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1. Introduction

In the last meeting, CQI requirements for eICIC were discussed based on simulation results which companies submitted [1]. One of the main discussion points is what kind of test metrics should be defined. Also it was proposed to consider TM2 instead of TM1 in order to reduce interference suppression gain of advanced receiver. In this contribution, we provide our simulation results for CQI reporting.

2. Simulation results assumptions
Simulation assumptions are shown in Table 1. The simulation assumption for TM2 is based on [2]. Time offset between cells is included like eICIC demodulation test cases [3]. The definition of Noc1, Noc2 and Noc3 are shown in [4].
Table 1 simulation assumptions
	Parameter
	Value for TM1
	Value for TM2

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	1
	2

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	1x2, low correlation
	2x2

	Propagation channel
	AWGN
	Static propagation condition in B.1 in TS36.101 for both serving cell and interfering cell

	Power allocation (ρA,  ρB) 
	0 dB
	-3dB

	Time offset between cells
	2.5 s

	Serving cell SNR measured at CRS
	To be simulated for 1 to 15dB [2dB step]

(SNR = Es/Noc2 for interference model alternative 1

SNR =　Es/Noc for interference model alternative 3)

	Feedback mode
	PUCCH 1-0

	Physical channel for CQI reporting
	PUCCH Format 2

	PUCCH Report Type
	4

	Reporting periodicity
	NP = 5

	cqi-pmi-ConfigurationIndex
	6

	Frequency error
	0 Hz

	EVM error 
	6%

	Maximal number of HARQ transmission
	1

	Pattern for CSI1 measurements
	[10101010]
	[01010101, 01010101, 01010101, 01010101, 01010101]

	Pattern for CSI2 measurements
	[01010101]
	[01010001, 01010100, 01010101, 00010101, 01000101]

	ABS pattern in interfering cell
	[10101010]
	[00101010, 10001010, 10100010, 10101000, 1010101]

	Interfering cell configuration
	Non-MBFSN ABS with non-colliding RS

	Interference model [2]
	Alternative 1 (Es_int/Noc2 = [6] dB in ABS and Noc3/Noc2 = 3.2dB, Noc2/Noc1 = 4dB) or Alternative 3 (single level with Es_int/Noc = [6, 8, 10] dB)

Es_int is the dominant interference power.


3. Simulation results for TM1

Table 2 and Table 3 show the simulation results for ABS and non-ABS using interference model alternative 1 respectively. In these tables, SINR on CRS RE and averaged SINR on date RE are also shown. Since serving cell’s CRS does not collide with dominant interferer’s CRS, SINR on CRS RE is identical to SNR. It can be observed that BLER for TBS corresponding to CQI median is almost always 0. This is because SINR on CRS RE is worse than averaged SINR on date RE due to two Noc level. On the other hand, for non-ABS, BLER for TBS corresponding to CQI median are higher than those for ABS. Although reported CQI is optimistic for non-ABS, Rel-8 requirement is met except for SNR=1 dB. At SNR=1 dB, SINR is equal to -6.8 dB and much lower than test points in Rel-8. If BLER requirement in Rel-8 will be used in eICIC test, low SNR point for non-ABS should not be chosen as test point.
Table 2 Simulation results for ABS using alt1
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	6
	100%
	0.0000
	0.0000
	0.5718
	Pass
	1
	2.4

	3
	7
	100%
	0.0000
	0.0000
	0.9841
	Pass
	3
	4.4

	5
	8
	100%
	0.0000
	0.0000
	1.0000
	Pass
	5
	6.4

	7
	9
	100%
	0.0000
	0.0048
	0.5965
	Pass
	7
	8.4

	9
	10
	100%
	0.0000
	0.0000
	1.0000
	Pass
	9
	10.4

	11
	11
	100%
	0.0000
	0.0141
	1.0000
	Pass
	11
	12.4

	13
	12
	100%
	0.0000
	0.0927
	1.0000
	Pass
	13
	14.4

	15
	13
	100%
	0.0003
	0.0096
	1.0000
	Pass
	15
	16.4


Table 3 Simulation results for non-ABS using alt1
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	2
	84%
	0.9965
	0.9965
	1.0000
	Fail
	-6.8
	-6.8

