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1	Introduction
Adaptive antennas are an integral part of modern radio base stations today. They are implemented in most (if not all) base stations. This is likely to remain so in the future. 
With the introduction of active antenna systems (AAS) in Rel-13/15 the complexity of the macro-BS has increased a lot. Unlike traditional fixed beams, AAS allows base stations to dynamically focus the power /beam directly to the UE, optimizing the overall performance. The flexibility introduced by incorporation of beamforming may have some impact on simulations related to network performance and coexistence between networks and other services. 
Since the early introduction of AAS systems, new features have been introduced in the form of increased MIMO port numbers, improved CSI, array architectures, coherent joint transmission, multiuser MIMO beamforming etc.  Further evolutions of base stations may involve distributed MIMO and cell free MIMO that may result in the increase of channel rank and therefore capacity. To model the performance and coverage improvement of such systems it is essential to have proper and agreed antenna models and their parameters. 
Massive MIMO systems and multiuser MIMO all rely on adaptive antennas. 3GPP Rel-18 and Rel-19 both have further improvements to MIMO [1,2,3] as part of agreed work/study items. These advancements are inherently linked to the deployment of AAS systems.
The architecture of Massive MIMO in 3GPP compliant commercial BSs consists of three key components:
(1) Dual-polarized micro-strip (patch) antenna elements.
(2) Sub-array(s); and
(3) An overall antenna array (global array) composing of multiple sub-arrays. 

In addition, various forms of beam forming (analog, digital, hybrid) can be applied to this global array to enable MU MIMO.

The discussions about AAS systems exist in many 3GPP documents but there is no single definitive document consolidating a comprehensive summary of AAS systems in 3GPP documents.
An important metric of the wireless channel is capacity. The wireless channel capacity is dependent on the rank of the channel. In particular:
The achievable rate scales as min (nt ,nr) log (1 + SNR), where nt and nr are the numbers of transmit and receive antennas respectively The term min(nt,nr) is the channel rank and it is noteworthy that the rank is outside the log ie capacity is linearly proportional to the channel rank. More impressive gains are now possible with multi user systems because such systems offer the possibility to transmit simultaneously to several users and the flexibility to select what users to schedule for reception at any given point in time The  capacity of a MU MIMO system is a K dimensional volume where K is the number of users. The task is to find an operating point on the K dimensional volume so that the sum capacity is maximised.
Rel 18 and 19 are also looking at new RAN architectures where multiple base stations transmit to a UE- coherent joint transmission. This also increases the channel rank relative to a single base station. Further gains will be possible via cell free MIMO.

It is proposed to develop an internal TR under study item on AAS that will capture what is already there in 3GPP recommendations and also have additional material that captures new developments. 
The proposed TR on AAS can play a pivotal role in addressing the performance improvements and capacity studies in 3GPP and will also be a useful document for international regulatory bodies. 
The proposed list of topics in Section 2 outlines the subjects for an TR.
[bookmark: _Hlk158015479]The above work /study may be undertaken as an important topic by 3GPP RAN4. 
2 	Proposals 
It is proposed to develop an internal Technical Report on AAS systems led by RAN4 under a new REL-19 study item "Study on Antenna Models for 5G macro BS".
The proposed Technical Report (TR) <37.8xx/37.9xx> aims to address the following key aspects:

1. [bookmark: _Hlk156481688]An antenna array antenna model, including the sub-array extension (including polarised arrays) , down tilts, [8] using array factor algorithms that are standardised in 3GPP whilst also aligned with fundamental principles [10].AAS at the UE end may also be considered. 
1. Techniques for side lobe suppression, including an investigation into their feasibility and undesirable side effects [6,7].
1. Techniques for MU MIMO beamforming.  [4].
1. Definition of Antenna element patterns that are more realistic than specified in [5,9] and are aligned with commercial practices.
1. Analysing the performance of arrays with frequency separation from the center frequency, in particular how far in frequency separation does one needs to go before the array performance degrades to that of a single element. 
1. Performance of antennas on a chip, mutual coupling, slant polarised antennas etc.
1. Emerging architectures including D-MIMO, cell free MIMO etc.

By addressing above key aspects, the proposed technical report will facilitate a deeper understanding of adaptive antennas, support performance and coverage improvements and capacity studies, and contribute to the international regulatory studies.
The above work /study may be undertaken as an important topic by 3GPP RAN WG4 with the target completion date Sep.2025.
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