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Introduction
This contribution discusses the next steps finalize the TRP measurement grids for spurious emissions test cases including the offsets for PC1.
Measurement Grids for SE Based on Current Endorsements
In RAN5#97, measurement grids for spurious emissions were discussed and endorsed for PC1 devices [1]. The analyses in [1] focused on the harmonic region, i.e., the 2nd harmonic (dH/=dV/=1), and the endorsed measurement grids were subsequently agreed in [2] for [3] where it was captured specifically that these grids apply “near the harmonic region.”
	Table B.2.2.22-1: Uncertainty value for influence of TRP measurement grid for IFF
	Power class
	Test case
	Uncertainty value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	PC1 (Note 1)
	Default
	0.25
	Actual
	1.00
	0.25

	
	SE
	0.25
	Actual
	1.00
	0.25

	PC3
	Default
	0.25
	Actual
	1.00
	0.25

	
	SE
	0.32
	Actual
	1.00
	0.32

	Note 1: A finer measurement grid for SE (when compared to default) is required near the harmonic region, i.e., a constant-step size grid with 2522 unique grid points (Dq=Df=5°) or a constant-density grid with 1600 grid points.





Similar changes/language was added in [4] with [5], i.e., 
	Table M.4.5-3a: TRP measurement grid requirement for spurious emission measurements for PC1
	Level of Grid
	Grid Type
	Standard Deviation of MU Element  ‘Influence of TRP Measurement’ 
	Systematic error due to TRP calculation/quadrature
	Number of unique grid points

	Coarse
	Constant Density
	N/A
	N/A
	TBD

	
	Constant-Step Size
	N/A
	N/A
	TBD

	Fine (NOTE 1)
	Constant Density
	0.25dB
	0dB
	1600

	
	Constant-Step Size
	0.25dB
	0dB
	2522==5o)

	NOTE 1:	The fine grid is applicable only in the vicinity of the 2nd harmonic.





[bookmark: _Ref126077920]Observation 1: The PC1 SE TRP measurement grids have been defined “near the harmonic region”
Without further clarifications, it is not clearly defined what the frequency range/limits “near the harmonic region” are and which measurement grids are applicable not “near the harmonic region.”
[bookmark: _Ref126077921]Observation 2: It is not clearly defined what the frequency range/limits “near the harmonic region” are and which measurement grids are applicable not “near the harmonic region”
The addition of “near the harmonic region” is reminiscent of discussions of spurious TRP regions, e.g., the discussion in [6]
	[image: ]
[bookmark: _Ref6933916]Figure 1: Illustration of applicability of spurious emissions TRP grids


which triggered an action point in AP#83.21.
		Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#83.21
	RF
	To provide Minimum LO frequency to indicate start of spurious domain region
	OEM, Chipset vendors
	R5-193688
	RAN5#84
	Open





This action point was addressed in [7] and it was subsequently endorsed to no longer consider a region split concept
	Proposal 1: Abandon the spurious emission region split concept and consider spurious emission region as a single region. 
Proposal 2: Determine coarse and fine TRP measurement grids assuming a beamforming spur can occur anywhere in the spurious emission region. 
Proposal 3: Use the MU values based on 2nd harmonic for the entire spurious emission region.


Based on these findings, it is therefore proposed to remove references of “near the harmonic region” in [3] and “vicinity of the 2nd harmonic” in [4]. 
[bookmark: _Ref126077923]Proposal 1: Remove references of “near the harmonic region” in [3] and “vicinity of the 2nd harmonic” in [4]
For PC3, similar SE TRP measurement grid analyses as in [1] were presented in [8] (some results subsequently revised in [9]). Table 1 summarizes the fine & coarse measurement grids selected based on the 8x2 antenna array assumption operating at the 2nd harmonic, dH/=dV/=1.
[bookmark: _Ref126049717]Table 1: Fine & coarse PC3 SE TRP measurement grids selected from [9]
	Level of Grid
	Grid Type
	Antenna Assumption
	Number of unique grid points
	Std. Deviation [dB]
	Mean Error [dB]

	Fine
	Constant-Step Size with sin(theta) quadrature
	8x2 (2nd harmonic)
	266
	0.31
	0.04

