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1 Introduction
1.1 Downlink Reference Signal Sequence Generation

In current specification [1], cell-specific reference signals generation is based on the pseudo-random sequence. The pseudo-random sequence generation is completely determined by the initial seed which is decided in 3GPP RAN1#53. To be specific, the downlink reference signal is initialized as 
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where 
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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot, 
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 is the cell ID, and 
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 is the indication of the extended cyclic prefix (CP) or normal cyclic prefix where
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1.2 Carrier Aggregation
In [2], consensus has been reached within the 3GPP RAN1 community that carrier aggregation will be utilized to support higher bandwidth in LTE-Advanced systems. To be specific, “carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced, in order to support wider transmission bandwidths e.g. up to 100 MHz and for spectrum aggregation. A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities”. 
Aggregation of multiple component carriers can be seen more clearly in the following figure where three component carriers with 18.015 MHz each are aggregated.
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Figure 1.  Carrier Aggregation of Three Component Carriers
2 Cell ID and Its Impact on DL RS 
Since multiple component carriers will exist in the downlink transmission, the issue of allocating Physical Cell ID (PCI) within a cell becomes unavoidable. That is, whether all the component carriers will have the same Cell ID or different Cell IDs are allocated to the aggregated component carriers.  

2.1 Downlink RS PAPR Issue
In [3] and [4], it is observed that if the same Cell ID is allocated to all the component carriers within a cell, there will be a pretty large PAPR and CM values for the downlink transmission. This is because in the current pseudo-random reference signal sequence (RSS) generating methods described in Section 1.1, the final RSS is completely determined by the initial seed of the generating sequence and the initial seed of the generating sequence is completely determined by the slot number within a subframe, OFDM symbol number within a slot and the Cell ID. If the Cell ID is same for all the component carriers, using current initialization method, the RRS for each component carrier will be exactly the same. Then the overall RSS across all the component carriers is a periodic sequence. 
It is agreed in [2] that carrier frequencies of different component carriers should be different as multiples of 300 KHz raster to facilitate a single FFT operation across all the component carriers, in this case, the reference sequences input to the IFFT across all the subcarriers is a periodic extension of a base sequence. For example, for component carrier 1, the reference sequence generated can be illustrated as 
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Figure 2. Reference Signal Sequence of One Component Carrier

where 
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is the generated RSS for component carrier 1.
For the other two component carriers, the RSS will generated based on the current initialization method will be exactly the same, that is,
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Figure 3. Reference Signal Sequence of Three Component Carriers
Therefore, the same RSS 
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 will be generated for each component carrier and the total RSS of the whole carriers input into the single IFFT will be 
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 which is a periodic extension of 
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Due to the property of IFFT and the fact the total RSS is a periodic sequence, the output sequence of IFFT will have the following property (assuming 
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 component carriers aggregated together): 

Out of 
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 consecutive symbols only one of them will be nonzero with the other 
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 are strictly zero. 

This will cause extremely high Peak-to-Average Power Ratio (PAPR) and Cubic Metric (CM) values due to the multiple of zeros in the downlink signals. In general, high PAPR and CM values are very harmful for the hardware and need to be avoided. 

2.2 Possible Solutions
The analysis of the PAPR issue in Section 2.1 suggests that the periodicity of the RSS over entire transmission bandwidth is the main cause of high PAPR. Therefore, the PAPR and CM can be reduced if we can break the periodicity of the RSS.

There are several options to break the periodicity
· Use distinct Cell IDs for different component carrier [3], [4].

With the initialization of RSS depending on Cell ID, different Cell ID for different component carrier will end up with different RSS and the periodicity of the RSS over entire transmission bandwidth is broken.  However, the design impact of having different Cell ID on different component carriers should be carefully investigated.
· Keep use same Cell ID across all the component carriers within a cell, but change the initialization method of RSS. 
This approach could be suitable for the case where we have a mixture of backward compatible and non-backward compatible component carriers, as suggested by [5]. In the non-backward compatible   component carriers, the RSS generation method can be redesigned. That is, if we can define the RSS generation method in those component carriers such that it not only depends on 
[image: image17.wmf]s

n

, 
[image: image18.wmf]l

, 
[image: image19.wmf]cell

ID

N

 , and 
[image: image20.wmf]CP

N

, but also depends on the component carrier ID. Then the RSS of the LTE-A non-backward compatible component carrier will be different from that of backward compatible one. Therefore, across the entire bandwidth, the periodicity of the RSS will be broken.  This approach, unfortunately, cannot be used when all the component carriers have to be back-ward compatible.
· Mitigating the issue by inserting a-periodic RS sequence in the mid-guard band.

In LTE-A, mid-guard band will be used to guarantee the 300 KHz separation between the carrier frequency. For LTE-A UE, the guard subcarriers between component carriers are visible and if we are allowed to put RSS in the mid-guard band to utilize the spectral resource, we can make the RSS in those bands a-periodic. In that way, we may be able to mitigate the PAPR issue due to the periodicity of the RSS sequence. We are currently conducting PAPR  analysis to understand the benefit of this approach.
3 Conclusion
In this paper, we discussed the PAPR issues of downlink transmission with bandwidth aggregation. The periodicity of the RSS over entire bandwidth is the main cause for large PAPR values. Therefore, several methods on breaking the periodicity of the RSS are discussed. It is observed that even with the same Cell ID across all the component carriers, we still have approaches to break the periodicity of the RSS to reduce the PAPR values of downlink transmission.  
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