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Introduction
This input gives quadplexer insertion loss data when aggregating band 1 and band 7 for LTE.
Quadplexer/duplexer data
We note that duplexer insertion losses at ETC for band 1 and band 7 filters currently on the market are typically:
· Band 1: Max Tx 1.9 (SAW) / 2 (FBAR) dB and Rx 2.6 (SAW) / 2.3 (FBAR) dB (see: www.epcos.com / www.avagotech.com)
· Band 7: Max Tx 2.1 (SAW) / 2.7 (FBAR) dB and Rx 3.2 (SAW) / 2.5 (FBAR) dB (see: www.epcos.com / www.avagotech.com)
Depending on the design, isolation, rejection to other bands (e.g. WiFi),  differential/single-ended, cost, etc. we observe the IL performance of these filters can diver by up to 0.7 dB. The quadplexer insertion loss for combining band 1 + band 7 at ETC is:
· Band 1: Max Tx 2.1 dB and Rx 1.8 dB 

· Band 7: Max Tx 2.6 dB and Rx 2.7 dB

This considers ETC having a guardband for Band 1 with performance shifts approximately ±5 MHz, while B7 performance shifts approximately ±6 MHz, for a temperature range of -20 to +85C and also covering manufacturing variation. For a quadplexer combining band 1 + band 7 the insertion loss penalty above duplexing for multiplexing is:

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]

	Rx IL [dB]


	Quadplexer
	1
	0.4
	-0.3

	
	7
	0.7
	0.4


The insertion loss in the table above are rather pessimistic and considers:

· Insertion loss at ETC compared to the minimum insertion loss observed by the SAW/FBAR duplexer

· 0.2 dB margin between simulation and final device. 
We note that the Rx IL, above duplexing, for band 1 is negative as typical duplexer loss for this band is subtracted from the quadplexer loss.

The quadplexer simulation results are from Avagotech, www.avagotech.com: 
[image: image1.emf]Quadplex_B1_and_B 7_3.pdf


Text proposal for TR 36.850
Inter band Carrier Aggregation Technical Report, Release-11 V0.5.0
----- Unchanged sections omitted -----
----- Start of TP -----
6.3.3.1.3
∆TIB and ∆RIB values

The reported additional IL (Insertion Loss) values, based on implementation/simulation data, under ETC (Extreme Temperature Conditions) for combining band 1 and band 7, for each of the Tx and Rx paths, from [2], are shown in table 6.3.3.1.3-1.

Table 6.3.3.1.3-1: IL values for band 1 + 7 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)

	1 Tx
	0.4
	0.7
	0.4

	1 Rx
	0.37
	0.7
	-0.3

	7 Tx
	0.63
	1.2
	0.7

	7 Rx
	0.58
	1.2
	0.4


We note that the Rx IL, above duplexing, for band 1 is negative as typical duplexer loss for this band is subtracted from the quadplexer loss.
For the reported additional IL values, the corresponding average additional IL values for the Tx and the Rx paths, from [2], are shown in table 6.3.3.1.3-2:

Table 6.3.3.1.3-2: Average Tx and Rx IL for combining band 1 and band 7 (under ETC)

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]

	
[image: image2.wmf]IL


	1
	0.5
	0.3

	
	7
	0.8
	0.7


For two simultaneous DLs and one UL the (TIB,c and (RIB values, from [2], are shown in table 6.3.3.1.3-3, and in table 6.3.3.1.3-4:

Table 6.3.3.1.3-4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_1A-7A
	1
	[FFS]

	
	7
	[FFS]


Table 6.3.3.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_1A-7A
	1
	[FFS]

	
	7
	[FFS]


----- End of TP -----
_1410262321.pdf
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Quadplexer for Band I plus Band VII 


(Improved Isolation)  
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Comments on Simulations 


The plots shown on the following pages are linear simulations useful in predicting the capabilities of Avago Technologies’ 
present Film Bulk Acoustic Resonator (FBAR) filter manufacturing process.   


Linear simulations of the kind included here typically give a good indication of the bandwidth and roll off (rejection) that 
can be achieved in physical filters.  Insertion loss numbers are realistic, though sometimes slightly (tenths of a dB) 
optimistic.  While these simulations do not allow negotiation of a final specification in full detail, they provide enough 
information to indicate process capability, and can be used to make tradeoffs when considering design options. 


The plots represent the performance of typical filters at room temperature (25C).   Variations in performance across 
manufacturing and over temperature also need to be accounted for when guaranteeing filter performance.  This can be 
done by adding a frequency “guard band” to the nominal performance. Band 1 performance shifts approximately +/- 5 MHz, 
while B7 performance shifts approximately +/- 6 MHz,  for a temperature range of -20 to +85C and also covering 
manufacturing variation. 


This simulation represents one possible design approach to a multiplexer.  In this simulation B7 Tx rejection at WiFi was 
emphasized over IL at low end of B7 Tx.  Other optimization targets are possible. 
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B1+B7 Quadplexer: Broadband 


Magenta – B7 Tx 


Lt Blue – B7 Rx 


Red – B1 Tx 


Blue – B1 Rx 
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B1+B7 Quadplexer: Pass Bands 
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B1+B7 Quadplexer: B1 Performance 
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B1+B7 Quadplexer: B7 Performance 
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B1+B7 Quadplexer: Isolation 


Magenta – B7 Tx-B1Rx 


Lt Blue – B7 7x – B7 Rx 
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B1+B7 Quadplexer: B1 Insertion Loss 


Magenta – B7 Tx 


Lt Blue – B7 Rx 
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B1+B7 Quadplexer: B1 Insertion Loss 


Purple – B1 duplexer Tx (measured) 


Plum-B1 duplexer Rx (Differential – measured) 


Red – B1 Tx 


Blue – B1 Rx 


Olive- antenna 


Comparison of predicted IL of quadplexer to measured IL on 


present generation B1 duplexer.  While the quadplexer is 


single-ended, all ports, the Rx port of the B1 duplexer is 


differential, and the higher IL is due to the presence of an 


embedded balun in the product. 
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B1+B7 Quadplexer: B1 Return Loss 
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B1+B7 Quadplexer: B7 Insertion Loss 


Magenta – B7 Tx 


Lt Blue – B7 Rx 


Red – B1 Tx 


Blue – B1 Rx 


Olive- antenna 
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B1+B7 Quadplexer: B7 Insertion Loss 


Magenta – B7 Tx 


Lt Blue – B7 Rx 


Purple-measured B7 Duplexer Tx 


Plum-measured B7 duplexer Rx 


Comparison of predicted IL of Quadplexer to measured IL on 


present generation B7 duplexer.  Both decices ore single 


ended, all ports. 
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B1+B7 Quadplexer: B7 Return Loss 
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B1+B7 Quadplexer: Low Bands 
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B1+B7 Quadplexer: High Bands 
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B1+B7 Quadplexer: Positioning Services Bands 
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B1+B7 Quadplexer: 2.4 GHz WiFi Band 
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