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[bookmark: _Ref506020033]Introduction
In the draft TR for non-terrestrial networks (NTN) study item [1], two types of terminals are assumed. One is Very Small Aperture Terminal (VSAT) used by ground station or mounted on a moving platform. Another is 3GPP power class 3 UE with a single omni-directional antenna, used by handheld or IoT devices. These two assumptions represent two extreme cases of antenna directivity. The VSAT terminal uses a highly directive dish antenna of 60cm reflector diameter, resulting in a gain of ≥ 40 dBi in Ka band, and with a 2 Watt transmit power, an EIRP of ≥ 43 dBW. While for the UE terminal, the antenna gain is 0 dBi, and with its 200 mW transmit power, it has an EIRP of -7 dBW.
Although the single omni-antenna assumption seems reasonable for IoT devices, we think it is not valid for NR handheld devices. A typical NR UE operating at mmWave frequency will have multiple panels of co-phased arrays. Even for the sub-6 GHz band, an NR UE will have precoding and combining capability using multiple antennas. Without considering the beamforming functionality supported by a realistic UE design, the channel characteristics perceived by the receiver cannot be accurately modeled and the link budget would be too pessimistic.
In this contribution, we propose the antenna assumption for UE handheld devices for NTN, and suggest how it should be used in channel modeling and link budget analysis.
NR handheld device antenna assumption
The guidelines for IMT-2020 evaluation [2] outline the configurations for various test environments. The Dense Urban-eMBB Configurations A and B and Rural-eMBB Configuration B provide consistent assumptions on UE antenna elements, gain pattern, power, and noise figure for 4 GHz and 30 GHz carrier frequencies. The on-going calibration for 3GPP self-evaluation sets further details of simulation parameters [3] based on the IMT-2020 evaluation specification. 
We propose using the UE parameters for Dense Urban-eMBB and Rural-eMBB tests at frequency 4 GHz and 30 GHz in [2][3] as the handheld UE assumption for NTN. The UE parameters for 4 GHz frequency can be adopted for sub-6 GHz lower band, e.g. S band, and the UE parameters for 30 GHz can be used for the higher band, e.g. Ka band. The UE parameters for the lower band and the higher band are listed in Table 1. 
One antenna panel is assumed for the lower band, and two panels for the higher band. An antenna panel is a planar array specified by , where N is the number of columns and M is the number of antenna elements in each column, and P is the number of polarization. The antenna elements are uniformly spaced with a center-to-center spacing of  and  in the horizontal and vertical directions, respectively. We assume each panel have dual polarizations, vertical (0°) and horizontal (180°). For the lower band, each of the four antenna element is connected to a transceiver unit (TXRU). For the higher band, one panel has 2×4×2 elements, as illustrated in Figure 1. One panel is connected to two TXRUs, one per polarization. The whole 2×4 elements of the same polarization within the panel are co-phased for the desired beam direction as shown in Figure 2.  
In this assumption, the antenna element for the lower band has a omni-directional gain pattern, while the element for the higher band has some directivity with a gain pattern defined in Table 2. For this reason, the UE operating in higher band has two panels with back-to-back boresights (bearing angle 0° and 180° w.r.t. the UE) to cover the whole azimuth domain. 

	Parameters
	For <6 GHz
	For higher frequency 

	Max. transmit power
	23 dBm
	23 dBm

	Number of antenna elements
	4 Tx/Rx
	32 Tx/Rx

	Number of antenna panels
	1
	2

	Antenna panel orientation (bearing angle, downtilt)
	(0°, 0°)
	Panel 1: (0°, 0°)
Panel 2: (180°, 0°)

	Antenna panel configuration
	(M, N, P) = (1, 2, 2)

Polarization: 0°, 90°
	(M, N, P) = (2, 4, 2)
 
Polarization: 0°, 90°

	TXRU to element mapping
	One TXRU per element
	One TXRU per panel per polarization

	Antenna element gain pattern
	Omni-directional
	See Table 2

	Antenna element gain
	0 dBi
	5 dBi

	Noise figure
	7 dB
	10 dB


[bookmark: _Ref506217844]Table 1. UE assumption for lower and higher frequency bands based on IMT-2020 evaluation [1].
	Parameters
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi


[bookmark: _Ref506046468]Table 2. UE antenna radiation pattern model for 30 GHz and 70 GHz in IMT-2020 evaluation [2].


