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Introduction
This contribution introduces a channel model validation approach based on the joint power-angle-delay profile (PADP) measurement. 
This document has been prepared in co-operation with Aalborg University, specifically Professor Wei Fan, a leading researcher in the areas of OTA performance evaluation of mobile terminals, channel emulation methods, MPAC setups, etc. 
Discussion
The multi-probe anechoic chamber (MPAC) method is the reference methodology for LTE MIMO OTA testing and has also been selected as reference methodology for MIMO OTA testing of UEs supporting NR FR1 and FR2. Validation of emulated environment in the MPAC setup is essential to ensure that the target spatial channel models are correctly implemented inside the test zone that contains the device under test (DUT). Several aspects are typically analysed in the channel validation measurements, i.e., power delay profile, temporal auto-correlation function, spatial correlation, cross polarization ratio (XPR), Doppler, Spatial and polarimetric of the emulated channels, respectively.
The spatial correlation, which is a statistical measure of the similarity between received signals at different spatial locations, has been used to represent the channel spatial characteristics at the DUT side. It was selected as the figure of merit (FoM) in the MPAC setup for LTE, partly due to the importance of correlation in MIMO performance (e.g. spatial multiplexing) testing. For LTE MPAC validation, the power delay profile was measured in a separate measurement to characterize the channel delay domain. 
In this contribution, we propose to use the joint power-angle-delay profile (PADP) for the validation of emulated environment in the MPAC setups for the NR FR2 systems. For FR2 DUTs, the power angular spectrum (PAS) of the emulated channels relates directly to its beamforming performance. Furthermore, the system bandwidths of FR2 systems will be much larger, leading to higher delay resolution in power delay profile measurement. The joint PADP offers several attractive advantages over conventional marginal profiles (i.e. spatial correlation and power delay profile). 
· mmWave channels are more specular and due to the beamforming operation at the other end of the communication link, the mmWave channels seen by the DUT will be dominated by few specular paths. The spatial correlation might be rather high in this case. For example, the magnitude of the spatial correlation will be always 1 under a line-of-sight channel, regardless of the impinging angle. 
· For beam-steerable devices, power angular spectrum is more relevant, which demonstrates directly where the signal originates.  
· The joint power-angle-delay profile measurement does not require extra hardware in the measurement system (compared to LTE validation). The measurement can also be fully automated. 
· The joint power-angle-delay profile might also help identify unwanted reflections in the anechoic chamber. 
Method
The following is a high-level measurement procedure for the proposed FR2 channel model validation procedure
1. Set the target channel model to fading emulator. 
2. For each antenna element of the virtual array in the test zone (e.g. a virtual uniform circular array (UCA)), step & pause the emulator to different time instances. Measure the frequency responses  for all stepped channel snapshots , where the interval between frequency and time samples is  and , respectively. The number of channel snapshots  should be sufficiently high so that a covariance matrix can be estimated reliably. 	
3. Move the measurement antenna with a positioner to another virtual array location  and repeat step 2 to record frequency responses  of all stepped channel snapshots. 
4. Repeat step 3 to record frequency responses at all  virtual array locations. 
5. Use the low complexity sequential one-dimensional search method proposed in [2] to estimate the joint angle-delay power profile in the MPAC setup.
6. Take the measurement-based angle-delay power profile and calculate an OTA Bartlett PAS estimate for a small synthetic planar array as described in [3]. The Bartlett PAS can be estimated using the delay profile, thus providing a joint “delay-angle Bartlett PAS”.
7. Calculate similar reference joint “delay-angle Bartlett PAS” for the ideal target channel model as described in [3].
8. The OTA and reference joint angle-delay power profiles are three-dimensional (azimuth, elevation, delay). They can be interpreted as 3D probability distributions. Calculate PSP (actually PADP Similarity Percentage) from the mentioned distributions as described in [3].
With respect to the test equipment and functional requirements, the proposed validation measurement is similar to the LTE spatial correlation validation measurement specified in sub-clause 8.4.4 of [4]. 
Preliminary simulation results 
A simulation example is given below to illustrate step 5 in the previous section. Note that the simulated SCME UMa scenario is only used to illustrate how the sequential one-dimensional search method [2] works. The channel model and other settings do not strictly follow the current status of NR FR2 OTA agreements but can easily be adjusted to match those agreed in [5]
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[bookmark: _Ref23854483]Figure 1. Wideband channel impulse responses radiated from the four probe antennas. 
The following assumptions were made in terms of the channel profile radiated from each probe antenna:
· The channel parameters in the standard SCME urban macro (UMa) tap delay line (TDL) model are selected to generate the fading CIRs from each probe antenna. 
· Four probe antennas in the 3D MPAC setups with the wideband radio channel impulse responses radiated from probe antennas are illustrated in Figure 1. The angular locations [elevation, azimuth] of the probes are shown in the titles of the plots in Figure 1. The wideband channel impulse response consists of 6 paths, each composed of three mid-paths (with a separation of 5 ns in delay). 
· Powers of Figure 1 are scaled for visualization purposes.
· Only N = 1000 channel snapshots were utilized.
Settings in the VNA
· Frequency: 28 GHz
· Bandwidth: 40 MHz
· Number of frequency samples: M = 2001
Virtual UCA settings: 
· Radius: 0.05 m 
· Element spacing: 0.4 lambda
· Distance between the UCA centre to the probes: 2m 
As explained, the total measurement time depends on the total number of channel snapshots, number of DUT elements in the virtual array, and the number of frequency points in the VNA setting. These parameters will be defined and optimized to reduce measurement time in a later contribution. 
Step one: spatial profile estimation 
[image: ]
Figure 2. Power-elevation-azimuth angle estimation (results are symmetric to =90o)
Step two: Power delay profile estimation for each angle direction
[image: ]
Figure 3. Power delay profile estimation from each probe direction. 
Step three: joint power-elevation-azimuth-delay profile 

[image: ]
Figure 4. Joint power-angular-delay profile (only the peaks in delay and angular domains are visualized).
Open Topics
The exact virtual array configuration and number of channel snapshots are to be determined in a later contribution. These are topics for further investigations: 
· Virtual array: The virtual array should be large enough to distinguish signals radiated from different probe antennas (both azimuth and elevation domain). The spacing between virtual array element should be at maximum ½ wavelength to avoid aliasing. 
· Number of time samples: the number of snapshots should be sufficiently high to ensure accurate estimation of covariance matrix for the PADP estimation algorithm. 
· [bookmark: _GoBack]Measurement antenna: While a directive antenna can be used for this approach, it would require mechanical adjustments and thus prevent fully automated validation measurements. The measurement antenna should be isotropic in principle, in practice it is sufficient to have omni-directional pattern in azimuth and a wide beam width in elevation, e.g., bi-cone antennas, which would allow fully automated validation measurements. The estimation accuracy for the elevation domain might not be accurate, if the measurement antenna has a very narrow beam in the elevation domain. 
· Polarization: PSP can be calculated separately for two orthogonal polarization (vertical and horizontal) 
· Assume N channel snapshots were stepped in the fading emulator, M frequency samples were recorded per channel snapshot, and we had K virtual array elements. There total recorded data structure is N×M×K. Note that the process can be fully automated. The total measurement time depends on the selection of N, M and K. Minimal values for these parameters will be evaluated further in a later contribution.
Conclusion
In this contribution, a new concept to validate the channel model has been presented. If agreeable, some of the open topics listed above will be addressed in a future contribution.
Proposal 1: Feedback is requested whether this FR2 channel model validation concept should be further pursued.
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