	3
	3
	94%
	0.0028
	0.9884
	1.0000
	Pass
	-4.8
	-4.8

	5
	4
	98%
	0.0000
	0.9753
	1.0000
	Pass
	-2.8
	-2.8

	7
	5
	100%
	0.0000
	0.5395
	1.0000
	Pass
	-0.8
	-0.8

	9
	6
	100%
	0.0000
	0.4496
	1.0000
	Pass
	1.2
	1.2

	11
	7
	100%
	0.0000
	0.6720
	1.0000
	Pass
	3.2
	3.2

	13
	8
	100%
	0.0000
	0.3678
	1.0000
	Pass
	5.2
	5.2

	15
	9
	100%
	0.0000
	0.9496
	1.0000
	Pass
	7.2
	7.2


4. Simulation results for TM2
Table 4 shows the simulation results for ABS using alternative 1. It is observed that BLER for CQI median is almost always 0 similar to TM1. 
Table 4 Simulation results for ABS using alt1
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	6
	100%
	0.0000
	0.0003
	0.9990
	Pass
	1
	1.4

	3
	7
	100%
	0.0000
	0.0000
	0.9985
	Pass
	3
	3.4

	5
	8
	100%
	0.0000
	0.0000
	0.9992
	Pass
	5
	5.4

	7
	9
	100%
	0.0000
	0.0003
	0.9945
	Pass
	7
	7.4

	9
	10
	100%
	0.0000
	0.0000
	0.9992
	Pass
	9
	9.4

	11
	11
	100%
	0.0000
	0.0003
	0.9990
	Pass
	11
	11.4

	13
	12
	100%
	0.0000
	0.0000
	1.0000
	Pass
	13
	13.4

	15
	12
	100%
	0.0000
	0.0000
	0.0328
	Fail
	15
	15.4


Table 5-7 show the simulation results for ABS using alternative 3 with Es_int/Noc=6 dB, 8 dB and 10dB respectively. As opposed to alternative 1, these results show that BLER for TBS corresponding to CQI median are higher than that in alternative 1. The reason would be that SINR on CRS REs is better than the averaged SINR on date RE.
Table 5 simulation results for ABS using alt3 with Es_int/Noc = 6dB

	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	6
	100%
	0.0000
	0.9746
	1.0000
	Pass
	1
	-0.5

	3
	7
	100%
	0.0000
	0.6043
	1.0000
	Pass
	3
	1.5

	5
	8
	100%
	0.0000
	0.3300
	1.0000
	Pass
	5
	3.5

	7
	9
	100%
	0.0000
	0.8479
	1.0000
	Pass
	7
	5.5

	9
	10
	100%
	0.0000
	0.8373
	1.0000
	Pass
	9
	7.5

	11
	11
	100%
	0.0000
	0.8111
	1.0000
	Pass
	11
	9.5

	13
	12
	100%
	0.0000
	0.4992
	1.0000
	Pass
	13
	11.5

	15
	12
	100%
	0.0000
	0.0000
	1.0000
	Pass
	15
	13.5


Table 6 simulation results for ABS using alt3 with Es_int/Noc = 8dB
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	6
	100%
	0.0000
	1.0000
	1.0000
	Pass
	1
	-1.1

	3
	7
	100%
	0.0000
	1.0000
	1.0000
	Pass
	3
	0.9

	5
	8
	100%
	0.0000
	1.0000
	1.0000
	Pass
	5
	2.9

	7
	9
	100%
	0.0000
	1.0000
	1.0000
	Pass
	7
	4.9

	9
	10
	100%
	0.0000
	1.0000
	1.0000
	Pass
	9
	6.9

	11
	11
	100%
	0.0000
	1.0000
	1.0000
	Pass
	11
	8.9

	13
	12
	100%
	0.0003
	1.0000
	1.0000
	Pass
	13
	10.9

	15
	12
	100%
	0.0000
	0.0000
	1.0000
	Pass
	15
	12.9


Table 7 simulation results for ABS using alt3 with Es_int/Noc = 10dB
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	6
	100%
	0.0564
	1.0000
	1.0000
	Pass
	1
	-2.0

	3
	7
	100%
	0.7846
	1.0000
	1.0000
	Fail
	3
	0.0

	5
	8
	100%
	0.0098
	1.0000
	1.0000
	Pass
	5
	2.0

	7
	9
	100%
	0.0116
	1.0000
	1.0000
	Pass
	7
	4.0

	9
	10
	100%
	0.0589
	1.0000
	1.0000
	Pass
	9
	6.0

	11
	11
	100%
	0.0076
	1.0000
	1.0000
	Pass
	11
	8.0

	13
	12
	100%
	0.0438
	1.0000
	1.0000
	Pass
	13
	10.0

	15
	12
	100%
	0.0000
	0.0101
	1.0000
	Pass
	15
	12.0


Simulation results for non-ABS are shown in Tables 8-11. Although there is no mismatch, BLER requirement in Rel-8 is not met for some of the SNR points especially in the low SNR region. Except for such low SNR region, Rel-8 requirement could be reused.
Table 8 simulation results for non-ABS using alt1
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	2
	98%
	0.5899
	0.5899
	1.0000
	Fail
	-6.8
	-6.8

