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1	Introduction
This paper aims to discuss channel models and testing methodologies reflecting the objectives of SI. . Here is numbered list that is later referred to in the discussion part.
In [1] is given a justification for the need of NR MIMO OTA:
1. In FR1 [TS38.101-1] the demodulation requirements are specified and verified at the temporary antenna connectors and do not quantify the performance of the entire device together with its antennas.
2. In FR2 [TS38.101-2] the demodulation requirements are defined at the RF and baseband level and verified in a “wireless cable” over-the-air (OTA) setup and are not enough to characterize the spatial end-user radiated performance.
3. For FR2, a study of the extension of Rel-15 RRM tests [TS38.133] to include dynamic geometry is needed.
4. There is a need for radiated multi-antenna reception performance requirements to verify the MIMO receiver of the UE under conditions more closely resembling the end user’s interaction with the device, and a new study item to develop the performance metrics and testing methodology for addressing both gaps listed above is required.
In the objectives of [1] is specified (among other things): 
A. Up to spatial multiplexing rank 4 scenarios for FR1 and up to spatial multiplexing rank 2 scenarios for FR2.
B. 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.
C. For testing methodology in FR1: Use the reference MPAC MIMO OTA methodology and the harmonized RTS methodology in TR37.977, extend the applicability of the LTE MIMO OTA methodology to NR FR1.
D. 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:
a) MIMO throughput under static geometry environment is the first priority 
b) MIMO throughput under dynamic geometry environment is the second priority
c) Extension of Rel-15 RRM tests to include dynamic geometry
2	Discussion on channel models
From justifications 3. & 4. It is seen that geometric channel models are needed instead of non-physical channel models like TDL + MIMO correlation matrices. Geometric models like, e.g., CDL models of TR 38.901 contain antenna geometries, polarimetric element radiation patterns, and angular & polarimetric propagation channel parameters.
From objective B: TR38.901 specifies a large selection of channel modelling approaches rather than a single fully specified channel model. There is a GSCM base line model, CDL model and TDL model approaches. The TDL model is not an option because it is not geometric, it does not contain or support antenna embedding characteristics, it doesn’t support polarization or angular channel parameters, and it cannot be upgraded to support dynamic geometry. The CDL model scenarios of TR38.901 with appropriate scaling parameters can fulfil all requirements except dynamic geometry (justification 3). However, dynamic geometries can be modelled with a simple update of a parameter interpolation or geometry-based angular rotation scheme. The idea is to introduce two (or more) successive CDL models and to interpolate all propagation parameters linearly between the two models, such that angles and other characteristics are smoothly and continuously evolving over time. This concept is introduced in open literature in [2]. Angles are interpolated in degrees, and delays in ns, power and K-factor in linear power units, and XPR in decibels. The rotation of DUT can performed mechanically with a rotating positioned.
For objective D. the number of gNB sources defined in a scenario can be considered to affect the number of spatial directions required in the OTA channel model. The gNB sources can be considered as multiple different gNB cells, spatially separated  TRxPs of single cell, or different beams of one gNB cell. In all these cases, the multipath propagation channel may have dominant effect on the number of AoAs received by the UE. The channel model should support inclusion of different BS antenna models/beams and multiple spatially separated gNB sources and the number of AoAs should be defined via the channel model as several AoA clusters with certain assumption of gNB sources instead of defining it only according to number of sources. Dynamic geometry channel models are required for test scenarios for objectives B and C.
3	Impact on testing methodologies
Justification 1.  DUT antennas for FR1 must be included and not bypassed/neglected. Conducted testing is only enough for validation of non-spatial requirements
Justification 2.  DUT antennas for FR2 must be included and not bypassed/neglected. “Wireless cable” testing is only sufficient  for validation of non-spatial requirements
Justifications 2. & 3.  Analog beamforming at FR2 makes DUT antenna characteristics time variant, antennas must be included not bypassed/neglected. RTS is not applicable for FR2 for time-variant antennas
Objective C.  For FR1 the MPAC method specified in TR37.977 is feasible for NR. The number of required OTA probes may need to increase with higher FR1 frequencies and more probes may be needed for 3D channel reconstruction. On the other hand, BS beamforming, especially in case of massive MIMO, reduces the number of illuminated propagation paths (clusters) within the channel model and reduces the number of simultaneously active probes. The RTS method is also feasible, provided the DUT antenna does not contain any active switching or similar components.
Objective D.  The test methodology must support adequate number of AoAs. Number of gNB sources and the multipath spatial channel model (clusters) should be considered when determining the number of AoAs required. Full MPAC OTA method can support in principle unlimited number of AoAs, but the number of AoAs is a critical factor in defining simplified OTA test methodologies.
Table 1. Target spread (LS) parameters for CDL models from the base-line model of TR38.901 [calculated for 28GHz frequency].
	OTA method
	Probe config
	Channel model
	Test system calibration
	Test coverage/limitations

