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1.
Introduction

At RAN4 #58, a discussion of passive intermodulation for Base Stations was initiated [1,3]. Passive intermodulation (PIM) occurs due to the non-linear nature of passive components and can be generated from the antenna port of the duplexer in the BS, through connectors, jumper cable, feeder cables, site equipment and all the way up to and including the antennas.
In this paper, the discussion of passive intermodulation for MSR-NC is continued and an analysis of the impact considering antennas, being one of the contributing components, is presented.
2.
Discussion
In [1], the mechanisms behind PIM generation and the frequency domain properties of PIM were described (see figure 1). For MSR-NC, the multi-RAT aspect of combining wideband and high PSD narrowband carriers is of high importance.  In such scenarios, the PIM products will have wide bandwidth and affect a large portion of the receive band.
The properties of the IM products will dependent on several parameters:

· RF Bandwidth of the transmitted multicarrier signal
· Number of transmitted carriers

· Type of carriers: Modulation, amplitude components of carrier (peak to average), bandwidth and output power per carrier type 

· Frequency relation between carriers.
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Figure 1
PIM and PIM generation path
It was also concluded in [1] that the higher level third order passive intermodulation product can potentially hit the receive band for a limited number of 3GPP bands as shown in Table 1.
Table 1: 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
	-
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	15 MHz

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


2.1.
 Sensitivity degradation due to antenna PIM

This paper gives an analysis of the PIM generated in the antenna and its potential impact on receiver reference sensitivity. It is a crucial to understand the full picture of PIM generation, including the site infra-structure impact, before discussing the BS PIM performance, the PIM problem can not be handled by the BS itself.

The most typical antennas have as specified Passive IM3 performance of 150 dBc measured with 2 x 43 dBm CW carriers. Considering the simple scenario of two modulated UTRA carriers at various power levels, the sensitivity degradation is given in figure 2.
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Figure 2
Sensitivity degradation due to antenna PIM

The following assumptions were made for the analysis:

· Antenna PIM was recalculated for various power levels assuming that the IM3 products increase /decrease by 3 dB when the carrier power is increase/decrease by 1 dB. Note that in practice, the PIM products do not strictly follow this theoretical behaviour, where both lower and higher ratio for the increase are regularly observed in practical measurements.

· A conversion factor of 2.1 dB was used to convert the CW to UTRA modulation. The conversion factor is based on an empirical study discussed in [2].

· Due to strong synergies between UTRA and E-UTRA, the results are applicable also for E-UTRA
It can be observed that for 43 dBm modulated carrier power, the typical antenna gives a 2.2 dB sensitivity degradation, while for higher power the sensitivity degradation can be above 10 dB, considering only the contribution from a typical antenna.
Conclusion
In this paper, the discussion on passive intermodulation issue (PIM) is continued for MSR in non-contiguous spectrum. The sensitivity degradation of a typical antenna as a contributing component was analyzed for a range of carrier powers, where a significant degradation could be observed even for moderate carrier powers. 
Given the potential severity of the degradation and since PIM is generated from the antenna port of the BS all the way up to and including the antennas, the issue has a very high site infra-structure impact. RAN4 is urged to address the issue and conclude on a way forward for the MSR-NC BS, as well as other components included in the site infra structure.
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