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Introduction
According to the SID [1] 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 [2] declaring testability issues on some of the core requirements in TS 38.101-2 [3].
In this contribution we present our views and proposal for this first objective. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Black-box approach for CFFDNF based on relative measurements
In current TR 38.884 [4], black-box approach is only listed for CFFNF under the assumption that there is method to locate the antenna array offset from DUT center in order to apply the corresponding path loss correction afterwards. For CFFDNF, current assumption is that a manufacturer declaration (i.e. black&white-box approach) is required to know the antenna location of the antenna that yields the beam peak.
We present herein a simple method that enables the same black-box approach (i.e. no manufacturer declaration) for CFFDNF by leveraging the fact of having a combined FF and DNF system, and which overcomes most of the NF implementation challenges.  
As presented in section 3 of this contribution, there are only a few test cases which require of NF based solution to further reduce the current relaxations in RAN5 by decreasing the Free Space Path Loss. Therefore, there are test cases without testability issues (e.g. Peak EIRP, Peak EIS) that can be used as “reference” in a relative measurement approach so all the NF effects introduced by the DNF probe can be compensated just by the difference between FF and DNF measurements. 
Using Peak EIRP as example, this relative approach can be explained as:
					
Where
·  is the composite loss of the entire transmission path for utilized signal path.
·  is the mean power of the modulated signal arriving at the power measurement equipment.
·   accounts for any difference between the FF and DNF measurements. 

This relative factor  includes the following effects:
1. The pathloss difference due to the displacement of the UE radiating element with respect to the center of the quiet zone since the pathloss  is calibrated to the center of the quiet zone in both FF and NF cases.
2. The NF probe antenna pattern effect due to the same displacement of the UE radiating element with respect to the center of the QZ. Therefore, there is no need to characterize the probe antenna pattern to correct for it.
3. Any NF coupling effect between the UE radiating element and the NF probe.
[bookmark: _Toc70514559][bookmark: _Toc70514608][bookmark: _Toc70514632][bookmark: _Toc71284587][bookmark: _Toc71284671][bookmark: _Toc71289042][bookmark: _Toc71295958][bookmark: _Toc71298595][bookmark: _Toc71299064][bookmark: _Toc71355542][bookmark: _Toc71356403][bookmark: _Toc71650212][bookmark: _Toc71650281][bookmark: _Toc71650284][bookmark: _Toc71650348][bookmark: _Toc71650487][bookmark: _Toc71650639][bookmark: _Toc71651539][bookmark: _Toc71652393][bookmark: _Toc71652621][bookmark: _Toc71652624][bookmark: _Toc71652805][bookmark: _Toc71653027][bookmark: _Toc71668162][bookmark: _Toc78824862][bookmark: _Toc78824943][bookmark: _Toc78899253][bookmark: _Toc79080247]Observation 1: black-box approach for CFFDNF based on relative measurements accounts for most of the NF effects.
Due to the potential differences in the test system path between θ and ϕ polarizations,  has to be calculated independently for each polarization and thus require to maintain a fixed polarization reference between FF and DNF.
[bookmark: _Toc78824863][bookmark: _Toc78824944][bookmark: _Toc78899254][bookmark: _Toc79080248]Observation 2: black-box approach for CFFDNF based on relative measurements require a fixed polarization reference between FF and DNF.
On the other hand, and despite the simplicity of this solution, the usage of  as the only correction factor for NF probe measurements has a limitation for test cases that are not performed at the very same frequency than the reference measurements (e.g. ACLR). In these cases, it is assumed that effects #2 and #3 above can be considered the same and just the difference in system pathloss need to be considered. Following this rationale, the relative factor  can be calculated over frequency as follows:

