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1.	Introduction
TP to TR 38.884 [7] and the updated draft TR38.884 [9] was approved at the RAN4 #98-e meeting to capture contents of company contributions ([1] to [6]) which reported their analyses on a feasibility of tests with an offset test antenna for inter-band DL CA test case in FR2.  In this contribution we pick out some points from the previously provided analyses with regards to the design of the FR2 OTA test system with an offset test antenna for the inter-band CA, then try to summarize them in TR 38.884 with some additional considerations on an actual feasibility aspect.

2.	Discussion
2.1 Points to design FR2 OTA test system with offset test antennae
To design FR2 OTA IFF test system for inter-band CA UE, following points were analyzed in [1] to [6] with regards to an impact of off-focus test antennae. 
· Distance (and angular offset) between the main antenna and the offset antenna 
· Arrangement of the offset antenna
· Angle to fix (tilt) the offset antenna
· Distance between the offset antenna and a reflector
· Arrangement of antennae associated with their frequency coverage
We pick out and iterate examples from the previous analyses which need to be considered during a design of the test system to minimize impacts from the offset antenna. We also consider further with their feasibility from some other aspects e.g. another affecting factor, actual system assembly procedures and test operations.

Distance (and angular offset) between main antenna and offset antenna 
Based on the assumption that a range length in an IFF chamber is from 800 mm to 1200 mm, antenna offset from 50 mm to 100 mm were studied. These offsets are equivalent to approximately 2.5 to 7 degrees as an angular offset. And due to a shift of focal point from a centre of the quiet zone, approximately 0.15 dB degradation of the quality of quiet zone MU is estimated at the frequency range from 23.45 to 40.8 GHz. Detailed analyses can be seen in the contribution [4]. Note the estimation may vary depending on components and system designs in each vendor. 
From the previous studies, it is obvious that the impact is proportional to the distance between antennae. From this point it is preferrable that each antenna is arranged as close as possible. However as also shown in the previous paper [10], another effect of mutual coupling arises if the gap becomes too close like that of one wavelength (i.e. approximately 10 mm around 30 GHz.). Though we can assume that the effect can be included while evaluating the quality of quiet zone, at the same time when we think of an assembly of cables to each antenna, some clearances must be ensured and thus a gap around 40 to 50 mm between antennae is considered possible closest distance.
Observation 1: The shortest distance between antennae is around 40 to 50 mm when we take into consideration of the mutual coupling effect and the system assembly procedures.  

Arrangement of the offset antenna
On condition that a DUT is supporting IBM, we have a chance to carry out the inter-band CA test case with the offset antenna test system equivalent to the system only with the main antenna. To obtain identical beam profiles from both of main and offset antenna, following conditions need to be satisfied:
- Two measurement antennae (main and offset) are arranged along with the θ rotation of the positioner
- DL power of the offset antenna is calibrated and capable of transmitting same power level with the main measurement antenna.
Since there is an angular offset between the two measurement antennae such as 2.5 to 7 degrees, to compare the two obtained beam profiles, a post processing of obtained data is necessary with either one of profiles in accordance with the actual antenna alignment. Also the adjustment of the start/ stop coordinates to measure is necessary with the offset antenna.
Observation 2: A post processing of obtained data and an adjustment of start/ stop coordinates to measure are necessary. 

Angle to fix (tilt) the offset antenna
It is recommended that also an angle to fix (tilt) the offset antenna is considered while designing the test system. As introduced before [4], it is possible to shift the electric field intensity by tilting the offset antenna (e.g. 0.5 to 0.7 degree) and make the distribution of the field intensity, in other words an amplitude taper, close to symmetric in the quiet zone like the one from the main antenna. However since the applicable tilt angles are closely related with a size of reflector and the range length, there should be some limitations and care must be taken to avoid diffraction and/or scattering effects created by the reflector’s paraboloid edges. 
Observation 3: Care must be taken to avoid diffraction and/or scattering effects created by the reflector’s paraboloid edges when fixing the offset antenna with a tilt.

