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Introduction
During the previous RAN4#94e meeting, a discussion paper and related CR were submitted for the introduction of the direct field strength measurement of unwanted radiated emissions from the BS enclosure port [6 - 7]. The direct field strength approach was proposed to measure the EMC radiated emission from the enclosure port of BS equipped with the antenna connectors / TAB connectors, as an alternative method to the substitution approach. Number of comments were received to this proposal, as captured in the email discussion summary [8].
This contribution is a resubmission of the discussion paper on the direct field strength approach proposal to measure the EMC radiated emissions from the enclosure port of BS equipped with the antenna connectors / TAB connectors, as an alternative method to the substitution approach. This resubmission includes additional feedback to the comments received during RAN4#94e meeting, as captured in clause 2.5 below.
Discussion
General
In the current 3GPP EMC technical specifications TS 38.113 (NR BS), TS 37.113 (MSR BS), TS 37.114 (AAS BS), TS 36.113 (LTE BS), TS 25.113 (UTRA BS), and TS 51.021 (GSM BS), the “Radiated emission, BS” requirements were defined for following BS types equipped with the antenna connectors, i.e.
· non-AAS BS (GSM, UTRA, E-UTRA),
· MSR BS (UTRA, E-UTRA, NR),
· AAS BS: hybrid AAS BS (UTRA, E-UTRA, NR), 
· NR: BS type 1-C and BS type 1-H 
The EMC Radiated Emissions (BS) requirement was introduced to assess the ability of BS to limit EMC unwanted emission from the enclosure port. Within context of the EMC requirements, this is the EMC Radiated Emissions requirement caused by the spurious emissions of BS, as the main source of these emission is from the RF circuitry (antenna ports terminated, emissions measured at the enclosure port).
Substitution measurement
In terms of the test method relevant to the EMC Radiated Emissions (BS) requirement, the “substitution measurement” was defined to determine the effective radiated power (e.r.p.) of spurious components. The substitution measurement in aforementioned 3GPP TSs is based on ITU-R SM.329 [1]. The substitution measurement is also specified for licensed devices by other authoritative regulators and standard organizations, such as ETSI, FCC, ANSI, etc.
The substitution measurement is a two-stage approach. This method does not require calibration of all measuring components. Instead, the emissions power level of the EUT is recorded from the measuring instrument, as an intermedia value. Then this power level value is matched by a signal from the calibrated signal generator and calibrated substitution antenna which are substituted for the EUT. The power level supplied by the generator is then equal to the emissions power level of the EUT.
Using the substitution approach, at each frequency at which a spurious component is detected, the EUT is rotated and the height of the receiving antenna adjusted to obtain maximum response, and the power level of that component determined by a substitution measurement. The measurement shall be repeated with the test antenna in the orthogonal polarization plane.
Though the substitution measurement is specified formally, it is not easily performed and so not widely used in practical testing: 
· If the EUT has larger size, e.g. a BS, it is not easy to determine the precise position of the calibrated substitution antenna of the substitution signal source which are substituted for the EUT. The phase centre of the calibrated substitution antenna is required to be placed at the unwanted emission point of the BS enclosure, the mismatched positioning will cause inaccurate results. Unfortunately, we generally do not know the RF source position where the unwanted emission come from, and different test labs will make various judgments for the same BS under test and so even give contrary verdicts. In higher frequencies, the positioning alignment of smaller sized calibrated substitution antenna and the receiving antenna of the measuring instrument may expand the adverse effect as mentioned above. 
· The test site is not clearly specified for the substitution measurement. Though the effect of the test site may be eliminated via so-called substitution approach, the test results from different test sites at test labs in practical testing for the same EUT under test did have big differences (e.g. up to 6-7 dB). This is mainly due to the non-normalization of the test sites and also the complexity of the operation of substitution measurements.
· It is time-consuming to complete the whole procedure, especially when adjusting the power level of the substitution signal source at each frequency point to match the recorded intermedia value.
That’s one of the most important reasons why many non-standard methods other than substitution measurement are used in practical testing in test labs.
Direct field strength measurement
In terms of the measurement for unwanted emissions, the “direct field strength measurement” is another widely used option in many authoritative standards: 
· In ITU-R SM.329 [1], Annex 1, the spurious emissions levels are generally expressed in terms of power (e.g. e.r.p.), or field strength measured at a given distance. 
· In ANSI C63.26 [2], §5.5, the direct radiated field strength approach is accepted as alternative to the traditional two-stage radiated substitution approach.
The direct field strength measurement is a one-stage approach. The emission power level is not measured at the side of EUT like what the substitution method does, but the E-field strength at a given distance away from the EUT is directly measured via a calibrated measuring antenna. That is to say, the emission level recorded from the measuring instrument with the correction of receiving antenna factor, is then equal to the E-field strength at the given distance.
Using direct field strength approach, at each frequency at which a spurious component is detected, the maximum response from the device can be directly detected by rotating the device and adjusting the receiving antenna. The measurement shall be repeated with the test antenna in the orthogonal polarization plane.
The direct radiated field strength measurement is required to be performed on a validated test site in accordance with CISPR 16 [3] or ANSI C63.4 [5]. In addition, according to CISPR 32 [4], tables A.4 and A.5 (taking class B equipment for example), and considering ordinary test setup against BSs in test labs, the direct field strength measurements could be conducted at 3 m or 10 m on an open area test site (OATS) or semi anechoic chamber (SAC) for frequencies up to 1 GHz, or at 3 m on a free space open area test site (FSOATS) for frequencies above 1 GHz.
Compared with the substitution measurement, the direct field strength method has the following pros: 
· This approach is independent of the positioning of the EUT, it could avoid mismatch of antenna and EUT during testing.
· The test site and its validation are clearly defined to minimize the site differences, normally a lower difference (e.g. up to 2-3 dB) is found for the same EUT when testing at different sites or labs.
· It is less time-consuming than substitution measurement.
It is noted that, the direct field strength measurement may have higher measurement uncertainty than the substitution measurement, because the impact of the test site/environment has been eliminated in the substitution measurement. However, as mentioned above, the mismatch of substitution antenna positioning will cause higher measurement uncertainty when the larger size of the EUT. In this case, the measurement uncertainty for direct field strength measurement is not necessarily higher than that for substitution measurement. In addition, we can find in relevant standards that the maximum measurement uncertainty for both substitution measurement (e.g. see 3GPP TS 38.113, §8.2.1.4) and direct filed strength measurement (e.g. see CISPR 16-4-2 [3], table 1) are around 6 dB.
Relationships between e.r.p. and field strength
It should be noted that, if the direct field strength measurement is used for EMC Radiated Emissions testing against BS, the same settings of measuring instrument, as specified with substitution measurement, shall be used. The settings of measuring instrument for Radiated Emissions testing against equipment other than BS (e.g. Ancillary Equipment), i.e. quasi-peak detector with 120 kHz IFBW below 1 GHz and average detector with 1 MHz IFBW above 1 GHz, shall not be applied to EMC Radiated Emissions testing against BS. The EMC Radiated Emissions testing against BS requires RMS detector and 100 kHz RBW below 1 GHz or 1 MHz RBW above 1 GHz. Only with the same settings of measuring instrument, the measured field strength value could be converted to equivalent power value to be compared with the e.r.p. limit.
The relationships between e.r.p. and field strength could be found in Annex 1, §3 of ITU-R SM.329 [1] and §5.2.7 of ANSI C63.26 [2], summarized as below: 
· E (dBμV/m) = e.i.r.p. (dBm) − 20log(D) + 104.7712; where D is the measurement distance in m.
· e.r.p. (dBm) = e.i.r.p. (dBm) – 2.15
· The maximum value of Emax representing the maximum reading obtainable on an OATS/SAC by adjustment of the receiving antenna height. That is: Emax ≅ 1.6 E. It represents a site gain of 4 dB: Emax (dBμV/m) ≅ E (dBμV/m) + 4.
· The derivation of field strength limits could take into account the worst-case situations that can occur. The site gain may be different in sites other than OATS/SAC, for which a reflective ground plane is equipped.
Feedback to the comments received
In the following table comments received during RAN4#94e meeting were collected, with additional Huawei feedback provided. 
	Company
	Comments from RAN4#94e meeting
	Huawei feedback

