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MS Receiver Intermodulation Analysis for Basic Type 2 Architecture
1 Introduction
This paper 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 type 2 receiver architecture are discussed and analyzed.  Using the duplexers and filters discussed in [8], receiver linearity requirements are determined with respect to TX signal power leakage and interferer signal power (as discussed in [7]).  
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 1. 
	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 1:  Typical GSM/EDGE Receiver Performance Specifications
3 Mapping Filter Specifications
The duplexers used for this analysis are described in detail in [8].  The typical GSM receive bandpass filters and the high TX Rejection bandpass filters are also described in that document.
4 Architecture Details

4.1 Architecture 1 – The Basic Type 2 Mobile
The first analysis is performed using the architecture shown in Figure 1.  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 1:  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 [2] are placed after the PA.  The insertion losses of the duplex filters are discussed in detail in [8].  The antenna switchplexer requires a SP4T switch [6].  The typical type 1 architecture requires a SP6T switchplexer [8] 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 2.
	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 2:  Switch and Switchplexer Insertion Losses
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 2.
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Figure 2:  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 [10].
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.  The specifications for the filters used in this analysis are given in [8].
5 Transmitter Output Power Levels

Three cases for the transmitter output power levels are considered. 

5.1 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 [1].  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.  As an example, for GSM 850 the SPDT maximum insertion loss is 0.45, 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 +  2.3dB + 0.45dB = 36.6 dBm.  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.  
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).  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.
5.2 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 5.1, for GSM 850 the maximum power at the output of the PA is 33.9 dB.  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 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.  
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.  Then 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 assumption means that type 2 mobiles would require a maximum power reduction (even in single slot mode). 
5.3 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.  In GSM850 band it 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 output power assumption means that type 2 mobiles would require a maximum uplink power reduction (even in single slot mode).   
6 Analysis Assumptions

The interference and blocking signal frequencies and power levels are discussed in [7]. 

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 200kHz 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 [7], the amount of transmitter power that leaks through to the receiver input, and the duplexer/filter performance [8], 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.  
6.1 Analysis of the Basic Type 2 Architecture

This document 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 1 and discussed in Section 4.1.  Full duplexer specifications are given in [8]. 
The allowable intermodulation interference level for each band is determined using the method outlined in Section 6.   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 2.
	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 2:  Maximum Allowable Intermodulation Interference for Duplexer Only Case
6.1.1 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 3.

	
	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 3:  Transmit Signal Power at Receiver Input, Duplexer Only
As given in Table 1 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 3 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 4 shows the second order interferer power level limits (based on the degradation limit discussed in section 6.1) 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 [3]; 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 4:  Interferer Power Limits for 2nd Order Interference Bands for EGSM900 Receiver
Table 5 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 [5].  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 [3]; 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 5:  Interferer Power Limits for 3rd Order Interference Bands for EGSM900 Receiver
The results of this analysis are summarized in Table 6.  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 6:  EGSM900 Linearity Requirements Duplexer Only, No Power Backoff

6.1.2 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 7.
	Receiver Linearity Parameter
	Value

	PTX port 
	33.6 dBm

	IIP2
	72.5 dBm

	IIP3
	33.1 dBm

	C1dB (IIP3 – 10dB)
	23.1 dBm


Table 7:  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.    
6.1.3 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 8.
	Receiver Linearity Parameter
	Value

	PTX port 
	29.0 dBm

	IIP2
	67.7 dBm

	IIP3
	28.3 dBm

	C1dB (IIP3 – 10dB)
	18.3 dBm


Table 8:  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.  
6.2 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 2 and discussed in Section 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 [8].

The allowable intermodulation interference level for each band is determined using the method outlined in Section 6.   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 9.
	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 9:  Maximum Allowable Intermodulation Interference for Duplexer + Standard GSM Filter Case
6.2.1 No Maximum Output Power Reduction

Table 10 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 10:  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 11).  
	
	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 11:  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 10, 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. [5]
	
	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 12:  Interferer Power Limits for 3rd Order Interference Bands for PCS1900 Receiver
The results of this analysis are summarized in Table 13.  

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

6.2.2 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 14.
	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 14:  Linearity Requirements Duplexer + Typical Filter, No Change in PA Output

The IIP3 requirement is still very high with this power back off.
6.2.3 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 15.
	Receiver Linearity Parameter
	Value

	PTX port 
	29.0dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	14.4 dBm

	C1dB (IIP3 – 10dB)
	4.4 dBm


Table 15:  Linearity Requirements Duplexer + Typical Filter, Power Based on Duplexer Tolerance
This small additional power reduction does little to change the requirements.
6.3 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 [8], 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 6.   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 16.
	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 16:  Maximum Allowable Intermodulation Interference for Duplexer + High TX Rejection Filter Case
6.3.1 No Maximum Output Power Reduction

Table 17 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 17:  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 18).   
	
	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 18:  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 19 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 ([3],[4]), 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 19:  3rd Order Intermodulation Threshold Levels for the EGSM900 Receiver with High TX Rejection Filters.

The results of this analysis are summarized in Table 20.
	Receiver Linearity Parameter
	Value

	PTX port 
	36.3 dBm

	IIP2
	42.9 (spec)

	IIP3
	2.5 dBm

	C1dB (IIP3 – 10dB)
	-7.5 dBm


Table 20:  EGSM Linearity Requirements Duplexer + High TX Rejection Filters, No Power Backoff

6.3.2 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 21.
	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 21:  EGSM Linearity Requirements Duplexer + High TX Rejection Filter, No Change in PA Output

These linearity figures are reasonable for an integrated receiver.  
6.3.3 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 22.
	Receiver Linearity Parameter
	Value

	PTX port 
	29 dBm

	IIP2
	42.9 dBm (spec)

	IIP3
	-1.7 dBm

	C1dB (IIP3 – 10dB)
	-11.7 dBm


Table 22:  EGSM Linearity Requirements Duplexer + High TX Rejection Filter, Power Based on Duplexer Tolerance
These linearity figures are reasonable for an integrated receiver.  
7 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.  Listed are some examples of other impairments that need to be considered individually and jointly: 

· RX Band Noise from the PA leaking into the RX 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)
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 given the architecture shown in Figure 2 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 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.
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� 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 stopbands 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.


� 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.
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