3GPP TSG GERAN AHGEV

Tdoc AHGEV-060009
Sophia Antipolis, France

Agenda Item 6
25-26 May 2006

Source: Research In Motion

3GPP TSG GERAN AHGEV

Tdoc AHGEV-06009

GERAN Evolution – Type 2 Mobile Handset Implementation Assessment
1 Introduction

For GERAN evolution to address the needs of increased services and service continuity with other radio access technologies, there must be uplink enhancements for increasing throughput in addition to the downlink enhancements already agreed.  It is important however that the performance of legacy voice services is not impaired by new enhancements. 
During GERAN#29, the possibility of using a type 2 mobile station to increase uplink throughput was presented.

This paper attempts to address some of the handset implications with a type 2 mobile station.  Not all of the implementation issues are addressed; Section 9 suggests areas for further study.
2 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, and Film Bulk Acoustic Resonator (FBAR) based duplexers are available today which improve the possibility of implementing a type 2 mobile station.  In addition, advanced receiver techniques such as DARP and mobile station receiver diversity ([1], [2]) can help to overcome the unavoidable implementation losses (reduced sensitivity, lower output power).
3 Radio Block Level Architecture Changes
A radio block level diagram of a quad band GSM phone is given in Figure 1.  Note that a good portion of this circuitry is contained within integrated circuits.  Some functions are simplified into high level blocks because they are not impacted by the change from half-duplex operation to full duplex operation.  This is just one possible implementation.  
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Figure 1 - Quad Band GSM Radio Block Diagram

A radio block level diagram of a hybrid type 1/type 2 quad band GSM phone is shown in Figure 2.  This design includes the ability for the GSM phone to operate in type 1 mode with low implementation loss (a goal that is stated in the feasibility study objectives).  This is just one possible implementation.  
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Figure 2 – Hybrid Type1/Type 2 Quad Band GSM Mobile Station
4 Type 1 Mobile Operation

This discussion is based on the architecture shown in Figure 2. 

When the mobile operates at a type 1 station, the only additional element in the transmit path is a single pole triple throw (SP3T) switch.  This type of switch has a typical insertion loss of 0.3dB (maximum 0.5dB) in the 850/900 MHz frequency range, and a typical insertion loss of 0.45dB (maximum 0.65 dB) in the 1800/1900 MHz frequency band (see [3] for example).  
The PA has enough additional output power headroom to overcome this insertion loss without loss of efficiency.  Switch generated harmonics are a concern as these can’t easily be filtered, but most switches realize a third harmonic at full GMSK power of less than -65dBc.

Similarly, the only additional element for type 1 mobile station operation in the receive path is a single pole double throw (SPDT) switch.   This type of switch has a typical insertion loss of 0.25 dB (maximum 0.5 dB) in the 850/900 MHz frequency range, and a typical insertion loss of 0.35 dB (maximum 0.60 dB) in the 1800/1900 MHz frequency band (see [4] for example).  

The additional passive insertion loss of the switch (which is prior to the first gain element) adds directly to the noise figure.  Therefore, for this architecture the receiver will experience no more than 0.5 dB degradation in sensitivity due to the switch.

5 Type 2 Mobile Operation

In type 2 mobile operation, there are two additional elements in the transmit path:  the single pole triple throw (SP3T) switch and the duplexer.  There is a unique duplexer for each band.  In the receive band the additional elements are the duplexer and the single pole double throw (SPDT) switch.  

5.1 Duplexer Specifications

Duplexers for GSM are not common today.  Most duplexers are made for CDMA and UMTS applications, which have always been full duplex technologies.  Specifications for duplexers that are currently available for GSM850 and PCS1900 have been used for this study.  

The EPCOS filter for GSM 850 is designed for GSM, while the Avago filter for PCS1900 is designed for CDMA.  The EPCOS filter doesn’t currently support the maximum output power level of GSM850.  New filters in the preliminary design stage will support up to 33 dBm output power.   As the PCS1900 filter is not designed for GSM, there may be additional blocker immunity that needs to be considered, which would change the absolute requirements.  

The EGSM900 band has a narrower stop band between RX and TX (10 MHz as opposed to 20 MHz for GSM850).    The GSM extension band is in wide use today and all products should support it.   To achieve the narrow stop band, a higher order filter will be required.  This will increase the insertion loss and the physical size of the duplex filter.   Achieving good RX/TX band isolation also gets more challenging as the RX/TX band separation gets smaller.  These impacts are not quantified at this time, however as a basis it is assumed that the physical die area will increase by approximately 25%, and the insertion loss will increase by the same amount.  These values will be updated with actual values as they become available.  
The filter selection for this study is not to suggest that these are the only choices available.  Optimization of these filters for GSM applications is also likely to be possible.

Table 1 details the manufacturer, part number and physical size of the duplex filters used in this study.

