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1 Introduction
In RAN4 #100-e and RAN4 #101-e meeting, the corresponding Change Requests [1][2] called “TS 38.113: Radiated emission measurement uncertainty” were provided. Generally all companies agreed that MU value should align NR EMC spec. with NR RF spec., which the frequency range of MU should be extended above 12.75GHz, and it seems no companies object MU=6dB but more explanation would be needed. In order to solve these challenges, further analysis of the MU value for NR BS would be discussed in this contribution.
2 Discussion
In RAN4 #100-e meeting, the analysis for the value of measurement uncertainty (MU) has already been provided in our discussion R4-2112768 [3], according to the study from this contribution, there are two approaches to calculate the MU value between 12.75GHz and 18GHz by CISPR 16-4-2 [5] and ETSI TR 100 028-1 [6] respectively. However, the frequency range of MU value calculation is not covered up to 26GHz, and the contribution of EUT size component is not considered for NR BS as well. To fix these issues, further analysis will be discussed as below.
2.1 The frequency range of radiated emission measurement
Before discussing the value of measurement uncertainty, the test frequency range of radiated emission should reach a consensus. In terms of NR operating band allocation for band n46 and n96, the fifth harmonic frequency for the upper frequency of band n46 and n96 will be close to 26GHz. Additional, the radiated spurious emission limit and frequency range are specified in item 6.6.5.2 of BS TS 38.104 [4], and the highest test frequency of radiated spurious emission is also 26GHz for BS Type 1-O, where the test frequency range for repeater device should be aligned with the corresponding description of item 6.6.5.2 in BS TS 38.104 [4]. 
Observation 1: For the test frequency of radiated spurious emission in BS TS 38.104, the highest test frequency corresponding band n46 and n96 is 26GHz.
Proposal 1: To align with BS TS 38.104, the highest test frequency of radiated spurious emission for band n46 and n96 is proposed to be 26GHz.
2.2 Radiated emission MU in CISPR 16-4-2[5]
Due to the evaluating component of EUT size is not included in the calculation model of this standard, and the effective frequency range is only covered up to 18GHz as well. Therefore, the calculating result can refer to the previous discussion R4-2112768 [3] directly, which the calculating process will not be repeated in this contribution.
Observation 2: The MU value of radiated emission for higher than 6GHz (up to 18GHz) would exceed 5dB.
2.3 Radiated spurious emission MU in ETSI TR 100 028-1[6]
By reviewing some measurement uncertainty assessment and calculation standards, there is no applicable specifications with MU calculation model specially for NR BS device. In this case, some general and related RF standards including NR BS device, such as ETSI EN 301 908-1 [7] and ETSI EN 301 502 [8], would be referred to calculate MU value of radiated spurious emission. 
Therefore, as an alternative approach that can be used, ETSI TR 100 028-1 [6] as calculation model of MU value in both ETSI EN 301 908-1 [7] and ETSI EN 301 502 [8], which is also referred by the previous discussion R4-2112768 [3], would be adopted to calculate MU value for NR BS. 
In addition, other related factors shall be considered too, i.e. the frequency range will be extended up to 40GHz, and the EUT size will be considered as one of essential calculation components here. The calculation component of EUT size, which is not included in ETSI TR 100 028-1 [6], will refer to ETSI TR 102 273-1-2 [9]. Subsequently, the detailed analyzing and calculating process will be shown as below.
2.3.1 Calculation model of MU value
There are two stages for calculation model of MU value in ETSI TR 100 028-1 [6]:
- Stage one: EUT measurement
- Stage two: Substitution
The relevant contents are quoted, in which:
For the measurement of spurious effective radiated power two stages of test are involved. 
The first stage (the EUT measurement) is to measure on the receiving device, a level from the EUT as shown in figure 78 (shaded components are common to both stages of the test). 
[image: ]
Due to the commonality of all of the components from the test antenna to the receiver in both stages of the test, the mismatch uncertainty contributes identically in each stage and hence cancels. Similarly, the systematic uncertainty contributions (e.g. test antenna cable loss, etc.) of the individual components also cancel. 
The magnitude of the random uncertainty contribution to this stage of the procedure can be assessed from multiple repetition of the EUT measurement.
All the uncertainty components which contribute to this stage of the test are listed in table 60.  
