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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During RAN4#89, the Way Forward on NR MIMO OTA was approved in [1]. In this way forward, Channel Emulator vendors were requested to provide proposals on how to adjust the baseline channel models in [2] according to specific scenarios for FR1.
Such adjustment was proposed to be done based on Delay Spread, Angular Spread and Angle Rotation, while other factors shall also be considered.
[bookmark: _Ref1138458]Power Dynamic Range
The following tables present the angular spread (both azimuth and elevation) for the 3 channels models considered as baseline, after applying the corresponding BS antenna assumptions and scenarios agreed in [1]. The strongest beam of the BS and a 4GHz carrier frequency are shown in Table ‎2‑1 . All other BS beams configurations will result in larger angular spread. In other words, the strongest BS beam is the least complex scenario.
	Scenario
	Channel Model
	Power Dynamic Range [dB]
	Azimuth spread [º]
	Elevation spread [º]

	Uma
	CDL-A
	10
	40.61
	11.27

	
	
	20
	40.61
	11.27

	
	
	30
	243.68
	40.29

	
	CDL-B
	10
	121.39
	72.85

	
	
	20
	198.02
	72.85

	
	
	30
	324.63
	80.38

	
	CDL-C
	10
	67.05
	52.72

	
	
	20
	109.43
	58.31

	
	
	30
	154.06
	61.81

	Umi
	CDL-A
	10
	31.11
	4.76

	
	
	20
	31.11
	4.76

	
	
	30
	196.58
	18.06

	
	CDL-B
	10
	119.37
	30.79

	
	
	20
	138.46
	30.79

	
	
	30
	235.44
	33.90

	
	CDL-C
	10
	51.35
	22.28

	
	
	20
	66.24
	22.28

	
	
	30
	146.62
	28.64


[bookmark: _Ref1134055]Table ‎2‑1: Channel model angular spread for Uma and Umi NLOS scenario with an 8x8 BS ULA
As we observe in the table above, the angular spread can be over 200° and 60° in azimuth and elevation respectively for certain scenarios. Applying any other BS beam configuration would result in larger angular spreads.
Observation 1: Angular spread (both azimuth and elevation) can be over 200° and 60° respectively for certain scenarios.
Observation 2: Angular spread (both azimuth and elevation) are scenario dependent.
Observation 3: Angular spread (both azimuth and elevation) becomes even larger if BS beam configurations other than the strongest beam are considered.

The following figures provide a visual representation of how the power dynamic range affects the emulated Spherical Power Spectrum (SPS) in an ideal OTA environment:

(a)							(b)


Figure ‎2‑1 Received rays. Umi, CDL-B, fc=4GHz 
(a) 10dB power range, (b) 20dB power range, (c) 30dB power range


Therefore, how the UE receiver discriminates different clusters based on the received power is a key parameter to decide on further scaling of the channel models. The more limited the power range is and hence the angular spread, the more the channel model will be degraded and diverted from the original model. This applies as well for BS beam configuration other than the strongest beam.
Furthermore, limiting the power range and the angular spread would limit the test system in determining the different UE performances, and thus being able to distinguish a low from a high performing UEs. 
Observation 4:  the usable power range at the UE receiver for different clusters is a key parameter to further define the angular spread.
Proposal: UE chipset vendors to provide estimations of the usable power dynamic range.
Angular Spread Scaling
As shown above, the angular spread is scenario dependent. In addition, the angular spread is also frequency dependent. 
In order to cover the whole frequency range for FR1, from 450MHz up to 7.125GHz according to the recent extension in [5], further compromise on the rms angular spread is to be agreed, with the corresponding degradation of the channel model.
The frequency dependent angular spread scaling is given in [2]. An example of the mean azimuth angular spread for Umi NLOS scenario is shown in Figure ‎3‑1. The angular spread is inversely dependent on the frequency. This could imply that the resulting SPS angular spread at the receiver end after applying the BS beamforming is smaller. However, this turns to be not precise. In fact, the smaller the angular spread, the more clusters would be amplified in the BS beam, resulting in higher number of strong clusters at the receiver end. As the cluster departure angles (AoD, ZoD) and the cluster arrival angles (AoA, ZoA) are independent, the resulting receiver SPS will comprise larger angular spread.
 [image: D:\Ramez\Projects\Fading\Standards\5G\Meetings\RAN4#90\R&S\Figuers\ASScaling.png]
[bookmark: _Ref1126288][bookmark: _Ref1126272]Figure ‎3‑1 Mean azimuth angular spread for Umi NLOS as a function of the carrier frequency

The following figure presents the SPS for the CDL-B Umi scenario for two different carrier frequencies, 2.5GHz and 4GHz, with BS beamforming.
[image: C:\Users\fortes\AppData\Local\Microsoft\Windows\INetCache\Content.Word\CDL-BScaling_5GHz.png]
Figure ‎3‑2 PAS for CDL-B, (a) at 2.5GHz and (b) at 5GHz

