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1	Introduction
[bookmark: _Hlk7694835]At FR2, determining the number of probes, optimal placement of the probes in the chamber, and the test zone size are fundamental problems to be addressed, as the wavelength decreases and the electrical size of DUT increases. The number of probes in 3D MPAC systems has been discussed in many papers, see e.g. [1] and [2]. Later, it was agreed to add InO to the test scenarios for FR2 [3], and also to simulate the BS antenna as an 8x16 uniform rectangular array (URA) with half wavelength inter-element spacing [3]. In [3], a new simulation study was carried out for UMi and InO at FR2 to evaluate the impact of number of probes on the OTA system performance. It was observed in [3] that CDL models A, B, and C can be well represented with a minimum of 8 probes. Furthermore, it was outlined that this number can be further reduced by optimizing the probe locations in the 3D MPAC system, for a given a channel model and a scenario. 
[bookmark: _Hlk7696391]This paper is the continuation from our previous contribution presented previously [1]. In this paper, we evaluate the OTA system performance for different test zone sizes for the UMi and InO scenarios at FR2. Specifically, we consider a 3D MPAC system with six probes and fixed probe locations. Then, we evaluate the OTA system performance, using the PAS similarity percentage (PSP) [1], by varying the DUT antenna offset and the range length.
2	Simulation Model
Simulations are carried out in two baseline scenarios; urban micro (UMi) and indoor office (InO) with two non-line-of-sight CDL models from Section 7.7.1 of [5], namely CDL-A and CDL-C. Delay and angular scaling were performed according to [6]. In the simulations, the centre frequency is assumed to be 28 GHz. 
[bookmark: _Hlk528872477]As agreed in [7], the BS antenna array is an 8×16 uniform rectangular array (URA) with half wavelength inter-element spacing. In total, 128 fixed beams are constructed from a grid of 8 elevation angles from –25 to +25 with ~7.1 step size and 16 azimuth angles from –60 to +60 with 8 step size. 
For this study, the strongest beam is selected based on the sum of cluster powers allocated to them. Note that the antenna pattern of the DUT is excluded from the channel model, i.e., it can be considered as isotropic at the UE end. The classical Bartlett beamformer with virtual 4×4 rectangular array consisting of isotropic antenna elements with half wavelength inter-element spacing is used to observe PAS at the DUT. The Bartlett beamformer is used to determe the OTA probe weighting for the OTA model generation, but it is not otherwise included in the generated channel coefficients, as in the OTA modelling the real DUT antenna effects and beamformer are part of the test. Furthermore, the virtual antenna array with Bartlett beamformer, is used for the PSP metric calculation.
3	Simulation Results
In this section, we present the results for CDL A and C models for UMi and InO scenarios at FR2. In our simulations, we have used the same fixed probe locations for each of the channel model and scenario configurations.
To compare the results, we consider the PSP obtained at 100 meters range length as the benchmark, i.e., the performance obtained at the far-field distance. The difference between the PSP values at a practical measurement distance and at 100 meters distance is considered as the performance evaluation metric. 
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	(a)
	(b)

	Figure 1. The Difference in PSP with respect to FF versus DUT offset for different range lengths at FR 2 for UMi: (a) CDL-A (b) CDL-C


