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1.	Introduction
On a DL inter-band CA verification, question to the OTA test system from a perspective of DPSD of DL signals at the UE after spatial filtering was raised at the RAN4 #96-e meeting [1], then the way forward to investigate the testability was agreed [2]. In this contribution we show our views on this matter by comparing path losses from two antennas. And we also report the analysis on an impact of the offset test antenna to the spherical coverage measurement results of UEs equipping different two types of beam management called IBM (Independent Beam Management) and CBM (Common Beam Management). 

2.	Discussion
2.1 Influence from the non co-located antenna to DPSD of DL signal after spatial filtering
 First we consider an influence from the non co-located antenna to a DPSD of DL signal after spatial filtering at FR2 region. Here we consider the difference of path loss between the measurement from the main antenna and the co-located antenna which has an offset of 100 mm based on the assumption in the WF [2]. Suppose that range length (distance between the FR2 main test antenna and the CATR reflector) is in a range from 800 mm to 1200 mm, a free space path loss (FSPL) from 24 GHz to 43 GHz can be derived by the following equation. 

Here r and l denote the range length (m) and corresponding wavelength (m) of signals derived from the associated carrier frequency (Hz). 
A relationship between range length and path loss from a main antenna or an offset antenna (values in brackets) is summarized in Table 2.1-1. The corresponding range lengths when the offset antenna is used (100 mm shifted from the main antenna) are 806 mm, 1005 mm and 1204 mm. As can be seen from calculated values, the biggest difference is 0.07 dB at 24.25 GHz with the 800mm range length. Therefore from the viewpoint of the path loss, we assume that the difference of path loss by measuring from the non co-located antenna (offset antenna) has no significant impact to the DPSD of DL signal after the spatial filtering.
Observation 1: A difference of path loss between the main antenna and non co-located antenna (100 mm shift) is 0.07 dB maximum at the range length 800 mm and does not have a significant impact on the DPSD of DL signal in FR2.
Table 2.1-1: Range length vs path loss from a main antenna and an offset antenna
	
	Path loss [dB] from a main antenna and an offset antenna (100 mm shifted)

	Frequency [GHz]
	Range length = 800 mm
	1000 mm
	1200 mm

	24.25 (n258 low)
	58.20 (58.27)
	60.14 (60.19)
	61.73 (61.75)

	26.50 (n257 low)
	58.97 (59.04)
	60.91 (60.96)
	62.50 (62.53)

	27.50 (n258 high, n261 low)
	59.30 (59.36)
	61.23 (61.28)
	62.82 (62.85)

	28.35 (n261 high)
	59.56 (59.63)
	61.50 (61.54)
	63.08 (63.11)

	29.50 (n257 high)
	59.91 (59.97)
	61.84 (61.89)
	63.43 (63.46)

	37.00 (n260 low)
	61.87 (61.94)
	63.81 (63.86)
	65.40 (65.42)

	39.50 (n259 low)
	62.44 (62.51)
	64.38 (64.42)
	65.96 (65.99)

	40.00 (n260 high)
	62.55 (62.62)
	64.49 (64.53)
	66.07 (66.10)

	43.50 (n259 high)
	63.28 (63.34)
	65.22 (65.26)
	66.80 (66.83)



2.2 Rx beam profiles obtained by main antenna and offset antenna 
 In this sub-clause, we would like to explain that it is possible to measure the appropriate EIS spherical coverage beam profiles by the test system which equips the non co-located (offset) antenna even with the inter-band 2 DL CA cases as long as the UE is supporting the individual beam management (IBM).
Here at first we consider a single carrier Rx spherical coverage beam profile which we can obtain by two kinds of antennas. If we compare Rx beam profiles of two different cases, one which has been measured by main antenna of the OTA test system, or the other with which the DL beam frequency is same but has been measured from the offset antenna, both beam profiles can be assumed identical as far as following conditions are satisfied.
· Two measurement antennas (main and offset antennas) are arranged along with the q rotation of the positioner
· DL power of the offset antenna is calibrated and capable of transmitting same power level with the main measurement antenna.
For the rotation angles of positioner, refer to the appendix A at the end of this contribution where the figure of positioner is excerpted from TS 38.810 [5]. 
Figure 2.2-1 depicts the image of two beam profiles obtained by different antennas. Note that the profiles are obtained one by one since the link has to be maintained with either of antennas during the measurement. 
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Figure 2.2-1: 2D image of beam profile obtained by two antennas
If we compare the two measurements, a difference between them are just a point of sight from the UE, in other words a boresight of UE is slightly rotated depending on the arrangement of measured antennas. 
Observation 2: Single carrier Rx beam profiles which are measured by the main antenna and the offset antenna can be assumed identical as far as the two calibrated measurement antennas are arranged along with the q rotation of the positioner.
 There is an angular offset between the two measurement antenna such as 2.5 to 7 degrees as previously shown in the WF [2]. Therefore to compare the two obtained beam profiles, rotation of either one of profiles in accordance with the actual antenna alignment is necessary. Also the adjustment of the start/ stop coordinates to measure is necessary with a case of the offset antenna.
 Now we consider beam profiles which are obtained by the test system that transmits two DL signals from single antenna (system A), and the system which has one additional offset antenna to transmit two DL signals - one DL from the main antenna and the other from the offset antenna (system B). For inter-band 2 DL CA case for example with band n260 and n261, suppose only system B transmits n261 from the offset antenna, properties of each beam profile are summarized in Table 2.2-1. Note that 2 measurement antennas of system B are assumed to be arranged along with the q rotation of the positioner again just as mentioned above.
Table 2.2-1: Beam profiles obtained by system A and system B in a case with IBM antennas in a UE
	
