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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 PCI (Physical Cell ID) allocation to the aggregated component carriers. 
In this contribution, we will focus on the effect of downlink PAPR/CM value caused by PCI allocation in LTE-Advanced.
2 Same Physical Cell ID for each component carrier
In [1][2][3], consensus have been reached that there will be a large PAPR/CM value for the downlink transmission when aggregated component carriers apply same PCI.
If we generate cell specific DL Reference Signal Sequence (RSS) directly described in [4] with same PCI, the RSS for each component carrier will be exactly the same. Then the overall RSS across all the component carriers input to the single IFFT is a periodic sequence. In [5], it presents the reason that causes high PAPR/CM values essentially.
To avoid this large PAPR/CM increment, several approaches can be considered as initial approaches:
Option 1: Applying different time offset per component carrier 
In [6], it introduces time offset among downlink CCs in order to generate a fixed delay between two adjacent CCs. 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.
Option 2: Applying different cyclic time shifts between component carriers
Similarly, cyclic time shift can be 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. Backward compatibility may be not a big problem due to fine timing algorithm and small shift. Generally, the impact of a few time shifts is manageable [6]; however the expense of system performance should be evaluated necessarily. 
Option 3: Applying different phase offsets between component carriers
In [7], it is proposed that 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 appear. However, it does not take any measures when 2 CCs are aggregated. Predictably, eNB may have to do data reverse processing in the CC that implements phase offset. Thus, the complexity of this approach is a little bit high.
Option 4: Redesigning the DL RSS generation
In [5], it proposes to change the initialization of DL RSS when keeping use same PCI across all the component carriers in a single band. For example, in the non-backward compatible CC, the RSS generation method can be redesigned. Then, the RSS of that CC will be different with backward compatible CC, thus, the periodicity of the RSS will be broken. However, the drawback of this approach is that we have to evaluate a new RSS, and it is limited by the characteristic of CC, such as backward compatible or not.
Modified Option 4: Alternating the length of DL RSS
Considering the complexity of the design of new RSS, we propose a solution that simply alternates the length of DL RSS according to the configuration of LTE-A system while keeping the same initialization of DL RSS. For example, if there are 3 DL CCs within a LTE-A cell.
Scheme a) we firstly generate twice length of LTE DL RSS based on the same initial sequence in [4]. Then, we divide the long DL RSS into two parts, the first part is the same DL RSS sequence as LTE DL RSS, and another part is a new DL RSS sequence. eNB allocates the first part DL RSS for compatible CC, and all non-compatible CCs use the same DL RSS, i.e., the second part of generated DL RSS.
Scheme b) If there are only one non-compatible CC within the cell, the operation is the same as scheme a). If there are two non-compatible CC within the cell, we firstly generate three times length of LTE DL RSS based on the same initial sequence [4]. Then, we divide the long DL RSS into three parts equally, the first part is the same as DL RSS as LTE DL RSS, and the rest of two parts are allocated to two non-compatible CCs respectively.
The approach takes exactly the same transceiver structure as LTE in LTE-A system including the same initial sequence for backward compatibility and can also flexibly support both compatible and non-compatible configuration. The higher PAPR/CM cannot be reduced when non-backward compatible CC is not configured within the cell, however the most of scenarios in LTE-A will configure non-backward compatible CC, thus, it is not a big issue for this approach. 
3 Distinct Physical Cell ID for each component carrier
In case distinct PCI for each component carrier is applied, the higher DL PAPR/CM can be avoided due to generation of different initial sequence and frequency shift. However, in [1] [5] [8], it is observed that there are some unforeseen problems, such as back compatibility and cell planning when we apply different PCIs for several aggregated downlink component carriers.
4 Simulation results
Table 1 Simulation Parameters
	transmission bandwidth(MHz)
	20

	subcarrier Spacing(kHz)
	15

	number of subcarriers per RB
	12

	number of RBs
	110

	initial parameters
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Table 2 RS only
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	1
	2
	3
	4
	5

	Baseline
	3.24
	6.49
	8.40
	9.75
	10.50

	Scheme a
(1 non-backward compatible CC)
	N/A
	3.25
	4.01
	5.97
	7.67

	Scheme b
(1 non-backward compatible CC)
	N/A
	3.25
	4.01
	5.97
	7.67

	Scheme a
(2 non-backward compatible CCs)
	N/A
	N/A
	4.18
	4.94
	5.88

	Scheme b
(2 non-backward compatible CCs)
	N/A
	N/A
	2.92
	3.62
	4.75


Table 3  Data+RS(0dB)
	[image: image10.png]Nce




	1
	2
	3
	4
	5

	Baseline
	3.37
	3.44
	3.50
	3.56
	3.63

	Scheme a
(1 non-backward compatible CC)
	N/A
	3.38
	3.39
	3.42
	3.47

	Scheme b
(1 non-backward compatible CC)
	N/A
	3.38
	3.39
	3.42
	3.47

	Scheme a
(2 non-backward compatible CCs)
	N/A
	N/A
	3.39
	3.41
	3.43

	Scheme b
(2 non-backward compatible CCs)
	N/A
	N/A
	3.38
	3.38
	3.40


Table 4 Data+RS(3dB)
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	1
	2
	3
	4
	5

	Baseline
	3.40
	3.64
	3.87
	4.11
	4.35

	Scheme a
(1 non-backward compatible CC)
	N/A
	3.42
	3.46
	3.59
	3.75

	Scheme b
(1 non-backward compatible CC)
	N/A
	3.42
	3.46
	3.59
	3.75

	Scheme a
(2 non-backward compatible CCs)
	N/A
	N/A
	3.46
	3.53
	3.60

	Scheme b
(2 non-backward compatible CCs)
	N/A
	N/A
	3.41
	3.43
	3.49


Table 5 Data+RS(6dB)
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	1
	2
	3
	4
	5

	Baseline
	3.64
	4.36
	5.02
	5.64
	6.21

	Scheme a

(1 non-backward compatible CC)
	N/A
	3.67
	3.82
	4.23
	4.75

	Scheme b

(1 non-backward compatible CC)
	N/A
	3.67
	3.82
	4.23
	4.75

	Scheme a

(2 non-backward compatible CCs)
	N/A
	N/A
	3.85
	4.03
	4.26

	Scheme b
(2 non-backward compatible CCs)
	N/A
	N/A
	3.63
	3.72
	3.92


5 Summary
Many companies have started to consider the PCI issues in latest meetings [1][2][9], whereas the discussion is not sufficient, thus it is not the stage to decide PCI allocation due to many unforeseen effects. In the point of view for PAPR/CM issues, distinct PCI allocation overcomes the same PCI allocation undoubtedly; nevertheless, we cannot exclude the same PCI allocation only based on this issue. Hence, two different PCI allocation considerations should be further discussed. 
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