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Introduction
In this contribution, the MSD due to the low band harmonic into the high band is evaluated for the A2 reference architecture and for a variation in which the harmonic filter is moved adjacent to the PA. The MSD is also evaluated for the case in which the harmonic trap is removed.
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
An analysis of the impact of the third harmonic on Band 1 Refsens is shown below in Figure 2.  It can be observed that the degradation of Refsens is highly dependent on the assumed isolation between the low band PA and the high band transceiver.  For CA_4A_12A and CA_4A_17A, Refsens was relaxed by 10 dB and 7.5 dB for 5 and 10 MHz channels respectively.  In Table 2, it can be observed that this corresponds to an isolation of between 70 and 75 dB.

Figure 2 – Desense with Harmonic Trap between Duplexer and Low Band Switch

Class A2 architecture with harmonic trap adjacent to PA
In [1], 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.
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Figure 3 – Proposed architecture for Band 1+28 (from[1])
An analysis of the impact of the third harmonic on Band 1 Refsens is shown for this architecture in Figure 4 below.  For an assumed isolation between the PA and the transceiver of 75 dB, it can be observed that for a 5 MHz carrier the Refsens degradation is increased by 2.2 dB relative to the reference architecture in Figure 1.


Figure 4 – Desense with Harmonic Trap between the PA and the Duplexer

Class A2 architecture without harmonic trap
In [2], 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 5 – Class A2 architecture without harmonic trap.
An analysis of the impact of the third harmonic on Band 1 Refsens is shown for this architecture in Figure 6 below.  For an assumed isolation between the PA and the transceiver of 75 dB, it can be observed that for a 5 MHz carrier the Refsens degradation is increased by 7.6 dB relative to the reference architecture in Figure 1.



Figure 6 – Desense without Harmonic Trap

Summary of Band 28 Harmonic Impact on Band 1 Refsens
For the reference architecture in Figure 1, the allowed Band 4 Refsens relaxation for CA_4A_12A and CA_4A_17A due to the low band harmonic is 10 dB for a 5 MHz channel.   Since the noise floor for the 5 MHz channel -98.5 dBm, it follows that the interference due to the low band harmonic can be as large as -89 dBm at the receive antenna.  Assuming this same interference value for CA_1A_28A, the Band 4 Refsens values would be -90, -89.5, -89.2, and -88.8 dBm for 5, 10, 15, and 20 MHz channels, respectively.
For the architecture in Figure 3 in which the harmonic trap was placed between the PA and the duplexer, it was observed that the Refsens degradation for a 5 MHz channel increased by approximately 2.2 dB relative to the reference architecture in Figure 1.  Since the noise floor for the 5 MHz channel -98.5 dBm, it follows that the interference due to the low band harmonic can be as large as -86.5 dBm at the receive antenna.  Assuming this same interference level for all bandwidths, the Band 4 Refsens values for the architecture in Figure 3 would be -87.8, -87.5, -87.3, and -87.0 dBm for 5, 10, 15, and 20 MHz channels, respectively.
For the architecture in Figure 5 in which the harmonic trap was removed entirely, it was observed that the Refsens degradation increased by approximately 7.6 dB relative to the degradation for the Reference architecture in Figure 1for a 5 MHz channel.  Since the noise floor for the 5 MHz channel -98.5 dBm, it follows that the interference due to the low band harmonic can be as large as -81.0 dBm at the receive antenna.  Assuming this same interference level for all bandwidths, the Band 4 Refsens values for the architecture without a harmonic trap in Figure 3 would be -82.4, -82.3, -82.2, and -82.1 dBm for 5, 10, 15, and 20 MHz channels, respectively.
Conclusion
In this contribution, the MSD due to the low band harmonic into the high band is evaluated for the A2 reference architecture and for a variation in which the harmonic filter is moved adjacent to the PA. The MSD is also evaluated for the case in which the harmonic trap is removed.  Though the results are highly dependent on the assumed isolation between the low band PA and the high band transceiver, it was observed that moving the harmonic trap before the duplexer increased MSD for a 5 MHz channel by approximately 2.2 dB relative to the reference architecture in Figure 1.  Removing the harmonic trap altogether increased MSD for a 5 MHz channel by 7.6 dB.  Based on these results, some possible Refsens values were presented for the two alternative architectures proposed in [1] and [2].
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