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[bookmark: _Ref477878769]Introduction
[bookmark: _GoBack]In RAN1#88bis, some evaluation assumptions were agreed [1], but some issues should be further discussed and considered. 
[bookmark: OLE_LINK90]In this contribution, we discuss the remaining issues for the evaluation assumptions, which include cell layout, antenna configuration, terrestrial UT location, aerial UT ratio, traffic model, UT mobility, minimum distance of BS and aerial UT, power control parameters and performance metrics.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK58]Discussion on remaining issues on evaluation assumptions
· Cell layout
In system-level simulations, the cell layout of hexagonal grid with 19 sites and 3 sectors per site is a typical simulation assumption and is sufficient for evaluation of terrestrial communications where the NLOS probability is high and the interference can be ignored at a distance beyond two layers of cells. But for the communication of aerial UEs, the location of the UEs will be typically higher than the eNB, resulting in high LOS probability and strong interference even from far eNBs, as illustrated in, the channel models are refer to companion contribution [2]. It is observed from Figure 1 that the interference power with 37-site cell layout is about 3dB larger than the 19-site case, so for the evaluation of ATG communication, 37 sites should also be considered.
 [image: ] [image: ] [image: ]
                 (a) UMi AV                                               (b) UMa AV                                             (c) RMa AV
[bookmark: _Ref481068388]Figure 1 Interference power of UMi AV, UMa AV and RMa AV scenarios
Proposal 1: 37 sites, 3 sectors per site are added as one additional cell layout for UMi AV, UMa AV and RMa AV.
· BS antenna configuration
For ATG communication, due to LOS environment, the interference is serious for both downlink and uplink transmission, which makes it very challenging to support the required high reliability in the downlink (e.g. command and control) and high data rate in the uplink transmission (e.g. pictures and/or videos). Since the beamforming gains and receiver processing gains brought by FD-MIMO have been proved to be an effective way of enhancing the signal power and mitigating the interference, it is proposed to consider FD-MIMO with 16 Tx ports and 16 Rx as an additional BS antenna configuration.
In [3] it is observed that “port layout with 32 antenna ports doesn’t provide sufficient gains over port layout with 16 ports for terrestrial network in UMa scenario”. However, in our simulations, clear gains are seen for 32 ports (see Table 1 and Table 2 below).
[bookmark: _Ref482363145]Table 1 Comparison of 16 ports and 32 ports, UMa scenario
	
	average UPT(Mbps)
	95%UPT(Mbps)
	50%UPT(Mbps)
	5%UPT(Mbps)
	Resource utilization

	16 ports
	37.67
	64.52
	37.74
	11.94
	17.14%

	32 ports
	40.73
	64.52
	43.01
	13.47
	14.49%

	gain
	8.12%
	0.00%
	13.98%
	12.79%
	



[bookmark: _Ref482363147]Table 2 Comparison of 16 ports and 32 ports, UMi scenario
	
	average UPT(Mbps)
	95%UPT(Mbps)
	50%UPT(Mbps)
	5%UPT(Mbps)
	Resource utilization

	16 ports
	41.36
	64.51
	44.44
	13.16
	14.04%

	32 ports
	44.33
	64.51
	48.78
	16.13
	12.33%

	gain
	7.17%
	0.00%
	9.76%
	22.58%
	



Proposal 2: The following BS antenna configuration is added for the evaluation of UMi AV, UMa AV and RMa AV: 
· (M, N, P) = (8, 4, 2) according to TR36.873 with 16Tx ports and 16Rx .

For the BS antenna pattern of non FD-MIMO, some antenna patterns are given in the [3] TR 36.814, but they have no modeling of side lobes and are thus not useful for evaluation of ATG communications (the side lobes can be used to serve the aerial UEs even when the antenna is down tilted). In TR 36.873, a complex weight vector  used for virtualization of antenna port is introduced and antenna ports are mapped by the complex weight vector weighting on the antenna elements. The antenna pattern of the antenna ports includes a first lobe steering to the electrical tilt and many side lobes and is thus a good approximate of the production antenna pattern in real networks. The same complex weight as in Table 7.1-1 of TR 36.873 can be reused, as follows,


