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1
Introduction
In last RAN4 meeting, simulation assumption was agreed in [2] to evaluate the effect of timing offset and frequency offset on UE demodulation performance. 
In this contribution, we firstly summarize and analyze several options for frequency offset correction which discussed in RAN4 and then evaluate UE performance with different frequency offset correction methods.
2 Analysis
Similar to timing offset correction as discussed in [2], there are several implementation strategies for frequency offset correlation e.g. how to compensate frequency offset (e.g. post FFT processing, pre-FFT processing). Different implementation strategy will results in different performance degradation and different UE implementation complexity. Frequency offset introduces both phase rotation between OFDM symbols and ICI (inter sub-carrier interference). Pre-FFT frequency offset correction compensates both ICI and phase rotation. Post-FFT frequency offset correction only compensates phase rotation, but can’t compensate ICI.
2.1 Frequency offset correlation methods

In this section, several options for frequency offset correction are summarized below.

Option 1: Frequency synchronization tracking on CRS and no compensation for PDSCH frequency offset

This is behaviour A and may be legacy Rel-8/Rel-9/Rel-10 UE implementation. PDSCH/CSI-RS performance suffers performance loss since no compensation for frequency offset. In this case, network should guarantee the frequency offset is smaller than a reasonable value (e.g. 50Hz) for different eNBs. Otherwise, UE receiver performance may be totally destroyed.

Option 2: Frequency synchronization tracking on CRS and post-FFT OFDM symbol-wise phase correlation for DM-RS/CSI-RS/PDSCH
In this option, additional post-FFT symbols-wise phase rotation could be done to compensate the frequency offset. This post-FFT compensation can only compensate the phase rotation, but ICI introduced by frequency offset is un- avoidable.

Option 3: Separate frequency tracking and pre-FFT compensation for CRS/PDCCH and PDSCH/DM-RS/CSI-RS.

In this option, different frequency shifts and pre-FFT compensation for different OFDM symbols are applied. In this case, both CRS/PDCCH and PDSCH performance can be guarantee. Compared with Option 2, ICI can be eliminated by proper per-FFT compensation too. 
2.2 Simulation Results 
This section we evaluate the impact of frequency offset with different frequency offset correction methods (option 1 and option 2) under EPA5Hz channel. 
Option 1 could be considered as the baseline method, and option 2 is an optimized method. The results with ideal case are also attached for each case as the reference. Ideal case means no frequency offset between different RS types, and UE tracking on CRS for synchronization.

Regarding RS type used in option 2 for frequency offset estimation, CSI-RS is not a good RS candidate due to its sparseness in time domain. Therefore, DM-RS is used for frequency offset estimation in our simulation. Since DM-RS is not consistently available across sub-frames, averaging across sub-frames is not performed when estimating frequency offset.
More detailed simulation assumptions and throughput curves with several cases are given in Annex.
Table 2-1 and Table 2-2 shows the performance degradation @70% relative throughput compared with ideal case for option 1 and option 2 respectively. 
Based on the simulation results, it is observed that,

· For option 1 without doing any frequency offset correction, 64QAM is very sensitive to frequency offset, i.e. even with 50Hz frequency error, the performance loss is larger than 2dB.

· For option 2 with post-FFT frequency offset compensation, the demodulation performance can work well with up to 200Hz frequency offset for all MCSs with 50RB allocation. For 3 RB allocations, with frequency offset compensation QPSK 1/3 suffers a performance loss and even worse than no compensation case especially under low SNR points due to the poor frequency offset estimation performance with limited DM-RS samples. Due to the very limited available DM-RS REs, the estimation accuracy is unstable and the estimation error may even larger than frequency offset itself in low SNR region.
Table 2-1: Performance degradation @70% relative throughput (Option 1)

	Option 1
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK

3RB
	16QAM 3RB
	64QAM 3RB

	0 Hz
	0.0
	0.0
	0.0 
	0.0 
	0.1 
	0.0 

	50 Hz
	0.0
	0.3
	2.1 
	0.6 
	0.7 
	2.2 

	100 Hz
	0.4
	1.3
	INF 
	0.6 
	1.0 
	INF 

	150 Hz
	0.5
	3.3
	INF
	0.7 
	2.5 
	INF

	200 Hz
	0.5
	INF 
	INF
	1.1 
	4.5 
	INF


Table 2-2: Performance degradation @70% relative throughput (Option 2)

