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15.2
Type 2 MS Implementation
[First Modified Section]
15.2.1
Concept Description

Full duplex operation is defined as the simultaneous transmission and reception of a signal. This technique requires a duplex filter in order to isolate receive and transmit paths.

Small ceramic, SAW, Film Bulk Acoustic Resonator (FBAR), and Bulk Acoustic Wave (BAW) based duplexers are available today and exhibit reasonably good isolation in a small package, which improves the possibility of implementing a type 2 mobile station. In addition, advanced receiver techniques such as DARP and mobile station receiver diversity (see clause 6) can help to overcome the loss in receiver sensitivity.  
Enabling a type 2 mobile offers the possibility of transmitting more uplink slots while not affecting the downlink slot allocation.  Type 2 mobiles also permit full flexibility in scheduling uplink timeslots (one or more) which can ease scheduling restrictions.  

[End of First Modified Section]
[First Deleted Section]















[End of First Deleted Section]
{First Added Section]
15.2.2a 
Interference Frequencies
15.2.2a.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 of the intermodulation interference immunity of different type 2 MS architectures..  

15.2.2a.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 
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 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 15.2.2a.5.
15.2.2a.3

Intermodulation Interference

15.2.2a.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.  

15.2.2a.3.2

Third Order Intermodulation Terms

Consider next the 3rd order intermodulation terms: 
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The frequencies terms of interest are 
[image: image24.wmf]I

TX

w

w

+

2

,  
[image: image25.wmf]I

TX

w

w

-

2

, 
[image: image26.wmf]TX

I

w

w

+

2

, and 
[image: image27.wmf]TX

I

w

w

-

2

.  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.  

15.2.2a.4

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 417.   
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Figure 417:  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 224.  The angular frequencies (
[image: image42.wmf]w

) have been replaced with ordinary frequencies using the relationship 
[image: image43.wmf]p

w

2

=

F

.  
	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 224:  Interference Band Edge Frequency Definitions

Applying the definitions in Table 224 for each GSM band gives the intermodulation interference frequencies shown in Table 225.
	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 225:  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 [8].  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 [8] are given in Table 226.
	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 226:  Blocker Tone Frequencies and Powers
15.2.2a.5

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 418.  
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Figure 418:  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 CDMA.   Analyzing this effect accurately requires statistic modelling of the modulated signal.  The effect of cross modulation is not discussed at this time.

15.2.2a.6

Summary

This section defines the interference frequency bands that will combine with the TX signal and cause interference in the receiver.  Some of these interference frequency bands lie close or even inside the TX and RX bands.  It also reiterates the blocking requirements set by [8].  
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 [8] 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.
15.2.3a


Transmitter Output Power Levels

Three cases for the transmitter output power levels are considered. 

15.2.3a.1


No Maximum Output Power Reduction

The first case illustrates the situation where the type 2 mobile is expected to meet the maximum output power requirements as specified for the mobile class in [8].  In order to meet this specification the PA must exceed the specified maximum power (33 dBm for 850/900 MHz and 30 dBm for 1800/1900 MHz) by the total passive loss to the antenna port of the switchplexer.  This output power case illustrates the worst situation for receiver interference in this frequency band, as the maximum amount of TX power will leak through to the RX chain. 

As an example, consider the basic type 2 architecture outlined in Section 15.2.6a in the GSM 850 band.  The SPDT maximum insertion loss is 0.45 dB, the maximum insertion loss of the duplexer in the TX path is 2.3dB and the maximum insertion loss of the SP4T switchplexer is 0.85 dB.  This means that the maximum power at the PA output needs to be 33dBm + 0.85 dB + 2.3 dB + 0.45 dB = 36.6 dBm.  

In order to achieve this elevated output power, the size of the PA would have to be increased significantly, and there would be a substantial increase in current consumption.  The current consumption can be estimated with the equation:
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Pout is in Watts, Pin can be ignored as the gain is high, Eff is the efficiency (assumed 50% for GMSK, and V is the applied voltage (assume 3.8 volts).  

Consider the GSM 850 band; with a type 1 mobile, the maximum loss after the PA is approximately 0.2 dB for the harmonic filter, and 0.7 dB for the SP6T switch.  Therefore the power at the output of the PA is 33 dBm + 0.9 dB = 33.9 dBm.   The current draw for this output power is 1.29 A (during transmit).  
Next look at the example described above with the basic type 2 architecture operating in the GSM850 frequency band.  With the output power increased to 36.6 dBm, the current draw increases to 2.41 A (during transmit).  Power consumption has almost doubled, which will have a significant impact on talk time.  Furthermore, the acoustic duplex filters are not designed to tolerate such a high applied power level, and it is expected that this situation would significantly decrease the life of the duplex filter.  However for compliance to the specifications this output power level should be analyzed.

15.2.3a.2


No Change in PA Capabilities

The second case that is considered is where the PA puts out the same maximum output power as it does with the current type 1 GSM architecture.   As described in Section 15.2.3a.1, for GSM 850 the maximum power at the output of the PA is 33.9 dB.  In DCS and PCS bands the maximum power measured at the PA output (based on typical type 1 mobile) is 30 dBm + 0.2 (harmonic filter) + 0.9 (max loss of SP6T switch in this frequency range) = 30.9 dBm.  This output power is held constant.

As an example consider the basic type 2 architecture given in Section 15.2.6a.  In this case, the maximum output power that the duplex filter sees is 33.9 dBm – 0.3 dB (typical insertion loss of the SPDT switch in this frequency range) = 33.6 dBm
.  The maximum output power at the antenna port of the switchplexer varies depending on the duplexer and the switchplexer losses.  For this architecture example in the GSM850 band it could vary between (33.6 dBm – 0.85 dB – 2.3 dB) = 30.45 dBm and (33.6 dBm – 0.7 dB – 2.0 dB) = 30.9 dBm.   For the DCS/PCS band the maximum power at the TX port of the duplex filter is 30.9 dBm – 0.4 dB (typical insertion loss of the SPDT switch in this frequency range) = 30.5 dBm.  The maximum output power at the antenna port of the switchplexer varies depending on the duplexer and the switchplexer loss.  In both DCS and PCS band it would vary between (30.5 dBm – 0.8 dB – 2.1 dB) = 27.6 dBm and (30.5 dBm – 0.95 dB– 3.5 dB) = 26.05 dBm.  
This power case assumption means that type 2 mobiles would require a maximum power reduction (even in single slot mode). 
15.2.3a.3

Power Back Off based on Duplexer Power Tolerance

Duplex filters have a limit to how much input power they can tolerate.  The specification for the GSM 850 SAW duplex filter (EPCOS B7638) states that it can handle 30 dBm CW in the TX band.  The PCS band BAW duplex specification (EPCOS B7633) states that the filter can handle 29 dBm with a CDMA modulated signal in the TX Band.  These parameters are incomplete.  It is not specified whether these power limits are for RMS or peak power when a modulated signal is presented.  The effect of duty cycle of the signal presented is not considered.  Also, the percentage of the time that the signal is at or over the rated maximum is not considered.  

Regardless of the limited information available, there is a possibility of damaging or reducing the life of the duplexer if the maximum rated power is exceeded.  Therefore the analysis is repeated with the TX output power backed off to 29 dBm at the TX Port of the duplexer (30dBm for the GSM850 case).  
The maximum output power at the antenna port of the switchplexer can vary depending on the duplexer and switchplexer loss.  As an example consider the basic type 2 architecture given in Section 15.2.6a.  In GSM850 band the maximum output power would vary between (30 dBm – 0.7 dB – 2.0 dB) = 27.3 dBm and (30 dBm – 0.85 dB – 2.3 dB) = 26.85 dBm.  In EGSM900 it would vary between (29 dBm – 0.7 dB – 2.1 dB) = 26.2 dBm and (29 dBm – 0.85 dB – 3.5 dB) = 24.65 dBm.  In PCS and DCS it would vary between 26.1 dBm and 24.55 dBm.   

This power case assumption means that type 2 mobiles would require a maximum uplink power reduction (even in single slot mode).
15.2.4a

Analysis Assumptions
The interference and blocking signal frequencies and power levels are discussed in Section 15.2.2a. 

Sensitivity requirements depend on the logical channel, the expected error rate, and the propagation environment.  For AMR12.2 with FER 1%, the required SNR can easily vary between 8 dB and 16 dB depending on the channel conditions.  For MCS-1 with 10% BLER, the required SNR can vary from 6 dB to 11 dB depending on the environment.  To examine all the possible logical channels and environments at this feasibility stage is unrealistic.  Hence the analysis in this document assumes that a signal to noise ratio of 10 dB is needed between the desired signal and cochannel noise and interferers in order to meet the bit error rate requirement with sufficient margin.

When verifying the immunity to blockers, the desired signal power is raised by 3dB to -99dBm.  In a type 1 mobile there are typically only two components between the antenna and the receiver, the switchplexer and the RF filter.   The maximum insertion loss of the switchplexer and receive filter occurs in the DCS/PCS bands and is equal to 4.6 dB.  Therefore, the minimum signal power arriving at the receiver during blocker immunity testing is -99 dBm – 4.6 dB = -103.6 dBm.  If the cochannel noise and intermodulation products are to be 10 dB below the signal power, their combined power must not exceed -113.6 dBm.

The thermal noise in a single 200 kHz GSM channel is -121 dBm.  Adding the maximum RF receiver noise figure (4.6 dB) to the thermal noise yields -116.4 dBm. Removing -116.4dBm from the permitted noise and interference level of -113.6 dBm gives the maximum power intermodulation products can have without violating the 10 dB SNR requirement.  This value works out to be -116.8 dBm.    
This same analysis is done for the various architectures in each band, since the insertion losses of the components vary depending on the frequency, and different components are present in different architectures.  
The receiver’s tolerance to interference signal power is determined by the rejection provided by any receive band filtering, and by the linearity of the receiver.  Based on the maximum interference signal level [9], the amount of transmitter power that leaks through to the receiver input, and the duplexer/filter performance [10], the receiver linearity (IIP2, IIP3, and the 1 dB compression point (C1dB)) required to prevent saturation by the transmit signal and degradation of the receiver sensitivity are determined.

In some cases, the passive losses degrade the receiver sensitivity to the point that the 10 dB SNR cannot be maintained at the receiver.  In these cases, the input signal level must be increased to meet the performance requirements.  
[End of First Added Section]
 [Start of Second Modified Section]
15.2.5
Duplexer  and Receive Filter Requirements 






	
	
	


	
	
	

	
	
	

	
	
	

	
	
	







	
	
	
	
	
	

	
	

	

	

	

	

	
	

	

	

	

	

	
	

	

	

	

	

	
	

	

	

	

	




15.2.5.1
Introduction
This section discusses the filter parameters that are used in the various analyses for different type 2 mobile architectures.   Specifications that are used in these analyses are given.  As type 2 GSM mobiles are not currently manufactured, some of the filters required are not available.  Filter specifications for some bands had to be derived from existing filters.  

15.2.5.2

Methodology

Frequency scaling allows filters with different centre frequencies to be compared.  To estimate filter parameters, it is necessary to find a filter with similar scaled bandwidth and transition bands as the required filter.  Figure 419 illustrates typical bandpass filter characteristics and defines parameters that are subsequently used in the equations.  
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Figure 419:  Diagram Showing Bandpass Filter Characteristics

The scaled bandwidth, the scaled transition band, and the shape factor are used to map filter requirements:
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 is not used in the above equations as it is on the high side of the RX band, away from the TX band, and therefore its value is not critical.

By matching the normalized bandwidth, normalized transition bands, and shape factor relatively closely, filter performance can be projected for other frequency bands.  This method is just used to give approximate filter performance, and does not confirm that filters can be fabricated with these specifications.

The EGSM and DCS frequency bands did not have sample high TX rejection filters or duplexers available.  The normalized bandwidth, transition bands and shape factor for EGSM and DCS are given in Table 227.
	