[bookmark: _Ref506222233]Figure 1. Illustration of (M, N, P) = (2, 4, 2) planar array antenna panel with horizontal and vertical polarizations


[bookmark: _Ref506302186]Figure 2. Analog beamforming using  antennas elements in one panel, with one set of phase shifters co-phasing the elements of the same polarization.
UE Beam modeling 
In previous offline discussions, we have agreed that a temporal-only channel model would be suffice for NTN, given that multipath is weak for large elevation angles and high gain dish antennas are used at satellite/HAPS base stations. The temporal channel model needs to consider UE’s beamforming effect based on the UE antenna array assumption, so the beamformed channel perceived by the receiver can be realistically modeled. For link budget analysis, UE beamforming gain also needs to be accounted for to accurately estimate satellite/HAPS transceiver’s requirement or the achievable data rate. 
[bookmark: _Hlk506529319]For higher frequency band, the 2x4 array in a panel is co-phased and connected to a TXRU to form an analog beam for each polarization. From UE transceiver’s perspective, one antenna panel is equivalent to two directive antennas with horizontal and vertical polarizations. The beamforming direction of a panel can be adaptively adjusted based on beam selection procedure or direction of arrival (DoA) estimation. Given that the two panels are oriented back-to-back, the dominant signal path can always be covered by one of the panels. 
With the antenna element gain pattern (Table 2), the beam pattern of the array can be computed for the estimated DoA. Suppose the DoA is , with the elevation angle  from the horizontal plane and the azimuth angle  from the array boresight as illustrated in Figure 3. The beam pattern of the array for DoA  is shown in Figure 4. 
To construct a simple temporal channel model, we can take the ray tracing data [4][5] and apply UE’s beam pattern to produce a scenario specific power delay profile (PDP). The UE’s beam is used as a spatial filter in the process. It can be computed assuming an idealized DoA estimation and random UE array bearing angle. The PDP is then used to establish a statistical model for the time domain channel response. The same temporal channel model is used for the two polarizations in UE antennas, but the channel in each polarization is realized by an independent statistical process. Signal power in each polarization depends on the cross-polarization ratio (XPR) and independent fading in the channel model.
For lower frequency band (< 6GHz), each of the four antenna elements in the UE is connected to a TXRU, so digital beamforming can be performed in the baseband. The two 1/2-λ spaced elements of the same polarization can adjust both phase and amplitude to maximize the desired signal power. For channel modeling and link budget purposes, we can model the UE’s beamforming operation with a suboptimal implementation of analog beamforming using the 1x2 elements of the same polarization. As an example, its beam pattern for DoA  is shown in Figure 5.
NTN link budget needs to consider the UE’s beamformed antenna gain. For a planar array with closely spaced  elements, the theoretical array gain for a single signal path is , irrespective of DoA. For a beam directed in the DoA  direction, the gain of the beam (in linear scale), , is the array gain multiplies by the antenna element gain in the DoA direction, , i.e.,
.
For the lower band, antenna element gain is omni-directional, so  is always 2 (3 dB). For the higher band, however, due to the antenna element’s gain pattern (Table 2),  depends on the DoA direction and has a maximum of 14 dB (9 dB array gain + 5 dBi element gain) when the DoA is aligned with the array boresight ().  Figure 6 shows how  of the higher band changes as the DoA deviates from the boresight in the θ-ϕ plane.

[image: ]
[bookmark: _Ref506364296]Figure 3. Direction of arrival (DoA) in terms of elevation angle θ and azimuth angle ϕ with respect to UE antenna panel. The array boresight is taken to be the x-axis and the panel is on the y-z plane.
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	(a)
	(b)


[bookmark: _Ref506364606]Figure 4. Beam gain pattern (in linear scale) of the higher frequency band UE antenna panel (2x4) with beamforming direction in elevation 30° and azimuth 0° from its boresight: (a) Gain on the X-Y horizontal plane, (b) Gain on the vertical X-Z plane.
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	(a)
	(b)


[bookmark: _Ref506530075]Figure 5. Beam gain pattern (in linear scale) of the lower frequency band UE antenna panel (1x2) with beamforming direction in elevation 30°and azimuth 45° from its boresight: (a) Gain on the X-Y horizontal plane, (b) Gain on the vertical X-Z plane.
[image: ]
[bookmark: _Ref506401331]Figure 6. Beam gain of the higher frequency band UE antenna panel as a function of the beamforming direction in terms of the azimuth, elevation angles from the boresight.

4. Conclusion
We see a clear need of a realistic antenna array assumption for handheld devices in the NTN channel modeling, link budget analysis, and performance evaluation. Therefore, we propose:
1. Adopting the UE assumption (see Table 1 and Table 2) of IMT-2020 Dense Urban-eMBB and Rural-eMBB test environments for <6 GHz and higher frequency bands.
2. UE antenna gain in the link budget should be calculated from the beam pattern formed by UE’s antenna array in the line-of-sight direction.
3. [bookmark: _GoBack]UE’s beam pattern pointing to the direction of arrival (DoA) should be used for spatial filtering in the derivation of a temporal channel model for NTN communications.
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