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1. Introduction

The reference architecture for inter-band CA class A2 combinations continues to be discussed without agreement.  In the meantime, several A2 combinations are already completed in the specifications and several more are pending completion.  We propose to agree on a unified method to treat all A2 combinations, with exceptions allowed as needed, so that specifications can be completed efficiently and predictably, mimicking the success of the A1 combinations.
2. Discussion

Although it has been previously agreed and has been used as the basis for several already completed band combinations, the reference architecture for class A2 combinations continues to be discussed.  In particular, there has been recent investigation to remove the harmonic trap filter from the reference architecture.  The motivation is to eliminate the insertion loss penalty of the harmonic trap filter, particularly for those configurations in which harmonic interference of particular spectrum holdings within the band is not present.  
Observation 1:  The harmonic trap filter adds an insertion loss to both Tx and Rx for the low band.  This insertion loss may also impact other bands if other CA combinations are supported on the same device requiring a quadplexer.  (See Observation 3 below)

However, this is a tradeoff.  In removing the harmonic trap filter, the MSD will become larger since the harmonic trap filter does play an integral role in lowering the interference level.  The difference in MSD with and without a harmonic filter was investigated in [1], [2], and [3] where it was found that the MSD increases by 8.7 dB to 21.6 dB for 5 MHz, and 8 dB to 18.8 dB for 10 MHz.  This represents a significant degradation in sensitivity without the filter.  
Observation 2:  The MSD increases significantly without the harmonic trap filter in place.

Thus, it can be seen that for those situations where there is harmonic interference, then the objective will be to minimize the MSD as much as possible rather than to minimize the relaxation from the harmonic filter.  
Since the impact on MSD is so large, and since it has already been agreed and there are already combinations defined in the standard for which the harmonic trap filter has been included, we propose that the status quo should be maintained; that is, the reference architecture for A2 combinations should continue to include the harmonic trap filter.  Of course, exceptions can be made if it can be agreed that the specific band combination does not have harmonic interference, for example B3+B8 was treated as an exception.  
Furthermore, we propose to generalize the analysis as much as possible to faciliate efficiency in defining specifications for new band combinations.  The same mechanisms generating harmonic interference (PA, duplexer, PCB, etc) are common for all A2 combinations of the same order.  Therefore, we propose that the same harmonic noise level be assumed for all A2 combinations of the same order.  For example, for combinations affected by third order harmonics, the interference level at the input to the high band LNA was found to be -97.7 dBm [4].
Proposal 1:  The harmonic trap filter should be retained in the A2 reference architecture.

Proposal 2:  Exceptions for specific band combinations can be made if it can be agreed that harmonic interference is negligible for spectrum holdings of interest.

Proposal 3:  The level of harmonic interference at the input to the high band LNA should be the same across all A2 combination having the same harmonic order.

We then seek to refine and improve the relaxations and MSD values.

Harmonic trap filter insertion loss and TIB/RIB relaxations

The TIB and RIB for the low band is derived from the insertion loss of the harmonic trap filter in addition to the insertion loss of the common diplexer, which also plays a critical role in attenuating the harmonics at the output of the low band switch.  It has already been agreed in the context of A1 combinations that the shared-pain relaxation allowed for the common diplexer is TIB = 0.3 dB and RIB = 0.  The insertion loss of the harmonic trap filter was estimated to be 0.5 dB leading to TIB = 0.8 dB and RIB = 0.5 dB for A2 combinations [4].  

Insertion loss data for the harmonic low pass filter was previously presented [1].  Additional data has been obtained and is reported 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


It can be seen that the insertion loss of the harmonic filter, when average over the entire frequency range 699 to 960 MHz is 0.61 dB.  Therefore, applying a 50% shared-pain allocation, for A2 combinations the TIB becomes 0.6 dB and RIB becomes 0.3 dB.  Note that this is a 0.2 dB tightening due to application of shared pain, compared to what is currently allowed in the specifications for existing A2 combinations. 
Proposal 4:  TIB = 0.6 dB, RIB = 0.3 dB for the low band in A2 combinations, due to the harmonic filter and H/L diplexer.

