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Introduction

In the last RAN4 meeting it has been agreed that the inter-band CA WIs should be mapped in four categories. We note that two of the categories include harmonic and intermodulation problems with the first only affecting low-high band combinations and the later high-high and low-low combination with two simultaneous ULs
Simple mapping rule
When combining two bands there is a physical additional insertion loss (IL) which after filter vendors can be of the order between 0.2 to 0.5 dB for low and high bands respectively. Considering ETC the additional insertion loss can increase by some tenths of dB especially for diplexers as it is a separate components to the duplexer in the RF chain. This is although in opposite to quadplexers where duplexer and diplexer are integrated into one component following therefore the same temperature dependence and ETC needs only to be considered once. 
Proposal 1: From this we understand that for some band combinations the additional IL is rather small (e.g. ≤ 0.5 dB) and no relaxation may be needed.
If the additional IL is larger than the so called “maximum acceptable additional IL” (≤0.5 dB) the following approach is suggested, see also reference [4]:
Proposal 2: Use the average additional Insertion Loss (IL) of the obtained data for diplexer and quadplexer 
Proposal 3: Use 
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 with the IL given at ETC, which will give a 0.1 dB granularity.  

Proposal 4: Use 
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 with the IL given at ETC, which will give a 0.1 dB granularity.    
Proposal 5: Additional adjustment of (TIB and (RIB may be needed to account for Tx noise reduction if only one UL is used or if harmonic and intermodulation problems falling into one of the two inter-bands as anticipated with (tIB and (rIB
Applying the rules to the high-high band combination
For a quadplexer combining band 3 + band 7 the insertion loss penalty above duplexing for multiplexing is:

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



	Quadplexer
	3
	0.5

	
	7
	0.4


This considers ETC having a guardband of ±2.5 MHz (for -10°C to +55°C). The simulation results are from Avagotech, www.avagotech.com:

[image: image3.emf]Quadplex_B3_and_B 7.pdf


In [2] diplexer data with IL for ETC combining band 3 + 7 were reported with:
	Inter-band CA Configuration
	E-UTRA Band
	IL  [dB] 



	Diplexer A
	3
	0.93

	
	7
	1.08

	Diplexer B
	3
	0.85

	
	7
	0.8


Considering the data in the two tables above the average IL will be:

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



	
[image: image4.wmf]IL


	3
	0.76

	
	7
	0.76


Which in this case is larger than the “maximum acceptable additional IL” of 0.5 dB. Applying for this case proposal 3 and 4 we get a relaxation of:

	E-UTRA Band
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Harmonics and inter-modulation products
Band 3 + 7 is a high-high band combination and harmonics are not falling into these two bands which was also shown in reference [3] at the Austin meeting.
The table below gives the frequency range of the third and fifth order intermodulation product when two simultaneous ULs are active in band 3 and band 7. It can be seen that the intermodulation products are not falling within the two inter-bands and therefore no further relaxation is needed.
	Band
	UL low band edge
	UL high band edge
	DL low band edge
	DL high band edge
	UL 3rd order products


	UL 5th order products



	3
	1710 MHz
	1785 MHz
	1805 MHz
	1880 MHz
	850 – 1070 MHz

3215 – 3430 MHz
	10 – 355 MHz

3930 – 4290 MHz

	7
	2500 MHz
	2570 MHz
	2620 MHz
	2690 MHz
	
	


Table 1: Third order and fifth order intermodulation products for band 3 + 7

As (tIB and (rB considers also existing implementation margins and Tx noise reduction if only one UL is used we understand that the basic relaxation for band 3 and 7 due to the additional IL can be further minimised.
Summary


Proposal 1: For some band combinations the additional IL is rather small (≤ 0.5 dB) and no relaxation is needed.

Proposal 2: Use the average additional Insertion Loss (IL) of the obtained data for diplexer and quadplexer 
Proposal 3: Use 
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 with the IL given at ETC, which will give a 0.1 dB granularity.  

Proposal 4: Use 
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 with the IL given at ETC, which will give a 0.1 dB granularity.    
Proposal 5: Additional adjustment of (TIB and (RIB may be needed to account for Tx noise reduction if only one UL is used or if harmonic and intermodulation problems falling into one of the two inter-bands as anticipated with (tIB and (rIB.
For the inter-band CA with band 3 and band 7 harmonics and intermodulation products cause no further degradation and the following relaxation due to the additional IL can be applied:

	E-UTRA Band
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As (tIB and (rB considers also existing implementation margins and Tx noise reduction if only one UL is used we understand that the basic relaxation for band 3 and 7 due to the additional IL can be further minimised..
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Quadplexer for Band III plus Band VII 
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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 variation 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.  
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B3+B7 Quadplexer: Broadband


Magenta – B7Tx


Lt Blue – B7 Rx


Red – B3 Tx


Blue – B3 Rx
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B3+B7 Quadplexer: B3 Performance


Magenta – B7 Tx


Lt Blue – B7 Rx


Red – B3 Tx


Blue – B3 Rx


This performance can be improved 


with more time optimizing
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B3+B7 Quadplexer: B3 Insertion Loss, Compared to Duplexer Only


Brown– B3 duplexer Tx


Lt Blue – B3 duplexer Rx


Red – B3 quadplexer Tx


Blue – B3 quadplexer Rx
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B3+B7 Quadplexer: B3 Performance (Return Loss)


Magenta – B7 Tx


Lt Blue – B7 Rx


Red – B3 Tx


Blue – B3 Rx


Olive - Antenna
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B3+B7 Quadplexer: B7 Performance


Magenta – B7 Tx


Lt Blue – B7 Rx


Red – B3 Tx


Blue – B3 Rx


This performance can be improved 


with more time optimizing
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B3+B7 Quadplexer: B7 Insertion Loss, Compared to Duplexer Only


Brown– B7 duplexer Tx


Lt Blue – B7 duplexer Rx


Red – B7 quadplexer Tx


Blue – B7 quadplexer Rx
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B3+B7 Quadplexer: B7 Performance (Return Loss)
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