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1
Introduction
Carrier aggregation enables simultaneous transmission in disjoint frequency locations in the uplink, that is, non-contiguous allocations. This may result in substantially stronger intermodulation products due to PA non-linearities compared to Rel-8 uplink signals. Thus, additional MPR may be needed to comply with out-of-band and spurious emission requirements. 
Due to the increased degrees of freedom for Rel-10 UL signals, it is a non-trivial task to define simple rules for the allowed MPR. A comprehensive attempt is made in [1] for multi-clustered transmission, further refined in [2], based on extensive simulation campaigns.  The presented generic rules are simple, but at the expense of allowing unnecessarily high MPR for many cases. For many of the non-contiguous allocations considered, the MPR must indeed be high.

In this contribution we focus on the required MPR for a limited but important scenario in which PUCCH is transmitted on one component carrier and a contiguous PUSCH transmission on the other as a complement to the generic study. It is shown that the required backoff for these PUCCH + PUSCH cases typically is much less than for the generic case. 
2
MPR for CA with PUCCH + PUSCH
In [1] and [2] it has been shown that there will be a large spread in the required MPR for generic CA allocations, which is a result of the large number of available degrees of freedom. In [1] the focus has been on the ratio of allocated to available resource block only, whereas [2] also investigates other parameters related to the location of the transmission regions. The conclusion from both contributions is that the largest required backoff are required for small allocations, due to high intermodulation peaks that may stretch far out in the out-of-band and spurious response regions. The required MPR in [1] and [2] ranges from 0 to more than 7 dB for small allocations, and down to around 3 dB for the largest allocations. 

One of the scenarios that can be expected to be most frequently encountered in CA is the use of PUCCH transmission on the PCC and a contiguous PUSCH transmission on the SCC. It may thus be useful to reduce the allowed backoff for this case compared to the generic if possible. 
Another aspect to consider is the transmitted PSD on each of the two CC(s). Typically, there are different PSD requirements on PUSCH (higher) and PUCCH (lower), c.f.  the demodulation performance tests in TS 36.104. To this end, the transmitted PSD is also varied in the simulations shown below, noting that the PSD is controlled in the uplink power control equations that apply per CC.  
The simulation parameters:

· 20+20 MHz system, 

· QPSK modulation,
· Image and DC -25 dBc, 

· Counter IM3 -60 dBc, 

· PA operating point to comply with all OoB requirements for a Rel-8 20 MHz system, 

· PSD [0,5,10,15,20] dB higher on PUSCH than PUCCH, 
· Record required MPR to meet E-UTRAACLR, UTRAACLR1/2, CA E-UTRAACLR, SEM and spurious emissions requirements, 
· In-band emissions not considered.  

First we consider the case in which PUCCH is at the outer RB on PCC and the PUSCH allocation starting at other end on the SCC. The required MPR recorded in these simulations is shown in Figure 1, along with the proposed generic MPR rules from [1] and [2]. 
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Figure 1: MPR as a function of PUSCH allocation starting from the outer RB of the SCC with PUCCH on the PCC.

Several observations can be made. Firstly, the required MPR is higher for smaller PUSCH sizes, which is consistent with the observations in [1] and [2]. Secondly, for larger PUSCH sizes, the PUCCH does not even affect the MPR since this is determined by the UTRA ACLR1, which requires MPR = 1 dB just as for Rel-8. As the PSD of the PUSCH increases compared to that of the PUCCH, the required MPR is reduced also for small allocations. 
These results suggest that it could be useful to exploit the PSD difference in addition when determining the allowed MPR. For example, Transmitting PUSCH and PUCCH with equal PSD, for example, around 6 dB MPR may be required for the smallest allocations. A higher PSD difference, which would be required for increasing the desired throughput per allocated resource block, would require substantially lower MPR thus improving the coverage for this higher throughput. The scaling between CC(s) for power control may impose restrictions on the PSD difference.
Next we consider the case when the PUSCH location in SCC is offset by an arbitrary number of resource blocks. Figure 2 shows the MPR for the worst case offset for each number of PUSCH resource blocks. This case differs only marginally from the case above, with slightly increased MPR for some allocations when the IM3 intermodulation product falls into the measurement range of UTRA_ACLR2. 
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Figure 2: PUSCH location in SCC offset by an arbitrary number of resource blocks with PUCCH on PCC.
The required MPR is slightly higher but still well below the generic case. 

Finally, in Figure 3 we present results using 16QAM modulation on the PUSCH signal, also here with varying PUSCH location offset. The basic behavior is the same as for QPSK in Figure 2, but the levels are slightly higher. For small allocations and balanced PSD, the high intermodulation products determine the required backoff, and the required backoff is only marginally higher than for QPSK since modulation is less important. For large allocations or significantly weaker PUCCH, the behavior is more or less consistent with the difference between QPSK and 16QAM signals in Rel. 8, i.e. approximately 0.7–1 dB.  
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Figure 3: PUSCH on SCC using 16QAM with offset by an arbitrary number of resource blocks with PUCCH on PCC. 

It is evident from Figures 1 to 3 that the required MPR for the PUCCH + PUSCH scenario is substantially lower than the generic proposals in [1] and [2]. Since the PUCCH + PUSCH two-cluster scenario is considered to be important, we propose that it be treated separately to the generic case. The examples shown herein are limited to simultaneous PUCCH and PUSCH on different component carriers, but similar results should apply to the case when simultaneous PUSCH and PUCCH are used on a single uplink carrier. 
3
Conclusion

Simultaneous transmission of PUCCH on the PCC and a contiguous PUSCH on the SCC is an important transmission configuration that is likely to be common for intra-band carrier aggregation operation. We propose that this may be treated as a special case of a generic rule for ‘arbitrary’ multi-cluster transmission since the required MPR is significantly lower. In particular we propose to
1. define a special rule for PUCCH + PUSCH with smaller MPR

2. let the rule depend on the PSD difference between PUSCH and PUCCH

4
References

1.    R4-110458, “MPR for Intra-Band CA Non-contiguous allocation”, Nokia, Renesas Electronics Europe

2.    R4-110955, “MPR for LTE multi cluster transmission”, Nokia
























































































































































































































































































































































































































































































