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For:
Endorsement
1 E-UTRA
1.1 LTE Release 15
1.1.1 Enhanced Support for Aerial Vehicles
WID in RP-170779
R1-1705768
Proposed work plan for study on enhanced support for aerial vehicles
Ericsson, NTT DOCOMO, INC.
R1-1705766
TP on TR skeleton for Study on Enhanced Support of Aerial Vehicles
Ericsson, NTT DOCOMO, INC.
Conclusion:
Text proposal endorsed in R1-1706470 with the following changes:

· Change Editors note of Section 6 to “Potential issues to cater for aerial vehicles using the existing LTE network are to be captured will be captured in this section.”
R1-1705767
Draft LS on TR update for aerials study
Ericsson, NTT DOCOMO, INC.

1.1.1.1 Identify the requirements of connectivity services for drones
Limit to 1 contribution per 1 company/organization/university
R1-1704286
Requirements of connectivity with cellular networks for drones
Huawei, HiSilicon
R1-1705162
Use case and requirements for LTE-based drone service
ZTE, ZTE Microelectronics
R1-1705314
Requirements of connectivity services for drones
Samsung

R1-1704854
Discussion on general requirements of connectivity services for aerial vehicles on cellular network
LG Electronics

R1-1704429
Requirements of connectivity services for drones
Nokia, Alcatel-Lucent Shanghai Bell

R1-1705024
Scenarios for aerial vehicles
Qualcomm Incorporated

R1-1705092
Issues on the operations of drone UEs
SoftBank Corp.

R1-1705255
On the requirement of connectivity services for aerials
Ericsson

1.1.1.2 Evaluation scenarios and channel models for drones
Limit to 1 contribution per 1 company/organization/university
R1-1704430
Evaluation scenarios and channel models for drones
Nokia, Alcatel-Lucent Shanghai Bell

R1-1705256
Scenarios and channel models for aerials
Ericsson
R1-1705025
Channel and antenna model for aerial vehicles
Qualcomm Incorporated

R1-1704700
Discussion on scenarios and channel models for aerial vehicles
Intel Corporation
R1-1706475
WF on evaluation assumptions for aerials study

Ericsson, NTT DOCOMO, Intel

Also supported by Softbank
Agreement:
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m);
FFS: if 37 micro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);
FFS: if 37 macro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m);
FFS: if 37 macro sites, 3 sectors per site are needed

	BS antenna height 
	10m
	25m
	35m

	Carrier frequency
	2GHz
	2 GHz
	700 MHz; optionally 800 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 TR36.873 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 TR36.873 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
	FFS
	FFS
	FFS

	BS antenna element pattern
	For FD-MIMO, according to TR38.901 
	For FD-MIMO, according to TR38.901 
	For FD-MIMO, according to TR38.901 

	BS antenna element gain + connector loss
	8dBi
	8dBi
	8dBi

	UT location
 
	Outdoor terrestrial/indoor terrestrial/aerial
	Outdoor terrestrial and indoor terrestrial (same as UMi/UMa in TR38.901), and aerial UTs
	Outdoor terrestrial and indoor terrestrial (same as RMa in TR38.901), and aerial UTs

	
	LOS/NLOS (terrestrial)
	LOS and NLOS

	
	LOS/NLOS (aerial)
	FFS
	FFS
	FFS

	
	Height [image: image2.png]


 (terrestrial)
	For non FD-MIMO: FFS;
For FD-MIMO: Same as UMi in TR 38.901
	For non FD-MIMO: FFS;
For FD-MIMO: Same as UMa in TR38.901
	Same as RMa in TR38.901

	
	Height [image: image4.png]


 (aerial)
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m


· Note 1: The above scenarios are for evaluation purposes.
· Note 2: The base station height will be revisited in case of evaluations on positioning enhancements.

