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1	Introduction
The Study Item on NR MIMO OTA was approved in RAN #80 with the following objective specific to FR2 [1]:
-	In general
…
-	Maintaining alignment with the corresponding baseband demodulation test case parameters in [TS38.101-4] as much as possible
-	Using the channel models defined in [TR38.901] as well as the associated aspects related to channel modeling in [TR38.810] as the basis of the emulated propagation environment
-	For setups intended for measurements of UE characteristics in non-standalone (NSA) mode, an LTE link antenna setup is used to configure the NR link
-	Define the applicable test methodology verification procedures
-	Develop the preliminary uncertainty assessment for the methodology
-	For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty assessment
-    Develop channel model and emulated environment validation procedure to ensure correct implementation
…
-	For testing methodology in FR2
-	Define the test scenario(s) in terms of the assumptions of the number of emulated gNB sources, BS antenna patterns, channel model, and DUT positions. Ensure the applicability of the testing methodology to NR FR2:
-	Support up to 400 MHz CBW	
-	Support UE operating frequency in the range of 24250 MHz – 52600 MHz
-    MIMO throughput under static geometry environment is the first priority 
- 	MIMO throughput under dynamic geometry environment is the second priority
-	Extension of Rel-15 RRM tests to include dynamic geometry 
-	Test scenario definition is based on key performance metrics identified by operators, network infrastructure vendors, and UE vendors
-	Noise-limited environmental condition is the first priority

With TR38.827 as the repository of key agreements [2], a number of intermediate agreements have guided progress on the FR2 MIMO OTA methodology development.
[bookmark: _GoBack]In an effort to pursue alignment with the baseband demodulation test case parameters in TS38.101-4 [3], it is useful to consider the applicability of agreements on RF impairment modeling which are used in deriving the FR2 demodulation requirements to FR2 MIMO OTA test system capabilities and verification.  The agreement on RF impairment modeling was captured in [4]:
Use the following RF impairments models to define the minimum UE performance requirements for FR2
-	Option 1:
-	Total TX EVM = [6]% for QPSK/16QAM/64QAM. 
-	Total TX EVM = Tx EVM due to phase noise after CPE compensation + remaining Tx EVM
-	Phase noise is explicitly modelled for Tx and Rx for alignment simulations. Use phase noise model #2 as defined in TR 38.803 for FR2 demodulation performance tests. 
-	Remaining TX EVM in addition to Phase noise is modelled as AWGN: 
-	[5]% for CF 24, 29 GHz, 39 GHz, [4]% for CF 52 GHz
-	Option 2: 
-	Total TX EVM = [6]% for QPSK/16QAM/64QAM. 
-	TX EVM is modelled as AWGN
-	No Tx phase noise is modelled
-	Phase noise is explicitly modelled for Rx. Use phase noise model #2 as defined in TR 38.803 for FR2 demodulation performance tests. 
-	Option 2-1: Rx Phase noise is modelled for requirements definition
-	Option 2-2: Rx Phase noise is modelled only to find feasible FRC configuration (i.e. achieve maximum throughput and loss in comparison to scenarios without Rx phase noise is less then 1 dB)
-	Other options are not precluded
Use option 2 from slide 10 for RAN4#88bis simulation purpose
Use the following assumptions for conformance testing for FR2
-	Test equipment shall support TX EVM level not worse than the one used to define the minimum performance requirements. 
-	Phase noise modelling by TE
-	Option 1: TX phase noise is not emulated
-	Other options are not precluded

This contribution proposes a procedure for the verification of emulated DL signal quality for FR2 MIMO OTA.
2	Discussion
In the context of the multi-probe anechoic chamber (MPAC) solution for FR2 MIMO OTA, we anticipate the following components to be common with the FR1 MIMO OTA solution:
-	A geometric propagation model is emulated in a fading emulator
-	A number of probes arranged around the DUT radiate the signal into the test zone, such that the desired fading environment is emulated over the air
-	The downlink signal propagates from the system simulator (SS) through the fading emulator, and is radiated by the probes arranged around the DUT
The principle is described in [5] and is shown in Figure 1 below.
[image: ]
Figure 1: The principle of MPAC OTA and emulation of geometric channel model with it (from [5]) 