	Filter for DCS
	Filter for EGSM900

	
	Actual
	Scaled
	Actual
	Scaled

	Centre Frequency 
	1842.5 MHz
	1
	942.5 MHz
	1

	Filter Bandwidth 
	75 MHz
	0.041
	35 MHz
	0.037

	Transition Band (FTL)
	20 MHz
	0.0109
	10 MHz
	0.0106

	Shape Factor
	0.789
	-
	0.778
	-


Table 227:  Key Filter Parameters for the EGSM and DCS Band

15.2.5.3

Receiver Bandpass Filter Specifications

Two sets of receiver bandpass filters are considered in this analysis.  Filters designed for current GSM receivers (i.e. type 1) have not been optimized for high rejection of the transmitter band since full duplex operation is not required.  Sample filter specifications for these filters are given in Section 15.2.5.6.
For the GSM bands that are coincident with CDMA bands (i.e. GSM 850 and PCS 1900), there are sample high TX rejection filters targeted for the CDMA market that can be used for a type 2 mobile.  The sample high TX rejection filter used in this analysis for the 850 MHz band is the EPCOS B9035.  For PCS band the sample filter used is the EPCOS B9034.   Filters were not found for the EGSM and DCS bands, so the filter specifications for these bands were derived from the B9034 according to the procedure described in Section 15.2.5.2.
Table 228 compares the normalized key filter parameters for the EGSM and DCS bands with those of the two high TX rejection filters.  

	
	B9035
	B9034
	DCS
	EGSM 900

	
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled

	Centre Frequency
	881.5 
	1
	1960 
	1
	1842.5 
	1
	942.5 
	1

	Filter Bandwidth
	25 
	0.0284
	58.8 
	0.03
	75 
	0.041
	35
	0.037

	Transition Band
	20
	0.0227
	21.2 
	0.0108
	20 
	0.0109
	10
	0.0106

	Shape Factor
	0.556
	-
	0.735
	-
	0.789
	-
	0.778
	-


Table 228:  Key Filter Parameters for Each GSM Band

It can be seen that the scaled parameters and shape factor for the DCS and EGSM bands more closely match the B9034, therefore values for passband attenuation and rejection in the TX band for EGSM900 and DCS were taken directly from the B9034.  For specifications outside of the RX and TX band frequencies, the frequency ranges were directly scaled by the ratio of the centre frequencies; 
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 for the DCS band.  

The high TX rejection bandpass specifications for all of the bands are given in Section 15.2.5.6.
15.2.5.4
Duplexer Filter Specifications

The EPCOS B7638 duplexer was available for the GSM 850 band and is used in this analysis.   For the PCS band, the EPCOS BAW B7633 duplex filter for CDMA applications was used in this analysis.   Duplex filters were not found for the EGSM and DCS bands, so the filter specifications for these bands were derived from the B7633 according to the procedure described in Section 15.2.5.2.
Table 229 and Table 230 compare the normalized key filter parameters for the EGSM and DCS bands with those of the two high TX rejection filters.  

	
	B7638
	B7633
	DCS
	EGSM 900

	
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled

	Centre Frequency
	836.50
	1
	1880
	1
	1747.5
	1
	897.5
	1

	Filter Bandwidth
	25
	0.0299
	58.8
	0.0313
	75
	0.043
	35
	0.039

	Transition Band
	20
	0.0239
	21.2
	0.0117
	20
	0.0114
	10
	0.0111

	Scale Factor
	0.556
	-
	0.735
	-
	0.789
	-
	0.778
	-


Table 229:  Key Duplexer Filter Parameters for TX-ANT

	
	B7638
	B7633
	DCS
	EGSM 900

	
	Actual
	Scaled
	Actual
	Scaled
	Actual
	Scaled
	Actual
	Scaled

	Centre Frequency
	881.5
	1
	1960
	1
	1842.5
	1
	942.5
	1

	Filter Bandwidth
	25
	0.0284
	58.8
	0.03
	75
	0.0407
	35
	0.037

	Transition Band
	20
	0.0227
	21.2
	0.0112
	20
	0.0109
	10
	0.0106

	Scale Factor
	0.556
	-
	0.735
	-
	0.789
	-
	0.778
	-


Table 230:  Key Duplexer Filter Parameters for ANT-RX

It can be seen that the scaled parameters for both DCS and EGSM 900 bands more closely match the B7633, in both the transmit and receive path.  Therefore values for TX-ANT attenuation, ANT-RX attenuation, and TX-RX isolation are taken from the B7633.  For specifications outside of the RX and TX band frequencies, the frequency ranges were directly scaled by the ratio of the centre frequencies as described in Section 15.2.5.2.

While bandpass SAW filters are available for the EGSM and DCS bands (but just not optimized for TX rejection performance), it seems that making duplexers for these frequency band has not been tried.  The methodology here is a way to estimate the performance of a duplexer in these bands, and is not a guarantee that the filter will have this performance in reality.   In addition, the EGSM filter estimation is based on the PCS filter, which is fabricated using bulk acoustic wave (BAW) technology.  However, it is more likely that the EGSM filter would be fabricated using SAW technology, similar to the filter for GSM 850.  Similar performance would be expected.  

The duplex filter specifications for all of the frequency bands are given Section 15.2.5.6.
15.2.5.5

Worst Case Assumption

For simplicity, only worst case conditions were considered.  Minimum rejection figures over temperature were used for the filters and duplexers.  Maximum in-band attenuation (insertion loss) figures were also used.  If a particular frequency band of interest straddled two different rejection performance regions of a filter, the lowest rejection was assumed to apply to the entire frequency band.

15.2.5.6

Filter Specifications
The bandpass and duplex filter specifications are given in the following tables.  
Bandpass Filter Specifications

Sample Standard GSM Bandpass Filters

Minimum Attenuation for Temperatures -30oC to 85oC

	EGSM Filter
	PCS Filter

	Frequency (MHz)
	Attenuation (dB)
	Frequency (MHz)
	Attenuation (dB)

	DC-880
	48
	DC-1830
	30

	880-905
	30
	1830-1910
	10

	905-915
	17
	2010-2070
	10

	980-1025
	25
	2070-2150
	22

	1025-2880
	40
	2150-3000
	25

	2880-6000
	18
	3000-6000
	25

	Maximum Insertion Loss 925-960 = 2.7 dB

Typical Insertion Loss 925-960 = 1.8 dB
	Maximum Insertion Loss 1930-1990 = 3.0 dB

Typical Insertion Loss 1930-1990 = 1.8 dB

	GSM 850 Filter
	DCS Filter

	DC-824
	45
	DC-1300
	30

	824-849
	35
	1300-1705
	30

	915-960
	20
	1705-1785
	11

	960-2000
	35
	1920-1980
	18

	2000-6000
	18
	1980-2500
	22

	
	
	2500-3840
	25

	
	
	3840-6000
	25

	Maximum Insertion Loss 869-894 = 2.4 dB

Typical Insertion Loss 869-894 = 1.7 dB
	Maximum Insertion Loss 1805-1880 = 3.0 dB

Typical Insertion Loss 1805-1880 = 1.8 dB


High TX Rejection Bandpass Filters
Minimum Attenuation for Temperatures -30oC to 85oC

	B9035
	B9034

	GSM 850 Filter
	PCS Filter

	Frequency (MHz)
	Attenuation (dB)
	Frequency (MHz)
	Attenuation (dB)

	0.3 – 824
	46
	0 – 1850.6
	40

	824 – 849
	46
	1850.6 – 1909.4
	46

	914 – 950
	20
	2040 – 2070
	35

	950 – 1500
	46
	2070 – 4500
	35

	1500 – 2200
	46
	4500 – 5200
	28

	2200 – 3000
	30
	5200 – 6000
	18

	3000 – 4500
	20
	
	

	4500 – 6000
	15
	
	

	Maximum Insertion Loss 869-894 = 2.5 dB

Typical Insertion Loss 869-894 = 2.1 dB
	Maximum Insertion Loss 1930.6 – 1989.4 = 4.4 dB

Typical Insertion Loss 1930.6 – 1989.4 = 2.7 dB

	EGSM900 Filter
(Derived from B9034)
	DCS Filter

(Derived from B9034)

	Frequency (MHz)
	Attenuation (dB)
	Frequency (MHz)
	Attenuation (dB)

	0-880
	40
	0-1710
	40

	880-915
	46
	1710-1785
	46

	981-995
	35
	1918-1946
	35

	995-2164
	35
	1946-4230
	35

	2164-2501 
	28
	4230-4888
	28

	2501-2885
	18
	4888-5640
	18

	Maximum Insertion Loss 925-960 = 4.4 dB

Typical Insertion Loss 925-960 = 2.7 dB
	Maximum Insertion Loss 1805-1880 = 4.4 dB

Typical Insertion Loss 1805-1180 = 2.7 dB


Duplex Filter Specifications

EPCOS B7638 Cellular Band Mobile Station Duplexer

Minimum Attenuation Performance for Temperature Range -30oC to 85oC

	TX Port – Antenna Port
	Antenna Port – RX Port
	TX Port – RX Port

	Frequency (MHz)
	Attenuation

(dB)
	Frequency (MHz)
	Attenuation

(dB)
	Frequency (MHz)
	Attenuation

(dB)

	100 – 698
	35
	100 – 804
	35
	100 – 800
	50

	698 – 746
	36
	824 – 849
	54
	824 – 849
	55

	746 – 804
	30
	954 – 1648
	35
	869 – 894
	47

	869 – 894
	45
	1648 – 1698
	40
	954 – 1700
	45

	954 – 1570
	30
	1698 – 2547
	40
	
	

	1570 – 1698
	40
	2547 – 3000
	35
	
	

	1698 – 2547
	30
	
	
	
	

	2547 – 3000
	20
	
	
	
	

	Maximum Insertion Loss 824-849 = 2.3 dB

Typical Insertion Loss 

824-849 = 2.0 dB
	Maximum Insertion Loss 869-894 = 2.8 dB

Typical Insertion Loss

 824-849 = 2.4 dB
	


EPCOS B7633 PCS Band BAW Duplexer
Minimum Attenuation Performance for Temperature Range -30oC to 85oC

	TX– Ant.
	Ant. – RX
	TX – RX

	Frequency

(MHz)
	Atten.
(dB)
	Frequency

(MHz)
	Atten.
(dB)
	Frequency

(MHz)
	Atten.
(dB)

	0.3 – 1570
	31
	0.3 – 1770
	33
	0.3 – 1800
	57

	1570 – 1580
	30
	1770 – 1850.6
	39
	1850.6 – 1907
	54

	1580 – 1800
	29
	1850.6 – 1905.4
	54
	1907 – 1909.4
	50

	1930.6 – 1935
	42
	1905.0 – 1909.4
	48
	1930.6 – 1935
	44

	1935 – 1989.4
	38
	2010 – 2070
	7
	1935 – 1989.4
	42

	2400 – 2500
	34
	2070 – 2750
	39
	2070 – 4200
	53

	2500 - 3400
	20
	2750 - 3350
	20
	
	

	3400 – 4400
	25
	3350 – 3500
	39
	
	

	4400 – 5550
	5
	3500 – 4500
	30
	
	

	5550 - 5730
	5
	4500 – 6000
	20
	
	

	Maximum Insertion Loss 1850.6 – 1909.4 = 3.5 dB

Typical Insertion Loss 1850.6 – 1909.4  = 2.1 dB
	Maximum Insertion Loss 1930.6 – 1989.4 = 4.5 dB

Typical Insertion Loss 

1930.6 – 1989.4 = 3.1 dB
	


Assumed EGSM900 Duplexer (based on EPCOS B7633 performance)

	TX – Ant.
	Ant. – RX
	TX – RX

	Frequency

(MHz)
	Attenuation
(dB)
	Frequency

(MHz)
	Attenuation

(dB)
	Frequency

(MHz)
	Attenuation

(dB)

	0-750
	31
	0-851
	33
	
	

	750-754
	30
	851 – 880
	39
	
	

	754-859
	29
	890 – 912
	54
	0–859
	57

	925-928
	42
	912-915
	48
	880-913
	54

	928-960
	38
	967 – 995
	7
	913-915
	50

	1146-1193
	34
	995 –1322
	39
	922 – 924
	44

	1193-1623
	20
	1322 – 1611
	20
	924 – 950
	42

	1623-2101
	25
	1611 – 1683
	39
	988 – 2005
	53

	2101-2735
	5
	1683 – 2164
	30
	
	

	
	
	2164 – 2885
	20
	
	

	Maximum Insertion Loss 880-915 = 3.5 dB

Typical Insertion Loss 880-915 = 2.1 dB
	Maximum Insertion Loss 925-960 = 4.5 dB

Typical Insertion Loss 

925-960 = 3.1 dB
	


Assumed DCS Duplexer (based on EPCOS B7633 performance)

	TX – Ant.
	Ant. – RX
	TX – RX

	Frequency

(MHz)
	Attenuation
(dB)
	Frequency

(MHz)
	Attenuation

(dB)
	Frequency

(MHz)
	Attenuation

(dB)

	0-1459
	31
	0– 1664
	33
	
	

	1459-1469
	30
	1664 – 1710
	39
	
	

	1469-1673
	29
	1710-1778
	54
	0-1673
	57

	1805-1811
	42
	1778-1785
	48
	1710-1781
	54

	1811-1880
	38
	1890-1946
	7
	1781-1785
	50

	2231-2324
	34
	1946 –2585
	39
	1805-1811
	44

	2324-3160
	20
	2585 – 3149
	20
	1811-1880
	42

	3160-4090
	25
	3149 – 3290
	39
	1924-3904
	53

	4090-5326
	5
	3290 – 4230
	30
	
	

	
	
	4230 – 5640
	20
	
	

	Maximum Insertion Loss 1710-1785 = 3.5 dB

Typical Insertion Loss 

1710-1785  = 2.1 dB
	Maximum Insertion Loss 1805-1880 = 4.5 dB

Typical Insertion Loss 

1805-1880 = 2.1 dB
	


15.2.5.7  
New Duplexer Arrangement for Lower Insertion Loss

In order to alleviate the tough requirements on the duplex filters' transition band slope which leads to high insertion loss, it is proposed to divide the receive/transmit band into two halves and to use different duplex filters for each half band. In this section the concept is explained with the example of EGSM900. However, the relationship between the guard band width and the carrier frequency is similar for DCS1800 or PCS1900. Hence the proposed solution could be attractive for the high bands as well.

