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1 Introduction 
AAS BS is a new type base station system enabling new technologies that will improve the network performance and spectrum efficiency. In order to introduce this new BS system to the industry, RAN4 has concluded a Study Item to evaluate the feasibility to specify the RF requirements for AAS [1], and a Work Item [2] was consequentially established targeting at specifying the necessary requirements and creating the specification for an AAS BS.
1.1 WI status
The task breakdown and the corresponding time schedule were presented in [3] as the long term WI work plan in order to fulfil the WI objectives. 
A short term simulation plan was approved in [4] mainly to further evaluate the required ACLR performance. Simulations to evaluate the other requirements will also be necessary as the work progresses. 
A short term work plan for requirement related work was also approved in [5] as the way forward guiding the activities in the coming 3 meetings. Tasks are identified in [5] to analyze the following aspects for a list of individual requirements:
· The requirement reference point

· Impact on core requirements due to radiated spatial effects

· Feasibility of requirement transformation from requirement point to test point

The expected outputs following the way forward in [5] will be helpful to understand the specific issues for each individual requirement, and based what the final decisions will be based on those aspects listed above. However, a systematic perspective on the requirement frame for AAS BS is still needed. 
1.2 A systematic review
At this very initial stage of the WI, it’s natural that there might be a number of questions hanging around, for example: the purpose of specifying the RF requirements; what would be the requirements for an AAS BS, and how to define the requirements. This paper provided a systematic review on the requirements for AAS BS, targeting at finding the answers to the why-what-how questions around AAS BS. Based on the discussion, observations or proposals were summarized in the conclusion part of this paper.

2 Purpose of specifying the RF requirements for AAS BS
As stated at the beginning of this paper, AAS BS is a new base station system enabling new technologies. It’s very clear that the main purpose of specifying the RF requirements for AAS BS is to introduce new technologies to the industry. 

A clear set of requirements for AAS BS is required to tell what should be called “an AAS BS”. The availability of AAS BS requirements will also be helpful to differentiate the various AAS products in the market. It would also be required in the industry to guide the optimization directions for cost reduction and network performance improvements. The existing requirements are not sufficient to meet those objectives. Furthermore, the existing requirements are not capable to address some of the unique AAS characteristics, and one example is the spatial ACLR as elaborated in the Study Item phase. An AAS BS conform to the existing requirements for legacy BS may NOT have to introduce coexistence issues, however, the AAS natures will have to be based on the different interpretations of different sources.
2.1 Characteristics of the new technologies: AAS BS
It’s necessary to briefly review the characteristics of the AAS new technologies, which may include the follows: BS with integrated known antenna; beam steering capabilities, possibly in both horizontal and vertical direction, and the configurable transmission and reception. Some of the characteristics have been discussed during the Study Item phase. 
2.1.1 BS integrated with known antenna 

This feature was discussed in details in Section 3 in paper R4-125462 listed as reference [6]. This feature can be characterized as two independent key words: “integrated” and “known antenna”.
2.1.2 Beam steering capabilities
The vertical beam steering capability was initially highlighted in paper R4-120194 listed as reference [7], and the relations with MIMO technologies were also discussed. The beam steering feature was significantly studied in the Study Item phase for wanted signals and unwanted out-of-band emissions. Although vertical beam steering could be a unique feature for some of the AAS BS but it may not be necessary to mandate all AAS BS to have this feature. The beam steering capability could be specified and tested based on the manufacture’s declarations.
2.1.3 Configurable transmissions and receptions with “virtual transmitter or receiver”
Configurable transmissions and receptions were initially mentioned in paper R4-120194 listed as reference [7]. This feature refers to the behaviour of AAS BS that a sub-group of the AAS transmitters can be configured as a “virtual transmitter”, which was initially introduced in paper R4-120199 listed as reference [8]. As shown in Figure 1, a “virtual transmitter’ consists of multiple active transmitters in which the identical wanted signal is transmitter but weighted by beam forming vector to form a desired beam pattern for the transmitter signal. A similar concept was introduced in R4-131695, where the “equivalent antenna port” is defined which is actually the “virtual antenna connector” for a “virtual transmitter”. The AAS BS can be configured as multiple virtual transmitters, which can be declared by the manufacturer.

