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Introduction
Based on discussions in the last meeting, it was agreed to repeat the MU analyses for ‘Influence of TRP measurement’ for spurious emissions. This contribution is presenting MU analyses based on updated antenna assumptions for the non-harmonic and the 2nd harmonic regions.
Discussion
The MU results for the spurious emissions domain captured in Annex I in TS38.521-2 and Annex B.18 in TR38.903 were assuming a d/ spacing of 0.5 for the 2nd harmonic. As outlined in [1], the beam pattern and shape at the 2nd harmonic is not the same as for the fundamental frequency. In order to progress with the TRP measurement grid definitions for the spurious emissions domain, it is proposed to assume the “true time delay” concept for the antenna pattern assumption at the 2nd harmonic, i.e., assume the same antenna array parameters as for the fundamental but with d/ spacing of 1.0 (when compared to 0.5 for the fundamental frequency) [1].
The measurement grids for the 2nd harmonic and the non-harmonic region, currently defined in Annex I in TS38.521-2 and Annex B.18 in TR38.903, differentiate between fine (final) measurement grids. Only when the coarse TRP measurement yields a TRP value of less than an “offset” dB from the TRP limit, the spurious emissions test has to continue with the fine TRP measurement grid, as outlined in Clause 6.5.3.1.4.2 of TS38.521-2.
	5. Measure the spurious emissions as per steps outlined below: 

(a) Perform coarse TRP measurements to identify spurious emission frequencies and corresponding power level according to the procedures in Annex L, using coarse TRP measurement grid selection criteria as per Table I-3 in Annex I. The measurement is completed in both polarizations  and  over frequency range and measurement bandwidth according to Table 6.5.3.1.3-2. Optionally, a larger and non-constant measurement bandwidth than that of Table 6.5.3.1.3-2 may be applied as long as the SNR (ratio of test limit to floor noise of test equipment) ≥ 10dB is guaranteed. 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 6.5.3.1.3-2, 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. 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.
(b) Measure fine TRP measurements according to procedures in Annex L, using fine TRP measurement grid selection criteria as per Table I-3 in Annex I, for each of the spurious emission frequency identified in step (a). Apply a measurement bandwidth according to Table 6.5.3.1.3-2.


Antenna Assumptions

MU analyses and assumptions similar to those of [2] are used in this contribution. Table 1 through Table 3 outline the adapted equations and parameters from [3] that are used to simulate the UE antenna patterns for in-band measurements and spurious emissions measurements. 
Table 1: Single Antenna Element Radiation Pattern

	Antenna element horizontal radiation pattern
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	Horizontal half-power beamwidth of single element
	HPBWH

	Antenna element vertical radiation pattern
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	Vertical half-power beamwidth of single array element 
	HPBWV

	Array element radiation pattern
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	Element gain without antenna losses
	GE,max = 1.5 dBi


Table 2: Composite Antenna Array Radiation Pattern

	Composite array radiation pattern in dB 
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	NH × NV

	Horizontal radiating element spacing 
	dh/λ

	Vertical radiating element spacing 
	dv/λ


Table 3: Antenna Parameters
	
	1st harmonic
	2nd harmonic
	Non-harmonic region

	NH x NV
	8 x 2
	8 x 2
	1 x 1

	HPBWH [o]
	260
	260
	90

	HPBWV [o]
	130
	130
	90

	d/λ = dH/λ = dV/λ
	0.5
	1
	0.5


The three different antenna patterns are plotted in Figure 1 through Figure 3.
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Figure 1: Antenna Pattern for the fundamental/1st harmonic
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Figure 2: Antenna Pattern for the 2nd harmonic
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Figure 3: Antenna Pattern for the non-harmonic region

Proposal 1: Agree on the antenna assumptions outlined in Tables 1 through 3 to determine the min number of points for the spurious emission TRP measurement grids, specifically the non-harmonic and the 2nd harmonic region. 
MU Analyses

The relative orientation of the simulated antenna array and the measurement grid is altered randomly and the standard deviation between TRPs for each measurement grid is derived from a set of 50000 random orientations.

The results for the constant step size measurement grids and the three different TRP approaches, i.e., classical sin(theta) and Clenshaw Curtis quadrature as well as the Jacobian approach are tabulated in Table 4. Similar results are presented for the constant density measurement grids in Table 5; only the charged particle implementation was considered for the constant density grids. 
Results for the 8x2 antenna assumption at the fundamental frequency have been included to show similarity with the results captured in [3] for the constant step size and constant density grid types. 
The following measurement grid observations at the 2nd harmonic can be made. The min number of measurement grid points for the in-band TRP, e.g., 266 for constant step size grid and 135 for constant density grid, is not sufficient to achieve a 0.25dB standard deviation. Instead, the standard deviation is at most 0.32dB. Reducing the number the number of grid points by a factor of ~1/4 will increase the standard deviation to about 1dB with a max TRP error of less than 3.5dB. Further reduction by ~1/10th will increase the mean error to ~1dB or greater and the standard deviation to ~3dB which seems excessively high even for the coarse approach.
Proposal 2: Define the min number of (fine) TRP grid points for the 2nd harmonic region to be the same as for the in-band grid but increase the MU element ‘Influence of TRP measurement’ from 0.25dB to 0.32dB. 

