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1. Introduction
Reaching the end of Rel-18, RAN4 needs to consider the scope for Rel-19 to drive BS RF requirement evolution. Since the introduction of AAS in Rel-13 (MSR AAS) and Rel-15 (NR) the complexity of massive MIMO capable base stations has increased significantly. Support for higher frequencies have been added and larger antennas arrays with complex structures are used, which needs to be reflected in RAN4 simulation assumptions. To allow simultaneous operation of two different radio systems (IMT and FSS) on the same frequency a new type of requirement will be needed. In relation to ITU-R discussion two areas related to BS RF aspects in RAN4 to be considered to include into Rel-19 have been identified. 
In this contribution we present two work packages for BS RF requirement evaluation to be included within RAN4 Rel-19 schedule. 

2. Discussion
Based mostly on discussion ongoing in other groups (ITU-R WP 5D and ECC PT1) we have identified two areas where RAN4 need to conduct evolution of BS RF aspects. The work is divided into two separate work packages to be executed within the timeframe of Rel-19. 

2.1 WP1: Protection of FSS UL
A new type of spatial EIRP requirement, expected EIRP as function of elevation angle above the horizon has been proposed for BS to allow simultaneous operation co-channel for IMT networks and Fixed Satellite Service (FSS) uplink in the 6425 to 7125 MHz band as described in [2, 3, 5 and page 109 to 110 in 6]. The technical conditions will be finalized at ITU World Radiocommunication Conference 2023 (WRC-23) during the period 20 November to 15 December 2023. To harmonize the conformance testing of such requirement, RAN4 need to study how to capture the requirement in BS RF core specification and conformance test specification. Details related to applicable test methods and corresponding measurement uncertainty evaluation needs to be established.
Spectrum is a limited resource and in bands where we need to coexist with satellite receivers where terrestrial IMT networks needs to coexist with Fixed Satellite Service (FSS) uplink, AAS base station emissions above the horizon can have an impact on the satellite services. There is a need to define spatial EIRP requirements for a single base station so that the aggregated interference at the satellite receiver is below the required limit. While a conventional requirement on TRP is simple, it is limiting especially for high power base stations for macro network deployments as it limits the power towards the UEs below the horizon. 
A new metric called expected (i.e., average) EIRP has been proposed for the 6425 to 7125 MHz band in ITU-R to define the technical conditions. While similar to TRP, this metric calculates the mathematical expectation (i.e., average) EIRP over different elevation angle ranges above the horizon and beam directions, i.e., similar to a quasi-TRP with more granularity above the horizon. 
The expected EIRP requirement will be defined as a vertical spatial mask as visualised in Figure 2.1-1.
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Figure 2-1: Expected EIRP requirement limit
Compared to other proposals (TRP and peak envelope EIRP mask), expected EIRP as condition would allow for better coverage and design flexibility, while protection of FSS UL can be achieved. 
The expected EIRP is defined by two averaging stages (average over beam directions and average over horizontal angles) as:


, where wn refer to the weight for the n-th beamforming direction, Pn(q,j) is the EIRP pattern for the n-th beamforming direction and the vertical angle measurement window is defined by qL<q<qH. More information related to the details of the definition can be found in [7].
Introducing a requirement based on expected EIRP has implications on standardization (BS RF core and conformance testing including vendor declarations) and how operators configure (e.g., mechanical tilt) the base stations in networks.
The work related to RAN4 can be summarized as:
1. The expected EIRP is the merit used by the requirement (e.g., similar as EIRP and TRP used for other requirements). This new requirement requires a new entry in the specifications and therefore we need a name/heading for the requirement.
2. The requirement will be applicable for band n104 and BS type 1-H and BS type 1-O.
3. For conformance testing define necessary manufacturer declarations. 
a. Number of beams, N and specific details on corresponding beam direction angles.
b. Placement of beam directions within the OTA coverage range and find relations to beam probability factor wn defined in the beam averaging stage.
4. Describe an OTA test environment, including test setup, test range and calibration procedures.
5. Define initial conditions (Test environment, RF channels, RF bandwidth positions for MB and CA).
6. Define test configurations.
7. Define criteria for maximum spatial EIRP sampling resolution. 
8. Defining post processing stages (average over beams, average over horizontal angles and average within bins) required to calculate the expected EIRP mask based on spatial measured discrete EIRP samples.
9. Conduct measurement uncertainty evaluation.
Some of the conformance aspects to be defined by RAN4 is visualised in Figure 2-2. The expected EIRP profile is visualised together with EIRP measurement grid, additional beam directions and 3GPP OTA coverage range. 
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Figure 2-2: Conformance test aspects
The post processing stages, and corresponding information needs to be captured a normative annex in RAN4 BS RF conformance test specification in similar manner as for test methods related to measuring BS output power TRP and unwanted emission TRP.
Based on the decision that WRC-23 will adopt the expected EIRP mask condition, the proposed work package will prepare RAN4 for a request from regulators to include the requirement in BS RF core specification (TS 38.104) and BS conformance test specification (TS 38.141-2). The concept as such for conformance is general and could be adopted to other spectrum situations as appropriate, while the RF core requirement is unique for a specific spectrum situation. Conformance test aspects is not discussed in ITU-R. It would be beneficial for the industry if RAN4 develops a harmonized conformance specification that can be used for situations where such requirements will be applicable. 
This work may well be useful for other spectrum in the future, and it is of importance for 3GPP to be prepared with a measurement solution.

