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Introduction
In the RAN#103 meeting, new WID for Rel-19 BS RF evolution has been approved and it’s expected to start the normative work from this April meeting. In last RAN4 meeting, we have some initial discussions on EIRP mask requirement for U6GHz and reached some consensus in [3]. In this contribution, we would like to share further views on the remaining issues for the expected EIRP mask requirement for 6425-7125MHz.
	· Issue 2-1: The applicability of band for the EIRP mask requirement 
Agreement: 
· The applicable band is n104 
· Further discuss the applicable freq range within band n104.
· Issue 2-2: The naming for this requirement
Agreement:  
· Use OTA spatial emission above horizon as stating point;
· Issue 2-3: New definition for vertical and horizontal for U6GHz EIRP mask
Agreement:  
· To use the following figure as stating point;
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· Issue 2-5: Release independent or not
Agreement:  
· Regardless the BS declared the supported release version, BS has to fulfill the regulatory requirement.
Open issues:  
· Issue 2-4: Which sub-clause to capture the requirement the requirement
·   Option 1: clause 9.2 for BS EIRP
·   Option 2: clause 9.7 for unwanted emission mask
·   Option 3: add new clause for EIRP emission mask
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2.1. General aspects for expected EIRP mask for U6GHz
In last RAN4 meeting, we have some initial discussion on the applicability of expected EIRP mask for U6GHz, it was agreed to apply for the band n104 only and not related with band n96 or band n102. Another question was raised whether the applicable frequency range should be restricted within 6425-7075MHz of band n104 due to the incumbent FSS service existing only at that spectrum. However according to the ITU-R RESOLUTION COM4/7 (WRC-23) , the regulatory requirement is defined for 6425-7125MHz. In addition, not only the protection for  FSS (Earth-to-space) should be considered, but also the coexistence between IMT and the fixed service should be considered. In other words, the expected EIRP mask requirement should be applicable for the whole frequency range of band n104.
	d) that studies have shown that co-channel coexistence between IMT and the fixed service 
can be achieved but would require site-by-site coordination if IMT and the fixed service are 
deployed in the same or adjacent geographical areas;
that, in order to ensure protection for the FSS (Earth-to-space), and taking into account 
considering d), the level of expected e.i.r.p. spectral density emitted by an IMT base station as a 
function of the vertical angle above the horizon shall not exceed the following values (No. 21.5 
does not apply)
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Figure 1. the illustration of coexistence RATs for U6GHz

Proposal 1: the expected EIRP mask requirement apply for whole frequency range of band n104.
Regarding the naming for this expected EIRP mask requirement, from our understanding, OTA spatial emission above horizon looks good to indicate both of the purpose of this requirement as restricting OTA spatial emissions and also indicate the spatial domain above the horizon. 
Proposal 2: use the OTA spatial emission above horizon as the name of the expected EIRP mask requirement. 

Regarding the new definition for vertical and horizontal for U6GHz EIRP mask, from our understanding, there would be at least the following coordinate system to be considered in RAN4;
1)  The declared coordinate system orientation (D.2) and its corresponding reference coordinate system captured in clause 4.14 of TS 38.141-2. 
2)  The coordinate system of test system;
3)  The coordinate system of RF requirement for vertical and horizontal domain. 
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Figure 2. the illustration of the required coordinate system for BS core requirement and conformance testing
As shown in the above figure, the coordinate system for U6GHz EIRP mask is different from the reference coordinate system as captured in TS 38.141-2 with the declared mechanical down-tilt. In addition, the  in the reference coordinate system is defined as positive along the down-tilt angle, while the  in the coordinate system for U6GHz is positive along the up-tilt angle according to the ITU-R regulatory requirements. 

Based on the above considerations, we propose to define the coordinate system for expected EIRP mask for U6GHz as following:
OTA spatial emission requirement over the horizon is defined in the elevation angle above the horizon towards the sky. To be able to meet the OTA spatial emission requirement over the horizon, the reference coordinate system for EEIRP is required. 
The coordinate system for OTA spatial emission over horizon is created of a Cartesian coordinate system with rectangular axis (x, y, z) and spherical angles () irrespective of BS mechanical down-tilt as showed in figure 4.xxx-1.
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Figure 3: Reference coordinate system for OTA spatial emission above horizon
is the angle in the x/y plane, between the x-axis and the projection of the radiating vector onto the x/y plane and is defined between -180° and +180°, inclusive.  is the angle between the projection of the vector in the x/y plane and the radiating vector and is defined between 0 and +90°, inclusive. Note that  is defined as positive along the up-tilt angle.
Proposal 3: define the reference coordinate system for OTA spatial emission over the horizon as following
The coordinate system for OTA spatial emission over horizon is created of a Cartesian coordinate system with rectangular axis (x, y, z) and spherical angles () irrespective of BS mechanical down-tilt as showed in figure 4.xxx-1.
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Figure 3: Reference coordinate system for OTA spatial emission above horizon
is the angle in the x/y plane, between the x-axis and the projection of the radiating vector onto the x/y plane and is defined between -180° and +180°, inclusive.  is the angle between the projection of the vector in the x/y plane and the radiating vector and is defined between 0 and +90°, inclusive. Note that  is defined as positive along the up-tilt angle.
2.2. Core requirement 
The expected EIRP mask requirement has been specified in Resolution COM4/7 (WRC-23), most relevant part with the core requirement of U6GHz BS EIRP mask is extracted as following:
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Figure 4. Illustration of horizontal (azimuth) angle, vertical (elevation) angle and beamforming directions
Proposal 4:
To ensure protection for the FSS (Earth-to-space), the Expected EIRP of NR BS operating in band n104 shall not exceed the limits in Table 9.9-1.
Table 99: Expected EIRP limits.
	Vertical angle range
θL ≤ θ < θH
(vertical angle θ above the horizon)
	Expected e.i.r.p.
 (dBm/MHz)


