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1
Introduction
The timing and frequency offset consideration for feICIC RLM/demodulation/CSI test was captured in the wayforward [1] during the RAN4 #66 meeting.  From the WF:

“Timing offset and frequency shift are assumed for RLM test and demodulation and CSI test: 

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]us, frequency offsets are between [-300, 300]Hz.

Companies are encouraged to discuss the UE behaviors in handling timing offset and frequency shift in CRS interference mitigation.”
In this contribution, based on the WF for feICIC timing/frequency offsets, we provide simulation results of CRS-IC (CRS interference cancellation) in Rel-11 feICIC, with consideration of timing/frequency offset between the serving cell and dominant interferers.  The simulation results shall be applied for determination of either Option 1 or Option 2 timing/frequency offset choices.

2
PDSCH Performance of CRS-IC with interferer timing/frequency tracking

For Rel-11 feICIC, UE shall be able to support CRS-IC (CRS interference cancellation), which can mitigate CRS interference from dominant macro cells.  With mitigated CRS interference, the channel estimation for the serving cell (pico cell) can be improved for better performance.  Rel-11 feICIC assumes interference cancellation for multiple channels such as sync channel (PSS/SSS), PBCH, and PDSCH.
For feICIC deployment, the interferers to a pico UE are usually from nearby macro cells.  The received signal at the UE may experience the timing/frequency offset between the signal of serving cell and the interference from the dominant interferer cells. The timing offset may be contributed by the effect of propagation delays and/or network synchronization errors.  The frequency shift may be resulted from frequency synchronization errors in the different network nodes.
With Rel-11 CRS-IC to support feICIC feature, UE shall be able to track timing/frequency offset for each dominant interferer for cancellation.  The tracking can be performed either in time-domain or in frequency-domain.  Time-domain tracking will provide good flexibility and potential good performance to mitigate individual interferers; however, it may result in multiple FFT operations, which will impact UE implementation complexity, in one OFDM symbol.  Frequency-domain tracking, on the other hand, performs tracking algorithm at the post-FFT level.  The implementation impact of frequency-domain tracking is manageable.
The simulation results provided in the contribution are based on the frequency-domain tracking (post-FFT) for timing/frequency offset.  The tracking of timing offset involves frequency-domain rotation; and the tracking of frequency offset uses filtering with estimated frequency error.  The tracking algorithm is performed symbol-wise with the estimated timing offset and frequency error.
We use the similar simulation setup of [2].  For PDSCH, the 16QAM-1/2 is used with 2x2 TM2 mode.  The CRS-IC with cancellation of two interferers is applied.  The two interferers are at (12dB, 10dB) over Noc.  The detailed simulation parameters are listed in the Appendix.  The timing/frequency offsets correspond to these 4 cases:
1.               (Δt, Δf)=(0µs,0Hz)

2.               (Δt, Δf)=(2.5µs,200Hz)

3.               (Δt, Δf)=(3µs,300Hz)

4.               (Δt, Δf)=(-3µs,300Hz)
where the two interferers have identical timing offset and frequency error from the desired serving cell.  Figure 1 shows the PDSCH throughput without timing/frequency tracking.  Figure 2 shows the results with the timing/frequency tracking.
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Figure 1   PDSCH Throughput without timing/frequency tracking
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Figure 2    PDSCH throughput with timing/frequency tracking

3
Discussions and Conclusions
Based on the simulation results of CRS-IC with and without timing/frequency tracking, it can be observed that:
1. From Fig.1, without timing/frequency tracking of interference, there will be significant performance degradation when the timing offset >2.5us and frequency error > 200Hz.  The negative timing offset (-3us) will have larger performance impact than the positive timing offset (+3us).

2. From Fig.2, when the timing/frequency tracking is applied for the two interferers, the performance degradation is largely improved.  The case (2.5us, 200Hz) is about ~0.7dB from the case of zero-timing offset and zero frequency error, at the 70% throughput in the simulated scenario.  When the timing/frequency offsets are as high as (3us, 300Hz), the performance degradation at the 70% throughput is ~1.5dB.
3. For negative timing offset, when the tracking is applied, there is no significant performance difference from the case of positive timing offset.  Fig.2 shows that the performance of case-4 (-3us, 300Hz) is quite similar to that of case-3 with (3us, 300Hz).  
Based on these observations, we propose:

Proposal 1:
When evaluating CRS-IC performance, the CRS interference tracking shall be applied.

Proposal 2:
The timing offset of -3us and frequency error of 300Hz shall be used to specify the CRS-IC performance.
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Appendix
PDSCH simulation assumptions for feICIC CRS-IC
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Duplex mode
	FDD

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler (Hz)
	EVA5

	Resource allocation
	50 PRB

	Transmission scheme
	TM2 (SFBC)

	CRS-IC capability
	2-cell CRS-IC

	MRC/IRC Reciver
	MRC

	HARQ
	MAX 4 re-transmission

	Sync
	Perfect sync with serving cell

	Channel estimation for demodulation
	Realistic channel estimation

	Timing offset (t) and frequency offset (f) between the serving cell and each of the interfering cells
	1.               (t,f)=(0s,0Hz)

	
	2.               (t,f)=(2.5s,200Hz)

	
	3.               (t,f)=(3s,300Hz)

	
	4.               (t,f)=(-3s,300Hz)

	Interferer time/frequency tracking for CRS-IC
	frequency-domain timing/frequency tracking

	Number of interferers / interference levels
	Two explicitly modelled interferers:

	
	1st interferer Es/Noc=12dB

	
	2nd interferer Es/Noc=10dB


