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1. Introduction
With the introduction of AAS in Rel-13/15 the complexity of the BS has increased a lot. Rather than having a fixed beam, the BS can now focus the power /beam directly to the UE to optimize the performance. The flexibility by adding beamforming may have some impact on simulations for network performance and coexistence between networks and other services. After several years of AAS development and deployment, experience has shown that AAS BS may impact other networks and services (in co-channel or adjacent bands) depending on implementation parameters. Hence, new requirements are required to model and (guarantee) operation without interference.  This may require sidelobe suppression in unwanted directions. Also, it is essential to used proper models and parameters when simulations are conducted.  
In ITU-R, adaptive antennas are modelled via Recommendation M.2101. However, this recommendation needs a significant improvement and is not aligned with how beamforming is done for commercial 3GPP-defined adaptive antenna architectures [4]. On the other hand, there is no “go to” reference document in 3GPP that models adaptive antennas. ITU-R Recommendation M.2101 is not capable of taking into account effects of side lobe suppression, which may be required for designing BS AAS used for sharing and compatibility with incumbent services in certain frequency bands, e.g, FSS uplinks, fixed links, etc. Some areas that require immediate attention are;
1. Side lobe suppression is a well-studied problem in adaptive antennas and in Radar [ 6] and references cited therein].  Amongst the techniques used for sidelobe suppression 
the minimum variance distortion less response (MVDR), sample matrix inversion (SMI), and
recursive least squares (RLS) are very popular, but their practical implementation and complexity analysis needs to be done. What are the techniques that can be invoked to perform
sidelobe suppression in adaptive antennas and what are their practical implementation issues.  But arbitrary geometries of adaptive antennas and non unform excitation may also lead to undesirable effects such as mutual coupling [ 7]. Noting that beamforming in 3GPP uses long- and short-term codebook algorithms as defined by the parameters W1 and W2 in [4] and this construct has essentially remained the same over many 3GPP releases- since Rel 13, what will be the impact of sidelobe suppression on the W1 and W2 formulations. If the sidelobe suppression were to be implemented, then what will be the impact on the main beam as the main lobe will be impacted by sidelobe suppression?

2. A new type of spatial requirement expected EIRP as function of elevation angle above the horizon is being considered as a means to limit possible interference to FSS uplinks in the 6425 to 7025 MHz band as described in [1, 2]. The technical conditions maybe finalized in WRC-23 during Nov-Dec 2023. Ref [2] proposes three levels of averaging to determine expected EIRP levels. These levels are nested averages and assume statistical independence between the respective averaging stages involving beamforming parameters. It is useful to determine if the statistical independence assumption is valid and the resulting mask values remain the same if statistical impendence is violated. There are multiple ambiguities in the expected EIRP mask procedure in [2] as it stands currently. 

a. It is not clear what distributions the averaging needs to happen over during the second and third stages of the averaging process which involve beam forming directions and vertical angle windows. For example, considering averaging over the beamforming directions: Quoting [2], for  distinct beamforming directions   within the steering range of the IMT base station, and averaging the results. In other words:

The beamforming directions  used in the averaging process must cover typical beamforming directions within the steering range of the IMT base station that would be observed in practice. However, the distribution of , and it has to be a joint probability density since the angles are not independent.
b. Another ambiguity is the way in which the mechanical tilt should be taken into account during the averaging process. If an IMT base station must comply with the specified limits on expected EIRP for all mechanical tilts which can be practically deployed, then need to be taken into account as an input parameter and ensure that the expected EIRP level is not exceeding the level that is defined by the vendor.

	Therefore, there is a need to define an expected EIRP mask instead of taking what is in [2] as a given.
3. Regardless of this the testing and validation of the mask needs consideration as such a concept is not defined in 3GPP. 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 needs to be established. 
4. If the concept of EIRP masks as a function of elevation angles is accepted, it will almost certainly flow to Art 21.5 – another issues of consideration at WRC 23. This is proposing TRP limits for AAS base stations in 24.25- 27.5 Ghz and may be extended to include other bands. A resolution of the way forward to art 21.5 could be based on EIRP masks that will be different from [2] but need to be computed.

5. In the ITU-R WP 5D work measured antenna patterns have been presented by multiple BS manufacturers. The antenna patterns in 5D assume an antenna element pattern as given in [5] .  This pattern was essentially prepared for closed for MIMO capacity simulations but was never intended for modelling the performance of real antennas. The antenna element pattern is expressed as a closed form function but has no sidelobes which is certainly not the case in practice. There is a need to model a realistic element pattern that can in turn be used for modelling the performance of antenna arrays. It is also assumed that the frequency response of the RF circuitry is flat over the bandwidth. This is clearly not the case as minor variations in frequency response – say the edges of the bandwidth result in non-uniform beam properties over the operating band width.  The conclusion was that the modelled pattern based on 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 [3]. The model extension added the possibility to model sub-array structures properly. 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. 
In this contribution we present some proposals for BS RF requirement evaluation to be included within RAN4 Rel-19 schedule. 

