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Introduction

The issue of BS passive inter-modulation was discussed at several times in previous RAN4 meetings [2][3]. At RAN #55, a study item for investigating the passive intermodulation from an overall perspective was approved [1]. This paper re-initiates the discussion and elaborates further on PIM and its impact.

Discussion

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. The band combinations for MC/CA and the multi band MSR scenarios are not further discussed in this paper, but would require further investigations.
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 does 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. Table 1 summarizes the IM3 analysis for the paired bands, while table 2 gives the maximum RF BW which would not cause IM3 in the own receiver for the concerned bands. 
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.
One additional aspect for MSR-NC in multi-RAT operation is that 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. 

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

Due to the broadband nature of PIM for multi-RAT transmissions and the fact that the PIM level possibly increases with the number of carriers, single-RAT features that rely on narrowband properties such as GSM frequency hopping will not be a solution to the PIM problem.  

Table 1: IM3 analysis for Paired bands in E-UTRA, UTRA and GSM/EDGE.

	MSR and E‑UTRA Band number
	UTRA
Band number
	GSM/EDGE

Band designation
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Duplex gap size in relation to band size

	1
	I
	-
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	Large

	2
	II
	PCS 1900
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	Small

	3
	III
	DCS 1800
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	Small

	4
	IV
	-
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	Large

	5
	V
	GSM 850
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	Small

	6
	VI
	-
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	Large

	7
	VII
	-
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	Small

	8
	VIII
	E-GSM
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	Small

	9
	IX
	-
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	Large

	10
	X
	-
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	Large

	11
	XI
	-
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	Large

	12
	XII
	-
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	Small

	13
	XIII
	-
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	Large

	14
	XIV
	-
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	Large

	15
	XV
	-
	Reserved
	
	
	Reserved
	
	
	

	16
	XVI
	-
	Reserved
	
	
	Reserved
	
	
	

	17
	-
	-
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	Large

	18
	-
	-
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	Large

	19
	XIX
	-
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	Large

	20
	XX
	-
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	Small

	21
	XXI
	-
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	Large

	22
	XXII
	-
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	Small

	23
	-
	-
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	Large

	24
	-
	-
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	Large

	25
	XXV
	-
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	Small


Table 2: Maximum RF BW to avoid IM3 in own receiver for bands with “small” duplex gap.

	MSR Band number
	UTRA
Band number
	GSM/EDGE

Band designation
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Maximum RFBW without IM3 in own Rx 

	2
	II
	PCS 1900
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	40 MHz

	3
	III
	DCS 1800
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	47.5 MHz

	5
	V
	GSM 850
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	22.5 MHz

	7
	VII
	-
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	60 MHz

	8
	VIII
	E-GSM
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	22.5 MHz

	12
	XII
	-
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	15 MHz

	20
	XX
	-
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	20,5 MHz

	22
	XXII
	-
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	55 MHz

	25
	XXV
	-
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	40 MHz


The RF requirement with the most impact from increased emissions caused by IM products is the static receiver sensitivity. Since receiver sensitivity is currently defined as a single carrier/single RAT requirement, the PIM impact will however not be visible in present conformance testing. Note that the spurious emissions requirement for protecting the own receiver of -96 dBm/100 kHz assumes 30 dB of Tx-to-Rx isolation and is not sufficient to maintain sensitivity for duplexed BS equipment with the transmitter on.

Examples of PIM characteristics
To visualize the PIM characteristics and behaviour, a simple simulation is presented below in figure 2, where the upper part shows the characteristics of contiguous multi-RAT PIM while the lower part with higher RFBW includes an additional non-contiguous sub-block. 
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Figure 2
Simulated PIM characteristics for one contiguous scenario and one larger RFBW non-contiguous scenario

The significant increase in IM products is caused by a combination of the various factors mentioned above. Other carrier combinations would give different characteristics which indicate the complex nature of PIM, where the frequency domain properties of PIM products are well predictable but the power of individual PIM products would fluctuate. 
Given the fact that PIM can be generated anywhere within the site infra structure including the antennas, feeders, connectors, jumpers and installations, it is essential to handle PIM from an overall point of view and conclude on a way forward including possible impact on BS requirements. Putting stringent requirement on the BS equipment will not in itself solve the problem, since PIM can be generated anywhere within the site infra structure including the antennas. Feeders, connectors, jumpers and installations could also give rise to PIM products with the consequence of additional sensitivity degradation.

One implication that also needs to be addressed within the study item is the lack of  proper testing which needs to considered and handled by defining a relevant combination of transmit and receive test configurations. In practice, there is a need to create test configurations for simultaneous transmit and receive, which would create IM3 products in own receive band (within the RF BW) to be applied for receiver sensitivity testing. Since non-contiguous MC/CA is also defined in the single RAT specifications, possible modification in the single RAT specifications will be needed.

Summary

In this paper, the discussion on PIM is re-initiated and the mechanisms behind as well as possible consequences are described. RAN4 is encouraged to address PIM with a broad perspective considering the impact of site infra-structure, since applying PIM requirements on BS nodes will not in itself solve the problem, due to the fact that PIM can be generated in connectors, feeder and jumper cables antennas and in practice any component within the site infra-structure.
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