	0 ≤ θ < 5
	27

	5 ≤ θ < 10
	23

	10 ≤ θ < 15
	19

	15 ≤ θ < 20
	18

	20 ≤ θ < 30
	16

	30 ≤ θ < 60
	15

	60 ≤ θ ≤ 90
	15

	Note 1: The reference coordinate system for OTA spatial emission requirement is defined in clause 4. 10.
Note 2: The requirement is defined within specific vertical angle range above the horizon and over horizontal angles from −180° to +180 °.
Note 3: NR BS shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed



In addition, in last RAN4 meeting, there were some discussions where to capture the core requirement for OTA spatial emission requirements. From our understanding, Unwanted emissions consisting of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 might be not appropriate place to put this requirement since this clause is targeted for out of band emissions instead of within wanted carriers. In other words, to have new clause e.g. Clause 9.9 OTA spatial emission above the horizon should be one better structure for it. 
Proposal 5: have new clause 9.9 for OTA spatial emission above the horizon for band n104.
2.3. Effective EIRP calculation
Regarding the effective EIRP calculation, we need to discuss the following issues:
1) EIRP measurement grid for EEIRP calculation;
2) EEIRP calculation over the discrete spatial samples, the existing EEIRP profile is calculated from an integration over continuous average EIRP pattern which could be updated accordingly for discrete spatial samples.
2.3.1. Measurement grid size
Firstly, the reference angular step size shown as following is based on Rayleigh resolution for spatial domain to avoid the aliasing similar as Nyquist sampling in the time domain. For EIRP mask over different elevation bins, the purpose and principle should be considered to get the sufficient spatial information for the whole spatial EIRP mask. In other words, the legacy reference angular step approach could be reused for EIRP measurement over certain elevation bins without any aliasing problem and only focus on the upper hemispheres.
The reference angular steps  and  in degrees should be updated according to elevation bins firstly since the step size for elevation angle is 5 degree from 0 degree to 20 degree. 
	
	
or

	
There are also some potential concerns on the difference between main beam or sidelobe beams in nature, or peak direction misalignment between main beam or sidelobe/grating lobe beams. From our understanding, it’s not necessary to find out the peak directions for Rayleigh based measurement grid approach in the past. In other words, to reuse the legacy measurement grid for EIRP measurement above upper hemisphere space should be okay. 
Proposal 6: use the legacy measurement grid with updated maximum step size for elevation angle 0 to 20 degree at least for EIRP measurement on upper hemisphere or above the horizon, then use these measured spatial EIRP value to calculate the EEIRP mask. 
	
	
or

	

2.3.2. Effective EIRP calculation
The existing EEIRP profile is calculated from an integration over continuous average EIRP pattern shown as following:

As we mentioned in clause 2.3.1, to reuse the same measurement grid e.g. M sampling grid over azimuth plane and N sampling grid over the elevation plane (over the range of [0 to π/2]) and azimuth ϕ (over the range of [-π to π]), and with N and M points respectively, this average e.i.r.p. can be approximated to
  ,
where


Note: N sampling grid in elevation angle should be based on the whole elevation range instead of upper hemisphere. 
Therefore, the overall equation for EEIRP is 
  ,
where
	is the discrete elevation sampling angles between the elevation bins
 is the discrete azimuth sampling angles ranging from −180° to +180 °
	is the lowest elevation sampling angles within the  bounding range
	is the highest elevation sampling angles within the  bounding range

Proposal 7:
  ,
where
	is the discrete elevation sampling angles between the elevation bins
 is the discrete azimuth sampling angles ranging from −180° to +180 °
	is the lowest elevation sampling angles within the  bounding range
	is the highest elevation sampling angles within the  bounding range

2.4. Mechanical downtilt and beam declarations
In addition, in the ITU-R resolution requirements, the EEIRP mask requirement is applicable for any mechanical down-tilt which is also reasonable since NR BS deployed in different scenarios might be configured with different down-tilt. If NR BS is capable to be deployed in lots of different scenarios, then NR BS should fulfill the EEIRP mask requirement at any mechanical down-tilt. In short, the concept proposed in [3] seems more comprehensive solutions to consist of both coverage angular range and steering ranges for each mechanical down-tilt. 
Table 2.4-1: 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



