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1 Introduction

An LTE-A UE may simultaneously receive and/or transmit multiple component carriers (CCs) [1], so multi-DM RS or multi-PUCCH aggregation may be supported.
CM is an important issue when discussing UL features, the contributions [4, 5] analyzed the CM issues in LTE-A UL and the contribution [2] proposed the maximum UL transmission bandwidth per UE due to the impact of PAPR. In this paper, we will further analyze and simulate the CM issues in UL carrier aggregation (CA), and then give some comments.
2 CM issues in UL CA
Since the wideband and high CM signal would deteriorate the PA linearity and efficiency greatly, CA with one PA is somewhat hard to be realized, especially in the non-adjacent CA scenario. Therefore, we should do our best to reduce the CM.
For the intra-band contiguous CA, it could be implemented with one PA and the maximum UE transmission bandwidth is about 40-60MHz in the near future. For the non-contiguous CA, the preferable solution is implemented with multiple PAs, which won’t lead to the CM increasing. Therefore, the aggregation of two or three intra-band contiguous CCs with one PA is primary scenario for studying the CM issues.
2.1 CM of NxPUSCH DM RS
For UL, the DM RS and data signals are time division multiplexing and occupy the same subcarriers. Furthermore, they use the same power control. Therefore, the CM of DM RS should be at least as good as the data. The CM values of N x DFT-s-OFDM is shown in Table 2 (simulation assumption shown in Appendix A). Note that the DFT block size doesn’t affect the CM value of N x DFT-s-OFDM data.
Table 1. CM values of N x DFT-s-OFDM (N=2)
	numbers of clusters

	QPSK
	16QAM
	64QAM

	2.53
	3.05
	3.15


Based on LTE Rel-8 DM RS, Computer-generated sequence (CGS) is used for the sequence length less than 3RBs and Zadoff-Chu sequence (ZCS) are used for the others. For the same RS aggregation, i.e. using the same base sequence, Cyclic shift (CS) and sequence length in each CC, the CM values will be very high, which is indicated in the figure 1, 2 and 3 (simulation assumption shown in Appendix A). Figure 1 and 2 show the CM of two 7RBs-ZCS DM RS aggregation. Figure 3 shows the CM of two 2RBs-CGS DM RS aggregation. The difference between figure 1 and figure 2 is using different scheduled subcarrier offset between the two DM RSs: 2056 in figure 1 and 2048 in figure 2.  2048 is selected because with 4096 subcarriers, spacing a data allocation exactly 2048 subcarriers apart results in a worst case CM. For other spacings, CM is very similar, so we choose 2056 as a representative case. 

Compared with data aggregation, we can see that the same RS aggregation will increase the CM largely. Therefore, the power backoff will be needed which would deteriorate the performance.
However, from the figures, we can find that using the distinct base sequence or CS in each CC could reduce CM effectively.
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Figure 1 The CM comparison of 2xDM RS 
(2056 subcarrier offset between two 7RBs DM RSs)
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Figure 2 The CM comparison of 2xDM RS
(2048 subcarrier offset between two 7RBs DM RSs)
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Figure 3 The CM comparison of 2xDM RS
(2056 subcarrier offset between two 2 RBs DM RSs)
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Therefore, in order to avoid high CM for NxPUSCH DM RS, the cell ID, 
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to reduce the CM may need further study.
2.2 CM of NxPUCCH
It is not clear whether the simultaneous multi-PUCCH transmission (one CC one PUCCH) is supported or not, but if it is supported, the related CM issues need study. 
Considering the CM, the base sequence or CS of each PUCCH should be distinct.
According to [3], although many factors will affect the CS of each PUCCH, it can’t guarantee the CS of each PUCCH is always distinct. Therefore, some CM values will be very high due to the happening of same CS for each PUCCH when the base sequence of each PUCCH is same. In addition, due to the randomicity of the CS, we have no effient way to adjust it.
Therefore, it’s preferable to choose the different base sequence for each PUCCH to reduce the CM value.

3 Conclusions
A lower CM value means a higher PA efficiency and larger coverage, so the CM value should be controlled to minimize the power backoff in the UE. We suggest the CM issues in UL CA should be considered carefully. 

Some proposals are below: 
· Considering the CM of NxPUSCH DM RS, the sequence group or CS of each CC should be different.
· Considering the CM of NxPUCCH, the sequence group of each CC should be different.
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Appendix A. Simulation Assumption
Table 2. Simulation assumption
	Parameter
	Assumption

	Number of aggregated CCs
	2

	Bandwidth of each CC
	20MHz

	Scheduled bandwidth for each CC
	Figure 1 and 2: 7 RBs;
Figure 3: 2RBs.

	Ncs difference
	the difference of 
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between two CCs (
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/12)

	u difference
	the difference of u between two CCs (U is the group number)

	∆fc [MHz]
	Figure 1 and 3: 19.5;
Figure 2: 20.1;

	Scheduled subcarrier offset between two DM RSs 

(the inner edge of the RS’s)
	Figure 1 and 3: 2056 subcarriers

Figure 2: 2048 subcarriers (only happen when ∆fc = 20.1)

	CM calculation
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