Results in Figure 1a show that the difference in PSP increases as the DUT antenna offset (test zone size) is increased. For example, consider the curve for range length of 1.25 m. When the DUT offset is small, e.g., 2.5cm, the difference in PSP is ~ 2%. It means that the PSP value obtained when the offset of 2.5 cm for a range length of 1.25 m is only 2% away from the reference scenario, i.e., the far field performance. The results show that when the range length is increased from 0.75 m to 1.25 m, the difference in PSP can be reduced. As the range length increases, the PAS observed by the DUT is getting closer to the benchmark, because the DUT receives the power from higher number of stronger clusters. 
In Figure 1b, the difference in PSP value versus the DUT offset is presented for the CDL-C model. The difference in PSP shows a similar behaviour when the DUT offset and range length increases, as we have seen in the case of CDL-A. 
Figure 3 and 4 shows the PAS plots and absolute PSP metric for UMi CDL-A and C models for 1.25 meters range length. If we compare Figure 3a and Figure 4a, the PSP value is higher (92.4%) for CDL-A model than the CDL-C model (83.7%), because the angular spread of CDL-A model is comparably narrower than that of CDL-C model. Thus, when the offset is 0 cm, the MPAC system can reflect the main clusters well in CDL-A model. However, results in Figure 3b and 4b show that when the offset is 10 cm, the reduction in PSP in CDL-A model is much larger than that of for CDL-C model. Thus, PSP is much more sensitive to the offset in CDL-A than the CDL-C model. This is because an offset of the DUT antenna has caused a small change in the highest power direction in the PAS for CDL-A model. Furthermore, it can be seen that for CDL-A model with range lengths of 1 m and 1.25 m, the PSP values are good (>80%) for all the simulated offset values. In the case of CDL-C model, all the PSP values for range length = 1 m and 1.25 m are >75%. The shape of the PAS remains very close to the far field reference case but the PSP metric seems to be quite sensitive to the small changes in direction of the strongest power component when increasing the offset from the center of the test zone.
[bookmark: _Ref7783724]Observation 1: When the offset is changed, the main reason for the PSP degradation is the change of direction of the strongest path.
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	Figure 2. PAS plots and PSP calculations for UMi CDL-A with range length = 1.25 m: a) offset = 0 cm, b) offset = 10 cm.
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	Figure 3. PAS plots and PSP calculations for UMi CDL-C with range length = 1.25 m: a) offset = 0 cm b) offset = 10 cm.



[bookmark: _Ref7783730]Observation 2: For UMi CDL-A model, PSP with respect to FF decreases more than 10% with 10cm DUT antenna offset (test zone size 20cm) for practical measurement distances. 
[bookmark: _Ref7783735]Observation 3: For UMi CDL-C model, PSP with respect to FF decreases more than 5% with 10cm DUT antenna offset (test zone size 20cm) for practical measurement distances.
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	Figure 4. The Difference in PSP versus DUT offset for different range lengths at FR 2 for InO: (a) CDL-A (b) CDL-C



In Figure 4, we present the results for InO scenario for CDL-A and C at FR 2. Results in Figure 4a show that the difference in PSP increases as the DUT offset is increased, and the difference in PSP can be reduced by increasing the range length. 
[bookmark: _Ref7783742]Observation 4: For InO CDL-A model, PSP with respect to FF decreases more than 9% with 10cm DUT offset (test zone size 20cm). 
[bookmark: _Ref7783747]Observation 5: For InO CDL-C model, PSP with respect to FF decreases more than 3% with 10cm DUT offset (test zone size 20cm). 
The presented simulation results clearly show that a test zone size of 20 cm has significant influence on the PSP when compared to the far-field PSP.  
[bookmark: _Ref7783752]Observation 6: The ability to achieve a 20cm test zone size of the MPAC system is sensitive to the range length
The results show that the degradation of the PSP is more significant with CDL-A when compared to CDL-C. 
Observation 5: The degradation of the PSP is more significant with CDL-A when compared to CDL-C.
[bookmark: _Ref352176984]At this point, more work is needed to determine the minimum range length and the minimum number of probes for a 20cm test zone size. Decisions on the minimum acceptable PSP and/or the minimum PSP error when compared to far-field conditions are needed. Feedback from industry, especially OEMs, is requested.
[bookmark: _Ref7784065]Proposal 1: Decisions on the minimum acceptable PSP and/or the minimum PSP error when compared to far-field conditions are needed. Feedback from industry is requested.
4	Conclusions
The following observations and conclusions were made in this contribution:
Observation 1: When the offset is changed, the main reason for the PSP degradation is the change of direction of the strongest path.
Observation 2: For UMi CDL-A model, PSP with respect to FF decreases more than 10% with 10cm DUT antenna offset (test zone size 20cm) for practical measurement distances.
Observation 3: For UMi CDL-C model, PSP with respect to FF decreases more than 5% with 10cm DUT antenna offset (test zone size 20cm) for practical measurement distances.
Observation 4: For InO CDL-A model, PSP with respect to FF decreases more than 9% with 10cm DUT offset (test zone size 20cm).
Observation 5: For InO CDL-C model, PSP with respect to FF decreases more than 3% with 10cm DUT offset (test zone size 20cm).
Observation 6: The ability to achieve a 20cm test zone size of the MPAC system is sensitive to the range length
Proposal 1: Decisions on the minimum acceptable PSP and/or the minimum PSP error when compared to far-field conditions are needed. Feedback from industry is requested.
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