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1. Introduction

In RAN4 #63 meeting, the CQI definition test was extensively discussed and simulation assumptions had been approved in [1]. For the transmission mode, it has been agreed to apply TM2 for serving cell and OCNG TM3 (uncorrelated random 16QAM modulated symbols) for the interfering cell. In order to avoid UE cheating, two tests with the different interference settings are introduced to check whether UE feedback the different (CQI. In this contribution, we provide simulation results based on [1] and share our views on interfering setting. Besides, the parameters for the reporting periodicity and subframe offset and the selection of the required SNR test points are discussed, too.
2. CQI definition test
2.1 Interference level

In RAN4 #63 meeting, some agreements are achieved for the eICIC CQI definition test in [2], it has been approved to apply BLER criterion on non-ABS and (CQI between ABS and non-ABS as test metric in CQI definition test. In order to avoid UE cheating, two tests with different interfering settings are introduced. It is noted that these two test cases should result in the significant different ΔCQI-s to check whether UE correctly performs CSI measurements on two restricted subframe subsets. For Test 1, it can be seen that (CQI is within 2~5 CQI classes based on interesting companies simulation results. Therefore, the desired (CQI for Test 2 should be out of the range of 2~5 CQI classes. 
Proposal 1: (CQI for test 2 should be out of the range of 2~5 CQI classes.

In [1], two opinions for test 2 are provided, which are shown below:
· Opinion 1:  EI/Noc1 = -2 dB, EI/Noc2 = -6 dB, Noc3/Noc2 = 3.2 dB 

· Opinion 2:  EI/Noc1 = -12 dB, Noc2/Noc1 = 0 dB, Noc3/Noc2 = 0 dB
For Opinion 1, the SINR difference between ABS and non-ABS can be calculated as:

SINRdiff-op1 = ES/Noc2 - ES/(EI+Noc3) = (EI+Noc3) / Noc2 (dB) = 3.6931 (dB)
For Opinion 2, since there is no difference between Noc2 and Noc3, the SINR difference can be calculated as:
SINRdiff-op2 = ES/Noc2 - ES/(EI+Noc2) = (EI+Noc2) / Noc2 (dB) = 0.2657 (dB)
If one CQI value represents roughly a SNR difference of 2 dB, (CQI for Opinion 1 and Opinion 2 are about 2 classes and 0 class separately. Considering that (CQI for test 1 is within 2~5 CQI classes, Opinion 2 seems more reasonable to check UE cheating behaviours.
Simulation results for both test 1 and test 2 are shown in Table 1~Table 3, and simulation assumptions based on [1] have been provided in appendix.
Table 1 CQI definition test for non-ABS with LMMSE receiver for test 1
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	(CQI
	Rel 8/9 requirement

	1
	3
	3(89.2%) 4(10.8%)
	0.335
	1
	0
	4
	Pass 

	3
	4
	4(84.2%) 5(15.8%)
	0.614
	1
	0
	4
	Pass

	5
	5
	5(99.2%) 6(0.8%)
	0.180
	1
	0
	4
	Pass

	7
	6
	6(88.8%) 7(11.2%)
	0.263
	1
	0
	4
	Pass

	9
	7
	7(86.2%) 8(13.8%)
	0.174
	1
	0
	4
	Pass

	11
	8
	8(61.4%) 9(38.6%)
	0.035
	1
	0
	4
	Pass

	13
	10
	9(49.8%) 10(50.2%)
	1
	1
	0.002
	3
	Pass

	15
	10
	10(57.4%) 11(42.6%)
	0.014
	1
	0
	4
	Pass


Table 2 CQI definition test for non-ABS with LMMSE receiver for test 2 (Opinion 1)
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	(CQI
	Rel 8/9 requirement