	Nokia, Nokia Shanghai Bell
	“The direct radiated field strength measurement is required to be performed on a validated test site in accordance with CISPR 16 [3] or ANSI C63.4 [5]. In addition, according to CISPR 32 [4], tables A.4 and A.5 (taking class B equipment for example), and considering ordinary test setup against BSs in test labs, the direct field strength measurements could be conducted at 3 m or 10 m on an open area test site (OATS) or semi anechoic chamber (SAC) for frequencies up to 1 GHz, or at 3 m on a free space open area test site (FSOATS) for frequencies above 1 GHz.”
In CISPR 32 the test sites in the frequency range 30 MHz to 1GHz are: Open Area Test Site (OATS) or Semi Anechoic Chamber (SAC) of Fully Anechoic Room (FAR). One of these or the other can be used and the only requirement is that the test site complies to the Normalized Site Attenuation defined in CISPR 16-1-4 clause 6.  
	The referred CISPR 16-1-4 clause 6 is for “Reverberating chamber for total radiated power measurement”. 
Therefore, the referred clause is not relevant to the proposal of direct field measurement. According to CISPR 16-1-4 clause 5 and 8, the direct field strength proposal can use the following measurement methods: 
· open area test site (OATS) for frequencies up to 1 GHz,
· semi anechoic chamber (SAC) for frequencies up to 1 GHz, 
· free space open area test site (FSOATS) for frequencies above 1 GHz.

