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1 Introduction
In last RAN4 meeting, it was agreed to evaluate the impact of timing offset and frequency offset under different UE behaviour assumptions [1]. In this contribution, we further investigate the impact of frequency error caused by geographically non co-located antenna deployments on UE demodulation performance.
2 Discussion
It was agreed in RAN1 that a Rel-11 UE can support at most two UE behaviours for the quasi co-location assumptions between RS of different types [2]:

Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}
Behaviour B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}.

Behaviour B is intended by RAN1 to be the UE behaviour typically applicable for UEs operating in DL CoMP, and the network configures the appropriate UE behaviour based, e.g., on the deployment. From a Rel-11 UE point of view, it should be aware of the quasi co-location assumptions between RS of different types, use proper RSs to acquire time and frequency synchronization, and estimate the large-scale properties, e.g., Doppler spread and power delay profile, correctly to help channel estimation for CSI feedback or data demodulation to achieve better performance. 
Here we investigate the demodulation performance impact of different UE behaviour assumptions due to frequency error according to the agreed simulation assumptions listed in [1]. Two transmission points TP1 and TP2 which share the same cell ID are explicitly modelled. The UE receives control channels from TP1, receives PDSCH as well as a particular CSI-RS resource from TP2, and it is indicated by physical layer signalling that Behaviour B is configured. 
The following scenarios are considered in this evaluation: 
Case 1: Only TP1 transmits CRS. UE detects CRS and uses it for frequency tracking. 
Case 2: Both TP1 and TP2 transmit the same CRS. A combined CRS will be observed from UE side. UE detects the combined CRS and use it for frequency tracking.
Case 3: Only TP1 transmits CRS. UE estimates frequency error over CSI-RS pairs with 5ms time distance.
Figure 1 presents the simulation results of the three cases for different modulation type and code rates. The frequency offset between TP1 and TP2 is ranged from 0 to 200Hz with a step of 50Hz. The results with ideal frequency are also attached for each case as the benchmark. Timing is assumed ideally synchronized for all the evaluated cases. Other simulation assumptions can be found in Annex.
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(a) Impact of frequency error; EVA5; 64QAM 3/4; Case 1
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(b) Impact of frequency error; EVA5; 64QAM 3/4; Case 2
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(c) Impact of frequency error; EVA5; 64QAM 3/4; Case 3
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(d) Impact of frequency error; EVA5; 16QAM 1/2; Case 1
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(e) Impact of frequency error; EVA5; 16QAM 1/2; Case 2
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(f) Impact of frequency error; EVA5; 16QAM 1/2; Case 3
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(g) Impact of frequency error; EVA5; QPSK 1/3; Case 1
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(h) Impact of frequency error; EVA5; QPSK 1/3; Case 2
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(i) Impact of frequency error; EVA5; QPSK 1/3; Case 3
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Figure 1. Impact of frequency error for different MCSs
From Figure 1, the following observations can be made:

· For case 1 with 100Hz frequency offset, a loss of 0.3dB is observed for QPSK 1/3, and it increases to 1.2dB for 16QAM 1/2, while for 64QAM 3/4, the performance breaks down.
· For case 2, the performance always outperforms case 1 for the same MCS due to the combined CRS seen by UE which could partly compensate the frequency difference between the two TPs. Considering 1.5dB performance loss, 64QAM 3/4 could tolerate 50Hz frequency offset in this case.
· For case 3 which performs frequency estimation over two consecutive CSI-RS subframes with 5ms time distance, it is observed that with a offset smaller than 100Hz, the frequency shift can be totally compensated, but for a offset larger than 100Hz, it does not work at all. This is because the maximum frequency can be estimated over such paired CSI-RS is 100Hz theoretically. For the exact 100Hz offset between two TPs, the influence of the uncertainty of instantaneous Doppler shift as well as SNR makes its performance unstable as it is shown in the results. So there is a trade-off between offset of different TPs and Doppler shift when considering test assumptions.
Observation 1: A UE using one CSI-RS resource being transmitted with 5ms period for frequency synchronization could be able to handle any frequency error lower than 100 Hz between the received PDSCH and the CRS received from its serving cell.
In addition, DMRS could also help frequency compensation as evaluated in [3]. Therefore, there is no need to define test cases for frequency error, or if it is necessary, the maximum frequency offset between different cooperation TPs could be limited to a certain value that UE could compensate by implementation methods.
3 Conclusion

This contribution further discusses the impacts of frequency offset between two cooperation TPs under non-quasi-collocation assumptions on UE demodulation performance. Based on the discussion, it is observed:
Observation 1: A UE using one CSI-RS resource being transmitted with 5ms period for frequency synchronization could be able to handle any frequency error lower than 100 Hz between the received PDSCH and the CRS received from its serving cell.
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Annex

Table 1. Simulation Assumptions 
	Parameter
	TP 1
	TP 2

	Carrier frequency
	2 GHz
	2 GHz

	System bandwidth
	10 MHz
	10 MHz

	Cell ID
	0
	0

	Channel model and Doppler frequency
	ETU5
	EVA5

	Transmission mode
	N/A
	TM10

	MIMO configuration
	4x2 low
	4x2 low

	CRS configuration
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	N/A
	Antenna ports 15,16,17,18

	Resource allocation
	N/A
	50

	DMRS
	N/A
	Quasi-collocated with CSI-RS

	Rank
	N/A
	1

	PMI
	N/A
	Random PMI

	Modulation and Code rate
	N/A
	64QAM 3/4, 16QAM 1/2, QPSK 1/3

	HARQ
	N/A
	8 HARQ processes and max 4 transmissions

	Channel estimation
	Practical
	Practical

	PDP estimation
	Practical
	Practical

	Received timing delay (us)
	Ideal
	Ideal

	Frequency offset (Hz)
	0
	0/50/100/150/200

	Cyclic prefix
	Normal
	Normal

	Simulation length
	10000 sub-frames
	10000 sub-frames
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