Proposal 3: Define the min number coarse grid points for the 2nd harmonic region to be ~1/4th of the min number of fine grid point, i.e., 62 points (30 degree step size) for the constant step size grids and 35 points for the constant density grids.
Proposal 4: When the coarse TRP result in the 2nd harmonic region is more than 3.5dB below the limit (“offset”), a fine TRP scan is not needed. 
The following measurement grid observations at the non-harmonic region can be made for the constant-step size grids. Due to the wide pattern beam width, a very coarse measurement grid is sufficient to yield standard deviations of 0.25dB or less, e.g., 6 unique grid points (60 degree spacing) based on Clenshaw-Curtis quadrature and Jacobian approach or 14 unique grid points (45 degree spacing) based on sin(theta), Clenshaw-Curtis quadratures, and Jacobian approach. Similarly, very coarse TRP grids are sufficient for the constant density grid based on the Charge Particle implementation. Separate coarse and fine approaches as outlined in Annex I in TS38.521-2 and Annex B.18 in TR38.903 seem unreasonable.  Similar observations of the antenna assumptions at the non-harmonic region can be made for the constant density grids. The very wide pattern requires a very small number of grid points (N=10 is the smallest number of grid points the Matlab routine for Charged Particle could create) and a differentiation between coarse and fine grids is not necessary.
Proposal 5: Define the min number of TRP grid points for the non-harmonic region to 14 for the constant step size grid type and to 10 for the constant density grid type.

Proposal 6: Avoid the differentiation between fine and coarse measurement grids for the non-harmonic region. 
Table 4: Simulation results for the constant step size measurement grids
	Quadrature/TRP approach
	Antenna Assumption
	Number of unique grid points
	= [o]
	Mean Error [dB]
	Std. Deviation [dB]
	Min TRP Error [dB]
	Max TRP Error [dB]

