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1. Introduction

In [1] it was agreed that the B8+B28 warrants further detailed study to determine appropriate TIB and RIB values and that a dual quadplexer solution should be investigated.  This contribution provides additional detail for discussion.
2. Discussion

Dual quadplexer

Given the wide bandwidth of Band 28 and the nearby attenuation requirements, it is understood that a practical UE realization of the band requires two overlapping duplexers.  The most common implementation uses two 30 MHz duplexers covering the lower and upper portion of the band, respectively, with a 15 MHz overlap in the middle portion of the band.  An example front-end block diagram for a device supporting Band 8 and Band 28 single carrier is provided below in Figure 1.
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Figure 1.  Single carrier Band 28 dual-duplexer block diagram.

It can be seen that the dual-duplexer, labeled B28A and B28B in the diagram, requires an additional throw on the low band switch as well as additional SPDT switches at the transceiver.  If we now extend this to enable carrier aggregation with another low band and desire the possibility to aggregate across the entire Band 28, then the required solution becomes a dual quadplexer as shown in Figure 2.

[image: image2.emf]Low 

band 

SPnT

SPDT

SPDT

High 

band 

SPnT

SPDT

SPDT

Band 8

Band 28

B8+B28A QP

B8+B28B QP


Figure 2.  Carrier aggregation with Band 8 + Band 28 dual quadplexer block diagram

In this diagram, there is one quadplexer supporting the aggregation of a carrier anywhere in Band 8 with a carrier in the lower portion of Band 28, and a second quadplexer supporting the aggregation of a carrier anywhere in Band 8 with a carrier in the upper portion of Band 28.  The performance of these quadplexers remains to be studied, with preliminary results provided in Section 2.2 below.  However, it can also be seen in the diagram that in support of carrier aggregation, two additional SPDT switches are now required inline with the Band 8 Tx and Rx paths.  Thus, the insertion losses of the switch must be taken into consideration.  As reported in [2], the insertion loss of a SPDT switch at these frequencies is approximately 0.4 dB.
	IL (dB)
	0.7 - 1.0 GHz
	1.7 - 2.2 GHz
	2.2 - 2.7 GHz

	
	Typ
	Max
	Typ
	Max
	Typ
	Max

	Vendor 1 - A
	0.3
	0.55
	0.45
	0.6
	0.5
	0.65

	Vendor 1 - B
	0.35
	
	0.4
	
	0.5
	

	Vendor 2 - A
	0.3
	0.42
	0.45
	0.57
	0.5
	0.7

	Vendor 2 - B
	0.4
	
	0.5
	
	0.6
	

	Vendor 2 - C
	0.18
	0.33
	0.22
	0.45
	0.26
	0.52

	Average
	0.31
	0.43
	0.40
	0.54
	0.47
	0.62


Table 2-1 SPDT switch insertion loss data from two component vendors (extracted from [2])
Quadplexer performance

Preliminary indication of performance for the lower quadplexer was provided in [1]. 

"... significant degradation to Band 8 insertion loss (approximately 1.5 dB delta Tx IL and 2.2 dB delta Rx IL) and cross-band Rx isolation of only 42 dB from Band 8 to Band 28A and only 40 dB from Band 28A into Band 8."
The vendor has also conducted a preliminary analysis of the upper quadplexer.  The additional insertion losses over the Band 8 frequency ranges are the same as for the lower quadplexer; i.e., approximately 1.5 dB delta Tx IL and 2.2 dB delta Rx IL.  The cross-band Rx isolation is estimated to be 44 and 43 dB which, if not improved, will lead to reference sensitivity degradation or MSD.  If improvement is available, it may also come at the expense of yet more insertion loss.
Given the poor quadplexer insertion loss and cross-band isolation, the impact to Band 8 single carrier performance including the additional switch and its loss (total additional loss ranging from 1.9 to 2.6 dB), the MSD that may be required and therefore the degraded link performance for CA, we request that operators consider if there are other alternatives for operating in these bands which may provide greater benefit at lower cost, or whether operators are willing to accept the large performance penalty that may come along with aggregating these two bands.
3. Conclusion
In this contribution, we have provided an explanation of the dual quadplexer concept for support of B8+B28 carrier aggregation.  We have also provided preliminary estimates on quadplexer performance.  The penalty appears to be quite severe to support the band combination, so we ask operators to consider whether such performance penalty is acceptable.
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