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Introduction
This contribution is addressing FR2-2 antenna assumption topics that have not been concluded yet [1][2]. 
Antenna Element Pattern Assumptions
The PC3 measurement grids defined in RAN4 [3][4] and RAN5 [5] were initially based on the single-element antenna assumptions defined in [3], e.g., with a HPBW of the single-element pattern of 260o/130o. However, when the PC1 measurement grids were defined in RAN5, concerns about the single-element pattern assumptions were raised in [6]. 
	The 260/130 shows an unrealistically optimistic 3 dB drop at the the 50th %ile point. Following a similar process of corrections for non-idealities, the ‘realistic’ spherical coverage CDF will only show 5 or 6 dB of gain drop – much different from the standard.
We therefore believe that the change to 90/90 element better describes practical implementations.
We understand the burden of revisiting PC3 MU effort. From a pragmatic perspective, we are ok to persist with existing values for PC3, but we would like to consider the more realistic element assumption for on going and future work, and hence proposing to adopt HPBW of 90/90 for PC1. In terms of future work on MU improvement, we can adopt HPBW of 90/90 for PC3 devices as well.


These single-element assumptions based on [6] were subsequently adopted for the PC1 measurements grids in RAN5 while the assumptions for the existing PC3 measurement grids based on the 8x2 worst case were left unchanged since MTSU and TT were previously defined already.  
While the single-element array patterns adopted for PC3 in [4] were based on Table G.1.1-1 of TR 38.810 [3] as summarized in Table 1, the single-element array patterns adopted for PC1 in [6] were based on Table 5.2.3.3-1 of TR 38.803 [8] as summarized in Table 2. The differences between the antenna assumptions are highlighted in yellow; it should be noted that only the 3dB Half-Power Beam-Widths (HPBWs), q3dB and f3dB, have a significant effect on the pattern shape which is the metric for the measurement grid parameters (minimum number and MU). 



[bookmark: _Ref58855494]Table 1: Single-Element Antenna Array Assumptions agreed in [3]
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	1.5 dBi

	(M x N) 
	8 x 2

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


[bookmark: _Ref58855508]
[bookmark: _Ref70408397]Table 2: Single-Element Antenna Array Assumptions proposed in [6]
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi

	(M x N) 
	8 x 2

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


The differences in the resulting antenna patterns are highlighted in the 3D pattern plots of the 8x2 antenna array in Figure 1; the pattern on the left is based on the originally agreed assumptions [3] and the pattern on the right is based on the most recently agreed HPBW and max. gain assumptions for PC1 [6]. Clearly, the front-to-back ratio is much lower for the original antenna pattern than the most recent pattern, i.e., the back lobe is effectively non-existing. Both 8x2 patterns have an overall 3D HPBW of ~12o/50o-54o in the two principal planes. 

[bookmark: _Ref58855788][image: ][image: ]
[bookmark: _Ref95326921]Figure 1: 8x2 Antenna Patterns. On the left, the original 130°/260° assumption per [3]; on the right, the 90°/90° assumption per [6][8].

When RAN5 adopted the optional measurement grids for test time reduction purposes based on a worst-case 4x2 antenna configuration [9] for PC3 devices, the new 90°/90° single-element array patterns suggested in [6] were used as well, i.e., the following assumptions have been used so far for measurement grids defined in RAN5 so far:
· Default Grids for PC3 UEs: 130°/260° based on 8x2 worst-case assumption
· Optional grids for PC3 UEs: 90°/90° based on 4x2 worst-case assumption
· Default Grids for PC1 UEs: 90°/90° based on 12x12 worst-case assumption
Feedback is needed which single-element antenna assumptions should be considered for PC1, PC2, and PC3 in FR2-2.
[bookmark: _Ref95398455]Proposal 1: Feedback is requested from chipset vendors/device manufacturers which single-element antenna assumptions should be considered for PC1, PC2, and PC3 in FR2-2.
Number of Array Elements (M x N)
The WF from the last meeting [1] suggested to re-use the same PC3 UE antenna assumption for FR2-2 as for FR2-1 
	Agreement: The worst-case antenna assumption for testability and MU assessment of handheld UEs in FR2-2 is [8 x2]. Single UE antenna element pattern parameters, similar to Table 5.2.3.3-1, need to be finalized in RAN4#102-e. 



