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1
Introduction
A number of prior RAN1 contributions e.g. [1, 2] have identified issues with DL cubic metric (CM) for the case of component carrier aggregation. In particular, whenever the RS is repeated on each component carrier, the CM grows. In addition, the CM grows worse by employing more component carriers [1]. This could be the case with DL CRS, UL DMRS (when the same assignment is given on both carriers) or any other waveform (e.g. PSS or SSS) is repeated across the carriers.  

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 sequences, thereby reducing the CM of the aggregated transmission across multiple component carriers. While this is an acceptable solution in several scenarios, there may be other cases where it is beneficial to use the same PCI (e.g. less cell planning) and thus the same PCI on multiple carriers is allowed by RAN2.  A second solution [3] proposes the use of different phase offsets on different carriers. This reduces the cubic metric in some cases; however the cubic metric is still higher than the one-carrier case. 
RAN1 has not made any specification changes to address this problem and consequently RAN4 would need to address the implications of this. In particular, a high cubic metric would result in the need for a high MPR.    
2
Discussion of Cubic Metric
The high CM occurs because the same time-domain samples are transmitted on the different component carriers, and these can combine coherently. So a simple solution (also proposed in RAN1): a small delay in transmit time between the carriers (or equivalently, a different phase ramp in frequency on the different carriers). The intuition behind introducing a small delay is that different samples from the different carriers get added to each other.  A one-sample delay per carrier should suffice. 
The table below shows the cubic metric (CM1) with the three cases (1) No special technique used (2) phase offsets used (3) time delays. In these simulations, the DL RS-only transmission is considered as it shows the worst-case CM. Our results for the first two cases are essentially identical to the results in [3].  They also show that the CM is identical to a one-carrier system. Similar results are expected in the UL case. 
	
	One Carrier
	2 Carriers
	3 Carriers
	4 Carriers
	5 Carriers

	No Technique
	4.0
	6.6
	8.6
	10.1
	11.3

	Phase Offset
	4.0
	6.6
	5.4
	5.5
	5.1

	Time Delays
	4.0
	4.0
	4.0
	4.0
	4.0


3
Impact on Time Accuracy
In the previous section, we showed that the high cubic metric on the DL can be eliminated by use of a small (potentially UE-transparent) time-offset in transmission. This enables an operator to use the same PCI across multiple carriers if desired. The time delays are transparent to Rel 8/9 UEs on the DL. It is therefore proposed that the DL inter-CC time accuracy requirements be set to allow for a N-sample delay between adjacent CCs (where N is the number of carriers and one sample = Ts for 20 MHz, 2Ts for 10 MHz and so on)
On the UL, high CM will be seen on the DMRS when the same assignment is given on multiple carriers. (The case of different assignments is FFS). So either such assignments should be prohibited explicitly (which would run the problem of reduced peak rates as well as higher eNB scheduler complexity) or a similar solution where some time difference between carriers should be allowed. 
Note that this solution does not require multiple TAs from the eNB and just shows as a relaxation in the UE transmit time difference requirements. 
4
Conclusions

In order to avoid a high MPR due to increased cubic metric in the contiguous carrier aggregation case, we recommend that a one sample delay between adjacent component carriers be allowed on the UL and DL. If this is found to be an acceptable solution, time difference accuracy requirements for carrier aggregation should be set accordingly.  
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