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Introduction
E-UTRA carrier aggregation class A2 addresses inter band carrier combination with harmonic relations.  Examples of such band combinations include CA_4-12, CA_4-17, and CA_3-8.  For the band combinations, CA_4-12 and CA_4-17, the third order harmonic from the low band uplink, either Band 12 or Band 17, can fall in the Band 4 downlink resulting in significant self-desense. For the band combination CA_3-8, the second harmonic of the Band 8 uplink can fall in the Band 3 downlink.  
This issue has already been addressed in several previous contributions, including [1-4].  In [1], the maximum desense (MSD) was evaluated for the nominal baseline architecture for low-high carrier aggregation without harmonic relations. The architecture used in [1] does not include any special filtering to mitigate the interference from the low band transmitter harmonic into the high band receiver, and thus the MSD is on the order of 20 dB.  Conversely, in [2], an alternative architecture was considered in which harmonic traps were used to attenuate the harmonic at the output of the low band power amplifier in order to minimize the MSD of the high band.  A drawback of the architecture in [2] was that the harmonic traps introduced insertion loss into all of the low bands, thus degrading reference sensitivity (Refsens) and maximum output power (MOP) for all low bands.  Because of this drawback, a second alternative architecture was introduced in [3], for which the harmonic trap only adds insertion loss to the aggregated low band, and not all low bands.
In [2], the analysis of the maximum desense only addressed the conductive path of the harmonic from the output of the low band power amplifier (PA) to the input of the high band low-noise amplifier (LNA).  As discussed in [4], there are other mechanisms by which the low band harmonic can couple into the input of the high band LNA, and these coupling methods include layout coupling, radiated coupling, power supply coupling, and transceiver coupling.  In this contribution, measurements are provided of degradation of Band 4 receiver sensitivity due to board layout and power supply coupling of the low band harmonic into the input of the high band LNA.
RF Architecture for Class A2 using a single harmonic trap

In order for there to be any possibility of reducing MSD for Band 4 below 20 dB [1], the coupling of the harmonic through the conducted path must be suppressed.   For this reason, RF architectures using harmonic traps were proposed in [2-3].  In [2], an RF architecture was presented for Class A2 which had harmonic traps on both sides of the low band RF switch.  The harmonic trap between the RF switch and the diplexer was needed to filter the harmonic generated by the RF switch.  As mentioned previously, a drawback of the architecture in [2] was that the harmonic trap between the RF switch and the diplexer introduced insertion loss into all low bands.

Due to the desire to avoid insertion loss into all low bands, the architecture in Figure1 was introduced in [3].  With this architecture, a single harmonic trap lies between the low band duplexer and the RF switch.  As a result, only the aggregated low band suffers insertion loss from the harmonic trap and the other low bands are unaffected.  Note that this architecture is possible due to the fact that more linear switches have recently become available for which the harmonics at the switch output are greatly reduced.

With the architecture in Figure 1, the MSD due to conductive coupling of the low band harmonic into the high band LNA can be held below 2 dB for a 5 MHz LTE carrier, and below 1 dB for a 10 MHz LTE carrier.  The insertion loss associated with the harmonic trap is approximately 0.5 dB.  Thus, with the architecture in Figure 1, the following relaxations would be required only for the aggregated low band in order to suppress harmonic interference into the high band.

∆TIB = 0.8 dB
∆RIB = 0.5 dB,

where the ∆TIB value includes the already agreed relaxation of 0.3 dB for the diplexer with high-low carrier aggregation.
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Figure 1 - RF architecture for inter-band carrier aggregation for Band 4 and Band 17 using a single harmonic trap
Other Mechanisms for Harmonic Coupling
As noted in [4], there are other mechanisms than the conducted path by which the low band harmonic at the output of the aggregated low band PA can couple into the input of the aggregated high band LNA.  Methods for harmonic coupling include the following:
· Coupling through the conductive path (analyzed in [2])
· Board layout coupling (measurements in [3])
· Radiated coupling
· Power supply coupling
· Transceiver coupling

Coupling through the conductive path 
Desense via coupling through the conductive path has been analyzed in [2] and can be mitigated with the use of harmonic traps.  
Measurements of board layout and power supply coupling
Measurements of board layout and power supply coupling were taken on a prototype phone supporting LTE Bands 4 and 17.  For these measurements, a Band 4 data call was initiated on the phone.  The conducted sensitivity of the Band 4 receiver was first measured with the Band 17 PA off.  After this measurement was taken, the Band 17 PA was enabled and Band 4 conducted sensitivity was measured as the Band 17 transmit power was swept.  An external RF source was used for the B17 PA and thus transceiver coupling was not measured.
The measurement setup can be seen in Figure 2.  Note that as this prototype does not support carrier aggregation of Band 4 and 17, there is no conductive path by which the harmonic at the output of the Band 17 PA can couple to the input of the Band 4 LNA.


Figure 2 – Setup for Measurement of desense due to board and layout coupling

The desense measurements are shown in Figure 3 for both the main and diversity receiver.  With the Band 17 transmit power at 23 dBm, conducted sensitivity of Band 4 was degraded by 5.4 and 3.1 dB, respectively, for the main and diversity receivers.  For the dual receiver, reference sensitivity was degraded by 6.4 dB when the Band 17 PA transmitted at 23 dBm (the dual receiver desense was calculated, rather than measured, with the assumption that the harmonic is correlated for the main and diversity receivers).  It should be noted that these results reflect measurements taken on a single device.  As a result, some variation of desense can be expected when taking measurements over multiple devices due to variance of the performance of the components in these devices. 


Figure 3 – Desense due to board layout and power supply coupling

Transceiver coupling
No measurements are yet available for transceiver coupling.  However, it should be noted that a dual transceiver design should see less transceiver coupling than when two transceivers are combined on a single chip.

Radiated coupling
No measurements are yet available for radiated coupling.  If a harmonic trap is used, coupling of the low band harmonic at the antenna output is likely not an issue as the signal level of this harmonic is already very low.  However, as noted in [4], it is possible that the signal radiated from the transmit antenna can couple back into the device through a non-linear path which could regenerate the harmonics previously suppressed.
Conclusion
In this contribution, additional harmonic coupling methods are considered in addition to the conductive path considered previously in [2].  In particular, measurements of Band 4 desense due to board layout and power supply coupling are provided for a prototype phone supporting Bands 4 and 17.  These measurements should be considered when setting MSD requirements for the aggregated high band for inter band CA Class A2.   If available, measurements of transceiver and radiated coupling should also be considered when setting requirements for MSD of the high band receiver.
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