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1. Introduction
At the RAN plenary meeting (RAN#103 in Maastricht) it was decided [1] to start a Work Item (WI) for BS RF requirement evolution (NR_BS_RF_req_evo). Part of the WI objectives is work related to the introduction of a new requirement for AAS BS to protect FSS UL service within the frequency band 6425 to 7125 MHz. The proposal to develop a new requirement for band n104 was part of the BS RF Rel-19 package [3]. The background for this new requirement comes from the WRC-23 final act [2] where a new condition was adopted for IMT base stations to protect FSS UL sharing spectrum in a co-channel situation. 
In this contribution we present an overview of the background for the technical condition from ITU-R and how a new requirement in 3GPP RAN4 BS RF specifications can be introduced.

2. Discussion
The introduction of a new requirement has been initiated to clarify the requirement concept and establish a global harmonized standard for the corresponding conformance test. The discussion is divided into multiple parts focusing on technical background, aspects related to BS RF core specification and aspects related to conformance test specification.
 
2.1 Background
As an outcome of ITU-R sharing studies protection of FSS UL will be required when IMT networks are introduced in the frequency range 6425 to 7125 MHz. A new condition based on expected EIRP above the horizon have been adopted by ITU-R.
The new condition will have impact on the design of the AAS BS with respect to baseband algorithms via the steering capability, radio hardware via the transmitter power capability and antenna hardware via the array geometry. Therefore, it would be appropriate to develop and standardize a BS RF core requirement and corresponding conformance test requirements, including test methods for AAS BS.  
The intention with the requirement is to set a limit on the aggregated power at the victim receiver at the satellite from IMT networks on the ground. The requirement will be defined per base station on power radiated above the horizon. 
When it is introduced in 3GPP RAN4 NR BS specifications it will be handled as a regulatory BS RF requirement applicable for AAS BS supporting band n104.
The NR BS RF specifications to be impacted of this requirement are:
-	NR; Base Station (BS) radio transmission and reception, TS 38.104
-	NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing, TS 38.141-2
In the ITU-R discussion ideas related to how to measure expected EIRP mask to show conformance to the specified mask emerged. A test concept with a set of test beams was considered. The idea with this concept was to mimic normal operation in a RAN4 test environment. 


2.2 Requirement definition
In ITU-R a new condition for the frequency range 6425 to 7125 MHz was adopted at WRC-23 for protection of FSS UL during co-channel spectrum sharing situations. The new condition is defined as an elevation mask based on a new parameter referred to as expected EIRP (EEIRP) spectral density level. The maximum allowed EEIRP level for a BS as function of the vertical angle above the horizon (aka. the elevation angle defined as the vertical angle from the horizon to a certain angle above the horizon) shall not exceed the values listed in Table 2.2-1.
Table 2.2-1: Maximum allowed EEIRP level as function of elevation angular range
	Elevation angular ranges

(Degrees)
	EEIRP
(dBm/MHz)


	0<q<5
	27

	5<q<10
	23

	10<q<15
	19

	15<q<20
	18

	20<q<30
	16

	30<q<60
	15

	60<q<90
	15



The table above will create the core of the new requirement for protection of FSS UL and should be captured in the NR BS RF core specification (TS 38.104). There are two approaches relevant for the location to place this new requirement is in the specification structure: As a new subclause in the section for radiated transmitter characteristics in clause 9 or in a new clause.
Observation 1: RAN4 need to find a proper location in the TS 38.104 specification structure for the new requirement.
In the current specification, requirements are named based on the purpose of the requirement, rather than named after the parameter used for the requirement. This new requirement would limit the unwanted emission radiated above the horizon. To avoid confusion with regular unwanted emission requirement it is preferable to avoid using “unwanted emission” in the name. A candidate for the name is “OTA spatial emission above horizon”. 
Observation 2: The new requirement needs a name for the heading in RAN4 specifications. To avoid confusion the name for the new requirement need to differentiate from regular unwanted emissions used by current specifications and regulatory documents. Following RAN4 conventions, a candidate name to consider is “OTA spatial emission above horizon”.    
Proposal 1: Refer to the new requirement as “OTA spatial emission above horizon”.
The new requirement is based on a requirement profile using a new parameter called EEIRP. The EEIRP profile is constituted by  values creating a profile covering  elevation angular regions. In RAN4 BS RF specifications terminology required for the new requirement is required in TS 38.104, clause 3. The parameter EEIRP can be defined in words as: 
Expected EIRP or EEIRP: The expected EIRP is defined as the average of the average EIRP radiated above the horizon over horizontal angles between -180o to 180o within specified vertical elevation ranges.
The EEIRP profile is defined with respect to the elevation angle, where  equal to 0 degrees refers to the angle towards the horizon and 90 degrees refers to an angle straight up into the sky. For this requirement RAN4 need to define the elevation angle according to conventions used in ITU-R. 
For the technical background to be captured in a new technical report (TR 38.9xx) the EEIRP profile is related to the upper hemi-sphere two dimensional average EIRP pattern as:

