Page 1

[bookmark: _GoBack]3GPP TSG-RAN4 #98-e	R4-2100096
Electronic Meeting, 25th Jan – 5th Feb. 2021
Title:	Impact of offset antenna to quiet zone in FR2 OTA chamber
Source:			Anritsu Corporation
Agenda Item:			12.1.4
Document for:			Discussion

1.	Introduction
At the last RAN4 #97-e meeting, the way forward to study a feasibility of the offset (non-co-located) test antenna method was approved [1] and some open issues were captured. In this contribution we discuss some of those open issues such as an impact of the offset antenna on quality of the quiet zone (QoQZ) and UE beam forming. 

2.	Discussion
2.1 Estimation of an offset antenna impact to QoQZ 
As pointed out by [3] at the RAN4 #97-e meeting, in a case a test antenna is located simply off the position from a focal point (normally at a position of a main test antenna) in the in-direct far-field (IFF) test system, a centre of a beam from the offset feed antenna would shift depending on a distance of focal length (f), a distance between the reflector and a centre of a quiet zone (r), and a distance of the antenna offset (d). Figure 2.1-1 depicts the relationship of this shift (d’).Reflector
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Figure 2.1-1: Offset of antenna beam peak from centre of QZ (Top view of IFF test system)
 Here the shift (d’) can be calculated geometrically by the following equation, and it may cause an increase of QoQZ measurement uncertainty in a 30 cm quiet zone.

From our experience to date, an electric field intensity in a quiet zone when a feed antenna is located near a focal point is decided by two factors, an antenna pattern of the feed antenna for a test equipment and a shape of the reflector. Especially the antenna pattern can be assumed as the main factor to decide this characteristic, which is directly connected also to the QoQZ. 
Observation 1: An antenna pattern of the feed antenna mainly decides an electric field intensity and QoQZ.
Based on this observation we estimated an impact of the offset antenna to QoQZ from our experimental data which was obtained by measuring the electric field intensity of our feed antenna via a reflector. Figure 2.1-2 shows one of our experimental data obtained by scanning the field intensity in a range of +/- 200 mm from a centre of the quiet zone.  Here a 40.8 GHz vertical polarization beam was scanned along with theta (x) direction. 
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Figure 2.1-2: Electric field intensity of feed antenna scanned along with theta direction (40.8 GHz, V-pol) 
Table 2.1-1 and Figure 2.1-3 show our estimation of difference between the QoQZ of main antenna and of the offset antenna. Note that these values are specific to our feed antenna (amplitude taper) and thus they may vary depending on an antenna pattern used by each test equipment vendor.
Table 2.1-1: Estimation of QoQZ difference between main and offset antenna
	
	Estimation of QoQZ difference (EIRP) [dB]

	δ [mm]
	23.45 GHz
	32.125 GHz
	40.8 GHz

	0
	0.00
	0.00
	0.00

	15
	0.02
	0.02
	0.01

	30
	0.04
	0.05
	0.03

	45
	0.08
	0.08
	0.06

	60
	0.11
	0.11
	0.09

	75
	0.14
	0.15
	0.11
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Figure 2.1-3: Plot of QoQZ difference
 Though these differences may vary depending on an antenna pattern (amplitude taper) of a feed antenna, as can be seen from above, there is a chance that the difference of QoQZ due to the offset antenna can be limited within an acceptable level by optimizing an arrangement of antennas.
Observation 2: Impact of the offset antenna varies by a pattern of a feed antenna (amplitude taper).
Observation 3: It is possible to limit the impact of the offset antenna to QoQZ by optimizing an antenna arrangement.
 We further studied a way to mitigate the impact of the offset antenna to the actual QoQZ and will explain the idea at the next sub-clause.

