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1. Introduction

The discussion on whether to include a harmonic trap filter for class A2 2DL inter-band CA combinations is ongoing.  In parallel, the discussion on requirements for 3DL CA is also in progress.  It has been noted [1] that for some band combinations, for example B7+B8+B20, there is impact of the harmonic trap filter even on a band in the 3DL CA configuration which itself is not included in the A2 combination.
2. Discussion

It is well known that a harmonic trap filter is beneficial for those band combinations where there exists a harmonic of the transmitter in the low band that impinges upon the reception in the high band.  The harmonic trap filter is placed after the low-band duplexer to suppress the harmonics eminating from the transceiver, PA, and duplexer itself.  The penalty for the addition of the harmonic trap filter is its insertion loss which degrades both Tx and Rx paths for the low band.  However, for band combinations where the low band is quadplexed with another low band, the harmonic trap filter must be placed in front of the quadplexer.  In this case, the insertion loss of the filter affects both Tx and Rx paths for all bands combined by the quadplexer.  An example is shown below for the B7+B8+B20 CA combination.  Here the harmonic trap filter is needed specifically for the A2 combination for B7+B8, but also impacts B20 since B8+B20 are quadplexed together.
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Ultimately, the additional front-end loss incurred by Band 20 Tx and Rx paths is the sum of the additional insertion loss from the quadplexer compared to a standalone Band 20 duplexer, the addition of the harmonic trap filter, and the common high/low diplexer.  In one example, the additional insertion loss is approximately 2 dB.  

On the other hand, the allowed relaxations TIB and RIB as derived from [2] do not account for the influence of the harmonic trap filter applied to the band via the quadplexer.  Proposal 2 in [2] indicates that for a band that is contained in two or more 2DL CA combinations given that the band is a low frequency band, the average relaxation should be taken.  In this example, Band 20 is a low frequency band that is part of two 2DL combinations; namely, B7+B20 and B8+B20.  Therefore, the relaxation allowed for Band 20 would be the average between the allowed relaxations for Band 20 in the B7+B20 and B8+B20 combinations.  Specifically, the allowed relaxation for Band 20 is TIB = average (0.3, 0.4) = 0.3 dB and RIB = average (0, 0) = 0 dB.  In other words, Band 20 is allowed the same relaxation as if it were only part of an A1 combination consisting only of the additional loss of the common diplexer.  The additional loss of the harmonic trap filter and quadplexer are effectively ignored.
We do not believe that this represents a technically correct specification, nor do we believe that it is the intention that a “shared-pain” approach allocate only 0.3 dB relaxation when faced with approximately 2 dB of additional insertion loss.  

Proposal
A more technically sound proposal is instead to take the maximum relaxation to account for the quadplexer (this still ignores the diplexer as alluded to in [4]) as proposed in [3], and to add the relaxation for the trap filter on top.  The maximum relaxation for Band 20 would then be TIB = maximum(0.3, 0.4) = 0.4 dB and RIB = maximum(0,0) = 0 dB.

The relaxation of the trap filter was investigated in [1] with the results reproduced below
Table 3.  Harmonic filter insertion loss over 700 MHz and 900 MHz frequency ranges.

	
	699 - 787 MHz
	787 - 960 MHz

	Vendor A
	0.56 dB
	0.88 dB

	Vendor B
	0.60 dB (room temp)
	0.70 dB (room temp)

	Vendor C
	0.85 dB
	0.85 dB

	Vendor C (variant)
	0.45 dB
	0.45 dB

	Vendor D
	0.35 dB
	0.45 dB

	Average (not including Vendor B)
	0.55 dB
	0.66 dB


The agreement for B7+B8 according to the meeting minutes when [5] was discussed is TIB = 0.6 dB and RIB = 0.2 dB with harmonic trap filter and common diplexer.  Since the relaxation for common diplexer is TIB = 0.3 and RIB = 0, it can be seen that the additional relaxation for the harmonic trap filter using shared pain was agreed at TIB = 0.3 and RIB = 0.2.
We then derive the relaxation for each of the bands in the B7+B8+B20 combination as

B7: TIB = 0.3 dB, RIB = 0 dB

B8: TIB = 0.6 dB, RIB = 0.2 dB

B20: TIB = 0.7 dB, RIB = 0.2 dB

Alternatively, if the B7+B8 band combination is agreed to be specified without trap filter, then of course, no additional relaxation on top of that proposed in [3] would be needed.

Even with this formulation, we note that the additional insertion loss of approximately 2 dB is only reflected by 0.7 dB of TIB relaxation and 0.2 dB of RIB which may still be inadequate.  However, it is far more technically accurate than the 0.3 dB and 0 dB which would be afforded by direct application of [2].
3. Conclusion
We have evaluated the additional insertion loss to support a 3DL CA combination which consists of an A2 combination quadplexed with an A1 combination.  Due to the need for a quadplexer and harmonic trap filter, the insertion loss is not correctly accounted for based on the previously agreed way forward when such a configuration was not envisioned.  We provide a more technically accurate proposal here
B7: TIB = 0.3 dB, RIB = 0 dB

B8: TIB = 0.6 dB, RIB = 0.2 dB

B20: TIB = 0.7 dB, RIB = 0.2 dB
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