[bookmark: _Toc78824864][bookmark: _Toc78824945][bookmark: _Toc78899255][bookmark: _Toc79080249]Observation 3: the relative factor ∆DNFtoFF can be calculated over frequency by adding the difference between composite loss of the entire transmission path for utilized signal path for FF and DNF antennas over frequency.
The following is a step-by-step description of the test procedure, using current description for CFFDNF in TR 38.884 as a baseline. New steps and modifications to the baseline are highlighted in bold:
1. Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2. SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3. Measure the mean power Pmeas(PolMeas= PolLink) and Pmeas(PolMeas=ϕ PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the FF measurement antenna for the reference test case without testability issue (e.g. Peak EIRP).
4. If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. The range length is left up to system implementation.
5. Position the device so that the NF probe antenna is pointed towards the FF TX beam peak direction. 
Note: overall dynamic range can be further improved for single directional measurements under black-box approach by performing a local search to determine the DNF TX beam peak direction.
6. Measure the mean power Pmeas(PolMeas= PolLink) and Pmeas(PolMeas=ϕ PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the NF measurement antenna for the reference test case without testability issue (e.g. Peak EIRP).
7. Calculate the NF correction factor  for each polarization as the difference between the measured mean power and the composite loss of the entire transmission path through the FF and NF measurement antennas:


Note: this correction factor  include all effects due to the usage of a NF probe (i.e. DUT antenna location displacement from center, probe antenna pattern and near-field interaction between probe antenna and DUT antenna)
8. If necessary, calculate the NF correction factor  for each polarization at the correct test frequency for the low UL power test case to include the additional effect of the system frequency response:


9. Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the NF measurement antenna for the low UL power test case.
10. Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLinkby adding the composite correction factor between FF and DNF  and the frequency to the measured power Pmeas(PolMeas= PolLink).
11. Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the NF measurement antenna for the low UL power test case.
12. Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLinkby adding the composite correction factor between FF and DNF  and the frequency to the measured power Pmeas(PolMeas=ϕ PolLink).
13. Calculate the resulting “total EIRP(PolLink)”, for the chosen PolLink of oras follows:
total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink
14. SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
This relative approach is reciprocal and can be applied also for Rx test cases with issues due to high DL power using a test case without testability issues as the reference (e.g. Peak EIS).
[bookmark: _Toc78824865][bookmark: _Toc78824946][bookmark: _Toc78899256][bookmark: _Toc79080250]Observation 4: black-box approach for CFFDNF based on relative measurements is reciprocal (i.e. can be applied for both Tx or Rx test cases).
The text proposal to introduce this method into the TR is presented in the Appendix.
[bookmark: _Toc78899144][bookmark: _Toc78899251][bookmark: _Toc78901340][bookmark: _Toc79080251][bookmark: _Toc71284697][bookmark: _Toc71289050][bookmark: _Toc71295966][bookmark: _Toc71297601][bookmark: _Toc71299073][bookmark: _Toc71299175][bookmark: _Toc71355551][bookmark: _Toc71356412][bookmark: _Toc71651552][bookmark: _Toc71652396][bookmark: _Toc71652631][bookmark: _Toc71652808][bookmark: _Toc71653030][bookmark: _Toc71668165]Proposal 1: approve the text proposal presented in Appendix A to introduce the black-box approach for CFFDNF based on relative measurements.
[bookmark: _Ref78822973]Enhancement of permitted methods
During RAN4#98-e meeting, [7] was presented showing some updates to the potential improvements of current permitted method by means of signal conditioning boxes with highly integrated circuits presented in [6]. The summary table was included in TR 38.884 [4] as starting point and presented here again in Table 3‑1 and Table 3‑2 combined with the summary of test cases and testability issues. After additional analysis, additional information from TR 38.884 [4] and clarifications on some of the potential improvement are highlighted in cyan.
For convenience, we reproduce here RAN5 FR2 sub-bands notation for MU analysis:
· FR2a: 23.45GHz ≤ f ≤ 32.125GHz  n257, n258, n261
· FR2b: 32.125GHz ≤ f ≤ 40.8GHz  n260
· FR2c: 40.8GHz ≤ f ≤ 44.3GHz  n259

[bookmark: _Ref78274763]

Table 3‑1: 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.
	Improvements remove required relaxations from TC

	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 n258 and n261: [21.4]dB @ 50MHz, [24.4]dB @ 100MHz, [27.4]dB @ 200MHz and [30.4]dB @ 400MHz.

