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1. Introduction
In [1], simulation results on MPR and CM for DC-HSUPA were presented. A proposal for how to modify the current CM definition in order to fulfill ACLR1 = 33dB for DC-HSUPA signals were given. In this contribution we also look at the fulfillment of other out of band emission requirements, namely ACLR2 and spectrum emission mask. 
2. Discussion
It has previously been proposed to reuse the ACLR2 and spectrum emission mask requirements from a 10 MHz LTE system in order to obtain reasonable implementation requirements on a DC-HSUPA transmitter. Here, we investigate whether these requirements are fulfilled when the MPR according to [1] has been applied. For LTE, ACLR2 towards a UTRA system is 36 dB for all bandwidths. Regarding the spectrum emission mask (SEM), there are several masks defined for each bandwidth. There is a general SEM which is valid if nothing else is indicated. The LTE system may however signal that other requirements may be applied, typically enforced by additional requirements for certain bands and/or in certain regions. The different SEMs currently defined in [2] are plotted in Figure 1 below, with slight offsets in the vertical direction in order to distinguish between the masks more easily. Frequency 0 corresponds to the center of the MC-HSUPA signal, i.e. each carrier is centered at +/- 2.5 MHz. 
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Figure 1  Different spectrum emission masks defined for a 10 MHz LTE system
It would be preferable if only one emission mask can be applied globally, but since that will probably be the most stringent one at all frequencies, it is likely that this will lead to unnecessary backoff in most regions/bands. The simulations will be used to determine which masks are fulfilled with more or less the same requirement on maximum power reduction.  
2.1. Simulation results

For all the simulated waveforms in [1], with MPR applied such that ACLR1 =  33dB, the minimum margin with respect to ACLR2, the generic SEM and the NS_03 SEM has been recorded and is plotted in Figure 2.
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Figure 2 CDF of margin towards ACLR2 and SEM requirements for simulated waveforms
Some observations can be made:
1. ACLR2 = 36 dB is fulfilled with some margin for all simulated waveforms. 

2. The generic spectrum mask is violated for approximately 16 % of the simulated waveforms. 

3. The General SEM and the NS_03 mask differ only in regions with good margins for both masks. 

To further analyze the situations where the SEMs are violated, spectrum emissions for the failing waveforms are plotted in Figure 3. The margin towards the NS_03 mask for the failing waveforms is shown in Figure 4, with the area of most interest is magnified in Figure 5. The simulated waveforms have been constructed with 10 dB, 5 dB and 0 dB power difference, and since all failing waveforms in Figure 3 has up to 5 dB power difference, we assume that waveforms with 10 dB power difference and above fulfill the emission requirements set by the NS_03 SEM.
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Figure 3  Spectrum emissions for simulated waveforms that violate the NS_03 SEM
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Figure 4  Margin towards NS_03 SEM for different frequencies
Note that the spectrum emissions have been averaged over 30 kHz for frequencies below 6 MHz and over 1 MHz for frequencies over 6 MHz. As can be seen from the figures, all the failing waveforms violate the spectrum mask with up to 1.6 dB, at frequencies 15-17.4 MHz from the center,. Since the NS_03 mask and the generic one are identical in this area, they are thus satisfied simultaneously. Regarding the other defined masks, one can observe that

1. The NS_04 mask will not be fulfilled for any of the simulated waveforms, since it is 12 dB more stringent in the 10-15 MHz range, which clearly will be violated by all waveforms with up to 7 dB for the shown waveforms. Thus, significant additional MPR may have to be applied for the associated regions/bands. This is FFS.

2. The NS_06 mask differs from the NS_03 mask only in that is up to 0.23 dB more stringent for the first MHz. Thus, the NS_06 mask will be fulfilled simultaneously as the NS_03 and the general ones. 
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Figure 5  Margin towards NS_03 SEM for different frequencies, zoomed in at the critical frequencies.
In order to fulfill the 10 MHz LTE masks, some different options exist:

1) Change the spectrum emission mask by moving the 15 MHz limit (10 MHz outside the allocated bandwidth) to [18] MHz. The important area is below 16.5 MHz; the occasional dips around 17 MHz will not violate the SEM when appropriate implementation margin has been applied to ensure ACLR1 > 33 dB. 
2) Introduce a new level of the spectrum mask, corresponding to a [2] dB relaxation in the same frequency region.

3) Increase the amount of permissible MPR to account for the SEM violation. It is FFS whether this should be applied to all waveforms or if it is possible to single out conditions for configurations that will exhibit the undesired behavior. 
4) Require that enough implementation margin is applied in order to ensure that the SEM requirements are fulfilled. However, this may lead to increased power consumption that may be avoided if options 1 or 2 are chosen.  

We propose to use either option 1 or 2. However, the feasibility of this depends on whether any regulatory requirements are violated; if this is indeed the case is for further study. 
3. Conclusion

It has been shown in this contribution that the requirement ACLR2=36 dB is fulfilled for a DC-HSUPA signal when enough MPR is applied to obtain ACLR1=33 dB. Regarding the SEM, it is proposed to use an extension of the NS_03 or NS_06 LTE SEM if this is possible for regulatory reasons. For bands/regions where e.g. the NS_04 LTE SEM mask would be applicable, additional MPR may have to be applied. This is FFS. 
It should be noted that the results presented in this contribution are based on simulations using a non-linear PA model based on measurements. Other PA models will show slightly different quantitative behavior, but the general conclusions should still apply. 
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� Note that 30 kHz averaging has been used for all frequencies here. The margin will improve somewhat with appropriate measurement bandwidth. 





