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1
Introduction

With the finalization of the NAICS core part in the previous meeting, RAN4 needs to focus further on the introduction of UE PDSCH demodulation tests for the verification of NAICS functionality [1]. In the previous meeting it has been agreed to provide further input on the following open issue related to scenarios:

· Mixed TM scenarios

· Non-colliding CRS for the dominant interferer

In order to understand the achievable performance benefits, in this contribution we investigate the performance of NAICS receivers in different conditions including same and mixed TMs and in the presence of colliding and non-colliding CRS. 
2
Simulation Assumptions

In this contribution, we provide the NAICS performance analysis for the following non-colliding CRS scenarios:

· TM4-TM2 scenario

· TM2-TM4 scenario

Note: TM X-TM Y notation describes the scenario with TM X in the serving cell and TM Y in the interference cells.

The following receivers, using practical channel and covariance estimation, are considered:
· LMMSE-IRC (baseline)

· Genie-aided SLIC
· SLIC-BD: SLIC with joint blind detection.

· The analysis is provided for the case of colliding CRS in the serving and the dominant interferer cell with the cell IDs of {0, 6, 1} and non-colliding CRS in the serving and the dominant interferer cells with the cell ID sets of {0, 1, 6}. The results span over the two interference profiles, while in this study we have used ON/ON profile for the two interferers, but only the dominant interferer is considered in the IC. 
The following interference parameters are assumed to be jointly and blindly detected: Interference presence, PA, PMI, modulation. The desired PA value is 0dB. The NAICS UE is assuming PA is blindly detected from PA subset of {-3dB, -1.77dB, 0dB, 1dB}. The number of used PRBs in the blind detection process is 1PRB. 
The Phase 1 simulation assumptions used in this contribution, following [2], are summarized in Tables 1 and 2 given in the Appendix. 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). 
3
Performance summary and discussion


[image: image1]
Figure 1: TM4-TM2, 5-25% geometries, 6 PRB allocation, 1PRB BD, Colliding CIDs {0,6,1}, non-colliding CID {0,1,6}

[image: image2]
Figure 2: TM2-TM4, 5-25% geometries, 6 PRB allocation, 1PRB BD, Colliding CIDs {0,6,1}, non-colliding CID {0,1,6}
Figure 1a, we summarize link performance over the two interference profiles, denoted as INR2, INR3, that is 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:

Colliding CRS

· In non-homogeneous interactions of TM4-TM2 and TM2-TM4 there is very good NAICS gain, especially in presence of high INR.

Non-colliding CRS

· In non-homogeneous interactions of TM4-TM2 and TM2-TM4 there is good NAICS gain, especially in presence of high INR.

Proposals:

· Consider the non-homogeneous TM interactions of TM4-TM2 and TM4-TM2 as part of the test case setup in colliding and non-colliding CRS case.

4
Performance details

4.1
TM4/TM2 scenario

The simulation results in the TM4/TM2 scenario with cell ID s 0 for the serving cell and 6,1 for the two interfering cells. The results with serving cell MCS#5 and interference cell MCS#5 and MCS#14 are given in Figure 3- Figure 6. The results with serving cell MCS#14 and interference cell MCS#5 and MCS#14 are given in Figure 7- Figure 10.

4.1.1
Colliding CRS scenario
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	Figure 3: TM4-TM2, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
	Figure 4: TM4-TM2, high INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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	Figure 5: TM4-TM2, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
	Figure 6: TM4-TM2, high INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;


	[image: image7.jpg]Throughput [bit/s]

13

x10° Th=[4 2 2], #CRS [2 2 2], MCS=[14 5 5], RI=[1 1 1], PA=[-3,-177, 0], CIDs{D, 6, 1}, INRZ

—6—Genie Aided SLIC
—6—BDsLIC
—6—IRC

B 4 & 8 10 12

Simulation SINR [d8]




	[image: image8.jpg]w10 TM=4 2 2], #CRS [2 2 2], MCS=[14 5 5], RI=[1 1 1], P

3,-177, 0], CIDS(O, 6, 1}, INR3
T T T T T

—&— Genie Aided SLIC
—&—BD SLIC
—e—IRC

Throughput [bis]

5 | i i i |
2 0 2 4 G B [l
Simulation SINR (48]






	Figure 7: TM4-TM2, medium INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;
	Figure 8: TM4-TM2, high INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;
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	Figure 9: TM4-TM2, medium INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;
	Figure 10: TM4-TM2, high INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;


4.1.2
Non-Colliding CRS scenario

The simulation results in the TM4/TM2 scenario with cell ID s 0 for the serving cell and 1,6 for the two interfering cells. The results with serving cell MCS#5 and interference cell MCS#5 and MCS#14 are given in Figure 11- Figure 14. The results with serving cell MCS#14 and interference cell MCS#5 and MCS#14 are given in Figure 15- Figure 18.
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	Figure 11: TM4-TM2, medium INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
	Figure 12: TM4-TM2, high INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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	Figure 13: TM4-TM2, medium INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
	Figure 14: TM4-TM2, high INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
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	Figure 15: TM4-TM2, medium INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;
	Figure 16: TM4-TM2, high INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;


	[image: image17.jpg]Throughput [bit/s]

16

14

—e—Genie Aided SLIC
—e—5LIC with BD
—e—IRC

x10° Th=[4 2 2], #CRS=[2 2 2], MCS=[14 1414 RI=[1 1 1], PA={-3,-1.77, 0}, CIDs{0,1,8}, INR2
T T

2 4 G 5 70 12
Simulation SINR [dB]




	[image: image18.jpg]Throughput [bit/s]