If the MPAC OTA setup re-uses the FR1 MIMO OTA principles, then the downlink path from the system simulator (SS) through the MIMO channel emulator to each antenna in the chamber can be characterized in terms of functional components, as shown in Figure 2 below.
[image: ]
Figure 2: Signal path in an MPAC system
An alternative solution may be fading generation in the baseband of the SS, such that the redundant upconversion and downconversion steps are eliminated.  It is not clear whether such a solution would make use of the switched PA bank at the output to drive the probes in the chamber.
We next consider the DL signal quality, such as EVM, over the signal path shown in Figure 2.
[bookmark: _Toc16603831]Observation 1:	It is our understanding that the output of the gNB emulator is verified by the manufacturer to achieve EVM levels that are aligned with demodulation requirement assumptions in [4].
At the input to the channel emulator, the down-conversion step requires the gNB Tx output to be scaled to avoid saturating the down-conversion LNA.  The gNB Tx output further needs to be scaled to align the dynamic range of the modulated signal with the dynamic range of the ADC to avoid clipping.  Failure to apply this scaling correctly results in degraded signal quality at the fading emulation step (in baseband).
[bookmark: _Toc16603832]Observation 2:	The RF interface between the gNB emulator and the fading emulator imposes scaling requirements on the gNB Tx output and may lead to the degradation of the emulated signal quality.
The faded signal is scaled further to align the dynamic range of the modulated and faded signal with the dynamic range of the DAC to avoid clipping and saturation by the up-conversion step.  Given a particular dynamic range of the modulated gNB Tx waveform, the dynamic range of the faded waveform is always increased by the crest factor of the fading model.
[bookmark: _Toc16603833]Observation 3:	The expansion of the dynamic range of the faded and modulated gNB Tx waveform imposes further scaling requirements on the gNB Tx output.
The input signal to the switched PA bank which drives the MPAC chamber antennas is scaled to avoid saturation, and the PAs themselves contribute noise figure to the signal radiated to the test zone.
[bookmark: _Toc16603834]Observation 4: Due to a trade-off between scaling the faded Tx waveform at the input to the switched PA bank to avoid saturation and maximizing the SNR in test zone, the switched PA bank can contribute to DL signal EVM degradation.
Based on these observations, a motivation emerges to verify the EVM of the signal radiated into the test zone.  Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.
[bookmark: _Toc16603835]Proposal 1: In order to ensure that the quality of the emulated signal in the test zone is aligned with the demodulation requirement assumptions, a radiated verification of the DL signal EVM is needed.
[bookmark: _Toc16603836]Proposal 2: Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.
One open issue for which input from the test equipment vendors is needed is whether the phase relationship between the gNB output signals can impact the EVM of the emulated signal in the test zone and, if yes, whether gNB output phase calibration procedures need to be included in the MIMO OTA test procedure.
3	Conclusions
This contribution provided views related to the verification of the DL signal quality for FR2 MIMO OTA.  The following observations and proposals have been made:
Observation 1:	It is our understanding that the output of the gNB emulator is verified by the manufacturer to achieve EVM levels that are aligned with demodulation requirement assumptions in [4].
Observation 2:	The RF interface between the gNB emulator and the fading emulator imposes scaling requirements on the gNB Tx output and may lead to the degradation of the emulated signal quality.
Observation 3:	The expansion of the dynamic range of the faded and modulated gNB Tx waveform imposes further scaling requirements on the gNB Tx output.
Observation 4: Due to a trade-off between scaling the faded Tx waveform at the input to the switched PA bank to avoid saturation and maximizing the SNR in test zone, the switched PA bank can contribute to DL signal EVM degradation.

Proposal 1: In order to ensure that the quality of the emulated signal in the test zone is aligned with the demodulation requirement assumptions, a radiated verification of the DL signal EVM is needed.
Proposal 2: Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.
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