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Interference Frequencies for Type 2 Mobiles
1 Introduction and Purpose
One of the types of interference in the receive band of a type 2 GSM mobile results from non-linear components in the receiver (such as the LNA and the mixer) combining the attenuated signal from the transmitter with other unwanted signals.  These unwanted signals are typically called intermodulation interference or blocking signals.  The products of these signals with the transmitter signal fall into the receive frequency band of the mobile station and can cause the receiver to behave non-linearly or can impact the receiver’s sensitivity.  This discussion document looks at the intermodulation interference frequencies that are of concern with four common GSM frequency bands.  This information is referred to for the analysis presented in [3], and [4].  
2 Frequencies of Interest
Not all interference or blocking signals cause products that affect the GSM receive band.  The first task therefore is to identify the frequency bands for interfering signals that pollute the receive GSM band when mixed with the transmit signal.  

Let the transmitter signal be represented by 
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, where ATX is the amplitude of the transmit signal, and ωTX represents the angular frequency of the transmit signal.  Similarly the interferer signal is represented by 
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, where AI is the amplitude of the interferer signal and ωI is the frequency.

Non-linearity in a receiver is typically modelled by a power series expansion (and limiting the expansion to only the first, second, and third order terms):
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where 
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 is the receiver output voltage; 
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 are the first, second, and third order voltage gain terms respectively; and 
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 is a DC offset term.
Substituting 
[image: image9.wmf]t

A

t

A

V

I

I

TX

TX

in

w

w

cos

cos

+

=

 into the above equation gives:
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Expanding out the power terms gives the following:
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The second and third order intermodulation terms are of concern, since they can be close to the band of interest.  Harmonics typically fall far out of band and are easily rejected with filtering.  The cross modulation product on the interferer frequency is very critical where the interference frequency is close to the receive band (i.e. adjacent channel interferers).  This is discussed in more detail in Section 4.
3 Intermodulation Interference

3.1 Second Order Intermodulation Term

Looking first at the 2nd order intermodulation term:
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The frequencies terms of interest are 
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.  Because of the Even-Odd trigonometric identity cos(-x)=cos(x), the frequency term 
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needs to be considered as well.  Next, solve for the interferer frequencies, where these terms fall into the RX band:
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Cases [1] and [3] represent valid interference frequencies.  Case [2] results in a negative frequency, because 
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, and is therefore discarded.  

3.2 Third Order Intermodulation Terms

Consider next the 3rd order intermodulation terms: 
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The frequencies terms of interest are 
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.  Again because of the Even-Odd trigonometric identity cos(-x)=cos(x), the frequency terms 
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need to be considered as well.  Next, solve for the interferer frequency, where these terms fall into the RX band:
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Case [4] and case [9] result in negative frequencies and are therefore discarded.  

3.3 Intermodulation Frequency Bands

Now treating each frequency band as having a given bandwidth, the following substitutions can be made:
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can be any frequencies within a given GSM RX and TX band respectively.  The intermodulation interference band frequency ranges are shown in Figure 1.   
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Figure 1:  Intermodulation Interference Bands
The interference band frequency ranges are bounded by considering the extreme frequencies of each receive and transmit band.   This method is described by the equations in Table 1.  The angular frequencies (
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) have been replaced with ordinary frequencies using the relationship 
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	Product
	Band Edge
	Frequency

	3rd Order
	FT1L
	(FRXL – FTXH)/2

	
	FT1H
	(FRXH – FTXL)/2

	2nd Order
	FS1L
	FRXL – FTXH

	
	FS1H
	FRXH – FTXL 

	3rd Order
	FT2L
	2FTXL – FRXH

	
	FT2H
	2FTXH – FRXL

	3rd Order
	FT3L
	(FTXL + FRXL)/2

	
	FT3H
	(FTXH + FRXH)/2

	2nd Order
	FS2L
	FTXL + FRXL

	
	FS2H
	FTXH + FRXH

	3rd Order
	FT4L
	2FTxL + FRXL

	
	FT4H
	2FTxH + FRXH


Table 1:  Interference Band Edge Frequency Definitions
Applying the definitions in Table 1 for each GSM band gives the intermodulation interference frequencies shown in Table 2.
	Product
	Band Edge
	Frequency Band

	
	
	GSM 850

Tx 824-849

Rx 869-894
	EGSM 900

Tx 880-915

Rx 925-960
	DCS1800

Tx 1710-1785

Rx 1805-1880
	PCS1900

Tx 1850-1910

Rx 1930-1990

	
	