2.1.3.1 Further discussions on “virtual transmitter” or “virtual receiver”
For BS with multiple physical transceivers, it’s necessary to define certain level of granularity of for this BS, especially when the number of physical transceivers is large. 
For legacy BS, it’s relatively easy as the granularity is granted by the number of physical antenna connectors that is apparently visible. This approach may not be feasible for AAS BS especially when the number of transceivers is large.
The AAS BS transceivers will be able to be configured at least to have the same functionality of a legacy BS with multiple antenna connectors. In other words, a virtual transceiver can be configured to function as the single transceiver in legacy BS, as show in the Figure 1 and Figure 2 below:
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Figure 1: the virtual transmitter for AAS BS (a virtual receiver has the similar structure)
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Figure 2: The transmitter of a legacy BS

The key differences between a virtual transmitter and a legacy transmitter are:
· The virtual transmitter is capable of dynamic beam steering at lease in one dimension (either vertical or horizontal, or both)

· The legacy transmitter generate fix beam.

· The virtual transmitter exhibits spatial characteristics for some RF parameters, such as ACLR.
Further work is required to define the virtual transmitter or receiver. The essential characteristics of a virtual transmitter are a group of physical transmitters where a beam forming vector is applied for beam steering in at least one dimension (vertical and horizontal). How the beam forming vector is derived is outside of the scope of this WI.
2.1.4 Summary of the AAS features
We represent the AAS features identified in Section 2.1 for AAS BS as key words listed below:

· “Integrated”, which implies that the BS is integrated with an antenna system.
· “Known antenna”, which implies the antenna installed with the BS is known, so that the requirements might be derived based on “known” antenna, rather being based on reference antenna as for the legacy base station.

· “Beam steering”, which refers to the capabilities of congregating the wanted radio energy at desired directions by digitally weighting the transmitters/receivers involved in the beam forming.
· “Configurable”, which implies that physical transceivers can be grouped as different “virtual transmitters” or “virtual receivers”, where a virtual antenna port (or equivalent antenna port) can be assigned to characterize the antenna gain, or to apply the RF requirements.
It’s necessary to compare those features with BS with legacy technologies.
2.2 Introduce new technologies and comparisons with BS with legacy technologies
It’s clear that “integrated” and “known antenna” are two features not applicable to legacy BS. This implies that there must be requirements defined to characterize those features.
“Beam steering” in the horizontal direction is available in legacy BS by using multiple physical transmitters, each transmitting a different cell specific reference signal. Although beam steering in both horizontal and vertical directions might be the unique feature for AAS BS, it’s not necessary to mandate this 3D beam steering capability for a BS declared as AAS BS. 

Although the “beam steering” capability is available for legacy BS, but it is not tested for legacy BS. For AAS BS, it’s proposed that the manufacturer could declare and test this capability.