Proposal 3: For non FD-MIMO, the BS antenna pattern can be modeled by reusing the complex weight vector for virtualization of antenna ports defined in Table 7.1-1 of TR36.873.
· UT antenna configuration
Similarly to BS antenna configuration, since interference is one of the main issues in ATG communications, it is proposed to evaluate the effect of interference mitigation with more receive antennas.
Proposal 4: The following UT antenna configuration is added for the evaluation of UMi AV, UMa AV and RMa AV
·  4 or 8 cross polarized receive antennas. 
· UT location
The height of the terrestrial UT of non FD-MIMO can be 1.5m for indoor terrestrial and outdoor terrestrial UTs, which is aligned with the simulation assumption for UMi / UMa scenarios in [4] ITU-R M.2135 in the ITU self-evaluation.
Proposal 5: The height of the terrestrial UT of non FD-MIMO is 1.5m for indoor terrestrial and outdoor terrestrial UTs in UMi AV and UMa AV. 
· Aerial UT ratio
For the aerial UT ratio, it is proposed to maintain the same number of terrestrial UEs (i.e. 10) in legacy LTE system level simulations. The number of aerial UTs is 5 and the ratio of aerial UTs to terrestrial UTs is 1:2.
Proposal 6: The ratio of aerial UTs to terrestrial UTs is 1:2.
· Traffic model
In ATG communications, the command and control traffic can be either periodic or burst (i.e. event-triggered). Periodic traffic can be modeled by a message size of 10 kilobits and a message generation period of 100 millisecond. Event-triggered traffic can be modeled by a Poisson process with the message size same as Periodic traffic.
Mixed traffic scenarios should also be considered in order to evaluate e.g. the impact of data traffic to the reliability of command and control traffic.
Proposal 7: For command and control based traffic, the following models are used for aerial UTs for evaluations:
· Periodic traffic with a message size of 10 kilobits and a message generation period of 100 millisecond.
· Event-triggered traffic with a message size of 10 kilobits and a Poisson arrival rate of 0.1 per second.
Proposal 8: The following mixed traffic scenarios are considered for evaluations:
· 50% aerial UTs with data based traffic and other aerial UTs with command and control based traffic.
· 80% aerial UTs with data based traffic and other aerial UTs with command and control based traffic.
· UT mobility
Although aerial UTs normally fly in both vertical and horizontal directions, they perform the monitoring, searching and shooting tasks either at a fixed location or when flying at a fixed altitude, so for the system-level evaluation of data transmission, it is sufficient to consider only the horizontal mobility. The mobility of terrestrial UTs can refer to Table A.2.1-1 of TR 38.802.
Proposal 9: For the purpose of system-level evaluation, only horizontal mobility is considered.
· Min.BS – Aerial UT distance
Considering the flight safety, safety distance between BS and aerial UT should be guaranteed, the safety distance are related to the flying speed and the command transmission latency. We propose the maximum moving speed of aerial is 120km/h and the maximum command latency is 0.1 millisecond, so the safety distance is 6.7 meters. Adding some margins due to signaling latency, it is proposed to assume a minimum 3D distance of BS and aerial UTs of 10 meters.
Proposal 10: The minimum 3D distance between BS and aerial UTs is assumed to be 10 meters.
· Power control	
Due to the LOS propagation of ATG, the uplink interference caused by aerial UTs is strong and it is necessary to select appropriate power control parameters for aerial UTs to avoid strong interference. Different technology and deployment may have different optimized power control parameters and companies are encouraged to optimize and report the power control parameters in the simulation evaluation contributions.
Proposal 11: For power control in system-level evaluations, companies are encouraged to optimize and report the power control parameters assumption in the contributions.
· Performance metric 
Some performance metrics are agreed in the RAN1#88bis meeting.
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


In order to observe the uplink coverage, the UL wideband SINR statistics is needed. The UL wideband SINR definition can be . RSRP is mainly used to calibrate the implementation of channel models, and RSRQ can be reflected already by SINR, so neither of them is necessary.
Proposal 12: UL wideband SINR is added as one additional performance metric, and is defined as follows,