 , where  denotes the average 3-D EIRP spectral density pattern and  is the elevation angular range,  is the number of elevation ranges,  is the elevation angle and  is the horizontal angle. 
It is worth to note that the relation to TRP is obvious in the case where only one vertical range is considered (where the elevation angle range is defined as  is equal to -90 degrees and  is equal to 90 degrees). In this case EEIRP is equal to TRP.
Observation 3: RAN4 need to define a parameter for the elevation angle used by the requirement profile. 
Observation 4: RAN4 need to define descriptive text for “Expected EIRP” to be added in terminology section. 
In the NR BS RF core specification, requirements for different types of base stations can be found. The NR specification support four different BS types: 1-C for BS using passive antennas, 1-H, 1-O and 2-O for AAS BS. 
The ITU-R condition is only defined for the frequency range 6425 to 7125 MHz which overlap NR band n104. The new requirement is only applicable for band n104 within FR1. 
Observation 5: The requirement defined from the condition from WRC-23 is only applicable for NR band n104.
The EEIRP limits will directly limit the power generated above the horizon towards the sky and will restrict the AAS BS implementation with respect to maximum supported EIRP towards UEs within the angular coverage range, antenna array geometry and coverage range capability.
Hence the new requirements will only be applicable for NR AAS BS type 1-H and 1-O. In the case of BS type 1-C, the requirement still applies, but since the antenna is not included in the scope of 3GPP specifications, a conformance test cannot be defined for BS type 1-C. The EEIRP limit will indirectly set a limit on the power capability of the base station or the properties of fixed beam antennas. 
Observation 6: The requirement is applicable for AAS BS type 1-H and BS type 1-O.
Proposal 2: RAN4 need to include the EEIRP limits from ITU-R in the BS RF core specification together with required terminology and definitions. 

2.3 Conformance test aspects
In this section further details relevant for the conformance test specification (TS 38.141-2) is presented with the intention to stimulate the discussion related to conformance testing and how to include relevant information in the conformance test specification. 

2.3.1 BS RF test approach
In the BS RF conformance test specification (TS 38.141-2) RAN4 have adopted an approach to use a baseband with limited functionality based on pre-defined test signals (aka. test models). The beamforming weight vectors are proprietary and determined by manufacturer declarations of beamforming direction. Hence, no support for testing the BS during true normal operation in a controlled fading environment is possible with the current approach adopted by RAN4. 
During the test the AAS base station is configured with a test baseband functionality that will use the test models and apply beam forming weight vector, as shown in Figure 2.3-1. With the beamforming weight vector test beams will be generated according to requirement definitions in TS 38.141-2. 
The test is conducted in a Line-of-Sight (LOS) environment without feedback from the measurement receiver (UE). Unlike for UE conformance testing, the BS Down-link and Up-link is tested separately with no dependencies.

[image: ]
Figure 2.3-1: Down-link test object configuration
To represent normal operation the base station manufacturer declares the angular range intended for normal operation. This declaration will depend on intended deployment scenario. This would mean that if a specific base station implementation is intended for multiple deployment scenarios, e.g., rural, sub-urban and urban multiple declarations may be needed.
The concept of static test beams allows for conformance testing in conventional antenna test ranges using standard test equipment (network analyser, signal generator, spectrum analyser, etc.). 

