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1 Introduction

In RAN4 #63 and #63AH meeting, the methodology on how to determine interference number and interference levels is discussed in [1] and [2]. In RAN4 64 meeting, the link level simulation results for PDSCH and PDCCH/PCFICH with CRS interference cancellation (CRS-IC) are provided [3]. But the online comment was that the gain of cancelling two strongest interference would be marginal compared to cancelling the strongest interference. So there might be no need to explicitly model two interferers.
In this contribution, we try to verify whether it is necessary to explicitly model two interferers for FeICIC demodulation testing under 9dB CRE bias. 

2 Interference levels and simulation assumptions
Table 1, Table 2 and Table 3 summarize our suggested FeICIC interference conditions under 9dB CRE bias and simulation assumptions for PDSCH and PDCCH/PCFICH based on our previous contributions [1~3]. 
Two kinds of CRS-IC schemes will be evaluated to determine whether it’s necessary to cancelling the second CRS interference:
· Cancelling only the strongest CRS interference;
· Cancelling both the first and second strong CRS interference.
And during the evaluation we always explicitly model two strongest interferences.

Table 1: Interference level three kinds of interested UE

	UE interested
	Interference level (dB)
	Channel interested

	
	Es/Noc2
	I1/Noc2
	I2/Noc2
	

	50%-ile Pico CRE UE
	4.2
	9.4
	0.9
	SCH TM2

	50%-ile Pico non-CRE UE
	13.8
	9
	2.3
	SCH TM3

	5% Pico CRE UE
	-0.8
	8.1
	2
	CCH


Table 2: Common simulation assumptions for link level simulation for PDCCH/PCFICH
	Parameter
	Pico serving cell
	Stronger Macro cell
	Weaker macro cell

	BW
	10 MHz

	PDCCH configuration
	DCI length: 47 ( including CRC);  Aggregation level: 8
	N/A
	N/A

	Channel configuration
	EVA5, 2X2 Low

	CRS configuration (Cell ID)
	1
	7
	13

	
	1
	2
	8

	
	1
	2
	3

	
	1
	7
	2

	Time offset
	N/A
	2.5μs
	2.5μs

	Control OFDM symbols
	3 OFDM symbol for PDCCH

	PHICH duration
	Extended; but the joint PCFICH and PDCCH decoding

	ABS configuration
	non-MBSFN ABS with following ABS pattern: [00000100 00000100 00000100 01000100 00000100]


Table 3: Common simulation assumptions for Link level simulation for PDSCH

	Parameter
	Pico serving cell
	Stronger Macro cell
	Weaker macro cell

	BW
	10 MHz

	Transmission mode
	· TM2 SFBC

· TM3, rank == 2

	Channel configuration
	· TM2: EVA5, 2X2 medium

· TM3: EVA5, 2X2 low

	CRS configuration (Cell ID)
	1
	7
	13

	
	1
	2
	8

	
	1
	2
	3

	
	1
	7
	2

	Time offset
	N/A
	2.5μs
	2.5μs

	Control OFDM symbols
	2 OFDM symbol for PDCCH

	ABS configuration
	non-MBSFN ABS 

	OLLA
	OLLA is used and target BLER = 0.1

	AMC
	With CQI, PMI adaptation and fixed RI = 1 for TM2 and RI=2 for TM3


3 Simulation results

Parts of simulation results for cell ID (1, 7, 2) are show in this section. And the others are provided in Appendix.

3.1 PDCCH/PCFICH

The simulation result for PDCCH/PCFICH by comparing cancelling one interference and two interferences is given in Figure 1. It can be observed that

· Cancelling both two strong interference cells could also achieve a benefit gain over only cancelling the strongest interference
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Figure 1 Link level simulation results of CRS-IC for PDCCH/PCFICH
3.2 PDSCH TM2
The simulation result for PDSCH TM2 by comparing cancelling one interference and two interferences is given in Figure 2. It can be observed that

· In low SNR condition, cancelling two strong interference cells have better performance gain over only cancelling the strongest interference for TM2.
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Figure 2 Link level simulation results of CRS-IC for PDSCH TM2
3.3 PDSCH TM3