Conclusions
In this contribution, we analysis the remaining issues for the evaluation assumption. Based on the discussion, we have the following proposals (summary of changes to the evaluation assumptions tables is highlighted in red in the Annex):
Proposal 1: 37 sites, 3 sectors per site are added as one additional cell layout for UMi AV, UMa AV and RMa AV.
Proposal 2: The following BS antenna configuration is added for the evaluation of UMi AV, UMa AV and RMa AV: 
· (M, N, P) = (8, 4, 2) according to TR36.873 with 16Tx ports and 16Rx .
Proposal 3: For non FD-MIMO, the BS antenna pattern can be modeled by reusing the complex weight vector for virtualization of antenna ports defined in Table 7.1-1 of TR36.873.
Proposal 4: The following UT antenna configuration is added for the evaluation of UMi AV, UMa AV and RMa AV
·  4 or 8 cross polarized receive antennas. 
Proposal 5: The height of the terrestrial UT of non FD-MIMO is 1.5m for indoor terrestrial and outdoor terrestrial UTs in UMi AV and UMa AV. 
Proposal 6: The ratio of aerial UTs to terrestrial UTs is 1:2.
Proposal 7: For command and control based traffic, the following models are used for aerial UTs for evaluations:
· Periodic traffic with a message size of 10 kilobits and a message generation period of 100 millisecond.
· Event-triggered traffic with a message size of 10 kilobits and a Poisson arrival rate of 0.1 per second.
Proposal 8: The following mixed traffic scenarios are considered for evaluations:
· 50% aerial UTs with data based traffic and other aerial UTs with command and control based traffic.
· 80% aerial UTs with data based traffic and other aerial UTs with command and control based traffic.
Proposal 9: For the purpose of system-level evaluation, only horizontal mobility is considered.
Proposal 10: The minimum 3D distance between BS and aerial UTs is assumed to be 10 meters.
Proposal 11: For power control in system-level evaluations, companies are encouraged to optimize and report the power control parameters assumption in the contributions.
Proposal 12: UL wideband SINR is added as one additional performance metric, and is defined as follows,
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Annex
	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, 37 micro sites, 3 sectors per site (ISD = 200m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);
FFS: if 37 macro sites, 3 sectors per site are needed
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; optionally ISD = 5000m)

	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;
(M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx ports and 16 Rx;
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;
(M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx ports and 16 Rx;
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;
(M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx ports and 16 Rx;
Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx; 
other antenna configurations are not precluded

	BS antenna pattern
	FFS Antenna port virtualized by a complex weight vector as defined in Table 7.1-1 of TR36.873
	FFS Antenna port virtualized by a complex weight vector as defined in Table 7.1-1 of TR36.873
	FFS Antenna port virtualized by a complex weight vector as defined in Table 7.1-1 of TR36.873

	BS antenna element pattern
	For FD-MIMO, a According to TR38.901 
	For FD-MIMO, a According to TR38.901 
	For FD-MIMO, a 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 LOS and NLOS (height dependent)
	FFS LOS and NLOS
(height dependent)
	FFS LOS and NLOS
(height dependent)

	
	Height  (terrestrial)
	For non FD-MIMO: FFS 1.5m;
For FD-MIMO: Same as UMi in TR 38.901
	For non FD-MIMO: FFS 1.5m;
For FD-MIMO: Same as UMa in TR38.901
	Same as RMa in TR38.901

	
	Height  (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



	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Indoor terrestrial UT ratio defined as 

	80%
	80%
	50%

	Outdoor terrestrial UT ratio defined as 

	20%
	20%
	50%

	Aerial UT ratio defined as 

	FFS 1:2
	FFS 1:2
	FFS 1:2

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

	[15] per sector

	[15] per sector


	Traffic model
	FFS Command and control based traffic: 
Periodic traffic and Event-triggered traffic. 
From system perspective, mixed data based traffic and command based traffic needs to be considered.
	FFS Command and control based traffic: 
Periodic traffic and Event-triggered traffic. 
From system perspective, mixed data based traffic and command based traffic needs to be considered.
	FFS Command and control based traffic: 
Periodic traffic and Event-triggered traffic. 
From system perspective, mixed data based traffic and command based traffic needs to be considered.

	UT mobility (horizontal plane only)
	FFS Aerial UTs: 120km/h
Indoor terrestrial UTs: 3km/h
Outdoor terrestrial UTs: 30km/h
	FFS Aerial UTs: 120km/h
Indoor terrestrial UTs: 3km/h
Outdoor terrestrial UTs: 30km/h
	FFS Aerial UTs: 120km/h
Indoor terrestrial UTs: 3km/h
Outdoor terrestrial UTs: 120km/h

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

	Min. BS – Aerial UT distance (3D)
	FFS 10m
	FFS10m
	FFS10m

	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
Companies are encouraged to optimize and report the power control parameters assumption in the contributions.
	Baseline: open loop power control. FFS open loop power control parameters
Companies are encouraged to optimize and report the power control parameters assumption in the contributions.
	Baseline: open loop power control. FFS open loop power control parameters
Companies are encouraged to optimize and report the power control parameters assumption in the contributions.

	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, optionally 4 or 8 cross polarized
other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized, optionally 4 or 8 cross polarized
other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized, optionally 4 or 8 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
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