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1 Introduction
Recently, CoMP is discussed widely to improve the coverage, the cell-edge throughput and system throughput. In [1], the categories of downlink CoMP are described as follows:
· Joint Processing (JP): data is available at each CoMP cooperating set.
· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating sets) at a time
· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)
· Coordinated Scheduling/Beamforming (CS/CB): data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made corresponding to the CoMP cooperating set.
In 3GPP RAN1 #63bis, CoMP study item was executed in two phases shown as follows
· Phase 1
· Homogeneous network with high Tx power RRHs
· Phase 2
· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”
The CoMP joint transmission scheme in phase 1 has been discussed in contributions [2]-[5]. Most of them have some strategies and performance results. However, in UE, the received DL signal is simultaneously transmitted from multiple transmission points (homogeneous or heterogeneous cells). As a result, the joint transmission scheme may induce performance loss, especially in non-coherent frequency error. In [6], the issue of non-coherent frequency error with eNB and RN has been discussed. In this contribution, CoMP joint transmission performance is revealed with non-coherent frequency error.

2 Frequency Error Problem Description
Frequency error is caused by the difference carrier frequency between transmitter and receiver. For single cell transmission, UE can detect the frequency offset at the physical-layer synchronization procedure and it can be compensated before demodulation. However, this might not work in CoMP joint transmissions. The wireless signals from cooperating cell sites may be transmitted with different frequency, which causes the non-coherent frequency error within the received signals at UE site. UE has difficulty to compensate the non-coherent frequency error even it can detect each frequency offset from each transmission signal. Fig. 1 describes the scenario of the non-coherent frequency error between homogeneous cells.
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Fig. 1: CoMP joint transmission scheme

The scenario is modelled as:
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Where
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is received signal in UE. And
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 are transmitted signal from cell 1 and cell 2. 
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 are the channel impulse responses of cell 1-to-UE and cell 2-to-UE. Moreover, frequency errors are modelled as 
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are the frequency offset between cell 1-to-UE and cell 2-to-UE. Assuming the frequency synchronization/phase tracking process,
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 frequency error, can be estimated and phase compensated. However, the joint transmission scheme is impact on frequency error with 
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 presented as follows:
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If  
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 is less than a certain value that can be tolerated by the demodulation (e.g., BPSK, QPSK, 16QAM or 64QAM), the DL performance will not loss too much. And some frequency synchronization/phase tracking process can also be adopted to compensate for frequency error if 
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. But when 
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 is greater than a certain value, the synchronization process might be unable to completely compensate for the frequency offset of the transmission signals. Then, the significant performance loss appears. The impact of the non-coherent frequency error of the cooperation techniques are displayed in the following section.
3 The Impact of Non-coherent Frequency Error

In [7]-[8], the frequency error minimum requirement and Error Vector Magnitude (EVM) requirement are following:

Table 1: frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


Table 2: EVM requirements
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


The ranges of the non-coherent frequency error with cell-to-cell,
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, are followed as:

Table 3: ranges of frequency error

	Non-coherent frequency error
(
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	Cell 1

	
	Wide Area BS
	Local Area BS
	Home BS

	Cell 2
	Wide Area BS
	±0.1 ppm
	
	

	
	Local Area BS
	±0.15 ppm
	±0.2 ppm
	

	
	Home BS
	±0.3 ppm
	±0.25 ppm
	±0.5 ppm


The CoMP joint transmission simulation is carried out based on following assumption:

Table 4: Simulation parameters

	parameter
	Value

	Frequency error (
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	+0.1 , +0.12 , +0.15 , +0.2 ppm

	Modulation
	QPSK , 16QAM , 64QAM

	Cell1 antenna number
	2

	Cell2 antenna number
	2

	UE antenna number
	4

	Carrier Frequency
	2GHz

	UE’s Velocity
	0 km/h


The SNR loss of QPSK, 16QAM and 64QAM between no frequency offset case and non-coherent frequency error case are displayed in Fig. 2, Fig. 3, and Fig. 4 respectively.
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Fig. 2: EVM vs. SNR loss in different non-coherent frequency errors for QPSK case
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Fig. 3: EVM vs. SNR loss in different non-coherent frequency errors for 16QAM case
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Fig. 4: EVM vs. SNR loss in different non-coherent frequency errors for 64QAM case

4 Conclusions
According to the minimum EVM requirement of Table 6.5.2-1 in Release 9 [8], the minimal requirement of EVM for QPSK, 16QAM and 64QAM are 17.5%, 12.5% and 8%, respectively. Table 5 summarize our simulation results, which shows the SNR loss of all modulations are 0.7dB~>10dB
Table 5: SNR loss (modulation scheme vs. non-coherent frequency errors)
	
	non-coherent frequency errors

	
	+0.1 ppm
	+0.12 ppm
	+0.15 ppm
	+0.2 ppm

	QPSK 
	0.7 dB
	0.8dB
	1.1dB
	2.4dB

	16QAM
	2 dB
	3.6dB
	9.2dB
	>10dB

	64QAM
	3.4 dB
	5.6dB
	>10dB
	>10dB 


Proposal: Simulation impairments modelling should include non-coherent frequency errors in joint transmission scheme.
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