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1. Introduction

Carrier aggregation is one of the main features of LTE-Advanced (LTE-A) to support wider bandwidth than that of Rel-8 LTE. As the number of aggregated component carriers (CC) is increased, there is an issue on DL CM increase problem due to the repeated DL RS pattern across the CCs [1][2][3][4]. In this paper, we discuss several possible solutions for CM reduction.
2. Possible solutions for PAPR/CM reduction
The repeated RS pattern on different CCs makes the total aggregated PAPR/CM property severely degraded. To avoid this large PAPR/CM increment, several approaches can be considered as initial approaches:
· Alternative 1: Supporting distinct PCI per component carrier
This is an obvious solution. The repeated RS is caused by the same PCI (Physical Cell ID) for all CCs. If distinct PCIs are assigned to CC by CC, RS patterns are also distinct and the CM increase problem does not happen. However, PCI allocation is related to the basic design of LTE-A system such as initial access and control channel allocation, etc. In [2], some impacts on the LTE-A system caused by assigning distinct PCI per CC are considered. Comparing to assigning the same PCI for all CCs, special care is needed in designing asymmetric DL/UL CC aggregation. Therefore, this should be discussed in the context of the overall design of the CC aggregation in LTE-A.
· Alternative 2: Applying different time offset per component carrier
In this case, the radio frame borders of CCs are out of line, which means there are no repeated RS across the DL CCs. However, to generate the time domain samples with an IFFT over the whole CCs, the time offset should be a multiple of OFDM symbol interval. Also, there might be potential backward compatibility issues since an uplink carrier can be associated with multiple downlink carriers in an asymmetric aggregation. This may also complicate specifications and implementation of LTE-A eNB and LTE-A UE by, for example, different DL/UL timing per CC in a same radio frame in TDD mode, etc.

· Alternative 3: Applying different cyclic time shifts between component carriers
As depicted in figure 1(a), cyclic time shift is applied instead of time offset. With cyclic time shift, the borders of radio frame of each CC can be kept same, and the cyclic time shift can be done by different linear phase offset to each CC in frequency domain before the IFFT is performed. Also, backward compatibility issues may not happen because the time shift is managed within a few time samples.
· Alternative 4: Applying different phase offsets between component carriers
This is the same proposal in [4], which is DL application of the proposal in [5]. Phase offset of 
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 is applied to a specific CC. For example, when the number of aggregated CCs is 5, phase offset is applied to the 4th CC. With this alternative, backward compatibility issues will not happen. But, it is ineffective for the case that 2 CCs are aggregated. 
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(a) Alt 3. Different cyclic time shift  between CCs
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Figure 1: Solutions for DL RS CM reduction

3. Numerical results
Table 1 shows the CM values of alternative 3 and 4 compared to that of repeated RS with CM increase problem. All aggregated CCs are assumed to have a same number of RBs, and 19 null subcarriers are used between CCs. The number of RBs per CC (=NRB,CC) is 100RBs, 50RBs and 25 RBs and the number of aggregated DL CCs varies from 1 to 5. 
For alternative 3, the time shift difference between adjacent CCs is T. We simulate two cases of T. One is fixed T=Ts regardless of the number of RBs per CC, and the other is varying T=Ts(100/NRB,CC inverse proportional to the number of RB per CC, where Ts is basic time unit [6].
For alternative 4, the complex number representation of phase offset vector applied for CCs are [1 1 -1], [1 1 1 -1], and [1 1 1 -1 1] for 3, 4, and 5 CCs respectively, as proposed in [4].
Table 1: CM values for DL RS in case of carrier aggregation with alternative solutions