R1-1706469
WF on remaining evaluation assumptions for aerials study
Ericsson, Qualcomm, NTT DOCOMO, Samsung, Intel, Softbank, ZTE, Nokia
Also supported by KDDI

Agreement:
The following evaluation assumptions are used for the aerial study

	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Indoor terrestrial UT ratio defined as 
[image: image5.png]Indoor tesstrial UTs
Sutdoor tesstrial UTs + indoor terrestrial UTs




	80%
	80%
	50%

	Outdoor terrestrial UT ratio defined as 
[image: image6.png]outdoor terrestrial UTs
Sutdoor terrestrial UTs + indoor terrestrial UTs




	20%
	20%
	50%

	Aerial UT ratio defined as 
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	FFS
	FFS
	FFS

	Number of indoor terrestrial UTs + outdoor terrestrial UTs + aerial UTs
	[15] per sector

	[15] per sector

	[15] per sector


	Traffic model
	FFS
	FFS
	FFS

	UT mobility (horizontal plane only)
	FFS
	FFS
	FFS

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

	Min. BS – Aerial UT distance
	FFS
	FFS
	FFS

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

	Channel models for terrestrial UT
	According to TR 38.901 or TR 36.873
	According to TR 38.901
	According to TR 38.901

	Channel models for aerial UT
	FFS
	FFS
	FFS

	Terrestrial UT Tx Power
	23dBm
	23dBm
	23dBm

	Aerial UT Tx Power
	23dBm
	23dBm
	23dBm

	Power control
	Baseline: open loop power control. FFS open loop power control parameters
	Baseline: open loop power control. FFS open loop power control parameters
	Baseline: open loop power control. FFS open loop power control parameters

	Tterrestrial 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 
	TX: 1 or 2 cross polarized; RX: 2 cross polarized

other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized

other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized

other antenna configurations are not precluded

	BS receiver noise figure
	5dB
	5dB
	5dB

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

	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


R1-1706478
WF on Channel Models for Aerial Vehicles


Nokia, Alcatel-Lucent Shanghai Bell, ZTE, ZTE Microelectronics, Tongji University, Intel, Ericsson, Huawei, HiSilicon, NTT DOCOMO, Qualcomm, Samsung
Also supported by Softbank

Agreement:
· For channel modelling of Aerial UEs, at least the following can be different from the terrestrial UEs
· Pathloss, shadowing, LOS probability and fast fading
Conclusion:
Companies are encouraged to provide measurement/simulation/evaluation results for deciding the channel modelling of Aerial UEs in RAN1#89 meeting by considering the options below
Option 1: 
· Modify the existing channel models in TR 38.901/36.873 to support aerial UT with the UT height range of at least above 10m for RMa, and above 22.5m for UMa/UMi.
· Define UE height dependent path loss, shadowing and LOS probability for aerial UT.
· Modify the pathloss models to include UE height dependent path loss and shadowing for aerial UT in RMa/UMa/UMi scenarios. The details are FFS. 
· Modify the LOS probability to include UE height dependent LOS probability for aerial UT in RMa, UMa and UMi scenarios. The details are FFS.
· Extend the validity range of 2D distance in RMa scenario to [image: image9.png]10m <d,, <[20]k



m
· If found necessary, extend the validity range of 2D distance in UMa/UMi scenario.
· Companies are encouraged to use measurement data and/or simulated data based on ray-tracing to derive channel models.
· FFS reuse existing channel models for UT height up to 10m in RMa and up to 22.5m in UMa/UMi.
Option 2:

· For aerial UT above [30]m in RMa 
· Only LOS 
· Pathloss formula according to TR 38.901 
· FFS details (e.g., by modifying breakpoint distance)
· 0dB shadowing
· For aerial UT above [30]m in UMa 
· Only LOS 
· Pathloss formula according to TR 38.901 
· FFS details (e.g., by modifying breakpoint distance)

· 0dB shadowing
· For aerial UT above [30]m in UMi 
· LOS and NLOS 
· NLOS probability according to TR 38.901 with possible modifications
· Pathloss formulas according to TR 38.901
· FFS details (e.g., by modifying breakpoint distance)
· 0dB shadowing for LOS; 7.82dB shadowing for NLOS
· FFS channel models for aerial UT below 30m in RMa/UMa/UMi
Option 3:

· For aerial UT above 10m in RMa, 
· Only LOS 
· Free-space propagation model
· 0dB shadowing
· For aerial UT above 25m in UMa, 
· Only LOS 
· Free-space propagation model
· 0dB shadowing
· For aerial UT above 25m in UMi, 
· FFS
· FFS: reusing existing models for aerial UT below 10m in RMa and 25m in UMa/UMi
Option 4:

