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1
Introduction

Recent development of 3GPP RAN4 on FR2 MPAC has been revolving around channel model scaling [1] and how to implement cost effective MPAC system to test FR2 user devices. 
 The PSP (PAS Similarity Percentage) has been discussed in various contributions e.g. [2]. Overall, it seems to be so that 75 cm range length is enough to get relatively good PSP values in different channel models. This contribution discusses theoretical PSP numbers, without considering any specific probe layout in chamber.
In this contribution it is outlined the expected PSP results a) in ideal case and b) when range length is 75 cm. It is also discussed different UE antenna configurations in the context of PSP figures in ideal (Range Length is very large) and at 75 cm range length distance.
2
Detail
The study in this paper will focus on CDL-A, and CDL-C at 39 GHz carrier frequency, even the frequency does not play any role in this study (all results can be generalized to 28 GHz as well). Channel models are scaled to UMi and InO as defined in RAN4 meeting #91, Reno, USA [3].
Simulations use 8x16 URA antenna as shown below in gNb.
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Reference results are obtained using 4x4 UE antenna.
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Following pictures depict the PAS response when channel model is CDL-A and scaling is UMi. 
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Probe response of given channel model. Probe layout refers ideal set of probes, RL = ideal.
	
[image: image4]
Channel response has 23*20 sinusoids (23 clusters and each has 20 sinusoids) in the correct spatial and power weighting, RL = ideal.
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Probe response of given channel model. Probe layout refers ideal set of probes, RL = 75 cm.
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CDL-A, Beam 1 Channel response

-40

-35

-30

-25

-20

-15

-10

-5

0


Channel response has 23*20 sinusoids (23 clusters and each has 20 sinusoids) in the correct spatial and power weighting, RL =75 cm.




PSP in both cases yield high number
	RL
	Channel Model
	Scaling
	PSP

	Ideal
	CDL-A
	UMi
	90.3484%

	75 cm
	CDL-A
	UMi
	90.3587%

	Ideal
	CDL-A
	InO
	91.5736%

	75 cm
	CDL-A
	InO
	91.2908%

	Ideal
	CDL-C
	UMi
	88.7329%

	75 cm
	CDL-C
	UMi
	87.393%

	Ideal
	CDL-C
	InO
	84.0338%

	75 cm
	CDL-C
	InO
	87.5847%


Observation 1: PSP numbers do not considerably change if the range length is reduced from ideal to 75 cm.
Observation 2: CDL-C yields lower PSP than CDL-A. Maximum difference between the ideal and 75 cm is 3.5509%
75 cm range length yield 58.88 dB free space loss (without any antenna gains) at 28 GHz and 61.76 dB at 39 GHz. At 1.5 m range length the path loss numbers would be 64.90 dB (@28 GHz) and 67.78 dB (@39 GHz). Thus, selecting the 75 cm instead of 1.5 m range length will save 6 dB’s in link budget, without considerable effect to PSP figure. It is already known that the link budget is very limited in FR2 test solution.
Proposal 1: The 75 cm range length is enough for FR2 MPAC solution. 

PSP is known to be function of the UE antenna and it is expected that lowering the beam forming capabilities will also lower the PSP. For that reason, following antenna configurations are investigated.


[image: image7]
There are 6 different antenna configurations for which PSP is calculated. Antennas 5 and 6 are defined such that the DUT size is 20 cm.
In ideal case, following PSP numbers are obtained.

[image: image8.emf]Antenna 1 Antenna 2 Antenna 3 Antenna 4 Antenna 5 Antenna 6

Channel model Scaling 4 elem hor 4 elem ver 8 elem hor 8 elem ver Corner Top sides

UMi 90.17% 15.81% 91.62% 15.89% 83.89% 66.92%

InO 89.51% 15.68% 91.25% 15.46% 67.20% 48.91%

UMi 51.05% 34.21% 53.49% 34.40% 72.24% 59.74%

InO 51.89% 22.68% 60.02% 23.08% 79.97% 64.48%

Mean 70.65% 22.10% 74.10% 22.21% 75.83% 60.01%

Variance 4.91% 0.76% 4.08% 0.78% 0.56% 0.64%

CDL-A

CDL-C

Stats


When the RL is changed to 75 cm, following PSP numbers are obtained.
[image: image9.emf]Antenna 1 Antenna 2 Antenna 3 Antenna 4 Antenna 5 Antenna 6

Channel model Scaling 4 elem hor 4 elem ver 8 elem hor 8 elem ver Corner Top sides

UMi 90.09% 15.86% 92.25% 15.87% 63.33% 65.05%

InO 91.11% 15.42% 93.47% 15.80% 68.12% 49.69%

UMi 49.76% 34.18% 51.95% 33.79% 66.44% 60.88%

InO 61.78% 21.14% 66.57% 23.62% 72.73% 54.18%

Mean 73.19% 21.65% 76.06% 22.27% 67.65% 57.45%

Variance 4.20% 0.76% 4.10% 0.72% 0.15% 0.47%

Stats

CDL-A

CDL-C


Observation 3: The vertical antenna arrangement seems to yield lower PSP

Observation 4: With these antenna arrangements, there is very minor effect of reducing the range length to 75 cm.

Observation 5: Statistical values over all channel models in each antenna seems to be consistent no matter what the range length is.

The PSP values seem to yield following:
1) If the beam forming resolution of the UE antenna is worse, the PSP will be lower

2) Depending on channel model and scaling, we get different PSP values

However, there seems to be some discrepancies that are very difficult to explain. E.g. why certain channel model scalings yield completely different PSP figures. 
Overall, it is very had to say what is acceptable level of PSP. All what can be said is that PSP differentiates the channel models and UE antennas from each other. 

Proposal 2: Agree on proper interpretation of the PSP. What level is acceptable as ‘good’ beam former performance.
From the above PSP numbers, it is very hard to say if the 8-element vertical array is better than 4-element vertical array. Theoretically the 8-element vertical array should be better.
3
Conclusions
This contribution discussed of the FR2 MPAC range length effects to PSP performance. The main conclusions were 
Proposal 1: The 75 cm range length is enough for FR2 MPAC solution. 
Proposal 2: Agree on proper interpretation of the PSP. What level is acceptable as ‘good’ beam former performance.
4
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BS 8x16 dual Polarized Antenna Array
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