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Introduction
The requirement issues for AAS BS were initially discussed in [1] by elaborating on the in-band blocking as one particular example of the receiver requirements. The issues identified for in-band blocking can be generalized to the other receiver requirements. It was also proposed in [2] to start resolving these issues in 3GPP. 
In this paper, we continue the discussions of the rests of the requirements for AAS BS, particularly on the transmitter requirements and EMC requirements. Discussions in this paper together with those presented in [1] should outline a whole picture of the AAS requirements on the technical aspects.
In order to help the group decide an appropriate approach to resolve those issues, the following standardization aspects are also discussed in this paper apart from the technical aspects: 
· History of current test specifications for BS using antenna array.

· Differences between Multiple Antenna, Antenna Array, and Active Antenna Array.

· The AAS BS classes and the corresponding deployment scenarios.
· OTA tests (or radiated) and conductive tests.
· Specifications organizations: relations between AAS BS and the single-RAT or multiple-RATs BS. 
· Core requirements and test specifications for AAS BS.

AAS BS was also discussed in contribution [3] and [4] and both papers pointed out that the requirement issues shall be resolved. There are some suggestions as well as some questions raised in [3] and [4], basically on how to define the clear and durable requirements for AAS BS. Discussions of the aspects listed above will also answer some of the questions raised in reference [3] and [4].
In the summary section, we conclude the discussion and propose actions in RAN4 to resolve all the issues.
Potential risks on the RF requirements for AAS BS transmitters
The risks on AAS BS transmitter requirements mainly concern the spatial selectivity of ACLR. For traditional BS installed with traditional composite antenna, the ACLR spatial distribution is flat. This is different for BS using antenna array. Some plain equations are used in this section to describe these phenomena. 
For the 
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th transmitter chain in the BS, the output signal 
[image: image2.wmf]i

P

can be denoted as
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is the wanted signal to be transmitted. The wanted signals are the same for all the transmitters.
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is the distortions added to the signals due to pre-distortion, crest factor reduction, and etc., which should also be identical across the transmitters.
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is the distortions added to the signals due to Tx chain inconsistence, such as discrepancies of RF modules in the transmitter chains, which are uncorrelated across the transmitter chain.
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is the thermal noise in the Tx chain which should be uncorrelated across the transmitter chain. 

When the weighting vectors are applied to the transmitted signals 
[image: image8.wmf]i

P

 from different transmitter branches, the spatial distributions of the different components of 
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are different:
· The directions of the wanted signals 
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 are controlled by the weighting vectors which are shown as the red curve in Figure 1.

· The directions of the correlated distortions 
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 can also be controlled by the weighting vectors which are shown as the blue curve in Figure 1.

· The directions of the uncorrelated distortions 
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 and noise 
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 can NOT be controlled by the weighting vectors. The beam pattern for uncorrelated signals are usually uniformly distributed which are shown as the green curve in Figure 1.
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Figure 1: Spatial Distribution

Wanted signal (in red), correlated distortion (in blue), uncorrelated noise (in green)

The overall impact of the phenomena shown in Figure 1 is the spatial selectivity of the relative differences between the wanted signal and the distortions plus noise, where the out-of-band part of the relative difference is actually ACLR. The composition of the blue curve and the green curve out-of-band forms the spatial distribution of the spectrum emissions. The spatial distributions of the emissions in the spurious domain can be more likely modeled by the green curve.
The potential risks resulted from spatial ACLR are the interference leakage to adjacent band are not uniformly distributed in spatial domain. Therefore, some of the areas covered by the adjacent systems may suffer more interference from AAS BS while some others may suffer less. The spatial ACLR shall be properly modeled and the impacts on the coexistence between adjacent systems shall be evaluated carefully.
The BS installed with tradition composite antenna doesn’t show this spatial selectivity of ACLR. The ACLR is flat in the spatial domain because the weighting vectors are applied to identical signal which is from a single transmitter and the weighting process is implemented as phase shift network inside the antenna.
Potential risks on the EMC Requirements for AAS BS
AAS BS basically refers to the integration of transceivers with antenna array in the same package. The installation of AAS BS is slightly different from the traditional BS. For traditional BS, the active parts (or the transceivers) are not installed on the same horizontal plane as the antenna, and the active parts and passive antenna are usually separated by a few meters in the vertical direction which results in very large isolations. Consequently, the RE (radiated emission not through the antenna, unintentional) emission leakage from one RRU into another RRU feeding through the receiving antenna is very low.
If the AAS BS is installed adjacent to the antenna of the other systems, the active parts are on the same horizontal plane of the adjacent antenna. Consequently, the RE leakage from the AAS active part into the adjacent RRU could cause performance degradation of the adjacent systems. Meanwhile, the active parts of the AAS BS are now being placed closer to the antenna of the adjacent systems where the field strength is much higher. The EMC immunity requirements of the AAS BS shall guarantee the transceivers can still offer good performance in an EMC environment with much higher field strength.
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Figure 2: Changes of AAS EMC environments

Left: Traditional RRU+composite antenna          Right: AAS installation

It should be pointed out that the EMC issues illustrated in Figure 2 are applicable not only to AAS BS but also to any other BS equipments with active parts installed on the same horizontal plane as antenna.
Discussions of the requirements for AAS BS
The history

The sub-clauses specifying the test aspects for BS using antenna array can be identified in the following test specifications:
· The UTRA FDD Base Station is specified in sub-clause 4.6.5 of TS25.141.

· The UTRA TDD Base Station is specified in sub-clause 5.14.5 of TS25.142.

