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Introduction
According to the SID [6] the first objective is to improve the test methodology for high DL and low UL power test cases based on the feedback RAN5 provided in [8] declaring testability issues on some of the core requirements in TS 38.101-2 [9].
In this contribution we present our views and proposal for this first objective. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]NF based solutions
[bookmark: _GoBack]As discussed during last meeting, and supported by the simulation results for beam management sensitivity in NF, the optimal approach for NF based solutions is the combined far-field/near-field system where beam peak direction and UE Beam lock function (UBF) activation are performed based on the far-field method and then test case procedures are performed based on the near-field method.
In this sense, two types of systems are currently under consideration: CFFNF and CFFDNF. The latter assumes that no transform is required for the NF measurements if the minimum measurement distance respects the Derat Distance () described in [1][11]. This is supported by the TRP simulation results already included in the draft TR [3]:
Table 5.1.2.2-3 below summarizes the impact of the approaches with and without offset correction on TRP MU.
Table 5.1.2.2-3: Impact of TRP measurement with and without offset correction on MU
Range Length (cm)
With Offset Correction
Without Offset Correction

Mean TRP Error (dB)
TRP Std. Dev. (dB)
Mean TRP Error (dB)
TRP Std. Dev. (dB)
20
0.02
0.13
0.40
0.26
25
0.03
0.06
0.24
0.15
28
0.03
0.04
0.19
0.11
32
0.03
0.02
0.14
0.08
43
0.03
0.02
0.08
0.04
100
0.04
0.02
0.01
0.01


For convenience, we can consider the DNF minimum range length according to Derat Distance as 43cm or 32cm depending on whether we assume fixed radiating aperture of 5cm or effective radiating aperture respectively.
Similar to those TRP results, and following the simulation assumptions in [5], we have performed an extensive campaign using CST to confirm the performance of CFF(D)NF system under different range lengths and several offset cases from the center of the QZ in the z direction, zoff, up to 12.5cm:
Table 2-1: Impact of EIRP measurements with and without offset correction
	Range Length (cm)
	With Offset Correction
	Without Offset Correction

	
	Mean EIRP Error (dB)
	EIRP Std. Dev. (dB)
	Mean EIRP Error (dB)
	EIRP Std. Dev. (dB)

	22
	0.04
	0.07
	3.75
	2.67

	32
	0.02
	0.03
	2.52
	1.72

	43
	0.05
	0.02
	1.85
	1.21



It has to be noted these results are valid under some assumptions:
· Beam peak search and UBF are performed with the FF method. 
· Maximum EIRP with (D)NF is measured after a local search to maximize it. 
· Offset correction is implemented as described in next section.
It can be seen that an offset correction is required in all cases for accurate EIRP measurements, while for TRP a correction is only required for measurement distances closer than Derat Distance ().
Observation 1: an offset correction is not required for TRP measurements on CFFDNF systems if minimum range length respects the Derat distance.
Observation 2: an offset correction is required for EIRP measurements on all types of CFF(D)NF systems.
The local search required to maximize EIRP with the (D)NF antenna mentioned above heavily depends on the UE array configuration and the maximum offset. Worst case assuming an 8x2 array and maximum offset of 12.5cm from the center of the QZ is as follows: 
Table 2-2: Local search cone for different NF test ranges
	Range Length (cm)
	Search cone

	22
	± 45º

	32
	± 30º

	43
	± 20º



Observation 3: a local search to maximize EIRP is required on all types of CFF(D)NF systems.

Offset correction for NF based solutions
As already mentioned in [1], TRP measurement accuracy with a CFFDNF system can be improved by applying the offset correction, while this correction is required in all cases for EIRP measurements as shown in previous section. This offset correction can be performed by reconstructing the measured pattern as if the radiating element were centered in the coordinate system. While the algorithm fully described in [12], the following is a high-level overview of the procedure:
1) Calculate the spherical coordinates of the measurement probe in a new translated coordinate system centered at the phase center of the UE radiating element.
2) Calculate the path length correction for each position.
3) Calculate the measurement probe radiation pattern compensation factor for each position, between the boresight orientation and measurement probe response in the measured direction.
4) Compute the corrected radiation pattern from applying previously calculated correction factors to the measured pattern.
5) Interpolate the corrected radiation pattern on a fine regular grid.
6) Apply a transformation from actual measurement angles to the targeted measurement positions in order to retrieve the corrected pattern in the objective coordinate system.
It has to be noted that, by reciprocity, the formulation for this offset correction algorithm also works for offset compensation for receiver measurements. The main difference is that the correction steps are applied as measurement data postprocessing for TX while they must be carried out as pre-processing of the signal injected to the test probe in the second scenario. This pre-processing will ensure that the UE antenna array receives the actual impinging field power as if its phase center were located at the center of the coordinate system.
Proposal 1: adopt the algorithm described in [12] for offset correction on CFF(D)NF systems.