2.2 WP2: Consolidation of AAS BS simulation assumptions
In the ITU-R WP 5D work measured antenna patterns have been presented by multiple BS manufacturers. The conclusion was that the modelled pattern based on old information from RAN4 didn’t match measured pattern from base stations deployed in networks. To model the base stations in a reasonable fashion an array antenna model extension was provide by RAN4 in a LS to ITU-R [4] to address this concern. The model extension added the possibility to model sub-array structures properly and is currently being used by ITU-R/ CEPT for various sharing studies. 
Within the various reports in 3GPP, it has also been noticed that antenna parameters used does not really reflect antennas used for implementations. Currently, the AAS BS antenna parameters are described in many different technical reports in a non-consistent manner with the simulation assumptions related to modelling an AAS BS antennas is scattered in many technical reports in RAN1 and RAN4. 
In currently used technical reports (TR 37.840, TR 38.803, TR 38.820 to mention few) the antenna parameters have many times been selected in a way which would result in a significantly large gain normalization error. It would be appropriate to have a more detailed description on how the model works and how parameters can be determined documented in RAN4. Thus, it is important to reflect these details appropriately in a technical report for consistency aligning with current base station implementations what has been provided to ITU-R. Furthermore, there is a need to collect information in a common technical report to be used by 3GPP and externally by other groups (e.g., ITU-R, CEPT, other).  
There is also a need to add missing information relevant for modelling out-of-carrier gain roll-off needed for adjacent services coexistence simulations within the scope of ECC and ITU-R. Define roll-off characteristics for the array correlation factor from the edge of the carrier (=1) to when the array factor collapses to 1 (=0). The model in TR 37.840, defines , but gives no indications on how the roll-off characteristics can be modelled. This information is essential for sharing studies in situations where the victim service is operating in the adjacent channel. 
The work required to create a common technical report (A TR xy.900 series to be used as external reference) consists of three main parts:
1. Document the array antenna model, including the sub-array extension.
2. Document simulation parameter values for typical implementations per relevant frequency ranges.
3. Document missing information related to modelling of out-of-carrier correlation roll-off. 
An externally referenceable technical report (TR xy.900 series) documenting an antenna model and associated parameters is an essential tool for future 3GPP work and external regulatory activities in order that, during discussions on parameters for sharing studies, there is clarity on which model is best understood to capture actual implementations from a 3GPP perspective. The absence of such a technical report may lead to confusion on applicable antenna models and the consensus 3GPP model being obscured. The use of RAN4 time in creating such a technical report is an important investment in facilitating future regulatory work.  

3. Conclusion
In this contribution we present two new work packages for Rel-19 to evolve and prepare BS RF specifications for the future. Both work packages fit the plan for 5G advanced and 6G where access to new spectrum and spectrum sharing are essential.
Since the work packages relates to the outcome of WRC-23 expected to arrive at 15 December 2023 the intention is to initiate a work item in RAN4 at the next following RAN plenary meeting in March 2024 (RAN#103). This would mean that work in RAN4 is expected to start at RAN4#110-bis at earliest. 
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