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1 Introduction
The LTE advanced carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for 2UL non-contiguous (NC) intra-band CA in [1] and later revised in [2]. 
In this contribution, we discuss the impact of Wgap on MPR definitions and also update our simulation results to define the MPR for 2UL NC intra-band CA.
2 Discussions on MPR formula for 2UL intra-band non-contiguous CA

In general terms, MPR definitions should be reasonable enough such that large backoff is not required. If very large backoff is required, then the cell coverage becomes very small, thus the feature may become unusable.  
2.1 MPR definitions based on Wgap
All the MPR definitions in UE specification TS 36.101 are defined for different total UL RB allocations for both single-carrier LTE and inter-band CA. For intra-band contiguous CA, similar definitions were agreed which varies according to total UL RB allocation. 
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Figure 1 Impact of IM3 with regards to CC1 BW, CC2 BW and Wgap
For intra-band non-contiguous CA, we habe Wgap between CCs; compared to contiguous CA, where Wgap is zero. As shown in Figure 1 above, IM3 falls into spurious emission region, when

0.95*BW1+Wgap+0.9*BW2 > 2*BW2

where BW1 and BW2 are bandwidths of CC1 and CC2 respectively. In essence, IM3 falls into spurious domain, when we look at the right hand side of the spectrum,

Wgap > 1.1*BW2-0.95BW1,

And, when we look at the left hand side of the spectrum,

Wgap > 1.1*BW1-0.95BW2.

When BW1 >> BW2 (e.g. 20 and 5MHz respectively), then the IM3 falls into OOB domain for left side of the spectrum as shown in Figure 1, however still in spurious domain for the right side of the spectrum. Similarly, When BW1 << BW2 (e.g. 5 and 20MHz respectively), then the IM3 falls into OOB domain for right side of the spectrum as shown in Figure 1, however still in spurious domain for the left side of the spectrum. 

When we have equal bandwidth across both CCs, then we have BW1=BW2, thus, we have,

Wgap > 0.15BW2; or Wgap > 0.15BW1 

[for BW1=BW2]

We study the scenario for several different BW1, BW2 and Wgap in the table below:

	BW1 (MHz)
	BW2 (MHz)
	Wgap (MHz)
	OOB (MHz)
	IM3 (MHz)
	IM3 in spurious region

	5
	5
	5
	10
	14.5
	Yes

	5
	5
	60
	10
	69.5
	Yes

	20
	20
	5
	40
	43
	Yes

	20
	20
	30
	40
	68
	Yes

	20
	5
	5
	10 (right)

40 (Left)
	28.5 (Right)

27.75 (Left)
	Yes (Right)

No (Left)

	20
	5
	20
	10 (right)

40 (Left)
	43.5 (Right)

42.75 (Left)
	Yes

	5
	20
	5
	40 (right)

10 (Left)
	27.75 (Right)

28.5 (Left)
	No (Right)

Yes (Left)

	5
	20
	20
	40 (right)

10 (Left)
	42.75 (Right)

43.5 (Left)
	Yes


Table 1 Summary if IM3 falls in spurious domain or not for different NC-CA BW and Wgap combinations
As seen in Table 1, for all the badwidth combinations and Wgap values, there will be at least one IM3 component which will fall into the spurious domain. Thus, it is our opinion that Wgap will not determine the resulting MPR.

Observation: The final MPR formula will not depend on Wgap in almost all cases. 
2.2 Different MPR definitions for equal PSD and non-equal PSD NC CA transmissions
We have also studied further on the impact of non-equal PSD on the MPR formula. It is our understanding that there are some impacts of non-equal PSDs across to CCs, however the different is not very significant, thus, we propose to define one single MPR formula for equal and non-equal PSD cases.

Observation: The final MPR formula will not depend on equal or non-equal PSD cases, thus, one MPR formula is sufficient. . 

3 Simulation assumptions
We consider only the scenarios where there are only two NC carriers within a frequency band. Therefore, the terms sub-block and component carrier are used inter-changeably in the following. 

The transmitter impairments assumed in the simulations are summarized as follows:
· PA operating point: UTRA_ACLR1 satisfied at the output power of 22 dBm with a fully allocated 20 MHz carrier modulated by QPSK.

· Counter IM3: 60 dBc

· IQ image: 25 dBc

· Carrier leakage: 25 dBc
In addition, the carrier bandwidth and gap width that are considered in these simulations are described in Table 2.

	CC1 (MHz)
	CC2 (MHz)
	Wgap (MHz)

	5
	5
	{5, 35, 60}

	20
	20
	{5, 30, 60}

	20
	5
	{5, 20}


Table 2 Carrier bandwidth and Wgap combinations that are considered in the simulations
4 MPR definition
Based on the simulation results, the required MPR is derived as a function of total number of resource blocks (RBs), as suggested in [3]. This helps to simplify the MPR rule, e.g., since the required MPR can be independent of the carrier bandwidth and gap width in general.

The MPR rule is derived as follows:
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	Wgap
	MN

	≤ 60MHz
	MN = - 0.087*N + 15.60;               0 ≤ N ≤ 50

      = - 0.029*N + 12.67;               50 ≤ N ≤ 200 

	>60MHz
	FFS (however, highly unlikely that the MPR formula will change due to Wgap higher than 60MHz)


where 
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 is the total number of RBs allocated to the two carriers. 
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Figure 1. MPR simulation with max 60MHz Wgap.

MPR simulations results are shown in Figure 1 above. The x-axis depicts the combined resource allocation across both CCs. For the purpose of comparison, we also plot the MPR proposals from other companies. As seen from the figure, the MPR proposal is quite close to other company’s results, mainly for higher RB allocations.
In our simulations, the maximum MPR is around 16dB (when small allocations are done at both CC) and minimum MPR is around 7dB (when both CCs are fully allocated).
5 Conclusion
In this contribution, we provide MPR simulation results for 2UL NC CA and propose a MPR formula for the feature.
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