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1. Introduction

The reference architecture for inter-band CA class A2 combinations has been agreed to include a harmonic trap filter to reject the harmonic component of the transmit signal.  However, it has been argued that the harmonic filter is unwarranted since it adds to the insertion loss in Tx and Rx of the low band.  In this contribution, we review the previous agreement where these issues had already been presented and discussed.  We provide further analysis to indicate that the MSD with the harmonic filter relocated or removed altogether is significant; therefore, we reconfirm the prior agreement on the UE architecture to support A2 combinations.
2. Discussion

For inter-band CA class A2 combinations, it has previously been agreed that MSD would be the method to capture the influence of harmonic interference from transmissions in the low frequency band interfering with reception in the upper frequency band [1].  The MSD is recorded in the specification as a "reference sensitivity exception" which is applicable when there is at least one RE from transmission in the uplink channel of the low band whose harmonic may overlap with the downlink channel of the high band.  The MSD has been computed to be 10 dB and 7.5 dB [2], for example, for 5 MHz and 10 MHz downlink channels in Band 4 when transmitting in Band 17.  Moreover, because a harmonic trap filter has been assumed in the reference architecture (see TR 36.850) and in the derivation of the specifications, an additional relaxation of 0.5 dB has been applied to TIB and RIB for the low band.  Although a common diplexer is also assumed in the reference architecture and is an integral part of the design to be able to suppress harmonic components at the output of the low-band switch, its loss has not been explicitly included in TIB and RIB relaxations.

[image: image1]
Figure 1.  Reference architecture for Band 4 + Band 17 example, with potential 2nd harmonic filter.  Note that the second harmonic trap filter was not adopted as part of the reference architecture.
Recently, it has been proposed to revisit the reference architecture in the context of discussions on specific band combinations, for example B1+B28 in [6] and [7].  The motivation to revisit the reference architecture is to explore the possibility of relocating or eliminating the harmonic trap filter due to its insertion loss.  While such motivation is certainly understandable, it should be observed that the reference architecture including the harmonic trap filter had been discussed extensively already in the past [3].  In fact, the reference architecture is the result of a compromise to minimize the insertion loss, yet provide good attenuation of harmonic interference.  In an earlier proposal [3], it was proposed that two harmonic filters would be required to provide adequate suppression.  One of these harmonic filters was required to be located at the output of the low-band switch, between the switch and the diplexer, to attenuation the contribution coming from the switch as shown in red in Figure 1.  However, inclusion of this filter at the output of the switch would result in an insertion loss penalty for all low bands serviced by the switch.  This, in addition to the insertion loss taken by the low band, Band 17 in this case, due to the harmonic filter at the output of the duplexer.  Therefore, it was decided as a compromise to include only a single harmonic trap filter at the output of the duplexer in the reference architecture, but to degrade the MSD slightly.
Impact of removing or relocating the harmonic filter

Nonetheless, we provide analysis below for three reference architectures.  The first is the agreed reference architecture for class A2 consisting of a harmonic trap filter between the duplexer and the low band switch.  The second is an architecture which relocates the filter after the PA before the duplexer.  The last is an architecture which does not include the harmonic trap filter at all.  Note that in all of these architectures, a common diplexer is assumed; otherwise, the performance would be much worse.  A comparison is provided below in Table 1.

Table 1.  Example analysis of harmonic noise contribution for three architectural options.

[image: image2.emf]Parameter Value H3 levelValue H3 levelValue H3 level Value H3 level Value H3 level Value H3 level

B17 Tx 27.5 27.5 27.5 27.5 27.5 27.5

B17 PA H3 -50 -22.5 -50 -22.5 -50 -22.5 -50 -22.5 -50 -22.5 -50 -22.5

Harmonic filter after PA 30.5 -53.0 30.5 -53.0

B17 duplexer 40 -62.5 40 -62.5 40 -93.0 40 -93.0 40 -62.5 40 -62.5

B17 duplexer contribution -90 -60.6 -90 -60.6 -90 -65.0 -90 -65.0 -90 -60.6 -90 -60.6

