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1 Introduction
The transmitter and receiver requirements considered in AAS study item are mainly for the purpose of meeting the coexistence criteria in certain application and coexistence scenarios. The performance requirements, particularly the requirements for enabling certain technical features, are not within the scope of this study item.

NOTE: Some RF requirements are in-directly related with coexistence criteria.

This paper summarizes the issues and the corresponding solutions towards a set of clearly defined transmitter and receiver requirements for AAS:

1) The spatial characteristics of AAS.

2) Requirements for AAS system: the array BS system with “known” antenna 

a) Relations between coexistence criteria (or requirements) and requirements for equipments.
b) AAS and legacy BS

c) The implication on specification implementation  
d) The transceiver requirements and accessibility of the antenna connectors

e) Applicability of potential AAS requirements

3) Consideration of AAS testing.
4) The methodologies for AAS study.

Text Proposals are attached for approval.
2 The spatial characteristics for AAS
As the base station capable of array processing, the spatial characteristics of the in-band and out-of-band performance for both transmitter and receiver are the key differences from legacy BS. For example, 
· The in-band and out-of-band products from different transmitter branches could be partially correlated which result in spatially varying RF characteristics, such as spatial ACLR, spatial EVM, spatial unwanted emission, and spurious emission, and etc.
· The dependence of the receiver RF performance on the installed antenna sub-array, as well as the spatial processing for Rx operations.

The impacts of spatial characteristics on coexistence performance can be evaluated by means of 3D coexistence study, where the 3D antenna modelling, the application dependent antenna behaviour modelling, as well as the coexistence scenarios are required.
So far the in-band blocking and the spatial ACLR have been studied based on the most fundamental scenarios. The methodologies can be extended to study more scenarios in a straightforward manner. It’s suggested to leave details for the later stage.
3 The AAS base station “system” with “known” antenna installed
Here we call AAS a “system” because an AAS base station does include the “known” antenna array sub-system and the active transceiver sub-system, where the active transceiver sub-system offers the similar functionalities as a legacy BS with multiple antenna ports (connectors). 
3.1 Relations between “coexistence criteria” and “equipment requirements”
If being used or discussed in an isolated manner with the intrinsic boundary neglected, the word “requirements” could be very confusing. 
There are “coexistence requirements” which are essentially the “criteria for coexistence” in certain scenarios, such as:

· “cell edge throughput loss <5%” 

· “the emission in certain frequency band at certain distance shall be less than a level resulting in de-sense <0.8dB”
To meet those criteria, it’s very complicated and costly if the BS equipments are tested in the real deployment scenario where coexistence criteria are required. A set of equipment requirements, that can be used to verify the equipment in a much simplified configuration shall be defined. Therefore, “equipment requirements” are derived to meet the “coexistence criteria” under certain coexistence scenarios. When talking about “requirements”, we shall be conscious about whether they are for coexistence criteria or equipment RF performance.
3.2 AAS and legacy BS
For the legacy BS with either single or multiple antenna ports (connectors) that have been considered so far, the antenna sub-systems are not considered as part of the BS from equipment RF requirements point of view. So far the BS “equipment requirements” specified in RAN4 are all for transmitters and receivers.

Operators have the freedom to install antennas for different network performance when legacy BS is selected. Though antenna sub-systems with different radiation pattern could be installed with the legacy BS in real deployment, they are usually “similar” in many different aspects if under the same deployment and coexistence scenarios. 
The RF equipment requirements for the legacy BS transmitter and receivers are derived based on an “assumed” reference antenna (refer to details in TR36.942 and 25.942). Numerous real deployments have sufficiently proven that existing transmitter and receiver requirements defined based on “assumed” reference antenna are simple, practical, and reasonable, which have fostered a healthy and prosperous development of the whole BS industry. 

The AAS BS system includes both the transceiver system which is very much like a legacy BS, and the “known” antenna system whose radiation performance can be declared and tested. The differences between legacy BS and AAS are much clear if we listed the transceiver requirements, antenna system, and the coexistence criteria as follows:
 (The Tx/Rx requirements for the legacy BS) + (“assumed” reference antenna) ((to meet coexistence criteria)

(The Tx/Rx requirements for AAS transceiver array) + (“known” antenna array) ( (to meet coexistence criteria)

The coexistence criteria are determined by the coexistence scenario. If the legacy BS and AAS are deployed under the same coexistence scenarios, the coexistence requirements could be the same but the requirements for the active part of AAS could be different from legacy BS if the installed known antenna array is “different” from the “assumed” reference antenna.
For the AAS installed with “known” antenna, the existing requirements based on “assumed” reference antenna shall be re-considered based on the difference between the “known” antenna array and “assumed” reference antenna. For example, if the AAS BS is installed with a very large antenna array like a 100x100 antenna array, the antenna gain could be very large. This implies a much tighter spurious emission requirement on the AAS transmitter array than legacy BS to meet either the -52dBm/MHz or -49dBm/MHz requirements. 
We can leave the details in the later stage.
3.3 The implications on specification implementation and solutions
It has been clearly stated in the WID of the AAS study item that the objectives are to study the characteristics for transmitters and receivers.
The RF equipment for AAS shall be specified for the transceiver and receiver array with the difference between the “known” antenna array and the “assumed” reference antenna for legacy BS considered. The AAS equipment requirements are actually for “AAS transmitter receiver array”. 
Methodologies down this road are quite straightforward:  
· The passive antenna array shall be declared in certain manner (for example, parameters leading to the maximum gain of the antenna array). This can be handled in later stage.
· The active transceiver array shall also be declared in certain manner. This can also be handled in later stage.
· The existing RAN4 methodologies can be reused and extended.

