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1
Introduction
Release-12 SI “Network-Assisted Interference Cancellation and Suppression for LTE” [1], focuses in the evaluation of the network-assisted (and non-network-assisted) IC and IS receivers’ ability to mitigate co-channel inter– and intra-cell interference. 
Here, we investigate the performance of NAICS receivers under the Phase 1 simulation assumptions [1], [3], [4]. In particular, the following receivers are considered (along with the basic LMMSE receiver optimized for AWGN, referred hereafter to as “LMMSE-AWGN”):
· 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. 
· SLIC: Symbol-level interference cancellation.

· L-CWIC: codeword-level SIC.

The receivers use practical channel and covariance estimation. In addition CRS-IC is utilized to enhance channel estimation of overlapping CRSs. DMRS-IC is used in the channel estimation (for TM9 cases).
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. According to [4], the baseline receiver is the LMMSE-IRC (Rel-11), and the comparison metric is the SINR gain at 70% of the maximum throughput (which is given in the following figures with a red-dashed horizontal line). 
In this contribution, we have investigated E-LMMSE-IRC, SLIC and L-CWIC receivers (L-CWIC evaluated only in the TM4 case). Practical channel estimation is assumed while in addition, for L-CWIC we have considered also the availability of ideal feedback (denoted as “ideal fb” in figure legends below). Two cases of colliding and non-colliding CRS have been simulated while CRS-IC has been enabled. The cell ID sets of {0, 6, 1} (with colliding CRS from the interference cell #1) and {0, 2, 1}, respectively, were used in the analysis of these two cases. The results span over the three interference profiles while in this study we have used ON/ON profile for the two interferers. Moreover, a CSI delay of 8 ms and 0 ms, respectively, were used in TM4 and TM9 evaluations.
	Serving cell
	Interference cell #1
	Interference cell #2
	Notes

	TM4, rank 1

MCS#5: QPSK
MCS#14: QAM16
	TM4, rank 1

MCS#5: QPSK
MCS#25: QAM64
	TM4, rank 1

MCS#5: QPSK
MCS#25: QAM64
	Resultant 2 MCS combinations for interferers {5,5}, {25,25}. In addition, both cell ID sets {0,6,1} and {0,2,1} investigated.

	TM9, rank 1

MCS#5: QPSK
MCS#14: QAM16 
	TM9, rank 1

MCS#5: QPSK
MCS#25: QAM64
	TM9, rank 1

MCS#5: QPSK
MCS#25: QAM64
	Resultant 2 MCS combinations for interferers {5,5}, {25,25}. Cell ID set {0,6,1}.


3
Performance summary and discussion
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Figure 1a: 5-25% geometries, 50 PRB allocation, CIDs 0,6,1.
In Figure 1a, we summarize link performance over the three interference profiles, denoted as INR1, INR2, INR3, that is low, medium and high for the 5-25% geometry range. The legends on the horizontal axis represent the desired/interfering MCS, as the same MCS is used for both interferers, only one value is depicted. The following observations can be made:

Observations:

Interference profile dependency
· The performance of advanced receivers depends on the interference profile, better cancellation/suppression being possible due to overall interference getting more coloured. This is due to the fact that the stronger the inter-cell interference, the better it can be estimated by IS/IC receivers resulting in enhanced post-IS/IC SINRs.
· In the case of having one cell with colliding CRS and one with non-colliding (in case of TM4) or two cells with colliding DM-RS (in case of TM9), the NAICS receivers give considerable gain, that for some specific INRs tends to be quite large.
Receivers’ comparison
· Compared to the Rel-11 baseline (LMMSE-IRC), the candidate NAICS receivers (E-LMMSE-IRC and SLIC) provide reasonable and comparable gains. 
· Regarding the absolute Tput numbers obtained for TM9, some level of decrease in comparison to those of the TM4 case can be observed due to DM-RS pilot overhead. 

MCS dependency
· E-LMMSE-IRC shows an improvement over the LMMSE-IRC for both TM4 and TM9 and gains are consistent with respect to the victim and aggressor MCS. This is particularly important as E-LMMSE-IRC is the least complex receiver.