	1
	5
	5(90%) 6(10%)
	0.015
	1
	0
	2
	Pass 

	3
	6
	6(58.6%) 7(41.4%)
	0.04
	1
	0
	2
	Pass

	5
	7
	7(54.2%) 8(45.8%)
	0.009
	1
	0
	2
	Pass

	7
	9
	8(24.8%) 9(75.2%)
	1
	1
	0.001
	1
	Pass

	9
	10
	9(17.6%) 10(82.4%)
	1
	1
	0
	1
	Pass

	11
	11
	10(17.8%) 11(82.2%)
	1
	1
	0.001
	1
	Pass

	13
	12
	11(7.8%) 12(92.2%)
	1
	1
	0.002
	1
	Pass

	15
	13
	12(13.6%) 13(86.4%)
	1
	1
	0.001
	1
	Pass


Table 3 CQI definition test for non-ABS with LMMSE receiver for test 2 (Opinion 2)
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	(CQI
	Rel 8/9 requirement

	1
	7
	7(99.8%) 8(0.2%)
	0.999
	1
	0
	0
	Pass 

	3
	8
	8(99.8%) 9(0.2%)
	0.997
	1
	0
	0
	Pass

	5
	9
	9(99.8%) 10(0.2%)
	0.776
	1
	0
	0
	Pass

	7
	10
	10(99.4%) 11(0.6%)
	0.970
	1
	0
	0
	Pass

	9
	11
	11(98.8%) 12(1.2%)
	0.977
	1
	0
	0
	Pass

	11
	12
	12(99.2%) 13(0.8%)
	0.324
	1
	0
	0
	Pass

	13
	13
	13(99.2%) 14(0.8%)
	0.999
	1
	0
	0
	Pass

	15
	14
	14(100%)
	0.987
	1
	0
	0
	Pass


Observation: In test 2, for both Option 1 and Option 2, UE can pass the requirement of CQI test, and the only difference between them is (CQI. For Opinion 1, (CQI equals to 1 or 2; and for Opinion 2 (CQI equals to 0. 
Based on above analysis, Opinion 2 seems more reasonable for CQI definition Test 2.
Proposal 2: EI/Noc1 = -12 dB, Noc2/Noc1 = 0 dB, Noc3/Noc2 = 0 dB is reasonable for CQI definition Test 2.
2.2 CQI reporting periodicity and subframe offset

In the previous discussion, the CQI reporting periodicity is set to 5ms. All the submitted simulation results are based on this assumption. However, the subframe offsets for ABS subframe and non-ABS subframe have not been analyzed. There would be two issues to be addressed:

· The collision of CQI feedbacks for two restricted subframe subsets should be avoided;
· The collision of the CQI feedback and HARQ-ACK.

The first issue has been discussed in RAN1 but it was thought of a implementation issue and eNB can solve the issue by the proper scheduling. But UE can only feedback one CQI via PUCCH. It would not be clear how the UE handle the case of CQI colliding for eICIC. So we propose to set different offsets for two restricted subset to avoid the collision.
The second issue has been discussed two years ago. It was observed that PUCCH format 2 is the mandatory and there was a possibility that some UE could not support PUCCH format2a. And it was assumed implicitly that PUCCH format1 is used for HARQ-ACK feedback. So when there is a collision between CQI reporting and HARQ-ACK, the CQI reporting will be dropped.
To avoid the potential risk of test failure, the parameters for CQI periodicity and offset need more effort.

2.2.1 Solution based on 5ms CQI feedback periodicity
For FDD, if the parameter cqi-pmi-ConfigurationIndex is configured as 6, the CQI reporting will happen in subframe #4 and #9. Considering subfram #0 and #5 are not scheduled in CQI test, no HARQ-ACK will be transmitted in subframe #4 and #9. In this case, the collision between one CQI reporting and the HARQ-ACK can be avoided, which is shown in Figure 1. 
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Figure 1 CQI periodic reporting in FDD (cqi-pmi-ConfigurationIndex=6)
As mentioned above, the different subframe offsets for ABS subframe and non-ABS subframe should be configured to avoid the collision between CQI reporting in the same subframe. If cqi-pmi-ConfigurationIndex is configured other than 6, i.e., cqi-pmi-ConfigurationIndex equalling to 5, then the corresponding CQI reporting will collide with the HARQ-ACK, which is shown in Figure 2. The similar collision will happen when cqi-pmi-ConfigurationIndex equals to 2 or 3 or 4. In this case, it is necessary to report both CQI and HARQ-ACK on PUSCH instead of PUCCH, which is called piggyback and has already been used in Rel-8/9.
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Figure 2 CQI periodic reporting in FDD (cqi-pmi-ConfigurationIndex=5)