	System A (2 DL from main antenna, 1 AoA)
	System B (2 DL from slightly offset 2 AoA antennas)

	Beam profile of n260
	Obtained by main antenna
	Obtained by main antenna. Thus completely identical with system A.

	Beam profile of n261
	Obtained by main antenna
	Obtained by the offset antenna. The shape of profile should be same but rotated in accordance with the angular offset between two test antennas.


 Taking all explanations above into consideration, system B requires a post processing of the obtained data in accordance with the slightly rotated coordinate system. But the obtained beam profiles can be assumed as identical with ones obtained by system A as far as the UE is supporting the IBM. 
Observation 3: 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 4: A post processing to adjust the coordinates of the beam profile is necessary for data obtained by the offset antenna. 

2.3 Consideration on influence of offset antenna to spherical coverage measurement results with CBM UE
Next even though currently there are no definitions of inter-band CA requirements within 28 GHz range (L + L) or 39 GHz range (H + H) which has a possibility of transmissions by CBM, we simulated the influence of the offset antenna measurement for inter-band CA case with CBM UE. From this simulation we try to clarify a difference with the measurement of 2 DL by 1 AoA at a frequency range from 37 GHz and 43.5 GHz. 
Assumption of the UE antenna inter-element distance
It is difficult for us to expect an actual inter-element distance (D) of an antenna in the current UE since it is implementation dependent. But as a starting point, during this simulation we put an assumption that an optimization of the inter-element distance is made at the center frequency between the lower edge of band n258 (24.25 GHz) and higher edge of n259 (43.5 GHz), i.e. 33.875 GHz where D/l becomes 0.5. 
Table 2.3-1: Optimized frequency and corresponding ratio (D/l) for simulation frequencies
	Optimized frequency (D/l = 0.5)
	Frequency 1 (f1) for simulation
	Frequency 2 (f2) for simulation

	33.875 GHz (0.5)
	37.0 GHz (0.55)
	43.5 GHz (0.64)



Assumption of phase shifter in a UE
For a beam forming method of the UE, following two methods were applied in the simulation.
i) A fixed phase shift to the antenna regardless with the carrier frequencies, which we assume this method is causing the beam squint. 
ii) A different phase shift which is proportional to the carrier frequencies so called true time delay (TTD).


Simulation procedures for spherical coverage
The simulation of the spherical coverage measurement was carried out by the following steps.
Step 1) Decide a code book to obtain the maximum sensitivity at frequency 1 (37.0 GHz) with a measurement grid placed randomly against a DUT.
Step 2) Keep the identified code book at step 1) and calculate gain profiles at frequency 2 (43.5 GHz). Then compare the following two cases.
Case 1) Gain profile at frequency 2 measured by the main antenna 
· Only the difference of the ratio (D/l) can be monitored as the difference from the frequency 1. This result can be assumed as a baseline when comparing the influence of the offset antenna measurement.
Case 2) Gain profile at frequency 2 measured by the offset antenna 
· In addition to the difference of the ratio (D/l), influence of the offset antenna is included in this result. (e.g. influence to the measurement grid due to the offset of the antenna.)  

Simulation parameter
Simulation parameters are summarized in Table 2.3-2. 
Table 2.3.2: Simulation parameter for spherical coverage gain profile
	Item
	Parameter

	Grid
	Constant Density 200 pt, 1000 random orientations against a DUT.

	Antenna offset
	q = 4.0 degrees

	Array antenna
	1 x 4. Inter-element distance is optimized at 33.875 GHz.

