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1. Introduction

In the previous meeting of RAN4 57#, the way forward of CA performance requirements was agreed with the following open issue for further study. [1]
· Scalability of the single-carrier requirements to 2 component carriers

· Impact of the frequency error (see R4-104452 for the detailed explanation of the issue)

In this contribution, we will analyze the frequency error impact on demodulation requirements and show our views on the CA performance requirements with UE capability.
2. Frequency error impacts 
It was pointed out in [2] to consider the impact of frequency error demodulation performance. Whether the CA performance requirements can be obtained by the scaling of single carrier requirements in Rel-8/9 or not depends on the impact of frequency error. 
Theoretically frequency error will result in amplitude fading and phase rotation for the expected signal on the observed sub-carriers and ICI between sub-carriers. Both these two factors will cause performance degradation for UE demodulation performance. Especially 64QAM is more sensitive to frequency error due to high SNR demanding. However, it is a fact that UEs usually have frequency offset estimation and compensation algorithm to follow frequency change due to UE mobility and BS transmit frequency error. 
In previous work item for HeNB, there are already some analysis for frequency error impact on UE demodulation based on 64QAM.[2] Based on the analysis in [2], the maximum frequency error of eNB changing from 0.05ppm to 0.25ppm does not result in performance degradation even through a very common frequency offset compensation algorithm is assumed. The simulation result is shown in appendix A for convenience. Therefore the concern due to frequency error impact on demodulation performance can be removed. The Rel-8/9 demodulation requirement can be reused for performance scaling of CA UE in the same propagation condition. 
Proposal 1: Rel-8/9 single carrier demodulation performance requirements can be reused for performance scaling of CA UE in the same propagation condition..
3. Performance requirements with UE capability

In Rel-8/Rel-9, UEs only work on single component carrier, and the MIMO capability of a UE is band agnostic. In Rel-10, the CA and MIMO capability of a UE is band-specific, thus the CA performance requirements should consider the UE CA and MIMO capability and the supported channel bandwidth combination. The scenarios of carrier aggregation can be divided into two scenarios: inter-band CA and intra-band CA. 

· Inter-band CA
In inter-band CA, each component carrier operates on a separated band and the impacts between component carriers can be ignored. Therefore, the performance requirements for each component carrier can reuse Rel-8/Rel-9 performance requirements and test configurations.

· Intra-band CA
In intra-band CA case, all the component carriers operate on the same frequency band, considering of the orthogonality between the component carriers, the interference can be ignored. Therefore, the performance requirements of CA can also be tested based on each component carrier separately. An inta-band CA test scenario is shown in figure 2 with the assumption of both 2 component carriers configured. When one CC is tested, the other CC shall be configured as OCNG. The performance requirements of CC under test shall align with the Rel-8/Rel-9 requirements with the same testing condition. Considering the different CA capability and channel bandwidth combinations, all the supported channel bandwidths shall be tested. 
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Figure 2: CA test scenario
Based on the above analysis, the CA performance requirements can be observed on single component carrier, and the performance requirements of each component carrier can reuse the Rel-8/Rel-9 performance requirements with same testing configurations.

Proposal 2: The performance requirements can be tested on a per carrier basis by reusing Rel-8/9 single carrier requirement on that CC.
4. Conclusion
In this contribution, we analyzed the frequency error impacts in CA, and further discuss the test framework of CA demodulation performance requirements. We have the following proposal:

Proposal 1: Rel-8/9 single carrier demodulation performance requirements can be reused for performance scaling of CA UE in the same propagation condition..

Proposal 2: The performance requirements can be tested on a per carrier basis by reusing Rel-8/9 single carrier requirement on that CC.
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6. Appendix A [3]
Table A-1: simulation assumption 

	Parameter
	Value

	Physical channel
	PDSCH

	Channel bandwidth
	5.0MHz

	Channel model
	EVA70Hz

	Noise Model
	AWGN

	Maximum number of HARQ transmissions
	1(No retransmission)

	Modulation scheme and coding rate
	64QAM 3/4

	Error Correction Code
	Turbo Code

	Cyclic prefix length
	Normal

	Number of occupied Resource block 
	Full RB

	Equalizer
	Frequency domain MMSE equalizer

	Channel Estimator
	Real estimator with real noise estimation

	Diversity Antenna
	1Tx,  2 Rx antennas

	Correlation between branches
	0

	Power imbalance between branches
	0 dB


TableA-2: Simulation scenarios

	Scenario 
	Propagation condition
	UE speed (at 2GHz)
	Frequency error(
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)

	1
	EVA70Hz
	38km/h
	0.05ppm

	2
	EVA70Hz
	38km/h
	0.10ppm

	3
	EVA70Hz
	38km/h
	0.25ppm

	4
	EVA93Hz
	50 km/h
	0.05ppm

	5
	EVA93Hz
	50 km/h
	0.10ppm

	6
	EVA93Hz
	50 km/h
	0.25ppm
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Figure A-1:  Simulation results for DL 64QAM(Scenario 1, 2, 3)
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Figure A-2: Simulation results for DL 64QAM(Scenario 4, 5, 6)
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