“Configurable virtual transmitter” is also possible in legacy BS for horizontal beam forming, but it is not tested for legacy BS. For AAS BS, it’s proposed that the manufacturer could declare and test this feature.
2.3 Address the spatial effects
“Spatial effects” have been extensively studied during the Study Item phase. The transceiver array in conjunction with the antenna array has the capability to directionally transmit or receive radio signals in the space. 
The spatial effect at the transmitter side refers to the directional radiation of the radio signals. The directional radiation of wanted signals can be controlled at the desired directions. However, the radiation direction of the unwanted signals is determined by the radiation direction of the wanted signals, as well as the correlation between the physical transmitters, which can be assumed as “uncontrolled”.
The spatial effects are not applicable for individual physical transmitter or receiver, and were not considered for legacy BS as the requirements are specified at each individual antenna connector corresponding to each individual transmitter or receiver. 
However, the spatial effects are applicable for a “virtual transmitter” which consists of multiple physical transmitters. The spatial effects exist for the other signal components, such as spurious, harmonic, and inter-modulation products. The spatial effects for the relative characteristics, such as the spatial ACLR and spatial EVM, refer to the spatial variations of those parameters. 
The spatial ACLR has been studied during study item phase. The spatial distribution of ACLR for a virtual transmitter consists of 10 physical transmitters was investigated and the impact on coexistence performance was also evaluated. This issue was further elaborated in R4-131163 [10] for an AAS BS configured to transmit multiple beams at different directions, or the AAS BS is configured to support multiple virtual transmitters. Based on existing results, a provisional observation is 45dBc/ACLR performance at each individual physical transmitter would be sufficient to ensure the necessary coexistence requirements. 
Risks could exist if the spatial effects of ACLR were not considered. For example, if a 45dBc/ACLR performance is specified at the maximum antenna gain point for a virtual transmitter consists of 10 physical transmitters, the required ACLR performance for each physical transmitter could be 35dBc to meet the 45dBc requirement at the maximum antenna gain point. However, 35dBc ACLR performance for each individual transmitter is not sufficient to guarantee the necessary coexistence performance according to the simulation results [1].
It should be noted that the spatial distribution pattern of ACLR for AAS BS is varying depending on the transmission model or configuration. The spatial distribution pattern of ACLR could converge to the single transmitter case like the legacy BS if there are multiple beams (or virtual transmitter) configured, such as UE specific beam forming [10]. Therefore, it’s impossible and unnecessary to specify the ACLR requirements for AAS based on any specific ACLR distribution pattern based on particular application. However, the spatial effects impact the ACLR measurement and may result in misleading values if the AAS transmitters are not properly configured. Therefore, the spatial effects of a virtual transmitter shall be “destroyed” during the ACLR measurement process to avoid misleading measurement results. 

The spatial effect for a virtual transmitter exists at far field as well as at transceiver array boundary. In order to translate the 45dBc/physical-transmitter requirement as the requirement for a virtual transmitter without being impacted by the spatial effects, it’s necessary to configure each of physical transmitters within the virtual transmitter to transmit uncorrelated signals, by which the spatial effects of a virtual transmitter are “destroyed”.
There is an alternative way to destroy the spatial effects for ACLR measurement which was initially proposed in [14]. The out-of-band signals falling into the adjacent channel can be congregated by summing up the absolute power rather than doing the in-phase combination. The spatial effects can be avoided in the way and this approach can be done not only at the transceiver array boundary, but also by power integration over the whole sphere. Those approaches are worth further consideration.
In existing 36/25/37.141 series test specification, it is specified that all the physical transmitters are combined as one virtual transmitter and the existing per-antenna connector requirements are applied to this virtual transmitter without considering the spatial effects. This requirement shall be amended after the final conclusions on AAS BS are made. Fortunately, we suspect that all practical design for each AAS individual transceiver follows the existing per-antenna connector requirements so that the risk would be little in reality.

The same philosophy can be inferred from the above discussions on the spatial ACLR for the other requirements. The spatial effects may not negatively impact the system performance. However, the spatial effects could lead to misleading measurement results. In this case, the spatial effects may be “destroyed” during the measurement setup to avoid the misleading measurement results, and it’s may not be necessary to reflect the spatial effects in the core requirements as far as the network performance is not impacted.
The spatial effects will be evaluated for the other requirements following the way forward [5] and final solutions will be figured out based on the full picture covering all the other requirements.
2.4 AAS requirements and the engineering issues
The engineering issues might be concerned when the AAS requirements and specification are being worked out. One engineering issue is some of the products may not be delivered with the direct access to transceiver array boundary. However, transceiver array boundary is not always inaccessible in the product life cycle, and there could be multiple ways to offer the accessibility. The might be other engineering issue and the impacts of those issues on requirements shall be considered. However, resolution to issues targeting at introducing the new BS shall be isolated with issues that can be resolved by engineering approaches.
3 What are the requirements for AAS BS
One point that is worthy of a sentence is: despite the availability of the requirements and specification for AAS BS, options to conform to the existing specifications as legacy BS are always available.
As stated before, an AAS BS may not introduce coexistence issues if conforming to the existing specification for legacy BS. Options to conform to the existing specifications as legacy BS could be available. However, as new BS enabling new technologies, new requirements may be considered to reflect the AAS features summarized in Section 2.1.4. 

