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1
Introduction
In RAN4#89 meeting, the WF on NR MIMO OTA was approved in [1]. And the following agreements are reached:
· Scenarios for NR MIMO OTA
· FR1 scenarios 
· For 2x2: Urban Macro
· For 4x4: Urban Micro 
· FR2 static 
· Urban Micro street canyon, Indoor
· Framework on adjusting CDLs to map the scenario
· The CDL-A, CDL-B and CDL-C models in TR38.901 are the baseline for channel model scaling 
· Scaling the following parameters for the scenarios 
· rms DS target, AS scaling, angle rotation
· translate and scale ray angles if needed
· CE vendors to provide proposals next RAN4 meeting
It  was agreed that CDL models in TR38.901 are the baseline for NR MIMO OTA channel model. And the framework on adjusting CDLs to map the scenario is encouraged to discuss in RAN4#90 meeting [1] [2]. In this paper, we provide more details on channel model for FR2 MIMO OTA.
2
Channel model
2.1
Static channel model
For FR2 MIMO OTA testing, the fast fading for static channel should be generated according to the CDL model defined in [3, Section 7.7.1]. And the below parameters are provided.
2.1.1
gNB Antenna Element Pattern

For gNB antenna element pattern, we propose to use the BS antenna patterns defined in [4].
Proposal 1: Use gNB antenna element pattern defined in Table 1 and Table 2 for Urban Micro street canyon and Indoor respectively generating channel model.

Table 1: gNB Antenna element pattern for UMi ([4], Table 5.2.3.2.2-1)

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

For 45GHz and 70GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.


Table 2: gNB Antenna element pattern for Indoor ([4], Table 5.2.3.2.3-1)

	Parameter
	Values


	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element Gemma
	5 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 4, 8, 2)

For 45GHz and 70GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is perpendicular to the ceiling.


2.1.2
UE Direction
UE velocity direction is chosen to be exactly opposite to the direction of arrival (DoA) of the strongest cluster of the chosen CDL table. The strongest cluster is chosen based on the cluster power. For the LOS CDL channel models, the UE velocity direction is chosen based on the LOS DoA. This ensures the maximum Doppler shift for the strongest cluster.

Let [image: image8.png]8,0)



 denote the zenith and azimuth angles that constitutes the DoA of the strongest cluster. 

Then the unit vector in the DoA, denoted by [image: image10.png]


. If [image: image12.png]


 is the unit vector of the UE velocity direction, then, for the UE to be exactly opposite to the DoA, we need, 

                                                                  [image: image14.png]





(1)

where [image: image16.png]


 refers to the Moore-Penrose pseudo-inverse, and the solid angle defining the velocity direction is [image: image18.png](8, 8,) = (acos(vs), a




 assuming [image: image19.png]


 = [[image: image20.png]


1; [image: image21.png]


2; [image: image22.png]


3].
We propose the following.

Proposal 2: UE direction should be chosen as [image: image24.png](8, 8,) = (acos(vs), a




 for generating channel model, where vector [image: image25.png]


 is defined in equation (1).

2.1.3
Initial phases

To align the channel model implementation between different companies, we suggest using the same random generator with a fixed seed to generate the initial phases.

Proposal 3: Use the random number generator defined in TS 38.211 Section 5.2.1 with fixed cinit to generate the initial phases
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 for generating the channel model.

2.1.4
Pairing between angles of arrival and angles of departure

To limit the variations in the channel model implementation between different companies, we propose the following.

Proposal 4: Use the fixed pairing between angles of arrival and angles of departure as defined in CDL channel tables in TR 38.901.

2.1.6
Delay Spread
From the field measurements submitted in [5], it was shown that rms delay spread is not affected much by directional or omni-directional antenna in indoor office environment. And based on the previous discussion in demodulation, we propose to use 30ns delay spread for indoor environment [6]. For Urban Micro street canyon, as shown in [5], 50 percentile rms delay spread for 29GHz is around 50ns. Then we have the following proposal:
Proposal 5: Use 30ns delay spread for indoor office and 50ns for Urban Micro street canyon while defining FR2 channel modelling.
2.1.7
Scaling of angles
The scaling of angles should be defined in CDL models. As defined in [3, section 7.7.5.1]. The predefined angle values in the CDL models can be generalized by introducing angular translation and scaling. By translation, mean angle can be changed to 
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 and angular spread can be changed by scaling. The translated and scaled ray angles can be obtained according to the following equation:
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    (2)
in which:
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is the tabulated CDL ray angle
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is the rms angular spread of the tabulated CDL including the offset ray angles, calculated using the angular spread definition in Annex A of [3]
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is the mean angle of the tabulated CDL, calculated using the definition in Annex A of [3]
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is the desired mean angle
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is the desired rms angular spread
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is the resulting scaled ray angle.

Proposal 6: Scaling of angles should be considered in FR2 static channel modelling, and the translated and scaled ray angles can be obtained according to equation (2). The scaling values are FFS.
2.1.8 Antenna Orientation
For MIMO OTA testing, the antenna orientation at both Tx and Rx will have impact on the OTA performance. The Rx orientation is up to UE beam steering capability and whether UE Rx beam points the right direction or not will bring the uncertainty. Therefore, we have the following proposal:
Proposal 7: The evaluation of impact on OTA performance due to different antenna orientations should be further studied in SI.
2.2
Dynamic channel model
In FR2 MIMO OTA testing, the beamforming aspect is important and it cannot be verified without antenna gain and antenna directivity being exercised. Therefore, the dynamic geometry is a good way to test various AoAs scenarios. For dynamic geometry, the key points are to generate the dynamically varying channel including the birth and death of beams and take account of the angle changing based on the UE direction.
Proposal 8: For dynamic channel model, need to generate the dynamically varying channel including the birth and death of beams and take account of the angle changing based on the UE direction.
3
Conclusion
In this paper, the channel model for FR2 NR MIMO OTA was discussed and the following proposals are given.

Proposal 1: Use gNB antenna element pattern defined in Table 1 and Table 2 for Urban Micro street canyon and Indoor respectively generating channel model.
Proposal 2: UE direction should be chosen as [image: image42.png](8, 8,) = (acos(vs), a




 for generating channel model, where vector [image: image43.png]


 is defined in equation (1).

Proposal 3: Use the random number generator defined in TS 38.211 Section 5.2.1 with fixed cinit to generate the initial phases
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 for generating the channel model.

Proposal 4: Use the fixed pairing between angles of arrival and angles of departure as defined in CDL channel tables in TR 38.901.

Proposal 5: Use 30ns delay spread for indoor office and 50ns for Urban Micro street canyon while defining FR2 channel modelling.
Proposal 6: Scaling of angles should be considered in FR2 static channel modelling, and the translated and scaled ray angles can be obtained according to equation (2). The scaling values are FFS.
Proposal 7: The evaluation of impact on OTA performance due to different antenna orientations should be further studied in SI.
Proposal 8: For dynamic channel model, need to generate the dynamically varying channel including the birth and death of beams and take account of the angle changing based on the UE direction.
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