Harmonic filter after duplexer 30.5 -91.1 30.5 -91.1 -65.0 -65.0 -60.6 -60.6

LB switch -96.5 -90.0 -96.5 -90.0 -96.5 -65.0 -96.5 -65.0 -96.5 -60.6 -96.5 -60.6

Diplexer 15 -105.0 15 -105.0 15 -80.0 15 -80.0 15 -75.6 15 -75.6

Antenna isolation 10 -115.0 10 -90.0 -75.6 10 -85.6

HB switch B4 attenuation 0.7 -105.7 0.7 -115.7 0.7 -80.7 0.7 -90.7 0.7 -76.3 0.7 -86.3

HB switch H3 -126 -105.6 -111.9 -110.4 -126 -80.7 -111.9 -90.7 -111.9 -76.3 -111.9 -86.2

B4 duplexer IL 1.6 -107.2 1.6 -112.0 1.6 -82.3 1.6 -92.3 1.6 -77.9 1.6 -87.8

B4 duplexer H3 -126 -107.2 -111.9 -108.9 -126 -82.3 -111.9 -92.2 -111.9 -77.9 -111.9 -87.8

B17 PA to B4 LNA isolation 80 -102.5 80 -102.5 80 -102.5 80 -102.5 80 -102.5 80 -102.5

Single chip DA to LNA -100 -100.0 -100 -100.0 -100 -100.0 -100 -100.0 -100 -100.0 -100 -100.0

Composite -97.6 -97.7 -82.2 -91.2 -77.8 -87.4

Without harmonic trap filter

Primary Diversity Diversity Primary Primary Diversity

Harmonic trap at duplexer Harmonic trap at PA


It can be seen that the noise at the input to the Band 4 PA increases with each change to the reference architecture.  By relocating the harmonic filter, the impact of its insertion loss only affects the low band Tx (i.e., the low band Rx is not impacted), but the noise into the high band is increased.  When the filter is removed altogether, both the low band Tx and Rx are spared from insertion loss, but the high band noise is greatly increased.  Assuming an MRC combiner at the receiver, the additional noise at the input of the high band LNA has a profound impact on the MSD as shown in Table 2.  We note that the value in this table matches very well with the previously reported value in [4] where the MSD without filter is estimated between 18.4 dB and 20.9 dB and in [5] where the MSD without filter is substantial "of the order of 20 dB".
Table 2.  Example MSD for three architectural options.

	
	MSD with harmonic trap at duplexer
	MSD with harmonic trap at PA
	MSD without harmonic trap filter

	5 MHz
	10.3
	18.1
	21.6

	10 MHz
	7.7
	15.2
	18.8


Given the significant impact to MSD with either relocating the harmonic trap filter or removing the harmonic trap filter altogether, it is recommended that the original agreed reference architecture is maintained for class A2 combinations.

Insertion loss of harmonic filter

The motivation to remove or relocate the harmonic filter is to eliminate or reduce its insertion loss impact to reference sensitivity and maximum output power.  So far, the entire insertion loss of the harmonic filter has been allocated to TIB and RIB according to the agreement in [2] for CA_4A-17A and also applied to CA_4A-12A.  The insertion loss of the harmonic filter over various frequency ranges is shown 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


From this, we observe two points.  The first is that already, the TIB and RIB relaxations agreed for CA_4A-17A and CA_4A-12A do already take a partial allocation of insertion loss; that is, they already include the aspect of shared pain.  The second is that the loss at higher frequencies, i.e., Band 8, the loss of the filter is higher than at lower frequencies.
3. Conclusion
In this contribution, we have evaluated the impact of relocating or removing the harmonic trap filter for a class A2 band combination.  The harmonic trap filter improves significantly the MSD as has already been discussed when this was previously studied.  We also provide filter data to illustrate the insertion loss of the harmonic trap filter.  We propose to maintain the status quo.
Proposal 1:  Maintain the reference architecture including harmonic trap filter as previously agreed for inter-band CA Class A2 combinations where there is harmonic overlap between the high band and low band.

Proposal 2:  Exceptions can be considered for specific band combinations on an exception basis if it can be agreed that the overlap is minimal and there is no overlap in actual operator holdings (for example, CA_3A-8A).  
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