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Introduction
The passive inter-modulation generated due to passive components such as antenna system and cavity filters has been studied for many years, and it’s definitely not a new phenomena identified recently. It also has been one of key issues to be handled in site engineering. 
The passive inter-modulation issues were raised in RAN4 in [1] and [2]. In this paper we would like to briefly share some of our views on the passive inter-modulation, as well as the impact on BS requirements. 
Where Does PIM Come From
Typically, antenna, duplexer, and the connectors between them are the main contributors to PIM products. 

There are a couple of causes to passive intermodulation products, such as material corrosion, manufacturing accuracy such as surface smoothness, junction of different materials, contact pressure and areas, pollutions, temperature variation, and etc. These factors can be classified into four categories:
· Installation
· Environment
· Material
· Manufacturing process
The cause due to installation is usually addressed by proper installation processes and requirements. The environment factors are usually handled by protective design again dusts and waters. There may not be a standard covering the installation processes but there is standards covering requirements due to environment factors. For example, the outdoor equipments must comply with IP65 protection level.
For the material and manufacturing factors, the filter and antenna vendors would have the domain process and knowledge available to control the PIM performance to the required specification, from design, prototyping, to batch production. 

How to Test PIM in Base Station System

There are a lot of PIM testing methods and the test equipments are also very popular. The PIM testing for individual components are quite straightforward. 
Both antenna and duplexer as individual component should pass the PIM conformance test in the factory. 
When the duplexer is integrated inside the RF module, each module will be tested against the REFSENS level requirement before being shipped. Any PIM defects within the integrated component inside the RF module can be further detected. Of course, non-PIM defects can also be detected at this step.
One exception is the antenna sub-system where there is not a RAN standardization covering the PIM performance. However, on enterprise or antenna industry group level there are a lot of antenna standards which can be used to control the PIM performance, for example:
· Specify tighter PIM requirements, for example, 160dBc, or etc.
· Field measurement of the PIM of antenna and BS individually before installation
There is also interference cancellation algorithm available at receiver to reduce the PIM impact on the reference sensitivity at the cost of increased complexity.
In summary, PIM is controllable, measurable, and testable. 

How to Handle PIM in RF Specifications
At this moment all the BS requirements are specified at antenna connectors. The requirements are verified by conductive tests. PIM products generated within the RF module and presented at the antenna connectors should have been well covered by existing requirements.
The PIM products generated at antenna sub-system can be controlled by the antenna PIM spec. Again, it can also be tested according to antenna testing setup which is radiation tests based on special facilities. Not all the BS performance indexes are currently being specified as RAN requirements, including antenna system. 

PIM and Transmitter Bandwidth
LTE-A is aimed at 100MHz transmission bandwidth and there is definitely requirement for transmitter to support wider transmit bandwidth. One of the key capabilities for RF module is the instantaneous transmit bandwidth. The de-sensitivity due to wide-band IMD shall be handled by tighter antenna spec case by case if needed. However, it’s not suggested to develop band by band RF requirements at antenna connector or put any limitations on the transmitter bandwidth.

Summary
It’s suggested to take the above considerations into account when handling the PIM issues.
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