Relaxations for n260: [24.1]dB @ 50MHz, [27.1]dB @ 100MHz, [30.1]dB @ 200MHz and [33.1]dB @ 400MHz.
	~ 10dB for FR2a and FR2b


	6.5.1
	Occupied bandwidth
	Low UL power
	OBW (Link=TX beam peak direction, Meas=Link angle)
	Yes
	No relaxations for FR2a and FR2b
	N/A for FR2a and FR2b

	6.5.2.3
	Adjacent channel leakage ratio
	Low UL power
	EIRP (Link=TX beam peak direction, Meas= Link angle).
	Yes
	Relaxation for n257, n258 and n261: 0dB, except for 200Mhz (1.5dB in two test IDs) and 400MHz (between 0 and 5.5dB)
	Improvements remove required relaxations from TC

TC coverage is extended for FR2b

	6.5.3.2
	Additional spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Between 0.3dB and 13dB relaxation depending on the combination of NR Band and Protected band.
	





[bookmark: _Ref78274821]Table 3‑2: 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.
	~ 12dB for FR2a
~ 16dB 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

Improvements remove required relaxations from TC



	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.
	Interferer need ~ 15-22dB relaxation

	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

Improvements remove required relaxations from TC


	7.9
	Receiver spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxations for n257, n258, n260 and n261: 10.2dB between 6-20GHz, 17.2dB between 20-40GHz and 33.1dB between 40GHz and the 2nd harmonic.
	



The text proposal to introduce these updates into the TR is presented in Appendix B.
[bookmark: _Toc78899252][bookmark: _Toc78901341][bookmark: _Toc79080252]Proposal 2: approve the text proposal presented in Appendix B to update the potential improvements of current permitted methods.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution we make the following observations and proposals:
Observation 1: black-box approach for CFFDNF based on relative measurements accounts for most of the NF effects.
Observation 2: black-box approach for CFFDNF based on relative measurements require a fixed polarization reference between FF and DNF.
Observation 3: the relative factor ∆DNFtoFF can be calculated over frequency by adding the difference between composite loss of the entire transmission path for utilized signal path for FF and DNF antennas over frequency.
Observation 4: black-box approach for CFFDNF based on relative measurements is reciprocal (i.e. can be applied for both Tx or Rx test cases).

Proposal 1: approve the text proposal presented in Appendix A to introduce the black-box approach for CFFDNF based on relative measurements.
Proposal 2: approve the text proposal presented in Appendix B to update the potential improvements of current permitted methods.
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TP to TR 38.884 for Black-box approach for CFFDNF based on relative measurements
< Unchanged Text Deleted >
< Beginning of Changes >
[bookmark: _Toc73660484]5.1.4	Permitted Methodologies: CFFNF and CFFDNF
Both methodologies have in common that a FF probe, e.g., reflector & feed probe from the IFF methodology, is used for the test cases that are not considered low UL power/high DL power. This FF probe is used for the low UL/high DL power test cases to steer and lock the beam in the known FF direction before the NF measurements are performed with a NF probe that exhibits much lower free-space path losses. An example test setup of such a hybrid system is shown in Figure 5.1.4-1.
The main differences between the two measurement approaches are outlined in Table 5.1.4-1.
Table 5.1.4-1: Main differences between CFFDNF and CFFNF measurement approaches
	► Methodology ►
▼ Test Approach ▼
	CFFDNF
	CFFNF

	Black Box
	N/A (Note 1)Relative measurement between FF and DNF using a reference test case.
	Wide local search at initial radius r1, narrow local searches at radii r2, r3, i.e., multiple NF measurements at r1, r2, and r3

	Black&white-box
	Single NF measurement or local search at r1 
	Single NF measurements at r1, and r2

	Note 1:	This can be revised whenever empirical methods to determine the offset location are shown feasible.



