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1. Introduction
At the last RAN4 meeting (RAN4#88bis in Chengdu) improvements to specification text in TS 38.141-2 was approved. In a contribution [1] a text proposal for sub-clause 7.6 to add a note related to how the test distance for the blocking interferer signal shall be selected was presented.  
In this contribution we continue to discuss the need to describe what conditions are relevant to fulfil when the interferer signal is injected for OTA out-of-band blocking. At the end of the contribution a text proposal is attached for approval.

2. Discussion
The OTA out-of-band receiver blocking requirement applicable for NR base stations is based on OTA reference sensitivity requirement with the addition of an interfering signal. That means that the base station is illuminated with a wanted signal and an interfering signal at the same time. The wanted signal is in terms of frequency coverage within the operating band, while the interfering signal is defined in the range 30 MHz to 12.75 GHz for FR1 and 2nd harmonic of the upper frequency edge of the operating band for FR2. The out-of-band blocking requirement is not applicable in an in-band exclusion zone defined around the operating band.
The impinging wanted signal polarization and the interferer signal polarization will affect the signal level seen by individual receivers. Therefore, it has been decided to polarization match the impinging wanted signal to the supported element polarizations. This means that for a base station supporting two orthogonal element polarizations (e.g. -45 degrees and +45 degrees or vertical and horizontal), the blocking requirement needs to be tested twice. To avoid polarization matching between the interferer signal and supported element polarization within the out-of-band frequency region (30 MHz to the upper frequency), it has been decided to align the interferer polarization with the wanted signal in-band and then keep the antenna at the same orientation during the complete test. The reasoning behind this approach, is that the polarization characteristics of the test object is not known and will change over the out-of-band region.  
The OTA out-of-band blocking is based on OTA reference sensitivity, which for out-of-band blocking means the compliance is met when the sensitivity requirement is met with an interferer signal is injected. For out-of-band blocking it have been decided to offset the EIS level 6 dB. Therefore, for clarity a new parameter is introduced for the wanted signal level. A parameter called, Equivalent Isotropic Received Level (EIRL) is introduced. The wanted signal EIRL for NR base station out-of-band blocking is listed in Table 2-1 and the interferer signal RMS field-strength level is listed in Table 2-2.
From a previous contribution [2] the interferer signal characteristics for NR OTA out-of-band blocking can be summarized as listed in Table 2-1.
Table 2-1: Interferer signal characteristics
	BS type

	Frequency range of interferer signal 
(MHz)
	Interferer RMS field-strength (V/m)

	1-O, 2-O
	30 to 12750
	0.36

	2-O
	12750 to min(2nd harmonic of the upper frequency edge of the operating band, 60000)
	0.10



The interferer signal is specified as a RMS field-strength level in V/m at the test object. To provide a certain field strength level some fundamental aspects needs careful considerations;
1. The distance between the test range antenna and the test object.
2. What power level to feed to the test antenna.
3. Multiple test antennas to cover the complete out-of-band frequency region.
4. Placement of test range antennas, avoiding interreference.
5. Etc.

From antenna theory the RMS field-strength level, E in V/m at a certain point a way from radiating antenna can be expressed as:
		(Equation 1)
, where Pi is the interferer power level fed to the test range antenna in W, Gi is the test range antenna gain in linear scale and r is the distance in m. 

Observation 1:
For a specific EIRP = PiGi the RMS field-strength is a function of the test distance.

According to antenna textbooks, the aperture in m2 of a lossless isotropic antenna, which has unity gain, is:
 		(Equation 2)
, where  is the wavelength in m associated to the frequency of interest. Based on the aperture of the isotropic antenna, the antenna gain in linear scale is defined as:
		(Equation 3)
The relation to the isotropic antenna aperture is reflected by referring to dBi in logarithmical scale. It is worth to notice that antenna gain is defined in the far-field region, meaning that antenna gain is only relevant for certain distances away from the antenna. Also, the antenna gain is a function of frequency for any antenna implementation. Hence, the selected test distance must be selected carefully as function of frequency. 

