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1. Introduction

In RAN4#66 meeting, many discussions were focused on timing offset and frequency shift for FeICIC IC receiver. In order to make progress, a way forward was agreed with two converged options as follows [1]:
· Option 1: (timing offset, frequency shift)= ([2.5~3]μs for both aggressor cells, [200Hz~300Hz]), where only considering the positive time offsets;
· Option 2: timing offset between the aggressor cell and serving cell is in the range of [-3, 3]μs, frequency offsets are between [-300, 300]Hz.
In this contribution, we provide our simulation results on PDSCH, PDCCH and PHICH to analyze the impact of timing offset and frequency shift. Furthermore, several investigations and suggestions are also proposed to facilitate discussion.
2. Simulation assumption
In this paper, we simulate the performance of IC receiver for PDSCH (TM2), PDCCH and PHICH under different timing offsets and frequency shifts. The simulation parameters are almost the same as R10 eICIC demodulation test cases, except for the reference receiver is two aggressors CRS IC receiver with time and frequency tracking. The detailed simulation assumptions for PDSCH/PDCCH/PHICH are given in Table 1~3 respectively [2].
Table 1. Test Parameters for PDSCH TM2
	Parameters
	Values and Notes

	Interference model
	· N = 2
· CRS configuration: 
1st  dominant interference has colliding CRS and 2nd dominant interference has non-colliding CRS with the serving cell;

· Subframe configuration: non-MBSFN ABS 

	Noise floors
	D1/Noc1 = [12dB], D1/D2 =[2dB], Noc1=Noc2

	Transmission mode and MCS
	TM2 with QPSK;

	FRC
	R.11-4 TDD

	Number of CRS ports
	2 CRS ports for both Pico cells and two Macro cells

	Test Bandwidth
	10 MHz for both serving cell and aggressor cells

	Reference equalizer
	MMSE

	Propagation conditions
	UE to serving cell: EVA

UE to aggressor cell: EVA

	Correlation matrix and antenna configuration
	· TM2: 2×2 Medium;

	PDCCH symbol number
	2 (normal PHICH duration)

	Receiver 
	CRS-IC


Table 2. Test Parameters for PDCCH
	Parameters
	Values and Notes

	Interference model
	· N = 2
· CRS configuration: 
1st  dominant interference has colliding CRS and 2nd dominant interference has non-colliding CRS with the serving cell;

· Subframe configuration: non-MBSFN ABS 

	Noise floors
	D1/Noc1 = [5dB], D1/D2 =[2dB], Noc1=Noc2

	MCS
	QPSK;

	FRC
	R.15-1 TDD

	Test Bandwidth
	10 MHz for both serving cell and aggressor cells

	Reference equalizer
	MMSE

	Propagation conditions
	UE to serving cell: EVA

UE to aggressor cell: EVA

	Correlation matrix and antenna configuration
	· 2×2 Low

	PDCCH symbol number
	3 (normal PHICH duration)

	Receiver 
	CRS-IC


Table 3. Test Parameters for PHICH
	Parameters
	Values and Notes

	Interference model
	· N = 2
· CRS configuration: 
1st  dominant interference has colliding CRS and 2nd dominant interference has non-colliding CRS with the serving cell;

· Subframe configuration: non-MBSFN ABS 

	Noise floors
	D1/Noc1 = [5dB], D1/D2 =[2dB], Noc1=Noc2

	MCS
	BPSK

	FRC
	R.19

	Number of CRS ports
	2 CRS ports for both Pico cells and two Macro cells

	Test Bandwidth
	10 MHz for both serving cell and aggressor cells

	Reference equalizer
	MMSE

	Propagation conditions
	UE to serving cell: EVA

UE to aggressor cell: EVA

	Correlation matrix and antenna configuration
	· 2×2 Low

	PHICH symbol number
	3 (extended PHICH duration)

	Receiver 
	CRS-IC


3. Simulation results
In order to analyze the impact of different timing offsets and frequency shifts, three cases are considered as follows:
· Two interferers both have no time offset and frequency shift.
· Two interferers both have 3μs time offset and 300Hz frequency shift.

· The stronger interferer has 3μs time offset and 300Hz frequency shift, while the weaker interferer has -3μs time offset and -300Hz frequency offset.
Based on the above cases, simulation results for PDSCH/PDCCH/PHICH are illustrated in Figure 1~3 respectively.
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Figure 1 PDSCH demodulation performance with timing offset and frequency shift
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Figure 2 PDDCH demodulation performance with timing offset and frequency shift
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Figure 3 PHICH demodulation performance with timing offset and frequency shift
From the above figures, several observations could be obtained as follows:
Observation 1: When CRS-IC receiver is not used, the demodulation performance under two interferers is significantly deteriorated compared to that without any interferers.
Observation 2: CRS-IC receiver with time and frequency tracking can effectively improve the demodulation performance and achieve almost the same performance as no timing/frequency offsets case. 
Observation 3: The demodulation performances are quite similar with negative and positive timing/frequency offsets.
Considering practical Hetnet deployment, the distance between UE and the interferer (macro cell) is usually much longer than that between UE and the serving cell (pico cell). As a result, the interfering signal will probably arrive at UE with a time delay compared to the wanted signal. Therefore, it is reasonable to set positive offsets for both interferers. Since the performances with negative and positive offsets are quite similar, it is suggested to only set positive offsets for the test convenience.
Proposal 1: CRS-IC receiver with time and frequency tracking should be used when timing offset and frequency shift are considered.

Proposal 2: It is suggested to only set positive timing offset and frequency shift for demodulation and CSI tests (option 1).
4. Conclusions
In this contribution, we provide the link level simulation results for FeICIC demodulation to investigate the performance impact of timing offset and frequency shift. According to the simulation results, several observations and proposals are also given as follows:
Observation 1: When CRS-IC receiver is not used, the demodulation performance under two interferers is significantly deteriorated compared to that without any interferers.
Observation 2: CRS-IC receiver with time and frequency tracking can effectively improve the demodulation performance and achieve almost same performance as no timing/frequency offsets case. 
Observation 3: The demodulation performances are quite similar with negative and positive timing/frequency offsets.
Proposal 1: CRS-IC receiver with time and frequency tracking should be used when timing offset and frequency shift are considered.

Proposal 2: It is suggested to only set positive timing offset and frequency shift for demodulation and CSI tests (option 1).
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