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1. Introduction

The issue of cubic metric (CM) increase related with component carrier aggregation is due to two factors: the same RS pattern across the component carriers (CCs) [1][4] and the number of aggregated CCs. 

CM is an important issue when discussing UL features. The UL transmission is more sensitive to the CM/PAPR property than DL. The high CM/PAPR problem for UL may destroy the performance of UL transmission significantly. The CM issues in LTE-A UL and the maximum UL transmission bandwidth per UE was analyzed in [2][3]. A lower CM/PAPR value means a higher power amplifier (PA) efficiency and larger coverage, so the CM/PAPR value should be minimized to limit the power backoff in the UE.
2. CM/PAPR Reduction for LTE-Advanced UL/DL
This contribution presents that to reduce the CM/PAPR property of aggregated carriers, it is unnecessary to use different base sequence/Cyclic shift (CS) and sequence length in each CC just to avoid the same RS aggregation. The two inducements of CM/PAPR increase can be solved together with an effective approach: Perform a certain number of phase masks on the subframe basis in time domain to each CC and select only the combination that produces the lowest CM/PAPR. Such a method not only mitigates the CM increase effect posed by the repeated RS pattern, but also reduces the inherent high CM/PAPR value caused by the aggregated CCs. It is not clear yet if the simultaneous multiple PUCCH transmission over multiple CCs is supported or not, but if it is supported, the proposed method can still be applied.
2.1 CM/PAPR Reduction by Selective Phase Rotations

Figure 1 provides a sketch map of the scheme for UL. Each CC is firstly divided and transferred to the time domain and then rotated by a certain phase, for instance j or –j. It will be shown in the next section that two/three phases will be sufficient for the aggregated CCs to obtain satisfying performance. In the next step, the time domain signals of each CC are summed and inspected to find the combination of the phases that produces the minimum complexity. Since there are only two options for each CC, the total number of possibilities is 25 =32.
By doing so, we can reform the time domain signal to mitigate the “peaks” without incurring any distortion. No side information is needed as the phase rotation is added after RS thus the receiver can easily detect the phase offset as part of the channel and compensate it in the equalization process.
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Figure 1. UL Transmission diagram for 5 aggregated component carriers each applied with a phase mask.
The application of phase rotations of a LTE-A UE is transparent to the eNB and will not making any impact on LTE Release 8 UEs. A LTE Release 8 UE using only a single CC can be regarded as always applying a phase rotation of zero. 
2.2 Simulation Result

Complementary cumulative distribution function (CCDF) is used as a performance criterion of PAPR evaluation. For UL DFT-precoded transmission, we apply fixed combination of phases for the duration of each subframe. We can see from figure 2 that if all CCs are transmitted with a common phase. The PAPR exceeds 10 dB for 5 aggregated CCs (solid blue line) at the level of 10-3, i.e., every one out of a thousand symbols has a PAPR over 10dB. With the aid of the proposed scheme, it can be reduced to 8.2 dB (dotted blue line). It is noteworthy to mention that in this simulation, we only considered the factor of the increased number of subcarriers and did not consider the repeated pattern of the RS. Further gain by introducing selective phase rotations can be obtained if the same base sequence/Cyclic shift (CS) i.e., same RS aggregation is used for different CCs.
It is shown in figure 2 that as the number of aggregated CCs decreases to 3, the PAPR reduction ability of the proposed scheme decreases as well. This is because that the less aggregated CC we have, the less phase combinations can be generated. Therefore the possibility of finding a symbol with low PAPR also becomes low. However, by applying the proposed method, for various number of CCs, PAPR can be kept at the level of 8~8.5 dB. A comparison of CM values is also drawn in table 1 below.
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Figure 2. UL PAPR for 3 to 5 aggregated CCs with/without proposed scheme.
Table 1. CM Improvement
	Number of CCs
	1
	2
	3
	4
	5

	UL
	RS+Data (original)
	1.2
	2.63
	3.45
	3.8
	4.4

	
	RS+Data (improved)
	1.2
	2.4
	3.01
	3.21
	3.35


3. Conclusion

This contribution shows that CM/PAPR of aggregated carriers in UL can be effectively suppressed by applying different phase masks to individual CCs and selecting the best combination for transmission. It is shown that the proposed scheme not only relaxes the constraint of the RS non-periodicity but also reduces the CM/PAPR caused by the increased number of CCs. Moreover, the process is transparent and there is no need to send side information, thus it is a fully backwards compatible and effective solution.  
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Appendix A. Simulation Assumption
Table 2. Simulation assumption
	Parameter
	Assumption

	Number of aggregated CCs
	1 to 5

	Bandwidth of each CC
	20MHz

	Scheduled bandwidth for each CC
	24 RBs

	Subcarriers per CC
	2048
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