Despite the smaller angular spreads at 5GHz, it can be seen that the total PAS angular spread observed at the receiver end is larger and hence introducing further complexity on the channel. 
Besides this effect in frequency, and in case of angular spread scaling turns out into a smaller spread, the cluster departure and arrival angles will be closer to each other. Thus, resulting in higher probability for additional clusters in the vicinity of the strongest cluster. Applying the BS beam on the strongest cluster at the departure end (transmitter end), would have a higher probability to amplify additional clusters in the BS beam due to the smaller cluster angular spacing at the transmitter. This will introduce additional complexity on the channel model to emulate and on the actual UE performance testing.
Observation 5: Reducing the angular spread is a further diversion of the emulated channel model from the baseline channel models in [2].
Observation 6: Scaling will introduce additional complexity in the channel model and the UE performance testing.
MPAC Probe Setup
We investigated the minimal requirement for a test setup in order to emulate the channel models in [2], even though limiting the channel model and test scenarios would bias the test results.
The required number of probes is mainly determined by the emulated channel model, the carrier frequency and the assumed UE antenna aperture. The most indicative metric to determine the uncertainty of the reproduced channel model is the spatial correlation within the test volume while simultaneously constraining the error of the emulated SPS [6].
The channel angular spread and dynamic power range determine the sector that has to be covered in the test system, being whole sphere the ideal implementation. As it was shown in Table ‎2‑1, the required azimuth and elevation spread are highly dependent on the considered power range and scenario. In the best case considered in the above table, i.e. the strongest BS beam, the sector of the sphere that has to be emulated is larger than 200° and 60° in azimuth and elevation respectively.
In the following, we show the result of the probe location and weight optimization for a single CDL-B cluster at a carrier frequency of 4GHz. Positioning the cluster in the best location to the probes, i.e. the cluster center coincides with a probe position, we calculated the required probe spacing to reach a maximum spatial correlation error within a test volume of 15cm diameter lower than 0.1 as per [6]. Calculations have shown that the minimum probe spacing that could reach the above requirement is 15° in both azimuth and elevation.
Observation 7: The minimum required probe spacing for a single CDL-B cluster at a carrier frequency of 4GHz and a test volume diameter of 15cm is 15° in both azimuth and elevation.
The spatial correlation error at the edge of the test volume is shown in the following figure. The error with larger probe spacing exceeds the limit of 0.1 error.


[image: D:\Ramez\Projects\Fading\Standards\5G\Meetings\RAN4#90\R&S\Figuers\CDL-B-CorrErr_Res15x15_4GH.png]
Figure ‎4‑1 Spatial correlation error in a test volume diameter of 15 cm for a single CDL-B cluster, at a carrier frequency of 4GHz and probe spacing of 15° in both azimuth and elevation.

Based on further calculations and the rule of thumb of the required probe resolution in [7], the required probe spacing for higher carrier frequency is lower than 15°.
Observation 8: The minimum required probe resolution is lower than 15° for frequencies higher than 4GHz.
In order to emulate the channel models in [2], 200° and 60° sector of the sphere has to be covered (section ‎2) with a probe spacing of 15°, a total number of 55 probes will be required. This number is expected to be larger for more complex scenarios.
Radiated Two Stage
This test methodology relies on the baseband channel emulation and hence complexities emerging from channel model angular spread and power dynamic range are less significant. Thus, in order to emulate these channel models, no scaling is required. However, if any dynamic power range limitation or angular spread scaling is agreed, RTS methodology has no restrictions to implement those.
Observation 9:  The RTS test methodology imposes no restriction on the channel dynamic power range and the angular scaling.
Summary
As it has been shown, the MPAC methodology for NR MIMO OTA on FR1 requires some scaling, and therefore degradation, of the channel models in [2].
Observation 10: the adjustment of the channel model is mainly required due to the restricted number of probes in a MPAC setup, while it has very limited impact on the calculation power required for RTS.

The following observations and proposal have been made in this contribution: 
Observation 1: Angular spread (both azimuth and elevation) can be over 200° and 60° respectively for certain scenarios.
Observation 2: Angular spread (both azimuth and elevation) are scenario dependent.
Observation 3: Angular spread (both azimuth and elevation) becomes even larger if BS beam configurations other than the strongest beam are considered.
Observation 4:  the usable power range at the UE receiver for different clusters is a key parameter to further define the angular spread.
Observation 5: Reducing the angular spread is a further diversion of the emulated channel model from the baseline channel models in [2].
Observation 6: Scaling will introduce additional complexity in the channel model and the UE performance testing.
Observation 7: The minimum required probe spacing for a single CDL-B cluster at a carrier frequency of 4GHz and a test volume diameter of 15cm is 15° in both azimuth and elevation.
Observation 8: The minimum required probe resolution is lower than 15° for frequencies higher than 4GHz.
Observation 9:  The RTS test methodology imposes no restriction on the channel dynamic power range and the angular scaling.
Observation 10: the adjustment of the channel model is mainly required due to the restricted number of probes in a MPAC setup, while it has very limited impact on the calculation power required for RTS.

Proposal: UE chipset vendors to provide estimations of the usable power dynamic range.
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3D Visualisation of receive rays
Scenario: Umi, CDL-B, fc = 4GHz, Dynamic Power Range = 30dB
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CDL-B, f =2.5GHz, BS Beam 3
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CDL-B, f_ = 5GHz, BS Beam 3
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3D Visualisation of receive rays
Scenario: Umi, CDL-B, fc = 4GHz, Dynamic Power Range = 10dB
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3D Visualisation of receive rays
Scenario: Umi, CDL-B, fc = 4GHz, Dynamic Power Range = 20dB
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