3GPP TSG-GERAN Meeting #33 
(
GP-070210
Seoul, South Korea, 12-16 February 2007
	CR-Form-v9.2

	CHANGE REQUEST

	

	(

	45.912
	CR
	0008
	(

rev
	-
	(

Current version:
	7.1.0
	(


	

	For HELP on using this form look at the pop-up text over the (
 symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	x
	Radio Access Network
	x
	Core Network
	


	

	Title:
(

	Updates to full duplex mobile station architecture

	
	

	Source to WG:
(

	Siemens Networks

	Source to TSG:
(

	G1

	
	

	Work item code:
(

	FGE
	
	Date: (

	05/02/2007

	
	
	
	
	

	Category:
(

	B
	
	Release: (

	Rel-7

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)

	
	

	Reason for change:
(

	Introduction of an alternative architecture for full duplex MS in GERAN

	
	

	Summary of change:
(

	A new architecture to enable implementation of duplexers for GSM with lower insertion loss is introduced.

	
	

	Consequences if 
(

not approved:
	The new architecture for duplexer implementation is not captured in the GERAN Evolution feasibility study.

	
	

	Clauses affected:
(

	15.2.5a (New section), 15.2.6

	
	

	
	Y
	N
	
	

	Other specs
(

	x
	
	 Other core specifications
(

	45.002

	affected:
	
	x
	 Test specifications
	

	
	
	x
	 O&M Specifications
	

	
	

	Other comments:
(

	


[First modified section]
15.2.5
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 220 details the manufacturer, part number and physical size of the duplex filters used in this study.

Table 220: Duplex Filters Used In the Type 2 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* (see NOTE1)
	3.26 x 2.88 x 1.25

	GSM 1800 (DCS)
	Avago ACMD-7402 (see NOTE2)
	3.8 x 3.8 x 1.30

	GSM 1900 (PCS)
	Avago ACMD-74xx* (see NOTE3)
	3.8 x 3.8 x 1.30 


NOTE1.
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.

NOTE2.
Avago is Agilent Semiconductor.
NOTE3.
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.
The specifications for each of the duplex filters are given in table 221. 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.

Table 221: Specifications of Selected Duplex Filters

	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 (see note)
	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


NOTE.
Insertion losses are increased by 25% as described in Subclause 15.2.5.
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.
15.2.5a
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.
15.2.5a.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 to 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 416a and Figure 416b show an EGSM900 example:
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Figure 416a: Block diagram of new duplexer architecture
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Figure 416b: 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. 
15.2.5a.3
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 416b) at the same time as transmitting in the upper uplink half band (Duplexer 2 TX in Figure 416b). 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. 
15.2.6
Impact of Type 2 Operation on the RF Link Budget
This section does not yet take the idea of subclause 15.2.5a into account.
15.2.6.1
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 221) 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 222.
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