	Frequency (MHz)
	Frequency (MHz)
	Frequency (MHz)
	Frequency (MHz)

	3rd Order
	ΔFT1
	10 – 35
	5 – 40
	10 -85
	10 – 70

	2nd Order
	ΔFS1
	20 – 70
	10 – 80
	20 – 170
	20 – 140

	3rd Order
	ΔFT2
	754 – 829
	800 – 905
	1540 – 1765
	1710 – 1890

	3rd Order
	ΔFT3
	846.5 – 871.5
	902.5 – 937.5
	1757.5 – 1832.5
	1890 – 1950

	2nd Order
	ΔFS2
	1693 – 1743
	1805 - 1875
	3515 - 3665
	3780 - 3900

	3rd Order
	ΔFT4
	2517 - 2592
	2685 - 2790
	5225 - 5450
	5630 - 5810


Table 2:  Intermodulation Interfering Frequencies for Common GSM Bands

In each of the GSM bands there is overlap between the band FT2 and the TX band.  Also there is overlap between the FT3 band and both the TX and RX bands.  These two 3rd order product bands may prove to be the most troublesome.  While the FT2 product band can be rejected by the filtering in the receiver, the FT3 product band will not be well rejected as it lies directly across the transition band of the duplexer and receive filter as well as in a portion of the Rx band where there is no duplexer and filter rejection.

The interference signal power levels that may be seen in these frequency ranges will vary depending on the RF environment.  However the blocking signal levels that the MS must handle are specified in Section 5.1 of [1].  The document specifies blocking tone powers for each GSM band and classifies them as “in-band” (frequencies near or in the receive band) or “out-of-band” (frequencies farther away from the receive band).  For DCS1800 and PCS1900 the out-of-band frequencies are subdivided into sections (a), (b), (c), and (d).  The blocker powers and frequencies as stated in [1] are given in Table 3.
	GSM Band
	Frequency Band
	Frequency

(MHz)
	Maximum Blocker Power

	GSM850
	in-band
	849 – 914
	-23dBm

	
	out-of-band
	0.1 – 849 and

914 – 12750
	0dBm

	EGSM900
	in-band
	915 – 980
	-23dBm

	
	out-of-band
	0.1 – 915 and

980 – 12750
	0dBm

	DCS1800
	in-band
	1785 – 1920
	-26dBm

	
	out-of-band (a) and (d)
	0.1 – 1705 and

1980 – 12750
	0dBm

	
	out-of-band (b) and (c)
	1705 – 1785 and

1920 – 1980
	-12dBm

	PCS1900
	in-band
	1910 – 2010
	-26dBm

	
	out-of-band (a) and (d)
	0.1 – 1830 and

2070 – 12750
	0dBm

	
	out-of-band (b) and (c)
	1830 – 1910 and

2010 – 2070
	-12dBm


Table 3:  Blocker Tone Frequencies and Powers
Cross Modulation Interference 
Cross modulation is caused by the transfer of the amplitude modulation of a strong signal (like the transmitter in a handset) onto another signal (the adjacent channel) in a nonlinear processing block (i.e. the LNA).   There can be cross modulation between any two signals if one or both have some form of amplitude modulation.  In this case, we are interested in the cross modulation from the transmitter signal of the mobile (which is relatively strong) and an adjacent channel interferer in the mobile.  This is shown in Figure 2.  
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Figure 2:  Cross modulation of the Adjacent Channel Signal by the TX Signal Causes Interference with the RX Signal.
Cross modulation power is proportional to the adjacent channel power and proportional to the square of the TX power (in Watts).  Cross modulation is often the driver for linearity requirements in full duplex technologies such as W-CDMA.   Analyzing this effect accurately requires statistic modelling of the modulated signal.  The effect of cross modulation is not discussed at this time.
Summary

This discussion document defines the interference frequency bands that will combine with the TX signal and cause interference in the receiver.  It also reiterates the blocking requirements set out by [1].  Some of these interference frequency bands lie close or even inside the TX and RX bands.

Other interference bands are far from the operating frequencies of the MS and should be strongly rejected by the MS antenna.  However, as the transceiver requirements set out in [1] state that interference signal power levels must be considered at the antenna connector, the filtering benefits provided by the antenna cannot be accounted for in subsequent analysis.
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