Distance between the offset antenna and a reflector
As shown before [6], it is possible to optimize the shape of wavefront and illumination at the centre of the quiet zone by adjusting a distance between the offset antenna and a reflector. However since the QZ illumination also depends on the frequency of beam, and considering the current frequency range of mmWave region, which is wide spread from 24 GHz to 52 GHz, it is not practical to change the distance for each antenna one by one. Also when we consider a design that the placement of the offset antenna is above the main antenna, there might be another factor to increase the measurement uncertainty since coordinates of the measurement grid changes. Thus as mentioned above, it is recommended that antennas are arranged along with the θ rotation of the positioner 
Observation 4: The best distance of each antenna and a reflector varies with the test system depending on the frequency coverage in FR2.
Observation 5:  When we consider a design that a placement of the offset antenna is above the main antenna, there might be another factor to increase the measurement uncertainty since coordinates of the measurement grid changes.  

Arrangement of antennae associated with their frequency coverage 
It is predicted that the non-linear phase variation varies with frequency. Ergo, it is advantageous to reserve the ideal location (focus) for the antenna serving the highest frequencies and use offset locations for antennae serving lower frequencies. 


3. Conclusion
In this contribution we picked out some points from the previously provided analyses with regards to the design of the FR2 OTA test system with an offset test antenna for the inter-band CA, then try to summarize them in TR 38.884 with some additional considerations on an actual feasibility aspects.
Observation 1: The shortest distance between antennae is around 40 to 50 mm when we take into consideration of the mutual coupling effect and the system assembly procedures.  
Observation 2: A post processing of obtained data and an adjustment of start/ stop coordinates to measure are necessary. 
Observation 3: Care must be taken to avoid diffraction and/or scattering effects created by the reflector’s paraboloid edges when fixing the offset antenna with a tilt.
Observation 4: The best distance of each antenna and a reflector varies with the test system depending on the frequency coverage in FR2.
Observation 5:  When we consider a design that a placement of the offset antenna is above the main antenna, there might be another factor to increase the measurement uncertainty since coordinates of the measurement grid changes.  
Proposal 1: It is proposed to approve the text proposal related to the design of offset antenna test system for inter-band DL CA (FR2 + FR2) tests. 
Text proposal is provided below.

4.	References
[1] R4-2014921, “Impact of AoA offset on inter-band CA PSD difference”, Apple Inc., RAN4 #97-e, Electronic meeting
[2] R4-2014687, “Testability of FR2 inter-band DL 2CA EIS by non co-located antenna”, Anritsu, RAN4 #97-e, Electronic meeting
[3] R4-2014265, “On impact of non-co-located test antennae for FR2 inter-band testing”, Qualcomm Inc., RAN4 #97-e, Electronic meeting
[4] R4-2100096, “Impact of offset antenna to quiet zone in FR2 OTA chamber”, Anritsu, RAN4 #98-e, Electronic meeting
[5] R4-2100527, “Impact of AoA offset on inter-band CA PSD difference”, Apple Inc., RAN4 #98-e, Electronic meeting
[6] R4-2102673, “On impact of non-co-located test antennae for FR2 inter-band testing”, Qualcomm Inc., RAN4 #98-e, Electronic meeting
[7] R4-2103968, “TP to TR 38.884 on Inter-band DL CA in FR2”, Anritsu, RAN4 #98-e, Electronic meeting
[8] TR 38.884, “Study on enhanced test methods for FR2 NR UEs”, v0.1.0 (Rel-17), 2020-11
[9] R4-2103985, “Draft TR38.884 Study on enhanced test methods for FR2 NR UEs v0.2.0”, Apple Inc., RAN4 #98-e, Electronic meeting
[10] R4-2000446, “Influences of multiple offset antennas in FR2 chamber”, Anritsu, RAN4 #94-e, Electronic meeting

Text Proposal 
<<Start of text proposal>>
[bookmark: _Toc65226224]5.3.2.3	Summary on applicability of offset antenna test system
Taking into consideration of study results in sub-clause 5.3.2.1 and 5.3.2.2, an applicability of the offset antenna test system to the spherical coverage test with an inter-band CA UE is summarized as follows.
IBM UE:
On a test for UEs supporting inter-band CA with IBM, there is a way to make IBM UEs to choose same relative beam direction and conduct spherical coverage tests properly like a single test antenna system. It is recommended that a design of the test system is optimized to mitigate an impact of the offset antenna to the QoQZ measurement uncertainty, including the diffraction and/or scattering effects created by the reflector’s paraboloid edges and the size of the paraboloid.  
CBM UE:
On a test for UEs supporting inter-band CA with CBM, there might be a limitation with the feasibility by the offset antenna test system. But this relates also to the on-going WI discussion on the necessity of spherical coverage requirements with CBM UEs supporting a same band group e.g. 28 GHz + 28 GHz.

