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1
Introduction
The Rel-12 SI “Network-Assisted Interference Cancellation and Suppression for LTE” [1] focuses on evaluating the performance of network-assisted and (non-network-assisted) IC and IS receivers to mitigate co-channel inter– and intra-cell interference. This contribution addresses the link-level study of the NAICS enhanced LMMSE-IRC (E-LMMSE-IRC) receiver in inter-cell interference scenario (similar to the Rel-11 advanced receivers study item, TS36.101 §8.2.1.4.1B).
In more detail the following receivers are considered:
· LMMSE-IRC: LMMSE solution with narrowband covariance estimation.
· E-LMMSE-IRC: LMMSE solution with covariance constructed using interfering cell channel estimates, and knowledge of the other cell’s resource allocations.
2
Simulation Setup
The simulation scenario is similar to the Rel-11 advanced receivers study item for TM6, mcs#11 (RAN4#64bis), see [2] (Table 1 and Table 3), and [3] (Table 8.2.1.4.1B-1). 
The receivers use practical channel and covariance estimation.
Table 1: Simulation assumptions; see [3] (Table 8.2.1.4.1B-1) and [2] (Table 1).
	Parameter
	Test 2 (TM6)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM6

	Transmission mode in interfering cells
	TM4

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	2 or 1 interfering cells

	Network synchronization
	All cells are synchronous

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keep DIP(s) fixed to agreed values

	DIP values
	DIP1=-1.73dB, DIP2=-8.66dB

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between cells

	Resource allocation
	50 PRBs

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	MCS and TBS options
	Refer to Table 3

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	[PUCCH 1-1]

	Feedback periodicity & delay for target signal
	Feedback periodicity: 5 msec; Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing rank and PMI per sub-band from subframe to subframe

	
	Frequency granularity is 6 PRBs

	
	80% rank-1, 20% rank-2

	PMI for target signal
	Follow wideband PMI

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH: 16QAM modulation is agreed to be used in interfering cells

PSS/SSS/PBCH

	Tx EVM
	6%

	Noc at antenna port
	-98 dBm

	Cyclic prefix
	Normal

	Simulation length
	20000 sub-frames at minimum


Table 2: MCS and TBS for Test 2 (TM6); see [3] (Table A.3.3.2.1-2) and [2] (Table 3).
	
	
	MCS#11

	For subframe #0
	Information bit payload
	Bits
	[8760]

	
	Binary channel bits per subframe
	Bits
	[24768]

	For subframe #5
	Information bit payload
	Bits
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A

	For subframes #{1,2,3,4,6,7,8,9}
	Information bit payload
	Bits
	[8760]

	
	Binary channel bits per subframe
	Bits
	[26400]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[7.8840]


3
Performance

3.1
Two interferers, DIP1 = -1.73 dB, DIP2 = -8.66 dB

This scenario is exactly as in Table 1, with two interferers with DIP1=-1.73dB, DIP2=-8.66dB.
The fixed link simulation results of Rank-1 2x2 TM6 with fixed mcs#11 are shown in the following Figure 1. Note that the throughput in this Section #3 is measured per frame, see [2], [3].
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Figure 1. Rank-1 2x2 TM6 with Scenario of Table 1.
We observe that the E-LMMSE-IRC performs slightly better than the LMMSE-IRC in lower G values. The results with ideal interfering channel estimates, indicate that the channel estimation plays a very important role in the performance of this E-LMMSE-IRC receiver.
3.2 
One interferer, DIP1 = -0.1 dB
Here we have only a single interfering cell, with a high DIP profile equal to -0.1dB. The fixed link simulation results of Rank-1 2x2 TM6 with mcs#11 are shown below. 
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Figure 2. Rank-1 2x2 TM6 with the Scenario of Table 1, except the difference of having just one interfering cell with DIP1=-0.1dB.
The results of this Figure indicate a much higher gain for the E-LMMSE-IRC receiver compared to the MMSE-IRC, and again, the higher gain is observed in the lower G values.
3.3 
One interferer, DIP1 = -10 dB

In this section, we have again only a single interfering cell, but with a much lower DIP profile equal to -10dB. The fixed link simulation results of Rank-1 2x2 TM6 with fixed mcs#11 are given below.
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Figure 3. Rank-1 2x2 TM6 with the Scenario of Table 1, except the difference of having just one interfering cell with DIP1=-10dB.
From the results above we see again a gain for the E-LMMSE-IRC receiver. Note, that the gain of the E-LMMSE-IRC receiver compared to the Figure 1 is larger here. We believe this is due to the fact that here we have one interfering cell, and hence the interfering channel estimation is more accurate.
Considering the simulation results with the different DIP profiles, and different number of interfering cells, we propose:
Proposal 1: E-LMMSE-IRC receiver should be investigated for performance enhancement of Rel-11 Advanced Receivers, and in Scenarios with 2 or more interfering cells.
4
Conclusions

In this contribution we investigated the NAICS performance of the enhanced MMSE-IRC (E-LMMSE-IRC) receiver in inter-cell interference setup. Significant gain was observed in interfering cell with high dominant interferer profile (DIP). 
Based on the results of this contribution, our proposal is:
Proposal 1: E-LMMSE-IRC receiver should be investigated for performance enhancement of Rel-11 Advanced Receivers, and in Scenarios with 2 or more interfering cells.
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