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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. 
In this contribution we investigate the performance of NAICS receivers under the Phase 1 simulation assumptions [2], [3]. In particular, 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. DMRS-IC is used in the channel estimation (for TM9 cases).
· L-CWIC: codeword-level SIC.

The receivers use practical channel and covariance estimation. In addition no CRS-IC is utilized.
2
Simulation Assumptions

The Phase 1 simulation assumptions used in this contribution, following [2], [3], are summarized in Tables 1 and 2 given in the Appendix. 

3
Performance

3.1
5-25% Geometries
3.1.1. 

TM4 Rank-1, 6 PRB Resource allocation

The simulation results with TM4 Rank-1 serving cell’s mcs#5 and mcs#14 are given in Figures 1-2, and 3-4 correspondingly.
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Figure 1. TM4 Rank-1, Serving cell mcs#5, interfering cells mcs#5; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].
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Figure 2. TM4 Rank-1, Serving cell mcs#5, interfering cells mcs#25; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].
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Figure 3. TM4 Rank-1, Serving cell mcs#14, interfering cells mcs#5; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].
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Figure 4. TM4 Rank-1, Serving cell mcs#14, interfering cells mcs#25; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].

From the simulation results given in Figures 1-4 we observe that the NAICS receivers give indeed some gain vs. the LMMSE-IRC receiver, however not in all cases. There are interference profiles that the gain seen by the L-CWIC receiver is as much as 5.5dB (@10% BLER), and other interference profiles where the gain seems to be in the order of 0.2-0.5dB. 

As far as it concerns the NAICS receivers, the L-CWIC receiver is seen to perform best when the interferer MCS is small (more reliable interference cancellation). On the other hand, when the interferer MCS is large, very small gain is observed compared to LMMSE-IRC, since the interference cancellation is not that reliable due to the weaker coding protection of the interferers’ PDSCH. On the ELMMSE-IRC, it is observed that its performance gain compared to LMMSE-IRC depends highly on the interference profile. In addition larger gains of ELMMSE-IRC are observed for lower serving cell MCS (mcs#5 vs. mcs#14), mainly due to the different modulation order and overall coding gain.
3.1.2. 

TM9 Rank-1, 6 PRB Resource allocation

In this Section, the simulation results with TM9 Rank-1 serving cell’s mcs#5 and mcs#14 are given in Figures 5-6, and 7-8 correspondingly.
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Figure 5. TM9 Rank-1, Serving cell mcs#5, interfering cells mcs#5; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].
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Figure 6. TM9 Rank-1, Serving cell mcs#5, interfering cells mcs#25; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].
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Figure 7. TM9 Rank-1, Serving cell mcs#14, interfering cells mcs#5; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].
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Figure 8. TM9 Rank-1, Serving cell mcs#14, interfering cells mcs#25; (a) INR = [3.28 dB, 0.74 dB], (b) INR = [7.77 dB, 2.29 dB], (c) [13.91 dB, 3.34 dB].

From Figures 5-8, it is clear that the behaviour observed for TM9 is similar to the one observed for TM4. The ELMMSE-IRC is seen to perform better than the LMMSE-IRC in some interference profiles, while on other profiles there is no gain at all. Additionally, the lower the serving cell’s MCS the larger the gain observed.
4
Conclusions

In this contribution we investigated the performance of the NAICS receivers ELMMSE-IRC as well as L-CWIC, compared to the LMMSE-IRC and LMMSE. There were simulation scenarios where the investigated NAICS receivers clearly outperformed LMMSE-IRC, while in other scenarios no significant gains were observed. 
Based on the results of this contribution, our proposal is:
Proposal 1: Investigate further the performance of NAICS receivers, compared to LMMSE-IRC, to justify further actions.
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Appendix

Table 1: Simulation assumptions, [2].

	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
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r


	dB
	-3
	-3
	-3
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r


	dB
	-3 (Note 1)
	-3
	-3
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N

at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A

	Es/Noc, I1/Noc, I2/Noc
	dB
	See Table 2
	See Table 2
	See Table 2

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	1

	Number of control OFDM symbols
	
	2
	2
	2

	PDSCH TM and MCS
	
	Note 2
	Note 2
	Note 2

	Channel model

(for calibration purposes)
	
	EPA5
	EPA5
	EPA5


Note 1:
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Note 2:     Fixed MCS/RI across subframes and subbands for both serving and interference cell

· i) TM4 Rank 1 serving cell:
· MCS 5: QPSK, Rate 1/3

· [Optional] MCS 14: QAM16, Rate 1/2

· Intf1: TM4 Rank1 interferer

· MCS 5: QPSK, Rate 1/3

· MCS 25: QAM64, Rate ¾

· Intf2: TM4 Rank1 interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾

· Resultant 2 MCS combinations for interferers {5,5}, {25,25}

· iii) TM9 Rank 1 serving cell: 

· MCS 5: QPSK, Rate 1/3

· [Optional] MCS 14: QAM16, Rate 1/2
· Intf1: One TM9 Rank1 interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· Intf2: One TM9 Rank1 interferer, MCS 5 / MCS 25
· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· Resultant 2 MCS combinations for interferers {5,5}, {25,25}.
Note 4: Wideband PMI is for TM4 and TM9 transmissions during Phase 1.
· Fixed across entire frequency band
· Varies randomly from subframe to subframe for interfering cells, fixed across subframes for serving cell
The interferer profiles of Phase 1 are given below in Table 2, with 40% chosen to be the mandatory simulation case and 60% as optional, [2].
Table 2: Simulation settings on  SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1, [3].
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66

	40-60% geometries

	SINR_min
	3.89
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	8.06
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	2.26
	diff=
	I1/Noc(40%)@50%-tile
	6.24
	diff=
	I1/Noc(40%) @80%-tile
	12.95
	diff=

	Conditioned median I2/Noc
	0.15
	2.11
	Conditioned median I2/Noc
	1.54
	4.70
	Conditioned median I2/Noc
	3.47
	9.48

	I1/Noc(60%) @20%-tile 
	0.87
	diff=
	I1/Noc(60%) @50%-tile
	4.75
	diff=
	I1/Noc(60%) @80%-tile
	11.37
	diff=

	Conditioned median I2/Noc
	-1.23
	2.10
	Conditioned median I2/Noc
	-0.11
	4.86
	Conditioned median I2/Noc
	1.85
	9.52

	75-95% geometries 

	SINR_min
	12.01
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	19.26
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	1.42
	diff=
	I1/Noc(40%)@50%-tile
	6.73
	diff=
	I1/Noc(40%) @80%-tile
	17.49
	diff=

	Conditioned median I2/Noc
	0.69
	0.73
	Conditioned median I2/Noc
	5.09
	1.64
	Conditioned median I2/Noc
	16.19
	1.31

	I1/Noc(60%) @20%-tile 
	-0.02
	diff=
	I1/Noc(60%) @50%-tile
	5.18
	diff=
	I1/Noc(60%) @80%-tile
	16.00
	diff=

	Conditioned median I2/Noc
	-0.76
	0.74
	Conditioned median I2/Noc
	3.63
	1.54
	Conditioned median I2/Noc
	14.71
	1.28
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