15.2.5.7.1
Concept Description

The receive/transmit band is divided into two equal sub-bands. Each duplexer will then have a passband which is only half as wide, and a guard band which is increased by half the passband width. Therefore it can be implemented with a relatively simple filter design which will have very much reduced insertion loss. Extra signal routing switches are needed, but these do not add much loss.

Figure 419a and Figure 4196b show an EGSM900 example:
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Figure 419a: Block diagram of new duplexer architecture
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Figure 419b: Frequency plan of new duplexer (EGSM band)

A lower insertion loss can be achieved since the transition band slope of each of the duplex filters does not need to be as steep as in the case of a duplex filter covering the whole band. Each of the new duplex filters needs fewer resonators than a conventional duplex filter. However, the total size may not decrease because the number of duplex filters doubles. This also depends on the size of individual duplex filters and this aspect is for further study. 
15.2.5.7.2

Impacts on the Specification
There may be a need to change 45.002 annex B1 because the new technique can only support full duplex operation if the uplink and downlink channels are in the same half of the band. A problem will arise if the MS has to monitor a channel in the lower downlink half band (Duplexer 1 RX in Figure 419b) at the same time as transmitting in the upper uplink half band (Duplexer 2 TX in Figure 419b). To allow that the MS monitors all downlink channels with full sensitivity, there should be a point in time in every TDMA frame in which the network neither assigns an uplink nor a downlink slot – at least if the TX channel is in the upper half of the TX band. A similar problem may also occur with frequency hopping and this may further reduce the number of timeslots within a TDMA frame in which full duplex operation is possible using this architecture. 
15.2.5.7.3
Impacts on the Analysis

Determination of the estimated filter parameters using this duplexer arrangement, and the subsequent analysis of the various architectures, is TBD.
 [End of Second Modified Section]
[Start of Second Deleted Section]
















	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[End of Second Deleted Section]
[Start of Second Added Section]
15.2.6a


Basic Type 2 Architecture

15.2.6a.1

Introduction
This section discusses interference in the receive band of a type 2 mobile resulting from non-linearity in the receiver coupled with the presence of a transmit signal.  Three different options for basic type 2 receiver architecture are discussed and analyzed.  Using the duplexers and filters discussed in section 15.2.5, receiver linearity requirements are determined with respect to TX signal power leakage and interferer signal power (as discussed in section 15.2.2a).  

15.2.6a.2

Receiver performance 

The RF section receiver performance and linearity values were taken from a typical quad band GSM/EDGE chipset.  The parameter values relevant to this analysis are given in Table 231. 
	Parameter
	Value

	Total Available Gain
	46.0 dB

	Maximum Receiver Noise Figure (RF section)
	4.6 dB

	Cascaded IIP3
	-18.0 dBm

	Cascaded IIP2
	42.9 dBm

	Estimated 1dB Compression Point
	-28.0 dBm


Table 231:  Typical GSM/EDGE Receiver Performance Specifications

15.2.6a.3

Mapping Filter Specifications
The duplexers used for this analysis are described in detail in section 15.2.5.  The typical GSM receive bandpass filters and the high TX Rejection bandpass filters are also described in that section.

15.2.6a.4

Architecture Details

15.2.6a.4.1

Architecture 1 – The Basic Type 2 Mobile
The first analysis is performed using the architecture shown in Figure 420.  This architecture assumes that there is no change in the transmission path regardless of whether the mobile is operating in half duplex mode (a type 1 mobile) or full duplex mode (a type 2 mobile).   
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Figure 420:  Basic Type 2 Architecture

The PA module shown in the figure comprises one PA for cellular band and one PA for PCS/DCS band.  Since the duplex filters that follow the PA modules are band specific, this requires that SPDT switches [17] are placed after the PA.  The insertion losses of the duplex filters are discussed in detail in section 15.2.5.  The antenna switchplexer requires a SP4T switch [18].  The typical type 1 architecture requires a SP6T switchplexer [19] to support the TX and RX paths.  The insertion losses of all the switches and switchplexers in the transmit or receive path are given in Table 232.
	Part
	Application
	Path
	Cell Band
	PCS Band

	
	
	
	Typical
	Maximum
	Typical
	Maximum

	SPDT
	Basic Type 2
	Transmit
	0.3 dB
	0.45 dB
	0.4 dB
	0.6 dB

	SP4T
	Basic Type 2
	Transmit
	0.7 dB
	0.85 dB
	0.8 dB
	0.95 dB

	SP4T
	Basic Type 2
	Receive
	0.7 dB
	0.85 dB
	0.8 dB
	0.95 dB

	SP6T
	Type 1
	Transmit
	0.5 dB
	0.7 dB
	0.65 dB
	0.9 dB

	SP6T
	Type 1
	Receive
	1.0 dB
	1.2 dB
	1.3 dB
	1.6 dB


Table 232:  Switch and Switchplexer Insertion Losses

15.2.6a.4.2

Architecture 2 – The Basic Type 2 Mobile with Additional Filtering
In order to reduce the receiver linearity requirements, the TX signal power leakage and the intermodulation interferer power must be reduced.  One way to do this is to add a bandpass filter between the duplexer and the receiver input, as shown in Figure 421.
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Figure 421:  Basic Type 2 Architecture with Additional RX Filtering

The isolators between the duplexers and filters are included to provide a 50( impedance to the output of the duplexer and the input of the filter.
   They have a maximum insertion loss of 0.6 dB [20].

Two different choices of bandpass filters are analyzed.  Typical filters used in type 1 GSM mobile stations are considered first.  Then high TX rejection filters are considered. 
15.2.6a.5

Analysis of the Basic Type 2 Architecture

This section looks at two different architectures for a basic type 2 GSM mobile.  The first uses only the duplex filter for out of band rejection.   This architecture is illustrated in Figure 420 and discussed in section 15.2.6a.4.1.  Full duplexer specifications are given in section 15.2.5. 

The allowable intermodulation interference level for each band is determined using the method outlined in section 15.2.4a.  The target SNR is achievable at the specified input level for all frequency bands, thus no change in the reference sensitivity level is required in this case.  The maximum allowable intermodulation interference for each frequency band is given in Table 233.
	Frequency Band
	GSM 850
	EGSM 900
	DCS 1800
	PCS 1900

	Input Signal Level in Interference 
	-99 dBm
	-99 dBm
	-99 dBm
	-99 dBm

	Maximum allowable intermodulation interference 
	-115.0 dBm
	-118.6 dBm
	-118.9 dBm
	-118.9 dBm


Table 233:  Maximum Allowable Intermodulation Interference for Duplexer Only Case
Three cases for the transmitter output power levels are considered. 

15.2.6a.5.1

No Maximum Output power Reduction

In this case, in order to meet this specification the PA must exceed the specified maximum power (33 dBm for 850/900 MHz and 30 dBm for 1800/1900 MHz) by the total passive loss to the output of the switchplexer.  This output power case illustrates the worst situation for receiver interference in this frequency band, as the maximum amount of TX power will leak through to the RX chain.   The transmit signal power that reaches the receiver input is shown in Table 234.

	
	GSM Band

	
	GSM850
	EGSM900
	DCS1800
	PCS1900

	Maximum Transmit Power at Duplexer TX port
	36.15 dBm
	37.35 dBm
	34.45 dBm
	34.45 dBm

	Duplexer TX-RX Isolation in TX Band
	55 dB
	50 dB
	50 dB
	50 dB

	Transmit Power at Receiver Input
	-18.85 dBm
	-12.65 dBm
	-15.55 dBm
	-15.55 dBm


Table 234:  Transmit Signal Power at Receiver Input, Duplexer Only

As given in Table 231, the estimated 1 dB compression point of the receiver (C1dB) is -28 dBm.  The transmit power at the receiver input exceeds C1dB for all frequency bands, therefore already it can be seen that this metric must be increased just due to TX power leakage alone.  

Table 234 shows that the TX power leakage is greatest in the EGSM 900 band.  Therefore intermodulation interference, which increases with increasing TX signal power, is also greatest in this band, and so this band is used to determine receiver requirements. 
Table 235 shows the second order interferer power level limits (based on the degradation limit discussed in section 15.2.6a.5) for different IIP2 levels.  The IIP2 of the typical transceiver chip (42.9 dBm) was far less than needed.  To meet the specified blocker requirements with this basic architecture, an IIP2 of 76 dBm is required.  This value is much higher than the approximately 60 dBm given in [21]; it is expected that this value is not readily achievable with an integrated receiver.     

	
	2nd Order Interference Bands for EGSM900 (Frequencies are in MHz)

	
	10 – 80
	1805 – 1875

	Duplexer Isolation
	33 dB
	30 dB

	Specified Blocker Power
	0 dBm
	0 dBm

	Threshold Interference Power, IIP2 = 42.9 dBm
	-30.1 dBm
	-33.1 dBm

	Threshold Interference Power, IIP2 = 76.0 dBm
	3.1 dBm
	0.1 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 235:  Interferer Power Limits for 2nd Order Interference Bands for EGSM900 Receiver

Table 236 shows maximum interferer power levels the receiver could handle for three different values of IIP3.  The typical transceiver IIP3 (-18 dBm) was far less than was needed.  The value IIP3 = 5 dBm value was considered as it represents approximately what is used in CDMA mobile chipsets [23].  This too was insufficient.  An IIP3 of 36.8 dBm was required to meet the specified blocker levels.  This value is much higher than the IIP3 demonstrated in [21]; it is expected that this value is not achievable.     

	
	3rd Order Interference Bands for EGSM900 

(Frequencies are in MHz)

	
	5 – 40
	800 – 905
	902.5 – 915
	915 – 937.5
	2685 - 2790

	Duplexer Isolation
	33 dB
	33 dB
	48 dB
	3.1 dB
	20 dB

	Specified Blocker Power
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Interferer Power Limit, 

IIP3 = ‑18 dBm
	-38.0 dBm
	-96.3 dBm
	-23.0 dBm
	-67.9 dBm
	-109.3 dBm

	Interferer Power Limit, 

IIP3 = 5 dBm
	-15.0 dBm
	-50.3 dBm
	0 dBm
	-44.9 dBm
	-63.3 dBm

	Interferer Power Limit, 

IIP3 = 36.8 dBm
	16.8 dBm
	13.3 dBm
	31.8 dBm
	-13.0 dBm
	0.3 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 236:  Interferer Power Limits for 3rd Order Interference Bands for EGSM900 Receiver

The results of this analysis are summarized in Table 237.  The required linearity requirements are unrealistic.
	Receiver Linearity Parameter
	Value

	PTX port 
	37.4 dBm

	IIP2
	76.0 dBm

	IIP3
	36.8 dBm

	C1dB (IIP3 – 10dB)
	26.8 dBm


Table 237:  EGSM900 Linearity Requirements Duplexer Only, No Power Backoff

15.2.6a.5.2

No Change in PA Capabilities

The second case that is considered is where the PA outputs the same maximum output power as it does with current GSM architectures.   The EGSM band is still the hardest to meet because of the duplex filter characteristics.  For a type 1 mobile, for EGSM band the maximum PA output power is 33dBm + 0.2 dB (harmonic filter) + 0.7 dB (SP6T switch) = 33.9 dBm.  Therefore the maximum output power at the TX port of the duplex filter for the basic type 2 architecture is 33.9 dBm – 0.3 dB = 33.6 dB.  