2.2 Mitigation of the offset antenna impact to QoQZ
 As explained earlier, one of major factors to decide the quality of quiet zone is the electric field intensity in the quiet zone. Figure 2.2-1 depicts a 2D-image of the electric field intensity (amplitude taper) in the quiet zone when the offset antenna is used. As shown in the figure, due to the shift of beam centre from the main antenna, distribution of the field intensity becomes asymmetric in the quiet zone and thus it will cause the increase of the QoQZ MU value. However it is possible to shift the beam peak position by tilting the offset antenna and make the distribution of the field intensity close to symmetric in the quiet zone like the one from the main antenna, allowing us to mitigate the impact of beam centre shift to the QoQZ value. Figure 2.2-2 depicts the image of the improvement with the offset antenna placement. 
Observation 4: It is possible to mitigate the impact of the offset antenna to QoQZ by improving a placement of antenna direction towards a reflector.
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Figure 2.2-1: 2D image of the electric field intensity (amplitude taper) in the quiet zone from an offset antenna
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Figure 2.2-2: 2D image of the electric field intensity in the quiet zone from a tilted offset antenna
2.3 Consideration on the potential issue to trigger different choice of optimum UE beam
 One of another potential issue captured in the previous way forward [1] is the possibility to trigger different choice of optimum UE beam facing each source. One of considerations on this aspect has already been introduced in the previous contribution [2] and we quote that observation below from that paper. 
Observation 5: As far as the UE is supporting the IBM, and both main antenna and offset antenna are arranged along with the q rotation of the positioner, it is possible to obtain the identical EIS results from either of the two antennas even with the inter-band CA tests.
 We omit to explain the detail again in this paper since it can be seen in [2], but we assume that we can obtain the identical EIS results from either of the two antennas as far as the UE is supporting the independent beam management (IBM). As pointed out by [3], the offset antenna might trigger a different choice of UE beam when measurement is considered based on the measurement grid of the main antenna. However as far as these two antennas are arranged along with the q rotation of the positioner, and a measurement is considered based on an independent grid specific to the offset antenna (which is rotated by q degrees from the grid for main antenna), choice of the relative UE beam direction from the viewpoint of UE should be same when compared measurements from the main antenna and the offset antenna. We rephrase the above observation 5 at the beam choice point of view as follows.
Observation 6: As far as the UE is supporting the IBM, and both main antenna and offset antenna are arranged along with the q rotation of the positioner, choice of relative UE beam direction should be same between the measurement from the main antenna and the offset antenna.    
Choice of the beam by UEs with common beam management (CBM) should be further studied.

2.4 Feasibility of the solution for inter-band CA with common beam management (CBM)
 A simulation result for inter-band CA with CBM was also introduced in our previous paper [2] and we suggest referring to the analysis in the contribution. Though assumptions which were applied to that analysis are just examples, the results showed a fair chance to use this solution with a UE which covers band n259 and n260 with an acceptable level of measurement uncertainties (both a systematic error and a random error). 
Observation 7: There is a fair chance to apply the offset antenna test system also to the inter-band CA with CBM UE.
 For cases with UEs which supports wider frequencies (such as n262 in addition) or higher power such as PC1 need a further study.

3. Conclusion
In this contribution we discussed some open issues such as an impact of the offset antenna on quality of the quiet zone (QoQZ), UE beam forming, and also the applicability of this system to CBM UE.
Observation 1: An antenna pattern of the feed antenna mainly decides an electric field intensity and QoQZ.
Observation 2: Impact of the offset antenna varies by a pattern of a feed antenna (amplitude taper).
Observation 3: It is possible to limit the impact of the offset antenna to QoQZ by optimizing an antenna arrangement.
Observation 4: It is possible to mitigate the impact of the offset antenna to QoQZ by improving a placement of antenna direction towards a reflector.
Observation 5: As far as the UE is supporting the IBM, and both main antenna and offset antenna are arranged along with the q rotation of the positioner, it is possible to obtain the identical EIS results from either of the two antennas even with the inter-band CA tests.
Observation 6: As far as the UE is supporting the IBM, and both main antenna and offset antenna are arranged along with the q rotation of the positioner, choice of relative UE beam direction should be same between the measurement from the main antenna and the offset antenna.    
Observation 7: There is a fair chance to apply the offset antenna test system also to the inter-band CA with CBM UE.
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