	
	In CISPR 32 the test sites in the frequency range above 1 GHz is: Free Space Open Area Test Site (FSOATS). This should include a Semi Anechoic Chamber (SAC) with RF absorbers on the floor or a Fully Anechoic Room (FAR) that meet the VSWR requirement of CISPR 16-1-4, clause 7.
	The referred CISPR 16-1-4 clause 7 is for “TEM cells for immunity to radiated disturbance measurement”.
Similar to the above comment, the referred clause is not relevant to the proposal of direct field measurement.

	
	Tables A.4 and A.5 of CISPR 32 are related to Class B limits but the table for the test sites is Table A.1 of CISPR 32.
	We agree with this observation, i.e.: 
Table A.4: Requirements for radiated emissions at frequencies up to 1 GHz for class B equipment 
Table A.5: Requirements for radiated emissions at frequencies above 1 GHz for class B equipment
It seems that this comment is addressing the following statement in the specification in 8.2.2.3: “The ancillary equipment shall meet the limits according to CISPR 32 11 table A.4 and table A.5.”
However, the related CR is not modifying it. 
We would like to ask for clarification what would be the proposed resolution here. 

	Ericsson
	To use EM field strength measurement as an alternative to substitution method is a commonly used praxis today (test labs, ANSI)
Substitution is used in cases of measurements close to limit.
Calculation of limits is done for radiation from a tuned dipole. Proposed levels shall be checked if correct, they look be correct.
So we might should support this proposal with following comments:
1. As I write above, if measurements close to limit, say 3 dB, substitution method shall be used on this frequencies.
	These comments were already received before RAN4#94e meeting and were analysed when preparing the related CR. Our preference would be to consider both direct field measurement as well as the substitution method as two alternative solutions. However if other companies think that we shall introduce additional condition on the emissions level close to the limit, we could add some clarification note in clause 8.2.1.2. 
We would like to collect more feedback from companies before modifying the initial proposal in the CR.  

	
	2. Limits below 1 GHz shall apply for quasi-peak detector / 120 kHz as according to CISPR 32.
3. Limits above 1 GHz shall apply for average detector / 1 MHz as according to CISPR 32.
	For the use of the quasi-peak vs. the average detector we have some concerns: if we would use different detector with the one used for the EIRP (RMS) in the substitution method, how would we compare the two against the limit? 
The proposed 3dB is quasi-peak measurement would not be equal to 3dB margin to RMS limit. Further clarification from Ericsson would be appreciated here. 
If we would use the field strength measurement as the pre-measurement (before the substitution method), the limit is original EIRP limit or transformed E-field limit?

	ZTE
	The radiated emission of 113 series has been referred to SM.329 since the UTRA spec. Corresponding note as “this is the radiated spurious emission requirement of base station enclosure” hence the EIRP level are used. For field strength method, currently it is used as category Z in SM.329 and it applies only to unintentional radiator, say the switch or gateway who doesn’t have RF parts in it. So we think this two test although have similar test setup, they are testing different emissions. In this case, the field strength test is not a simple calculation with metric change, but internally the test is different. So we don’t agree to add this test into 38.113 spec.
	As described in scope of SM.329, it is applied to radio equipment, all category limits (including Cat. Z) could be used to define spurious emission requirement for radio equipment, though Cat. Z is from CISPR and normally used for EMC and for unintentional radiator.
The SM.329 Annex 1 accept spurious emission tested in terms of power or field strength.  
In addition, ANSI C63.26 (for licensed radio equipment) specify substitution as well as filed strength measurement, ANSI C63.10 (for un-licensed radio equipment) specify field strength for unwanted emission of radio equipment.  
So, from authoritative standards’ point of view, the field strength could be used not only by unintentional radiator but also intentional radiator.



Proposal
Based on the above motivation and further clarifications provided in clause 2.5, it is proposed to introduce an alternative test method (i.e. direct field strength measurement) for the EMC Radiated Emissions (BS) in TS 38.113 (NR). Other EMC Radiated Emissions (BS) specifications (legacy GSM, UTRA, E-UTRA, as well as AAS BS specifications) will be addressed at later stage, as those are out of agenda of this e-meeting. 
Proposal 1: agree on the introduction of the direct field strength measurement test method for the EMC Radiated Emissions requirements of the BS type 1-C and BS type 1-H in TS 38.113. 
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