The required receiver linearity parameters for this case are summarized in Table 238.
	Receiver Linearity Parameter
	Value

	PTX port 
	33.6 dBm

	IIP2
	72.5 dBm

	IIP3
	33.1 dBm

	C1dB (IIP3 – 10dB)
	23.1 dBm


Table 238:  EGSM Linearity Requirements Duplexer Only, No Change in PA Output

This reduction in output power does little to make the required linearity values more reasonable.    

15.2.6a.5.3
Power Back Off based on Duplexer Power Tolerance

In this analysis, the TX output power is backed off to 29 dBm at the TX Port of the duplexer.  The required receiver linearity parameters for this case are summarized in Table 239.

	Receiver Linearity Parameter
	Value

	PTX port 
	29.0 dBm

	IIP2
	67.7 dBm

	IIP3
	28.3 dBm

	C1dB (IIP3 – 10dB)
	18.3 dBm


Table 239:  Linearity Requirements Duplexer Only, Power Based on Duplexer Tolerance

Even with this very significant back off in power, the linearity requirements are still very high.  Clearly the duplex filter alone is insufficient for this application.  
15.2.6a.6

Analysis of the Basic Type 2 Architecture with Typical GSM Receiver Filters

In order to reduce the receiver linearity requirements, the TX signal power leakage and the intermodulation interferer power must be reduced.  One way to do this is to add a bandpass filter between the duplexer and the receiver input.  This architecture is shown in Figure 421 and discussed in section 15.2.6a.4.2.  This architecture will first be analyzed with typical filters used in type 1 GSM mobile stations.  Full specifications for these filters are given in section 15.2.5.

The allowable intermodulation interference level for each band is determined using the method outlined in section 15.2.4a.   The target SNR is not achievable at the specified input level for all frequency bands.  The desired signal level needs to be increased by 3 dB to overcome the increased noise figure of the receiver in this architecture.  Given the new input signal level (-96 dBm with interference), the maximum allowable intermodulation interference for each frequency band is given in Table 240.
	Frequency Band
	GSM 850
	EGSM 900
	DCS 1800
	PCS 1900

	Input Signal Level in Interference 
	-96 dBm
	-96 dBm
	-96dBm
	-96 dBm

	Maximum allowable intermodulation interference 
	-114.0
	-117.8 dBm
	-118.9 dBm
	-118.9 dBm


Table 240:  Maximum Allowable Intermodulation Interference for Duplexer + Standard GSM Filter Case

15.2.6a.6.1
No Maximum Output Power Reduction

Table 241 shows the TX signal power that reaches the receiver in this scenario.  
	
	GSM Band

	
	GSM850
	EGSM900
	DCS1800
	PCS1900

	Transmit Power at Duplexer TX port
	36.15 dBm
	37.35 dBm
	34.45 dBm
	34.45 dBm

	Duplexer TX-RX Isolation in TX Band
	55 dB
	50 dB
	50 dB
	50 dB

	Isolator Insertion Loss
	0.6 dB
	0.6 dB
	0.6 dB
	0.6 dB

	Filter Rejection
	35 dB
	17 dB
	11 dB
	10 dB

	Transmit Power at Receiver Input
	-54.45 dBm
	-30.25 dBm
	-27.15 dBm
	-26.15 dBm


Table 241:  Transmit Signal Power at Receiver Input

In this combined filtering case, the TX signal power leakage was greatest in the PCS1900 band.  Therefore intermodulation interference, which increases with increasing TX signal power, is also greatest in this band, and so this band is used to determine receiver requirements.

The rejection from the filter improved the second order interference tolerance to the point where the IIP2 performance is sufficient (Table 242).  
	
	2nd Order Interference Bands for PCS1900

(Frequencies are in MHz)

	
	20 – 140
	3780 – 3900

	Total Isolation (switchplexer + duplexer + isolator + filter)
	64.3 dB
	56.6 dB

	Specified Blocker Power
	0 dBm
	0 dBm

	Threshold Interference Power, IIP2 = 42.9 dBm
	14.45 dBm
	6.75 dBm


Table 242:  Interferer Power Limits for 2nd Order Interference Bands in the PCS1900 Receiver

Analysis of third order interference tolerance indicated that IIP3 was insufficient.  As shown in Table 243, an IIP3 of 17.2 dBm was required to meet the blocker power specifications.  This represents an enormous upgrade in the receiver linearity (from the current -18 dBm).  It is also well beyond the +5 dBm typically seen in CDMA receivers [23]. 
	
	3rd Order Interference Bands for PCS1900 

(Frequencies are in MHz)

	
	10 – 70
	1710 – 1830
	1830 – 1890
	1890 – 1910
	1910 – 1950
	5630 - 5810

	Total Isolation (switchplexer + duplexer + isolator + filter)
	64.3 dB
	64.4 dB
	50.6 dB
	59.6 dB
	5.5 dB
	46.6 dB

	Specified Blocker Power
	0 dBm
	0 dBm
	-12 dBm
	-12 dBm
	-26 dBm
	0 dBm

	Int. Power Limit, 

IIP3 = ‑18 dBm
	-0.1 dBm
	-38.2 dBm
	-52.2 dBm
	-5.0 dBm
	-58.1 dBm
	-56 dBm

	Int. Power Limit, 

IIP3 = 5 dBm
	22.9 dBm
	7.8 dBm
	-6.2 dBm
	18.0 dBm
	-35.1 dBm
	-10 dBm

	Int. Power Limit,

 IIP3 = 17.2 dBm
	35.1 dBm
	32.2 dBm
	18.2 dBm
	30.2 dBm
	-22.9 dBm
	14.4 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 243:  Interferer Power Limits for 3rd Order Interference Bands for PCS1900 Receiver

The results of this analysis are summarized in Table 244.  
	Receiver Linearity Parameter
	Value

	PTX port 
	34.45 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	17.2 dBm

	C1dB (IIP3 – 10dB)
	7.2 dBm


Table 244:  PCS Band Linearity Requirements Duplexer + Typical Filters, No Power Backoff

15.2.6a.6.2
No Change in PA Capabilities
In this case the maximum power measured at the PA output for type 1 mobile is 30 dBm + 0.2 dB (harmonic filter) + 1.6 dB (switchplexer) = 31.8 dBm.  Therefore the maximum power at the TX port of the duplexer is 31.8 dBm – 0.4 dB (minimum insertion loss of the SPDT) = 31.4  

The required receiver linearity parameters for this case are summarized in Table 245.
	Receiver Linearity Parameter
	Value

	PTX port 
	31.4 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	15.6 dBm

	C1dB (IIP3 – 10dB)
	5.6 dBm


Table 245:  Linearity Requirements Duplexer + Typical Filter, No Change in PA Output

The IIP3 requirement is still very high with this power back off.
15.2.6a.6.3
Power Back Off based on Duplexer Power Tolerance
In this analysis, the TX output power is backed off to 29 dBm at the TX Port of the duplexer (PCS band).  The required receiver linearity parameters for this case are summarized in Table 246.
	Receiver Linearity Parameter
	Value

	PTX port 
	29.0dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	14.4 dBm

	C1dB (IIP3 – 10dB)
	4.4 dBm


Table 246:  Linearity Requirements Duplexer + Typical Filter, Power Based on Duplexer Tolerance

This small additional power reduction does little to change the requirements.
15.2.6a.7
Analysis of the Basic Type 2 Architecture with High TX Rejection Receiver Filters

TX signal power and intermodulation interference signal power at the receiver input can be further reduced by replacing the standard GSM filters with filters that offer a higher rejection in the TX frequency band.  Such filters are available for the GSM800 and PCS1900 bands.  The B9035 and B9034 filters from EPCOS are used in this analysis.  As described in section 15.2.5, filter characteristics for the EGSM900 and DCS1800 frequency bands were estimated based on the performance of the B9034.  
The allowable intermodulation interference level for each band is determined using the method outlined in section 15.2.4a.   The target SNR is not achievable at the specified input level for all frequency bands.  The desired signal level needs to be increased by 3 dB to overcome the increased noise figure of the receiver in this architecture.  Given the new input signal level (-96 dBm with interference), the maximum allowable intermodulation interference for each frequency band is given in Table 247.
	Frequency Band
	GSM 850
	EGSM 900
	DCS 1800
	PCS 1900

	Input Signal Level in Interference 
	-96 dBm
	-96 dBm
	-96dBm
	-96 dBm

	Maximum allowable intermodulation interference 
	-114.2


	-124.3 dBm
	-125.1 dBm
	-125.1 dBm


Table 247:  Maximum Allowable Intermodulation Interference for Duplexer + High TX Rejection Filter Case

15.2.6a.7.1
No Maximum Output Power Reduction

Table 248 shows the TX signal power that reaches the receiver in this scenario.

	
	GSM Band

	
	GSM850
	EGSM900
	DCS1800
	PCS1900

	Transmit Power at Duplexer TX port
	36.15 dBm
	37.35 dBm
	34.45 dBm
	34.45 dBm

	Duplexer TX-RX Isolation in TX Band
	55 dB
	50 dB
	50 dB
	50 dB

	Isolator Insertion Loss
	0.6 dB
	0.6 dB
	0.6 dB
	0.6 dB

	Filter Rejection
	46 dB
	46 dB
	46 dB
	46 dB

	Transmit Power at Receiver Input
	-65.45 dBm
	-59.25 dBm
	-62.15 dBm
	-62.15 dBm


Table 248:  Transmit signal power at receiver input with High TX Rejection Filters

Due to the different filter rejections, the EGSM band is now the worst case.  Examining IIP2 with the new filter rejection for this band illustrates that the IIP2 of the receiver is sufficient to meet the blocker specifications with ample margin (see Table 249).   

	
	2nd Order Interference Bands for EGSM900

(Frequencies are in MHz)

	
	10 – 80
	1805 – 1875

	Total Isolation (switchplexer + duplexer + isolator + filter)
	74.3 dB
	66.4 dB

	Specified Blocker Power
	0 dBm
	0 dBm

	Threshold Interference Power, IIP2 = 42.9 dBm
	52.15 dBm
	44.25 dBm


Table 249:  Power Limits for 2nd Order Interference Bands in the EGSM900 Receiver with High TX Rejection Filters

Third order intermodulation interference was also greatly reduced with higher rejection filters.  Table 250 shows a receiver IIP3 value of 2.5 dBm was sufficient to meet the blocker requirements.  This value of IIP3 is in the range of values given in published CDMA receivers ([21], [22]), suggesting these linearity figures are reasonable for an integrated receiver.

	
	3rd Order Interference Bands for EGSM900 
(Frequencies are in MHz)

	
	5 – 40
	800 – 905
	902.5 – 915
	915 – 937.5
	2685 – 2790

	Total Isolation (switchplexer + duplexer + isolator + filter)
	74 dB
	74 dB
	95 dB
	6.8 dB
	39 dB

	Specified Blocker Power
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Int. Power Limit, IIP3 = ‑18 dBm
	23.8

 dBm
	32.5 dBm
	44.8 dBm
	-43.4 dBm
	-2.2 dBm

	Int. Power Limit, IIP3 = 2.5dBm
	44.3 dBm
	73.5 dBm
	65.3 dBm
	-23.0 dBm
	40 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 250:  3rd Order Intermodulation Threshold Levels for the EGSM900 Receiver with High TX Rejection Filters.

The results of this analysis are summarized in Table 251.
	Receiver Linearity Parameter
	Value

	PTX port 
	36.3 dBm

	IIP2
	42.9 (spec)

	IIP3
	2.5 dBm

	C1dB (IIP3 – 10dB)
	-7.5 dBm


Table 251:  EGSM Linearity Requirements Duplexer + High TX Rejection Filters, No Power Backoff

15.2.6a.7.2
No Change in PA Capabilities

In this case the maximum power measured at the PA output is 34.05 dBm, and the maximum power at the TX port of the duplex filter is 33.9 dBm – 0.3 dB = 33.6 dBm
.  

