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1.	Introduction
In Toulouse RAN4 meeting, minimum and maximum AoA angular separation for UE RF testing were discussed and the agreement is as following as captured in the approved WF [1]
	[bookmark: _Hlk119057715]Issue 1-2-3: Minimum AoA angular separation for UE RF testing
· Proposals
· Option 1 (R&S, Keysight, Qualcomm): 30º for option 2a
· Option 2 (vivo): At least 15º, and the value could be 15, 30, 45… for option 2a
· Option 3 (Xiaomi): The angular difference of two AoAs should cover certain small range so that the scenario that “single antenna module is used to receive two AoAs simultaneously” should not be excluded. (Moderator’s note: any specific suggestion on the min. separation?)
· Option 4 (R&S): In the range of 15 to 20º for option 3. Limited by the DUT capability for option 4.
· Agreement: 
· 30º for option 2a based on the limitation of test system capability. 
Issue 1-2-4: Maximum AoA angular separation for UE RF testing
· Proposals
· Option 1 (Keysight): 150º for option 2a
· Option 2 (Qualcomm): 180° for option 2a
· Agreement: 
· From test system feasibility aspect, 150º confirmed feasible 
· FFS on the feasibility of supporting values beyond 150º (up to 180º) which subject to further request from RF core requirement discussion) 



From limitation of test system capability perspective, there is clear consensus on minimum AoA angular separation i.e. 30º, but for maximum AoA angular separation, there is controversial view for values beyond 150º (up to 180º).
Though for values beyond 150º (up to 180º) are subject to further request from RF core requirement discussion, actually other values from 30º to 150º are also subject to RF core requirement discussion. It is still beneficial for the group to better align understanding on the feasibility of values beyond 150º (up to 180º). In this contribution, we discuss and justify that AoA angular separation beyond 150º especially 180º are feasible from test system capability perspective. 
2. 	Discussion
The concerns to include values beyond 150º (up to 180º) was indicated in contribution [2], mainly there are two reasons: one is potential signal blockage due to positioning structure, the other is potential signal interference, as illustrated in Figure 10 of R4-2219851 and reproduced as following for convenience:
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[bookmark: _Ref117762874]Figure 1: Illustration of minimum and maximum angular separations (Figure 10 of R4-2219851)
[bookmark: _GoBack]Regarding signal blockage issue of probes with angular separation 180º, actually there is no less signal blockage than other angular separation values. When the simultaneous working probes are at 0º and 180º which are AoA1 probe (P0) probe and AoA2 respectively, there are only two test points with signal blockage from positioning structure, i.e. the two test points at both poles (two test points are 0º180º). When the simultaneous working probes are at 0º and 150º which are AoA1 probe (P0) probe and AoA2 respectively, there are more test points with signal blockage from positioning structure when the position structure rotating to 0º and then P0 probe is suffered with signal blockage, i.e., the test points corresponding to 0º for AoA1 and 0º~360º rotation for different AoA2 measurements, which are actually dozen of test points along 150º latitude circle (test points are {º,0º}, {º15º}, {º0º}, {º45º},……, {º º }).
Observation 1:	180º AoA angular separation has less signal blockage than other AoA angular separation e.g. 150º. There are only 2 test points at both poles suffering signal blockage for 180º AoA angular separation, but there are dozen of test points suffering signal blockage for 150º AoA angular separation (issue test points are {º,0º}, {º15º}, {º0º}, {º45º},……, {º º })
Regarding potential signal interference issue between active probes, as we are testing multi-RX DL for TDD communication, there is no interference between probes.
Observation 2:	simultaneous multi-RX operation of TDD communication has no interference between active probes.
Moreover the signal path loss is high when signal travels from one probe to another. The air loss from probe to test centre point is 62.3dB for 43.5GHz and 58.5dB for 28GHz. Assume the signal power level of one probe is at EIS sensitivity level which is smaller than -70dBm at test centre point, when the signal reaches another probe in light-of-sight, the signal is reduced to lower than -130dBm at least.
Observation 3:	the signal path loss is high when signal travels from one probe to another and usually the signal level would be lower than -130dBm
In addition, part of the signal from one probe is scattered by the DUT and the signal from one probe reaching to another probe is further reduced.
Observation 4:	part of the signal from one probe is scattered by the DUT and the signal from one probe reaching to another probe is further reduced
Based on above observations, it can be seen that 0º AoA angular separation has no feasibility issue.
Moreover, as introduced in our companion contribution [3] submitted to multi-RX DL WI agenda, additional advantages of 0º AoA angular separation are identified, e.g., full 3D sampling of both AoA1 and AoA2, no area mismatch issue, etc. 
Observation 5:	compared with other angular values, 180º AoA angular separation has additional advantage in terms of full-3D sampling for both AoA1 and AoA2
Observation 6:	compared with other angular values, 180º AoA angular separation has additional advantage in terms of no area mismatch issue between two AoAs.
Based on above discussions, it can be concluded that maximum 0º AoA angular separation is feasible from test system capability perspective. Whether 0º and other AoA angular separation values would be adopted or not subjected to RF core requirement discussion.
Proposal 1:	maximum 0º AoA angular separation is feasible from test system capability perspective. 
Proposal 2:	Whether 0º and other AoA angular separation values would be adopted or not subject to RF core requirement discussion.
3. 	Conclusion
Observation 1:	180º AoA angular separation has less signal blockage than other AoA angular separation e.g. 150º. There are only 2 test points at both poles suffering signal blockage for 180º AoA angular separation, but there are dozen of test points suffering signal blockage for 150º AoA angular separation (issue test points are {º,0º}, {º15º}, {º0º}, {º45º},……, {º º })
Observation 2:	simultaneous multi-RX operation of TDD communication has no interference between active probes.
Observation 3:	the signal path loss is high when signal travels from one probe to another and usually the signal level would be lower than -130dBm
Observation 4:	part of the signal from one probe is scattered by the DUT and the signal from one probe reaching to another probe is further reduced
Observation 5:	compared with other angular values, 180º AoA angular separation has additional advantage in terms of full-3D sampling for both AoA1 and AoA2
Observation 6:	compared with other angular values, 180º AoA angular separation has additional advantage in terms of no area mismatch issue between two AoAs.
Proposal 1:	maximum 0º AoA angular separation is feasible from test system capability perspective. 
Proposal 2:	Whether 0º and other AoA angular separation values would be adopted or not subject to RF core requirement discussion.
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