2.3.2 EEIRP mask test concept
The conformance test will be created around a concept of using test beams within a declared coverage angular range (CAR). The CAR is the angular range along vertical and horizontal axis for which the base station is intended to provide coverage within.
For the conformance test of the EEIRP profile multiple test beam with difference directions is required to establish the average EIRP pattern corresponding to normal operation. For this purpose,  different test beam with different beam directions distributed within the declared CAR for which the base station is intended to operate within is required. 
The intention with the test beams is to excite the array antenna is such a way that the array side-lobe suppression characteristics is captured. For an array antenna with sparse element separation in the vertical domain using sub-arrays, side lobe response and eventual grating lobe response will be captured. 
The conformance test required to show compliance to the maximum allowed EEIRP limit needs to be developed by RAN4. To show conformance to the maximum allowed EEIRP limits a large number of measured 3-D EIRP patterns for different array excitations will be needed. It is essential that the array excitations would stress the AAS base station implementation to produce radiated power above horizon, hence condition where maximum EIRP within the intended coverage range should be considered. Since the RAN4 concept of conformance testing is built around pre-defined test signals (test models and fixed refence channels) normal operation in fading environment capturing true layer-1 operation cannot be captured by the conformance test in RAN4 for AAS base stations. 
To facilitate EEIRP mask conformance testing in RAN4, the concept of test beams is adopted. The test beams will be distributed within the declared CAR. For each test beam, the 3-D EIRP pattern in the upper hemisphere is measured. Based on measured EIRP patterns the EEIRP profile can be calculated as the output from a multistage averaging process. 
Multiple CARs can be declared for a base station supporting multiple deployment scenarios to map towards different scenarios with different UE distributions. Eventually, for each declared CAR different beam power profiles are utilized to optimize coverage while meeting the EEIRP profile above the horizon.  
The meaning of CAR is essential for the EEIRP test requirement. In the terminology section (clause 3 of TS 38.141-2), a definition of CAR is needed. For the purpose of EEIRP requirement the CAR can be defined as:
Coverage Angular Range: The coverage angular range is a set of directions describing the intended angular operation range for which the expected EIRP requirement met. 
RAN4 need to decide on naming conventions for the manufacturer declarations. Eventually, some declarations can be re-used from previous requirements.
For each test beam, the BS manufacturer declares the peak EIRP and direction as q and j angle pair.
For a solid test requirement, the details related to placement of the beam directions and weighting factors need to be captured in the specification. The location and distribution of beam directions will affect the averaging process significantly. RAN4 needs to define how many beam directions will be needed and how to distribute them. 
Observation 7: Since the conformance test concept adopted in RAN4 currently not capture operation in fading environment manufacturer declarations will be needed to derive the angular coverage range. This means that the declaration and deployment scenarios are tied together. 
The CAR is declared by the base station manufacturer using the angles listed in Table 2.3.2-1. 
Table 2.3.2-1: CAR declarations
	Parameter
	Description

	qmin
	Minimum angle along q axis

	qmax
	Maximum angle along q axis

	jmin
	Minimum angle along j axis

	jmax
	Maximum angle along j axis



The CAR can be visualized as a rectangular area in the q/j plane as shown in Figure 2.3.2-1 as a green rectangle. 
For a typical wide area base station intended for 3-sector rural deployments values listed in Table 2.3.2-2 is reasonable.
Table 2.3.2-2: Typical values
	Parameter
	Values
(degrees)

	qmin
	0

	qmax
	12

	jmin
	-60

	jmax
	60



For other deployment scenarios (e.g., for wide area base station operating in an urban deployment scenario) other values may be declared. 
[image: ]
Figure 2.3.2-1: Coverage angular range
The test beams will be located within the declared CAR. The number of test beams  and the location within the q/j plane will impact the measured EEIRP profile. In the background information relevant for the condition ITU-R stipulates that the beam directions should be distributed uniformly within the CAR. To adjust for beams located at the edge of the CAR a beam weight factor has been introduced.
The average EIRP pattern is calculated from  EIRP patterns as:

, where  is a beam weighting factor and  is the EIRP pattern per measured test beam. 
Beam weight factor: The weight for the k-th test beam direction, i.e., the fraction of the coverage angular range represented by the k-th test beam. 
For example,  in the case that  uniform equal spaced test beams are assumed in azimuth and elevation, respectively, and where each beam covers an equal range of angles (e.g., equal area in q/j plane). The weight factor is required to account for test beam coverage for test beams located on the edge of the CAR, non-uniform distribution or allowing for fewer test beams to be considered as show in following examples. 
Eventually, the maximum peak EIRP difference between declared beam needs to be limited to a certain value (e.g., 10 dB). Without a cap on the maximum difference, fake beams can be declared during testing that will produce incorrect measured EEIRP levels. 
In the conformance specification a reference to the BS RF core specification will be used for the requirement profile. Since, this is a regulatory requirement the test tolerance will be set to zero. Hence, the BS RF requirement profile and conformance test profile will be equivalent. 
Observation 8: RAN4 need to define test beam set(s) that guarantees acceptable measurement uncertainty. 
Proposal 3: RAN4 should define a concept where the test beam directions are related to the declared Coverage Angular Range (CAR) and the number of test beam directions are specified.

2.3.3 Manufacturer declarations
The EEIRP requirement and corresponding test method depends on manufacturer declarations describing the AAS BS capability in terms of supporting different deployment scenarios. Typically, a single base station implementation supports multiple deployment scenarios. The specific deployment scenario is configured when the base station deployed in the network for the first time. 
In Figure 2.3.3-1, an example of manufacturer declarations for a base station capable of supporting Q different CAR are listed. For each declared CAR, the base station needs to meet the EEIRP mask.  
Table 2.3.3-1: Manufacturer declarations
	CAR ID
	Parameter
	Description
	Example values

	

1
	qmin
	Minimum angle along q axis
	0 degrees

	
	qmax
	Maximum angle along q axis
	6 degrees

	
	jmin
	Minimum angle along j axis
	-60 degrees

	
	jmax
	Maximum angle along j axis
	60 degrees

	
	
	Test beam power back-off
	0, 0, 0, 0, 0, 0, 0, 0, 0 dB

	

2
	qmin
	Minimum angle along q axis
	0 degrees

	
	qmax
	Maximum angle along q axis
	12 degrees

	
	jmin
	Minimum angle along j axis
	-60 degrees

	
	jmax
	Maximum angle along j axis
	60 degrees

	
	
	Test beam power back-off
	0, 0, 0, 0, 0, 0, 0, 0, 0 dB

	


	


	


	



	

Q
	qmin
	Minimum angle along q axis
	0 degrees

	
	qmax
	Maximum angle along q axis
	15 degrees

	
	jmin
	Minimum angle along j axis
	-60 degrees

	
	jmax
	Maximum angle along j axis
	60 degrees

	
	
	Test beam power back-off
	2, 2, 2, 2, 2, 2, 2, 2, 2 dB



The EIRP beam power back-off  is defined as the difference between maximum declared EIRP (declaration part of radiated transmit power) and specific k-th test beam. This parameter allows for extending the CAR, while meeting the mask by reducing the power for beams with large vertical down-tilt angles. 
If the base station is equipped with a mechanical bracket that allow for have different mechanical tilt settings at deployment, it is reasonable to declare multiple CAR to be able to optimize power utilization and coverage. The relation between mechanical tilt and configured CAR should be documented in the product operation manual.
In addition, also the physical size of the antenna array should be declared by the base station manufacturer. The size is needed to determine the maximum allowed spatial sampling grid for EIRP pattern measurements.  
Observation 9: RAN4 need to establish format and structure for relevant declarations related to coverage angular range.

2.3.4 Method of test
The information is this section is captured in TS 38.141-2 for each requirement. It gives detailed information about test object configuration and test scope.