2. Discussion
Based mostly on discussions ongoing in other groups (ITU-R WP 5D ) we have identified several  areas where RAN4 needs to conduct studies on adaptive antennas and their impact on BS evolution. 

2.1 Sidelobe suppression techniques 
Spectrum is a limited resource and in bands where we need to coexist with satellite receivers where terrestrial IMT needs to coexist with Satellite Service, AAS 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 aggregate interference at the satellite is within the limits. While a conventional requirement on TRP is simple, it is limiting especially for macro base stations as it limits the power towards the UEs (typically below the horizon). 
A new metric called expected (i.e., average) EIRP has been proposed for the 6425-7025 MHz band in ITU-R to define the technical conditions (the final outcome will be known only after WRC 2023 in Dec 2023).  This metric requires controlling of sidelobe levels in the elevation domain and measurements of validating the resulting antenna mask. This would require a change in the adaptive antenna architecture and associated RF design parameters. For instance to implement a given side lobe suppression technique, the base station antenna may need elements that are coupled with tailored tapering architectures and this would change the design of antenna array and effect integration as well as calibration of the array. 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. Introducing such a requirement has implications on conformance testing, vendor declarations and standardization activities and how operators configure the base stations.
The work related to RAN4 can be summarized as:
1. What are the techniques that can be invoked to perform
sidelobe suppression in adaptive antennas and what are their practical implementation issues.  But arbitrary geometries of adaptive antennas and non unform excitation may also lead to undesirable effects such as mutual coupling [ 7], if so, what are they? Noting that beamforming in 3GPP uses long- and short-term codebook algorithms as defined by the parameters W1 and W2 in [4] that are derived from the CSI information and this construct has essentially remained the same over many 3GPP releases, This is the case for all bands and for TDD and FDD implementations.  What will be the impact of sidelobe suppression on the W1 and W2 formulations. If the sidelobe suppression were to be implemented what will be the impact on the main beam?
2. If it possible to control sidelobe levels, one needs to find measurement methods that can be implemented in a testing lab to validate them.
3. Defining necessary manufacturer declarations. Number of beam directions and specific details on corresponding angles.
4. Defining post processing required to calculate the expected EIRP mask based on discrete EIRP samples.
5. Define criteria for largest allowed spatial sampling resolution.
6. Evaluate measurement uncertainty for described test method.
The post processing needs to be captured in RAN4 BS RF conformance test specification in similar manner as for test methods related to measuring TRP.
The work will prepare RAN4 for the WRC-23 decision later this year. If WRC adopt the expected EIRP mask rather than a general TRP requirement RAN4 needs to consider adding it as a BS RF core requirement as well as include it as BS RF conformance requirement. The concept as such for conformance is general and could be adopted to other spectrum situations as appropriate. 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 the 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 BS simulation assumptions
Currently, the simulation assumptions related to modelling an AAS BS antennas are scattered in many technical reports in RAN1 and RAN4. It has been noticed in sharing study activities in ITU-R WP 5D that currently used simulation assumptions does not align with how base stations are implemented and configured in networks. This have been verified by comparing measured data from multiple BS manufacturer with modelled patterns. 
In current technical reports the antenna parameters have many times been selected in a way which would result in a significantly large gain normalization. A more details instruction on how the model works and how parameters are determined needs to be defined and added as technical background. 
There is a need to collect information in a common technical report to be used by 3GPP and also externally by ITU-R and other relevant organisations.  
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. 
The work consists of three parts:
1. Document the basic antenna element pattern used in adaptive antennas that is realistic and has sidelobes comparable to commercial measured levels. The element pattern in TR 37 840 bears no resemblance to elements in commercial antennas. This is the case for all bands.
2. Document the array antenna model, including the sub-array extension. The array model should be based on the 3GPP array factor algorithms and not text book algorithms as in  [ 4].
3. Document simulation parameter values for typical implementations per frequency range
4. Define roll-off characteristics for the array correlation factor from the edge of the carrier (r=1) to when the array factor collapses to 1 (r=0). The model in TR 37.840, defines r, 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. 
An externally referenceable TR documenting an antenna model and associated parameters is an essential tool for 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 TR may lead to confusion on applicable antenna models and the consensus 3GPP model being obscured. The use of RAN4 time in creating such a TR is an important investment in facilitating regulatory work.

3. Conclusion
In this contribution we have listed two new areas to work  that concern the evolution of base stations and adaptive antennas. This work will be useful in spectrum sharing studies.
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