	
	Constant-Density 
	
	135
	0.32
	0.01

	Coarse
	Constant-Step Size with sin(theta) quadrature
	
	62
	0.97
	0.20

	
	Constant-Density 
	
	35
	0.94
	0.09


The applicability of the coarse vs fine measurement grids is outlined in the spurious emissions test procedure, specifically step 7 of Clause 6.5.3.1.4.2 in [4], i.e., if the TRP with the coarse grid is below the SE limit relaxed/reduced by an offset value, continue the SE test with the fine measurement grid to determine whether the TRP is below the SE limit (without an offset applied).
	7.Measure the spurious emissions as per steps outlined below with an exception to the procedure in Annex K if the re-positioning concept is applied (NOTE 4). Step (a) is optional and applicable only if SNR (test requirement level in Table 6.5.3.1.5-1 minus offset value minus noise floor of the test system) ≥ 0 dB is guaranteed.
(a)	Perform coarse TRP measurements to identify spurious emission frequencies and corresponding power level according to the procedures in Annex K, using coarse TRP measurement grid selection criteria as per Table M.4.5-3 in Annex M. The measurement is completed in both polarizations  and  over frequency range and measurement bandwidth according to Table 6.5.3.1.5-1. Optionally, a larger and non-constant measurement bandwidth than that of Table 6.5.3.1.5-1 may be applied. The measurement period shall capture the active time slots. For each spurious emission frequency with coarse TRP identified to be less than an offset dB from the TRP limit according to Table 6.5.3.1.5-1, continue with fine TRP procedures according to step (b).
The offset value shall be the TRP measurement uncertainty at 95% confidence level including the effect of coarse grid measurement uncertainty element, excluding the influence of noise. Different coarse TRP grids and corresponding offset values may be used for different frequencies. The coarse TRP grid and offset values used shall be recorded in the test report.
Table 6.5.3.1.4.2-1: Typical offset values for coarse TRP measurement step 7(a)
	Grid
	Frequency Range
	Offset Value

	Constant Density
	6 GHz  f < 12.75 GHz
	5.13

	
	12.75 GHz ≤ f <  23.45GHz
	5.09

	
	23.45 GHz ≤ f <  40.8GHz
	5.38

	
	40.8 GHz ≤ f <  66GHz
	7.31

	
	66 GHz ≤ f ≤ 80GHz
	7.61

	Constant-Step Size
	6 GHz  f < 12.75 GHz
	5.26

	
	12.75 GHz ≤ f <  23.45GHz
	5.23

	
	23.45 GHz ≤ f <  40.8GHz
	5.52

	
	40.8 GHz ≤ f <  66GHz
	7.43

	
	66 GHz ≤ f ≤ 80GHz
	7.73

	NOTE 1:	These offset values are the upper limit values when fine TRP measurement uncertainty of the test system is same as maximum test system uncertainty in Annex F and when using the coarse measurement grid with minimum number of points as specified in Table M.4.5-3.
NOTE 2:	It is allowed to use the offset values derived based on test system’s actual measurement uncertainty budget and denser measurement grid as specified in Table M.4.5-3.



(b)	Measure fine TRP measurements according to procedures in Annex K, using fine TRP measurement grid selection criteria as per Table M.4.5-3 in Annex M, for each of the spurious emission frequency identified in step (a). Apply a measurement bandwidth according to Table 6.5.3.1.5-1.


The offset applied to the SE limit for the coarse measurement step is determined using the approach endorsed in [11], 
	Proposal 2: Offset[dB] is defined with uncertainty at 95% confidence level including the effect from coarse measurement grid, but excluding influence of noise.


i.e., the std. deviations and mean errors determined for the coarse grid, see Table 1 for PC3 or Table B.18-2 of [3], replace the existing MU Elements of ‘Influence of TRP measurement
grid’ and ‘Systematic error due to TRP calculation/quadrature’ in Tables B.18.2-3, B.18.2-5, B.18.2-7, B.18.2-9, and B.18.2-11 while also setting the ‘Influence of Noise’ MU element to 0.
The PC1 SE MUs were defined in [3] for the most part (all but f= 66 GHz to 80 GHz), i.e., initial coarse measurement grid definitions can be made, and offset calculations can be performed. While the fine measurement grids were endorsed in [1] with an MU (std. deviation) of ≤0.25 dB, a coarse measurement grid was not discussed/endorsed. As the coarse SE TRP measurement grids for PC3 yielded a std. deviation of ~1 dB, see Table 1, it is suggested to pick coarse SE TRP measurement grids for PC1 with std. deviations of ~1 dB as well. The corresponding measurement grids with a std. deviation of ~1 dB for the constant-step size grids and the constant-density grids are listed in Table 2 (mostly from the analyses presented in [1])
[bookmark: _Ref126075099]Table 2: Fine & coarse PC1 SE TRP measurement grids selected from [1]
	Level of Grid
	Grid Type
	Antenna Assumption
	Number of unique grid points
	Std. Deviation [dB]
	Mean Error [dB]