· The existing RAN4 specifications can be reused and extended. 

· Each of existing RF requirements shall be reviewed one-by-one to consider whether and how to correlate the requirements for active transceivers with the passive antenna array. We can leave the details to future stage, for example:
· For transmitter side this particularly refers to the required in-band and out-of-band emission level related with antenna array gain.

· For receiver side, whether the reference sensitivity level at receiver can be compensated by the antenna array gain may worth some considerations for AAS with large antenna array, as we know that coverage issues by BS with reduced sensitivity can be compensated by better antenna.
In summary, the AAS equipment requirements shall be specified for the AAS transmitter/receiver array with the installed “known” antenna array taking into account. This is also to specify the equipment requirement for the BS and the antenna in a white box manner. 
NOTE: For a BS system, if exists, where there is not the boundary between transceiver array and antenna array, or the install antenna performance is unknown, new methodologies are required to create a totally new set of specifications. Potentially this would imply a full black box approach, which verifies the BS requirements in a test environment similar as the real deployment scenarios, which could also be extremely complicated and costly. New study is recommended for this approach, if warranted.
3.4 The transceiver requirements and accessibility to the “antenna connectors”
The AAS transceiver requirements can be verified and tested by multiple approaches. Traditionally the antenna connectors were considered as the boundary of BS transceiver. In some specific implementations, the antenna connectors may not be physically accessible. In this case, alternative equivalent approaches can be used to verify the transceiver requirements. In the other words, the requirements for AAS transceiver array are deterministic. Again, the requirements can be verified at different “reference points” if the test facilities are properly calibrated and configured.
3.5 Applicability of the potential AAS requirements
The potential AAS requirements will not be applicable to legacy BS for all BS categories with multiple antenna ports (or connectors) which meets the existing BS transceiver requirements based on “assumed” reference antenna. The existing BS transceiver requirements have sufficiently covered the applicability of the legacy BS for targeted applications. This is also applicable to some of the de-facto AAS products that are designed to meet the existing per antenna connector BS requirements.
4 Consideration of AAS testing 
The AAS study is definitely not just a study of measurement setup, or testing facilities and configurations. 
In existing BS specifications for testing requirements, such as 36.141, the measurement setup is actually specified at the Annex part as informative clause. The measurement setup shall not be mandated for AAS also. For example, people can definitely measure the legacy BS via OTA approach if they wish to do so.
In case that there is not an access to the physical points for conductive tests, radiated tests can definitely be the alternative. As we discussed in Section 3, the AAS transceiver requirements can be equivalently translated as specific values in the space because the characteristics of the antenna array are known. Verification of those specific values, wherever it is carried out, is indeed the verification of the RF requirements for the active transceiver part. Different measurement setups, as far as the measurement accuracy is guaranteed within the accepted level, shall be allowed and considered as equivalent to the conductive testing. 
In principle, the measurement accuracy for AAS shall be maintained at the same level as the measurement for legacy base station. It is the responsibility and capability of the test lab to demonstrate and prove the measurement accuracy for the specific measurement setup, whatever by conductive, or over the air.
For test specification of AAS, multiple measurement setups, either conductive or radiated, can be specified informatively, as far as they are applicable to verify the specific requirements. This can be done in a requirement-by- requirement manner. Again the details can be left for later stage. 

5 The methodologies for AAS study
The methodologies for AAS study have been discussed and employed in the ongoing study. It is desirable to capture the detailed AAS study methodologies in the Technical Report 37.840. This contribution includes the text proposals suggesting a sub-clause specifically for AAS study.
The methodologies also include the modelling of 3D coexistence study. This is being completed in and is being captured in the Technical Report 37.840. 
6 Conclusions
This contribution summarized the issues and solutions for AAS study:
1) The AAS equipment requirements are specified for the AAS transceivers with the installed the “known” antenna array taking into account.

2) The transceiver spatial characteristics can be evaluated by means of 3D coexistence study, taking the applications and coexistence scenarios into account.

3) Multiple equivalent measurement setups, whatever by radiating or conductive, as far as the measurement accuracy is guaranteed to verify the transceiver requirements, can be specified informatively in the test specification for AAS.
4) It is suggested to figure out the details in a later stage, targeting at equipment requirement and testing specifications for AAS. 

This contribution includes text proposals suggesting sub-clauses, with the intention to conclude the study gradually. 
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4.1.2
Methodologies
The methodologies employed to determine the minimum requirements for AAS are similar to the methodologies used for determining those requirements for previously considered systems. These methodologies as documented in TR25.942 [18] and TR 36.942 [19] which provides assumptions for typical deployment conditions can be used as baseline.

4.1.2.1
Detailed methodologies 
<Text to be added>
<Next section>
9
Conclusions

This section summarizes the AAS study.

9.1 The spatial characteristics
<Text to be added> 

9.2 Requirements for AAS transceivers
<Text to be added> 

9.3 Testing of the requirements for AAS transceivers 
<Text to be added> 

9.4 Objectives of the next stage 
<Text to be added> 
<End of the text proposal>[image: image1.png]
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