Manufacturer declarations for NF based solutions
Previous sections, as well as contributions during last meeting [1][7], assume the usage of offset correction methods for CFF(D)NF solutions, although they require a knowledge of the offset of the UE active array providing the Beam Peak with regards to the center of the DUT. This was defined as “black & white box” approach in the draft TR [3]:
The assumption for this “black & white box” testing approach is that the antenna phase centre offset for the antenna panel that corresponds to the FF beam peak is known and declared, i.e., following the “white box” approach discussed earlier. On the other hand, however, it is assumed that the geometric centre of the DUT is aligned with the centre of the QZ, i.e., following the “black box” approach.

Observation 4: offset correction requires a knowledge of the antenna offset from the center of the DUT.
The easiest and most consistent way to obtain this information is by means of a manufacturer declaration, in a similar way the antenna locations are required by regulatory bodies for certification purposes.
Observation 5: manufacturer declaration is the easiest and most consistent way to obtain the antenna offset required for offset correction.
Although there might be practical methods to determine this antenna offset, these have a major impact in the test system definition that can be reflected in, but not limited to: test time increase, additional complexity in system validation (e.g. QoQZ), higher impact on MU, etc.
Proposal 2: manufacturer shall declare antenna phase centre offset with respect to the center of the DUT for the antenna panel that corresponds to the FF beam peak.


Enhancement of permitted methods
During last meeting [1] was presented showing the potential improvements of current permitted method by means of signal conditioning boxes with highly integrated circuits. The summary table was included in draft TR [3] as starting point and presented here again in tables 5-1 and 5-2 combined with the summary of test cases and testability issues. Additional information from what was presented last meeting is highlighted in cyan.
Table 5-1: Tx test cases with testability issues and potential improvements of current permitted methods
	Clause
	Requirement
	Testability issue
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	6.3.1
	Minimum output power
	Low UL power
	EIRP (Link=TX beam peak direction, Meas=Link angle).
	No
	No relaxation for PC1. For other power classes, relaxation varies from 0dB to 13.5dB depending on the operating band and channel bandwidth.
	~ 10dB for FR2a and FR2b

FR2a requirements testable without relaxations

	6.3.2
	Transmit OFF power
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid)
	Yes
	Relaxations for n257: 21.4dB @ 50MHz, 24.4dB @ 100MHz, 27.4dB @ 200MHz and 30.4dB @ 400MHz.

Relaxations for other bands are still TBD.
	~ 10dB for FR2a and FR2b


	6.5.1
	Occupied bandwidth
	Low UL power
	OBW (Link=TX beam peak direction, Meas=Link angle)
	Yes
	* MU analysis still under discussion.
	

	6.5.2.3
	Adjacent channel leakage ratio
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxation for n257, n258 and n261: 0dB, except for 200Mhz (0.5dB in one test ID) and 400MHz (between 1.5 and 3.5dB)
	Improvements remove required relaxations from TC

	6.5.3.2
	Additional spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Between 3.3dB and 6dB relaxation depending on the combination of NR Band and Protected band.
	





Table 5-2: Rx test cases with testability issues and potential improvements of current permitted methods
	Clause
	Requirement
	Testability issue
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	7.4
	Maximum input power
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle).
	No
	26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz with respect to minimun requirements.
	~ 6dB for FR2a
~10dB for FR2b

	7.5
	Adjacent channel selectivity (case 1)
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	Yes
	50MHz: 1.8dB relaxation for power in transmission BW and interferer for band n260.

100MHz: 4.8dB relaxation for power in transmission BW and interferer for band n260.

200MHz and 400MHz are deemed not testable.
	Similar improvements as for TC 7.4

Single carrier bandwidth could be testable 400 MHz, without relaxations up to 200 MHz

	7.5
	Adjacent channel selectivity (case 2)
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	No
	Decision not test ACS case 2.
	-

	7.6.2
	In-band blocking
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	Yes
	50MHz: 1.8dB relaxation for power in transmission BW and interferer for band n260.

100MHz: 4.8dB relaxation for power in transmission BW and interferer for band n260.

