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1.
Discussion

In previous RAN4 meetings, the mechanism behind PIM generation was extensively discussed. In this paper a text proposal based on the RAN4 discussions [1-3] is prepared and proposed for the PIM SI technical report.
2.
Proposal

It is proposed that the attached text proposal is included in TR 37.808. 
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TEXT PROPOSAL for TR 37.808:

6
PIM generation from site infra-structure

6.1 
Mechanism for PIM generation

With introduction of MSR in non-contiguous spectrum, there are new implications for the RF characteristics. These are related to the extension of the RF bandwidth to cover non-contiguous spectrum scenarios, plus the combination of carriers with narrowband/high PSD and broadband /low PSD carriers for the different RATs. One of the most challenging implications is the possible generation of Passive InterModulation (PIM) products into the own receive band, which could degrade the receiver sensitivity due to the resulting noise increase.

There are additional scenarios relevant to BS PIM, considering recent features added to 3GPP specifications. For dual band HSDPA and inter-band CA for E-UTRA, there are band combinations that would potentially cause passive intermodulation into own receive band. In addition, the new work item for multi-band MSR BS with potentially very wide band transmitters and receivers would lead to new PIM scenarios. 
Passive intermodulation (PIM) occurs due to the non-linear nature of passive components and has traditionally been a major concern when deploying cellular networks. For GSM networks, PIM was handled initially through non-duplexed equipment, which gives at least 30 dB isolation between RX and TX. For duplexed equipment, it is handled through frequency planning and frequency hopping. For broadband systems such as UTRA, that have limited RF BW, the lower order IM products do not hit the own receive band and carriers have low PSD. For these reasons, the passive IM does not contribute to any degradation of the receiver. The situation becomes different for wider RF BW in combination with high PSD carriers.

PIM products can be generated from the antenna port of the duplexer in the BS, through connectors, jumper cable, feeder cables, site equipment and antennas, all the way up to and including the antennas, as shown in figure 1. Some of the mechanisms behind passive IM generation are as follows:
-
Corrosion, Oxides

-
Dissimilar metals in contact to each other

-
Magnetic materials in the signal path

-
Low contact pressure and small contact area 

-
Debris, pollution and dust at the contact areas 

-
Vibration

-
Temperature variation                                                                     
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Figure 1
PIM and PIM generation path

Intermodulation products occur at frequencies 
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where the order of IM products is (m+n). The third order IM products have the highest level, while the level gradually decreases for higher order products. 

Considering the frequency domain relations for the generation of IM products, the existing paired bands can be divided into two categories. For the first category, the relation between band size and duplex gap size implies that IM3 products would never fall in the own receive band, irrespective of RF BW. For the second category of bands, due to the “small” duplex gap, the own receiver could potentially suffer sensitivity degradation from IM3 products, depending on the size of the RF BW. Note that there are additional new bands under standardization such as band 26, 27 and 700 APAC, which also could suffer from passive IM3 into own Rx.
The IM products are thus dependent on several parameters such as:

-
Number of transmitted carriers

-
Type of carrier (modulation, amplitude components of the carrier (peak to average), bandwidth, output power per carrier type) 

-
Frequency relation between carriers.
-
Total RF Bandwidth of the transmitted multicarrier signal

A theoretical background for PIM is given in sub-clause 6.1.1:

6.1.1
Theoretical background for Passive InterModulation (PIM)
When non-linear relationship exists between current and voltage (or, conversely, between the electric and magnetic components of a propagating wave), harmonic frequencies and linear integral combinations of them will be generated. As an illustration, consider a component with a voltage-current relationship given by
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  (1)

and let the current be of the form
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where wi = 2
[image: image5.wmf]p

fi and fi represents the frequency in Hertz. Concentrating on the third-order term we find:
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                                                                                                                          (3)

In this expression we notice the presence of the harmonics 3w1 and 3w2 as well as the sums and differences (2w1 ± w2) and (2w2 ± w1). In general, for the complete series expansion, all higher harmonics as well as their sums and differences, i.e. frequencies of the form
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would appear, where m and n are positive integers. These frequencies are referred to as intermodulation products of order (|m|+|n|). Thus, the spurious signals due to the third-order term are intermodulation products of order three. Equation (3) also demonstrates that, for equal amplitudes I1 and I2, the power of the third-order intermodulation signal will increase, at least theoretically, with the third power of the transmitted signal strength [3]. Intermodulation products where |m-n|=1 have the potential to be particularly troublesome.
Third order intermodulation products are formed from the sum and difference frequencies. In this expression, we notice four intermodulation products with order three: 


[image: image8.wmf]1

2

1

2

2

1

2

1

2

2

2

2

w

w

w

w

w

w

w

w

w

w

w

w

d

c

b

a

+

=

-

=

+

=

-

=



For the difference frequencies we have:

Amplitude of 
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Amplitude of 
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For the sum frequencies we have:

Amplitude of 
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Amplitude of 
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The second and the third terms above are the amplitude of the fundamental signals 
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 respectively. If 
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 are both increased by 1 dB, the levels of all third order intermodulation products are increased by 3 dB.
However, if 
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increases by 1 dB while 
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