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Introduction

Different perspectives have been presented regarding the necessity of PIM testing for fifth and higher-order intermodulation products. Some papers have advocated confining PIM testing to third-order product tests [1], while other papers argue that test coverage is compromised by not testing higher order products [2]. Without drawing conclusions regarding the necessity of performing such tests, this paper reviews the impact of adding tests for higher-order products.

Discussion

The impact of adding tests can usually be viewed from two opposing perspectives: complexity and coverage. Additional tests may improve coverage, but always at the cost of additional test complexity. Removing tests reduces complexity at the expense of increased risk of missing a performance problem. Selection of a set of tests is therefore a trade-off between achieving acceptable coverage and incurring reasonable complexity.
The following formula can be used to select a pair of carrier frequencies for performing an IM test.
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 is the order of the intermodulation product

[image: image5.png]


, and 
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 is the uplink/downlink duplex frequency.
Rearrangement of the formula yields
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Values of M corresponding to intermodulation product order are in Table 1.

	IM product order
	M

	3rd
	2

	5th
	3

	7th
	4

	9th
	5


Table 1   Intermodulation product order

For example, the duplex for band 3 is 95 MHz, and the bandwidth between band edges is 75 MHz. A test for 3rd order IM using the above method requires a transmitter spacing of 47.5 MHz (95 MHz/M, M = 2). For any transmitter frequency in band 3, there is at most one paired transmitter frequency that may cause a 3rd-order intermodulation product. However, as M increases, the transmitter frequency offset decreases, which allows more combinations of transmitter frequencies which can potentially give rise to intermodulation products.
It is important to distinguish between an intermodulation “product” and the results of the intermodulation distortion process. An intermodulation “product” appears as energy falling within a bandwidth predicted by the |Mf2-Nf1| relationship. However, as previously noted [3], when intermodulation distortion is represented as an nth-order polynomial, distortion arising from each term n contributes to the distortion energy appearing in lower intermodulation products. Thus, distortion arising from a 5th order intermodulation process contributes energy to the 3rd-order product as well as to the 5th order product. The same is true for higher-order products.
It is clearly impractical to pursue an exhaustive test strategy for IM products, particularly as the order of the intermodulation products of interest increases.
The minimal test strategy is to test for the presence of the lowest-order IM product. Some operating bands are too narrow to permit the necessary transmitter separation for the creation of a 3rd order IM product, but may allow the creation of higher order products. For these bands, the PIM test may be expressed simply as testing for the IM product with the lowest possible order. As demonstrated by the theoretical analysis in [3], the distortion measured at lower order intermodulation frequencies includes the distortion produced by higher order non-linearities.
A possible alternative test strategy follows (strategy #1):
1. For each intermodulation product order under investigation:

a. Configure the transceivers to transmit on f1 and  f2  (and receive on the corresponding uplink frequencies) corresponding to the intermodulation product order under investigation. f1 and  f2 will both change to cover the entire operating band.

b. Perform the necessary calibrations

c. Measure the sensitivity of the receiver tuned to f1 ( fduplex.
This is more than Q times the effort of e.g., the Reference Sensitivity test (36.141, Section 7.2), where Q is the number of intermodulation products under investigation. It is more effort than the in-channel selectivity test due to the need to re-configure and re-calibrate both transceivers for each step. The complexity of the test can be reduced somewhat by fixing f1:

(strategy #2):

1. Configure one transmitter to transmit f1 (and receive the corresponding uplink frequency) near the top of the operating band;

2. For each intermodulation product order under investigation:

a. Configure the second transmitter to transmit f2 (and receive the corresponding uplink frequency) corresponding to the intermodulation product order under investigation,

b. Perform the necessary calibrations

c. Measure the sensitivity of the receiver tuned to f1 ( fduplex.
However, this strategy only tests intermodulation products generated near the top of the operating band, but still requires more test effort than N in-channel selectivity tests.
Conclusions

It is clearly impractical to pursue an exhaustive test strategy for IM products, particularly as the order of the intermodulation products of interest increases. Possible test strategies were presented. Varying levels of test coverage and complexity are involved, but even the minimal strategy will capture effects related to higher-order intermodulation.
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