· For RMa, 
· For UT height < BS height , according to TR38.901 with potential revised parameters for breakpoint, shadowing and LOS probability. 
· For UT height >= BS height, free-space model with necessary update.
· For UMa, 
· For UT height < BS height, according to TR36.873 with potential revised parameters for breakpoint, shadowing and LOS probability. 
· For UT height >= BS height, free-space model with necessary update.
· For UMi, 
· For UT height < Building height, according to TR36.873 with potential revised parameters for breakpoint, shadowing and LOS probability. 
· For UT height >= Building height, according to TR36.873 with potential revised parameters for breakpoint, shadowing and LOS probability.
· Other options are not precluded
R1-1706477
WF on Traffic Models for Aerial Vehicles


Nokia, Alcatel-Lucent Shanghai Bell, ZTE, ZTE Microelectronics, Tongji University

Agreement:
· For data based traffic, the following traffic model is used for both terrestrial UEs and aerial UEs for evaluations:
· FTP model 3 for UL/DL
· Resource utilization values of 20% and 50%
· For command and control based traffic, the traffic models for aerial UEs are FFS
· FFS: from system perspective, whether a mix of data based traffic and command and control based traffic models for terrestrial and aerial UEs needs to be considered or not for evaluations
R1-1706683
WF on fast fading channel models for aerial vehicles


Huawei, HiSilicon, ZTE, ZTE-Microelectronics, Ericsson, NTT DoCoMo, Intel, Fraunhofer HHI

Conclusions:

Companies are encouraged to provide measurement/simulation/evaluation results for deciding the fast fading modelling of Aerial UEs in RAN1#89 meeting for system level simulations by considering the approaches below where height dependence should also be reflected
· Approach 1: to modify the existing geometry-based model in TR36.873 or TR 38.901
· Approach 2: to use CDL-D or CDL-E channel models above certain height in LOS RMa/UMa/UMi. The ASD, ASA, ZSD, ZSA, DS and k-factor may be further scaled. FFS NLOS details
· Approach 3: to use AWGN channel
· Other approaches are not precluded.
R1-1706684
WF on additional BS antenna configurations



Huawei, HiSilicon
R1-1706732
WF on performance metrics for the Aerial study item


Intel

Agreement:
· The following performance metrics should be considered for aerial study:
· Packet throughput 
· UL and DL packet throughput statistics for aerial UEs Data traffic
· UL and DL packet throughput statistics for all UEs Data traffic
· UL and DL packet throughput statistics of terrestrial UEs Data traffic
· Interference
· UL IoT (interference over thermal) and DL wideband SINR statistics for reference
· FFS other DL statistics such as RSRP and RSRQ
· Other metrics are not precluded
R1-1706731
WF on Traffic Requirements for Aerial Vehicles


Nokia, Alcatel-Lucent Shanghai Bell, ZTE, ZTE Microelectronics, Tongji University, Intel, LGE

Conclusion:
Continue discussion on performance requirements until next meeting.
Text proposal to be provided by Siva (Ericsson)
R1-1704285
Considerations on evaluation scenarios and channel models for drones
Huawei, HiSilicon

R1-1705163
Considerations on the channel model for LTE supported aerial vehicles
ZTE, ZTE Microelectronics

R1-1705315
Evaluation scenarios for drones
Samsung
1.1.1.3 Identify potential enhancements for drones
Limit to 1 contribution per 1 company/organization/university
R1-1704287
Potential enhancements for drones
Huawei, HiSilicon

R1-1704431
Interference mitigation aspects for drone connectivity
Nokia, Alcatel-Lucent Shanghai Bell

R1-1704701
Preliminary results for interference distribution for aerial vehicles
Intel Corporation

R1-1704855
Potential enhancements to LTE for aerial vehicles
LG Electronics

R1-1705026
System level performance and interference mitigation techniques for aerial vehicles
Qualcomm Incorporated

R1-1705164
Considerations on potential enhancements for LTE-based aerial vehicles
ZTE, ZTE Microelectronics

R1-1705254
On potential enhancements for low altitude aerial vehicles
Ericsson

R1-1705316
Potential enhancements for drones
Samsung

R1-1705699
Initial views on potential problems and solutions for aerial vehicles
NTT DOCOMO, INC.

R1-1705823
Field measurement results for drone LTE enhancement
KDDI Corporation
1.1.1.4 Other

R1-1705027
Handover results for aerial vechicles
Qualcomm Incorporated

R1-1705257
On positioning for aerial vehicles
Ericsson
