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1. Introduction

There was some progress on FeICIC CSI test in RAN4 66bis meeting (ref. [1], [3]]. In this paper, we present our point of view for FeICIC CSI test. Initial link level simulation results indicate that the proposed test metrics are feasible.
2. Discussion
2.1 CQI reporting under AWGN channel
The test purpose for FeICIC CQI reporting under AWGN channel should be the same as before, i.e., to verify the reported CQI values in accordance with the CQI definition. So the test metrics can be reused:
· Ratio of reported CQI in [median CQI - 1, median CQI + 1]: the reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time
· BLER requirement for CQI under AWGN conditions: If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
Both ABS and non-ABS subframe set CQI reporting should meet this accuracy requirement. 

Proposal 1: FeICIC CQI under AWGN test should have the same test metrics as Rel-8/9/10, both for ABS and non-ABS subframe set:

- Ratio of reported CQI in [median CQI - 1, median CQI + 1]
- BLER requirement for CQI under AWGN conditions
Table 1 is the simulation result of CQI report in ABS under AWGN channel with CRS-IC. In the simulation, 2 interferences have signal strength with D1/Noc1=12dB, D2/Noc1=10dB, D1 is colliding CRS and D2 is non-colliding CRS. Noc1=Noc2, Noc3/Noc1=5dB. For non-ABS, it should have the similar performance as Rel-8/9 since no CRS-IC used for non-ABS CQI reporting. It is seen that the proposed CQI reporting test metrics are feasible.
Table 1, CQI report in ABS under AWGN channel with CRS-IC
	Es/Noc1 (dB)
	Reported median CQI
	Reported CQI in [medianCQI-1, medianCQI +1]
	BLER of median CQI
	BLER of medianCQI-1
	BLER of medianCQI+1

	0
	5
	100%
	0
	
	0.24

	1
	6
	100%
	0
	
	

	2
	7
	100%
	1
	0
	

	3
	7
	100%
	0.11
	0
	

	4
	7
	100%
	0
	
	1

	5
	8
	100%
	0.09
	
	1

	6
	8
	100%
	0
	
	0.99

	7
	8
	100%
	0
	
	0.06

	8
	9
	100%
	0
	
	1

	9
	10
	100%
	0
	
	1

	10
	10
	100%
	0
	
	0.12

	11
	10
	100%
	0
	
	0.11

	12
	11
	100%
	0
	
	0.98


Table 2 is the simulation result of CQI report in ABS under AWGN channel without CRS-IC. Since CRS resource elements have much larger interference level than data resource elements, the reported CQI based on CRS measurement will much smaller than the actual CQI should be in data resource elements. The BLER is 0 not only for median CQI, but also for (median CQI + 1), thus can not pass BLER test. So the proposed BLER test can well differentiate CRS-IC and no CRS-IC.
Table 2, CQI report in ABS under AWGN channel without CRS-IC
	Es/Noc1 (dB)
	Reported median CQI
	Reported CQI in [medianCQI-1, medianCQI +1]
	BLER of median CQI
	BLER of medianCQI+1

	0
	1
	100%
	0
	0

	1
	1
	100%
	0
	0

	2
	1
	100%
	0
	0

	3
	1
	100%
	0
	0

	4
	1
	100%
	0
	0

	5
	1
	100%
	0
	0

	6
	2
	100%
	0
	0

	7
	3
	100%
	0
	0

	8
	3
	100%
	0
	0

	9
	4
	100%
	0
	0

	10
	5
	100%
	0
	0

	11
	5
	100%
	0
	0

	12
	6
	100%
	0
	0


There are 2 subframe sets for FeICIC CQI reporting: CCSI,0 and CCSI,1.  For CCSI,1 CQI reporting, since non ABS has strong interference and noise level, so the CQI and BLER may out the test range at low SNR. Table 3 is the simulation results with D1/Noc1=12dB, D2/Noc1=10dB, Noc3/Noc1=5dB. It is seen for low Es/Noc1, the reported median CQI in nonABS is out the range. For high SNR, the delta CQI between ABS with or without CRS-IC and non-ABS is differentiated.
Table 3, CQI report in nonABS under AWGN channel
	Es/Noc1 (dB)
	Median CQI
on ABS with CRS-IC
	Median CQI
on ABS without CRS-IC
	Median CQI
on nonABS
	Delta CQI:  ABS without CRS-IC vs. non ABS
	Delta CQI:

ABS CRS-IC vs. nonABS

	0
	5
	1
	1
	0
	4

	1
	6
	1
	1
	0
	5

	2
	7
	1
	1
	0
	6

	3
	7
	1
	1
	0
	6

	4
	7
	1
	1
	0
	6

	5
	8
	1
	1
	0
	7

	6
	8
	2
	1
	1
	7

	7
	8
	3
	1
	2
	7

	8
	9
	3
	1
	2
	8

	9
	10
	4
	1
	3
	9

	10
	10
	5
	1
	4
	9

	11
	10
	5
	1
	4
	9

	12
	11
	6
	1
	5
	10

	13
	11
	6
	2
	4
	9

	14
	11
	7
	3
	4
	8

	15
	12
	7
	3
	4
	9

	16
	12
	8
	4
	4
	8

	17
	12
	8
	5
	3
	7

	18
	12
	8
	5
	3
	7

	19
	13
	9
	6
	3
	7

	20
	13
	10
	6
	3
	7


Proposal 2: For FeICIC CQI reporting test under AWGN channel, Introduce CQI delta between the median reported CQI of CCSI,0 and CCSI,1 at high serving SNR. The test SNR the value is TBD.
2.2 CQI reporting under fading channel
The CQI reporting under fading channel is to verify the reporting accuracy of sub-band CQI.  Same as Rel-8/9/10, the reporting accuracy is determined by a double-sided percentile of the reported differential CQI offset level 0 per sub-band, and the relative increase of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level the corresponding transport format compared to the case for which a fixed format is transmitted on any sub-band. Since these 2 metrics are to verify the relative value between different sub-bands, there is no difference between ABS and non-ABS subframe sets. Moreover, the delta reporting CQI between CCSI,0 and CCSI,1 is verified by AWGN channel CQI report, so the CQI under fading conditions test can focus on CCSI,0 and ABS subframe only
Proposal 3: For FeICIC CQI test under fading channel, introduce test metrics in ABS only:
- Percentile of the reported differential CQI offset level 0 of each sub-band

- Gamma value (relative increase of throughput)


- BLER for the indicated transport formats.
Table 4 is the simulation result of FeICIC sub-band CQI reporting under fading channel, from the results it is seen that above proposed metrics are feasible. The performance requirements for Rel 8 (α=2, β=55, gamma=1.1) are also applicable here. 
It is also seen from the simulation result in Table 4 that the BLER for the indicated transport formats of high SNR become smaller, this indicates the reported CQI is conservative. The reason is that for high SNR, after CRS-IC, the residual signal introduces additional noise to the CQI measurement. The BLER requirement for Rel-8/9/10 is greater or equal to 0.05, this requirement can not be satisfied for FeICIC with high SNR (SNR >7dB). So for FeICIC fading channel CQI reporting, the test SNR point may be smaller than Rel-8/9/10, or different BLER requirement for FeICIC is used.
Proposal 4: For FeICIC CQI test under fading channel, use different SNR test point, and/or different BLER requirement for the indicated transport formats than Rel-8/9/10. SNR test point and BLER value are TBD.
Table 4, sub-band CQI report in ABS under fading channel
	Es/Noc1 (dB)
	Percentage of differential CQI offset level of 0  for each SB
	WB medianCQI
	gamma
	BLER

