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1. Introduction

In this paper, we provide further evaluation results on FeICIC CSI tests and views on the remaining issues for discussion. 
2. CSI Evaluation and Discussion
2.1 CQI reporting under AWGN channel
In the FeICIC RAN4 #68 meeting minutes [1], the open issues for CQI reporting under AGWN channel are:
· Test 1: use median CQI+ [X] and median CQI-1 to verify BLER in ABS with lower operating Es/Noc1;

· X: 1 or 2, need further study

· Test 2: 

· In ABS: 

· Use median CQI+ [X] and median CQI-1 to verify BLER
· The value of X needs further study
Table 2.1 is the evaluation results for AWGN CQI reporting. It is seen from the results that ABS BLER can meet the requirements of Rel-8, both for low Es/Noc2 (test1) and high Es/Noc2 (test2).  If BLER of median CQI is less than or equal to 0.1, the BLER of median CQI+1 is greater than 0.1. So it is not necessary to test BLER of median CQI + 2.
Table 2.1 AWGN CQI reporting for ABS with CRS-IC 
	Es/Noc2 (dB)
	median CQI of ABS with CRS-IC 
	BLER of median CQI
	BLER of median CQI+1

	0
	5
	0.0
	0.0

	1
	6
	0.0
	0.995

	2
	7
	0.0
	1.0

	3
	7
	0.0
	0.828

	4
	8
	0.0
	1.0

	5
	8
	0.0
	0.01

	6
	9
	0.0
	1.0

	7
	9
	0.0
	0.109

	8
	10
	0.0
	1.0

	9
	10
	0.0
	0.015

	10
	11
	0.0
	0.999

	11
	11
	0.0
	0.0

	12
	12
	0.0
	1.0

	13
	12
	0.0
	0.073

	14
	13
	0.0
	1.0

	15
	13
	0.0
	0.053

	16
	14
	0.0
	0.103

	17
	14
	0.0
	0.0

	18
	15
	0.0
	N/A

	19
	15
	0.0
	N/A

	20
	15
	0.0
	N/A


Proposal 1: For FeICIC AWGN CQI test 1, use Es/Noc2 = (6dB, 7dB) as the test points and reuse the BLER test criteria of median CQI+/- 1 in ABS.
Proposal 2: For FeICIC AWGN CQI test 2, use Es/Noc2 = (12dB, 13dB) as the test points and reuse the BLER test criteria of median CQI+/- 1 in ABS.
2.2 CQI reporting under fading channel
In Ran4 #68 meeting, the opens for fading channel CQI reporting are:
· Whether criteria 3 (BLER) can be applied to the high SNR test point
· High SNR test point
· Requirement values of Criterion 1, 2, 3

Table 2.2 is the sub-band CQI offset 0 probability of each sub-band at different Es/Noc2.I It is seen that Rel-8 test requirement can be reused for the test metric of sub-band CQI offset 0 probability.
Table 2.2 SB CQI offset 0 ratio
	Es/Noc2 (dB)
	SB CQI offset 0 ratio for each SB

	0
	[0.184, 0.227, 0.212, 0.217, 0.177, 0.155, 0.178, 0.150]

	1
	[0.185, 0.211, 0.207, 0.189, 0.173, 0.148, 0.168, 0.141]

	2
	[0.202, 0.248, 0.241, 0.211, 0.174, 0.154, 0.163, 0.144]

	3
	[0.222, 0.287, 0.265, 0.258, 0.182, 0.159, 0.166, 0.143]

	4
	0.250, 0.305, 0.298, 0.273, 0.191, 0.164, 0.181, 0.144]

	5
	[0.277, 0.321, 0.326, 0.344, 0.177, 0.157, 0.168, 0.133]

	6
	[0.242, 0.281, 0.266, 0.249, 0.167, 0.135, 0.157, 0.118]

	7
	[0.263, 0.289, 0.272, 0.228, 0.190, 0.171, 0.190, 0.145]

	8
	[0.314, 0.379, 0.359, 0.379, 0.189, 0.180, 0.186, 0.142]

	9
	[0.322, 0.332, 0.361, 0.376, 0.202, 0.192, 0.180, 0.121]

	10
	[0.278, 0.260, 0.272, 0.221, 0.174, 0.114, 0.168, 0.111]

	11
	[0.352, 0.417, 0.370, 0.344, 0.201, 0.194, 0.209, 0.159]

	12
	[0.409, 0.440, 0.454, 0.466, 0.219, 0.212, 0.206, 0.141]

	13
	[0.340, 0.339, 0.374, 0.406, 0.287, 0.286, 0.248, 0.128]

	14
	[0.272, 0.320, 0.302 0.314, 0.315, 0.216, 0.322, 0.145]

	15
	[0.426, 0.439, 0.456, 0.476, 0.212, 0.217, 0.197, 0.111]

	16
	[0.377, 0.369, 0.402, 0.417, 0.330, 0.330, 0.295, 0.110]

	17
	[0.339, 0.388, 0.371, 0.338, 0.234, 0.103, 0.251, 0.084]

	18
	[0.445, 0.469, 0.471, 0.486, 0.187, 0.185, 0.150, 0.089]