· The E-UTRA Base Station is specified in sub-clause 4.5.7 of TS36.141.

· The MSR Base Station is specified in sub-clause 4.10.7 of TS37.141.

· The GSM/EDGE Base Station is specified in sub-clause 4.10.5 of TS 51.021. 

The texts in these sub-clauses are almost identical, and the original texts were introduced during the development of GSM Phase 2+ (roughly more than 12 years ago) and then inherited by UTRA, E-UTRA, and MSR in different releases. As being pointed out in [3], it has been there since GSM Phase 2+ and was not thoroughly discussed nor analyzed. 
Multiple Antenna, Antenna Array, and Active Antenna Array

There are already BS equipments with multiple antennas installed in the field to purse the gains offered by diversity, MIMO, and array technologies. Requirements for BS using antenna array are different from those for diversity and MIMO, for example, the spatial ACLR is only applicable to the situation where the multiple antennas are used as array. In case of BS with joint usage multiple antennas for MIMO and array, both requirement sets shall be applied to the BS.
The BS using active antenna array systems basically refers to the integration of antenna arrays and active transceivers in one package. The AAS BS is a subset of antenna array but the requirements for AAS BS is a super set of BS using antenna array system:
· The receiver and transmitter requirements discussed in [1] and this paper are applicable to all array system.
Additionally, the AAS BS will have the following requirement issues to be considered:
· The EMC requirements

· The applicability of OTA tests and conductive tests (will be discussed in another section)
Clear definition for AAS BS can be worked out later on.
The AAS BS classes and the corresponding deployment scenarios

The requirements for AAS BS can be classified according to the deployment scenarios. The Macro/Micro/Pico could also be applicable as classification criteria for AAS BS. For each deployment scenarios, there could be the requirements for AAS BS and non-AAS BS correspondingly.
Requirements based on OTA (or radiated) tests or conductive tests

As far as the active and passive parts are integrated for AAS BS, there are questions on whether the radio performances can be tested by OTA approach mainly due to the accessibility of test ports. No doubts the beam pattern for AAS BS shall be tested by OTA approach and the methodologies have been well known in the industry. OTA tests are more applicable for antenna performance evaluation. For minimum requirements of transceivers which are usually used to address the coexistence and interference issue based on the worst case scenarios, the conductive tests are viable and preferred approach. It’s proposed to focus on the AAS BS with accessibility of test ports for conductive tests first.
For AAS BS without accessibility of test ports, it’s suggested to investigate the OTA methodologies first which can be used to measure the full set of transmitter and receiver radio performance. 
Core requirements and the test specifications
In existing test specifications for BS using antenna array, it is specified to combine the output signals from all the transceivers coherently. For receiver tests, the test signals are equally distributed to all the antenna connectors by power splitter network. The test specifications imply that the core requirements for BS using antenna array are the same as the ones for non-array BS by treating the group of transceivers as one “black box”. In the other words, the transmitter requirements of an AAS BS are specified at the output of an in-phase combiner, while the receiver core requirements are specified at the input of the power splitter. 
As far as the core requirements are sufficient to guarantee a minimum performance, it’s not difficult for the group to figure out the proper test methodologies with test complexity and accuracy considered. We do not see an issue on this aspect. 
Regulation aspects
This issue regarding regulation on multiple antenna transmission was raised in [3] and this is a common issue for all equipments (UE and BS) with multiple antennas. Although the concerns might be minor for AAS BS as the same amount output power as traditional BS is distributed to multiple antennas, it's worthy of consideration when developing the requirements for AAS BS.
Specification organizations

Finally, the AAS BS will be able to support either single-RAT or multiple-RATs transmission and reception, where the requirements will be located in different specifications. The logical relations between the requirements for AAS BS and  single-RAT or multiple-RATs BS are clear. The priorities for AAS BS supporting either single-RAT or multiple-RATs can be easily determined depending on the operators’ requirements and the workload in RAN4. 
Summary and Proposed Actions
In this paper, we discussed the transmitter requirements and the EMC requirements for AAS BS. Discussions in this paper together with those presented in [1] outlined a whole picture of the AAS requirements on the technical aspects.

The technical issues are apparent although they are relative complicated. The scope of the requirements and the methodologies to work out the requirements are also discussed and proposed. 
Based on the discussions above, we propose two options to move forward:

Option 1: We might proceed with the proposal in [2] with some adjustments of scope. 
The advantage offered by this option is a quick solution for the requirement issues for AAS BS. Considering the number of issues to be addressed, it would require quite amount of resources to have all the issues addressed in Rel-11 time frame. 
Option 2: The other option is to conduct a study phase prior to a work item phase so that the work load can be distributed in a longer time frame. The outputs of study phase can be largely leveraged in the work item phase so that the requirements for AAS BS can be set up smoothly. 
The objectives of the AAS BS study are briefly outlined below:
· Define the AAS BS.

· Study the transmitter characteristics: 

· Model the spatial ACLR and evaluate the impact on system coexistence.
· Study the spatial selectivity of SEM and spurious emission and evaluate the impacts on system coexistence
· Study the core RF requirements for transmitter.

· Study the receiver characteristics: 

· Study the impact of beam pattern and the impact on receiver requirements based on worst case scenarios.

· Study the impact of deployment scenarios on receiver requirements.

· Study the core RF requirements for receivers.
· Investigate the test methodologies with focus on conductive tests

· Study the EMC requirements for AAS BS.

· Study of regulations related with multiple antenna transmission.
· Investigate the possible approaches for standardization and specification implementation.
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