(a) 100 RBs per CC
	#component carriers
	1
	2
	3
	4
	5

	RS only
	Repeated RS
	4.02
	6.55
	8.59
	10.13
	11.32

	
	Alt3(Cyclic Shift,T=Ts)
	-
	4.95
	5.08
	4.71
	4.25

	
	Alt 4 (Phase Offset)
	-
	-
	5.41
	5.54
	5.17

	RS(6dB boost)
+data
	Repeated RS
	4.01
	4.72
	5.54
	6.28
	6.97

	
	Alt3(Cyclic Shift,T=Ts)
	-
	4.23
	4.26
	4.17
	4.06

	
	Alt 4 (Phase Offset)
	-
	-
	4.35
	4.39
	4.26

	RS(3dB boost)
+data
	Repeated RS
	4.01
	4.32
	4.73
	5.12
	5.52

	
	Alt3(Cyclic Shift,T=Ts)
	-
	4.10
	4.13
	4.08
	4.04

	
	Alt 4 (Phase Offset)
	-
	-
	4.15
	4.17
	4.12

	RS(0dB)
+data
	Repeated RS
	4.02
	4.12
	4.27
	4.42
	4.58

	
	Alt3(Cyclic Shift,T=Ts)
	-
	4.05
	4.04
	4.04
	4.02

	
	Alt 4 (Phase Offset)
	-
	-
	4.06
	4.06
	4.05


(b) 50 RBs per CC

	#component carriers
	1
	2
	3
	4
	5

	RS only
	Repeated RS
	3.99
	6.48
	8.56
	10.17
	11.32

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	6.04
	4.95
	4.80
	4.89

	
	
	T=2Ts
	-
	4.89
	4.95
	4.58
	4.09

	
	Alt 4 (Phase Offset)
	-
	-
	5.38
	5.52
	5.15

	RS(6dB boost)
+data
	Repeated RS
	4.00
	4.70
	5.52
	6.27
	6.97

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	4.55
	4.21
	4.18
	4.19

	
	
	T=2Ts
	-
	4.20
	4.23
	4.12
	4.03

	
	Alt 4 (Phase Offset)
	-
	-
	4.34
	4.39
	4.27

	RS(3dB boost)
+data
	Repeated RS
	4.00
	4.33
	4.70
	5.13
	5.52

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	4.24
	4.09
	4.08
	4.09

	
	
	T=2Ts
	-
	4.10
	4.11
	4.06
	4.01

	
	Alt 4 (Phase Offset)
	-
	-
	4.15
	4.18
	4.12

	RS(0dB)
+data
	Repeated RS
	4.00
	4.11
	4.26
	4.42
	4.58

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	4.09
	4.04
	4.04
	4.04

	
	
	T=2Ts
	-
	4.04
	4.05
	4.03
	4.02

	
	Alt 4 (Phase Offset)
	-
	-
	4.05
	4.07
	4.05


 (c) 25 RBs per CC
	#component carriers
	1
	2
	3
	4
	5

	RS only
	Repeated RS
	3.94
	6.49
	8.46
	10.12
	11.29

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	6.36
	6.47
	4.77
	5.48

	
	
	T=4Ts
	-
	4.84
	4.69
	4.23
	3.95

	
	Alt 4 (Phase Offset)
	-
	-
	5.32
	5.52
	5.10

	RS(6dB boost)
+data
	Repeated RS
	4.02
	4.72
	5.50
	6.25
	6.97

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	4.67
	4.64
	4.18
	4.35

	
	
	T=4Ts
	-
	4.21
	4.17
	4.05
	3.99

	
	Alt 4 (Phase Offset)
	-
	-
	4.32
	4.36
	4.24

	RS(3dB boost)
+data
	Repeated RS
	4.01
	4.31
	4.73
	5.10
	5.50

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	4.31
	4.28
	4.08
	4.16

	
	
	T=4Ts
	-
	4.08
	4.08
	4.02
	3.99

	
	Alt 4 (Phase Offset)
	-
	-
	4.15
	4.17
	4.12

	RS(0dB)
+data
	Repeated RS
	4.01
	4.10
	4.26
	4.41
	4.56

	
	Alt 3
(Cyclic Shift)
	T=Ts
	-
	4.11
	4.11
	4.04
	4.05

	
	
	T=4Ts
	-
	4.03
	4.03
	4.01
	4.00

	
	Alt 4 (Phase Offset)
	-
	-
	4.07
	4.07
	4.04


Compared to the repeated RS case, the CM values of both alternative 3 and alternative 4 are significantly reduced. Between alternative 3 and 4, alternative 3 with varying T always provides better CM reduction performance than alternative 4. In addition, alternative 3 is applicable for the CM reduction when 2 CCs are aggregated. However CM of alternative 3 with fixed T becomes degraded as the number of RBs per CC decreases, because the time shift of Ts is not enough to fully deviate from the DL RS pattern repetition as the bandwidth is narrow.
4. Summary

In this paper, issues on the DL CM increase problem due to the repeated DL RS pattern across the CCs are discussed. In our perspective, it is a basic issue to be discussed for LTE-A design to keep DL CM within reasonable range.
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