2.3.4.1 Initial conditions
In this section information related to initial conditions, test object configuration and test object placement is captured. 
The test environment: Normal condition, see TS 38.141-2, Annex B.2.
RF channels to be tested for single carrier: T; see TS 38.141-2, subclause 4.9.1. It is not necessary to test Bottom, Middle and Top frequency. Top frequency is enough since the highest supported frequency sets strictest design constraints. 
Base station RF bandwidth positions to be tested for multi-carrier and/or carrier aggregation (CA):
· BRFBW, MRFBW, TRFBW in single band operation; see TS 38.141-2, subclause 4.9.1.
· BRFBW_T’RFBW and B’RFBW_TRFBW in multi-band operation; see TS 38.141-2, subclause 4.9.1.
The test object is located on the positioner with mechanical tilt set to 0 degrees. 
Since this requirement is capturing power transmitted towards the sky. It is essential that the test object is mounted on the positioner such that blocking effects due to the positioner is minimized. For regular antenna pattern measurements typically, the focus is on the horizontal angle and then we often see blocking effects in along vertical angle.
For this requirement the same test model as for radiated transmit power should be used.

2.3.4.2 Procedure
The following high level test procedure describes essential steps required to measure a EEIRP profile.
1. Place the test object at the positioner, such that blocking effect in the vertical domain is minimized. 

2. Align the manufacturer declared coordinate system orientation (D.2) of the test object with the coordinate system used by the test system.

3. Configure the test object according to applicable test configuration in TS 38.141-2, subclause 4.8 using the corresponding test model described in TS 38.141-2, subclause 4.9.2.

4. Set the positioner at location for measurement point  for  and .

5. Enable test beam   for .

6. Measure , where p1 and p2 denotes two orthogonal polarizations.

7. Repeat step 5 and 6 for all  test beams.

8. Repeat step 4, 5, 6 and 7 for all  and  positioner locations.

9. Calculate  profile from measured  patterns as described in section 2.3.5.3.
Observation 10: RAN4 need to describe the test procedure part of initial conditions.




2.3.5 Measurement
Traditionally, the measurement can be divided into two different stages: Test range calibration and measurement. For an expected EIRP measurement a third stage is introduced. 
1. Test range calibration
2. EIRP pattern measurement
3. Post processing
The post-processing stage is required for some test methods, e.g., TRP test methods which are based on spatial EIRP samples. For EEIRP, the post processing stage will be even more complex which would lead to that a new Annex would be required in the conformance test specification for the technical background information. 

2.3.5.1 Test range calibration
In the calibration stage the antenna test range transmission loss is characterized with the intention to minimize error sources related to test setup. A common approach used is the substitution method, where a reference antenna with known antenna gain is used to determine the transmission loss in the test range. 
In addition, the measurement uncertainty can be improved by calibrating the absolute power measurement uncertainty of the measurement receiver (spectrum analyzer with fairly high absolute power measurement uncertainty) using a power meter (with very low measurement uncertainty). A detailed description of suitable test ranges and corresponding calibration procedures can be found in TR 37.941. 

2.3.5.2 EIRP pattern measurement
For each test beam, the EIRP pattern above the horizon (in the upper hemi-sphere) is measured for horizontal angles within the range  degrees and elevation angles within the range   degrees.
The discrete EIRP pattern  measured per test beam using a specific sampling grid with a specific sampling grid resolution. For the reference test method described in this document a uniform sampling grid is considered. Considering practical measurement aspects, such as test complexity and test time the EIRP pattern per test beam is measured for a set of discrete spatial angles , where  and . 
The EIRP pattern measurement stage and corresponding details on maximum allowed sampling resolution needs to be documented in an Annex in TS 38.141-2. 
Observation 11: RAN4 need to describe the required radiation pattern resolution that is required per test beam.  

