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1. Introduction

In this contribution, we study the proposal to extend the definition of high bands to include the mid bands at 1.5 GHz.  The impact to the diplexer is considered.
2. Discussion

For the purpose of defining inter-band CA classes, bands have been divided into low frequency, middle frequency, and high frequency bands with cutoffs at 1 GHz and 1.7 GHz.  With this definition, diplexer simulation data was obtained to gain consensus on insertion losses and associated reference sensitivity and maximum output relaxations for inter-band class A1 configurations.  Consequently, specifications for A1 configurations can be readily agreed without the need for case-by-case study.  In [1], it was proposed to reconsider the definition of high bands to include the mid bands; i.e., to redefine the cutoff from 1.7 GHz to approximately 1.5 GHz.  
Diplexer simulation results

To evaluate the impact of this proposal, we provide simulation results for two diplexer designs -- the conventional low/high design with cutoff frequencies at 960 MHz and 1710 MHz, and a low/mid design with cutoff frequencies at 960 MHz and 1427.9 MHz.  The insertion losses and isolations are then compared between the two designs, where the comparisons are made within the same vendor.  The comparisons are made on typical values, since worst case values over temperature and production were not available from all vendors.  The results are tabulated below in Table 1.  In this table, the delta IL is shows the increase in insertion loss of the mid/low design compared to the mid/high design.  The delta isolation shows the decrease in isolation (when negative) of the mid/low design compared to the mid/high design.  Low range isolation is the isolation between the low band and high band ports of the diplexer, over the low band frequencies.  High range isolation is the isolation between the low band and high band ports of the diplexer, over the high band frequencies.  Delta isolation is the difference in isolation between the low/high design and the low/mid design.
Table 1.  Comparison between low/high and low/mid diplexer design (typical values)
	Vendor
	Low Range
	High Range 

	
	Delta IL
	Delta Isolation
	Delta IL
	Delta Isolation

	A
	0.28
	-7.1
	0.19
	2.8

	B
	0.04
	-4.3
	0.18
	4.6

	C
	0.25
	-11.1
	0.15
	-3.5

	Average
	0.19
	-7.5
	0.17
	1.3


It can be observed that the performance of the diplexer is degraded by approximately 0.2 dB when it is redesigned to include the 1.5 GHz bands.  However, it should be noted that the insertion loss of the high range is likely dominated by the loss at 1.5 GHz; that is, the delta insertion loss over the range from 1710 MHz to 2690 MHz may not be as large for the low/mid design.  Furthermore, the isolation over the high range when limited to frequencies between 1710 MHz and 2690 MHz may be improved from what is reported in the table for the low/mid design.  Therefore, one should be careful in interpreting the high range delta IL and delta isolation values and it might be argued that the high bands are not impacted by including the 1.5 GHz bands in the high range.  This is subject to confirmation that the insertion loss delta is focused around 1.5 GHz and is negligible above 1.7 GHz.  This data was not available at the time of this writing.
The unfortunate result, however, appears in the low range.  Extending the response of the high range of the diplexer seems to have also impacted the performance of the diplexer over the low range.  The low range insertion loss has increased by approximately 0.2 dB, while its isolation has decreased by 7.5 dB.  The increase in insertion loss is due to the requirement that the low pass filter must now provide rejection at 1427.9 MHz instead of 1710 MHz leading to a sharper transition band and greater insertion loss at 960 MHz.  The decrease in isolation is because the high pass filter with cutoff at 1427.9 MHz does not provide as much rejection at 960 MHz when also trying to maintain low insertion loss over its passband.  Both of these negatively impact the performance of the diplexer in low bands.
Proposal
Given the above simulation results, it seems challenging to be able to include the 1.5 GHz bands as part of the high bands.  While it might reasonably be argued that the high bands above 1.7 GHz are not marginalized by this redefinition, the low bands do seem to be degraded.  Thus, it would be difficult to maintain the same TIB and RIB relaxations for the low bands using this diplexer.  In the absence of further justification, we propose to not redefine the boundary for high bands and mid bands, and therefore to not include the mid bands as A1 configurations.  
3. Conclusion
We have evaluated the performance of a low/mid diplexer compared to a low/high diplexer to be able to include the 1.5 GHz bands into the high band range.  Comparing these designs, the simulation results from three filter vendors when averaged indicate that the insertion loss and isolation are degraded.  While it is unclear whether the degradation can be confined to the mid-bands for the high range of the diplexer, the low range performance is nonetheless compromised.  Therefore, based on this preliminary data, we do not recommend combining the mid-bands and high-bands together in the diplexer.
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