The simulation result for PDSCH TM2 by comparing cancelling one interference and two interferences is given in Figure 2. It can be observed that

· When TM3 mode, the performance gain of cancelling two strong interference cells over cancelling two strong interference cells are not significant.
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Figure 3 Link level simulation results of CRS-IC for PDSCH TM3
3.4 Summary
Table 4 ~ Table 6 compare the simulation results (which are given in the section 3.3 and Appendix I) between the methods of cancelling two strong interference cells and cancelling only the strongest interference.  For PDCCH/PCFICH, the required SNR-s with 1% BLER are given. For PDSCH, the throughput gains at a given SNR (Es/Noc2) are given. 
Table 4 Performance compare of cancelling 1 or 2 CRE interference, PDCCH/PCFICH
	CRS configuration

(serving, first intf. cell, second intf. cell)
	Working SNR when under 1% BLER

	
	IC one cell
	IC two cell
	Without two intf.

	(1,2,3)
	-3.8
	-5.4
	-5.8

	(1,2,8)
	-4.2
	-5.3
	-5.8

	(1,7,13)
	-4.6
	-5.4
	-5.8

	(1,7,2)
	-4.0
	-5.4
	-5.8


Table 5 Performance compare of cancelling 1 or 2 CRE interference, PDSCH TM2
	CRS configuration

(serving, first intf. cell, second intf. cell)
	Throughput and gain when under Es/Noc2=4.2dB

	
	No IC
	IC one cell
	IC two cell

	(1,2,3)
	1.15
	1.88
	2.18

	
	100%
	163%
	189%

	(1,2,8)
	1.14
	1.91
	2.16

	
	100%
	167%
	189%

	(1,7,13)
	1.41
	2.08
	2.19

	
	100%
	147%
	155%

	(1,7,2)
	1.31
	1.89
	2.19

	
	100%
	144%
	167%


Table 6 Performance compare of cancelling 1 or 2 CRE interference, PDSCH TM3
	CRS configuration

(serving, first intf. cell, second intf. cell)
	Throughput and gain when under Es/Noc2=13.8dB

	
	No IC
	IC one cell
	IC two cell

	(1,2,3)
	4.46
	5.78
	5.83

	
	100%
	129%
	130%

	(1,2,8)
	4.39
	5.75
	5.82

	
	100%
	130%
	132%

	(1,7,13)
	4.04
	5.82
	6.09

	
	100%
	144%
	150%

	(1,7,2)
	4.06
	6.00
	6.12

	
	100%
	147%
	150%


From the above tables, the throughput gains of cancelling two interfering cells over cancelling one interfering cell for different physical channels are shown as follows:
· For PDCCH/PCFICH, cancelling the two strong interference will introduce the 0.8dB~1.4dB SNR gain over cancelling only one interference;
· For PDSCH TM2 and CRS non-colliding scenario, about 25% throughput gain could be achieved by cancelling two interferences compared with cancelling only one, and about 8%  throughput gain for the CRS colliding scenarios;
· For PDSCH TM3 rank-2, the small performance gain about 1%~6% could be observed by cancelling two interferences over cancelling only one.

Based on the results and analysis, the following observation and proposal are suggested:
Observation:
· The number of interferences being cancelled depends on the interference levels, target SNR and what physical channels are evaluated.
Proposal:
· Considering handling the worse interference scenarios and ensuring the performance of different channel, it is necessary to defined RAN4 FeICC demodulation testing cases under 9dB bias by explicitly modelling N=2 interferences. 
3.5 Simulation results for PBCH-IC
Since there are contributions which discuss the performance of PBCH-IC during this meeting, we provide the simulation results for PBCH-IC in Appendix II for the convenience of discussion, which are copied from [5].
4 Conclusion
This contribution provides the simulation results of cancelling different number of interference cells, and following observation and proposal are suggested:

Observation:
· The number of interferences being cancelled depends on the interference levels, target SNR and what physical channels are evaluated.
Proposal:

· Considering handling the worse interference scenarios and ensuring the performance of different channel, it is necessary to defined RAN4 FeICC demodulation testing cases under 9dB bias by explicitly modelling N=2 interferences.
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6 Appendix I: Simulation results for PDCCH/PCFICH and PDSCH
6.1 PDCCH/PCFICH
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Figure 4 Link level simulation results of CRS-IC for PDCCH/PCFICH
6.2 PDSCH TM2
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Figure 5 Link level simulation results of CRS-IC for PDSCH TM2

6.3 PDSCH TM3
[image: image12.png]10

[ER I

-

PDSCH TM3 withcell ID 123

——nointf
~—uith intf, no IC
—4—ICtwo intf cells

20

ICfirst intf cell





[image: image13.png]10

[ER I

-

PDSCH TM3 withcell ID 12 8

A

——nointf
8 uith intf, no IC
—iICtwo intf cells

20

ICfirst intf cell





[image: image14.png]10

[ER I

-

PDSCH TM3 with cell ID 17 13

——nointf
8 uith intf, no IC
—iICtwo intf cells

20

ICfirst intf cell





[image: image15.png]10

[ER I

-

PDSCH TM3 with cell ID 17 2

——nointf
~—uith intf, no IC
—4—ICboth cells
Icfirst cell

20





Figure 6 Link level simulation results of CRS-IC for PDSCH TM3
7 Simulation results
The following table is the simulation assumption copied from [5].

Table 7 simulation assumptions of PBCH-IC in [6]
	Assumption
	Value
	Comment

	Number of interfering cells (N)
	0, 1, 2

	The final N for requirements, if the requirements are to be defined, is to be studied separately.

	SNR for agressor cell 1 (dB)
	6, 5, 3
	

	SNR for agressor cell 2 (dB)
	[3, 1, -∞]
	

	Cell ID
	(serving cell, 1st dominant interferer, 2nd dominant interferer)

(0)

(0, 1 , 2)

(0, 6, 2)

(0, 1)

(0, 6)
	

	Channel model
	ETU, 30Hz
	

	Carrier frequency
	2GHz
	

	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 4dB, step size 1dB
	

	Interference
	Agressor cell interference explicitely modelled
	

	Tx EVM
	6%
	

	Receiver
	PBCH IC, PBCH no IC
	CRS-IC should be performed at the same time.

Companies encouraged to provide information on the cancellation principles (e.g. successive etc.) and equalizer used (e.g, MRC or IRC).

	Simulation length
	40000 subframes minimum
	

	Channel and interference estimation
	Realistic
	

	Agressor PBCH decoding 
	Baseline: Practical

Optional: Ideal
	


In our simulation, the following six cases are captured to investigate the performance gain of PBCH IC:

· Case 1: 1 interference cell, interference level [3dB], Cell ID [0 1]

· Case 2: 1 interference cell, interference level [3dB], Cell ID [0 6]

· Case 3: 2 interference cell, interference level [5dB, 1dB], Cell ID [0 1 2]

· Case 4: 2 interference cell, interference level [5dB, 1dB], Cell ID [0 6 2]

· Case 5: 2 interference cell, interference level [6dB, 3dB], Cell ID [0 1 2]

· Case 6: 2 interference cell, interference level [6dB, 3dB], Cell ID [0 6 2]
Based on the simulation assumptions and cases, we provide the following simulation results from Figure 7 to Figure9.
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Figure 7 Simulation results for Case 1 and Case 2 with one interference
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Figure 8 Simulation results for Case 3 and Case 4 with two interferences and levels of [5dB 1dB]
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Figure 9 Simulation results for Case 5 and Case 6 with two interferences and levels of [6dB 3dB]
In Table 8, we summarize the required SNRs for the 1% PBCH target BLER.

Table 8 SNR for the 1% PBCH target BLER (unit: dB)
	Intf level
	Without Pico intf
	With Pico intf, no IC
	With Pico intf, IC
	Gain of IC compared with no IC

	Case 1
	-8.4
	-4.5
	-7.4
	2.9

	Case 2
	-8.4
	-4.5
	-7.3
	2.8

	Case 3
	-8.4
	-1.3
	-6.5
	4.2

	Case 4
	-8.4
	-1.4
	-6.2
	4.8

	Case 5
	-8.4
	-0.2
	-6.3
	6.1

	Case 6
	-8.4
	0
	-6.0
	6.0