2.3.5.3 Post processing
In technical background information from ITU-R [2] the EEIRP profile is calculated from an integration over continues average EIRP patten. From a testing perspective, the averaging process should be described as an average over discrete spatial samples.  
The EEIRP profile can be extracted from measured EIRP spectral density radiation patterns described in section 2.3.5.2 by applying multiple stage of averaging processes.  
In the first stage the average EIRP radiation pattern over  test beams are calculated as:

, where is the EIRP spectral density radiation pattern measured for the k-th test beam and  refers to the weight factor for the k-th beamforming direction, i.e., the fraction of the steering range represented by the k-th beamforming direction (see detailed description in section 2.3.2).
In the second average stage the EEIRP level for the i-th elevation range is calculated as:

, where  is the vertical sample index for the angle  and  is the horizontal sample index for the angle  for .
The post-processing stage with details description of the averaging calculations should be captured in a dedicated Annex in TS 38.141-2.
Proposal 4: RAN4 need to describe the post-processing calculation in discrete form in the conformance test specification.

2.3.6 Measurement uncertainty evaluation
RAN4 needs to evaluate the Measurement Uncertainty (MU) for the reference test method described in this document. The measurement uncertainty for related to a measurement of EEIRP would depend on some new factors never being considered by RAN4 before such as:
· The MU impact due to limited measurement receiver dynamic range.
· The MU impact due to limited number of used test beam directions.
· The MU impact due to selected distribution of test beam directions and usage of the beam weight factor.
· The MU impact due to the selected EIRP patten spatial sampling resolution.
· The MU impact due to the absolute power measurement uncertainty determined by the calibration process.
· The MU impact due to positioner blocking effects in the vertical domain. 
The measurement uncertainty evaluation background will be captured in a new Technical Report (TR).
Due to the complexity and dependence to manufacturer declaration the measurement uncertainty evaluation needs to be performed per vertical angular range over the profile. 
Since the requirement on EERIP is a regulatory requirement, the test tolerance defined in RAN4 will not allow for relaxation with respect to the core requirement. Hence, the measurement uncertainty needs to be accounted for in the design. This would mean that a large measurement uncertainty would directly relate to fulfilling a stricter EEIRP level. 
Observation 12: RAN4 need to evaluate the measurement uncertainty for EEIRP and capture the outcome in TR 37.941.


















3. Conclusion
In this contribution we present an overview of the new requirement required to protect FSS UL within band n104 and aspects to consider when the requirement is included in RAN4 BS specifications. 

Based on the information in this contribution we have observed following: 
Observation 1: RAN4 need to find a proper location in the TS 38.104 specification structure for the new requirement.
Observation 2: The new requirement needs a name for the heading in RAN4 specifications. To avoid confusion the name for the new requirement need to differentiate from regular unwanted emissions used by current specifications and regulatory documents. Following RAN4 conventions, a candidate name to consider is “OTA spatial emission above horizon”.    
Observation 3: RAN4 need to define a parameter for the elevation angle used by the requirement profile. 
Observation 4: RAN4 need to define descriptive text for “Expected EIRP” to be added in terminology section. 
Observation 5: The requirement defined from the condition from WRC-23 is only applicable for NR band n104.
Observation 6: The requirement is applicable for AAS BS type 1-H and BS type 1-O. 
Observation 7: Since the conformance test concept adopted in RAN4 currently not capture operation in fading environment manufacturer declarations will be needed to derive the angular coverage range. This means that the declaration and deployment scenarios are tied together. 
Observation 8: RAN4 need to define test beam set(s) that guarantees acceptable measurement uncertainty. 
Observation 9: RAN4 need to establish format and structure for relevant declarations related to coverage angular range.
Observation 10: RAN4 need to describe the test procedure part of initial conditions.
Observation 11: RAN4 need to describe the required radiation pattern resolution that is required per test beam.  
Observation 12: RAN4 need to evaluate the measurement uncertainty for EEIRP and capture the outcome in TR 37.941.

To further progress the work, we propose following:
Proposal 1: Refer to the new requirement as “OTA spatial emission above horizon”.
Proposal 2: RAN4 need to include the EEIRP limits from ITU-R in the BS RF core specification together with required terminology and definitions. 
[bookmark: _Hlk163030651]Proposal 3: RAN4 should define a concept where the test beam directions are related to the declared Coverage Angular Range (CAR) and the number of test beam directions are specified. 
Proposal 4: RAN4 need to describe the post-processing calculation in discrete form in the conformance test specification.
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