	Classical sin(theta)
	8x2 (fundamental)
	266
	15
	-0.02
	0.12
	-0.96
	0.21

	Clenshaw Curtis
	8x2 (fundamental)
	266
	15
	0.00
	0.06
	-0.23
	0.21

	Jacobian
	8x2 (fundamental)
	266
	15
	0.00
	0.16
	-0.60
	0.53

	Classical sin(theta)
	8x2 (2nd harmonic)
	614
	10
	-0.01
	0.11
	-0.58
	0.49

	Clenshaw Curtis
	8x2 (2nd harmonic)
	614
	10
	0.00
	0.10
	-0.40
	0.64

	Jacobian
	8x2 (2nd harmonic)
	614
	10
	0.00
	0.11
	-0.40
	0.80

	Classical sin(theta)
	8x2 (2nd harmonic)
	266
	15
	-0.04
	0.31
	-1.33
	1.04

	Clenshaw Curtis
	8x2 (2nd harmonic)
	266
	15
	-0.01
	0.29
	-0.90
	1.34

	Jacobian
	8x2 (2nd harmonic)
	266
	15
	-0.01
	0.30
	-0.88
	1.64

	Classical sin(theta)
	8x2 (2nd harmonic)
	62
	30
	-0.20
	0.97
	-4.49
	2.99

	Clenshaw Curtis
	8x2 (2nd harmonic)
	62
	30
	-0.08
	0.87
	-3.07
	2.94

	Jacobian
	8x2 (2nd harmonic)
	62
	30
	-0.10
	0.91
	-3.22
	3.23

	Classical sin(theta)
	8x2 (2nd harmonic)
	26
	45
	-1.24
	3.31
	-19.78
	5.28

	Clenshaw Curtis
	8x2 (2nd harmonic)
	26
	45
	-0.88
	2.99
	-12.09
	5.70

	Jacobian
	8x2 (2nd harmonic)
	26
	45
	-0.91
	3.04
	-12.29
	6.08

	Classical sin(theta)
	8x2 (2nd harmonic)
	14
	60
	-3.63
	6.34
	-39.94
	6.63

	Clenshaw Curtis
	8x2 (2nd harmonic)
	14
	60
	-2.02
	4.74
	-33.00
	6.55

	Jacobian
	8x2 (2nd harmonic)
	14
	60
	-1.97
	4.70
	-32.36
	6.78

	Classical sin(theta)
	1x1 (non harmonic)
	62
	30
	-0.10
	0.04
	-0.20
	-0.02

	Clenshaw Curtis
	1x1 (non harmonic)
	62
	30
	0.00
	0.01
	-0.03
	0.03

	Jacobian
	1x1 (non harmonic)
	62
	30
	0.00
	0.03
	-0.07
	0.08

	Classical sin(theta)
	1x1 (non harmonic)
	26
	45
	-0.23
	0.09
	-0.49
	-0.06

	Clenshaw Curtis
	1x1 (non harmonic)
	26
	45
	0.00
	0.03
	-0.09
	0.07

	Jacobian
	1x1 (non harmonic)
	26
	45
	0.00
	0.06
	-0.16
	0.16

	Classical sin(theta)
	1x1 (non harmonic)
	14
	60
	-0.43
	0.19
	-0.85
	-0.12

	Clenshaw Curtis
	1x1 (non harmonic)
	14
	60
	0.00
	0.06
	-0.17
	0.13

	Jacobian
	1x1 (non harmonic)
	14
	60
	0.00
	0.10
	-0.27
	0.30

	Classical sin(theta)
	1x1 (non harmonic)
	6
	90
	-1.11
	0.77
	-3.64
	-0.10

	Clenshaw Curtis
	1x1 (non harmonic)
	6
	90
	0.00
	0.14
	-0.42
	0.27

	Jacobian
	1x1 (non harmonic)
	6
	90
	0.00
	0.15
	-0.43
	0.27


Table 5: Simulation results for the charged particle constant density grids

	Antenna Assumption
	Number of Grid Points
	Mean Error [dB]
	Std. Deviation [dB]
	Min TRP Error [dB]
	Max TRP Error [dB]

	8x2 (fundamental)
	140
	0.00
	0.19
	-0.72
	0.66

	8x2 (fundamental)
	135
	0.00
	0.22
	-0.82
	0.70

	8x2 (fundamental)
	130
	-0.01
	0.27
	-1.06
	0.90

	8x2 (2nd harmonic)
	300
	0.00
	0.18
	-0.87
	0.69

	8x2 (2nd harmonic)
	250
	0.00
	0.19
	-0.83
	0.65

	8x2 (2nd harmonic)
	225
	-0.01
	0.22
	-0.90
	0.78

	8x2 (2nd harmonic)
	200
	-0.01
	0.27
	-1.27
	0.92

	8x2 (2nd harmonic)
	140
	-0.01
	0.32
	-1.23
	1.19

	8x2 (2nd harmonic)
	135
	-0.01
	0.32
	-1.18
	1.12

	8x2 (2nd harmonic)
	130
	-0.02
	0.34
	-1.13
	1.10

	8x2 (2nd harmonic)
	100
	-0.04
	0.60
	-1.96
	1.68

	8x2 (2nd harmonic)
	75
	-0.03
	0.50
	-1.71
	1.72

	8x2 (2nd harmonic)
	50
	-0.07
	0.76
	-2.67
	3.02

	8x2 (2nd harmonic)
	35
	-0.09
	0.94
	-4.87
	3.09

	8x2 (2nd harmonic)
	25
	-0.36
	1.89
	-12.05
	4.31

	8x2 (2nd harmonic)
	15
	-1.32
	3.83
	-16.31
	6.13

	8x2 (2nd harmonic)
	10
	-3.57
	6.65
	-33.25
	7.95

	1x1 (non harmonic)
	100
	0.00
	0.01
	-0.03
	0.04

	1x1 (non harmonic)
	90
	0.00
	0.01
	-0.03
	0.04

	1x1 (non harmonic)
	80
	0.00
	0.01
	-0.04
	0.05

	1x1 (non harmonic)
	30
	0.00
	0.03
	-0.11
	0.09

	1x1 (non harmonic)
	40
	0.00
	0.02
	-0.07
	0.10

	1x1 (non harmonic)
	60
	0.00
	0.01
	-0.03
	0.02

	1x1 (non harmonic)
	50
	0.00
	0.02
	-0.04
	0.07

	1x1 (non harmonic)
	40
	0.00
	0.02
	-0.07
	0.09


	1x1 (non harmonic)
	30
	0.00
	0.03
	-0.11
	0.09

	1x1 (non harmonic)
	20
	0.00
	0.03
	-0.11
	0.07

	1x1 (non harmonic)
	10
	0.00
	0.12
	-0.34
	0.29


Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Agree on the antenna assumptions outlined in Tables 1 through 3 to determine the min number of points for the spurious emission TRP measurement grids
Proposal 2: Define the min number of (fine) TRP grid points for the 2nd harmonic region to be the same as for the in-band grid but increase the MU element ‘Influence of TRP measurement’ from 0.25dB to 0.32dB.
Proposal 3: Define the min number coarse grid points for the 2nd harmonic region to be ~1/4th of the min number of fine grid point
Proposal 4: When the coarse TRP result in the 2nd harmonic region is more than 3.5dB below the limit (“offset”), a fine TRP scan is not needed.
Proposal 5: Define the min number of TRP grid points for the non-harmonic region to 14 for the constant step size grid type and to 10 for the constant density grid type.
Proposal 6: Avoid the differentiation between fine and coarse measurement grids for the non-harmonic region.
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