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Introduction
RAN4 is investigating PIM mechanisms and scenarios for Wide-Area base station deployments. It is sensible to begin with these deployments due to their high transmit power and multi-carrier operation. Similar attention should be given to Medium-Range and Local-Area base stations. This paper presents PIM considerations for Local-Area and Medium-Range base stations and presents proposed additions to the Technical Report.
Discussion
Scenarios/Site Scenarios
The draft TR describes a scenario in which PIM is generated in external antennas and possibly feeder cables. These are potential problems for both MR and LA deployments.
Scenarios/Single-band Scenarios
The draft TR cites the MSR-NC scenario as a relevant scenario for PIM study and cites relevant frequency band combinations. These scenarios are valid for both MR and LA deployments.
Scenarios/Multiband scenarios
The draft TR cites dual-band HSDPA, LTE inter-band and Multiband MSR as relevant scenarios. This scenario mentions indoor deployments, which could conceivably apply to MR or LA deployments. These scenarios are valid for both MR and LA deployments. However, in consideration of the smaller coverage areas and size and cost constraints, LA deployments are less likely to support large channel active bandwidths (>20 MHz). Narrower channel bandwidths reduce the probability that PIM products will fall in the receiver pass bands.
Mechanisms/Theory
Various factors contributing to PIM are discussed, along with a theoretical discussion of PIM. This part of the discussion also applies to MR and LA deployments.
Impact on receiver performance
Examples are developed for Wide-Area base stations based on typical power levels and IM performance of high-quality antenna and feeder systems. MR and LA deployments diverge from this discussion on several points:
· Carrier power
TS 25.104 [1] defines the Medium Range BS as having a rated output power of < +38 dBm, and a Local Area class is defined as having a rated power of < + 24 dBm. Similar classes are being defined in TS 36.104 [2]. 
· Receiver noise figure
Due to differences in their deployments, these configurations are also specified with less sensitivity than Wide Area base stations. Corresponding values of noise figure for Medium-Range and Local-Area base stations are 10 and 14 dB respectively. 
· IM performance of external components
Cables, connectors and antennas are selected to meet requirements at rated power levels. Achieving IM performance on the order of 150 dBc requires great care in assembly and material selection. Such measures are clearly excessive for lower-power applications such as Medium Range (MR) and Local Area (LA) base station deployments. MR and LA base stations also must meet different space and cost requirements than WA base stations, which places additional constraints on the technologies and materials used in external components for those applications. MR and LA base stations must therefore be compatible with components that have poorer IM performance than components used in WA deployments. 
In many cases, the IM performance of external RF components for low-power applications may not be specified, as the IM products resulting from lower-power CW carriers could be difficult to measure. Consideration of PIM margin for MR and LA base stations is therefore also warranted.
Conclusion

Lower-power BS configurations have different PIM characteristics than the Wide-Area configurations currently covered by the draft TR and therefore warrant different consideration than Wide-Area configurations.
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PIM impact on receiver performance
Considering the frequency domain relations for the generation of IM products, given the declared maximum RFBW and allocation of carriers, the IM3 products could potentially fall in own receive band as noise. For narrowband systems such as GSM, the IM products are also narrowband, while the IM products from wide band carriers or combination of wideband and narrowband carriers in multi-RAT operation will be broadband as shown in figure 1. 
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Figure 7-2: PIM impact on own receive band
To demonstrate a simple example calculation of possible PIM impact on reference sensitivity, we consider the following assumptions which apply to a Wide Area (WA) base station deployment:
· Carrier power 2 x 43 dBm UTRA carriers

· Receiver Noise figure:
5 dB

· A conversion factor of 2.1 dB to convert the CW to UTRA modulation. The conversion factor is a conservative average value based on empirical studies [2].

· Third order PIM performance of e.g. antenna: -150 dBc @ 2x43 dBm CW

Note that the conversion factor is an assumption used to derive the requirements and once the requirements are settled, the conversion factor in itself would have no further relevance. There would then be an agreed requirement that defines the PIM performance. 
Based on the assumptions, the power of third order PIM products is 43-150= -107 dBm CW while the power of UTRA modulated PIM product would be -107 dBm + 2.1 dB (conversion factor) = -104.9 dBm /UTRA carrier BW.

Considering the noise floor of -103 dBm and the PIM level of -104.9 dBm (both normalized over a UTRA channel), the sensitivity degradation would be on the order of ~2 dB. 

In order for the PIM level calculated above to occur, a scenario would be required where both carriers are transmitted at maximum level, frequency domain condition of centre frequency of the receiver that fulfils the criteria of 2f1‑f2 MHz, and also operation of the BS in a band that would potentially suffer from PIM which makes this a kind of worst case scenario. 

For lower carrier powers, it can be assumed that passive IM3 products increase or decrease by 3 dB when the carrier power is increased or decreased by 1 dB. A similar analogy can be used for higher carrier powers. Note that in practice, the PIM products do not strictly follow this theoretical behaviour, where both lower and higher ratios for the increase/decrease are regularly observed in practical measurements. 
Cables, connectors and antennas are selected to meet requirements at rated power levels. Achieving IM performance on the order of 150 dBc requires great care in assembly and material selection. Such measures are clearly excessive for lower-power applications such as Medium Range (MR) and Local Area (LA) base station deployments. MR and LA base stations also must meet different space and cost requirements than WA base stations, which places additional constraints on the technologies and materials used in external components for those applications. MR and LA base stations must therefore be compatible with components that have poorer IM performance than components used in WA deployments. 

In many cases, the IM performance of external RF components for low-power applications may not be specified, as the IM products resulting from lower-power CW carriers could be difficult to measure. Consideration of PIM margin for MR and LA base stations is therefore also warranted.
The third order passive intermodulation products has the highest level while for higher order intermodulation, the PIM level decreases and thus, the focus here is on the third order PIM.

Due to strong similarities between UTRA and E-UTRA waveforms, the conversion factor as well as calculations can be assumed applicable also for E-UTRA.

A reasonable level of PIM requirement on the BS (similar to levels defined for the antennas) is desirable, which in addition to other mitigation schemes should be sufficient to handle PIM if and when it occurs.
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