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1 Introduction
In RAN4#65, a working assumption was agreed [1]:

Reference receiver for CRS-IC is assumed to cope with time/frequency errors between signal components of aggressor cells and serving cell. Reference receiver is based on a single FFT implementation. 

In this contribution, we provide link level simulation results for PBCH-IC performance considering the time/frequency errors between aggressor and serving cells.  
2 PBCH-IC link level simulation results
2.1 Simulation assumptions
In our simulations, SFN synchronous case is assumed. If time/frequency errors are present, the timing offset between serving cell and interfering cells is set as 2.5usec, and the frequency error is set as 300Hz. PBCH-IC needs some extra operations to get rid of the effects resulting from these errors. More detailed simulation assumptions are showed in Table 1.
Table 1: PBCH IC simulation assumptions for SFN synchronous case

	Assumption
	Value

	Number of interfering cells (N)
	2

	SNR for aggressor cells
	(1st dominant interferer, 2nd dominant interferer) = (4dB, 2dB)

	Cell ID
	Evaluate the following scenarios:

(serving cell, 1st dominant interferer, 2nd dominant interferer) = (0, 6, 2)
(serving cell, 1st dominant interferer, 2nd dominant interferer) = (0, 1, 2)

	Channel model
	ETU 30Hz

	Carrier frequency
	2GHz

	Timing offset
	Option 1: 0 
Option 2: 2.5usec for both aggressors

	Frequency offset
	Option 1: 0 

Option 2: 300Hz for both aggressors

	Antenna configuration
	2x2, low correlation

	Subframe shifting
	None

	ABS configuration
	Non ABS subframe

	System bandwidth
	10MHz

	Cyclic prefix
	Normal

	Power allocation (rhoA, rhoB)
	-3dB

	Serving cell SNR measured at CRS
	-14 to 0dB, step size 1dB

	Interference
	Aggressor cell interferences are explicitly modeled

	Tx EVM
	6%

	Receiver
	Evaluate the following

· PBCH IC of 2 aggressors

· PBCH IC of 1 aggressor (for information)

· No PBCH IC (for information)

CRS-IC should be performed at the same time.

	Simulation length
	40000 subframes minimum

	Channel estimation
	Realistic

	Aggressor PBCH decoding 
	Practical


2.2 Simulation results
Figures 1-4 show the link level simulation results for PBCH IC under above simulation assumptions. PBCH-IC performance with and without time/frequency errors are summarized in Table 2. Gains in dB of PBCH IC by cancelling one and two aggressors at 1% BLER are used to assess the effectiveness of PBCH IC. 

Table 2:  SNR for the 1% PBCH target BLER (unit: dB)
	Interference Cases
	No intf
	With intf,  no IC
	With intf, IC 2 aggressors
	With intf, IC 1 aggressor
	Gain of IC 2 aggressors
	Gain of IC 1 aggressor

	Cell ID: (0,6,2)     w/o tming/freq offset
	-7.9
	-1.4
	-6.2
	-4.5
	4.8
	3.1

	Cell ID: (0,6,2)     2.5usec, 300Hz
	-7.9
	-1.4
	-5.4
	-4.0
	4.0
	2.6

	Cell ID: (0,1,2)     w/o tming/freq offset
	-7.9
	-1.9
	-5.8
	-3.9
	3.9
	2.0

	Cell ID: (0,1,2)     2.5 usec, 300Hz
	-7.9
	-1.9
	-5.0
	-3.7
	3.1
	1.8
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Figure 1. PBCH IC performance with cell ID (0,6,2) and w/o timing/freq offset
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Figure 2. PBCH IC performance with cell ID (0,6,2) and w/ timing/freq offset
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Figure 3. PBCH IC performance with cell ID (0,1,2) and w/o timing/freq offset
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Figure 4. PBCH IC performance with cell ID (0,1,2) and w/ timing/freq offset
Some observation can be obtained from above results:

· Compared with no IC, about 3.1-4.8dB gain can be achieved by cancelling PBCH interference of two aggressors. And, about 1.8-3.1dB gain can be achieved by cancelling PBCH interference of only stronger aggressor.
· Performance gain of PBCH IC with 2.5 usec timing offset and 300 Hz frequency offset is less than that perfect time/frequency between serving and aggressor cells. This reason is that timing and frequency offset impact channel estimation accuracy of interfering cells since subframe boundary and frequency offset compensation for channel demodulation are based on serving cell. The degradation of the gain of PBCH IC due to time/frequency error is larger in cancelling 2 cells than cancelling 1 cell. 
· Performance gain of PBCH IC under cell ID (0,1,2) configuration is less than that under cell ID (0,6,2) configuration especially for cancelling PBCH interference of only stronger aggressor. For CRS out of PBCH region, interference cannot be cancelled since collided data cannot be reconstructed under CRS non-collision scenario. This leads to it that channel estimation accuracy of serving cell after PBCH IC and CRS IC under CRS non-collision scenario is worse than that under CRS collision scenario. 
3 Conclusion

In this contribution, we provide the link level simulation results for PBCH IC receiver. Based on above results, we have following observations and proposal.
· Observation 1: PBCH IC receiver can efficiently improve PBCH demodulation performance under serious interfering environments.
· Observation 2: PBCH IC performance gain under CRS non-collision scenario is less than that under CRS collision scenario.
· Observation 3: Compared with w/o timing/frequency offset, w/ timing/frequency offset would degrade PBCH performance gain for PBCH IC receiver.
· Proposal: Use Table 1 as the simulation assumptions as FeICIC PBCH performance requirements.  
4 References
[1] RAN4#65 RRM & Demod Chairman Notes.

[2] R4-126808, “Way Forward on time and frequency tracking to CRS-IC,” Renesas Mobile Europe Ltd., Qualcomm, Motorola Mobility, Intel.

5/5