	3
	3
	99%
	0.0000
	0.0592
	1.0000
	Pass
	-4.8
	-4.8

	5
	4
	100%
	0.0000
	0.0003
	1.0000
	Pass
	-2.8
	-2.8

	7
	5
	100%
	0.0000
	0.0000
	1.0000
	Pass
	-0.8
	-0.8

	9
	6
	100%
	0.0000
	0.0003
	1.0000
	Pass
	1.2
	1.2

	11
	7
	100%
	0.0000
	0.0000
	1.0000
	Pass
	3.2
	3.2

	13
	8
	100%
	0.0000
	0.0000
	0.9990
	Pass
	5.2
	5.2

	15
	9
	100%
	0.0000
	0.0000
	1.0000
	Pass
	7.2
	7.2


Table 9 simulation results for non-ABS using alt3 with Es_int/Noc = 6dB
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	2
	100%
	0.0015
	0.0015
	0.9992
	Pass
	-6.0
	-6.0

	3
	3
	100%
	0.0000
	0.0000
	0.9962
	Pass
	-4.0
	-4.0

	5
	4
	100%
	0.0000
	0.0000
	0.6295
	Pass
	-2.0
	-2.0

	7
	5
	100%
	0.0000
	0.0000
	0.7962
	Pass
	0.0
	0.0

	9
	6
	100%
	0.0000
	0.0000
	0.7612
	Pass
	2.0
	2.0

	11
	7
	100%
	0.0000
	0.0000
	0.3945
	Pass
	4.0
	4.0

	13
	8
	100%
	0.0000
	0.3698
	1.0000
	Pass
	6.0
	6.0

	15
	9
	100%
	0.0000
	0.0000
	0.4363
	Pass
	8.0
	8.0


Table 10 simulation results for non-ABS using alt3 with Es_int/Noc = 8dB
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	1
	99%
	-
	0.9995
	0.9995
	Fail
	-7.6
	-7.6

	3
	2
	100%
	0.0000
	0.0000
	0.9698
	Pass
	-5.6
	-5.6

	5
	3
	100%
	0.0000
	0.0000
	0.8033
	Pass
	-3.6
	-3.6

	7
	4
	100%
	0.0000
	0.0000
	0.0375
	Fail
	-1.6
	-1.6

	9
	5
	100%
	0.0000
	0.0000
	0.2335
	Pass
	0.4
	0.4

	11
	7
	100%
	0.0000
	0.2123
	1.0000
	Pass
	2.4
	2.4

	13
	8
	100%
	0.0000
	0.0315
	1.0000
	Pass
	4.4
	4.4

	15
	9
	100%
	0.0000
	0.0403
	1.0000
	Pass
	6.4
	6.4


Table 11 simulation results for non-ABS using alt3 with Es_int/Noc = 10dB
	SNR

[dB]
	Median

CQI
	Percentage

within

medianCQI +/-1
	BLER for TBS corresponding to (CQI median + x)
	Rel-8

requirement
	SINR on
CRS RE
[dB]
	Averaged

SINR on
data RE
[dB]

	
	
	
	-1
	0
	1
	
	
	

	1
	1
	100%
	-
	1.0000
	1.0000
	Fail
	-9.4
	-9.4

	3
	1
	99%
	-
	0.9955
	0.9955
	Fail
	-7.4
	-7.4

	5
	2
	99%
	0.0000
	0.0000
	0.8214
	Pass
	-5.4
	-5.4

	7
	4
	99%
	0.0000
	0.3720
	1.0000
	Pass
	-3.4
	-3.4

	9
	5
	100%
	0.0000
	0.0010
	1.0000
	Pass
	-1.4
	-1.4

	11
	6
	100%
	0.0000
	0.0330
	1.0000
	Pass
	0.6
	0.6

	13
	7
	100%
	0.0000
	0.0348
	1.0000
	Pass
	2.6
	2.6

	15
	8
	100%
	0.0000
	0.0020
	1.0000
	Pass
	4.6
	4.6


5. Conclusion

Simulation results for eICIC CQI reporting in static conditions have been presented. These results can be used to discuss further detailed test assumptions for CQI reporting requirement.
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