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1. Introduction

In this contribution, we discuss the method for determining the additional insertion loss due to a quadplexer for class A3 and A4 band combinations.  The evalulation of additional insertion loss for a quadplexer is not as straightforward as it is for a diplexer since the quadplexer must be closely coupled with a particular duplexer design and therefore is not separable.
2. Discussion

At the RAN4 #64 meeting, [1] and [2] were presented to provide insertion loss data for the Band 1 + Band 7 combination.  While [1] was agreed, [2] was not since companies requested time for further consideration.  Contribution [2] highlights some of the challenges associated with defining the additional insertion loss due to a combining element (diplexer, quadplexer, etc.) between the two bands.  In a simplified architecture where a diplexer combines two existing RF chains matched at 50 ohms to all ports, the additional insertion loss is readily apparent since the diplexer is treated as being separable and independent from the individual RF chains.  Therefore, the additional loss is simply the loss associated with the diplexer evaluated at temperature extremes and to include manufacturing variation.  Because of this simplicity, the CA class A1 combinations were easily agreed.
On the other hand, other combinations particularly those associated with class A3 and A4, may be more suited towards quadplexers or other similar phase matching techniques, but do require greater care in defining the proper specifications.  For example, quadplexers are generally not separable from the duplexers associated with each band since the interation between the phase match is tightly coupled with the particular duplexer.  Therefore, the quadplexer insertion loss as provided by the component vendor is often the composite loss including the loss of the duplexer as well as the loss due to imperfect phase matching.  Therefore, to obtain a meaningful estimate of the additional insertion loss, it is necessary to compare the composite loss of the quadplexer against the loss of the duplexer by itself.  However, as pointed out in [2] and in its subsequent discussion, such a comparison is not always straightforward.  
· Is there a “reference” duplexer against which the quadplexer should be compared?  
· Should the comparison be made worst-case against worst-case?  Nominal vs. nominal?
· Is averaging the right approach, especially if there is limited data to average across or if there is large variance in the data?  Should the reported loss be taken as the average of the differences from quadplexer to duplexer, or should it be taken as the difference of the average?

· Should comparisons be made against different types of technologies, for example, temperature-compensated vs. non-compensated, SAW vs. BAW/F-BAR?  
· Should comparison be made between single-ended vs. differential designs?

· How should a mature, high-volume duplexer design compare against a newer quadplexer design which only has preliminary simulation data?  In addition to the uncertainty of a never-manufactured paper design, there is often limited if any data available on production variability in performance.
· Insertion loss is not the only parameter of concern.  How should other parameters, for example, cross-band isolation be included in the comparison?

The answers to these questions are not obvious and there would likely be disagreement from different companies for each answer.  One approach would be to average the inputs from many companies on quadplexer insertion loss under worst case and independently average the inputs from many companies on duplexer insertion loss under worst case and compare the two.  Averaging could be made across different processes and technologies.  Uncertainty can be accounted for by adding margin.  Other performance parameters can be somehow translated as impact to reference sensitivity or output power level (or equivalently, the loss associated with required additional filtering) and then added in to the loss.  However, because there is neither infinite time nor infinite information available, the process described above is not practical in our opinion.  Therefore, we are relegated to a process that requires closer scrutiny of component performances and necessarily relies on the engineering judgment from the companies involved rather than a deterministic formula.  In fact, this is merely affirmation that the agreement to treat A3 and A4 combinations on a case-by-case manner rather than by formula is most appropriate. 

3. Conclusion
In this contribution, we have discussed some aspects of the process for determining the additional insertion loss added by a quadplexer for class A3 and A4 combinations.  For these combinations, the process is not as straightforward as for the class A1 and A2 combinations, since the quadplexer is not a separable element whose insertion loss is simply added to the RF front-end.  A number of challenges are presented on how to make a comparison between the loss of a quadplexer compared to the loss of duplexers.  The component performances in addition to passband insertion loss must be more closely evaluated and a degree of expertise and engineering judgment based on prior experience, rather than deterministic formulas, may be necessary to arrive at sensible performance specifications.
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