	Fine
	Constant-Step Size with sin(theta) quadrature
	12x12 (2nd harmonic)
	2522
	0.22
	0.01

	
	Constant-Density 
	
	1600
	0.23
	0.01

	Coarse
	Constant-Step Size with sin(theta) quadrature
	
	1106
	1.05
	0.14

	
	Constant-Density (Note 1) 
	
	750
	1.10
	0.14

	Note 1: This grid was not included in [1] and calculated for this contribution.


[bookmark: _Ref126077924]Proposal 2: Adopt the coarse SE TRP measurement grids for PC1 with std. deviations of ~1 dB in Table 2.
Obviously, the coarse measurement grids with a std. deviation of ~1 dB yield a significant number of grid points and thus test time. 
[bookmark: _Ref126077922]Observation 3: The coarse SE TRP measurement grids for PC1 with a std. deviation of ~1 dB yield a significant number of grid points and thus test time
When the coarse measurement grid metrics (std. deviation and mean error) in Table 2 are applied to the SE MU tables in Tables B.18.2-12, B.18.2-13, B.18.2-14, B.18.2-15, and B.18.2-16, the offset values in Table 3 are found based on the approach outlined in [11]. 
[bookmark: _Ref126075506]Table 3: Offset values for coarse PC1 SE TRP measurement grids 
	Grid
	Frequency Range
	Offset Value

	Constant Density
	6 GHz £ f < 12.75 GHz
	5.44

	
	12.75 GHz ≤ f < 23.45GHz
	5.40

	
	23.45 GHz ≤ f < 40.8GHz
	5.55

	
	40.8 GHz ≤ f < 66GHz
	7.44

	
	66 GHz ≤ f ≤ 80GHz
	FFS

	Constant-Step Size
	6 GHz £ f < 12.75 GHz
	5.40

	
	12.75 GHz ≤ f < 23.45GHz
	5.36

	
	23.45 GHz ≤ f < 40.8GHz
	5.51

	
	40.8 GHz ≤ f < 66GHz
	7.42

	
	66 GHz ≤ f ≤ 80GHz
	FFS


This contribution can be revised with the complete set of offset values once the PC1 MUs for 66 GHz ≤ f ≤ 80GHz are finalized. 
Alternate Offset Value Approach
Even though the offset value definition was previously endorsed in [11] and implemented for PC3 [3][4], some thoughts about the validity of this approach are expressed here and an alternate offset value definition approach discussed next.
As discussed earlier, the offset values are determined based on the (assessed) MU of the test system by replacing the fine measurement grid MUs with the coarse measurement grid MUs in the MU assessment and not taking the influence of noise MU into account, e.g., see notes in Table 6.5.3.1.4.2-1 [4]
	NOTE 1: These offset values are the upper limit values when fine TRP measurement uncertainty of the test system is same as maximum test system uncertainty in Annex F and when using the coarse measurement grid with minimum number of points as specified in Table M.4.5-3.
NOTE 2: It is allowed to use the offset values derived based on test system’s actual measurement uncertainty budget and denser measurement grid as specified in Table M.4.5-3.