5.3.2.4	Points to design the FR2 OTA test system with offset test antennae
To design FR2 OTA IFF test system for inter-band CA UE, following points were analyzed in the previous sub-clauses with regards to an impact of off-focus test antennae. 
· Distance (and angular offset) between the main antenna and the offset antenna 
· Arrangement of the offset antenna
· Angle to fix (tilt) the offset antenna
· Distance between the offset antenna and a reflector
· Arrangement of antennae associated with their frequency coverage
We pick out and iterate examples from the previous analyses which need to be considered during a design of the test system to minimize impacts from the offset antenna. We also consider further with their feasibility from some other aspects e.g. another affecting factor, actual system assembly procedures and test operations.

Distance (and angular offset) between main antenna and offset antenna 
Based on the assumption that a range length in an IFF chamber is from 800 mm to 1200 mm, antenna offset from 50 mm to 100 mm were studied. These offsets are equivalent to approximately 2.5 to 7 degrees as an angular offset. And due to a shift of focal point from a centre of the quiet zone, approximately 0.15 dB degradation of the quality of quiet zone MU is estimated at the frequency range from 23.45 to 40.8 GHz. Note the estimation may vary depending on components and system designs in each vendor. 
From the previous studies, it is obvious that the impact is proportional to the distance between antennae. From this point it is preferrable that each antenna is arranged as close as possible. However another effect of mutual coupling arises if the gap becomes too close like that of one wavelength (i.e. approximately 10 mm around 30 GHz.). Though we can assume that the effect can be included while evaluating the quality of quiet zone, at the same time when we think of an assembly of cables to each antenna, some clearances must be ensured and thus a gap around 40 to 50 mm between antennae is considered possible closest distance.

Arrangement of the offset antenna
On condition that a DUT is supporting IBM, we have a chance to carry out the inter-band CA test case with the offset antenna test system equivalent to the system only with the main antenna. To obtain identical beam profiles from both of main and offset antenna, following conditions need to be satisfied:
- Two measurement antennae (main and offset) are arranged along with the θ rotation of the positioner
- DL power of the offset antenna is calibrated and capable of transmitting same power level with the main measurement antenna.
Since there is an angular offset between the two measurement antennae such as 2.5 to 7 degrees, to compare the two obtained beam profiles, a post processing of obtained data is necessary with either one of profiles in accordance with the actual antenna alignment. Also the adjustment of the start/ stop coordinates to measure is necessary with the offset antenna.

Angle to fix (tilt) the offset antenna
It is recommended that also an angle to fix (tilt) the offset antenna is considered while designing the test system. It is possible to shift the electric field intensity by tilting the offset antenna (e.g. 0.5 to 0.7 degree) and make the distribution of the field intensity, in other words an amplitude taper, close to symmetric in the quiet zone like the one from the main antenna. However since the applicable tilt angles are closely related with a size of reflector and the range length, there should be some limitations and care must be taken to avoid diffraction and/or scattering effects created by the reflector’s paraboloid edges. 

Distance between the offset antenna and a reflector
It is possible to optimize the shape of wavefront and illumination at the centre of the quiet zone by adjusting a distance between the offset antenna and a reflector. However since the QZ illumination also depends on the frequency of beam, and considering the current frequency range of mmWave region, which is wide spread from 24 GHz to 52 GHz, it is not practical to change the distance for each antenna one by one. Also when we consider a design that the placement of the offset antenna is above the main antenna, there might be another factor to increase the measurement uncertainty since coordinates of the measurement grid changes. Thus as mentioned above, it is recommended that antennas are arranged along with the θ rotation of the positioner 

Arrangement of antennae associated with their frequency coverage 
It is predicted that the non-linear phase variation varies with frequency. Ergo, it is advantageous to reserve the ideal location (focus) for the antenna serving the highest frequencies and use offset locations for antennae serving lower frequencies. 

<<End of text proposal>>
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