The required receiver linearity parameters for this case are summarized in Table 252.
	Receiver Linearity Parameter
	Value

	PTX port 
	33.6 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	0.6 dBm

	C1dB (IIP3 – 10dB)
	-9.4 dBm


Table 252:  EGSM Linearity Requirements Duplexer + High TX Rejection Filter, No Change in PA Output

These linearity figures are reasonable for an integrated receiver.  
15.2.6a.7.3
Power Back Off based on Duplexer Power Tolerance

In this analysis, the TX output power is backed off to 29 dBm at the TX Port of the duplexer.  The required receiver linearity parameters for this case are summarized in Table 253.
	Receiver Linearity Parameter
	Value

	PTX port 
	29 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	-1.7 dBm

	C1dB (IIP3 – 10dB)
	-11.7 dBm


Table 253:  EGSM Linearity Requirements Duplexer + High TX Rejection Filter, Power Based on Duplexer Tolerance

These linearity figures are reasonable for an integrated receiver.  
15.2.6a.8 
Summary

This discussion document has looked at the intermodulation interference in a basic type 2 mobile.  While this is a significant impairment in the receiver, there are other impairments that have not been analyzed here.  
Considering only the intermodulation interference analyzed in this document, the analysis above has shown that it is likely possible to build a basic type 2 mobile receiver with sufficient intermodulation immunity given the architecture shown in Figure 421 and the assumptions described.  
To address the intermodulation interference it seems that the IIP2 of a typical GSM RF transceiver is sufficient, however the IIP3 would need to be increased to approximately 2.5 dBm (in the case where the output power is not reduced).  This value is typical for CDMA receivers and so is likely to be achievable in a highly integrated chipset.  If it is permissible to reduce the output power to a level tolerated by the duplexers (30 dBm in GSM850, 29 dBm in EGSM, DCS and PCS bands at the duplexer TX port), then the IP3 requirement is reduced to approximately -1.7 dBm.

With this power reduction, the maximum output power at the antenna port of the switchplexer in GSM850 band is (30dBm - 2.0 dB - 0.7) = 27.3 dB.  For EGSM900 the maximum output power would be (29dBm - 2.1 dB - 0.7 dB) = 26.2 dBm.  For PCS and DCS the maximum output power would be (29 dBm – 2.1 dB - 0.8 dB) = 26.1.   For GSM and EGSM a power backoff of about 7 dB is required for GMSK.  For DCS/PCS a power back off of about 4 dB is required for GMSK.  

The trade offs of building such a type 2 mobile are:

· Output power level must be significantly lowered to not violate duplexer limits.  Receive signal power requires an increase of 4 dB to operate at the same S/ (N+I).  Thus it is only appropriate in areas with strong signal coverage

· the increase IIP3 and C1dB of the receiver may result in a large receive IC and/or greater power consumption

· there are several new parts required for this architecture, which will increase the physical size and cost to manufacturer of mobiles regardless of the mode of operation

The gains achieved with type 2 operation needs to then be examined in light of the tradeoffs involved in the manufacturing of such a device with the basic architectures presented in this section.
[End of Second Added Section]
[Start of Third Deleted Section]






	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[End of Third Deleted Section]
[Start of Third Added Section]
15.2.7a
 Modified Type 2 Architecture
15.2.7a.1
Introduction
This section discusses interference in the receive band of a GSM850 and EGSM900 type 2 mobile resulting from non-linearity in the receiver coupled with the presence of a transmit signal.  In section 15.2.6a, a basic receiver architecture that used a duplexer followed by a receive band filter is discussed.  While this architecture placed seemingly achievable linearity requirements on the receiver active circuitry, it also reduced the receiver sensitivity.  In this paper a receiver architecture that places an LNA between the duplexer and receive band filter is examined.  Using the duplexers and filters discussed in section 15.2.5, LNA and receiver linearity requirements are determined with respect to TX signal power leakage and interferer signal power (as discussed in section 15.2.2a).
15.2.7a.2
LNA and Post-Filter Receiver Performance 

Type 2 GSM mobile chipsets are not currently available; however the architecture presented here is similar to architectures proposed for CDMA receivers ([21] and [22]).  The receiver presented in [21] is a good candidate for use in this analysis as it is a recent work and it is a zero-IF architecture, using only a few discrete components. Unfortunately, this receiver was targeted at the cell band (850MHz) only.  Because the cell band frequencies are close to the EGSM900 band, it is assumed that a receiver could be fabricated with the same characteristics for the EGSM900 band.  The PCS and DCS bands are at approximately twice the frequency of the cell band and will require separate analysis.  Therefore this analysis is limited to the cell band and the LNA and post-filter receiver characteristics as presented in [21] are used (Table 254 and Table 255).
	Parameter
	Nominal Value

	Gain
	15.5 dB

	Noise Figure
	1.2 dB

	IIP3
	11 dBm

	IIP2
	Unknown

	Estimated 1dB Compression Point
	1 dBm


Table 254:  Assumed LNA Performance Based on Measurements in [21].

	Parameter
	Value

	Noise Figure
	9 dB

	Cascaded IIP3
	9.2 dBm

	Cascaded IIP2
	60

	Estimated 1dB Compression Point
	-0.8 dBm


Table 255:  Assumed Post-Filter Receiver Performance Based on Measurements in [21].

15.2.7a.3
Mapping Filter Specifications
The duplexers and filters used for this analysis are described in detail in section 15.2.5.

15.2.7a.4

Modified Architecture Details

The modified architecture is based on the basic architecture discussed in section 15.2.6a.  An LNA is placed between the duplexer and filter in the receive chain as shown in Figure 422.  This architecture assumes that there is no change in the transmitter or receive path regardless of whether the mobile is operating in half duplex mode (a type 1 mobile) or full duplex mode (a type 2 mobile).   

The PA module shown in the figure comprises one PA for cellular band and one PA for PCS/DCS band.  Since the duplex filters that follow the PA modules are band specific, SPDT switches [17] are placed after the PA.  The antenna switchplexer requires a SP4T switch [18].  The specifications for the switches used in this application (and in type 1 mobiles for comparison) are given in Table 256.  The duplex filters also have insertion losses associated with them.  This is discussed in detail in section 15.2.5.  

	Part
	Application
	Path
	Cell Band
	PCS Band

	
	
	
	Typical
	Maximum
	Typical
	Maximum

	SPDT
	Modified Type 2
	Transmit
	0.3 dB
	0.45 dB
	0.4 dB
	0.6 dB

	SPDT
	Modified Type 2
	Receive
	0.3 dB
	0.45 dB
	0.4 dB
	0.6 dB

	SP4T
	Modified Type 2
	Transmit
	0.7 dB
	0.85 dB
	0.8 dB
	0.95 dB

	SP4T
	Modified Type 2
	Receive
	0.7 dB
	0.85 dB
	0.8 dB
	0.95 dB

	SP6T
	Type 1
	Transmit
	0.5 dB
	0.7 dB
	0.65 dB
	0.9 dB

	SP6T
	Type 1
	Receive
	1.0 dB
	1.2 dB
	1.3 dB
	1.6 dB


Table 256:  Switch and Switchplexer Insertion Losses

In the receive chain, an LNA is placed between the duplexer and the receive band filter.  A separate LNA is assumed for each GSM band.  By placing switches at the inputs and outputs of the LNAs, it may be possible to use only two LNAs - a single LNA for GSM850 and EGSM900, and a single LNA for DCS1800 and PCS1900.  Doing so would require four additional SPDT switches and would desensitize each receiver path by more than the loss of the SPDT switch.  This option is not examined here.
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Figure 422:  Modified Type 2 Architecture.

The integrated portions of the transmitter and receiver are shown as separate parts to avoid substrate coupling of noise from the transmitter to the receiver.  More research is required to determine if it is necessary to separate the two parts, or if they could be integrated together.

15.2.7a.5
Receiver Sensitivity

The analysis assumptions are given in detail in section 15.2.4a.  

The advantage to placing an LNA between the duplexer and filters (as shown in Figure 422) is improved sensitivity. Table 257 shows the minimum gain and the maximum noise figure of each component in the entire receive chain from the antenna to the output of the post-filter receiver.

	
	Switchplexer
	Duplexer
	LNA
	Receive Band Filter
	Post-Filter Receiver
	Cascaded Result

	Minimum Gain
	-0.85 dB
	-4.5 dB
	15.5 dB
	-4.3 dB
	48 dB
	53.85 dB

	Maximum Noise Figure
	0.85 dB
	4.5 dB
	1.2 dB
	4.3 dB
	9 dB
	8.12 dB


Table 257:  EGSM900 Receive Chain Gain and Noise Figure.

MS receiver sensitivity testing is conducted with a -102 dBm signal applied to the antenna connector [8].  Using the values in Table 257, the signal power at the output of the post-filter receiver is ‑48.15 dBm (-102 dBm + 53.85 dB).  The total noise power at the output of the post-filter receiver is -59.03 dBm (-121 dBm (thermal noise in 200 kHz BW) + 8.12 dB (cascaded NF)
 + 53.85 dB).  The difference between the signal power and noise power at the output is 10.88 dBm.  Thus, during simple sensitivity testing, this receiver architecture meets the 10 dBm SNR goal assumed in this document.
15.2.7a.6
Transmitter Output Power Levels

Three cases for the transmitter output power levels are considered as described in section 15.2.3a.  They are given again in Table 258 for the GSM 850 and EGSM 900 frequency bands.  
	
	GSM850
	EGSM900

	No maximum output power reduction
	36.15 dBm
	37.35 dBm

	No change in PA capabilities
	33.6 dBm
	33.6 dBm

	Power back off based on duplexer power tolerance
	30 dBm
	29 dBm



Table 258:  Transmitter Output Power Levels Considered

15.2.7a.7
Analysis Assumptions

The interference and blocking signal frequencies and power levels are discussed in section 15.2.2a.   

GSM Type 1 mobile station receivers must pass a sensitivity test with -102 dBm of signal power.   The analysis assumes that a signal to noise ratio of 10 dB is needed between the desired signal and cochannel noise and interferers in order to meet the bit error rate requirement with sufficient margin (as described in section 15.2.3a).

When verifying the immunity to blockers, the desired signal power is raised by 3 dB to -99 dBm.  As shown in Figure 422, between the antenna and the post-filter receiver are a switchplexer, a duplexer, an LNA, and an RF filter.  The insertion loss of the switches, duplexers and filters is dependent on the GSM band in question.  For the EGSM900 band the worst case switchplexer loss (0.85 dB), duplexer loss (4.5 dB), and filter loss (4.3 dB) combine to produce 9.65 dB of loss.  Adding the LNA gain of 15.5 dB produces a desired signal level of -93.15 dBm.  In keeping with the 10 dB SNR goal, noise and interferer power combined must not exceed -103.15 dBm.
In a 200 kHz bandwidth, there is -121 dBm of thermal noise.  Using information from Table 257, the gain up to the input of the post-filter receiver is (-0.85 dB – 4.5 dB + 15.5 dB – 4.3 dB) = 5.85 dB and the cascaded noise figure is 8.12 dB.  Adding these numbers gives the noise power referred to the post-filter receiver input (-121 dBm + 5.85 dB + 8.12 dB) = -107.03 dBm.

Converting -103.15 dBm and -107.03 dBm to linear units and subtracting the thermal noise from the total noise and interferer level gives the maximum allowable intermodulation interference before the target 10 dB SNR goal is violated; -105.44 dBm.  This number is used to assess the immunity of the receiver to blockers in the intermodulation interference bands.  If the power in the intermodulation product of the TX signal and the blocker exceeds ‑105.44 dBm in the following analysis, the LNA and/or post-filter receiver linearity are deemed insufficient.

Performing the same analysis for the GSM850 case reveals -100.9 dBm as the limit for intermodulation product power.

The receiver’s tolerance to interference signal power is determined by the rejection provided by any filtering, and by the linearity of the receiver.  Based on the maximum interference signal level, the amount of transmitter power that leaks through to the receiver input, and the duplexer/filter performance, the receiver linearity (IIP2, IIP3, and the 1 dB compression point (C1dB)) required to prevent saturation by the transmit signal and degradation of the receiver sensitivity are determined.

