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1
Introduction
It is recognized that it is important to have good cubic metric for uplink transmissions as it determines the PA efficiency and thus the link budget of the UE. An important issue that has been considered is the scenario when the same RS sequences are used in carrier aggregation [1][2][3].  This scenario occurs when the same assignment is given on both component carriers. The cubic metric in this case increases much more than when different sequences are used. This is because the same modulation symbols end up being added coherently more frequently than when different sequences are used. Different solutions have been proposed to address these issues in [1][2][3]. In this contribution, we compare the three solutions on various criteria.      
2
Discussion 
Three different solutions have been considered so far for addressing the cubic metric issue. 

(1) Applying phase offsets on the different carriers. The same phase offset is used on both the RS and the corresponding data. 
(2) Using different RS sequences on the different component carriers. 

(3) Applying a time shift between the two carriers. 
In [3], it was shown that options 2 and 3 are better than option 1. In particular with option 1, no improvement is seen when there are only 2 carriers. These results are consistent with similar results provided for the DL RS in [4]. Therefore, from a cubic metric point of view options 2 and 3 are preferable. Note that there is also no difference between the two in terms of cubic metric. 
There are however several other important differences between these two options. With option 2, new sequences or altered sequences of the two need to be specified. This has two disadvantages:
(1) Increased specification complexity: Different sequences, or variants of existing sequences, need to be designed and agreed upon in RAN1 for various assignment sizes. Additionally, demodulation using these sequences will need to be tested and RAN4/5 will need considerable work on this. Furthermore, this problem needs to be solved for not only PUSCH, but also PUCCH. 
(2) Lack of backward compatibility:  The new sequences are not orthogonal with the pre-defined RS sequences. Thus schemes such as UL MU-MIMO and UL CoMP will not be possible with legacy UEs, since a Rel 8/9 UE cant use the same resources as the LTE-A UE. 
(3) Lack of commonality with DL: On the downlink, it is not possible to use new RS sequences on different carriers since Rel 8/9 UEs expect the Rel 8/9 RS. Therefore, an alternative approach such as a timing shift is probably necessary for DL. It is preferable to use the same solution for both the downlink and uplink since the underlying problem is the same.  

A timing offset on the other hand, does not suffer from any of these problems. It should be a relatively simple change to the specification indicating that a small per-component carrier time offset be used by UEs employing carrier aggregation. This could be implemented either as a time offset, or as a cyclic shift. 

3 
Conclusions
In this contribution, we discussed different options to mitigate cubic metric when the same RS sequence is used. 
The solution using phase offsets on different carriers provides less improvement than using different RS sequences, or timing offsets. Furthermore, adding new RS sequences involves considerable specification and testing complexity, prevents features such as MU-MIMO being used with legacy UEs, and is likely to be different from a solution used for the downlink. 
These tradeoffs seem unnecessary since the problem of increased CM is a relatively isolated problem, and can be solved with virtually no UE or eNB impact using time offsets. Therefore, we recommend that RAN1 adopt the different timing shift approach for carrier aggregation.  
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