	Wireless cable 
	At least one probe per antenna port
	Any channel model including synthetic or real antenna model.
FR1: Supports dynamic geometry modelling
FR2: Allows dynamic geometry modelling within one fixed beam
	FR1: Calibration requires complex transfer function measurement.
FR2: Simple calibration possible if two-layer MIMO scheme relies on 2 orthogonal polarizations of signals. >4-layer calibration challenging.
	Baseband modem operations can be tested. 
Real antenna or beam management operations cannot be tested. 

	Radiated two-stage (RTS) 
	At least one probe per antenna port
	Any channel model including measured antenna patterns of the DUT.
FR1: Supports dynamic geometry modelling
FR2: Allows dynamic geometry modelling within one fixed beam
	FR1: Calibration requires complex transfer function measurement.
FR2: Simple calibration possible if two-layer MIMO scheme relies on two orthogonal polarizations of signals. >4-layer calibration challenging.
	Baseband modem operations can be tested. 
Passive antenna characteristics can be included but active antenna operations/beam management operations cannot be tested.

	
	
	
	
	

	Full MPAC
	8 or more dual polarized probes 
	Full control of all channel model characteristics e.g. PAS and spatial correlation within test zone. Dynamic geometry modelling without DUT rotation.
	Simple power calibration.
	Full baseband and full antenna and beam management operations can be tested. 

	Simplified MPAC
	3 – 10 dual polarized probes 
	Approximation of PAS for limited set of geometric models, full time & frequency characteristics.
Dynamic geometry modelling by DUT rotation in chamber.
	Simple power calibration.
	Full baseband and full antenna and beam management operations can be tested. 
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The principle of multi-probe anechoic chamber based (MPAC) OTA test methodology for geometric channel models is illustrated in the drawing of Figure 1. On bottom right of the figure is sketched a two-cluster channel model in the angular domain and in bottom left in the delay domain. Both the blue and green cluster are mapped onto one or more probes within the anechoic chamber. The actual fading, with all time/Doppler and frequency/delay domain effects, is generated inside the fading emulator. The function of fading emulator is to convolve input signal from UE/BS emulator with the fading radio channel impulse responses and map the faded signals to appropriate probes within the anechoic chamber. Power levels, polarizations, and directions of probes generate the power angular spectrum (PAS) within a test zone around the DUT. The target PAS to be reconstructed is specified by the target channel model.


Figure 1. The principle of MPAC OTA and emulation of geometric channel model with it.
5	Conclusions
This paper has considered some of the channel modelling possibilities for the new testability SI and how these map to test methods. Both MPAC and RTS have applicability for FR1. At FR2, RTS does not scale to dynamic channels where some form of MPAC is necessary. CDL models of TR38.901 with appropriate delay and angular scaling parameters for channel models. A simple linear parameter interpolation or angular rotation of the mean angle scheme for supporting the dynamic geometry option.
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