Proposal 8: to consider the manufacture declarations in Table 2.4-1 for different mechanical down-tilt and its the corresponding coverage angular range. 
In addition, the direction for each test beam within certain CAR should be declared by vendors accordingly. In addition, the number of test beams of each CAR should be further discussed to ensure the measurement EEIRP mask with sufficient confidence interval e.g. 95%. Meanwhile the testing time for this EEIRP mask requirement should be considered as well in case of too long measurement time for the conformance testing of this EEIRP requirement. 
Conclusions
In this contribution, we shared some initial views on the EIRP mask requirement for band n104 and proposals are made as following: 
Proposal 1: the expected EIRP mask requirement apply for whole frequency range of band n104.
Proposal 2: use the OTA spatial emission above horizon as the name of the expected EIRP mask requirement. 
Proposal 3: define the reference coordinate system for OTA spatial emission over the horizon as following
The coordinate system for OTA spatial emission over horizon is created of a Cartesian coordinate system with rectangular axis (x, y, z) and spherical angles () irrespective of BS mechanical down-tilt as showed in figure 3.
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Figure 3: Reference coordinate system for OTA spatial emission above horizon
is the angle in the x/y plane, between the x-axis and the projection of the radiating vector onto the x/y plane and is defined between -180° and +180°, inclusive.  is the angle between the projection of the vector in the x/y plane and the radiating vector and is defined between 0 and +90°, inclusive. Note that  is defined as positive along the up-tilt angle.
Proposal 4:
To ensure protection for the FSS (Earth-to-space), the Expected EIRP of NR BS operating in band n104 shall not exceed the limits in Table 9.9-1.
Table 9.9-1: Expected EIRP limits.
	Vertical angle range
θL ≤ θ < θH
(vertical angle θ above the horizon)
	Expected e.i.r.p.
 (dBm/MHz)


	0 ≤ θ < 5
	27

	5 ≤ θ < 10
	23

	10 ≤ θ < 15
	19

	15 ≤ θ < 20
	18

	20 ≤ θ < 30
	16

	30 ≤ θ < 60
	15

	60 ≤ θ ≤ 90
	15

	Note 1: The reference coordinate system for OTA spatial emission requirement is defined in clause 4. 10.
Note 2: The requirement is defined within specific vertical angle range above the horizon and over horizontal angles from −180° to +180 °.
Note 3: NR BS shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed



In addition, in last RAN4 meeting, there were some discussions where to capture the core requirement for OTA spatial emission requirements. From our understanding, Unwanted emissions consisting of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 might be not appropriate place to put this requirement since this clause is targeted for out of band emissions instead of within wanted carriers. In other words, to have new clause e.g. Clause 9.9 OTA spatial emission above the horizon should be one better structure for it. 
Proposal 5: have new clause 9.9 for OTA spatial emission above the horizon for band n104.
Proposal 6: use the legacy measurement grid with updated maximum step size for elevation angle 0 to 20 degree at least for EIRP measurement on upper hemisphere or above the horizon, then use these measured spatial EIRP value to calculate the EEIRP mask. 
	
	
or

	
Proposal 7:
  ,
where
	is the discrete elevation sampling angles between the elevation bins
 is the discrete azimuth sampling angles ranging from −180° to +180 °
	is the lowest elevation sampling angles within the  bounding range
	is the highest elevation sampling angles within the  bounding range
Proposal 8: to consider the manufacture declarations in Table 2.4-1 for different mechanical down-tilt and its the corresponding coverage angular range. 
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Annex
4.10	The reference coordinate system for OTA spatial emission above horizon
OTA spatial emission requirement over the horizon is defined in the elevation angle above the horizon towards the sky. To be able to meet the OTA spatial emission requirement over the horizon, the reference coordinate system for EEIRP is required. 
The coordinate system for OTA spatial emission over horizon is created of a Cartesian coordinate system with rectangular axis (x, y, z) and spherical angles () irrespective of BS mechanical down-tilt as showed in figure 4.xxx-1.
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Figure 3: Reference coordinate system for OTA spatial emission above horizon
is the angle in the x/y plane, between the x-axis and the projection of the radiating vector onto the x/y plane and is defined between -180° and +180°, inclusive.  is the angle between the projection of the vector in the x/y plane and the radiating vector and is defined between 0 and +90°, inclusive. Note that  is defined as positive along the up-tilt angle.
9.9	OTA spatial emission above horizon
To ensure protection for the FSS (Earth-to-space), the Expected EIRP of NR BS operating in band n104 shall not exceed the limits in Table 9.9-1.
Table 99: Expected EIRP limits.
	Vertical angle range
θL ≤ θ < θH
(vertical angle θ above the horizon)
	Expected e.i.r.p.
 (dBm/MHz)


	0 ≤ θ < 5
	27

	5 ≤ θ < 10
	23

	10 ≤ θ < 15
	19

	15 ≤ θ < 20
	18

	20 ≤ θ < 30
	16

	30 ≤ θ < 60
	15

	60 ≤ θ ≤ 90
	15

	Note 1: The reference coordinate system for OTA spatial emission requirement is defined in clause 4. 10.
Note 2: The requirement is defined within specific vertical angle range above the horizon and over horizontal angles from −180° to +180 °.
Note 3: NR BS shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed
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