[image: ]
Figure 5.1.4-1: Hybrid NF/(I)FF test setup suitable for NF measurements 
In a NF system, the NF beam peak direction for an offset antenna is not necessarily the same as the FF beam peak direction; however, the knowledge of the antenna phase centre offset, i.e., black&white-box approach, can be leveraged to measure at the NF beam peak direction as illustrated in 5.1.4-2. The knowledge of the offset together with the probe antenna pattern will allow the calculation of the optimized DUT orientation to optimize the NF measurement. The beam peak direction in the NF can either be calculated or determined via a local search.
[image: ] [image: ]
Figure 5.1.4-2: Illustration of NF testing utilizing the black&white-box approach. 
To guarantee that the correct beam is measured for when the black&white-box measurement approach is applied, the CFF(D)NF approach utilizes a FF probe that allows the UE to select the proper beam in the known beam peak direction. A beam lock activation via the UBF makes sure that the UE no longer changes its antenna pattern when the NF measurement probe is used to perform the measurements with significantly reduced free-space path losses compared to existing IFF systems. 
The CFFDNF approach and test steps for EIRP/EIS/TRP follow those for IFF/DFF outlined in Annex K with the exception that the minimum range length is reduced. The minimum number of TRP grid points and required grid point spacing is further outlined in this this clause.

< Unchanged Text Deleted >
[bookmark: _Toc73660486]5.1.4.2	Test Procedures for CFFDNF and CFFNF
The appropriate test steps required for NF testing based on the CFFDNF approach of DUTs with known phase-centre offsets (black&white-box) are illustrated in Figure 5.1.4.2-1.
[image: ]
Figure 5.1.4.2-1: Test Steps for CFFDNF testing of DUTs with known antenna phase centre offset (black&white-box approach).
For the CFFNF methodology that supports both the black-box and the black&white-box approach, the initial test steps are the same as steps 1-3 in Figure 5.1.4.2-1. The test steps for the NF measurement portion of the black-box approach are further outlined in Figure 5.1.4.2-2 while the NF test steps for the black&white-box approach are outlined in Figure 5.1.4.2-3. The diagrams on the right of Figure 5.1.4.2-2 illustrate the different local searches required for the measurements at each of the three radii. The measurements at the very first radius r1 require a wide sector of grid points around the known FF beam peak direction big enough so that the local/NF beam peak is captured properly. For the initial local search at r1=20cm, the width of the sector is about ±40o which can be covered using coarse and fine scans to further reduce the number of points. On the other hand, the sector of grid points for measurements at radius r2 and r3 can be significantly smaller as only a small region around the local NF beam peak found at r1 is needed.
[image: ]
Figure 5.1.4.2-2: Illustration of the additional CFFNF test steps with asymptotic expansion transform utilizing the black-box approach.
[image: ]
Figure 5.1.4.2-3: Illustration of the additional CFFNF test steps with asymptotic expansion transform utilizing the black&white-box approach.
The sample sequence of test steps for the CFFDNF test methodology with the black&white-box approach is as follows (aligned in principle with Clause K.1.3 of [6]): 
1.	Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3.	If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. Position the device so that the NF probe antenna is pointed towards the NF TX beam peak direction (determined from the antenna offset, range length, and FF beam peak direction). The range length is left up to system implementation.
4.	Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
5.	Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r), LEIRP,θ
b.	compensating the actual measurement distance d (between the centre of the array to the measurement probe) using term 20 log10(d/r)
c.	applying the probe antenna gain NF correction
6.	Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
7.	Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r), LEIRP,ϕ
b.	compensating the actual measurement distance d (between the centre of the array to the measurement probe) using term 20 log10(d/r)
c.	applying the probe antenna gain NF correction
8.	Calculate the resulting “total EIRP(PolLink)”, for the chosen PolLink of oras follows:
total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink
9.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
The sample sequence of test steps for the CFFDNF test methodology with the black-box approach is as follows (aligned in principle with Clause K.1.3 of [6]):
1. Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2. SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3. Measure the mean power Pmeas(PolMeas= PolLink) and Pmeas(PolMeas=ϕ PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the FF measurement antenna for the reference test case without testability issue (e.g. Peak EIRP).
4. If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. 
5. Position the device so that the NF probe antenna is pointed towards the FF TX beam peak direction. The range length is left up to system implementation.
Note: overall dynamic range can be further improved for single directional measurements under black-box approach by performing a local search to determine the DNF TX beam peak direction.
6. Measure the mean power Pmeas(PolMeas= PolLink) and Pmeas(PolMeas=ϕ PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the NF measurement antenna for the reference test case without testability issue (e.g. Peak EIRP).
7. Calculate the NF correction factor  for each polarization as the difference between the measured mean power and the composite loss of the entire transmission path through the FF and NF measurement antennas:


Note: this correction factor  include all effects due to the usage of a NF probe (i.e. DUT antenna location displacement from center, probe antenna pattern and near-field interaction between probe antenna and DUT antenna)
8. If necessary, calculate the NF correction factor  for each polarization at the correct test frequency for the low UL power test case to include the additional effect of the system frequency response:


9. Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the NF measurement antenna for the low UL power test case.
10. Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLinkby adding the composite correction factor between FF and DNF  and the frequency to the measured power Pmeas(PolMeas= PolLink).
11. Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) through the NF measurement antenna for the low UL power test case.
12. Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLinkby adding the composite correction factor between FF and DNF  and the frequency to the measured power Pmeas(PolMeas=ϕ PolLink).
13. Calculate the resulting “total EIRP(PolLink)”, for the chosen PolLink of oras follows:
total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink
14. SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
The sample sequence of test steps for the CFFNF test methodology with the black&white-box approach is as follows (aligned in principle with Clause K.1.3 of [6]):
1.	Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3.	If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. Position the device so that the NF probe antenna is pointed towards the NF TX beam peak direction (determined from the antenna offset, range length r1, and FF beam peak direction).The range length r1 is left up to system implementation.
4.	Measure N averages of the mean power Pmeas(d1, PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator). The number of averages is left up to system implementation.
5.	Calculate the normalized NF power p(d1, PolMeas= PolLink from the measured power Pmeas(d1, PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=r1), LEIRP,θ
b.	compensating the actual measurement distance d=d1 (between the centre of the array to the measurement probe) using term 20 log10(d1/r1)
c.	applying the probe antenna gain NF correction
6.	Measure N averages of the mean power Pmeas(d1, PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator). The number of averages is left up to system implementation.
7.	Calculate the normalized NF power p(d1, PolMeas= PolLink from the measured power Pmeas(d1, PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=r1), LEIRP,ϕ
b.	compensating the actual measurement distance d=d1 (between the centre of the array to the measurement probe) using term 20 log10(d1/r1)
c.	applying the probe antenna gain NF correction
8.	Repeat Steps 4-7 for r=r2 and d=d2
9.	Calculate the total normalized NF power for the chosen PolLink of oras follows:
p(di = p(di, PolMeas= PolLink + p(di, PolMeas= PolLink) with i={1,2}
10.	Based on the selected asymptotic expansion formulation, determine the “total FF EIRP(PolLink)” from the two total normalized NF power measurement measurements, p(d1) and p(d2). For an asymptotic expansion formulation of

The resulting “total FF EIRP(PolLink)”, for the chosen PolLink of or is calculated as follows