Observation 2:
The test antenna gain depends on frequency. 

The frequency aspect of the antenna gain needs to be considered for the out-of-band blocking interferer frequency region.
In Figure 2-1, a principle setup of the OTA test environment required for OTA out-of-band blocking is visualized.
[image: ]
Figure 2-1: Direct far-field test range setup
Since the wanted signal is defined as an EIS level associated to a specified link level quality threshold, the wanted signal test distance needs to fulfil the far-field criteria in a far-field test range. The test distance related to the far-field condition can be minimized by using a compact antenna test range. However, for the interferer signal, the test distance needs to be adjustable to properly illuminate the test object over frequency.
It is not reasonable that one test range antenna can be used for the interferer signal over the whole frequency range. Instead multiple test range antennas need to be adopted to provide an interferer signal with specified field strength level. 
For certain frequencies, the test distance for the interferer signal and the wanted signal will coincide making practical antenna placements difficult. Therefore, it is suggested to separate the antennas to allow for placement of the wanted signal test range antenna and the interferer signal test range antenna without mechanical interference. In Figure 2-2, a scenario where the antennas are separated in one plane is visualized. 
[image: ]
Figure 2-2: Test antenna separation
To determine the test distance for the interferer between the test object and the test antenna, the following conditions needs to be met: 
1. The test distance shall be at least the far-field distance of the test antenna.
2. The test antenna shall be small enough to sample an approximately constant field.
3. The spherical measurement grid and the smallest sphere that encloses the EUT must be separated by at least two wavelengths.
The first criterion has the effect of minimizing errors related to radial field components and is quantified as:
		(Equation 4)
where r0 is the distance between the test antenna and any point on the test object surface and DMA is the aperture of the test antenna, see Figure 2-3.
The second criterion implies that the main beam of the test antenna illuminates the test object uniformly and is quantified as:
		(Equation 5)
where Rsph is the radius of the smallest sphere enclosing the test object. This criterion must be satisfied for any antenna measurement at a finite distance. Furthermore, Equation 5 sets a minimum test distance for a given measurement antenna size w. 
The third criterion should have very small consequences at millimetre wave frequencies. This can be written as:
		(Equation 6)
The third criterion is required to approximate the power density using tangential E-field components only. 
[image: ]
Figure 2-3: The test distance and the dimensions of the test object and test antenna

Observation 3:
The selection of test distance for the interferer signal will depend on test object size, frequency and test antenna aperture.

To be able to inject an interferer signal field-strength level, careful considerations with respect to the test distance is required. 

