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1 Introduction
This contribution presents dual uplink CA cross-modulation analysis. 
2 Discussion
In previous meeting intermodulation in dual uplink CA was considered. In some papers a phenomenon called cross-modulation was brought up. Usually cross-modulation is considered in cases with one modulated signal and one tone. In inter-band uplink CA the effect of cross-modulation in the case of two modulated signals (two LTE uplinks) needs to be analysed as well. 

The correction factor that should be applied into cross-modulation formula was not confirmed because measurements with two LTE uplinks were not done. Thus the actual magnitude of the cross-modulation component can be slightly more or less than presented in this paper.

Cross-modulation slightly increases spectral regrowth of both UL carriers. For most band combinations, cross-modulation does not reach into own RX band. In spite of that, the impact of cross-modulation should be carefully evaluated for instance because there are some UE-to-UE co-existence requirements for adjacent bands that don’t have any margin. A good example of this is B7-B38 co-existence. Some of these requirements are adopted from regulatory requirements such as ETSI-HS and they need to be met also in dual UL inter-band CA.
Cross-modulation is a result of two signals passing through a non-linear component. In this paper we evaluate the impact of power amplifier and the impact of antenna switch. The formula for the cross-modulation is the same than the intermodulation formula:
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2.1 Impact of power amplifier

We assume that the total output power of the UE is limited to 23dBm. In paper [1] the power level from the aggressor UL was evaluated to be -15dBm in worst case at the victim PA output. The power level of the victim PA was assumed to be 25dBm. We use the same values in this contribution. 
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Analysis on the impact of this cross-modulation power component to the output spectrum is not a straightforward issue. The cross-modulation component power level can be calculated by the formula above. The one-sided cross-modulation component is 3dB smaller. The cross-modulation component BW is twice the aggressor UL BW centred at the victim UL. 
Two cases are analysed, 1RB victim UL and B7-B38 co-existence.

Figure 1 illustrates 1RB victim UL with 10MHz aggressor UL. Power levels are roughly in scale (-35dBm/18MHz cross-modulation equals -62.8dBm/30kHz and 1RB 23dBm aggressor equals 15.2dBm/30kHz.
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Figure 1 Cross-modulation example 1
It can be seen from the figure above that the cross-modulation power is negligible.
OBSERVATION 1: The impact of cross-modulation power for is negligible

We looked also B7-B38 co-existence where there are stringent emission requirements for the adjacent band. The max #of RB’s on B7 UL is restricted to 54. Figure 2 illustrates the situation with 20MHz B7 UL with worst case UL allocation (54RB’s). The aggressor UL BW is assumed to be 20MHz. Power levels are roughly in scale
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Figure 2 Cross-modulation example 2
It can be seen from the figure above that the cross-modulation power is negligible.
OBSERVATION 2: The impact of cross-modulation power for is negligible

2.2 Impact of antenna switch
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In this analysis we used the following numerical values for these parameters:
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The cross-modulation power is 25dB less compared to section 2.1 (Impact for power amplifier). Thus it can be assumed that the cross-modulation does not seem to be an issue for antenna switch, because it seemed not to be an issue for power amplifier.

OBSERVATION 3: The impact of cross-modulation power for is negligible

3 Conclusion
This contribution very briefly evaluated cross-modulation power levels in dual uplink CA. It would have been a lot safer to perform actual measurements, but unfortunately it was not possible this time. The results suggest that impact of cross-modulation at least in cases shown in this contribution is so small that it does not have to be taken into account.  
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5.2.3 Dual uplink CA cross-modulation analysis
Usually cross-modulation is considered in cases with one modulated signal and one tone. In inter-band uplink CA the effect of cross-modulation in the case of two modulated signals (two LTE uplinks) needs to be analysed as well. 

The correction factor that should be applied into cross-modulation formula was not confirmed because measurements with two LTE uplinks were not done. Thus the actual magnitude of the cross-modulation component can be slightly more or less than presented in this paper.

Cross-modulation slightly increases spectral regrowth of both UL carriers. For most band combinations, cross-modulation does not reach into own RX band. In spite of that, the impact of cross-modulation should be carefully evaluated for instance because there are some UE-to-UE co-existence requirements for adjacent bands that don’t have any margin. A good example of this is B7-B38 co-existence. Some of these requirements are adopted from regulatory requirements such as ETSI-HS and they need to be met also in dual UL inter-band CA.
Cross-modulation is a result of two signals passing through a non-linear component. In this paper we evaluate the impact of power amplifier and the impact of antenna switch. The formula for the cross-modulation is the same than the intermodulation formula:
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2.1 Impact of power amplifier

We assume that the total output power of the UE is limited to 23dBm. In paper [1] the power level from the aggressor UL was evaluated to be -15dBm in worst case at the victim PA output. The power level of the victim PA was assumed to be 25dBm. We use the same values in this contribution. 
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Analysis on the impact of this cross-modulation power component to the output spectrum is not a straightforward issue. The cross-modulation component power level can be calculated by the formula above. The one-sided cross-modulation component is 3dB smaller. The cross-modulation component BW is twice the aggressor UL BW centred at the victim UL. 
Two cases are analysed, 1RB victim UL and B7-B38 co-existence.

Figure 1 illustrates 1RB victim UL with 10MHz aggressor UL. Power levels are roughly in scale (-35dBm/18MHz cross-modulation equals -62.8dBm/30kHz and 1RB 23dBm aggressor equals 15.2dBm/30kHz.
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Figure 3 Cross-modulation example 1
It can be seen from the figure above that the cross-modulation power is negligible.

OBSERVATION 1: The impact of cross-modulation power for is negligible

We looked also B7-B38 co-existence where there are stringent emission requirements for the adjacent band. The max #of RB’s on B7 UL is restricted to 54. Figure 2 illustrates the situation with 20MHz B7 UL with worst case UL allocation (54RB’s). The aggressor UL BW is assumed to be 20MHz. Power levels are roughly in scale
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Figure 4 Cross-modulation example 2

It can be seen from the figure above that the cross-modulation power is negligible.
OBSERVATION 2: The impact of cross-modulation power for is negligible

2.2 Impact of antenna switch
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In this analysis we used the following numerical values for these parameters:
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The cross-modulation power is 25dB less compared to section 2.1 (Impact for power amplifier). Thus it can be assumed that the cross-modulation does not seem to be an issue for antenna switch, because it seemed not to be an issue for power amplifier.

OBSERVATION 3: The impact of cross-modulation power for is negligible
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