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Introduction
E-UTRA carrier aggregation class A2 addresses inter band carrier combination with harmonic relations.  Two examples of such combinations include CA_4-12 and CA_4-17.  For both of these band combinations, 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. Of course whether or not such interference actually occurs depends on the specific channel assignments within these two bands. 
In [1], the worst case desense 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.  Conversely, in [2], an alternative architecture was considered in which harmonic filters were used to attenuate the third order harmonics of the low band transmitter and thus mitigate the interference into the low band receiver.  Though this second architecture improves the worst case desense of the high band receiver, it also introduces additional insertion loss into all low bands including the non-aggregated low bands.
In this contribution, a third architecture is considered which also uses filtering to reduce the third order harmonic from the low band transmitter, but which does not introduce additional insertion loss into the non-aggregated low bands.  For this reason, this third architecture may be worth considering when setting requirements for inter band carrier combinations with harmonic relations.
RF Architecture Alternatives for Class A2

Baseline architecture of low-high carrier aggregation without harmonic relations
Figure 1 illustrates an RF architecture that can be considered the baseline architecture for supporting inter-band carrier aggregation for low-high band combinations without harmonic relations.  In [1], the worst case desense of the high band receiver was evaluated for this architecture when applied to inter band carrier aggregation class A2 – low-high band combinations with harmonic relations.  

[bookmark: _Ref304903455]Figure 1 – Baseline RF architecture for low-high band carrier aggregation without harmonic relations.
The analysis in [1] concluded the following with respect to the worst case interference into the high-band receiver from the low-band harmonic interference:
· worst-case receiver desensitization 22.5 dB
· diversity receiver desensitization  12.3 dB
· combined desensitization 20 dB

While the worst-case desensitization can be very large, it should be noted that this worst case desense only occurs with certain channel assignments, and even in this case, only with the allocation of certain resources on the low band uplink.  Furthermore, scheduling restrictions can be imposed at the eNB scheduler, either in time or in frequency, such that when the eNB is transmitting data to a particular UE on the high band downlink, the eNB does not give this UE an allocation on its low band uplink for which the harmonic will interfere with the high band downlink.

RF architecture for low-high carrier aggregation using two harmonic filters
The architecture shown in Figure 2 was used in the analysis in reference [2].  This architecture differs from Figure 1 in that harmonic filters are added between diplexer and the low-band switch, and between the low-band switch and the Band 17 duplexer.  While these harmonic filters strongly suppress the third order harmonic of the transmitter, they also introduce insertion loss.  The harmonic filter between the low-band switch and the Band 17 duplexer only adds insertion loss to Band 17.  However, the harmonic filter between the diplexer and the low-band switch adds insertion to all low bands.

Figure 2 - RF architecture for inter-band carrier aggregation for Band 4 and Band 17 using two harmonic filters [2].
For the analysis used in [2], the worst case desense of Band 4 due to the third harmonic of the Band 17 transmitter was found to be 2 dB (for the shared main antenna).  However, while the harmonic filters significantly improve the situation for the Band 4 downlink, the two harmonic filters adversely affect the maximum output power and reference sensitivity of the low bands.  In particular, as the worst case insertion loss of each of the harmonic filters is approximately 0.4 dB, the maximum output power and reference sensitivity of the low bands other than Band 17 is degraded by about 0.4 dB.  For Band 17, the two harmonic filters in the signal path result in a degradation of reference sensitivity and maximum output power by 0.8 dB.
Currently, for low-high carrier aggregation without harmonic relations, relaxations ∆TIB and ∆RIB of maximum output power and reference sensitivity of 0.3 dB and 0 dB are allowed, respectively, for the aggregated bands.  Furthermore, it seems generally assumed that these same relaxations will be allowed for the non-aggregated bands.  For the architecture in Figure 2, we would now need to increase ∆TIB to 1.1 dB for Band 17, and to 0.7 dB for non-aggregated low bands other than Band 17 (note that in [2], the linearity of the low band switch was assumed to be 0.2 dB improved, so that the values were 0.2 dB lower).  Additionally, while ∆RIB is currently 0 dB for all bands, this value would need to be increased to 0.8 dB for Band 17 and to 0.4 dB for aggregated low bands other than Band 17.
So, in summary, we have the following:
· ∆RIB of 2 dB for Band 4 and 0 dB for non-aggregated high bands (0 dB for class A1)
· ∆TIB of 0.3 dB for all high bands (0.3 dB for class A1)
· ∆RIB of 0.8 dB for Band 17 and 0.4 dB for non-aggregated low bands (0 dB for class A1)
· ∆TIB of 1.1 dB for Band 17, and 0.7 dB for non-aggregated low bands (0.3 dB for class A1)

It should be noted that there has been concern expressed over the ability to achieve the necessary isolation between the Band 17 PA output and the Band 4 LNA input.  From the analysis in [2], the required isolation would be in excess of 90 dB.  While it may not be possible to achieve this level of isolation with all designs, such isolation should be achievable with proper layout and shielding.  It can also be noted that even the analysis in [1] seems to assume that the achievable isolation between the low band PA and the high band LNA is on the order of 70 an 80 dB, respectively, for the main and diversity receivers, since the degradation of the sensitivity main and diversity receivers is less than 22.5 and 12.3 dB respectively.

RF architecture for low-high carrier aggregation using a single harmonic filter
A clear drawback of the architecture proposed in [2] and in Figure 2 above is that the harmonic filter between the diplexer and the low band switch introduces insertion loss into all of the non-aggregated low bands and thus degrades both maximum output power and reference sensitivity for these bands.  For this reason, an alternative architecture is proposed in Figure 3 in which this second harmonic filter is removed.  The intended purpose of the second harmonic filter was to attenuate harmonics generated in the low band switch.  However, recently, much more linear switches have become available for which the second harmonic filter is no longer necessary.  

Thus, with the removal of the second harmonic filter, we have the following benefits:
· the non-aggregated low bands are not degraded with respect to either maximum output power or sensitivity (however, ∆TIB is still 0.3 dB due to the diplexer)
· the insertion loss for the aggregated low band is reduced given there is now only one harmonic filter in the signal path

In choosing between the architectures in Figure 1 and Figure 3, the question essentially becomes whether or not it is worth some small degradation of maximum output power and reference sensitivity on the aggregated low band in order to significantly improve the worst case reference sensitivity for the aggregated high band.  For this reason, we suggest that the architecture in Figure 3 be considered in setting requirements for class A2.

Figure 3 - RF architecture for inter-band carrier aggregation for Band 4 and Band 17 using a single harmonic filter.
Conclusion
In this contribution, several possible RF architectures have been presented which can be considered in setting performance requirements for inter band carrier aggregation class A2 - low-high band combination with harmonic relation between bands.  Each of these architectures will have different consequences with respect to the required MOP (ΔTIB,c) and REFSENS (ΔRIB) for both the aggregated and non-aggregated bands.  As the architecture in Figure 3 mitigates the harmonic interference into the aggregated upper band without negatively impacting the MOP or the REFSENS of the non-aggregated lower bands, we propose that this architecture be considered along with the architectures previously considered in Figures 1 and 2 when setting requirements for carrier aggregation class A2.
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