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Introduction
This contribution is a revision of previous contribution R4-143641 [1], which addressed the MSD due to the third harmonic of the low band transmitter falling into the high-band receiver for three different architectures.   The first architecture was used to specify MSD for CA_4_17 and CA_4_12 and has a harmonic trap between the low-band duplexer and the low-band switch.  For the second architecture, the harmonic trap is moved between the PA and the duplexer so that the insertion loss due to the harmonic trap does not impact the low band receiver.  In the third architecture, the harmonic trap is removed entirely. 
This contribution differs from [1] in several respects.  In particular, this contribution includes the harmonic contribution due to transceiver coupling, which was not considered in [1], but which was considered in [2-3].   Additionally, this contribution takes into consideration the fact that the transmitter harmonic interference present on the main and diversity branches of the receiver is correlated and is thus more harmful to the MRC receiver than is the uncorrelated interference due to thermal noise.
RF Architecture Alternatives for Class A2

Baseline Architecture for Class A2
The reference architecture used to derive requirements for CA_4A_12A and CA_4A_17A is shown in Figure 1 below.  For this architecture there is a harmonic trap between the duplexer and the low band switch.  The disadvantage of this architecture is that it adds an insertion loss of 0.5 dB to both transmit and receive, regardless of whether or not the UE is configured for carrier aggregation.
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Figure 1 – Baseline Architecture for Class A2 with harmonic trap between duplexer and low-band switch

Class A2 architecture with harmonic trap adjacent to PA
In [4], it was proposed that the harmonic trap be placed between the PA and the duplexer.  This architecture is shown in Figure 3.  The advantage of this architecture is that the insertion loss due to the harmonic trap only impacts the low band transmitter, and not the receiver.  However, there is a disadvantage in that the harmonic trap can no longer attenuate the third harmonic generated in the duplexer.


Figure 2 – Proposed architecture for Band 1+28 (from[4])

Class A2 architecture without harmonic trap
In [5], it was proposed that the harmonic trap not be used for CA_1A_28A as is shown in Figure 3 below.
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[bookmark: _Ref304903455]Figure 3 – Class A2 architecture without harmonic trap

The impact of correlated interference on the MRC receiver
The harmonic interference seen on the main and diversity antennas can be expected to be highly correlated, since it has a common source.  The result of this correlation can be a loss of diversity gain for the MRC receiver in the case that the harmonic interference dominates the thermals noise, and this is discussed in more detail in the Appendix.  

If the harmonic interference on the main and diversity antennas is independent, the SNR degradation of the MRC receiver is given by

, 

where deg1 and deg2 denote the degradation of the main diversity links, respectively, due to harmonic interference (all terms linear).  Conversely, when the harmonic interference is correlated and co-phased, the degradation of the MRC degradation is given by

.

The desense of the MRC receiver is presented for both cases – the case the harmonic interference is uncorrelated and the case that the interference is correlated and co-phased.  However, given that the interference present on the main and diversity branches has a common source, we believe that it is more correct to use the degradations for the case of correlated interference.
Summary of Results
The degradations of the main and diversity branches of the receiver are presented in Figure 4 for the three architectures under consideration.  The degradation for the MRC receiver is also provided, both for the case that the interference is uncorrelated and for the case that the interference is correlated and co-phased.

As noted in the introduction, the analysis here differs from that in [1] in several respects: 

i) The harmonic contribution due to transceiver coupling has been included here, as was done in contributions [2,3].  The values used for this contribution was -99 dBm, which lies between the value of -100 dBm in [2] and the value of -98 dBm in [3].

ii) As described above, the impact of the correlation between the harmonic interference on the main and diversity branches on the performance of the MRC receiver was considered;
 
iii) The front-end of the high-band receiver was included in the analysis.  Also, the isolation between the Band 17 PA and the Band 4 LNA was assumed to be 80 dB.

From Figure 4, the following observations can be made.

i) With a harmonic trap between the low-band duplexer and the low-band switch, the high-band MSD is 10.3 dB, 7.7 dB, 6.3 dB, and 5.4 dB for LTE carrier bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20 MHz, respectively.

ii) With a harmonic trap between the low-band PA and the low-band duplexer, the high-band MSD is 13.4 dB, 10.8 dB, 9.3 dB, and 8.3 dB for LTE carrier bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20 MHz, respectively.

iii) With no harmonic trap, the high-band MSD is 19.7 dB, 16.8 dB, 15.2 dB, and 14.0 dB for LTE carrier bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20 MHz, respectively.

iv) Moving the location of the harmonic trap from the between the low-band duplexer and the low-band switch to the output of the low-band PA increases MSD by approximately 3 dB.

v) Removing the harmonic trap increases MSD by approximately 9 dB relative to the architecture with the harmonic trap between the low-band duplexer and the low-band switch.

It can be noted that these observations are mostly in agreement with the results in [2-3].


