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In RAN#103 a new work item on BR BS RF requirement evolution for FR1/FR2 and testing has been approved in [1]. One of the objectives of the core part related to the expected EIRP mask for upper 6GHz is the following: 

	· Introduce the concept of “limits on expected EIRP for angles above horizon” into the RAN4 BS specifications and specify related BS requirement for 6425-7125 MHz based on the WRC-23 outcome.



In RAN4#110-bis, a WF was agreed in [2]. In this paper we share our preliminary view on the expected work within RAN4 to define the EIRP mask to control emissions above the horizon for an NR BS. 
2	Discussion   
2.1	Requirement applicability 
In [2], the following was agreed in the WF: 
	· 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.



ITU-R has studied the compatibility of IMT services with the fixed satellite service uplink (FSS UL) that uses the
frequency band of 6 425-7 125 MHz. Consequently, this band was identified in every ITU region with associated technical condition of limits on the expected EIRP spectral density of IMT base-stations for protecting Earth-to-space fixed satellite services (FSS) as in Resolution COM4/7 (WRC-23). To protect FSS UL within the band 6 425-7 125MHz, the EIRP mask requirement is expected to cover the full n104 band. In our view, it is not necessary to scope down the applicability of the EIRP mask requirement within band n104, since the regulatory requirement is addressed to the whole range of 6 425 – 7 125 MHz. 
In addition to the band applicability (i.e., FR1 band), RAN4 needs to decide on the BS types that need to comply with the EIRP mask. Given that this is an OTA requirement, NR AAS BS type 1-H and 1-O are the expected BS types that need to meet this requirement. BS type 1-C should as well comply but since the antenna is an external component to the BS in 3GPP specs, no need for RAN4 to define this requirement for BS type 1-C. 
Observation 1: BS type 1-H and BS type 1-O are the BS types that should comply to the expected EIRP mask requirement.
Proposal 1: RAN4 to consider the EIRP mask requirement applicable to the whole n104 (6 425 – 7 125MHz) band. 
2.2	Addition of new requirement in TS 38.104 
In [2], the following was discussed during RAN4#110-bis:
	· 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



The expected EIRP requirement is a special requirement since it is intended for in-band emissions however not for the wanted signal, but rather unwanted in-band emissions above the BS horizon. To alleviate any confusion and since it is expected that other EIRP masks might be developed in the future, our preference would be the addition of a new standalone clause for the EIRP mask requirement in Section 9 (i.e., Radiated Transmitter Requirements). 
Proposal 2: RAN4 to add a new clause in Section 9 (i.e., Radiated Transmitter Requirements) of TS 38.104 to include the EIRP mask requirement.
2.3	Technical aspects of the expected EIRP mask 
A visualization of the allowed EIRP emissions as a function of the vertical angle above the horizon    is shown in Figure 1. 
[image: ]
Figure 1 Expected EIRP mask as function of the vertical angle above the horizon
Additionally, the theoretical framework to evaluate the expected EIRP mask (i.e., )                      depends mainly on the following: 
1. Averaging over beamforming directions for a given vertical angle  and horizontal angle : for an AAS base station within a given horizontal and vertical steering range, a sufficient sampling of  beamforming directions (parameterized by ,)￼) is necessary to allow an accurate averaging of the expected EIRP. 
2. Averaging over horizontal and vertical angles: the expected EIRP is then calculated by averaging the results of step 1 over horizontal angles     from −π to +π with respect to the base station horizontal boresight, and vertical angles  within vertical angle measurement window      ≤    <       with respect to the horizon.
The amount of calculated EIRP emissions resulting from a given terrestrial BS would depend on the considered number of beamforming directions, the AAS configuration parameters (e.g., mechanical down tilting, number of elements, etc.), and the number of elevation bins (i.e., measurement window) on which the averaged emissions are calculated. As an example, let’s consider the case of total conducted power of an BS equals 43dBm per polarization with dual polarized elements, assuming 16x8 elements with 5.5 dBi elemental gain (i.e., BF and elemental gain equal 47.5 dBi) and 10 degrees mechanical down-tilt. Figure 1 shows the emissions above the horizon for different electrical steering configurations, namely, 10 degrees below the horizon, no electrical steering, and 10 degrees above the horizon. It can be seen the impact of the electrical steering on the emissions. To comply with the regulatory mask, special considerations need to be considered at the BS to lower its emissions. An example of measures to reduce the emissions in the unintended direction is the beam-dependent power back-off and beam weight tapering. Note that such techniques carry an additional cost, for example, the power back-off might lead to coverage challenges whereas the beam tapering might lead to EIRP loss in the main lobe direction. Accordingly, it is important to understand and analyse the impact of such parameters within RAN4 at an early stage of the work item phase. 
Proposal 3: Prior to specifying the conformance procedures and requirements of how to capture the EIRP mask, RAN4 to study the impact of different parameters (e.g., number of beamforming directions, number of elevation bins, etc.) that constitutes the evaluation of the average EIRP mask as a function of the elevation angle. 


[image: ]
Figure 2 Emissions as a function of elevation angles for different electrical steering angles
2.4	EIRP mask test aspects 
Several parameters and aspects need to be considered when developing the conformance testing and procedures for the expected EIRP mask requirement. Among those aspects are the beamforming direction, angular bin sizes (for both elevation and azimuth), mechanical down-tilting, etc. Some of those aspects might be standardized or declared by the manufacturer. It is expected that RAN4 will decide about the main components of the evaluation methodology of the expected EIRP mask and how will they be treated in the conformance spec. 
Proposal 4: RAN4 to discuss the impact of the expected EIRP evaluation framework on the test accuracy and complexity. 
It is expected that the conformance aspects of the expected EIRP requirement would follow the OTA conformance framework given in TS 38.141-2. However, there are added new components that needs to be considered when defining conformance and testing procedures. The expected EIRP is evaluated assuming  beamforming directions. Those beamforming directions can be either declared or set via an entity besides the BS under test, termed, link establishment node, at which the EIRP is measured at every angular configuration. The advantage of the link establishment node approach is the reduced complexity since the link established node and BS under test rotate around their axes to mimic potential locations above the horizon that the EIRP mask should be evaluated at. 
Proposal 5: RAN4 to discuss how to ensure that the expected EIRP is accurately evaluated at each given direction of the N beamforming directions assumed.    
3	Summary 
In this paper, we have shared our initial views on the expected EIRP mask development for upper 6GHz NR BS where we propose the following:
Observation 1: BS type 1-H and BS type 1-O are the BS types that should comply to the expected EIRP mask requirement.
Proposal 1: RAN4 to consider the EIRP mask requirement applicable to the whole n104 (6 425 – 7 125MHz) band. 
Proposal 2: RAN4 to add a new clause in Section 9 (i.e., Radiated Transmitter Requirements) of TS 38.104 to include the EIRP mask requirement.
Proposal 3: Prior to specifying the conformance procedures and requirements of how to capture the EIRP mask, RAN4 to study the impact of different parameters (e.g., number of beamforming directions, number of elevation bins, etc.) that constitutes the evaluation of the average EIRP mask as a function of the elevation angle. 
Proposal 4: RAN4 to discuss the impact of the expected EIRP evaluation framework on the test accuracy and complexity. 
Proposal 5: RAN4 to discuss how to ensure that the expected EIRP is accurately evaluated at each given direction of the N beamforming directions assumed.    
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