	0
	0.12, 0.23, 0.15, 0.23, 0.15, 0.19, 0.19, 0.19
	4
	2.34
	0.13

	1
	0.15, 0.21, 0.17, 0.23, 0.17, 0.19, 0.17, 0.22
	5
	1.55
	0.52

	2
	0.12, 0.14, 0.15, 0.15, 0.15, 0.15, 0.17, 0.14
	5
	1.42
	0.55

	3
	0.11, 0.14, 0.13, 0.15, 0.13, 0.13, 0.13, 0.15
	6
	1.84
	0.31

	4
	0.11, 0.25, 0.16, 0.22, 0.15, 0.23, 0.23, 0.19
	6
	1.73
	0.31

	5
	0.18, 0.36, 0.23, 0.38, 0.21, 0.29, 0.25, 0.35
	7
	2.06
	0.15

	6
	0.22, 0.25, 0.25, 0.30, 0.23, 0.23, 0.23, 0.30
	7
	1.97
	0.12

	7
	0.13, 0.24, 0.19, 0.20, 0.16, 0.25, 0.28, 0.19
	7
	2.09
	0.04

	8
	0.15, 0.36, 0.21, 0.36, 0.17, 0.28, 0.28, 0.33
	8
	2.33
	0.04

	9
	0.17, 0.33, 0.23, 0.38, 0.19, 0.24, 0.23, 0.39
	8
	2.18
	0.07

	10
	0.10, 0.24, 0.15, 0.23, 0.11, 0.21, 0.22, 0.23
	8
	2.03
	0.05

	11
	0.08, 0.21, 0.12, 0.19, 0.07, 0.17, 0.20, 0.20
	9
	1.95
	0.04

	12
	0.07, 0.25, 0.11, 0.22, 0.07, 0.26, 0.21, 0.24
	9
	1.90
	0.02

	13
	0.09, 0.31, 0.14, 0.27, 0.09, 0.25, 0.22, 0.24
	10
	1.91
	0.02

	14
	0.11, 0.30, 0.13, 0.30, 0.06, 0.20, 0.24, 0.26
	10
	1.82
	0.02


2.3 RI reporting
RI reporting is to verify that the reported rank indicator accurately represents the channel rank. It is determined by the relative increase of the throughput ratio. FeICIC RI reporting should further verify that the rank adaptation is properly implemented with CRS-IC. Since the channel rank is determined not only by the SNR point tested, but also the channel correlation, Test 1 Test 2 and Test 3 should be defined for FeICIC RI tests.
Propose 5: For FeICIC RI reporting, introduce test metrics on ABS as
- Test 1 (low correlation, low SNR) gamma 2.
- Test 2 (low correlation, high SNR) gamma 1.
- Test 3 (high correlation, high SNR) gamma 1.
where gamma1 is the ratio of throughput between obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1, and gamma2 is the ratio of throughput between obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2
3. Conclusion
In this contribution we provide our discussion on the FeICIC CSI reporting, the initial simulation results also indicate the proposed test metrics are feasible. 
Proposal 1: FeICIC CQI under AWGN test has the same test metrics as Rel-8/9/10, both for ABS and non-ABS subframe sets:

- Probability of reported CQI around median CQI

- BLER requirement for CQI under AWGN conditions
Proposal 2: For FeICIC CQI reporting test under AWGN channel, Introduce CQI delta between the median reported CQI of CCSI,0 and CCSI,1 at high serving SNR. The test SNR the value is TBD.
Proposal 3: For FeICIC CQI test under fading channel, introduce test metrics in ABS only

- Percentile of the reported differential CQI offset level 0 of each sub-band


- Gamma value (relative increase of throughput)


- BLER for the indicated transport formats shall be greater or equal to TBD value.
Proposal 4: For FeICIC CQI test under fading channel, use different SNR test point, and/or different BLER requirement for the indicated transport formats than Rel-8/9/10. SNR test point and BLER value are TBD.
Propose 5: For FeICIC RI reporting, introduce test metrics on ABS as
- Test 1 (low correlation, low SNR) gamma 2.
- Test 2 (low correlation, high SNR) gamma 1.
- Test 3 (high correlation, high SNR) gamma 1.
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