3.1 The requirements to characterizing the AAS BS system
The AAS features are summarized as four key words in Section 2.1.4: “Integrated”, “Know antenna”, “Beam steering”, and “Configurable”. Proposals for requirements to characterize each of features are listed below separately:
3.1.1 “Integrated”: 
As a base station with integrated antenna, the requirements reflecting the performance of the whole AAS BS system shall be considered. In other words, there should be the requirements reflected in the radiated signals involving both the active transceiver array and passive antenna array.
At the transmitter side, we propose to consider the maximum “EIRP” as the most fundamental parameter to characterize the radiation performance of the whole AAS BS system. This parameter can be the declared by manufactures for the configured virtual transmitters. We propose to test maximum EIRP at multiple points.

There might be two questions on the transmission performance: 
The first question is whether we shall specify all the transmitter requirements in the space? We foresee the very possible answer is NO, although the detailed analysis of each requirement is still being carried out. There are specific issues for different requirements that will be analyzed separately. The necessity of defining all requirements in the space considering the testing complexity and feasibilities shall be carefully justified. One option is we specify the maximum EIRP as the only radiated requirement specified and tested at the far field at the transmitter side. For the rests of the transmitter requirements, it may be appropriate to specify and test them at the transceiver array boundary. Of course, the final lists will be determined based on the per requirement analysis.
The second question is whether the requirement for rated conductive output power is still needed besides the maximum EIPR requirements. The rated conductive output power can deducted from the maximum EIRP power however this process requires the accurate characterization of the antenna characteristics. This could be feasible and a preliminary analysis can be found in R4-126328 [11]. Alternatively, the rated conductive output power can also be declared by the manufacturer as different requirements. The antenna performance can be reflected in both the radiated EIRP power and conductive output power if they are declared and tested.
The rest of the requirements can be specified and tested at the transceiver array boundary by configuring the transmitter at the rated conductive output power.

At the receiver side, we propose to consider the minimum EIRS [1] (radiated reference sensitivity) as the most fundamental parameter to characterize the AAS receiver performance. We propose to specify and test the minimum EIRS at multiple points in the space for the configured virtual receivers.
Similarly as for the transmitter requirements, there are questions on whether the other requirements could be also specified as radiated requirements in the space. Again, the specific issues for the different requirements shall be analyzed separately, and the necessity of defining all requirements in the space considering the testing complexity and feasibilities shall be carefully justified. The final lists will be determined when the analysis for all the receiver requirements are concluded.
As reference sensitivity is the baseline receiver requirement to define the rests of the receiver requirements, the key issue to resolve is how to precisely transform the minimum EIRS as the conductive receiver reference level at the transceiver array boundary, and the issue here is the measurement accuracy considering the practical imperfections such as the match loss. However, this is feasible and a preliminary analysis can be found in R4-126332 [12]. Further detailed work is needed.
As far as the conductive reference sensitivity can be derived from the EIRS, the rests of the receiver requirements can be specified and tested at the transceiver array boundary, using the derived conductive reference sensitivity as the baseline receiver performance.
3.1.2 “Known Antenna”
As it has been stated in previous contributions [6], the requirements for AAS BS shall be based on “known antenna” rather than the assumed reference antenna for legacy base station. For receiver requirements, there are advantages to allow the trade-off between receiver noise figure performance and the antenna gain. Further detailed evaluation is needed. Therefore, we propose to consider the fixed mini EIRS value in the far field.
3.1.3 “Beam steering”
To include the beam steering capabilities in AAS requirements, it is propose to specify and test the maximum EIRP at multiple points at the far field, as declared by the manufacturer to reflect the beam steering capabilities in vertical and/or horizontal directions. 