	Option 2
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK

3RB
	16QAM 3RB
	64QAM 3RB

	0 Hz
	0.3
	0.4
	0.3
	0.9
	1.3
	0.4

	50 Hz
	0.3
	0.5
	0.6
	0.9
	1.3
	0.4

	100 Hz
	0.6
	0.5
	0.6
	1.0
	1.4
	0.7

	150 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.7

	200 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.8


3 Conclusion

In this contribution, we firstly summarize and analyze several options for frequency offset correction which discussed in RAN4 and then evaluate the performance with such frequency offset correction methods:

· Option 1: Frequency synchronization tracking on CRS and no compensation for PDSCH frequency offset
· Option 2: Frequency synchronization tracking on CRS and post-FFT OFDM symbol-wise phase correlation for DM-RS/CSI-RS/PDSCH

Based on the evaluation results, assuming 1.5dB is largest acceptable performance loss, Table 3-1 summarized the acceptable frequency offset under EPA channel for option 1 and option 2. 
Table 3-1: Acceptable frequency offset assuming 1.5dB performance loss at 70% relative TP

	MCS & RB allocation
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK 3RB
	16QAM 3RB
	64QAM 3RB

	Option1
	200Hz
	100Hz
	<50Hz
	200Hz
	100Hz
	<50Hz

	Option2
	200Hz
	200Hz
	200Hz
	200Hz
	200Hz
	200Hz
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5 Appendix

5.1 Simulation assumptions to evaluate impact of frequency offset
Currently, there are different CoMP deployment scenarios, including:

· Scenario 1: TP1 (macro), TP2 (Pico) has different cell ID, both transmit CRS

· Scenario 2: TP1 (macro), TP2(Pico) has same cell ID, both transmit CRS

· Scenario 3: Only TP1(macro) transmit CRS, TP2 (Pico) only transmit PDSCH

Scenario 3 is simulated in this contribution.
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Table 5-1: Simulation Assumptions

	Deployment Scenario
	Scenario 3

	Fading Channel
	EPA5Hz

	Channel BW
	10MHz

	Resource allocation
	(1) 50RB

(2) 3RB

	Antenna configuration
	4x2

	MCS
	FRC

(1) 64QAM 3/4

(2) 16QAM 1/2

(3) QPSK 1/3

	Max HARQ transmission number
	4

	Power imbalance between TP1 and TP2
	0dB

	Rank/PMI
	Fixed (1, 1) 

	Frequency offset
	[0:50:200]Hz

	Frequency offset estimation
	Estimation based on DM-RS
No averaging between sub-frames 

	Ideal case
	No timing and frequency offset between different RS types
UE tracking on CRS for synchronization.


5.2 Simulation results for frequency offset
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Figure 5-1: Frequency offset correction performance: Option 1, QPSK 1/3, 50RB
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Figure 5-2: Frequency offset correction performance: Option 1, 16QAM 1/2, 50RB
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Figure 5-3: Frequency offset correction performance: Option 1, 64QAM 3/4, 50RB
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Figure 5-4: Frequency offset correction performance: Option 1, QPSK 1/3, 3RB
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Figure 5-5: Frequency offset correction performance: Option 1, 16QAM 1/2, 3RB
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Figure 5-6: Frequency offset correction performance: Option 1, 64QAM 3/4, 3RB
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Figure 5-7: Frequency offset correction performance: Option 2, QPSK 1/3, 50RB
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Figure 5-8: Frequency offset correction performance: Option 2,16QAM 1/2, 50RB
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Figure 5-9: Frequency offset correction performance: Option 2, 64QAM 3/4, 50RB
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Figure 5-10: Frequency offset correction performance: Option 2, QPSK 1/3, 3RB
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Figure 5-11: Frequency offset correction performance: Option 2,16QAM 1/2, 3RB
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Figure 5-12: Frequency offset correction performance: Option 2,64QAM 3/4, 3RB
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