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1. Introduction
This is a re – submission of R1-090581. A number of prior contributions e.g. [1, 2] have identified issues with DL cubic metric (CM) for the case of component carrier aggregation. In particular, whenever the DL RS is repeated on each component carrier, the CM grows. In addition, the CM grows worse by employing more component carriers [1]. 
One solution to the growing CM problem has been proposed in [1,2], where different physical cell IDs are proposed to be used in different component carriers. Usage of different cell IDs likely causes selection of different DL RS sequence, thereby reducing the CM of the aggregated transmission across multiple component carriers. However, as shown in [1], usage of different physical cell IDs in different component carriers can also cause a host of a-priori unforeseen issues: e.g. in case of asymmetric carrier aggregation, backwards compatibility, or even issues with cell planning, all of which will take substantial efforts to resolve. These issues are the ones which are identified [1] already, but additional issues will likely show up as well.        
This paper shows that there is no need to broadcast different physical cell IDs in different component carriers. Rather, the described problem of CM increase can be mitigated with a simpler method: application of phase offsets to component carriers. Each component carrier can be transmitted with a potentially different phase offset. Such method results in a CM reduction up to the point where it poses no problems. Thus, all the listed issues in [1] can be simply avoided thereby resulting in a simplified backwards compatible LTE – A design.    
2. Downlink CM Reduction Using Component Carrier Phase Rotations
In principle, any pre – defined phase rotation can be applied to any particular component carrier. This holds for uplink as well as for downlink, but in this paper we are mainly concerned with the downlink transmission. A Release 10 UE (LTE – A compatible) will be aware of said phase rotations and may be able to utilize them for DL channel estimation purposes, should it desire to do so. A Release 8 UE (LTE compatible) will monitor only a single component carrier; therefore, phase rotation in said component carrier will only appear as a part of the channel. Phase rotations are thus transparent to Release 8 UEs. Consequently, proposed solution is fully backwards compatible.  

In this contribution, we only show the simplest case where phase rotations simply result in “sign reversals” (or not) for a particular component carrier. Such is the case where phase rotations are either π radians or 0. We consider the following carrier sign reversal rule

· Case of 5 component carriers: only the 4-th component carrier reverses sign.

· Case of 4 component carriers: only the 4-th component carrier reverses sign.

· Case of 3 component carriers: only the 3-rd component carrier reverses sign.

· Case of 2 component carriers: no sign reversals.

· Case of 1 component carriers: no sign reversals.

3. Simulation Results

Simulated baseline CM (without proposed solution) for downlink transmission is shown in Table 1, which is made under the assumption that all component carriers are transmitted with a common phase. Results from Table 1 confirm the ones published in [1], with only minor deviations, typically in the third significant digit. Consequently, Table 1 can be considered to be calibrated with the results in [1]. For simplicity sake, we consider CM on a single Tx antenna (or spatial multiplexing) whereas the case with pre – coding [1] may slightly deviate from these results, depending on which pre-coder selection scheme is deployed by the eNodeB. As seen from Table 1, even in practical scenarios of RS (3dB boost) + Data transmission, the Baseline CM can be close to 5.51dB thereby resulting in a substantial 1.5dB loss in the DL coverage. 
Table 1: Baseline CM

	Number of Component Carriers
	1
	2
	3
	4
	5

	RS (0 dB) + Data
	4.00
	4.12
	4.27
	4.42
	4.57

	RS (3 dB) + Data
	4.00
	4.30
	4.71
	5.12
	5.51

	RS (6 dB) + Data
	4.00
	4.70
	5.52
	6.27
	6.95

	RS Only
	3.96
	6.48
	8.55
	10.08
	11.27


Improved CM, where DL transmission uses the solution described in Section 2, is shown in Table 2. For example, in case of RS (3dB boost) + Data transmission, the CM is maintained below 4.30 dB, in comparison to the 5.51dB without the proposed phase rotations for component carriers. In principle, by comparing Table 2 against Table 1 for case of {3, 4, or 5} component carriers, we can conclude that gains with the proposed solution are substantial, and come at no cost to system complexity or backwards compatibility. Finally, as we see from Table 2, the more component carriers are deployed (starting from 2 onwards), the better the CM numbers become (unlike in Table 1). This property is very desirable for scenarios where a single PA is shared between multiple component carriers.        
Table 2: Improved CM

	Number of Component Carriers
	1
	2
	3
	4
	5

	RS (0 dB) + Data
	4.00
	4.12
	4.06
	4.06
	4.04

	RS (3 dB) + Data
	4.00
	4.30
	4.15
	4.17
	4.11

	RS (6 dB) + Data
	4.00
	4.70
	4.34
	4.38
	4.26

	RS Only
	3.96
	6.48
	5.38
	5.51
	5.12


4. Conclusion

This paper shows that CM for downlink transmissions can be controlled by applying different phase offsets to different component carriers. A specific solution is proposed in Section 2, depending on the number of component carriers. Consequently, there is no need to broadcast different physical cell IDs in different component carriers. 
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