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1 Introduction
This paper presents quadplexer design characteristics enabling the aggregation of Band 1 and Band 3.

This paper is a continuation of the work started in [2] and [3] adding additional manufacturers solutions with the aim to agree on the necessary RF requirements to make this combination possible at the terminal end.

A TP is also proposed in section 4 that includes (additional) IL and isolation performance of the quadplexer designed for 1+3 aggregation.
2 Discussion

B1+B3 carrier aggregation is being discussed in 3GPP and a WF was agreed in the last meeting. While some companies believe CA is possible and the cross-band self-interference can be handled, other companies believe may not be the case.

Vodafone has contacted 3 relevant suppliers of quadplexers for Band 1 and Band 3 finding they are all in the short term roadmap of filter vendors, which reveals that this combination is feasible and quadplexer design process is well advanced.

Insertion losses

The following is the data received by filter manufacturer on 1+3 aggregation:

Table 1: Additional Insertion loss 1+3

	Band/Vendor
	Vendor 1
	Vendor 2
	Vendor 3 – DPX 1
	Vendor 3 – DPX 2
	Average

	B1 Tx
	0.7
	0.5
	0.3
	0
	0.38

	B3 Tx
	0.5
	0.5
	0.2
	0.2
	0.35

	B1 Rx
	0.7
	0.3
	0.5
	0.1
	0.4

	B3 Rx
	0.8
	0.5
	0.5
	0.5
	0.58


Notes:

· Vendor 3 figures represent one single quadplexer with two different B1 duplexers on showing between 0.3 and 0.5dB worse IL than QPX, and other DPX with same or just 0.1dB more IL than QPX product

Isolation

In terms of isolation, the following is reported under ETC:

	E-UTRA bands
	Vendor 1 - IL (dB)
	Vendor 2 - IL (dB)
	Vendor 3A - IL (dB)
	Vendor 3B - IL (dB)

	B3 Tx to B3 Rx isolation
	60
	50
	50
	50

	B1 Tx to B1 Rx isolation
	60
	50
	52
	52

	B1 Tx to B3 Rx isolation
	60
	50
	50
	50

	B3 Tx to B1 Rx isolation
	60
	50
	50
	50


Notes:

· Vendor 1 indicated isolation achieved is greater than 60dB since the optimization target was 60dB at least. For simplicity we assume 60dB isolation.

· Vendor 3 has indicated in a recent updated optimization effort that 55dB cross isolation is achieved. Though IL for Band 1 Tx would increase by 0.3dB. The rest IL would not change.

And the averaged isolations across multiple solutions are:

	E-UTRA bands
	Avg isolation (dB)

	B3 Tx to B3 Rx isolation
	52.5

	B1 Tx to B1 Rx isolation
	53.5

	B1 Tx to B3 Rx isolation
	52.5

	B3 Tx to B1 Rx isolation
	52.5


This supports that a value between 50 and 60dB cross isolation seems a reasonable assumption in order to derive MSD calculations.
MSD

In this paper detailed MSD calculations are not presented.

However, in the light of other studies presented in other proposals, the following is concluded:

· It is understood that MSD should be 0dB for at least 60MHz distance with 50RB restriction in Band 1UL regardless of Band 3 allocation CBW

· For the case of >40 and <60MHz, RB allocation in B1UL should be 25RB with no MSD, regardless of B3 CBW
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6.3.4.1.3
∆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 3, for each of the Tx and Rx paths, are shown in table 6.3.1.1.3-1.
Table 6.3.4.1.3-1: IL values for band 1 + 3 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	Vendor 1 - IL (dB)
	Vendor 2 - IL (dB)
	Vendor 3A - IL (dB)
	Vendor 3B - IL (dB)
	Average

	1 Tx
	0.7
	0.5
	0.3
	0
	0.38

	1 Rx
	0.7
	0.3
	0.5
	0.1
	0.4

	3 Tx
	0.5
	0.5
	0.2
	0.2
	0.35

	3 Rx
	0.8
	0.5
	0.5
	0.5
	0.58


Isolation performance for the different vendors:
Table 6.3.4.1.3-2: IL values for band 1 + 3 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	Vendor 1 - IL (dB)
	Vendor 2 - IL (dB)
	Vendor 3A - IL (dB)
	Vendor 3B - IL (dB)

	B3 Tx to B3 Rx isolation
	60
	50
	50
	50

	B1 Tx to B1 Rx isolation
	60
	50
	52
	52

	B1 Tx to B3 Rx isolation
	60
	50
	50
	50

	B3 Tx to B1 Rx isolation
	60
	50
	50
	50


Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 3.
Table 6.3.4.1.3-3: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-3A
	1
	0.2

	
	3
	0.2


Table 6.3.4.1.3-4: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_1A-3A
	1
	0

	
	3
	0
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