[image: ]
The second stage (the substitution) involves replacing the EUT with a substitution antenna and signal source as shown in figure 79 and adjusting the output level of the signal generator until the same level as in stage one is achieved on the receiving device. 
[image: ]
All the uncertainty components which contribute to this stage of the test are listed in table 61. 
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2.3.2 The effective component contributed by EUT size
There are four essential components associate with the EUT size in ETSI TR 102 273-1-2 [9]:
- Position of the phase centre: within the EUT volume
- Positioning of the phase centre
- Range length
- Mutual coupling
The relevant contents are quoted, in which:
Position of the phase centre: within the EUT volume: This contribution is associated with the uncertainty with which the actual radiating point within the equipment volume is known. If this point is known exactly the contribution is 0,00 dB. The standard uncertainty of the contribution, due to the position of the phase centre within the EUT volume, is designated throughout all parts of the present document as uj20. 
NOTE 4: In this example case the standard uncertainty of the contribution due to the position of the phase centre within the EUT volume has been calculated from (± (the maximum dimension of device) / (2 × range length) × 100 %). In this example the position is not known. Hence, the uncertainty of the position of the phase centre within the EUT of 0,15 m maximum dimension is 0,15/2 m = 0,075 m, and the worst case uncertainty due to this offset is therefore ± (0,075/3,0) × 100 % = ±2,50 %. As the phase centre can be anywhere inside the EUT, the uncertainty is taken as rectangularly distributed and the standard uncertainty is calculated as 1,44 %. This is then transformed to the logarithmic form (1,44/11,5) = 0,12 dB (see annex C). 
Positioning of the phase centre: within the EUT over the axis of rotation of the turntable: This contribution is associated with the uncertainty with which the actual radiating point within the equipment is placed over the centre of the turntable. If the point is placed exactly, the contribution is 0,00 dB. The standard uncertainty of the contribution due to the positioning of the EUT phase centre over the axis of rotation of the turntable, is designated throughout all parts of the present document as uj21. 
NOTE 5: In this example case the standard uncertainty of the contribution due to the positioning of the EUT phase centre over the axis of rotation of the turntable is calculated from (± (the estimated offset from the axis of rotation) / (2 × range length) × 100 %). In this case, the uncertainty of the positioning is taken as ±0,01 m, and the worst case uncertainty is ± (0,01/3,0) × 100 = ±0,333 %. As the offset can be anywhere between the limits the uncertainty is rectangularly distributed and the standard uncertainty is calculated as 0,192 %. This is then transformed to the logarithmic form (0,192/11,5) = 0,02 dB (see annex C). 
Range length: This contribution is associated with the curvature of the phase front from the EUT to the test antenna. The standard uncertainty of the contribution due to the range length is designated throughout all parts of the present document as uj16. The standard uncertainty of the contribution should be obtained from table 12. 
[image: ]
NOTE 6: In this example case the standard uncertainty of the contribution due to the range length is taken as 0,00 dB since the range length is ≥ 2 (d1+d2)2/λ
Mutual coupling: amplitude effect of the test antenna on the EUT: This uncertainty results from the interaction between the EUT and the test antenna when placed close together. The standard uncertainty of the contribution due to the amplitude effect of the mutual coupling between the test antenna and the EUT, is designated throughout all parts of the present document as uj08. The standard uncertainty should be taken from table 14. 
[image: ]
NOTE 2: In this example case the standard uncertainty of the contribution due to the amplitude effect of the mutual coupling between the test antenna and the EUT is 0,00 dB since the distance is ≥ 2 (d1+d2)2/λ. 
3.3.3 The examples of MU value calculation
In terms of the calculation model of the ETSI TR 100 028-1 [6], by using the parameters defined for each component, in addition to the contribution of EUT size component in ETSI TR 102 273-1-2 [9], there are two examples of MU value calculation for spurious radiated emission with different EUT sizes shown as below:
Table 1: The MU value of radiated spurious emission, with the EUT size = 0.15m
	Frequency Range
	Antenna Polarization
	Expanded Uncertainty
	Including Factor

