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1. Introduction
For the carrier aggregation demodulation test cases it has been agreed that no RF impairments due to carrier aggregation are taken into account [1]. The simulations are rather conducted for a single carrier scenario. Afterwards a fixed margin ( is added to the resulting single carrier SNR requirements to take potential performance degradations into account. The way forward for CA demodulation test cases has been agreed in [2]. The margin ( has not yet been determined and is left for further discussions. In this contribution we consider potential RF impairments due to carrier aggregation that impact the value of the margin (.
2. Discussion
The margin ( reflects all potential RF impairments due to carrier aggregation. All impairments that are not caused by carrier aggregation are already subsumed in the single carrier SNR requirements. RF impairments due to carrier aggregation may be caused by the following aspects:
· I/Q imbalance

· Diplexer/Quadplexer loss

· Relative frequency error between component carriers

· Inter modulation products

In the following we discuss the impacts of these aspects qualitatively. Since the impact of each aspect may be different for downlink intra and inter band carrier aggregation it is important to distinguish between these two scenarios. Further it seems needed to consider the impact of uplink carrier aggregation on downlink receiver performance. Different impairments compared to single carrier uplink are expected as outlined below.
I/Q imbalance

I/Q imbalance may impact both intra as well as inter band carrier aggregation

In case of inter band carrier aggregation there is a separate down-converter for each band and the signals go through separate FFTs. Therefore I/Q imbalance creates interference only within each component carrier but does not cause interference across component carriers. Hence the impact of I/Q is the same as it would be in the same band without carrier aggregation. This is irrespective of any power imbalance between the component carriers. 

Since the I/Q imbalance in case of inter band carrier aggregation disturbs each component carrier separately, the impacts are already reflected in the SNR requirements for single carrier and do not need to be added to the margin (.     
In case of intra band carrier aggregation I/Q imbalance may have a impact on performance in case of large power imbalance between the component carriers. However, as long as the component carrier power is balanced no performance degradation due to I/Q imbalance is expected for intra band carrier aggregation.

Also in case of intra band carrier aggregation no contributions of I/Q imbalance to the margin ( are expected. This holds as long as no power imbalance is assumed in the demodulation tests.    
Diplexer/quadplexer loss

Losses due to diplexers and quadplexers may arise in inter band carrier aggregation. Such losses are usually in the order of a couple of dB and may be dependent on the band combination. The impact of these losses on receiver performance, however, depend on the operation scenario, i.e. whether the scenario is coverage or interference limited. 
Typically, in the demodulation test cases defined in [3] white Gaussian noise Noc of -98 dBm/15kHz is added (demodulation noise floor). This noise represents the interference from other cells that are not taken into account in the demodulation test cases.  The thermal noise floor is -174 dBm/Hz = -132 dBm/15kHz. Assuming a typical UE noise figure of 9 dB, there is a 25 dB gap between thermal and demodulation noise floor.  Assuming an insertion loss of ( of the diplexer/quadplexer the resulting SNR can be written as SINR = ((P / (((Noc + Nth) where P is the received power. Since the demodulation noise floor  is far above the thermal noise including noise figure the impact of the diplexer/quadplexer insertion loss is negligible. 
Therefore it does not seem necessary to consider insertion losses in the margin ( as long as the demodulation noise floor is far above the thermal noise floor.
Relative frequency error

The frequency error between the component carriers results in a slow phase rotation in the received signal. Since the UE is not supposed to have a joint channel estimation across component carriers, the individual channel estimation should track the rotating phase. Since the component carriers are handled separately, potential impairments due to relative frequency errors should be captured in the implementation margin of the single carrier SNR requirement.

It is not expected that the relative frequency error has an impact on the margin (. 
Inter modulation products

Inter modulation products arise due to non-linearities. It has been pointed out in [4] that inter modulation products due to inter band uplink carrier aggregation can cause degradation of downlink receiver performance. This impact is band dependent which also means that the RF impairments due to carrier aggregation are depend on the aggregated uplink bands. Then either the margin ( needs to be band dependent as well or the worst case band combination has to be assumed. In case of contiguous intra-band uplink  carrier aggregation inter modulation products falling  into the downlink band should not exist due to the contiguous frequency allocation. These inter modulation products in case of inter band uplink carrier aggregation also need to be taken into account for REFSENS requirements

Inter modulation products causing downlink performance degradation arise in case of uplink inter band carrier aggregation. However, in case of single carrier uplink transmission no additional impairments are expected that would need to be taken into account in the margin (.
3. Conclusions 

In this contribution potential RF impairments due to carrier aggregation have been considered qualitatively. In the following scenarios impairments are expected:

1) Downlink intra band carrier aggregation with large power imbalance between the component carriers

· The impairment is due to I/Q imbalance. In case of balanced component carrier powers I/Q imbalance is not expected to cause additional degradations.
2)  Downlink intra or inter band carrier aggregation + uplink inter band carrier aggregation
· Impairments due to inter modulation products can arise. The inter modulation products are band dependent. 
Insertion losses of the diplexer/quadplexer should not degrade the performance as long as the demodulation noise floor is far above the thermal noise floor.
In summary, it can be concluded that no additional margin taking RF impairments due to carrier aggregation into account is needed as long as the downlink component carriers are balanced in power and no carrier aggregation in uplink is applied. 
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