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1 Introduction

In the current Release 12 study item on Passive Intermodulation (PIM) handling for base stations [1], only 3rd order products have been considered so far. 

However, higher order PIM, 5th and 7th, are starting to reach significant levels with the high increase in power and wider bandwidths brought by LTE with RAN sharing and carrier aggregation. 
The present contribution provides an analysis of this issue and proposes to consider this case in the current Release 12 PIM study item as this is of interest for operators.
2 Discussion
2.1 Higher order PIM issue
We have recently been investigating the power level of PIMs from wideband carriers. So far we have been considering only 3rd order products as these are traditionally the ones that are the highest level and most problematic. However, 5th and 7th higher order PIM could be also problematic for some specific scenarios.
In the following, an example scenario is provided and the simulation model to evaluate 3rd, 5th and 7th order PIMs is described.
Example scenario
Following example looks at a RAN sharing scenario between operator A & B with two 20 MHz LTE carriers. To combine the two sets of signals into the same antenna a same band combiner (SBC) is used with a 1 MHz frequency separation as shown in Figure 1.
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Figure 1: RAN sharing scenario between operator A and B 
Simulation model 
The model used for this analysis was developed by Quintel Technology Ltd in collaboration with Orange labs.
The simulation model computes PIM products by describing each RF signal as multiple spectral components, i.e. as power spectral density profiles, and then performs all possible f1+f2-f3 combinations with these resolved spectral components. This arrives at a PIM3 spectral density output. Similarly this is done for PIM5 and PIM7, but using a Monte-Carlo method rather than exhaustively computing all combinations (f1+f2+f3+f4-f5-f6-f7 for example for PIM7).
Additionally, the simulation model considers the PIM3 products generated from intermodulation of higher-order modulated signals, such as EDGE, WCDMA & LTE. Such signals result in higher PIM3 products, by a few dBs than that generated via constant envelope modulated signals, such as CW or GSM. 
The Simulation Model used for this analysis has been recently updated to include PIM5 and PIM7 estimates when considering higher-order modulated signals. Early indications suggest that the magnitude of higher-order PIM products, such as PIM5 and PIM7 are particularly sensitive to higher-order modulated signals. 
2.2 Higher order PIM impact
From our first theoretical evaluations, we have seen that in some RAN sharing scenarios with a large spectrum shared by different operators, as in the example in Figure 1, the 5th and 7th order PIM’s are actually higher than the 3rd. 
Summed together they give interference levels that cause several dBs of desensitization in the top of the uplink band.
This is illustrated by the following two examples of 2 x 20 MHz LTE carriers in Band 7 that show the 3rd, 5th and 7th order PIMs.
The following assumptions are considered:

· PSD = 4W/MHz 
· PIM performance: 150 dBc for IM3, 165 dBc for IM5 and180 dBc for IM7.
· PIM3 changes by 3dB for each 1 dB change in carrier level, PIM5 by 5dB and PIM7 by 7dB. These are theoretical values and might be lower in practise.
· eNB noise floor (red dashed line in the figures below) = -112 dBm/MHz (assuming a receiver noise figure of 2 dB).
Example 1: 2 x 20 MHz LTE carriers in Band 7 with maximum separation

[image: image2.png]ez

osaz

Operat

2670-2690MH2

ooz

a0z

050z

of
above noise floo

ovaz

osaz

Qp;ua.nrh
2620.2640MHz.

ozaz

oraz

00z

sz

ossz

sz

sz

055z

ovsz

g5z

0zsz

orsz

sz

osvz

osvz

vz

aavz

osvz

vz

o0svz

Bz

—piE

p—")

Total PIM:

~mmePIMThres.

| oove

[Howe

| oove

| osee

| osez

ez





Figure 2: Examples of 2 x 20 MHz LTE carriers in band 7 with maximum separation showing 3rd, 5th and 7th order PIMs (vertical scale 5 dB/div)
This first example shows PIM levels in the range of [5-15 dB] above eNB noise floor across the whole UL FDD band.
Example 2: 2 x 20 MHz LTE carriers in Band 7 with minimum separation
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Figure 3: Examples of 2 x 20 MHz LTE carriers in band 7 with minimum separation showing 3rd, 5th and 7th order PIMs (vertical scale 5 dB/div)
This second example shows PIM levels up to 10 dB above eNB noise floor across uppermost 50% of UL FDD band. 
If confirmed, these levels will be very damaging to both coverage and capacity and cannot be tolerated by operators choosing to go for RAN sharing.
3 Conclusion

Wideband PIM is a relatively new phenomenon that causes already on the field problems for some operators that have refarmed or are considering to refarm GSM bands to LTE with their existing RAN sharing partners.
The analysis provided in this paper shows that for some of these cases, the 5th and 7th order PIM are actually higher than the 3rd order leading to desensitization levels that will be very damaging to both coverage and capacity and cannot be tolerated by operators choosing to go for RAN sharing. 
These are preliminary results that should be further confirmed by measurements but they should be taken as a warning for a potential serious problem that requires further investigation in the current Release 12 PIM study item.
On this basis, the following is proposed.

Proposal:
Relevant scenarios are added to the current Release 12 PIM Study Item to evaluate the impact of the 5th and 7th order PIM on receiver performance. These higher order PIM should be considered together with the 3rd order in the Release 12 PIM Study Item.
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