3. Conclusion
Looking into details regarding how the interferer signal is injected for OTA out-of-band blocking some essential aspects have been discovered. Currently, the conformance test specification lacks technical information about how to determine proper test distance over frequency. For the wanted signal the test distance can be kept fixed, while for the interferer signal the test distance will vary over frequency. 
At the end of this contribution a text proposal for TS 38.141-2, sub-clause 7.6 is attached for approval. The text proposal adds information about the test distance for the interferer signal.
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[2] 	R4-1812896, “On NR OTA out-of-band blocking test aspects”, Ericsson, RAN4#88bis
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[bookmark: _Toc481653334][bookmark: _Toc527700341]7.6	OTA out-of-band blocking	
[bookmark: _Toc527700342]7.6.1	Definition and applicability 
The OTA out-of-band blocking characteristics are a measure of the receiver unit ability to receive a wanted signal at the RIB at its assigned channel in the presence of an unwanted interferer.
For the general OTA out-of-band blocking requirements applies to the wanted signal for each supported polarization, under the assumption of polarization match. The interferer shall be polarization matched for in-band frequencies, i.e. the incident waves of the wanted signal and the interferer shall have the same polarization and the polarization maintained for out-of-band frequencies.  
In case of multiple supported polarizations, the tests for general out-of-band blocking and co-location blocking shall be performed per supported polarization, i.e. one polarization at a time.
[bookmark: _Toc527700343]7.6.2	Minimum requirement
The minimum requirement for BS type 1-O is defined in TS 38.104 [1], subclause 10.6.2.
The minimum requirement for BS type 2-O is defined in TS 38.104 [1], subclause 10.6.3.
[bookmark: _Toc527700344]7.6.3	Test purpose
The test stresses the ability of the receiver unit associated with the RIB under test to withstand high-level interference from unwanted signals at specified frequency bands, without undue degradation of its sensitivity.
[bookmark: _Toc527700345]7.6.4	Method of test
[bookmark: _Toc527700346]7.6.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier (SC): M; see subclause 4.9.1.
Base Station RF Bandwidth positions to be tested for multi-carrier (MC): 
-	MRFBW in single-band RIB, see subclause 4.9.1; BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band RIB, see subclause 4.9.1.
In addition, for multi-band RIB:
-	For BRFBW_T'RFBW, blocking testing above the highest operating band may be omitted.
-	For B'RFBW_TRFBW, blocking testing below the lowest operating band may be omitted.
Directions to be tested: 
· For BS type 1-O, receiver target reference direction (D.36).
· For BS type 2-O, OTA REFSENS receiver target reference direction (Dx62).
[bookmark: _Toc527700347]7.6.4.2	Procedure
[bookmark: _Toc527700348]7.6.4.2.1	NR BS type 1-O procedure for out-of-band blocking
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing the specified measurements.
1) Place NR BS and the test antenna(s) according to annex E2.4.1.
2) Align the NR BS and test antenna(s) according to the directions to be tested.  
3) Connect test antenna(s) to the measurement equipment as shown in annex E2.4.1.
4) Polarization match the impinging wanted signal to the supported NR BS element polarizations. The interferer signal polarization shall be meachanically aligned and fixed to the wanted signal polarization. If the test antenna does not cover both the wanted and interfering signal frequencies, separate test antennas for the wanted and interfering signal are required. 
5) Generate the wanted signal in reference direction, according to the applicable test configuration (see subclause 4.8) using applicable reference measurement channel to the RIB, according to TS 38.104 [2], annex A.1. 
6) Set the transmitter unit associated with the RIB under test to transmit in reference direction with the carrier set-up and power allocation according to the applicable test configuration(s) (see subclause 4.8).
7) Adjust the signal generators to the type of interfering signals, levels and the frequency offsets as specified for general test requirements in table 7.6.5.1.1-1. and, when applicable, for co-location test requirements in table 7.6.5.1.2-1.