	6GHz-18GHz
	Vertical
	4.51
	k=2

	
	Horizontal
	3.82
	k=2

	18GHz-40GHz
	Vertical
	3.84
	k=2

	
	Horizontal
	3.86
	k=2



Table 2: The MU value of radiated spurious emission, with the EUT size = 1.30m
	Frequency Range
	Antenna Polarization
	Expanded Uncertainty
	Including Factor

	6GHz-18GHz
	Vertical
	5.47
	k=2

	
	Horizontal
	4.40
	k=2

	18GHz-40GHz
	Vertical
	5.53
	k=2

	
	Horizontal
	4.44
	k=2


According to the ultimate conclusion from table 1 and 2, the maximum MU value is recorded as 5.53dB over the given frequency range, which is larger than 5dB.
Observation 3: The MU values in terms of the calculation model of ETSI TR 100 028-1 for radiated spurious emission considering the EUT size would exceed 5dB.
[bookmark: OLE_LINK2]In summary, 3dB maximum MU value for effective radiated RF power measurements between 12.75GHz and 26GHz is inappropriate. Therefore, 6dB maximum MU value is recommended considering 6dB maximum MU value was already used for UE EMC.
Proposal 2: It is recommended that the maximum MU value of BS EMC specifications above 12.75GHz (up to 26GHz) should be 6dB.
3 Conclusion
[bookmark: OLE_LINK1]Our observations and proposal for radiated spurious emission MU are listed as below: 
Observation 1: For the test frequency of radiated spurious emission in BS TS 38.104, the highest test frequency corresponding band n46 and n96 is 26GHz.
Observation 2: The MU value of radiated emission for higher than 6GHz (up to 18GHz) would exceed 5dB.
Observation 3: The MU values in terms of the calculation model of ETSI TR 100 028-1 for radiated spurious emission considering the EUT size would exceed 5dB.
Proposal 1: To align with BS TS 38.104, the highest test frequency of radiated spurious emission for band n46 and n96 is proposed to be 26GHz.
Proposal 2: It is recommended that the maximum MU value of BS EMC specifications above 12.75GHz (up to 26GHz) should be 6dB.
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Table 14: Uncertainty contribution: mutual coupling: amplitude effect
of the test antenna on the EUT

Range length Standard uncertainty of the
contribution
0,62V((d;+d,)3/0)< range length < 2(d4+dp)2/h 0,50dB
0,00d8

range length > 2(d1+d2)2/4
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Figure 78: Stage one: EUT measurement
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Table 60: Contributions from the EUT measurement

wors Description of uncertainty contributions B
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o [insertion loss: test antenna aftenuator 0,00
1 [insertion loss: test antenna cable 0,00
s __[cable factor:test antenna cable
s [receving device: absolute level 000
uss_[EUT: influence of setting the power supply on the Spurious emission level 0,03
Uzo__[position of the phase centre: within the EUT volume
z1__|postioning of the phase centre: within the EUT over the axis of otafion of the turntable
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ss_[antenna gain of the test antenna 0,00
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Ugs _[EUT: mutual coupling to the power leads
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Uorrandom uncertainty





image3.png
({55 & rdsraiaina
|

\\}

Test
\ antennia:
“Aftenuator 1] | Ailenoator 2:f - c0e 21
10dB 1048
Hetrite beads:

Figure 79: Stage two: Substitution measurement
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Table 61: Contributions from the substitution

ot Description of uncertainty contributions a8
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Table 12: Uncertainty contribution of the range length (verification)

Range length (L. the horizontal distance
between phase centres)

Standard uncertainty of
the contribution

(dy+do)?/47 < range length < (d;+dy)%/24 1,26 dB
(d,+,)2/22 < range length < (d;+d)2/2 0,30dB
(dy+dp)?/ < range length < 2(d;+dy)%/2 0,10dB

0,00d8

range length > 2(d, +d,)>/4

NOTE: _d, and d, are the maximum dimensions of the antennas.