	19
	[0.436, 0.402, 0.448, 0.410, 0.316, 0.281, 0.259, 0.085]

	20
	[0.428, 0.395, 0.404, 0.307, 0.166, 0.085, 0.169, 0.078]


Proposal 3: For FeICIC fading channel CQI reporting, the sub-band CQI offset 0 shall be reported at least 2% of the time but less than 55% for each sub-band
Table 2.3 is the relative throughput ratio of the ABS SF throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band.
Table 2.3 Throughput ratio 
	Es/Noc2 (dB)
	Throughput ratio

	0
	2.48

	1
	1.89

	2
	1.53

	3
	1.66

	4
	1.67

	5
	1.42

	6
	1.67

	7
	1.45

	8
	1.43

	9
	1.83

	10
	1.63

	11
	1.46

	12
	1.46

	13
	1.36

	14
	1.37

	15
	1.47

	16
	1.34

	17
	1.34

	18
	1.35

	19
	1.32

	20
	1.41


Based on the throughput gain results of Table 2.3, we propose to re-use the Rel-8 requirement:
Proposal 4: For FeICIC fading channel reporting, the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be greater than 1.1
Figure 2.1 is the average BLER when transmitting on a randomly selected sub-band on ABS subframes among the sub-bands with the highest differential CQI offset level. Due to non-ideal CRS-IC, the residual CRS interference makes the CQI estimation more conservative, causing lower BLER than the corresponding Rel-8 test. Therefore we propose to reduce the 0.05 BLER requirement in Rel-8 to 0.01.
Proposal 5: For FeICIC fading channel reporting, when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.01
Proposal 6: For FeICIC fading channel reporting, use the following SNR values for Test 1 and Test 2
· Test 1: Es/Noc2 = (9dB, 10dB)

· Test 2: Es/Noc2 = (14dB, 15dB)
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Figure 2.1 Average BLER
2.3 RI reporting
For RI reporting, the remaining work is
· Test 3: 

· Study what correlation matrix should be used

· Option 1: use high correlation for serving cell; low correlation for the aggressor cells;

· Option 2: use high correlation matrix for serving cell and aggressor cells.

· Study the feasibility of introduction of Test 3.

In [2], it is proposed that Test 3 should be introduced. The purpose is not to test the performance gain of RI, but to test the improper UE implementation that reports rank only according to the measured SNR, not according to the real channel condition. For FeICIC, the aggressor cell channel is used for channel estimation (and other estimations) for CRS-IC, which is unrelated to rank reporting.  Furthermore all other tests for FeICIC demodulation and CSI use low correlation channel for the interferers, so we slightly prefer low correlation channel for aggressor cells.
Figure 2.2 shows the RI reporting gamma values with Option 1. Figure 2.3 shows the RI reporting gamma values with Option 2. 
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Figure 2.2. Gamma for FeICIC, serving cell: high, aggressor cell: low
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Figure 2.3. Gamma for FeICIC, serving cell: high, aggressor cell: high
Proposal 7: For FeICIC RI reporting, introduce Test 3 with

- High correlation channel for the serving cell and low correlation channel for the aggressor cell.
- Es/Noc2 = 20dB, gamma1 = 0.9.

Figure 2.4 is the evaluation of FeICIC RI reporting of gamma values where both serving cell and aggressor cells have low correlation channel. Based these results, we have the following proposals on Test 1 and Test 2:
Proposal 8: For FeICIC RI reporting, introduce the following requirements for Test 1 and Test 2:

- Test 1: Es/Noc2 = 4dB, gamma2 = 1.0

- Test 2: Es/Noc2 = 20dB, gamma1 = 1.05
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Figure 2.4.Gamma for FeICIC, serving cell: low, aggressor cell: low
3. Conclusion
In this contribution we provide our further evaluation on FeICIC CSI tests. Our proposals are:
Proposal 1: For FeICIC AWGN CQI test 1, use Es/Noc2 = (6dB, 7dB) as the test points and reuse the BLER test criteria of median CQI+/11 in ABS.
Proposal 2: For FeICIC AWGN CQI test 2, use Es/Noc2 = (12dB, 13dB) as the test points and reuse the BLER test criteria of median CQI+/-1 in ABS.
Proposal 3: For FeICIC fading channel CQI reporting, the sub-band CQI offset 0 shall be reported at least 2% of the time but less than 55% for each sub-band
Proposal 4: For FeICIC fading channel reporting, the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be greater than 1.1
Proposal 5: For FeICIC fading channel reporting, when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.01

Proposal 6: For FeICIC fading channel reporting, we propose the following values for Test 1 and Test 2
· Test 1: Es/Noc2 = (9dB, 10dB)

· Test 2: Es/Noc2 = (14dB, 15dB)

Proposal 7: For FeICIC RI reporting, introduce Test 3 with

- High correlation channel for the serving cell and  low correlation channel for the aggressor cell.
- Es/Noc2 = 20dB, gamma1 = 0.9.

Proposal 8: For FeICIC RI reporting, introduce the following requirements for Test 1 and Test 2:

- Test 1: Es/Noc2 = 4dB, gamma2 = 1.0

- Test 2: Es/Noc2 = 20dB, gamma1 = 1.05
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