The distance between the test object and test antenna injecting the interferer signal is adjusted over frequency to provide a uniform illumination of the test object. 
8) The CW interfering signal shall be swept with a step size of 1 MHz within the specified range.
9) Measure the performance of the wanted signal at the receiver unit associated with the RIB, as defined in the subclause 7.6.5, for the relevant carriers specified by the test configuration in subclause 4.8.
In addition, for multi-band RIB, the following steps shall apply:
10) For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
[bookmark: _Toc527700349]7.6.4.2.2	NR BS type 1-O procedure for co-location blocking
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing the specified measurements.
1) Place NR BS and CLTA as specified in subclause 4.12.2.3.
2) Several CLTA are required to cover the whole co-location blocking frequency ranges. The CLTA shall be selected according to subclause 4.12.2.2.
3) Align the NR BS and test antenna(s) according to the directions to be tested.
4) Connect test antenna and CLTA to the measurement equipment as depicted in annex E2.4.2.
5) The NR BS receives the wanted signal in all supported polarizations, in the reference direction from the test antenna.  
6) The OTA co-location blocking interferer is injected via the CLTA. The CLTA is fed with the specified co-location blocking interferer power per supported polarization.
7) Generate the wanted signal in reference direction, all supported polarizations, from the test antenna, according to the applicable test configuration (see subclause 4.8) using applicable reference measurement channel to the RIB , according to TS 38.141 [2], annex A.1.
8) Set the transmitter unit associated with the RIB under test to transmit in reference direction with the carrier set-up and power allocation according to the applicable test configuration(s) (see subclause 4.8).
9) Adjust the signal generators to the type of interfering signals, levels and the frequency offsets as specified for general test requirements in table 7.6.5.1.1-1 and, when applicable, for co-location test requirements in table 7.6.5.1.2-1.
10) The CW interfering signal shall be swept with a step size of 1 MHz within the specified range.
11) Measure the performance of the wanted signal at the receiver unit associated with the RIB, as defined in the subclause 7.6.5, for the relevant carriers specified by the test configuration in subclause 4.8.
In addition, for multi-band RIB, the following steps shall apply:
12) For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
[bookmark: _Toc527700350]7.6.4.2.3	BS type 2-O procedure for out-of-band blocking
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing the specified measurements.
1) Place NR BS and the test antenna(s) according to annex E2.4.1.
2) Align the NR BS and test antenna(s) according to the directions to be tested.  
3) Connect test antenna(s) to the measurement equipment as shown in annex E2.4.1.
4) Polarization match the impinging wanted signal to the supported NR BS element polarizations. The interferer signal polarization shall be mechanically aligned and fixed to the wanted signal polarization. If the test antenna does not cover both the wanted and interfering signal frequencies, separate test antennas for the wanted and interfering signal are required. 
5) Generate the wanted signal, according to the applicable test configuration (see subclause 4.7) using applicable reference measurement channel to the RIB, according to TS 38.104 [2], annex A.1.
6) Set the transmitter unit associated with the RIB under test to transmit in reference direction with the carrier set-up and power allocation according to the applicable test configuration(s) (see subclause 4.7).
7) Adjust the signal generators to the type of interfering signals, levels and the frequency offsets as specified for general test requirements in table 7.6.5.2.1-1.

The distance between the test object and test antenna injecting the interferer signal is adjusted over frequency to provide a uniform illumination of the test object.
8) The interfering signal shall be swept within the frequency range and step size specified in table 7.6.4.2.3-1.
9) Measure the performance of the wanted signal at the receiver unit associated with the RIB, as defined in the subclause 7.6.5, for the relevant carriers specified by the test configuration in subclause 4.7.
 Table 7.6.4.2.3-1: Interferer signal step size
	Frequency range
(MHz)
	Minimum supported BS channel bandwidth (MHz)
	Measurement 
step size
(MHz)

	30 to 6000
	50, 100, 200, 400
	1

	

6000 to 60000
	50
	15

	
	100 
	30

	
	200
	60

	
	400 
	60



[bookmark: _Toc494455429][bookmark: _Toc527700351]7.6.5	Test requirements
[bookmark: _Toc494455430][bookmark: _Toc527700352]7.6.5.1	Requirement for BS type 1-O
The test requirement consists of general and co-location requirements.
[bookmark: _Toc494455431][bookmark: _Toc527700353]7.6.5.1.1	General 
For OTA wanted and OTA interfering signals provided at the RIB using the parameters in table 7.6.5.1.1-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified in subclause 10.3.2 in TS 38.104 [1] for each BS channel bandwidth and further specified in Annex A.
For a multi-band RIB, the OTA out-of-band requirement shall apply for each supported operating band, with the exception that the in-band blocking frequency ranges of all supported operating bands according to subclause 7.4.2.2 in TS 38.104 [1] shall be excluded from the OTA out‑of‑band blocking requirement.
For BS type 1-O the OTA out-of-band blocking requirement apply from 30 MHz to FUL_low - ΔfOOB and from FUL_high + ΔfOOB up to 12750 MHz, including the downlink frequency range of the FDD operating band. The ΔfOOB for BS type 1-O is defined in table 7.5.2.5.2-0.
Table 7.6.5.1.1-1: OTA out-of-band blocking performance requirement
	Wanted signal mean power
(dBm)
	Interfering signal RMS field-strength
(V/m)
	Type of interfering signal

	EISminSENS + 6 dB
 (Note 1)
	0.36 V/m
	CW carrier

	NOTE 1: 	EISminSENS depends on the channel bandwidth as specified in TS 38.104 [2], subclause 10.2.1.
NOTE 2:   The RMS field-strength level in V/m is related to the interferer EIRP level at a distance described as [image: ], where EIRP is in W and r is in m; for example, 0.36 V/m is equivalent to 36 dBm at fixed distance of 30 m.
NOTE 3:   The test object shall be illuminated with a RMS field-strength level of at least 0.36 V/m. 



