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Introduction
This contribution provides supplemental information to justify 2 AoA RRM testing with PC1 UEs.
[bookmark: _Ref31104997]Discussion
In RAN4#107, a CR was introduced in [1] to introduce the 2 AoA relative angular offsets for RRM testing of PC 1 devices. Here, it was argued that the same relative offsets from PC3 can be leveraged so that the already designed and validated test systems supporting PC3, can be used, i.e., 
	Reason for change:
	RAN5 is progressing to make RRM FR2 Rel-15 test cases applicable to PC1 devices based on industry needs. However, current relative angular offset between active probes is FFS for PC1 devices. 
RRM 2AoA test cases for PC3 devices were successfully completed and implemented by TE vendors. Indeed, 2AoA test cases are currently part of device certification process for PC3 devices. That means, current Test Systems for Rel-15 PC3 devices are working as expected for 2AoA setups: Setup 3 and Setup 4. 
These Test systems are complex and expensive to accommodate the relative angula offset between active probes for PC3 devices. In order to reduce cost and investment on a new Test System for PC1 devices, it is proposed reusing current 2AoA PC3 test systems for Rel-15 PC1 devices. Hence, it is proposed to define same PC3 relative angular offset between active probes for PC1 devices. 

	
	

	Summary of change:
	Updated PC1 relative angular offset between active probes in Table A.3.15.3-1

	
	

	Consequences if not approved:
	PC1 RRM TCs for 2AoA could not be tested with existing test systems



Online and offline discussions were held with the CR being objected to in the end with no clear definition of use cases for 2 AoA RRM testing of PC1 devices given the lack of beam steering/mobility of PC1 devices; additionally, concerns about devices being larger and heavier than PC3 devices and the potential need to re-design systems were voiced. This contribution addresses most of the concerns brought up during the offline discussions.


Lack of Beam Steering/Mobility
It was argued offline that PC1 devices with its fixed mounting lack the ability of beam steering/mobility and thus the ability to support the relative angular offsets between active probes as PC3 which are defined in Table A.3.15.3-1 of [2], i.e., 
	Table A.3.15.3-1: Set of relative angular offsets between active probes for each power class
	UE Power class
	Relative angular offset between active probes

	1
	FFS

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS

	5
	FFS

	7
	FFS





Most of the testability aspects of PC1 devices were defined in [3] and [4] many years ago. From the perspective of supporting angular offsets between active probes, i.e., beam steering assumptions, the following key assumptions were agreed in [3]: 
	· Number of Antenna Arrays – PC1 is notionally a single array device.
· 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)
· Max number of antenna array elements – 12x12
· A 12x12 array is judged to be sufficiently large to capture all practical PC1 implementations as subsets


It can be observed that PC1 devices are assumed to have just a single array which given the fixed device orientation/installation and lack of mobility of the device makes sense. However, it should be noted that the PC1 devices can be assumed to have a very wide beam steering capability of up to ±60° in AZ and up to ±60° in EL. The beam-steering capability was visualized in [5], e.g., 
	The cumulative antenna pattern, i.e., the maximum achievable EIRP in 3D based on the beam steering assumptions in [1] is shown in Figure 4
[image: ]
Figure 4: Illustration of the cumulative 12x12 Antenna Pattern including beam steering


Individual fine beam patterns of such PC1 device utilizing the entire set of 12x12 antenna elements with beam steering towards minimum and maximum AZ range of ±60° is illustrated in Figure 1.
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[bookmark: _Ref137730839]Figure 1: PC1 fine-beam antenna patterns utilizing full set of 12x12 antenna array with minimum to maximum beam steering in AZ.
Potential rough beams patterns of such PC1 device utilizing a subset of 1x12 antenna elements with beam steering towards minimum and maximum AZ range of ±60° is illustrated in Figure 2.
 [image: ][image: ][image: ]
[bookmark: _Ref137731621]Figure 2: PC1 sample rough-beam antenna patterns utilizing subset of 1x12 antenna array with minimum to maximum beam steering in AZ.
Clearly, fine and rough beams of PC1 devices as defined for testability purposes exhibit significant beam steering capabilities in AZ and EL.
[bookmark: _Ref137733929]Observation 1: Fine and rough beams of PC1 devices as defined for testability purposes exhibit beam steering capabilities in AZ and EL.
Additionally, the ability to support beam steering is part of the EIS spherical coverage requirements and test cases for which requirements were defined in Clause 7.3.4.1 of [6].
The cumulative pattern of the PC1 device, i.e., the maximum achievable EIRP/EIS in 3D based on the beam steering assumptions defined for PC1 devices for testability purposes, together with a cone of total angular with of 120° is shown in Figure 3. It can be observed that the pattern within the 120° cone is only varying by ~5dB.
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[bookmark: _Ref137732359]Figure 3: Cumulative antenna pattern of PC1 device with 120° cone.
It should therefore be concluded that PC1 device could support relative angular separations between active probes of up to 120°.
[bookmark: _Ref137733930]Observation 2: PC1 devices could support relative angular separations between active probes of up to 120°
For PC1 device, it is therefore proposed to consider angular separations between active probes matching those of PC3 to leverage a re-use of existing and validated test systems while limiting the maximum relative angular separation of PC1 to 120°. 
[bookmark: _Ref137733934]Proposal 1: Define the relative angular separation of active probes for PC1 as: 30°, 60°, 90°, and 120°
It should be noted that regardless of the defined relative angular separations, the choice of AoAs and the relative separation between them is up to test system vendors as defined in Clause A.3.15 of [2]. 