However, it is not clear why the determination of the offset value when comparing two sets of measurements (coarse vs fine grids) in the same system is dependent on the MU of the system especially since the initial coarse grid measurement would almost immediately be followed by the fine grid measurement. The approach to apply the adjusted MU of the test system to the pass/fail limit would be more appropriate if the coarse measurement would be performed in a completely different system when compared to the fine grid measurement. Since the key difference between these two test steps (step 7a of Clause 6.5.3.1.4.2 in [4]: coarse grid, step 7a of Clause 6.5.3.1.4.2 in [4]: fine grid) is the measurement grid, it seems more logical that the offset value is dependent on the statistical metrics of the measurement grids rather than frequency and overall MU of the test system.
This is further demonstrated using examples illustrations next. In Figure 1, a sample TRP measurement distribution using a specific measurement grid is shown. Here, it is assumed that the distribution is Gaussian and that the mean/reference of the TRP measurements, TRPref, performed in a measurement system with assessed MU yields a PASS since it is below the SE TRP limit, shown with the red vertical line. Given the non-infinitesimal std. deviation of the Gaussian distribution, select fine grid measurements, i.e., certain UE/antenna orientations, could yield a FAIL. It should be noted that the MU of the test system is generally significantly larger than the standard deviation of the measurement grid uncertainty contribution. 
[image: ]
[bookmark: _Ref126162496]Figure 1: SE TRP Measurement (general)
In Figure 2, the previous general measurement example is adjusted to where the mean of the fine measurement grid distribution, TRPref,fine, matches the SE TRP limit, i.e., there is a 50% probability that any of the fine grid measurements yield a PASS or a FAIL. 
[image: ]
[bookmark: _Ref126163614]Figure 2: SE TRP Measurement with Fine Grid Measurement Matching the SE TRP Limit
In Figure 3, the measurement distribution is shown with a coarse measurement grid instead. Here, it is assumed that the mean of the distribution has shifted somewhat compared to the fine measurement grid is no longer aligned with the SE TRP limit. The assessed MU of the system is increased compared to that of Figure 2 due to the larger TRP MUs of the coarse measurement grid, e.g., Table 2. The existing concept of the coarse measurement grid test approach (step 7a) including the offset value is visualized in Figure 3 where the SE TRP limit with the subtracted offset value (based on the assessed MU, MUcoarse, without the influence of noise MU) is shown in the red, dashed line. If the measurement with the coarse measurement grid is to the left of the offset SE TRP limit (smaller TRP values), the SE test case verdict for that particular frequency is considered a PASS but if the measurement is beyond the offset SE TRP limit, a fine measurement grid will have to be utilized to determine the final verdict. The decision whether to issue a PASS verdict with the coarse measurement grids or trigger a fine grid measurement should depend on the probability distribution of the coarse measurement grid rather than the overall assessed MU of the test system. 
[bookmark: _Ref126231819][bookmark: _Ref126832112][bookmark: _Ref127535862]Observation 4: The decision whether to issue a PASS verdict with the coarse measurement grids or trigger a fine grid measurement should depend on the probability distribution of the coarse measurement grid rather than the overall assessed MU of the test system and frequency
[image: ]
[bookmark: _Ref126163890]Figure 3: SE TRP Measurement with Coarse Grid
Hence, an alternate offset definition approach is discussed next which takes into account an uncertainty at 95% confidence level. Figure 4 which shows the TRP distribution for a coarse grid normalized by the reference TRP of a fine grid, TRPref,fine, that is assumed to match the SE TRP limit (see Figure 2) of the considered antenna array. The alternate offset is proposed to correspond to the normalized TRP value that corresponds to the 5% probability of an (incorrect) PASS verdict. This corresponds to the 5%-ile of the CDF as illustrated in Figure 5.
[image: ]
[bookmark: _Ref126216531]Figure 4: SE TRP Error PDF Distribution with Coarse Grid to yield a 5% Probability of Pass at the alternate offset SE TRP Limit 
[image: ]
[bookmark: _Ref126220123]Figure 5: SE TRP Error CDF Distribution with Coarse Grid to yield a 5% Probability of Pass at the alternate offset SE TRP Limit

This alternate offset proposal is quantified for PC1 assumptions (12x12, 2nd harmonic) using the constant-step size measurement grids and the sin(theta) quadrature next. The distribution of the TRP errors are shown for four different measurement grids in Figure 6 and the respective statistical metrics of these results are summarized in Table 4.
[image: ]
[bookmark: _Ref126165360]Figure 6: TRP Error Distributions for Four Different Constant-Step Size Measurement Grids for 12x12 (2nd harmonic) 
[bookmark: _Ref126220590]Table 4: Statistical Metrics of Four Different Constant-Step Size Measurement Grids for 12x12 (2nd harmonic) 
	Grid Type
	Antenna Assumption
	Number of unique grid points
	Std. Deviation [dB]
	Mean Error [dB]
	Min TRP Error [dB]
	Max TRP Error [dB]

	Constant-Step Size with sin(theta) quadrature
	12x12 
(2nd harmonic)
	62
	5.50
	-3.38
	-20.66
	11.80

	
	
	266
	2.66
	-0.89
	-12.41
	7.11

	
	
	1106
	1.02
	-0.12
	-4.78
	2.76

	
	
	2252
(fine)
	0.21
	-0.01
	-2.09
	0.72


The PDF and CDF distributions of the three coarse measurement grids are shown in Figure 7.