[bookmark: _Toc527700354]7.6.5.1.2	Co-location requirement
This additional OTA out-of-band blocking requirement may be applied for the protection of BS receivers when NR, E‑UTRA BS, UTRA BS, CDMA BS or GSM/EDGE BS operating in a different frequency band are co-located with a BS.
The requirement is a co-location requirement, the interferer power levels specified at the CLTA conducted input.
The interfering signal power is specified per polarization. 
For OTA wanted and OTA interfering signal provided at the RIB using the parameters in table 7.6.5.1.2-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified in subclause 10.3.2 in [1] for each BS channel bandwidth and further specified in annex A in TS 38.104 [1]. The characteristics of the interfering signal is further specified in annex D in TS 38.104 [1].
For BS type 1-O the OTA blocking requirement for co-location with BS in other frequency bands is applied for all operating bands for which co-location protection is provided.
Table 7.6.5.1.2-1: OTA blocking requirement for co-location with BS in other frequency bands
	Frequency range of interfering signal
	Wanted signal mean power (dBm)
	Interfering signal mean power for WA BS (dBm)
	Interfering signal mean power for MR BS (dBm)
	Interfering signal mean power for LA BS (dBm)
	Type of interfering signal

	Frequency range of co-located downlink operating band
	EISminSENS + 6 dB
 (Note 1)
	+46
	+38
	+24
	CW carrier

	NOTE 1:	EISminSENS depends on the BS class and on the BS channel bandwidth as specified in TS 38.104 [2], subclause 10.2.1.. 
NOTE 2:	The requirement does not apply when the interfering signal falls within any of the supported uplink operating band(s) or in the 10 MHz frequency range immediately outside any of the supported uplink operating band(s).
NOTE 3:   The specified interferer signal power level is applied to all supported CLTA input ports.


[bookmark: _Toc494455433]
[bookmark: _Toc527700355]7.6.5.2	Requirement for BS type 2-O	
The test requirement consists of general requirements.
[bookmark: _Toc527700356]7.6.5.2.1	General requirement
For OTA wanted and OTA interfering signals provided at the RIB using the parameters in table 7.6.5.2.1-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified in subclause 10.3.3 in TS 38.104 [2] for each BS channel bandwidth and further specified in annex A in TS 38.104 [2].
For BS type 2-O the OTA out-of-band blocking requirement apply from 30 MHz to FUL_low – ΔfOOB and from FUL_high + ΔfOOB up to min(2nd harmonic of the upper frequency edge of the operating band, 60 GHz). The ΔfOOB for BS type 2-O is defined in table 7.5.2.5.3-0.
Table 7.6.5.2.1-1: OTA out-of-band blocking performance requirement
	Frequency range of interfering signal
(MHz)
	Wanted signal mean power 
(dBm)
	Interferer RMS field-strength
(V/m)
	Type of interfering signal

	30 to 12750
	EISREFSENS_50M + 6 dB
	0.36
	CW

	12750 to FUL_low – ΔfOOB
	 EISREFSENS_50M + 6 dB 
	0.10
	CW

	FUL_high + ΔfOOB to min(2nd harmonic of the upper frequency edge of the operating band, 60000)
	 EISREFSENS_50M + 6 dB 
	0.10
	CW

	NOTE 1: EISREFSENS is given in TS 38.104 [2], subclause 10.3.3.
NOTE 2: The test object shall be illuminated with an interferer level of at least the specified value.
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