	Frequency Band
	Manufacturer and Part No.
	Physical Size

(W x L x H – mm)

	GSM 850
	EPCOS B7638
	3.0 x 2.5 x 1.25 

	EGSM 900
	EPCOS B76xx*

	3.26 x 2.88 x 1.25

	GSM 1800 (DCS)
	Avago
 ACMD-7402
	3.8 x 3.8 x 1.30

	GSM 1900 (PCS)
	Avago  ACMD-74xx*

	3.8 x 3.8 x 1.30 


Table 1 - Duplex Filters Used In the Type 2 Study

The specifications for each of the duplex filters are given in Table 2.  The insertion losses in each band, the attenuation in the paired frequency band, and the maximum input power levels for each of the filters are tabulated.

	Frequency Band
	Insertion Loss (TX BW)
	Attenuation in RX Band 
	Insertion Loss (RX BW)
	Attenuation in TX Band 
	Max. Power Rating

	GSM 850
	Max: 2.3 dB 

Typ: 2.0 dB
	Min: 44 dB

Typ: 47 dB
	Max: 3.1 dB 

Typ: 2.7 dB
	Min: 54 dB

Typ: 59 dB
	30 dBm CW

	EGSM 900

	Max: 2.9 dB 

Typ: 2.5 dB
	Min: 44 dB

Typ: 47 dB
	Max: 3.9 dB 

Typ: 3.4 dB
	Min: 54 dB

Typ: 59 dB
	30 dBm CW

	GSM 1800 (DCS)
	Max: 3.8 dB

Typ: 2.0 dB
	Min: 37 dB

Typ: 42 dB
	Max: 4.5 dB

Typ: 2.6 dB
	Min: 50 dB

Typ: 53 dB
	33 dBm 

	GSM 1900 (PCS)
	Max: 3.8 dB

Typ: 2.0 dB
	Min: 37 dB

Typ: 42 dB
	Max: 4.5 dB

Typ: 2.6 dB
	Min: 50 dB

Typ: 53 dB
	33 dBm


Table 2 - Specifications of Selected Duplex Filters

The PCS filters (manufactured by Avago) are made with FBAR technology.  FBAR resonators have a negative temperature coefficient of frequency (i.e. as the temperature goes up, the frequency response of the filter shifts down in frequency).   The insertion loss at the high end of the TX band increases when the filter membrane heats up beyond 85C.
6 Impact of Type 2 Operation on the RF Link Budget

6.1 Receiver Link Budget

Based on the architecture discussed in this paper, the addition of the duplexer and switch in the type 2 operation will reduce the receiver sensitivity.

In addition to the loss in sensitivity due to the insertion loss of the passive components, there may be an additional mismatch loss due to poor return loss of the duplex filters.  The RX port return loss value is between 7 and 10 dB, which can cause up to 1 dB reduction in sensitivity due to mismatch loss between the duplexer and the antenna.

Assuming 10 dB or better duplexer RX port return loss for best case (i.e. negligible mismatch loss) and the nominal insertion losses for the duplexers (given in Table 2) and the SPDT switch, the smallest loss of sensitivity (850 MHz band) is 2.7 dB (duplexer) + 0.25 dB (SPDT) = 2.95 dB.  The greatest loss of sensitivity (850 MHz band) is 3.1 dB (duplexer) + 0.5 dB (SPDT) + 1.0 dB mismatch loss = 4.6 dB.  The smallest loss of sensitivity (extended 900 MHz band) is 3.4 dB (duplexer) + 0.25 dB (SPDT) = 3.65 dB.  The greatest loss of sensitivity (extended 900 MHz band) is 3.9 dB (duplexer) + 0.5 dB (SPDT) + 1.0 dB mismatch loss = 5.4 dB.

At 1800/900 MHz, the smallest loss of sensitivity is 2.6 dB (duplexer) + 0.35 dB (SPDT) = 2.95 dB.  The greatest loss of sensitivity (1800/1900 MHz band) is 4.5 dB (duplexer) + 0.65 dB (SPDT) + 1.0 dB mismatch loss = 6.1 dB.

These results are summarized in Table 3.

6.2 Transmitter Link Budget

Based on the architecture discussed in this paper, the addition of the duplexer and switch in the type 2 operation will add loss after the PA, which will reduce the available output power and possibly the PAE (power added efficiency).

In addition to the loss due to the insertion loss of the passive components, there may be an additional mismatch loss due to poor return loss at the TX Port of the duplex filter.  The TX port return loss value is between 7 and 10 dB, which can cause up to 1 dB reduction in sensitivity due to mismatch loss between the duplexer and the antenna.