15.2.7a.8
Analysis of the Modified Type 2 Architecture

Analysis of this architecture concentrates on the EGSM900 band as its receiver linearity requirements are more stringent than those of the GSM850 band.  There are three reasons for this: 

· The EGSM900 filters and duplexers used in this analysis offer less rejection of the TX signal and blockers than GSM850 filters (section 15.2.5).

· The EGSM900 duplexer has higher insertion loss in the transmit path than the GSM850 duplexer, requiring a stronger TX signal to achieve a given antenna port power.  This results in higher TX power leakage to the receiver.

· The EGSM900 band has less SNR margin for intermodulation interference (-105.4 dBm vs. -100.9 dBm for GSM850).

Second and third order intermodulation interference signal power levels at the LNA input and at the input to the post-filter receiver are shown in Table 259 and Table 260.  These values are used in the following sections to assess the receiver linearity and determine the required IIP2 and IIP3 values.

In this architecture, there is some flexibility in how gain and linearity is budgeted to the LNA and the post-filter receiver.  Because a pre-existing LNA and post-filter receiver is used in this analysis, the gain and linearity budget is set.  However, in the analysis that follows, minimum linearity values for the LNA and the post-filter receiver are given when the existing values prove insufficient.  

The required IIP3 value for either the LNA or the post-filter receiver depends on the power of the TX signal, and on the power in the strongest interference signal in the third order intermodulation interference bands.  As Table 260 shows, with the EGSM900 band duplexers and filters used in this analysis, the strongest third order intermodulation interference signal at the LNA input is in the frequency range 2685 MHz – 2790 MHz (see section 15.2.2a for more on the intermodulation interference frequencies).  Over this frequency range, the duplexer provides only 20dB of rejection, much less than in any other interference band.  Thus it is the third order intermodulation interference signal power and the TX signal power in this frequency range that dictate the required IIP3 for the LNA.

For the post-filter receiver, it is the third order intermodulation interference signal power that falls in the frequency range 915 MHz – 937.5 MHz that is strongest (Table 260).  Thus this frequency range dictates the required IIP3 for the post-filter receiver.

	
	2nd Order Interference Band

(Frequencies are in MHz)

	
	10 – 80
	1805 – 1875

	Blocker Power at Antenna Connector
	0 dBm
	0 dBm

	Duplexer Rejection + Switchplexer Loss
	33.7 dB
	30.7 dB

	Intermodulation Interference Power at LNA Input
	-33.7 dBm
	-30.7 dBm

	LNA Gain
	15.5dB
	15.5 dB

	Filter Rejection
	40 dBm
	35 dBm

	Intermodulation Interference Power at Post-Filter Receiver Input
	-58.2 dBm
	-50.2 dBm


Table 259:  2nd Order Intermodulation Interferer Power Levels and Rejection in EGSM900 Receiver Chain.

	
	3rd Order Interference Band

(Frequencies are in MHz)

	
	5 – 40
	800 - 905
	902.5 - 915
	915 – 937.5
	2685 – 2790

	Blocker Power at Antenna Connector
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Duplexer Rejection + Switchplexer Loss
	33.7 dB
	33.7 dB
	48.7 dB
	2.8 dB
	20.7 dB

	Intermodulation Interference Power at LNA Input
	-33.7 dBm
	-33.7 dBm
	-48.7 dBm
	-25.8 dBm
	-20.7 dBm

	LNA Gain
	15.5 dB
	15.5 dB
	15.5 dB
	15.5 dB
	15.5 dB

	Filter Rejection
	40 dB
	40 dB
	46 dB
	2.8 dB
	18 dBm

	Intermodulation Interference Power at Post-Filter Receiver Input
	-58.2 dBm
	-58.2 dBm
	‑79.2 dBm
	-13.1 dBm
	-23.2 dBm


Table 260:  3rd Order Intermodulation Interferer Power Levels and Rejection in EGSM900 Receiver Chain.

15.2.7a.8.1
No Maximum Output power Reduction

With 37.35 dBm (Table 258) of TX signal power at the duplexer TX port for the EGSM900 case, the TX signal power levels shown in Table 261 are present in the receiver.

	Maximum Transmit Power at Duplexer TX port
	37.35 dBm

	Duplexer TX-RX Isolation in TX Band
	50 dB

	Transmit Power at LNA Input
	-12.65 dBm

	LNA Gain
	15.5 dB

	Filter TX Band Rejection
	46 dBm

	Transmit Power at Post-Filter Receiver Input
	-43.15 dBm


Table 261:  Transmit Signal Power Levels and Rejection in Receiver Chain for EGSM900 with No Maximum Power Reduction.

The 1 dB compression point of both the LNA and post-filter receiver (C1dBLNA = 1 dBm and C1dBPFR = -0.8 dBm) is sufficient to handle the leaked TX signal power.

The IIP2 performance of the LNA is not given in [21]; therefore its immunity to intermodulation interference in the second order interference bands cannot be assessed.  The analysis can be used to determine the required minimum value for IIP2.  Table 259 shows the second order interferer power levels at the LNA input.  Using the second order interferer with the highest power level at the LNA input (1805 MHz – 1875 MHz), the required minimum LNA IIP2 of 74.8 dBm is found.  This value is very high and it may be difficult to achieve in the LNA.

The additive rejection of the duplexer and the filter reduces the maximum power levels in the second order interference bands to -50.2 dBm at the input to the post-filter receiver.  This level is quite low, and the 60 dBm IIP2 of the post-filter receiver is adequate. 

Considering the IIP3 performance, Table 262 shows maximum interferer power levels the receiver can tolerate for two different values of IIP3.  The existing LNA and post-filter receiver IIP3 (11 dBm and 9.2 dBm respectively) are less than what is needed.  The LNA IIP3 must increase to 36.1 dBm and the post-filter receiver IIP3 must increase to 18.1 dBm to tolerate the interference levels.  These values are very high, likely beyond what is practical for the integration level of a GSM radio.  The required LNA IIP3 is far beyond the demonstrated IIP3 in any of the integrated LNAs summarized in [25].    
	
	3rd Order Interference Bands for EGSM900 

(Frequencies are in MHz)

	
	5 – 40
	800 – 905
	902.5 – 915
	915 – 937.5
	2685 - 2790

	Specified Blocker Power
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Interferer Power Limit, 

LNA IIP3 = 11 dBm
Post-filter receiver IIP3 = 9.2 dBm
	-8.0 dBm
	-37.1 dBm
	7.0 dBm
	-39.0 dBm
	-50.1 dBm

	Interferer Power Limit, 

LNA IIP3 = 36.1 dBm
Post-filter receiver IIP3=18.1 dBm
	17.0 dBm
	13.0 dBm
	32.0 dBm
	-23.0 dBm
	0 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 262:  Interferer Power Limits for 3rd Order Interference Bands for EGSM900 Receiver with No Maximum Power Reduction

The results of this analysis are summarized in Table 263.  The required linearity requirements are likely unrealistic.

	Receiver Linearity Parameter
	Value

	PTX port 
	37.35 dBm

	LNA IIP2
	74.8 dBm

	Post-filter Receiver IIP2
	60 dBm*

	LNA IIP3
	36.1 dBm

	Post-filter Receiver IIP3
	18.1 dBm

	*Existing receiver value


Table 263:  EGSM900 Linearity Requirements, No Maximum Power Reduction

15.2.7a.8.2 
No Change in PA Capabilities

As shown in Table 258 the TX signal power level at the duplexer TX port is 33.6 dBm.  The TX signal power levels shown in Table 264 are present in the receiver.

	Maximum Transmit Power at Duplexer TX port
	33.6 dBm

	Duplexer TX-RX Isolation in TX Band
	50 dB

	Transmit Power at LNA Input
	-16.4 dBm

	LNA Gain
	15.5 dB

	Filter TX Band Rejection
	46 dBm

	Transmit Power at Post-Filter Receiver Input
	-46.9 dBm


Table 264:  Transmit Signal Power Levels and Rejection in Receiver Chain for EGSM900 with No Change In PA Capabilities.

With this power level reduction at the duplexer TX port, the required IIP2 of the LNA is reduced somewhat to 71 dBm.  This IIP2 value may not be easily achieved in the LNA.  The post-filter receiver’s IIP2 value of 60dB is sufficient.

The reduction in duplexer TX port signal power reduces the susceptibility of the entire receiver to third order intermodulation interference.  Table 265 shows that while the receiver used in this analysis does not have sufficient linearity, the required minimum IIP3 is considerably lower than in the no power reduction case.  Minimum LNA and post-filter receiver IIP3 requirements are 32.3 dBm and 16.2 dBm respectively.

	
	3rd Order Interference Bands for EGSM900 

(Frequencies are in MHz)

	
	5 – 40
	800 – 905
	902.5 – 915
	915 – 937.5
	2685 - 2790

	Specified Blocker Power
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Interferer Power Limit, 

LNA IIP3 = 11 dBm
Post-filter receiver IIP3 = 9.2 dBm
	-6.2 dBm
	-29.6 dBm
	8.8 dBm
	-37.1 dBm
	-42.6 dBm

	Interferer Power Limit, 

LNA IIP3 = 32.3 dBm
Post-filter receiver IIP3=16.2dBm
	15.2 dBm
	13.0 dBm
	30.2 dBm
	-23.0 dBm
	0 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 265:  Receiver 3rd Order Interferer Power Limits for EGSM900 Receiver with No Change In PA Capabilities.

The results of this analysis are summarized in Table 266.  The required linearity values are reduced considerably, but not enough to make them reasonable.  The required LNA IIP3 in particular is still extremely high relative to recently published LNA performance [25].     

	Receiver Linearity Parameter
	Value

	PTX port 
	33.6 dBm

	LNA IIP2
	71 dBm

	Post-filter Receiver IIP2
	60 dBm*

	LNA IIP3
	32.3 dBm

	Post-filter Receiver IIP3
	16.2 dBm

	*Existing receiver value


Table 266:  EGSM Linearity Requirements, No Change in PA Capabilities

15.2.7a.8.3

 Power Back Off based on Duplexer Power Tolerance

In this analysis, the TX output power is backed off to 29 dBm at the TX Port of the duplexer for EGSM900.  For GSM850 the TX duplexer port power only needs to be relaxed to 30 dBm as the duplexer for this band can tolerate an extra 1dB of power.  Even with this extra power the GSM850 case requires less IIP2 and IIP3 than the EGSM900 case, as the duplexer and receive band filter for GSM850 reject interfering signals more effectively than the EGSM900 duplexer and receive band filter (see section 15.2.5).
Table 267 shows the TX signal power levels for this case.
	Maximum Transmit Power at Duplexer TX port
	29 dBm

	Duplexer TX-RX Isolation in TX Band
	50 dB

	Transmit Power at LNA Input
	-21 dBm

	LNA Gain
	15.5 dB

	Filter TX Band Rejection
	46 dBm

	Transmit Power at Post-Filter Receiver Input
	-51.5 dBm


Table 267:  Transmit Signal Power Levels and Rejection in Receiver Chain for EGSM900 with PA Output Power Reduced to 29 dBm.

Using the TX power at the LNA input (Table 267) and the second order blocker power levels (Table 259), the LNA IIP2 requirement is found to be 66.5 dBm.  This value is quite high, and whether it can be achieved in an integrated LNA is FFS.  The 60 dBm IIP2 of the post-filter receiver is sufficient.

The reduction in TX power eases the IIP3 requirements slightly.  As shown in Table 268, the required minimum LNA IIP3 is 27.8 dBm and the required minimum post-filter receiver IIP3 is 14.1 dBm. 

	
	3rd Order Interference Bands for EGSM900 

(Frequencies are in MHz)

	
	5 – 40
	800 – 905
	902.5 – 915
	915 – 937.5
	2685 - 2790

	Specified Blocker Power
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Interferer Power Limit, 

LNA IIP3 = 11 dBm
Post-filter receiver IIP3 = 9.2 dBm
	-3.9 dBm
	-20.4 dBm
	11.1 dBm
	-34.8 dBm
	-33.4 dBm

	Interferer Power Limit, 

LNA IIP3 = 27.7 dBm
Post-filter receiver IIP3=14.1 dBm
	12.9 dBm
	13.0 dBm
	27.9 dBm
	-23.0 dBm
	0 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 268:  Receiver 3rd Order Interferer Power Limits for EGSM900 Receiver with PA Output Power Reduced to 29 dBm.