	Phase shifter
	Non TTD (Constant Phase), TTD (True Time Delay)

	Carrier frequency
	37.0 GHz, 43.5 GHz



Spherical coverage simulation result
Simulation results of the spherical coverage are summarized in Table 2.3-3 and 2.3-4.
Table 2.3-3: Simulation result of spherical coverage – Mean 50%-ile error (against 1deg uniform grid as a reference)
	D/ l
(Test frequency)
	Non-TTD 
	TTD

	
	Main antenna
	Offset antenna
	Main antenna
	Offset antenna

	0.55 (37.0 GHz)
	0.024
	-
	Same as Non-TTD
	-

	0.64 (43.5 GHz)
	0.016
	0.101
	0.019
	0.135


Table 2.3-4: Simulation result of spherical coverage – Standard deviation of 50%-ile value
	D/ l
(Test frequency)
	Non-TTD
	TTD

	
	Main antenna
	Offset antenna
	Main antenna
	Offset antenna

	0.55 (37.0 GHz)
	0.059
	-
	Same as Non-TTD
	-

	0.64 (43.5 GHz)
	0.096
	0.102
	0.111
	0.168


Comparing the measured result between the main antenna and offset antenna, we observed that the mean error by measuring from the offset antenna increases slightly with both non-TTD and TTD type phase shifter (0.085 dB with non-TTD and 0.116 dB with TTD at 43.5 GHz.). This means that the total measurement uncertainty by measuring from offset antenna will increase approximately 0.1 dB as the systematic uncertainty. 
[bookmark: _GoBack]For the standard deviation, only the result with TTD phase shifter showed the slight increase of measurement uncertainty (0.057 at 43.5 GHz.). However this increase of random uncertainty should be a negligible level compared to the other uncertainty contribution.
Therefore for both mean error (systematic error) and standard deviation (random error) with offset antenna, we assume these values are within the acceptable level because the simulation assumptions in this paper are chosen as one of the severest conditions from the viewpoint of the frequency point to optimize inter-element distance, test frequencies, basic frequency point of phase shift, etc. And since the optimization of the inter-element distance was assumed at 33.875 GHz, if this optimization is made at a higher frequency such as at the middle of 37 GHz and 43.5 GHz, the observed uncertainty should be decreased. 
Observation 5: Comparing the measured result with the main antenna, a mean error by measuring from the offset antenna (4 degrees angular offset) increased slightly with both non-TTD and TTD type phase shift (0.085 dB increase with non-TTD and 0.116 dB increase with TTD at 43.5 GHz.) which are applied to the CBM UE.
Observation 6: For the standard deviation, only the result with TTD phase shifter showed the slight increase of measurement uncertainty (0.057 dB at 43.5 GHz.).
Observation 7: For both mean error (systematic error) and standard deviation (random error) with the offset antenna (4 degrees angular offset), these uncertainty values are within the acceptable level even with the UE supporting CBM (1x4 elements).
Observation 8: FFS for UEs which supports wider frequencies (such as n262 in addition) or higher power such as PC1.

Considering all the observations above, we assume that the FR2 OTA test system with the offset test antenna has a feasibility of measuring inter-band DL CA test cases for both CBM and IBM UEs under some limitations.
Proposal 1: Allow the FR2 OTA test system which has the offset test antenna for inter-band DL CA test cases for both CBM and IBM UEs.


3. Conclusion
In this contribution we showed our views on the influence of spatial filtering and the impact of the offset antenna by comparing path losses from two antennas. And we also reported the analysis on the impact of the offset test antenna to the measurement results of UEs equipping different two types of beam management called IBM (Independent Beam Management) and CBM (Common Beam Management). 
Observation 1: A difference of path loss between the main antenna and non co-located antenna (100 mm shift) is 0.07 dB maximum at the range length 800 mm and does not have a significant impact on the DPSD of DL signal in FR2.
Observation 2: Single carrier Rx beam profiles which are measured by the main antenna and the offset antenna can be assumed identical as far as the two calibrated measurement antennas are arranged along with the q rotation of the positioner.
Observation 3: 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 antenna even with the inter-band CA tests s. 
Observation 4: A post processing to adjust the coordinates of the beam profile is necessary for data obtained by the offset antenna. 
Observation 5: Comparing the measured result with the main antenna, a mean error by measuring from the offset antenna (4 degrees angular offset) increased slightly with both non-TTD and TTD type phase shift (0.085 dB increase with non-TTD and 0.116 dB increase with TTD at 43.5 GHz.) which are applied to the CBM UE.
Observation 6: For the standard deviation, only the result with TTD phase shifter showed the slight increase of measurement uncertainty (0.057 dB at 43.5 GHz.).
Observation 7: For both mean error (systematic error) and standard deviation (random error) with the offset antenna (4 degrees angular offset), these uncertainty values are within the acceptable level even with the UE supporting CBM (1x4 elements).
Observation 8: FFS for UEs which supports wider frequencies (such as n262 in addition) or higher power such as PC1.
Proposal 1: Allow the FR2 OTA test system which has the offset test antenna for inter-band DL CA test cases for both CBM and IBM UEs.
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5.	Appendix
5.1 Appendix A – Reference coordinate system and combined-axes system

[image: ]
TR 38.810 Figure C.1-1: Reference coordinate system 


 TR 38.810 Figure D.2.6.2-2: Reference AUT Measurement Positions for combined-axes system
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