11.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
The sample sequence of test steps for the CFFNF test methodology with the black-box approach is as follows (aligned in principle with Clause K.1.3 of [6]):
1.	Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3.	If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. Position the device so that that NF probe antenna is pointed towards the FF TX beam peak direction. The range length r1 is left up to system implementation.
4.	Perform a NF BP search on a sector around the FF BP direction at radius r=r1, which could determine K (≥1) possible NF BP directions and corresponding antenna array phase centre positions and thus distances between the antenna array and the measurement probe, d1,k. Based on the NF BP directions and antenna array phase centre positions, the corresponding NF BP directions at radius r=r2 and r=r3 can be determined. Details including the range lengths r2 and r3 are left up to system implementation.  
5.	Measure N averages of the mean power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…, K} of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) at each of the K possible NF BP direction at radius r=ri with i={1,2,3} determined in Step 4. The number of averages is left up to system implementation.
6.	Calculate the normalized NF power pmeas,k(di,k, PolMeas= PolLink, k={1,2,…, K}, from the measured power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…,K}, at radius r=ri with i={1,2,3}
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=ri), LEIRP,θ
b.	compensating the actual measurement distance d=di (between the centre of the array to the measurement probe) using term 20 log10(di,k/ri)
c.	applying the probe antenna gain NF correction
7.	Measure N averages of the mean power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…,K}, of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) at each of the possible NF BP direction at radius r=ri with i={1,2,3} determined in Step 4. The number of averages is left up to system implementation.
8.	Calculate the normalized NF power pmeas,k(di,k, PolMeas= PolLink k={1,2,…, K},  from the measured power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…, K}, at radius r=ri with i={1,2,3}
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=ri), LEIRP, 
b.	compensating the actual measurement distance d=di (between the centre of the array to the measurement probe) using term 20 log10(di,k/ri)
c.	applying the probe antenna gain NF correction
9.	Calculate the total normalized NF power for each of possible NF BP directions with the chosen PolLink of oras follows:
pmeas,k(di = pmeas(di,k, PolMeas= PolLink + pmeas(di,k, PolMeas= PolLink) with k={1,2,…,K} and  i={1,2,3}
10.	For each of K possible NF BP directions, based on the pmeas,k, k={1,2,…,K}, results at r=r1, r=r2, and r=r3 perform a linear fitting to determine far-field normalized power “total FF EIRPk(PolLink)” and fitting error errk, based on the selected expansion formulation, e.g.,