Figure 4 – MSD for Class A2 with three different architectures


Conclusions
This contribution is a revision of previous contribution [1], which addressed the MSD due to the third harmonic of the low band transmitter falling into the high-band receiver for three different architectures.  This contribution differs from [1] in that it includes the harmonic contribution due to transceiver coupling, which was considered in [2-3], but not in [1].   Additionally, this contribution considers that the correlated interference due to the transmitter harmonic is more harmful to the MRC receiver than is the uncorrelated interference due to thermal noise.
From the analysis, the following observations can be made
i) With a harmonic trap between the low-band duplexer and the low-band switch, the high-band MSD is 10.3 dB, 7.7 dB, 6.3 dB, and 5.4 dB for LTE carrier bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20 MHz, respectively.

ii) With a harmonic trap between the low-band PA and the low-band duplexer, the high-band MSD is 13.4 dB, 10.8 dB, 9.3 dB, and 8.3 dB for LTE carrier bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20 MHz, respectively.

iii) With no harmonic trap, the high-band MSD is 19.7 dB, 16.8 dB, 15.2 dB, and 14.0 dB for LTE carrier bandwidths of 5 MHz, 10 MHz, 15 MHz, and 20 MHz, respectively.

It should also be noted that when the harmonic trap is placed between the low-band duplexer and the low-band switch, the dominant sources of harmonic interference are the coupling between the low-band PA and the high-band LNA, and the coupling between the modulator and the LNA on a single-chip transceiver.  Of these, the board coupling is a function of the overall board design and is not due to any single component, and thus is very difficult to improve beyond the assumed 80 dB.  Furthermore, even this level of isolation is very difficult to achieve.  As a result, we consider it infeasible to set MSD requirements any tighter than those already defined for CA-4_17 and CA-4_12.

References
[1] [bookmark: _Ref314747495]R4-143641, Analysis of MSD for CA class A2 architectures, RAN4#71, Seoul, South Korea
[2] R4-142951, Re-evaluation of class A2 reference architecture, RAN4#71, Seoul, South Korea
[3] R4-143398, Analysis on class A2 CA band combinations, RAN4#71, Seoul, South Korea
[4] R4-141811, REFSENS for CA_1A-28A, NTT DoCoMo, RAN4 #70bis, San Jose del Cabo, Mexico
[5] R4-141987, On the UE requirements for CA_1A-28A, Ericsson, RAN4 #70bis, San Jose del Cabo, Mexico
[6] R4-142112, CA_1A-28A analysis, Broadcom, RAN4 #70bis, San Jose del Cabo, Mexico
[7] R4-141305, TP for 36.851: Band 1 and Band 28 class A2 reference sensitivity, Qualcomm, RAN4 #70bis, San Jose del Cabo, Mexico
[8] R4-141442, Way Forward on UE REFSENS for CA_1A-28A, KDDI, #70bis, San Jose del Cabo, Mexico

Appendix:  MRC Receiver Desense with Correlated Interference

We consider the case in which the interference on the main and diversity paths is due to the same source.  In particular, we consider the case in which the signal received on the main and diversity paths is given by


.





Here  and  denotes the signal received on the main and diversity branches, respectively.  The correlated noise due the third harmonic of the low band signal is represented by the noise source .  The parameter alpha is used to represent the difference in the strength of the correlated interference observed on the main and diversity paths.  It should be noted that in the absence of the noise , the signal power and noise power received on the main and diversity paths is assumed to be equal.

The degradation of the main and diversity signal due to the correlated interference is denoted as deg1 and deg2, which are defined as 



The degradation of the max-ratio combiner receiver is then given by







where  denotes the phase of  in radians.  In the worst case, the interference seen on the main and diversity antennas is co-phased so that .   In this case, the degradation of the MRC receiver is given by


.


Alternatively, if  so that the interference on the diversity antenna is orthogonal to the interference on the main antenna, the degradation of the MRC receiver is given by


.

As a comparison, the MRC degradation with uncorrelated interference can be shown to be given by


,

which is the same as in the case of correlated interference, so that




The impact of uncorrelated interference and co-phased correlated interference on the performance of the MRC receiver is compared in Table A1.  In this table, the SNR degradation of the main and diversity links is assumed to be the same.  As can be seen from the table, if the interference is uncorrelated, the degradation of the MRC receiver is equal to the degradation of the individual links. Conversely, when the interference is co-phased and correlated, the degradation of the MRC receiver is significantly larger.  In the limit as


the benefit of receive diversity is lost and 


,

so that the SNR degradation of the MRC receiver is 3 dB greater than the SNR degradation of the individual main and diversity links.

	Link degradation
deg1 = deg2 (dB)
	Combined degradation uncorrelated (dB)
	Combined degradation correlated (dB)

	0
	0
	0

	1
	1
	1.81

	2
	2
	3.36

	3
	3
	4.76

	4
	4
	6.05

	5
	5
	7.26

	6
	6
	8.43

	7
	7
	9.55

	8
	8
	10.65

	9
	9
	11.73

	10
	10
	12.79



Table A1: – A comparison of MRC desense with uncorrelated and correlated interference for equal degradation of  the main and diversity links (deg1 = deg2)
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