MSD
Reference sensitivity exceptions, in the form of MSD, are specified when there is harmonic interference from the low band into the high band.  The value of MSD has been derived in [4] based on a third harmonic interference level reaching the input of the high band LNA at a level of -97.7 dBm.  We expect that the same mechanisms and very nearly the same values will apply for all A2 combinations of the same order.

Proposal 5:  Third harmonic noise at the input to the LNA of the high band is agreed to be -97.7 dBm.  This value is used to derive the MSD.

Applicability of relaxations

Because the harmonic trap filter is placed between the duplexer and the antenna switch, the insertion loss of the filter impacts both Tx and Rx of the low band, but not any other bands.  However, in the case of low-low or high-high carrier aggregation where a quadplexer is required, then the trap filter would be placed at the output of the quadplexer.  In this case, Tx and Rx of both bands routed through the quadplexer are impacted.  For example, B8+B20 aggregation requires a quadplexer [5].  If a device which supports B8+B20 also supports B7+B8, then a harmonic trap filter will be required in front of Band 8.  Now, the Tx and Rx of not only Band 8, but also Band 20, will be impacted by the insertion loss of this filter.  
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Figure 2.3-1.  Additional insertion losses for a terminal supporting an A2 combination (B7+B8) and A1 combination (B8+B20).  The additional IL on the low band is illustrated.

The insertion loss experienced by the front-end of Band 8 or Band 20 is the sum of the losses of the quadplexer, harmonic trap filter, and common diplexer.  The specifications do not properly acknowledge this configuration.  Currently, the specifications state for a device that supports multiple band combinations, the allowed relaxation for the band below 1 GHz is the average of the insertion loss over all the combinations involving that band.  For the device that supports B8+B20 and B8+B7 (for example, a device supporting the 3DL combination of B7+B8+B20 [6]) , the allowed relaxation for Band 8 or Band 20 is TIB = average (0.4, 0.6) = 0.5 dB and RIB = average (0, 0.3) = 0.1 dB.  However, the device might be subjected to an additional front-end loss of 0.66 + 0.75 + 0.5 = 2 dB, and 0.5 dB and 0.1 dB relaxation for an additional loss of 2 dB is not realizable.  If the specifications do not allow sufficient relaxation for practical implementation, one option aside from obtaining a waiver of the requirement is that the device simply will not be built to support these particular combinations.
Observation 3:  For a device that supports an A2 combination and an overlapping low-low combination that requires a quadplexer, the insertion loss of the harmonic filter impacts Tx and Rx on both bands connected to the quadplexer.

Proposal 6:  The allowed relaxation for the related bands in a device supporting both an A2 combination requiring a harmonic filter and an overlapping low-low combination requiring a quadplexer is FFS.
3. Conclusion
In this contribution, we evaluate the A2 combinations in search of a general method for which all such combinations can be treated.  The following proposal have been provided for consideration.
Proposal 1:  The harmonic trap filter should be retained in the A2 reference architecture.

Proposal 2:  Exceptions for specific band combinations can be made if it can be agreed that harmonic interference is negligible for spectrum holdings of interest.

Proposal 3:  The level of harmonic interference at the input to the high band LNA should be the same across all A2 combination having the same harmonic order.

Proposal 4:  TIB = 0.6 dB, RIB = 0.3 dB for the low band in A2 combinations, due to the harmonic filter and H/L diplexer.

Proposal 5:  Third harmonic noise at the input to the LNA of the high band is agreed to be -97.7 dBm.  This value is used to derive the MSD.

Proposal 6:  The allowed relaxation for the related bands in a device supporting both an A2 combination requiring a harmonic filter and an overlapping low-low combination requiring a quadplexer is FFS.
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