16

14

—e—Genie Aided SLIC
—e—5LIC with BD
—e—IRC

x10° Th=[4 2 2], #CRS=[2 2 2], MCS=[14 14 14 RI=[1 1 1], PA={-3,-1.77, 0}, CIDs{0,1,8}, INR3
T T

2 4 G 5 70 12
Simulation SINR [dB]





	Figure 17: TM4-TM2, medium INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;
	Figure 18: TM4-TM2, high INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;


4.2
TM2/TM4 scenario

4.2.1 
Colliding CRS scenario
The simulation results in the TM2/TM4 scenario with cell ID s 0 for the serving cell and 6,1 for the two interfering cells. The results with serving cell MCS#5 and interference cell MCS#5 and MCS#14 are given in Figure 19- Figure 22. The results with serving cell MCS#14 and interference cell MCS#5 and MCS#14 are given in Figure 23- Figure 26.
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	Figure 19: TM2-TM4, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
	Figure 20: TM2-TM4, high INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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	Figure 21: TM2-TM4, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
	Figure 22: TM2-TM4, high INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
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	Figure 23: TM2-TM4, medium INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;
	Figure 24: TM2-TM4, high INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;


	[image: image25.jpg]Throughput [bit/s]

13

12

11

10

%10° Th=[2 4 4], #CRS [2 2 2], MCS=[14 14 14 RI=[1 1 1], PA=[-3,-1.77, 0], CIDs{0, , 1}, INR2

—6—Genie Aided SLIC
—6—BDsLIC
—6e—IRC

4 G 5 70 T
Simulation SINR [d8]




	[image: image26.jpg]Throughput [bis]

10° TM=[2 4 4], #CRS [2 2 2], MCS=[14 14 14],

11], PA=-3, -1.77, 0], CIDS(0, 6, 13, INR3

—&— Genie Aided SLIC
—&—BD SLIC
—e—IRC

2 0 G s
Simulation SINR (48]





	Figure 25: TM2-TM4, medium INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;
	Figure 26: TM2-TM4, high INR, Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;


4.2.2
Non-colliding CRS scenario

The simulation results in the TM4/TM4 scenario with cell ID s 0 for the serving cell and 1,6 for the two interfering cells. The results with serving cell MCS#5 and interference cell MCS#5 and MCS#14 are given in Figure 27- Figure 30. The results with serving cell MCS#14 and interference cell MCS#5 and MCS#14 are given in Figure 30- Figure 33.
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	Figure 27: TM2-TM4, medium INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
	Figure 28: TM2-TM4, high INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;


	[image: image29.jpg]Throughput [bitfs]

«10° TM=[2 4 4], #CRS=[2 2 2], MCS=[5 14 14], RI=[1 1 1], PA=(-8,-177, 0}, CIDs{0,16}, INR2
T

—6—Genie Aided SLIC
=8~ SLIC with BD
—e—IRC

[ -6 -4
Simulation SINR [dB]




	[image: image30.jpg]itfs]

Throughput [bi

x10

s Th=[2 4 4], #CRS=[2 2 2], MCS=[5 14 14], RI=[1 1 1], PA={-3,-177, 0}, CIDs{0,1,6}, INR3
T

—6—Genie Aided SLIC
=8~ SLIC with BD
—e—IRC

-10 E -6 -4
Simulation SINR [dB]





	Figure 29: TM2-TM4, medium INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
	Figure 30: TM2-TM4, high INR, non-Colliding CRS, Serving cell MCS#5, interfering cells MCS#14;
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	Figure 31: TM2-TM4, medium INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;
	Figure 32: TM2-TM4, high INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#5;
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	Figure 33: TM2-TM4, medium INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;
	Figure 34: TM2-TM4, high INR, non-Colliding CRS, Serving cell MCS#14, interfering cells MCS#14;


5
Conclusions

In this contribution, we investigated the performance of the NAICS receivers Genie-aided SLIC and SLIC with joint blind detection, compared to the LMMSE-IRC (baseline). 
Based on the simulation results obtained, we can summarize the following:

Observations:

Colliding CRS

1. In non-homogeneous interactions of TM4-TM2 and TM2-TM4 there is very good NAICS gain, especially in presence of high INR.

Non-colliding CRS

2. In non-homogeneous interactions of TM4-TM2 and TM2-TM4 there is good NAICS gain, especially in presence of high INR.

Proposals:

1. Consider the non-homogeneous TM interactions of TM4-TM2 and TM4-TM2 as part of the test case setup in colliding and non-colliding CRS case.
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Appendix

Table 1: Simulation assumptions
	Parameter
	Value

	PA
	0 dB

	Channel model
	EPA5

	Bandwidth 
	1.4 MHz/20 MHz

	Interference scenarios
	Interference pattern: ON/ON

Medium INR: See Table 2

High INR: See Table 2

	Cell Id
	Serving cell: 0

Interference cell 1: 1

Interference cell 2: 6

	Number of control OFDM symbols
	2

	PDSCH TM and MCS
	Note 1


Note 1:
Nine TM combinations: TM4-TM2, TM2-TM4. TM X-TM Y notation describes the scenario with TM X in the serving cell and TM Y in the interference cells.
In each TM combination, fixed MCS/RI across subframes and subbands for both serving and interference cell.
· Serving cell:
· Rank1

· MCS 5: QPSK, Rate 1/3

· MCS 14: 16QAM, Rate 1/2

· Intf1: 
· Rank1

· MCS 5: QPSK, Rate 1/3

· MCS 14: 16QAM, Rate 1/2
· Intf2: 
· Rank1
· MCS 5: QPSK, Rate 1/3
· MCS 14: 16QAM, Rate 1/2
· Resultant 4 MCS combinations for desired signal and interferers {5,5}, {5,14}, {14,5}, {14,14}, as the same MCS is used for both interferers, only one value is depicted.
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
Table 2: Simulation settings on  SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1, 
	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
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