· SLIC receiver performs quite close to the E-LMMSE-IRC receiver, however, the performance of SLIC can be observed to degrade with increasing interferer MCS#. This is due to more challenging interferer symbol detection.
· L-CWIC provides very good gains when the aggressor MCS# is low, since the interferers are estimated more reliably and therefore cancelled more effectively. However, when the interfering cells deploy high MCS#s (e.g. MCS#25 in this example), then the L-CWIC performs similar to E-LMMSE-IRC and SLIC.
· L-CWIC-id, hence assuming ideal feedback at the cancellation stage, that is perfect knowledge of the streams to cancel, sets the upper bound showing good IC potential. 

· In case of low aggressor MCS, L-CWIC is close to the upper bound set by L-CWIC-id.
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Figure 1b: 75-95% geometries, 50 PRB allocation, CIDs 0,6,1.
Similar to link performance for 5-25% geometries presented in Figure 1a, we see that the most complex L-CWIC outperforms the other receivers only when the interfering cells deploy a strong (lower #) MCS.

On the other hand, the SLIC receiver was shown to perform better compared to the E-LMMSE-IRC receiver, in these geometry percentiles, than in 5-25% geometries of §4.1.1.

4
Performance details

4.1
5-25% Geometries
4.1.1. 

TM4 Rank-1, 50 PRB Resource allocation, CIDs 0,6,1
The simulation results with cell IDs 0 for the serving, and 6, 1 for the two interfering cells, and with TM4 Rank-1 serving cell’s MCS#5 and MCS#14 are given in Figures 2-3 (interferers’ MCS#5), and 4-5 (interferers’ MCS#25), correspondingly.
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                              (a)                                                              (b)                                                              (c)

Figure 2. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 3. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 4. TM4 Rank-1, Serving cell MCS#14, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 5. TM4 Rank-1, Serving cell MCS#14, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
4.1.2. 

TM4 Rank-1, 50 PRB Resource allocation, CIDs 0,2,1
In this paragraph, we present simulations with non-overlapping cell IDs, i.e. cell ID 0 for the serving, and 2, 1 for the two interfering cells, and with TM4 Rank-1 serving cell’s MCS#5. No CRS-IC is involved in the receivers of this paragraph (Figures 6, 7).
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Figure 6. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 7. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
4.1.3. 

TM9 Rank-1, 50 PRB Resource allocation, CIDs 0,6,1
In this Section, the simulation results with TM9 Rank-1 serving cell’s MCS#5 and MCS#14 are given in Figures 8-9, and 10-11 correspondingly.
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Figure 8. TM9 Rank-1, Serving cell MCS#5, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 9. TM9 Rank-1, Serving cell MCS#5, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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                              (a)                                                          (b)                                                           (c)

Figure 10. TM9 Rank-1, Serving cell MCS#14, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
[image: image28.emf]-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 1011121314

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

G [dB]

Throughput [Mbps]

TM9 Rank1, 2x2, EPA 5Hz, 50 PRBs, CIDs 0,6,1

 

 

LMMSE-AWGN, P1, mcs14/25, INR1

LMMSE-IRC, P1, mcs14/25, INR1

ELMMSE-IRC, P1, mcs14/25, INR1

SLIC, P1, mcs14/25, INR1

[image: image29.emf]-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 1011121314

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

G [dB]

Throughput [Mbps]

TM9 Rank1, 2x2, EPA 5Hz, 50 PRBs, CIDs 0,6,1

 

 

LMMSE-AWGN, P1, mcs14/25, INR2

LMMSE-IRC, P1, mcs14/25, INR2

ELMMSE-IRC, P1, mcs14/25, INR2

SLIC, P1, mcs14/25, INR2

[image: image30.emf]-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 1011121314

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

G [dB]

Throughput [Mbps]

TM9 Rank1, 2x2, EPA 5Hz, 50 PRBs, CIDs 0,6,1

 

 

LMMSE-AWGN, P1, mcs14/25, INR3

LMMSE-IRC, P1, mcs14/25, INR3

ELMMSE-IRC, P1, mcs14/25, INR3

SLIC, P1, mcs14/25, INR3
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Figure 11. TM9 Rank-1, Serving cell MCS#14, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
4.2
75-95% Geometries

4.2.1. 

