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Introduction
During the last RAN4 meeting [1], several companies submitted contributions focusing on channel model scaling for FR1 and FR2 [2]-[4], CDL model modification [6], probe selection [5], etc. During the meeting, RAN4 approved a way forward on NR MIMO OTA [7]. The way forward agreed on BS antenna pattern assumptions, channel model simulation parameters, etc. 
This contribution discusses further on the impact of angular scaling for FR2, based on the assumptions of [7]. It also shows how directional UE antenna element pattern can be used to reduce the effective spread of arrival angles.
Simulation Procedure
Before proceeding to discuss angular scaling and beam selection, we first define the simulation procedure. The way forward of [7] made the following assumptions:
	WF on NR MIMO OTA
· BS antenna pattern assumption: 
· Use example pattern in TR38.901 Table 7.3-1 for both FR1 and FR2, e.g. 3dB = 65,  SLAv = 30dB, GE,max =8 dBi;
· 2 transmitting beams for FR1 
· Two strongest beams
· 1 transmitting beam for FR2- strongest beam to strongest cluster
· For FR1：A code book of 60 fixed beams is constructed to a grid of five elevation angles from –20 to +20 with 10 steps and 12 azimuth angles from –80 to +80 with ~15 steps
· For FR2：A code book of 128 fixed beams is constructed to a grid of eight elevation angles from –25 to +25 with ~7.1 step size and 16 azimuth angles from –60 to +60 with 8 step size
· CDL-A and CDL-C are selected for both FR1 and FR2 for simulation assumption
· 3.5 GHz and 28GHz is set as center frequency (fc) in TR38.901 for FR1 and FR2 channel model scaling, respectively.
· Study the impact to FR1 range
· FR1 RMS delay spread: UMi with 100ns, Uma with 365ns
· FR2 RMS delay spread: UMi with 60ns, InO with 30 ns
· Follow the procedure in TR38.901 on how to scale the channel model to map the Scenarios 
· Option 1: Scaling per TR38.901 
· Option 2:  Rotate AoDs/ZoDs and scale to CDL-A and CDL-C using the methods in 38.901 (section 7.7.5.1) to make them fit the median values in 38.901 Table 7.5-6 for the accepted scenarios
· Channel model simplification is needed, how to simplify is FFS



We focus on FR2 in this contribution. We use the same BS antenna pattern assumptions and channel model assumptions as the above WF. For channel model scaling, we assume option 1. At UE side, we assume two models: 1) isotropic UE and 2) UE with antenna elements. The antenna element gain pattern of #2 is obtained from table 7.3-1 of [8]. A detailed list of simulation assumptions can be found in the appendix. 
In this setup, we find the distribution of power, in terms of angle of arrival in azimuth and elevation domain. 

Selection of Channel Model Scaling Procedure
The way forward of [7] provided two options to scale the channel mode to map the scenarios. They are:
· Option 1: Scaling per TR 38.901
· Option 2: Rotate AoDs/ZoDs and scale to CDL-A and CDL-C using the methods in 38.901 (section 7.7.5.1) to make them fit the median values in 38.901 Table 7.5-6 for the accepted scenarios.
Option 1 is more natural and follows the standard procedure of 38.901.
The proponents of option 2 commented that the AoDs and ZoDs, along with their corresponding AoAs and ZoAs, of some clusters are very far from the mean angle of the tabulated CDLs and they will enforce the test vendors to place many probes to emulate CDL-A or CDL-C channel even with angular scaling. 
However, there are multiple issues associated with option 2. First, Rotating AoDs/ZoDs of some clusters of CDL-C seem arbitrary. Deciding the exact rotation angles for AoDs/ZoDs of some clusters will consume significant amount of discussion time. Besides, the AoDs and ZoDs do not directly dictate the placement of the probes. Rather, the distribution of power in different bins in azimuth and elevation angle of arrival domain influence the placement of the probes.
Hence, as mentioned in [2]-[3], probe placement can be decided by focusing on the power weighted (after base station beamforming) mean azimuth and elevation angle of arrival and “opening” the window outwards from the mean angle to capture a desired fraction of the total power of the channel.
During the meeting, the use of zero elevation angle spread was suggested for FR2. The motivation behind this suggestion is that LTE MIMO OTA focused on a 2D setup. Besides, by enforcing the elevation angle spread to zero, the probes can only be placed in the azimuth domain. This would reduce the cost of NR MIMO OTA setup. 
However, in FR2, arbitrarily enforcing elevation angle spread to zero may make the modified CDL model impractical. A practical approach would be to simply follow the procedure mentioned above, i.e., to focus on mean elevation angle of arrival and then “open” the window to capture desired fraction of the total channel power.
Observation 1: The methodology of selecting rotation values in option 2 of [7] is not clear and will require a lot of discussion time before they can be agreed.
Observation 2: In FR2, arbitrarily enforcing elevation angle spread to zero may make the modified CDL model impractical.
Proposal 1: Option 1 of [7] should be selected, i.e., the angles should be scaled per TR 38.901 for FR2 MIMO OTA simulations.
Proposal 2: Probe placement should be decided by focusing on the beamformed power weighted mean azimuth and elevation angle of arrival and “opening” the window outwards from the mean angles to capture a desired fraction of the total power of the channel.