Assuming 10 dB or better duplexer TX port return loss for best case (i.e. negligible mismatch loss) and the nominal insertion losses for the duplexers (given in Table 2) and the SP3T switch, the smallest loss of output power (850MHz band) is 2.0 dB (duplexer) + 0.30 dB (SP3T) = 2.30 dB.  The greatest loss of output power (850 MHz band) is 2.3 dB (duplexer) + 0.5 dB (SP3T) + 1.0 dB mismatch loss = 3.8 dB.  The smallest loss of output power (extended 900 MHz band) is 2.5 dB (duplexer) + 0.30 dB (SP3T) = 2.80 dB.  The greatest loss of output power (extended 900 MHz band) is 2.9 dB (duplexer) + 0.5 dB (SP3T) + 1.0 dB mismatch loss = 4.4 dB.

At 1800/900 MHz, the smallest loss of output power is 2.0 dB (duplexer) + 0.45 dB (SP3T) = 2.45 dB.  The greatest loss of output power (1800/1900 MHz band) is 3.8 dB (duplexer) + 0.65 dB (SP3T) + 1.0 dB mismatch loss = 5.45 dB.

These results are summarized in Table 3.

6.3 Link Budget Impact Summary

The results from the previous two sections are combined in Table 3.
	
	Best Case
	Worst Case

	
	Mobile RX loss in Sensitivity
	Mobile TX loss in Max Output Power
	Mobile RX loss in Sensitivity
	Mobile TX loss in Max Output Power

	GSM 850
	2.95 dB
	2.30 dB
	4.60 dB
	2.45 dB

	EGSM 900
	3.65 dB
	2.80 dB
	5.40 dB
	4.40 dB

	GSM 1800
	2.95 dB
	2.45 dB
	6.10 dB
	5.45 dB

	GSM 1900
	2.95 dB
	2.45 dB
	6.10 dB
	5.45 dB


Table 3 - Link Budget Impact Summary
7 Impact of Hybrid Type 1/Type 2 Architecture on PCB Space

Accommodating the hybrid type 1/type 2 architecture shown in Figure 2 requires seven additional components.  

Assume that the total usable board area (double sided) is approximately 3500 mm2.  This figure includes reductions due to frames, acoustic chambers, SIM card holder, USB or serial connectors, battery connectors, etc.  This area does not include reductions for soldered cans or their clearance to components.    
Table 4 gives the physical area required for each of the new additional components.  These dimensions are true dimensions of currently available parts, the details of which are given in references [3], [4], [5], and [6].  

The total area required by the components required for the hybrid type 1/type 2 architecture is about 94 mm2.   Assuming a usable PCB area of 3500 mm2, this represents less than 3% of the total PCB area.

	Component
	Area (mm2)
	Quantity 
	Total (mm2)

	GSM 850 Duplexer
	7.5
	1
	7.5

	EGSM 900 Duplexer
	9.4
	1
	9.4

	GSM 1800 Duplexer
	14.4
	1
	14.4

	GSM 1900 Duplexer
	14.4
	1
	14.4

	SP3T Switch 
	4
	2
	8

	SPDT Switch
	6.75
	4
	27

	SP10T Switchplexer
	14.4
	1
	14.4

	
	
	Total
	95.1 


Table 4 - Component Area Requirements

8 Power Backoff and Current Consumption

Mobile transmitter current consumption needs to be considered.  For example, consider a multislot configuration with 4 timeslots allocated.  The multislot power profile allows a backoff of up to 6 dB.  

If the current consumption of the PA is to remain the same, then the output power of the PA needs to be the same in type 2 operation as in type 1 operation, which means that the output power from the mobile in type 2 mode is reduced by the values given in Table 3.  This power reduction could be an issue for DTM operation, as it would reduce circuit switched coverage substantially which would increase the dropped call rate.  

If the multislot backoff is greater than the duplexer loss, then the PA has the capacity to put out more power to overcome the duplexer loss and output the same power as a type 1 mobile.  This requires larger current draw.  Consider the following example:

The required mobile output power is 26 dBm (0.4 W).  The duplexer and additional switch in the transmit path add 4 dB of loss, therefore the PA needs to output 30 dBm (1.0W) to achieve 26 dBm at the antenna port.   The current draw increases roughly as the square root of linear power at high power.  So:
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So the current draw increases by 58% when the duplexer and switch loss together total 4 dB.  

It may be possible to switch from type 2 to type 1 operation in the guard band between slots.  However there may be spurious products from the switches if the PA is not sufficiently powered down before switching. 

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 required TX to RX and RX to TX isolation also needs to be assessed.

· The impact of the duplex filter return loss (both TX and RX port) on mismatch loss needs to be assessed. Blocking and linearity performance of the filters 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.
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� There is no current part number for this filter.  Specifications and parameters from the GSM 850 EPCOS filter are used as a basis for analysis:  25% increase in size and 25% increase in insertion loss is assumed in order to achieve the narrowed filter stop band.


� Avago is Agilent Semiconductor.


� There is no current part number for this filter.  Specifications and parameters from the Avago 1900 PCS filter are used as a basis for analysis.


� Insertion losses are increased by 25% as described in Section 5.1.
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