UTs, the fast fading model in clause 7.5 of [4] is used with the DS, ASA, ASD, ZSA, ZSD, and K parameters modified according to [9].  In this alternative, all the remaining parameters are reused from [4], 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 is modelled as in [9].
Table B-7: Modified DS, ASA, ZSA, ZSD and K parameters for RMa-AV
	Parameter
	Scenario
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	RMa-AV NLOS
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	RMa-AV NLOS
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Table B-8: Modified DS, ASA, ZSA, ZSD and K parameters for UMa-AV
	Parameter
	Scenario
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	UMa-AV NLOS
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B.1.3
Alternative 3
In this alternative, for RMa-AV aerial UTs, UMa-AV aerial UTs, and UMi-AV aerial UTs , the fast fading model in clause 7.5 of [4] is used with K=15 dB.  In this alternative, all the remaining parameters are reused from [4], 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.
Annex C:  Evaluation results
Editor’s note: This section will capture details of evaluation results.
C.1 Calibration results 
Large scale calibration results without fast fading are presented in this clause.  The assumptions used for generating the calibration results are given in Table C-1.  Calibration results are given in Figures C-1 to C-6 for UMi-AV, UMa-AV, and RMa-AV.  The coupling loss and geometry results presented in this clause include statistics of all UTs including both terrestrial and aerial UTs.
Table C-1: Simulation assumption for large scale calibration
	Parameter
	Values

	Scenarios 
	UMi-AV, UMa-AV, RMa-AV 

	Cell layout and Sectorization
	Hexagonal grid, 19 macro/micro sites

3 sectors per cell site: 30, 150 and 270 degrees
	[image: image160.png]90°





	BS antenna configuration
	2Tx/2Rx cross polarized with BS antenna pattern for non FD-MIMO defined in Annex A

	BS antenna port mapping
	All elements of each polarization on each column are mapped to a single CRS port

	Antenna virtualization and BS antenna down tilt angles
	DFT precoding according to [3] with application of down tilt angles given below:
· ϑ = 104 degrees for UMi-AV

· ϑ = 100 degrees for UMa-AV

· ϑ = 96 degrees for RMa-AV

	BS Tx power
	· 41 dBm for UMi-AV

· 46 dBm for UMa-AV and RMa-AV

	Bandwidth
	According to Appendix A

	UT antenna configurations
	2 Tx/2 Rx cross polarized; Isotropic antenna gain pattern

	Handover margin
	0dB

	Aerial UT ratio cases
	Case 1: 0 aerial UTs and 15 terrestrial UTs per sector

Case 5: 5 aerial UTs and 10 terrestrial UTs per sector

	Terrestrial UT distribution 
	According to [4]

	Aerial UT height distribution
	Uniformly distributed between 1.5m and 300m

	Cell association
	Based on RSRP (according to clause 8.1 of [3]) from CRS port 0
Note: Fast fading is not taken into account.

	UT receiver noise figure
	According to Appendix A

	Fast fading channel
	not modelled

	O2I penetration loss
	According to Appendix A

	Carrier frequency
	2GHz for UMi-AV and UMa-AV, 700MHz for RMa-AV

	Wrapping method
	Geographical distance based wrapping

	Metrics
	1)  Coupling loss - serving cell

	
	2)  Geometry
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	Figure C-1: Coupling loss for UMi-AV averaged over 4 sources (see R1-1714857 [7])
	Figure C-2: Geometry for UMi-AV averaged over 4 sources (see R1-1714857 [7])


	[image: image163.png]COF [%]

100

E

0

140

130

120

m—C5e 1 mmCase 5

a0 00 0
Coupling Loss [dB]

50

kY




	[image: image164.png]COF [%]

100

—Case ] emmmCase5

s 0 s
Geometry[dB]

2

3

B





	Figure C-3: Coupling loss for UMa-AV averaged over 5 sources (see R1-1714857 [7])
	Figure C-4: Geometry for UMa-AV averaged over 5 sources (see R1-1714857 [7])
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	Figure C-5: Coupling loss for RMa-AV averaged over 5 sources (see R1-1714857 [7])
	Figure C-6: Geometry for RMa-AV averaged over 5 sources (see R1-1714857 [7])


C.2 Five percentile geometry results 

In this clause, five percentile geometry results are presented based on the evaluation assumptions in Annex A and Annex C.1 [except that fast fading is taken into account].  The five percentile geometry results are given for different aerial UT ratio cases and UT types in Table C-2 (for UMa-AV), Table C-3 (RMa-AV) and Table C-4 (UMi-AV).
Table C-2: Five percentile geometry results for UMa-AV (R1-1714675 [8])
	Aerial UT Ratio Case
	UT Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	Case 1 
	All UTs
	-4.43
	
	-1.45
	-4.09
	-1.36
	-1.26
	-1.56

	Case 2
	All UTs
	-4.53
	
	-1.62
	
	-1.58
	
	-1.88

	Case 3
	All UTs
	-6.15
	
	-4.61
	-6.01
	-3.66
	
	-3.95

	Case 4
	All UTs
	-8.35
	
	-6.61
	
	-6.09
	
	-6.25

	Case 5
	All UTs
	-8.79
	
	-7.23
	-7.98
	-6.76
	-6.90
	-7.05

	Case 5
	Terrestrial UTs
	-4.39
	-3.21
	-1.45
	-3.87
	-1.35
	
	-1.47

	Case 5
	Aerial UTs
	-9.57
	-7.47
	-8.05
	-8.64
	-7.63
	-7.93
	-8.03


Table C-3: Five percentile geometry results for RMa-AV (R1-1714675 [8])
	Aerial UT Ratio Case
	UT Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	Case 1 
	All UTs
	-2.21
	
	
	
	-1.47
	-1.54
	-1.73

	Case 2
	All UTs
	-2.37
	
	
	
	-1.50
	
	

	Case 3
	All UTs
	-5.03
	
	
	
	-2.76
	
	

	Case 4
	All UTs
	-8.15
	
	
	
	-4.91
	
	

	Case 5
	All UTs
	-8.67
	
	
	
	-5.75
	-5.90
	-5.62

	Case 5
	Terrestrial UTs
	-2.22
	
	
	
	-1.39
	
	

	Case 5
	Aerial UTs
	-9.30
	
	
	
	-6.96
	-7.20
	


Table C-4: Five percentile geometry results for UMi-AV (R1-1714675 [8])
	Aerial UT Ratio Case
	UT Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	Case 1 
	All UTs
	
	
	
	
	-3.50
	
	-3.73

	Case 2
	All UTs
	
	
	
	
	-3.54
	
	

	Case 3
	All UTs
	
	
	
	
	-4.24
	
	

	Case 4
	All UTs
	
	
	
	
	-5.11
	
	

	Case 5
	All UTs
	
	
	
	
	-5.68
	
	-6.53

	Case 5
	Terrestrial UTs
	
	
	
	
	-3.45
	
	

	Case 5
	Aerial UTs
	
	
	
	
	-6.74
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