[image: ][image: ][image: ]
[bookmark: _Ref126166365]Figure 7: PDF and CDF distributions for three coarse constant-step size measurement grids for 12x12 (2nd harmonic) 
The alternate offset that corresponds to a 95% probability that coarse measurements correctly trigger a fine measurement step assuming the mean of the fine grid matches the SE TRP limit is the 5%-ile CDF, CDF5%-ile, and tabulated in Table 5 and compared with the offset calculations previously endorsed [11].
[bookmark: _Ref126221633]Table 5: Overview of alternate and current Offsets
	Grid Type
	Antenna Assumption
	Number of unique grid points
	CDF5%-ile 
Offset [dB]
	MU-Based Offset (23.45-40.8 GHz) [dB]

	Constant-Step Size with sin(theta) quadrature
	12x12 
(2nd harmonic)
	62
	12.84
	15.25

	
	
	266
	5.56
	8.09

	
	
	1106
	1.87
	5.51


Clearly, the alternate offsets, based on the CDF distribution of the measurement grids are smaller than the existing offsets based on the assessed measurement uncertainties of the test system and thus could support better test time reduction opportunities by selecting coarser measurement grids.
Alternate analyses were performed to make sure that the proposed offset holds for antenna configurations that are more relaxed than the worst-case assumption of 12x12 and 2nd harmonic. Here, similar offset calculations were performed using the same measurement grids for the more relaxed antenna array assumptions of 8x8 and 4x4 (2nd harmonic for each). The offsets are tabulated in Table 6. Clearly since the offsets for the more relaxed array configurations are smaller than for the worst-case 12x12 assumption, the offsets in Table 5 should guarantee a minimum 95% probability that coarse measurements correctly trigger a fine measurement step.
[bookmark: _Ref126231668]Table 6: Overview of alternate Offsets for additional array configurations
	Grid Type
	Antenna Assumption
	Number of unique grid points
	CDF5%-ile 
Offset [dB]

	Constant-Step Size with sin(theta) quadrature
	12x12 
(2nd harmonic)
	62
	12.84

	
	
	266
	5.56

	
	
	1106
	1.87

	Constant-Step Size with sin(theta) quadrature
	8x8 
(2nd harmonic)
	62
	11.01

	
	
	266
	1.32

	
	
	1106
	0.03

	Constant-Step Size with sin(theta) quadrature
	4x4 
(2nd harmonic)
	62
	1.76

	
	
	266
	0.16

	
	
	1106
	0.02


[bookmark: _Ref126231932]Proposal 3: Consider the alternate offset definition solely based on the statistical metrics of the measurement grids rather than frequency and overall MU of the test system.


Conclusion
The following observations and proposals were made in this contribution

Observation 1: The PC1 SE TRP measurement grids have been defined “near the harmonic region”
Observation 2: It is not clearly defined what the frequency range/limits “near the harmonic region” are and which measurement grids are applicable not “near the harmonic region”
Observation 3: The coarse SE TRP measurement grids for PC1 with a std. deviation of ~1 dB yield a significant number of grid points and thus test time
Observation 4: The decision whether to issue a PASS verdict with the coarse measurement grids or trigger a fine grid measurement should depend on the probability distribution of the coarse measurement grid rather than the overall assessed MU of the test system and frequency
Proposal 1: Remove references of “near the harmonic region” in [3] and “vicinity of the 2nd harmonic” in [4]
Proposal 2: Adopt the coarse SE TRP measurement grids for PC1 with std. deviations of ~1 dB in Table 2.
Proposal 3: Consider the alternate offset definition solely based on the statistical metrics of the measurement grids rather than frequency and overall MU of the test system.
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