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1
Introduction

Last 3GPP RAN4 in Chongqing, China, further discussed on FR2 MPAC implementation and probe layout [1],[2]. The item has been widely discussed and various proposals of the strategy presented [3]-[6] already earlier. It is preferred that the performance system is fully aligned over different vendors in given channel conditions [6].
This contribution further discusses the probe layout in FR2 3D MPAC system, especially taking into account the range length into consideration. It has been agreed that tests shall be done in far field and assuming e.g. 20 cm diameter UE, the far field distance will be too big. Thus it is necessary to find good compromise what dietance is used as range length.
2
Details
The study in this paper will focus on CDL-A, and CDL-C at 28 GHz carrier frequency [3], Scaling is either UMi or InO, as defined in [6]. 
The discussion in contributions [1] and [2] has been revolving around the range length and probe layout. The first observation is free space loss is around ~3 dB between 1m and 75 cm RL in given frequency.
[image: image11.png]



Since the free space loss is very high on FR2 region, the link budget will be limited and therefore it is very beneficial to minimize the distance between the probe and DUT.
Observation 1: The loss difference between 75 cm range length and 1 m range length is roughly 3 dB. 

The other aspect of system design is the width of the system, which can be estimated using chord length (L) of the circle.

[image: image2]L=2Rsin((/2)
If the range length increases the chord will also increase and so will the occupied space of the chamber respectively. This may sound very minor, but let us assume that sin((/2) is constant. Thus, the difference is multiplied by two in worst case, that is, if there is 25 cm difference in R, it translates to 35 cm difference in chord in figure above. 
Like discussed in earlier contributions, we can select multiple ways to locate probes [1], [4] and [5]. Let us use the strategy defined in [1], i.e. selecting two strongest codebook directions, with equal power weights. In [1], it was found a typographical error in picture (simulation results were correct), so we repeat the probe locations and graphical representation of the probe layout.
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[image: image5.emf]Model Scaling AoD Beam 1 AoD Beam 2 ZoD Beam 1 ZoD Beam 2

UMi -4 -4 100.7143 93.5714

InO -4 -4 93.5714 100.7143

UMi -12 -20 100.7143 100.7143

InO 4 4 100.7143 93.5714

CDL-A

CDL-C


[image: image6.emf]Model Scaling AoA Beam 1 AoA Beam 2 ZoA Beam 1 ZoA Beam 2

UMi 20 20 86.4286 93.5714

InO -20 -20 93.5714 86.4286

UMi 20 28 72.1429 72.1429

InO 12 12 65 72.1429

CDL-A

CDL-C


In TX side we will have 6 separate directions and in RX side we have 8 separate directions if two beams are used.
Following table depicts the obtained simulation results. Ideal refers to simulation setting where RL is set to 10000 Lambdas
[image: image7.emf]RL CDL-A UMi CDL-A InO CDL-C UMi CDL-C InO

Ideal 90.56% 90.25% 81.08% 84.38%

75 cm 90.56% 90.25% 81.08% 84.38%

1 m 90.56% 90.25% 81.08% 84.38%

PSP Figures vs. Range Length

Channel Model


The PSP numbers are the same, difference is seen in 3rd decimal. We also observe that CDL-A has larger PSP than CDL-C.

In simulations we have used 8x16 antenna in gNb and 4x4 antenna in UE
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Observation 2: PSP numbers are in the same if RL is 1 m or 75 cm.

Considering observations 1 and 2, it seems to be reasonable to adopt the 75 cm range length for the 5G NR FR2 MIMO OTA test solution.

The RL can also be investigated by calculating the array response on different range lengths. The PSP above is calculated in UE end, which is 4x4 array. If we calculate the array response of single 8 element array (has better resolution than 4x4 array in azimuth direction), we see that there is no difference if the range length is 75 cm or 1 m even with the higher resolution antenna array.

[image: image10.png]8 Element Pattern vs Range Length, Fc=28000 MHz, ASD:
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Based on this, it looks like when RL gets to about 0.1m, we are starting to see some changes in the first null, probably enough to impact the PSP calculation.
Proposal 1: Adopt 75 cm range length to FR2 MIMO OTA test system, with 6 probes
We have shown the probe layout and range length of the standardized FR2 test system. It is unclear the acceptable PSP level.
Proposal 2: Agree acceptable PSP levels to start uncertainty considerations.

3
Conclusions
This contribution proposed practical aspects of the FR2 MPAC installation. The main conclusions were 
Observation 1: The loss difference between 75 cm range length and 1 m range length is roughly 3 dB. 

Observation 2: PSP numbers are in the same range if RL is 1 m or 75 cm.

Proposal 1: Adopt 75 cm range length to FR2 MIMO OTA test system 
Proposal 2: Agree acceptable PSP levels to start uncertainty considerations.
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[image: image1.emf]RL FSL @ 28 GHz FSL @ 39 GHz

75 cm 58.88 dB 61.76 dB

1 m 61.38 dB 64.26 dB
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