11.	Determine the final NF BP direction by choosing the NF BP direction with minimum fitting error Details of this step are left up to system implementation.
12.	Based on the selected NF BP direction in Step 11, the resulting “total FF EIRP(PolLink)”, for the chosen PolLink of or is determined as 
13.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
< Unchanged Text Deleted >
[bookmark: _Toc73660494]5.1.5	Applicability of NF methodologies
Here, the applicability of the NF methodologies considered, i.e., direct Near Field (DNF), Combined Far-Field/Direct Near Field (CFFDNF), and Combined Far-Field/Near Field (CFFNF), are further analysed.
The CFFNF with transform (e.g. asymptotic expansion transform) has the following applicability:
-	Beam peak searches and spherical coverage test cases are performed with black box approach using the FF probe. Performing these tests with the NF measurement probe would require the extensive black&white-box approach which is not deemed a feasible enhancement of the methodology.
-	The low UL power/high DL power EIRP/EIS test cases in known FF BP direction are applicable to the black-box approach using transform techniques:
-	Three radii approach (i.e.  local search on radius r1 and very localized searches at r2 and r3) can be used. 
-	EIRP/EIS can be approximated very accurately with the NF probe at very close distances (~22cm for PC3, FFS for PC1) with optimized improvements in relaxations.
-	The unknown antenna location can be estimated accurately which allows very accurate TRP measurements at very close distances with large improvement in relaxations.
-	an MU element related to estimated DUT antenna offset error is required
-	an MU element related to the sensitivity of the asymptotic expansion approach to relative measurement uncertainty is required
-	the Influence of Noise MU element needs to be revised for the asymptotic expansion approach
-	EIRP/EIS based test cases require the compensation of the path loss (with respect to the active antenna array) and the compensation of the probe antenna pattern
-	The low UL power/high DL power EIRP/EIS test cases in known FF BP direction are applicable to the black&white-box approach.
-	Two radii approach without local searches can be used. 
-	EIRP/EIS can be approximated very accurately with the NF probe at very close distances (~21cm for PC3, ~31cm for PC1) with optimized improvements in relaxations.
-	an MU element related to declared DUT antenna offset error is required
-	an MU element related to the relative measurement uncertainty on the asymptotic expansion approach is required
-	the Influence of Noise MU element needs to be revised for the asymptotic expansion approach
-	EIRP/EIS based test cases require the compensation of the path loss (with respect to the active antenna array) and the compensation of the probe antenna pattern
-	The low UL power TRP test cases are not applicable to transform approach (CFFNF) since that approach would be test time prohibitive. However, the known offset (empirical evaluation with black box approach or declared with black&white-box approach) can be compensated using CFFDNF approach to obtain very accurate TRP results at very close distances. 
The CFFDNF has the following applicability:
-	Beam peak searches and spherical coverage test cases are performed with black box approach using the FF probe. Performing these tests with the NF measurement probe would require the extensive black&white-box approach which is not deemed a feasible enhancement of the methodology.
-	The low UL power/high DL power EIRP/EIS test cases in the known FF BP direction are applicable to the black-box and black&white-box approach.
-	A local search to determine the NF test direction and/or optimize EIRP/EIS is not required for black&white-box approach while it might be required for the black-box approach to improve dynamic range. 
-	EIRP/EIS can be approximated very accurately in the NF , i.e., at 35cm for PC3 no additional MU due to reduced range length is required (min range length for PC1 is FFS). 
-	For PC3, TRP test cases do not require additional measurement uncertainty due to reduced range length for
-	range lengths exceeding 20cm if the path loss correction is applied for measurement grids with step size of at most 5o
-	range lengths exceeding 25cm if the path loss correction is applied for measurement grids with step size of at most 10o
-	for range lengths exceeding 40cm if the path loss correction is not applied for measurement grids with step size of at most 10o
-	EIRP/EIS based test cases require the compensation of the path loss (with respect to the active antenna array) and the compensation of the probe antenna pattern in case of black&white-box approach.
-	an MU element related to declared DUT antenna offset error is required
DNF has the following applicability:
-	Beam peak searches and spherical coverage test cases are not applicable for the black-box approach. An  extensive black&white-box approach would be required to perform these tests with the NF measurement probe. Given the complexities of the extensive black&white-box approach, DNF is not deemed a feasible enhancement of the methodology for conformance testing but it might be suitable during UE development phase.
-	The low UL power/high DL power EIRP/EIS test cases in the known FF BP direction are not applicable to the black box approach.
-	The applicability of the low UL power/high DL power EIRP/TRP/EIS test cases in the known BP direction and with the black&white-box approach is FFS.
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. This approach would have the same advantages as the “black box” approach over the “white box” approach in terms of complexity, test time, MU, and improvements of the relaxations and is summarized in Table 5.1.5-1 below.
Table 5.1.5-1: Comparison between the “black box” and “black & white box” approaches
	Approach
	Knowledge of FF BP Direction (from Meas.)
	Declaration of Antenna Phase Centre Offset of Antenna yielding BP
	Need for FF probes and UBF
	Need for local searches around NF BP
	Meas. at different Radii
	Test Time Impact
	Estimated maximum Improvement of Relaxation (NOTE 1)

	CFFNF for EIRP/EIS using Black Box
	Yes
	No
	Yes
	Yes
	Yes (x3)
	Medium (local searches & 3 different radii)
	~14dB (for 20cm range length).

