Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 Meeting #90bis		R4-1904198
Xi'an, China, 8 - 12 April 2019

Agenda Item:	10.2.1
Source:	Keysight Technologies
Title:	On Output Phase Calibration for MPAC Methodology
Document for:	Discussion
1	Introduction
Clustered delay line (CDL) fading channel models specified in [1] are the preferred candidate models for NR MIMO OTA. A multi-probe anechoic chamber (MPAC) setup is suitable of radiated testing of MIMO devices and was selected as reference methodology for FR1 and FR2 NR MIMO OTA [2]. 
In this paper we, we discuss the impact of CE output phase calibration on performance of an MPAC setup, a question raised during offline discussions in a previous meeting. A lack of phase calibration does not impact the OTA Power Angular Spectrum (PAS).
2	Impact of Phase Calibration or Lack Thereof
Phase calibration over the probes is needed only if same or highly correlated signals are sent simultaneously from multiple probes. In this case the signals may sum destructively or constructively at the receiver depending on the phase difference between the signals.
The NLOS clusters of a NLOS model (or LOS model) have non-correlated fading sequences. Furthermore, even if same cluster would be modelled by multiple probes, the fading sequences assigned to different probes would be non-correlated with pre-faded synthesis method also in single cluster case.
The lack of phase calibration over the probes set some restrictions for the LOS path modeling as explained with further details in Section 2.2.
In the following, we show how the random, but static, phase errors on OTA probes affect the power angular spectrum (PAS) observed by the device under test (DUT).. 
2.1 	PAS of NLOS model
Let us assume an MPAC setup with K probes, fed by a signal vector , where each signal  is composed by the actual transmitted signals by a BS emulator and the fading channel model implemented by a fading emulator. Now we are focusing only on the radiated component inside anechoic chamber, because it generates the spatio-polarimetric characteristics observable by the DUT. Assume we have a random static phase error  in the feed of each probe. In this case we can write uncalibrated signal vector

where the phase error  is introduced as multiplication by a complex exponential . The question is whether these phase errors have impact on the PAS observable by the DUT, i.e., whether  produces a different PAS than  for the DUT?
Let us define a static transfer matrix  from K probes to N DUT antenna ports, constituted by radiation patterns of probes, path lengths from probes to DUT antennas, and radiation patterns of DUT antennas.
The signal vector received by the DUT is  with uncalibrated MPAC setup is defined (ignoring the noise) as

Now the covariance matrix of signals observed by the DUT is by definition

where  is the expectation operator and  is the Hermitean operator. Because  and  are independent and the static transfer matrix  within the chamber is not a random variable, we can move it outside of the expectation operator and obtain

where  denotes complex conjugate. In the MPAC system with NLOS models each probe is radiating independently fading signals (so called pre-faded synthesis [3]). It follows from the independence of that expectations of cross terms go to zero, i.e. . By definition the product of complex exponentials . Thus, we have   

where each  is the average power of fed to the kth probe.
Now we can observe that the phase error term is vanished from the covariance matrix of DUT received signals. This indicates that the phase error does not have impact on the PAS observable by the DUT as covariance matrix determines that PAS. This is evident, e.g., from the well-known Bartlett beamformer formula

where  is the power with a steering vector  to an angle .
Observation 1: A phase error due to uncalibrated MPAC setup does not have an impact on the PAS of the NLOS model observable by the DUT.
[bookmark: _Ref1465793]2.3		PAS of LOS path
The PAS of a LOS path in the 38.901 channel models is a single direction without any angular dispersion. Therefore, the LOS path direction in OTA chamber must be fixed to one of the probe directions. The LOS path direction cannot be interpolated to an arbitrary direction between the probes, even if sufficient number of probes and sufficient angular sampling by probes would enable it by the plane wave synthesis if phase control would be available. 
This does not matter, however, because the channel model or the DUT can be rotated such that the LOS path direction coincides with a probe direction. Thus, there is no need to interpolate the LOS path between probes.
The same restriction applies also with dynamic LOS models when the LOS path direction is changing between the probes. It is not possible to use multiple probes to model smooth evolution of LOS direction without phase control. The LOS path can be assigned for single probe also in this case as the dynamically changing AoA of LOS path can be implemented in OTA chamber by rotating the DUT in the chamber according to channel model scenario.
[bookmark: _Ref352176984]3	Summary
The findings from this paper are outlined in Table 1
Table 1. Summary table.
	
	Impact of phase error
	Notes

	PAS of NLOS model
	No impact
	-

	PAS of LOS path
	LOS path must be rotated to a probe direction
	A simple rotation operation of the channel model or DUT



Observation 1: There is no impact of phase calibration on MPAC results for NLOS clusters 
Observation 2: The impact of phase calibration on MPAC results is insignificant if the channel model is rotated to align with the LOS path
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