TM4 Rank-1, 50 PRB Resource allocation, CIDs 0,6,1
In this Section, we have the results of the TM4 with the interference to noise ratio profiles corresponding to 75-95% geometries when PDSCH uses 50 PRB allocation.
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Figure 12. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#5; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
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                              (a)                                                              (b)                                                              (c)
Figure 13. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#25; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
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                              (a)                                                              (b)                                                              (c)
Figure 14. TM4 Rank-1, Serving cell MCS#14, interfering cells MCS#5; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
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                              (a)                                                              (b)                                                              (c)
Figure 15. TM4 Rank-1, Serving cell MCS#14, interfering cells MCS#25; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
4.2.2. 

TM9 Rank-1, 50 PRB Resource allocation, CIDs 0,6,1

In this Section, the simulation results with TM9 Rank-1 serving cell’s MCS#5 and MCS#14 are given in Figures 16-17, and 18-19 correspondingly.
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Figure 16. TM9 Rank-1, Serving cell MCS#5, interfering cells MCS#5; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
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Figure 17. TM9 Rank-1, Serving cell MCS#5, interfering cells MCS#25; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
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                              (a)                                                          (b)                                                           (c)

Figure 18. TM9 Rank-1, Serving cell MCS#14, interfering cells MCS#5; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
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Figure 19. TM9 Rank-1, Serving cell MCS#14, interfering cells MCS#25; (a) INR1 = [1.42 dB, 0.69 dB], (b) INR2 = [6.73 dB, 5.09 dB], (c) INR3 = [17.49 dB, 16.19 dB].
5
Conclusions

In this contribution, we investigated the performance of the NAICS receivers E-LMMSE-IRC, SLIC, as well as L-CWIC, compared to the LMMSE-IRC (baseline) and LMMSE. There were simulation scenarios (i.e., specific combinations of the interference profiles with serving and interfering cell MCS#s) where the investigated NAICS receivers clearly outperformed LMMSE-IRC, while in other scenarios no significant gains were observed. 
Based on the simulation results obtained, we can observe the following:

· E-LMMSE-IRC shows an improvement over the LMMSE-IRC for both TM4 and TM9 and gains are consistent with respect to the victim and aggressor MCS. This is particularly important as E-LMMSE-IRC is the least complex receiver.

· SLIC receiver performs quite close to the E-LMMSE-IRC receiver, however, the performance of SLIC can be observed to degrade with increasing interferer MCS#. This is due to more challenging interferer symbol detection.
· L-CWIC provides very good gains when the aggressor MCS# is low, since the interferers are estimated more reliably and therefore cancelled more effectively. However, when the interfering cells deploy high MCS#s (e.g. MCS#25 in this example), then the L-CWIC performs similar to E-LMMSE-IRC and SLIC.
· L-CWIC-id, hence assuming ideal feedback at the cancellation stage, that is perfect knowledge of the streams to cancel, sets the upper bound showing good IC potential. 

· In case of low aggressor MCS, L-CWIC is close to the upper bound set by L-CWIC-id.

References
[1] RP-130404, Study on Network-Assisted Interference Cancellation and Suppression for LTE, March 2013.
[2] R4-133630, Summary of interference modeling email discussion, MediaTek, Inc., RAN4#68, August 2013.

[3] R4-134458, Text Proposal for TR36.863 for NAICS (Section 8), MediaTek, Inc., RAN4#68, August 2013.
[4] R4-135660, WF (Way forward) on NAICS phase 1 results, Qualcomm, RAN4#68bis, October 2013.
Appendix

Table 1: Simulation assumptions, [2].

	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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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, [3].
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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