	CFFNF for EIRP/EIS using Black & White Box
	Yes
	Yes
	Yes
	No
	Yes (x2)
	Low (2 different radii in fixed NF BP Direction)
	~14dB (for 20cm range length)

	CFFDNF for TRP using Black Box 
	Yes
	Yes
	Yes
	No
	No
	None
	Without offset correction: ~10dB (for 32cm range length)

	CFFDNF for TRP using Black &White Box
	Yes
	Yes
	Yes
	No
	No
	None
	With offset correction: ~14dB (for 20cm range length)

	CFFDNF for EIRP/EIS using Black‑Box
	Yes
	No
	Yes
	Up to system implementation to improve dynamic range
	No
	Depends on local search
	With pathloss correction: ~9dB (for 35cm range length) 

	CFFDNF for EIRP/EIS using Black &White Box
	Yes
	Yes
	Yes
	FFSNo
	No
	Depends on local searchNone
	With pathloss correction: ~9dB (for 35cm range length) 

	NOTE 1:	Improvement of relaxation is only considering Free Space Path Loss



< End of Changes >


[bookmark: _Ref78899516]Appendix B 
TP to TR 38.884 to update the potential improvements of current permitted methods
< Unchanged Text Deleted >
< Beginning of Changes >
5.1.6 		Improvement of permitted methods
Tables 5.1.6-1 and 5.1.6-2 below provide a preliminary list of potential improvement of permitted methods based on the analysis provided by one company and are applicable to the frequency range of 24.25 – 43.5 GHz.
Table 5.1.6-1: Summary of potential improvement of permitted methods by Tx test case (24.25 – 43.5 GHz)
	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.
	Improvements remove required relaxations from TC~ 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 n258 and n261: [21.4]dB @ 50MHz, [24.4]dB @ 100MHz, [27.4]dB @ 200MHz and [30.4]dB @ 400MHz.

Relaxations for n260: [24.1]dB @ 50MHz, [27.1]dB @ 100MHz, [30.1]dB @ 200MHz and [33.1]dB @ 400MHz.
	~ 10dB for FR2a and FR2b


	6.5.1
	Occupied bandwidth
	Low UL power
	OBW (Link=TX beam peak direction, Meas=Link angle)
	Yes
	No relaxations for FR2a and FR2bTBD
	N/A for FR2a and FR2bTBD

	6.5.2.3
	Adjacent channel leakage ratio
	Low UL power
	TRP EIRP (Link=TX beam peak direction, Meas=TRP gridLink angle).
	Yes
	Relaxation for n257, n258 and n261: 0dB, except for 200Mhz (0.51.5dB in twoone test IDs) and 400MHz (between 1.50 and 3.55.5dB)
	Improvements remove required relaxations from TC
TC coverage is extended for FR2b

	6.5.3.2
	Additional spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Between 3.30.3dB and 6dB 13dB relaxation depending on the combination of NR Band and Protected band.
	TBD



Table 5.1.6-2: Summary of potential improvement of permitted methods by Rx test case (24.25 – 43.5 GHz)
	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.
	~ 12dB for FR2a
~ 16dB for FR2b~ 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

Improvements remove required relaxations from TCSingle 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.
	Interferer need ~ 15-22dB relaxation-

	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

Improvements remove required relaxations from TCSingle 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, n258, n260 and n261: 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.
	TBD



For a given test case, NF based solutions should only be considered if the improvement for current methods is not enough to remove the relaxations determined by RAN5.
< End of Changes >
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Step 4: Perform measurement with NF probe along the NF beam
peak direction at radius r,

NF Probe(s)

Step 5: Perform measurement with NF probe along the NF beam
peak direction at radius r,

NF Probe(s)





image1.emf

image2.emf
NF BP Direction

FF BP Direction


