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1	Introduction
The potential issue of IMD5 in inter-band 2UL CA had been brought up in recent RAN4 meetings [1-3]. However, it has not been concluded whether IMD5 shall be included in band classification or inter-modulation analysis table [4] as there was no clear evidence showing IMD5 can be strong enough to cause UE desensitization. In this contribution, we provide our assessment on earlier IMD5 measurement result [3] which may suggest no inclusion of IMD5 in formal analysis.

2	Discussion
Inter-band CA 2UL IMD5 had recently been characterized on UE antenna switches and PA reverse mixing, as reported in RAN4 #68 meeting [2-3]. The formal contribution had shown that IMD5 from all three devices being measured would not cause self-desensitization problem, while the latter contribution had indicated that IMD5 from PA reverse mixing could be strong enough to desensitize UE’s own receiver. However, there was some concern about the assumptions made in latter contribution where the isolation between two transmit signal paths could be too worse to be applied in practical implementation. In this contribution, we provide our view and analysis on this particular IMD5 measurement for further discussion in RAN4.  

In [3], the total Tx-to-Tx isolation was assumed to be only 32 dB which was based on separate antennas with 10-dB isolation and 22-dB duplexer attenuation as worst-case condition. The concern with this assumption is that, the Tx-to-Tx isolation is likely to be also the cross-band Tx-to-Rx isolation, as illustrated in Figure 2-1.




Figure 2-1 Illustration of inter-band CA Tx-to-Tx and Tx-to-Rx cross-band isolation

Considering that the typical UE transmitter noise floor at PA output is around -135 dBm/Hz at maximum output power, if the cross-band Tx-to-Rx isolation was only 32 dB, the paired CA DL band would suffer from a coupled noise floor at -167 dBm/Hz, which will cause approximately 3-dB desensitization if Rx intrinsic noise figure (NF) is 7 dB. However, in common FDD UE system design, the desensitization level resulting from Tx noise floor shall be kept to below 1 dB, which would impose a cross-band Tx-to-Rx isolation better than 38 dB. In practice, cross-band isolation level close to typical duplexer performance at 45 dB might be even required in order to maintain single-band receiver sensitivity performance.

Though IMD5 can result from various frequency combinations between two carriers, the ones that would potentially fall into DL bands can only come from the following combinations,

3*f1 – 2*f2
3*f2 – 2*f1
4*f1 – f2 (f1 in low band, f2 in high band which is the victim band)

As a result, it is expected that the power level of IMD5 resulting from PA reverse mixing would drop at least 2 times faster than Tx-to-Tx isolation improvement.

In this particular measurement, the IMD5 power level was measured as -65 dBm when Tx-to-Tx isolation is assumed to be 32 dB. If the isolation is improved to 38 dB, the IMD5 power level would at least be reduced down to -77 dBm. On the other hand, if the victim band duplexer Tx-to-Rx isolation is 45 dB, the IMD5 power level in Rx band would be lower than -122 dBm which will not be sufficient to cause self-desensitization [5].  

Based on this assessment and the other available IMD5 measurement result thus far [2], it may suggest no inclusion of IMD5 in standardized 2UL CA inter-modulation analysis. However, more measurement data and analysis are recommended, especially on those components not being characterized, like diplexer and duplexer, before any conclusion can be drawn.         

3	Conclusion
In this contribution, we’ve provided our view and analysis on earlier IMD5 measurements, which may suggest no inclusion of IMD5 in standardized 2UL CA inter-modulation analysis. However, more measurement data and analysis are recommended, especially on those components not being characterized, like diplexer and duplexer, before any conclusion can be drawn. 
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