The required receiver linearity parameters for this case are summarized in Table 269.  The required IIP3 of the LNA is well beyond recently published results [25].  Even with this very significant back off in power, the post-filter receiver IIP3 requirements are still very high and are well beyond the performance of the receiver used in this analysis.  

	Receiver Linearity Parameter
	Value

	PTX port 
	29 dBm

	LNA IIP2
	66.5 dBm

	Post-filter Receiver IIP2
	60 dBm*

	LNA IIP3
	27.8 dBm

	Post-filter Receiver IIP3
	14.1 dBm

	*Existing receiver value


Table 269:  Linearity Requirements of Receiver, PA Output Power Reduced to 29 dBm.

15.2.7a.9

Blocker Power Reduction
As shown in section 15.2.7a.8, the integrated receiver together with the duplexers and filters used in this analysis were unable to provide the needed linearity.  However this architecture is used in CDMA designs.   The applicability in one case but not the other relates to the way that GSM receivers are evaluated compared to CDMA receivers, in particular with respect to blocking specifications.  

In [27], minimum performance of cdma2000 receivers is specified.  Referring to section 3.5 of [27], it can be seen that blocker specifications are only given for Band Class 6 mobile stations. Band Class 6 mobile stations are for the 2GHz IMT - 2000 band (TX 1920-1980MHz and RX 2110-2170MHz).  As given in table 3.5.5.2-1 of [27], the in-band blocker power is -56 dBm for close in blockers, and -44 dBm for other in-band blockers.  Out of band blockers are defined in table 3.5.5.2-2 of [27].  The out of band blocker power varies depending on frequency offset.  Closest to the desired frequency band the blocker level is given as -44 dBm.  Slightly further out the blocker level increases to -30 dBm.  Further out the blocker level rises to -15 dBm.  However 24 exceptions are allowed where the blocker level requirement is subsequently dropped to -44 dBm.   Clearly these blocker levels are significantly lower than those specified in [8] for GSM.  

In all other band classes except band 6, the single tone desensitization test applies.  This test measures the receiver’s ability to receive a CDMA signal on its assigned channel frequency in the presence of a single tone spaced at a given frequency offset from the center frequency of the assigned channel.  

For the single tone desense test, the blocker power levels are -30 dBm and -40 dBm (depending on the frequency offset, see table 3.5.2.2-1 of [27]).  As described in [23], the limiting factor in this test is typically cross modulation.  The AM portion of the TX signal modulates the blocker tone which is close to the desired signal.  This is the primary consideration given to TX signal related intermodulation in a CDMA MS.

It may be possible to make this architectural option applicable to GSM by reducing the blocker power levels as specified in [8].  For EGSM900, in-band and out of band blocker power levels are -23 dBm and 0 dBm respectively.   For the case where the transmitter output power is reduced to 29 dBm, the blocker specifications need to be dropped to -34 dBm for out of band blockers and to -35 dBm for in-band blockers in order for the receiver, duplexers, and filters used in this analysis to have sufficient performance (see Table 268).   
Maintaining the output power as per the specifications would require the in-band blocker level to be reduced to -39 dBm and out of  band blocker level reduced to – 50 dBm.    Also, this does not consider the cross-modulation analysis, which may further reduce the tolerable blocker levels.  

Reducing blocker levels will decrease system capacity depending on factors such as cell radii, reuse pattern, and desense from other sources.  Significant analysis would be required to determine if this is an acceptable approach.   

15.2.7a.10
Summary
The analysis above has shown that it is likely not possible to build a type 2 mobile receiver (using the presented receiver architecture) with sufficient interferer immunity, based on currently available components and the current blocker specifications.  

Even with the TX power backed off to the limit the duplexer can handle, the required LNA IIP3 is 27.8 dBm and the required post-filter receiver IIP3 is 14.1 dBm.  The required LNA IIP3 is beyond recently published integrated LNA results [25].  Achieving this linearity in an integrated LNA while maintaining an acceptably low noise figure and reasonable power consumption may not be possible.

Achieving the required IIP3 performance required in the integrated post-filter receiver may, similarly, prove difficult trading off other performance metrics such as receiver noise figure, size, and current consumption.  

The required LNA IIP2 is as high as 74.8 dBm (for the full TX power case) and as low as 66.5 dBm (for the TX power backed off to the duplexer limit).  Recent publications regarding achievable IIP2 concentrate on mixer performance, as the mixer appears to be the limiting component in determining the overall IIP2 performance of a direct down conversion receiver [26].  There is little available literature concerning LNA IIP2 therefore more research is required to determine if the requirements determined in this document can be achieved.

With the additional suppression of the second order intermodulation interference bands provided by the filter, the post-filter receiver’s IIP2 value was sufficient for all the TX power levels examined. 

Improving the duplexer and filter rejection of the TX signal would reduce the linearity requirements of the LNA and post-filter receiver.  Unfortunately there do not appear to be any duplexers or filters (SAW, BAW, or FBAR) currently available that offer significant improvement over the ones used in this analysis.  It may be unrealistic to expect greater TX rejection, particularly from the duplexer.  Reducing the blocker power levels may make this architecture useful for use in a type 2 mobile, however the consequences of reducing blocker power levels must be carefully considered.  More analysis is need before this option can be considered.

The IIP3 and IIP2 values presented in this analysis considered only intermodulation interference involving the TX signal.  Other issues such as cross modulation, and zero IF related baseband sensitivity degradation may require even higher values of IIP2 and IIP3. 
[End of Third Added Section]
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15.2.8a
Hybrid Type 2 Architecture
15.2.8a.1
Introduction
This section discusses interference in the receive band of a type 2 mobile resulting from non-linearity in the receiver coupled with the presence of a transmit signal.  A hybrid architecture is discussed, which allows the mobile to operate as a type 2 mobile, but also permits it to operate in type 1 mode with less loss than the type 2 architecture imposes.  Using the duplexers and filters discussed in section 15.2.5, receiver linearity requirements (for type 2 operation) are determined with respect to TX signal power leakage and interferer signal power (as discussed in section 15.2.2a).   The performance in type 1 mode with the hybrid architecture is compared to that of a traditional quad-band GSM mobile to examine the additional losses.  A variation is proposed to minimize the additional losses.
15.2.8a.2
Receiver performance 

The RF section receiver performance and linearity values were taken from a typical Quad Band GSM/EDGE chipset.  The parameter values relevant to this analysis are given in Table 270. 
	Parameter
	Value

	Total Available Gain
	46.0 dB

	Maximum Receiver Noise Figure
	4.6 dB

	Cascaded IIP3
	-18.0 dBm

	Cascaded IIP2
	42.9 dBm

	Overall 1dB Compression Point
	-28.0 dBm


Table 270:  Typical GSM/EDGE Receiver Performance Specifications

15.2.8a.3

Mapping Filter Specifications
The duplexers used for this analysis are described in detail in section 15.2.5.  The typical GSM receive bandpass filters and the high TX Rejection bandpass filters are also described in that document.

15.2.8a.4

Architecture Details

15.2.8a.4.1

The Hybrid Type 2 Architecture
This section analyzes the intermodulation interference using the type 2 mobile architecture shown in Figure 423.   The motivation behind this hybrid architecture is to permit the mobile to operate in type 1 (i.e. half duplex) mode when appropriate, while minimizing the additional path loss.  

As it was determined in section 15.2.6a that the standard GSM receiver filters used in type 1 mobiles were insufficient for type 2 operation, the receive filters considered in the hybrid architecture are the high TX rejection RX filters that are discussed in section 15.2.5.  Because the insertion loss of these filters is slightly higher than that of the typical GSM receiver filters, and due to the higher insertion loss from the addition of the switches, the performance of the hybrid mobile when operating in type 1 mode will not be equivalent to a legacy type 1 mobile, however it will be significantly better than the performance of the basic type 2 architecture described in section 15.2.6a.


[image: image59.wmf]PA

PA

RX Filters

R

F

 

T

r

a

n

s

c

e

i

v

e

r

1800

/

1900

850

/

900

D

u

p

l

e

x

e

r

TX

850

RX

850

TRX

850

D

u

p

l

e

x

e

r

TX

900

RX

900

TRX

900

D

u

p

l

e

x

e

r

TX

1800

RX

1800

TRX

1800

D

u

p

l

e

x

e

r

TX

1900

RX

1900

TRX

1900

Switchplexer

(

SP

10

T

)

Type 

1 850

/

900

Type 

1 1800

/

1900

Type 

1 850 

Rx

Type 

1 900 

Rx

Type 

1 1800 

Rx

Type 

1 1900 

Rx

SPDT

SP

3

T

SP

3

T

SPDT

SPDT

SPDT


Figure 423:  Hybrid Type 2 Architecture

The hybrid type 2 mobile architecture allows the duplexers to be switched out of the TX/RX path when not necessary.  In the receive path, a SPDT switch [17] needs to be placed before the RX filters to allow a direct path from the antenna switch and the RF transceiver.  

A SP3T switch [28] is required after the PA to allow for a bypass around the duplex filters.   When the duplexers are bypassed, a harmonic filter is required prior to the switchplexer.  This is the same as in the type 1 architecture shown in Figure 424.  

The switchplexer connecting the various RX and TX paths to the antenna requires a SP10T switch.   An example for this part was not found; therefore the characteristics of this switch were taken from a SP9T switch [29].  

The typical type 1 architecture requires a SP6T switchplexer [19] to support the TX and RX paths.  The basic type 2 architecture requires a SP4T switchplexer [18].  The insertion losses of all the switches and switchplexers in the transmit or receive path are given in Table 271.
	Part
	Application
	Path
	Cell Band
	PCS Band

	
	
	
	Typical
	Maximum
	Typical
	Maximum

	SPDT
	Basic Type 2
	Transmit
	0.3 dB
	0.45 dB
	0.4 dB
	0.6 dB

	SPDT
	Hybrid Type 2
	Receive
	0.3 dB
	0.45 dB
	0.4 dB
	0.6 dB

	SP3T
	Hybrid Type 2
	Transmit
	0.3 dB
	0.6 dB
	0.3 dB
	0.6 dB

	SP10T
	Hybrid Type 2
	Transmit
	0.9 dB
	1.15 dB
	1.15 dB
	1.40 dB

	SP10T
	Hybrid Type 2
	Receive
	0.9 dB
	1.1 dB
	1.35 dB
	1.55 dB

	SP4T
	Basic Type 2
	Transmit
	0.7 dB
	0.85 dB
	0.8 dB
	0.95 dB

	SP4T
	Basic Type 2
	Receive
	0.7 dB
	0.85 dB
	0.8 dB
	0.95 dB

	SP6T
	Type 1
	Transmit
	0.5 dB
	0.7 dB
	0.65 dB
	0.9 dB

	SP6T
	Type 1
	Receive
	1.0 dB
	1.2 dB
	1.3 dB
	1.6 dB


Table 271:  Switch and Switchplexer Insertion Losses

15.2.8a.4.2
Traditional Type 1 Architecture

The traditional type 1 architecture shown in Figure 424 is used as a performance benchmark for the hybrid architecture when operating in type 1 mode.   The increased requirements for TX output power due to additional losses in the TX path, and the loss of sensitivity due to additional losses in the RX path are considered.   The linearity requirements for this architecture are met with the standard GSM chipset specifications as given in Table 270.
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Figure 424:  Typical Type 1 Architecture

15.2.8a.5

Type 2 Operation Analysis 

15.2.8a.5.1

Assumptions
Three output power cases (as described in section 15.2.3a) for type 2 operation are considered.  The interference and blocking signal frequencies and power levels are discussed in section 15.2.2a.  Analysis assumptions are given in section 15.2.4a.
For this hybrid architecture, the required SNR is not achievable at the specified input level for all frequency bands.  The desired signal level needs to be increased by 4 dB to overcome the increased noise figure of the receiver in this architecture.  Given the new input signal level (-95 dBm with interference), the maximum allowable intermodulation interference for each frequency band is given in Table 272.
	Frequency Band
	GSM 850
	EGSM 900
	DCS 1800
	PCS 1900

	Input Signal Level in Interference 
	-95 dBm
	-95 dBm
	-95dBm
	-95 dBm

	Maximum allowable intermodulation interference 
	-113.7
	-122.5
	-127.2 dBm
	-127.2 dBm


Table 272:  Maximum Allowable Intermodulation Interference Hybrid Architecture

15.2.8a.5.2

No Maximum Output power Reduction

In this case, in order to meet this specification the PA must exceed the specified maximum power (33 dBm for 850/900 MHz and 30 dBm for 1800/1900 MHz) by the total passive loss to the output of the switchplexer.  This output power case illustrates the worst situation for receiver interference in this frequency band, as the maximum amount of TX power will leak through to the RX chain.  