200MHz and 400MHz are deemed not testable.
	Similar improvements as for TC 7.4

Single carrier bandwidth could be testable 400 MHz, without relaxations up to 200 MHz

	7.9
	Receiver spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxations for n257: 10.2dB between 6-20GHz, 17.2dB between 20-40GHz and 33.1dB between 40GHz and the 2nd harmonic.

Relaxations for other bands are still TBD.
	



Based on this input, and for the sake of SI progress, it seems obvious that testability issues can be deemed solved already for several test cases and thus focus only on the remaining ones.
Proposal 3: group to prioritize the work for non-permitted methods on the following requirements:
6.3.2	Transmit OFF power
6.5.3.2	Additional spurious emissions
7.4	Maximum input power
7.9	Receiver spurious emissions
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution we make the following observations and proposals:
Observation 1: an offset correction is not required for TRP measurements on CFFDNF systems if minimum range length respects the Derat distance.
Observation 2: an offset correction is required for EIRP measurements on all types of CFF(D)NF systems.
Observation 3: a local search to maximize EIRP is required on all types of CFF(D)NF systems.
Observation 4: offset correction requires a knowledge of the antenna offset from the center of the DUT.
Observation 5: manufacturer declaration is the easiest and most consistent way to obtain the antenna offset required for offset correction.

Proposal 1: adopt the algorithm described in [12] for offset correction on CFF(D)NF systems.
Proposal 2: manufacturer shall declare antenna phase centre offset with respect to the center of the DUT for the antenna panel that corresponds to the FF beam peak.
Proposal 3: group to prioritize the work for non-permitted methods on the following requirements:
6.3.2	Transmit OFF power
6.5.3.2	Additional spurious emissions
7.4	Maximum input power
7.9	Receiver spurious emissions
References
[1] [bookmark: _Ref61619988][bookmark: _Ref54393123][bookmark: _Ref47358429]R4-2016562, “Views on test methods for high DL power and low UL power TCs”, Rohde & Schwarz, 3GPP RAN4 #97-e, November 2020.
[2] R4-2011281, “Views on test methods for high DL power and low UL power TCs”, Rohde & Schwarz, RAN4#96‑e, August 2020.
[3] [bookmark: _Ref61620071]R4-2017598, “TP to TR38.884 on High DL and Low UL power test cases”, Apple Inc., Keysight Technologies, Rohde & Schwarz, MVG Industries, 3GPP RAN4 #97-e, November 2020.
[4] R4-2017593, “WF on remaining open issues with the test methodology for high DL power and low UL power test cases“, Apple Inc., 3GPP RAN4 #97-e, November 2020.
[5] [bookmark: _Ref61620094]R4-2012713, “WF on the high DL and low UL power test cases objective” Apple Inc., 3GPP RAN4 #96-e, August 2020.
[6] [bookmark: _Ref54393070]RP-201862, “Revised SID for the Study on enhanced test methods for FR2”, Apple Inc., 3GPP RAN #89-e, September 2020.
[7] [bookmark: _Ref54393188]R4-2011218, “On Test methodology for high DL power and low UL power test cases”, Keysight Technologies, 3GPP RAN4 #97-e, November 2020.
[8] [bookmark: _Ref47358424]R4-1900018, “LS on the testability of FR2 transmitter and reception tests”, TSG RAN WG5, 3GPP RAN4 #90, February 2019.
[9] [bookmark: _Ref47358555]3GPP TS 38.101-2 v15.10.0
[10] [bookmark: _Ref47358595]3GPP TS 38.521-2 v16.6.0
[11] [bookmark: _Ref54393208]B. Derat, G. F. Hamberger and F. Michaelsen, "Shortest range length to measure the total radiated power," in IET Microwaves, Antennas & Propagation, vol. 13, no. 15, pp. 2584-2589, 18 12 2019, doi: 10.1049/iet-map.2019.0408.
[12] [bookmark: _Ref54393247]G. F. Hamberger, J. Antón, S. Lachner and B. Derat, "Correction of Over-the-Air Transmit and Receive Wireless Device Performance Errors Due to Displaced Antenna Positions in the Measurement Coordinate System," in IEEE Transactions on Antennas and Propagation, doi: 10.1109/TAP.2020.2999740.
[13] B. Derat, “5G antenna characterization in the FF: how close can far-field be?”. Proc. Int. Symp. EMC and Asia-Pacific Symp EMC, Singapore, May 2018, pp. 959–962


Page 1