Use of Directional Antenna Element Pattern at UE
One criticism of option 1 of [7] is that it may require the placement of a lot of probes. Even after BS beamforming, the UE may see power in different clusters and rays that are far apart from each other. This is especially true if we focus on an isotropic UE. However, in a real lab testing scenario, UE will be equipped with directional antenna element pattern. Hence, the power of the rays that are reaching the UE from outside of its main lobe will be reduced.  Figure 1 and 2 show the power – normalized by assuming the total received power to be 1 – of the incoming rays across different AoAs and ZoAs and illustrate the impact of this consideration.
[image: ]
Figure 1: Normalized power distribution for different arrival angles in CDL-C and strongest BS beam (isotropic UE)
The results of figure 1 are generated while assuming an isotropic UE. As a result, power of incoming rays were distributed among a wide range of azimuth angle of arrivals, e.g., ranging from -100 degree of AoA to +170 degree of AoA. 
Figure 2 was generated while assuming a UE with single antenna element and directional antenna element gain pattern. Since the UE was oriented with 180 degree bearing angle, the rays cantered around from -100 to 0 degree got suppressed. As a result, the rays that range from +70 to +170 degree in AoA contained power.
In both figure 1 and 2, -40 dB is assumed as a floor of the minimum power across different AoAs and ZoAs for illustration. Just note that, the actual received power is zero in AoAs and ZoAs that do not contain any incoming rays.
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Figure 2: Normalized power distribution for different arrival angles in CDL-C and strongest BS beam (UE with directional antenna element pattern)
Hence, RAN4 should consider UEs with directional antenna element patterns to generate channel model in MIMO OTA simulations. The UE antenna element pattern of table 1, modified from table 5.2.3.3-1 of 38.803 [10], should be used to generate channel model in MIMO OTA simulations. The modification from [10] is shown in red color.
Observation 3: In a real lab testing scenario, UE will be equipped with directional antenna element pattern. Hence, the power of the rays that are reaching the UE from outside of its main lobe will be reduced.  
Proposal 3: MIMO OTA simulations assume UEs with single directional antenna element patterns.
· Use UE antenna element pattern defined in table 1.
Table 1: UE Antenna element pattern (modified from [10])
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


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

	(Mg, Ng, M, N, P)
	(1, 1, 2, 2, 2) (1,1,1,1,2)

	(dv, dh)
	(0.5λ, 0.5λ)



Conclusion
[bookmark: _GoBack]Observation 1: The methodology of selecting rotation values in option 2 of [7] is not clear and will require a lot of discussion time before they can be agreed.
Observation 2: In FR2, arbitrarily enforcing elevation angle spread to zero may make the modified CDL model impractical.
Observation 3: In a real lab testing scenario, UE will be equipped with directional antenna element pattern. Hence, the power of the rays that are reaching the UE from outside of its main lobe will be reduced.  
Proposal 1: Option 1 of [7] should be selected, i.e., the angles should be scaled per TR 38.901 for FR2 MIMO OTA simulations.
Proposal 2: Probe placement should be decided by focusing on the beamformed power weighted mean azimuth and elevation angle of arrival and “opening” the window outwards from the mean angles to capture a desired fraction of the total power of the channel.
Proposal 3: MIMO OTA simulations assume UEs with single directional antenna element patterns.
· Use UE antenna element pattern defined in table 1.
Table 1: UE Antenna element pattern (modified from [10])
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


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

	(Mg, Ng, M, N, P)
	(1, 1, 2, 2, 2) (1,1,1,1,2)

	(dv, dh)
	(0.5λ, 0.5λ)
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Appendix: Additional Simulation Assumptions
Apart from the simulation procedure mentioned in the agreed way forward and the content described in ‘simulation procedure’, we assume following additional parameters:
Table 2: Additional Simulation Assumptions
	Parameter
	Value

	Channel Model
	CDL-C

	Carrier frequency
	30 GHz

	Desired RMS angular spread in AoA
	49.3 degrees

	Desired RMS angular spread in ZoA
	7.3 degrees

	Desired RMS angular spread in AoD
	15.6 degrees

	Desired RMS angular spread in ZoD
	0.8 degrees

	UE orientation
	(180, 0, 0)

	gNB orientation
	(0, 0, 0)

	Delay spread
	65.9 ns

	Angular scaling
	Enabled

	Gnb beam and antenna element pattern
	According to [7]

	UE antenna element pattern
	1) Isotropic
2) As shown in table 1

	Clusterwise RMS angular spread
	According to [8]
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