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1. Introduction
Bandwidth extension is one technique to increase the downlink and uplink spectral efficiency in LTE-A. In particular N-x-SC-FDMA has been agreed as the uplink bandwidth extension scheme. Nevertheless, the cubic metric (CM) remains an important issue for a UE because it determines the PA efficiency and equivalently the coverage when multi-carrier transmission is employed. When signals are repeated across multiple component carriers (CCs) this leads to an increase in the CM. Such signals include the DL RS, UL DMRS and SRS. In this contribution we consider the impact of repeated DMRS and/or SRS sequences on the CM and discuss the different proposed schemes to mitigate the increase in CM.

2. Discussion
Three schemes have been proposed to combat the increase in CM in UL reference signal transmission, namely

1. Different phase rotation values applied across each CC [1].

2. Different base sequence groups for each CC [2], [3].

3. Different cyclic shift sequence of the same sequence group for each CC [2] [3].

The advantage of phase rotation is that it is transparent to the UE in the DL because it results in an equivalent channel of the true channel and the phase rotation. Similarly, there is very little impact on standardization in the UL because the UE can be implicitly signalled the phase rotation values to use. Indeed these values could be fixed based on the number of UL CCs configured for the UE. An example set of values is provided in [4]. Options 2 and 3 dictate that different RS sequences are transmitted on each CC. It is also worthwhile to note that in practical scenarios the UE would be assigned possibly different RB allocations on the different CCs and as such, no improvement in CM is expected for any option.
Using the same set of simulation parameters of [3] (reproduced in the Appendix) we compare the CM results for all 30 sequence groups. Figure 1 shows the CM values of the DMRS transmission for an allocation of 7RBs per CC for 2-CC transmission. Some key points to note are as follows

· As shown in [3] and [4] option 1 does not give any CM reduction for 2 CCs. In [4] phase rotation gave significant CM reduction for 3 or more CCs.
· Options 2 and 3 reduce the mean CM by about 1 dB.

There are some issues that arise with options 2 and 3. Using different sequence groups affects sequence group planning for inter-cell interference mitigation. In addition, using different cyclic shifts could affect cyclic time shift hopping between slots and the pairing of UEs for MU-MIMO in different CCs. 
Transmission on two or more CCs may be realistic for a LTE-A UE when it is not power-limited.  For the case of 3 or more CCs it becomes more difficult to use different cyclic shifts or sequence groups due to the problems described above. Figure 2 shows the cubic metric when the UE is configured to simultaneously sound on 3 CCs. The simulation parameters are also described in the Appendix. It can be seen that the mean cubic metric is reduced from the baseline by about 2.5 dB when different sequence groups or cyclic shifted sequences are used. The mean CM when using phase rotation is actually 0.5 dB less than the other two proposed schemes. Note that phase rotation also shows CM reduction for more than 3 CCs [4].
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Figure 1 Cubic metric for DMRS with one cluster each on two CCs
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Figure 2 Cubic metric for simultaneous SRS transmission on three CCs
3. Conclusion
In this contribution we have compared different methods for reducing the CM when transmitting UL SRS or DMRS across multiple CCs. There are pros and cons for each of the proposed schemes. We recommend further study on all three options based on the required specification efforts.
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Appendix 

Simulation Assumptions
	Parameter
	Value

	Number of CCs
	2, 3

	Bandwidth of each CC
	20 MHz

	Number of RBs per CC
	5 for PUSCH, 50 for SRS

	Bandwidth separation
	1320 subcarriers (120 subcarriers between CCs)

	UL transmission
	Nx-SC-FDMA

	Phase values
	{1, 1}, {1, 1, -1}
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