In addition to the PC3 antenna assumptions, the number of array elements for PC1 and PC2 are requested as well [2]
[bookmark: _Ref95398456]Proposal 2: Feedback is requested to clarify the worst-case antenna array configuration (MxN) for PC1 and PC2 UEs in FR2-2.
Beam Steering Assumptions for Spherical Coverage
While the beam peak search and TRP grids do not require the beam steering assumptions, the spherical coverage measurement grids require the knowledge of the number of antenna arrays and the corresponding beam steering assumptions. 
For PC3 in FR2-1, the following beam steering assumptions were made [3]
	Regarding the antenna implementation and beamformer, the following assumptions have been made (refer to Figure G.3.1-1):
-	Two 8x2 antenna arrays are integrated in the UE for the spherical coverage analyses
-	The implementation loss for the antenna near the front is 5dB less than that for the antenna near the back
-	For Beam Steering Assumptions
-	In the xz plane, 45o beam steering granularity (from 45o to 135o) has been used
-	In the xy plane, 22.5o beam steering granularity (from -90o to 90o) has been used


For PC1 in FR2-1, the following beam steering assumptions were made [7]
	1) Number of Antenna Arrays – PC1 is notionally a single array device.
2) Beam Steering assumptions are:
-	In the xz plane, 4o beam steering granularity (from 30o to 150o) 
-	In the xy plane, 4o beam steering granularity (from -60o to 60o)



[bookmark: _Ref95398457]Proposal 3: Feedback is requested to clarify the beam steering assumptions for PC1, PC2, and PC3 UEs in FR2-2.
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Feedback is requested from chipset vendors/device manufacturers which single-element antenna assumptions should be considered for PC1, PC2, and PC3 in FR2-2.
Proposal 2: Feedback is requested to clarify the worst-case antenna array configuration (MxN) for PC1 and PC2 UEs in FR2-2.
Proposal 3: Feedback is requested to clarify the beam steering assumptions for PC1, PC2, and PC3 UEs in FR2-2.
References
[1] [bookmark: _Ref95390897][bookmark: _Ref70000435][bookmark: _Ref68005664][bookmark: _Ref69998613][bookmark: _Ref58854961]R4-2203079, WF on OTA test methods for FR2-2, Intel Corporation, 3GPP TSG-RAN WG4 Meeting # 101-bis-e, January 2022
[2] [bookmark: _Ref95394832]R4-2114386, On 52.6-71GHz Testability, Keysight Technologies, 3GPP TSG-RAN WG4 Meeting #100-e, August 2021
[3] [bookmark: _Ref95390816]TR38.810, Study on test methods, V16.6.1 (2020-09)
[4] [bookmark: _Ref59194947]R4-1805995, Way Forward on Measurement Grids for non sparse antenna arrays, Rohde&Schwarz, Anritsu, Intel, Keysight Technologies, 3GPP TSG-RAN WG4 Meeting #86bis, April 2018
[5] [bookmark: _Ref69999607][bookmark: _Hlk68100749][bookmark: _Ref59194940]TS 38.521-2, User Equipment (UE) conformance specification; Radio transmission and reception; Part 2: Range 2 Standalone, V16.7.0 (2021-03)
[6] [bookmark: _Ref69998639]R5-206618, PC1 Assumptions for CDF Curve for MOP EIRP Spherical Coverage, Qualcomm, 3GPP TSG-RAN5 Meeting #89-e, November 2020
[7] [bookmark: _Ref95395721]R5-198203, MU Assumptions for PC1 Fixed Wireless Access (FWA) UE, Qualcomm, 3GPP TSG-RAN WG5 Meeting # 85, November 2019
[8] [bookmark: _Ref70001491]TR38.803, Study on new radio access technology: Radio Frequency (RF) and co-existence aspects, V14.2.0 (2017-09)
[9] [bookmark: _Ref95327084]R5-213812, Measurement Grids for Optional 4x2 PC3 Antenna Array Configuration, Keysight Technologies, 3GPP TSG-RAN5 Meeting #91-e, May 2021

image1.png
130°/260° HPBW per 38.810

15

o

o




image2.png
90°/90° HPBW per 38.803

o

o




