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Introduction
An issue not clearly treated by the draft TR is the addition of PIM from multiple sources. A short theoretical background is presented along with a text proposal.
Discussion

The draft TR [1] notes that

[… r]egardless of the site configurations, there are quite many elements in the site infra-structure such as jumpers, connectors, feeders, site solution filters, antennas etc. that can generate PIM and it is thus important to consider the overall picture including also the BS PIM.
While this description notes that PIM may arise from multiple sources, it does not provide a description of the consequences of PIM arising from multiple sources.
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Figure 1 Illustrative example
As an illustrative example Figure 1 depicts a two-transmitter system. Assume that the only PIM sources are the connectors identified as having a PIM performance of −155 dBc each. Assuming each transmitter contributes 43 dBm to the power incident at the connectors, the PIM signal generated by each connector is (46 – 155) or −109 dBm.
Note that the signal causing PIM at the lower connector is the same as the signal causing PIM at the upper connector. Thus, the PIM signals created at the connectors are correlated. If the phase relationship between the wanted signal and the generated PIM is the same in the lower and in the upper connector and the intermodulation travels at the same speed as the wanted signal, then the generated PIM products will add up in phase at the upper connector (i.e., 6 dB vs. 3 dB addition for the same PIM level). The resulting PIM level for this example is therefore -103 dBm.

Each element (connectors, jumpers, diplexers, etc.) is a potential PIM source, and the phase of the signal causing the PIM, the PIM generated in each element and the PIM propagated from earlier elements in the antenna line must be included in a complete analysis.
Conclusions

The total PIM generated within a base station deployment depends on the PIM performance of all elements with the deployment. The cumulative effect must be evaluated carefully due to the correlation between PIM products.
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8
Deployment aspects and counter measures for PIM

8.1
Impact of site infrastructure
Although there is a large variation on what a site configurations may look like, it is still of interest to look into three main categories of site configurations as in figure 8.1-1. 
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Figure 8.1-1: Logical schematic of some example site configurations
The figure on the left side is the simplest site configuration where the Antenna Near Parts (ANP) represents the possible low noise antenna amplifier etc. Note that not all sites would contain the ANP part.

The middle figure represents the scenarios where signals from base-stations handling two different bands are diplexed to one feeder and at the antenna separated by another diplexer to fully use the ANP part or other functionality such as different tilting per band etc.

The rightmost figure represents the scenario where two different RATs are mapped into both a common feeder and antenna. The site solution for this scenario is based on highly selective filters avoiding loss of spectrum or power.

Regardless of the site configurations, there are quite many elements in the site infra-structure such as jumpers, connectors, feeders, site solution filters, antennas etc. that can generate PIM and contribute to the total PIM interference experienced by the receiver. The PIM generated by all of these elements is assumed to be generated from the same transmitter signals. The resulting PIM products are therefore assumed to be correlated to some degree and may thus add in amplitude either constructively or destructively subject to the frequency-dependent phase differences and losses between the sources. It is thus important to consider the overall picture including also the BS PIM.

High quality site products are specified at PIM of at least ~150 dBc (@ 2x43 dBm CW) depending on type of component. There is however a large variation of site products as well as PIM performance which needs to be considered when discussing BS PIM requirements. 

It should be noted that it is physically difficult to achieve PIM levels better than 150 dBc (@ 2x43 dBm CW) for any kind of products e.g. BS, antennas etc and thus there is a possibility that PIM is generated into receiver given the conditions stated in sub-clause 5.1 and 6. Further mitigations schemes might be needed to reduce the impact on receiver sensitivity. This is further discussed in sub-clause 8.2.

In cases where legacy deployments are re-used for a site where new RATs or operating bands are added by introducing multi-RAT or multiband base stations, replacement and/or update of site infrastructure elements as mentioned above may be required. Great care must then be taken, since unexpected PIM effects may come from the combination of old and new components together with the combination of different RATs such as GSM+LTE, which were not foreseen or accounted for in the original deployment.
8.2
PIM counter measures

In case the passive intermodulation occurs on some sites, there are some counter measures that can be deployed to reduce the impact. Some example counter measures are as following:

-
High quality low PIM site infrastructure components: The lower the PIM level on site infra-structure components, the lower the impact.

-
Reduced output power: The level of PIM products would be reduced by 3 dB (both higher and lower values are regularly observed) for every dB reduction in output power.

-
TMA usage: The usage of low noise antenna amplifiers can reduce the impact of PIM caused by components on the BS side of the amplifier, thereby reducing the degradation in the receiver.

-
Allocation and planning of carriers: This would affect the frequency domain criterias where third order PIM can be avoided. Note that higher order PIM has lower level than the third order.

-
Separation of RX and TX signals (no duplexed BS implementation): A separation of RX and TX signals (also applicable on antennas) would create high isolation and thus the PIM levels would linearly decrease with isolation.

-
Separation of signals for different bands: A separation of the transmitter paths for different bands in case of multi-band transmission (also applicable on antennas) would create additional isolation and thus reduce the level of inter-band PIM components.

In some cases if needed a combination of counter measures such as above can be used to mitigate the impact of PIM.
8.3
Maintenance Activities

Typically, resolution of a PIM problem will require a site visit by a technical crew. Maintenance activities can include site clean-up, disassembling and cleaning connections, reapplying weatherproofing materials, and replacement of damaged or defective components. The site cannot be in a fully-operational state during these activities. Operators want to minimize service disruptions, so these activities are either performed during periods of low activity (e.g., at night, on weekends) or they must be coordinated so that adjacent sites or co-sited equipment remains active.

Due to the difficulty of isolating site problems (including PIM-related problems), maintenance activities are often performed on a fixed schedule as determined by a model of site degradation. The maintenance activities might not actually be necessary, in which case the visit could have been delayed, or it is possible that a site needs attention before it is scheduled for maintenance. For these reasons, is desirable to monitor site performance so that maintenance activities can be performed on an as-needed basis.

<end of text proposal>
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