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1. Introduction 

A new work item was agreed in RAN #43 [1]. The work item continues the Dual-cell HSDPA operation, by extending the possibility to combine two adjacent carriers on UL. The WI set following targets for the dual-carrier HSUPA work item:
· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH
· The carriers belong to the same Node-B and are on adjacent carriers
· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules
This paper studies DC-HSUPA cubic metric, ACLR1 and ACLR2 issues. 
2. Discussion
2.1. Background
Power amplifiers produce variety of unwanted emissions when in operation. These are usually divided into out-of-band emissions (OOB) and spurious emissions. OOB emissions are immediately outside of transmitted signal and spurious emissions are all other unwanted emissions except OOB emissions. OOB emission limits are specified in 25.101 in terms of spectrum emission mask and adjacent channel leakage ratio (ACLR).

Generally ACLR emissions of power amplifier (PA) grow if the peak to average ratio (PAR) of the transmitted signal increases. In WCDMA specification a figure of merit called cubic metric is calculated to signals which are to be transmitted because it is seen that it characterizes the 3rd order non-linearity (IM3) of a PA better than PAR. Based on the CM UE is allowed to have MPR i.e. to reduce the transmitted signal power based on formula MAX(CM-1, 0). This power reduction helps to keep the ACLR emissions in fairly constant level despite the fact that signal characteristics change.
Effect of spectral re-growth which is caused by 3rd order PA non-linearity to adjacent channels is directly proportional to wanted signal bandwidth. If signal bandwidth is doubled the spectral re-growth is roughly doubled. This means that the shape of spectral re-growth of DC-HSUPA for ACLR 1 and ACLR 2 compared to HSUPA is different and total ACLR power is higher see Figure 1.
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Figure 1 Simplified picture of spectral re-growth of HSUPA and DC-HSUPA

2.2. Simulation environment

In this contribution we study what effect from the increased bandwidth of DC-HSUPA there is to ACLR performance. Study is performed by comparing the HSUPA ACLR performance to DC-HSUPA performance is same simulation environment. In these simulations we have used HSUPA signal which has CM of 2. In case of DC-HSUPA simulations two of these HSUPA signals are combined and the composite signal had a CM of 3. Study is performed with two PA models. First model is a measured AM-AM & AM-PM model of real PA and the other model is purely mathematical model generating 3rd order IM products.
2.3. ACLR1 Simulation results

ACLR1 simulation results are presented in Figure 2 and Figure 3. First figure contains results which are simulated with measured PA model and the latter figure contains results obtained from the mathematical model. On both figures there are two curves. Curve on the left is output power Pout versus ACLR1 performance for DC-HSUPA signal and the curve on the right is same for HSUPA signal.
For the DC-HSUPA the ACLR1 value is calculated by comparing the power of single HSUPA carrier to noise power on adjacent channel. So when thinking the ACLR of total DC-HSUPA signal to adjacent 5 MHz channel we must add 3 dB to the figure because both HSUPA signal were in the same output power level.
Based on the simulation results we can see that DC-HSUPA signal needs to be backed off 5-6 dB compared to HSUPA when comparing signal powers of individual carriers. If the ACLR for DC-HSUPA is calculated based on composite power of both carriers the composite power needs to back off 2-3 dB’s. When we take into considerations that the DC-HSUPA has CM which is 1 dB higher than for HSUPA and is allowed to have 1 dB more MPR we can see that there still remains 1-2 dB need for additional MPR for DC-HSUPA for it to be able to achieve same ACLR performance than HSUPA. 

The need for additional MPR comes from the fact that is explained in the first chapter i.e. that the shape of the spectral re-growth is much wider because that transmitted signal is wider hence the emitted power to adjacent channel is stronger because the skirts of the spectrum do not descend as rapidly as with HSUPA. It is might be possible to solve this issue by defining a appropriate k-factor for DC-HSUPA signal to match better the signal characteristics. K –factor is used in CM formula, see below.
CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.5 }
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Figure 2 ACLR1 performance with measured PA model
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Figure 3 ACLR1 performance with mathematical PA model
2.4. ACLR2 simulation results

In Figure 4 we can see the simulation results for ACLR2 performance with measured PA model. Results based on mathematical model are not presented because the model produces mainly 3rd order IM products and not for example any of the 5th order products hence the results were too optimistic for ACLR2 purposes.
ACLR2 performance is affected more than ACLR1 performance from the DC-HSUPA signal. It seems that there is a need of 5 dB additional MPR for DC-HSUPA when compared HSUPA signal for ACLR1 only 1 dB was required.
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Figure 4 ACLR2 performance with measured PA model
2.5. Carrier imbalance effect to ACLR1 and ACLR2

In Figure 5 , Figure 6 and Figure 7 are simulation results of cases where carrier imbalance is introduced to DC-HSUPA signal. 
Figure 5 is a spectrum plot where four different cases are presented. DC-HSUPA signals are with 0, 8 and 15 dB carrier imbalance and in addition to those a single carrier signal is plotted as a reference.

Figure 6 presents ACLR1 and ACLR2 results from both sides of the signal. In the legend L means lower and U means upper side of the spectrum. Stronger carrier is on the upper side. From the graph we can see that theACLR1 on the stronger signal (upper) side is has converged to stabile level when the imbalance is roughly 20dB, implying that similar ACLR as in case of single carrier transmission is met. This case is also presented in Figure 7 with more resolution. However the measured ACLR2 level keeps changing still even after 20dB imbalance. The stabilization level is not seen with in the range of used simulation points, but it would seem that this has occurred at least when imbalance is 36 dB because then lower side ACLR1 and upper side ACLR2 are the same.
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Figure 5 Simulated spectrums for single carrier and dual carrier with 0, 8 and 15 dB carrier imbalance
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Figure 6 ACLR1 and ACLR2 versus carrier power difference
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Figure 7 ACLR1 versus carrier power difference
3. Conclusions

In this contribution we have studied the transmitter non-linearities impact to out-of-band emissions, mainly to ACLR. Based on the analysis presented following conclusions could be made:
· It would seem feasible to compare combined signal power to adjacent channel power when ACLR performance is measured.
· For simplicity reasons we should not specify different ACLR requirements for the imbalance cases. Instead requirement should be based on the case where carriers are on the same power level because this seems to be the hardest case.

· To be able to reach specified ACLR1 performance a appropriate k –factor should be studied to obtain realistic MPR values for DC-HSUPA signal.
· ACLR2 requirement need to be relaxed. 10 MHz LTE UTRA ACLR2 requirement would be a logical choice i.e. 36 dB instead of 43 dB.
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