PC1 Device Weight/Size Concerns
It was furthermore argued that existing systems supporting PC3 devices might not be able to handle PC1 devices in terms of weight and size. Those parameters were readily defined in [3], i.e., 
	2)   Max DUT sizes – 30 cm
…
5)   Max weight of UE – 10 lbs


The weight of ~10 lbs is similar to some of the larger PC3 device, e.g., laptops or phone with phantoms, currently tested already.
[bookmark: _Ref137733931]Observation 3: The weight of PC1 device is in the ballpark of larger PC3 devices.
Additionally, the maximum DUT size of 30 cm can be fully enclosed in the most common QZ size of 30 cm defined in 3GPP [7][8][9]and introduced in industry. Furthermore, PC3 devices have already been defined with QZ sizes exceeding the 30 cm, i.e., 40 cm and 55 cm, e.g., 
	In order to allow testing of DUTs of different sizes and to allow for flexibility in test chamber implementations, there
will be various defined quiet zone dimensions. The smallest quiet zone shall have a radius of 100mm to accommodate DUTs such as smartphones. The next larger quiet zone shall have a radius of 150mm to accommodate larger DUTs such as tablets. To test even larger devices, e.g., larger tablets and laptops, quiet zones with 200mm and 275mm are defined
The device types are listed as examples and other device types are not precluded.


[bookmark: _Ref137733932]Observation 4: The maximum DUT size of PC1 devices can be fully enclosed by the most common QZ size of 30 cm.
[bookmark: _Ref137733933]Observation 5: The maximum DUT size of PC1 devices is well below maximum DUT sizes of PC3 devices for which QZs have been defined already, i.e., 40 cm and 55 cm.
It is therefore observed that typical PC1 DUT sizes and weights (from a testability perspective) are equivalent to those of PC3 devices that are currently being tested for 2 AoA RRM. 
[bookmark: _Ref137733935]Observation 6: Typical PC1 DUT sizes and weights are equivalent to those of PC3 devices that are currently being tested for 2 AoA RRM
Applicability of 2 AoA RRM Setups for PC1: Setup 3 and Setup 4
It is proposed to define all Setup 3 and Setup 4 test cases for PC3 to be applicable to PC1 including the mobility scenarios as the requirements for mobility scenarios have not been excluded for PC1 devices. 
[bookmark: _Ref138323330]Proposal 2: Define all setup 3 and setup 4 test cases for PC3 to be applicable to PC1.


Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: Fine and rough beams of PC1 devices as defined for testability purposes exhibit beam steering capabilities in AZ and EL.
Observation 2: PC1 devices could support relative angular separations between active probes of up to 120°
Observation 3: The weight of PC1 device is in the ballpark of larger PC3 devices.
Observation 4: The maximum DUT size of PC1 devices can be fully enclosed by the most common QZ size of 30 cm.
Observation 5: The maximum DUT size of PC1 devices is well below maximum DUT sizes of PC3 devices for which QZs have been defined already, i.e., 40 cm and 55 cm.
Observation 6: Typical PC1 DUT sizes and weights are equivalent to those of PC3 devices that are currently being tested for 2 AoA RRM
Proposal 1: Define the relative angular separation of active probes for PC1 as: 30°, 60°, 90°, and 120°
Proposal 2: Define all setup 3 and setup 4 test cases for PC3 to be applicable to PC1.
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