	
	GSM Band

	
	GSM850
	EGSM900
	DCS1800
	PCS1900

	Maximum Transmit Power at Duplexer TX port
	36.45 dBm
	36.75 dBm
	34.9 dBm
	34.9 dBm

	Duplexer TX-RX Isolation in TX Band
	55 dB
	50 dB
	50 dB
	50 dB

	SPDT Switch
	0.3 dB
	0.3 dB
	0.4 dB
	0.4 dB

	High TX Rejection RX Filter
	46
	46
	46
	46

	Transmit Power at Receiver Input
	-64.85 dBm
	-58.65 dBm
	-61.5 dBm
	-61.5 dBm


Table 273:  Transmit signal power at receiver input

 


Table 273 shows that the TX power leakage is greatest in the EGSM 900 band.  Therefore intermodulation interference, which increases with increasing TX signal power, is also greatest in this band, and so this band is used to determine receiver requirements.
Table 274 shows the second order interferer power level limits (based on the degradation limit discussed in section 15.2.8a.5.1) for different IIP2 levels.  The second order input intermodulation point of the typical transceiver chip (42.9 dBm) was easily sufficient.       
	
	2nd Order Interference Bands for EGSM900

(Frequencies are in MHz)

	
	10 – 80
	1805 – 1875

	Total Isolation (switchplexer + duplexer + SPDT + filter)
	74.2 dB
	66.8 dB

	Specified Blocker Power
	0 dBm
	0 dBm

	Threshold Interference Power, IIP2 = 42.9 dBm
	53.2dBm
	45.8 dBm


Table 274:  EGSM 900,  2nd Order Intermodulation Threshold Levels for Type 2 Operation

In the third order intermodulation interference analysis shown in Table 275, it is seen that a receiver IIP3 value of 2 dBm was sufficient to meet the blocker requirements.  This value of IIP3 is in the range of values given in published CDMA receivers ([21],[22]), suggesting this linearity figure is likely reasonable for an integrated receiver.
	
	3rd Order Interference Bands for EGSM900 
(Frequencies are in MHz)

	
	5 – 40
	800 – 905
	902.5 – 915
	915 – 937.5
	2685 – 2790

	Total Isolation (switchplexer 

+ duplexer + SPDT + filter)
	74.2 dB
	74.2 dB
	95.2 dB
	7.0 dB
	40.0 dB

	Specified Blocker Power
	0 dBm
	0 dBm
	0 dBm
	-23 dBm
	0 dBm

	Int. Power Limit, IIP3 = ‑18 dBm
	24.3

 dBm
	33.0 dBm
	45.3 dBm
	-43.0 dBm
	-1.3 dBm

	Int. Power Limit, IIP3 = 2.0 dBm
	44.3 dBm
	73.0 dBm
	65.3 dBm
	-23.0 dBm
	38.7 dBm

	Shading indicates the power limit is insufficient to meet the blocker specification.


Table 275:  EGSM 900, 3rd Order Intermodulation Threshold Levels for Hybrid Type 2 Operation

The results of this analysis are summarized in Table 276.  The required linearity requirements are realistic.
	Receiver Linearity Parameter
	Value

	PTX port 
	37.6 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	2 dBm

	C1dB (IIP3 – 10dB)
	-8 dBm


Table 276:  EGSM900 Linearity Requirements for Hybrid Architecture, No Power Backoff

15.2.8a.5.3

No Change in PA Capabilities

The required receiver linearity parameters for this case are summarized in Table 277.  This reduction in output power makes the required linearity values slightly lower.      

	Receiver Linearity Parameter
	Value

	PTX port 
	33.6 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	0 dBm

	C1dB (IIP3 – 10dB)
	-10 dBm


Table 277:  EGSM Linearity Requirements for Hybrid Architecture, No Change in PA Output

15.2.8a.5.4

Power Back Off based on Duplexer Power Tolerance

Required receiver linearity parameters for this case are summarized in Table 277. This reduction in output power makes the required linearity values even lower.    
	Receiver Linearity Parameter
	Value

	PTX port 
	29.0 dBm

	IIP2
	42,9 dBm (spec)

	IIP3
	-2.3 dBm

	C1dB (IIP3 – 10dB)
	-12.3 dBm


Table 278:  EGSM Linearity Requirements for Hybrid Architecture, Power Based on Duplexer Tolerance

15.2.8a.6

Type 1 Operation – Comparison with Legacy Terminals

15.2.8a.6.1

Transmitter Path

The transmitter path of the legacy mobile and the transmitter path of the hybrid operating in type 1 mode differ in two ways.  The SP3T switch after the PA is added, and the SP6T switchplexer is changed to an SP10T switch.

The SP3T switch has a maximum insertion loss of 0.6 dB.  The maximum insertion loss of the SP6T switchplexer in the TX path is 0.9 dB, while the maximum insertion loss of the SP10T switch is 1.40 dB.   Therefore there is a 0.5 dB increase loss increase due to the switch.  The total increase in the transmit insertion loss for type 1 mode is 1.1 dB.  The maximum insertion losses occur for the DCS/PCS band.   For a type 1 mobile in DCS/PCS, the maximum power required at the output of the PA is (30 dBm + 0.2 dB (harmonic filter) + 0.9 B SP6T insertion loss) = 31.1 dBm.  With the assumptions given in section 15.2.8a.5, the current draw for this output is 0.68 A (during TX, assuming 1/8 duty cycle, i.e. voice).  

The increase of 1.1 dB means that the PA in a hybrid architecture operating in type 1 mode will need to put out 1.1 dB more power to have the same output power at the antenna port of the switchplexer.  Therefore the output power is 32.2 dBm.  The current draw for this output is 0.87 A.  This represents an increase in power consumption during TX of approximately 29%.  This will have an impact on talk time.

15.2.8a.6.2

Receiver Path

The receive path of the legacy mobile and the receive path of the hybrid operating in type 1 mode differ in two ways.  The SPDT switch is added, and the SP6T switchplexer is changed to an SP10T switch.  Also instead of typical GSM receive filters, high TX rejection filters have had to be used.

Maximum losses are in the DCS/PCS frequency band.  The SPDT switch has a maximum insertion loss of 0.6 dB.  The maximum insertion loss of the SP6T switchplexer in the RX path is 1.6 dB, while the maximum insertion loss of the SP10T switch is 1.55 dB, for a -0.05 dB difference.  The typical GSM filter has a maximum insertion loss of 3.0 dB, while the high TX rejection filter has an insertion loss of 4.4 dB.   Therefore the total increase in path loss for the hybrid architecture operating in type 1 mode (compared to a legacy mobile) is 1.95 dB.  
15.2.8a.7

Type 1 Operation – Comparison with Legacy Terminals Using a Modified Hybrid Architecture

This increase can be significantly reduced by increasing the part count and rearranging the architecture slightly.  The modified hybrid architecture is shown in Figure 425.
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Figure 425 - Modified Hybrid Type 2 Architecture

The modification in this architecture places the standard GSM bandpass filters between the switchplexer and the SPDT switches on the type 1 path, and places the high TX rejection filters between the duplex filter and the SPDT switches on the type 2 paths.  This means that when operating in type 1 mode, the mobile doesn’t have to incur the additional insertion loss of the high TX rejection filters, which aren’t needed in this mode in any case.  This would save 1.4 dB of the 1.95 dB additional loss, making the different in receiver sensitivity only 0.55 dB.  The architecture change does not improve the additional loss in the transmit path, and adding the two extra receive filters  However having two extra receive filters in the design increases the space requirements and the BOM costs, and the benefit would have to be weighed against these costs.  

15.2.8a.8

Summary

This discussion document has looked at the intermodulation interference in a hybrid type 2 mobile.  While this is a significant impairment in the receiver, there are other impairments that have not been analyzed here.  
Considering only the intermodulation interference analyzed in this document, the analysis above has shown that it is likely possible to build a hybrid type 2 mobile receiver with sufficient intermodulation immunity.  If the architecture shown in Figure 425 is utilized, the sensitivity degradation in type 1 mode can be reduced to just a little over 0.5 dB.   To address the intermodulation interference it seems that the IIP2 of a typical GSM RF Transceiver is sufficient, however the IIP3 would need to be increased to approximately 2 dBm (in the case where the output power is not reduced).  If it is permissible to reduce the output power to a level tolerated by the duplexers (30 dBm in GSM850, 29 dBm in EGSM, DCS and PCS bands at the duplexer TX port), then the IP3 requirement is reduced to approximately -2 dBm.  

With this power reduction, the maximum output power at the antenna port of the switchplexer in GSM850 band is (30dBm - 2.0 dB - 0.9) = 27.1 dB.  For EGSM900 the maximum output power would be (29dBm - 2.1 dB - 0.9 dB) =  26 dBm.  For PCS and DCS the maximum output power would be (29 dBm – 2.1 dB -  1.15 dB)  = 25.75.   For GSM and EGSM a power backoff of 7 dB is required for GMSK.  For DCS/PCS a power back off of 4.25 dB is required for GMSK.  

The trade offs of building such a hybrid mobile are:

· type 2 mode of operation must operate at significantly lower output power and requires an increase of 4dB in the receive signal level for the same SNR.  Thus it is only appropriate in areas of strong signal coverage

· the increase IIP3 and C1dB of the receiver may result in a large receive IC and/or greater power consumption

· type 1 mode of operation requires 1.1 dB greater PA output power to transmit at the same power level.  This increases the current consumption when transmitting by approximately 29%.  

· there are several new parts required for this architecture, which will increase the physical size and cost to manufacturer of mobiles regardless of the mode of operation

The remaining impairments need to be analyzed to determine the full requirements.  The gains achieved with type 2 operation needs to then be examined in light of the tradeoffs involved in the manufacturing of such a device.

[End of Fourth Added Section]
[Start of Third Modified Section]
15.2.9
Areas for Further Study 
There are several areas that need further study for this implementation. To name a few:

· It needs to be evaluated whether the attenuation in the paired frequency bands that is offered by the duplex filters is enough to meet spectral and interference requirements for GSM.

· 
· The impact of the duplex filter return loss (both TX and RX port) on mismatch loss needs to be assessed. 
· The impact of the in-band ripple of the duplex filters (up to 3.0 dB at temperature extremes) on equalizer performance needs to be assessed.

· Current integrated circuits would have to be redesigned because of the changes in integration and routing in the major blocks.

· The mobile station would need to support power control in type 2 mode. The power level changes between slots and the initially power ramping all need to be done without impacting the receiver performance.

· Mobile type switching between slots should be evaluated.
· RX Band Noise from the PA leaking into the receiver should be evaluated band (likely insignificant, but would have an additive effect)

· Cross modulation effects when close in blockers or adjacent channels are present (likely significant, needs a thorough and statistical analysis)

· Reverse intermodulation products of the PA in the presence of an external blocker (may necessitate an isolator at the output of the PA, which would add more loss in the TX path)
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Annex A:
Plots for clause 7 (dual-carrier and multi-carrier)
� Note that this power level at the duplex filter may also affect reliability.  The power handling ability of the duplexer needs to be examined in more detail.


� The isolator is likely needed to buffer the duplexer receiver port impedance in the duplexer antenna to Rx port stopband from the filter’s input port impedance in the filter stopband.  The duplexer and the filter stopbandsstop bands are very large making the isolator’s frequency range extremely broad.  However the analysis results suggest that the receiver is most sensitive to interference in the frequency range 915MHz to 937.5MHz which falls inside the Rx band.  In the other interference bands there is an enormous amount of margin.  It therefore possible that the isolator need only operate well across the RX band, and across the TX band to keep the duplexer and filter rejection of the TX signal high. Only by measuring the cascaded performance of these two components without an isolator can it be conclusively determined if the isolator is needed.


� Note that this power level at the duplex filter may also affect reliability.  The power handling ability of the duplexer needs to be examined in more detail.


� This NF includes all the losses, gains, and active circuit noise from the antenna connector.  Switchplexer loss, duplexer loss, LNA noise figure and gain, filter loss, and post-filter receiver noise figure are included.
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