At the receiver side, it is propose to specify and test the minimum EIRS at multiple points at the far field. The minimum EIRS at the maximum antenna gain shall be a mandated minimum performance required to meet. The EIRS at the other points other than the point where the minimum EIRS is met shall be based on manufacturer’s declaration. The conductive reference sensitivity at the transceiver array boundary shall be transformed from the minimum EIRS, and shall be used as the baseline receiver performance to specify and test the rests of receiver requirements at the transceiver array boundary.
It’s proposed to only specify and test the beam steering capability by means of EIRP for transmission, and by means of EIRS for reception. There is no need to test and specify the beam steering capability for the other transmitter and receiver requirements. 
3.1.4 “Configurable”
As discussed in the previous sections, the AAS transceivers can be configured as various “virtual transmitters”, and each virtual transmitter may consist of a sub-group of physical transceivers. 
The configuration of the virtual transceivers would be declared by the manufacturer. It’s suggested to specify and test the maximum EIRP and the minimum EIRS for the declared virtual transceivers. There might be multiple virtual transceivers declared for the max EIRP and the min EIRS performance requirements.
It may not be necessary to specify and test the rests of the transmitter and receiver requirements for all the declared multiple virtual transmitters. Further work is need to simplify the complexity by this approach.
3.2 Consideration of the requirements for AAS BS
Based on the discussions presented in this paper, we propose the initial considerations of the requirements for AAS BS:
At the transmitter side: The max EIRP can be considered as the baseline radiated performance requirement for transmission characteristics. The beam steering capability can be reflected in the EIRP requirements by specifying and testing the EIRP performance at multiple points. The EIRP requirements can be specified for configured virtual transmitters. 

The rests of the transmitter requirements could be tentatively assumed that they would be specified and tested at the transceiver array boundary. However, the final list will be determined as far as the per-requirement analysis campaign is finished.
At the receiver side: The EIRS can be considered as the baseline receiver performance requirement for reception characteristics. The beam steering capability can be reflected in the EIRS requirements by specifying and testing the EIRS performance at multiple points. The EIRS requirements can be specified for the configured virtual receivers. 

It would be necessary and feasible to transform the minimum EIRS to the minimum conductive reference sensitivity at the transceiver array boundary, which will be used as the baseline receiver performance requirement to specify and test the rests of the receiver requirements at the transceiver array boundary.

Again, the rests of the receiver requirements could be tentatively assumed that they would be specified and tested at the transceiver array boundary. However, the final list will be determined as far as the per-requirement analysis campaign is finished.

4 Conclusions and proposals

In this paper, we systematically reviewed the potential requirements for AAS BS. 

It’s proposed to consider AAS requirements based on configured “virtual transmitter” or “virtual receiver”.
AAS BS is a kind of new BS enabling new technologies. The AAS features shall be reflected in the requirements for AAS BS. The AAS features are shortened as 4 key words: integrated, known antenna, beam steering, and configurable.

It’s tentatively proposed to put the “max EIRP” and “min EIRS” in the requirement basket as radiated requirements. Testing facilities required for these two parameters can be made available by modifications to existing commercial facilities at affordable cost and complexity. Radiated requirements for the rests of the parameters can be considered in an evolved approach, considering the test cost, complexity, and accuracy of the testing facilities. Therefore, the rests of the requirements are tentatively allocated in the requirement basket that are specified and tested at the transceiver array boundary. Final list will be determined based on the findings and outputs of the pre-requirement analysis campaign.
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