Proposal 3: ABS subframe and non-ABS subframe should configure different subframe offsets to avoid the CQI reporting colliding between two restricted subsets in the same subframe.

Proposal 4: For FDD, cqi-pmi-ConfigurationIndex is proposed as 6 for ABS subframe and 5 for non-ABS subframe, and the piggyback from PUCCH to PUSCH will be employed when CQI report collides with the HARQ-ACK.

For TDD, UL-DL configuration 1 is used and only subframes #4 and # 9 are scheduled. If CQI reporting periodicity is 5ms, the collision between one CQI reporting and HARQ-ACK can be avoided if cqi-pmi-ConfigurationIndex is set to 3. In Figure 3, it can be observed that HARQ-ACK would be transmitted in subframe #3 and #8 and the CQI with cqi-pmi-ConfigurationIndex of 3 will be reported in subframe #2 and #7. Figure 4 shows the CQI periodic reporting when cqi-pmi-ConfigurationIndex is set to 4. It can be observed that the CQI reporting with cqi-pmi-ConfigurationIndex of 4 will collide with HARQ-ACK in subframe #3 and #8. In this case, the piggyback from PUCCH to PUSCH has to be employed to allow periodic CQI to multiplex with the HARQ-ACK.
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Figure 3 CQI periodic reporting in TDD (cqi-pmi-ConfigurationIndex=3)
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Figure 4 CQI periodic reporting in TDD (cqi-pmi-ConfigurationIndex=4)
Proposal 5: For TDD, cqi-pmi-ConfigurationIndex is proposed as 3 for ABS subframe and 4 for non-ABS subframe, and the piggyback from PUCCH to PUSCH will be employed when CQI report collides with the HARQ-ACK.
2.2.2 Solution based on 10ms CQI feedback periodicity
The other alternative solution is the change the CQI periodicity from 5ms to 10ms. The advantage of this method is that the proper configurations can be chosen to totally avoid the collision between CQI and CQI and between CQI and HARQ-ACK. But the potential risk is that we need re-run the simulation because the assumption is changed. And it would not be a good idea to use the parameter different from Rel-8/9. If the parameters are the same, we can directly compare the performance.
But if the group is happy with this solution, i.e., 10ms based CQI feedback periodicity, we propose that
Proposal 6: For FDD, cqi-pmi-ConfigurationIndex is proposed as 11 for ABS subframe and 16 for non-ABS subframe, and the periodicity is changed from 5ms to 10ms.

Proposal 7: For TDD, cqi-pmi-ConfigurationIndex is proposed as 10 for ABS subframe and 15 for non-ABS subframe, and the periodicity is changed from 5ms to 10ms.
2.3 SNR test points selection 

Based on interested simulation results provided in RAN4 #63 meeting, it can be seen that most companies could pass CQI definition test if SNR test points is located within [3~13]dB. Following Rel-8/9’s requirement, one test point with two alternative SNRs (v/v+1 dB) are proposed to be set within [3~13]dB. 
Proposal 8: one test point with two alternative SNRs are proposed to be set within [3~13]dB.
3. Proposals
In this contribution, CQI definition test is discussed, proposed proposals are summarized below:
Proposal 1: (CQI for test 2 should be out of the range of 2~5 CQI classes.

Proposal 2: EI/Noc1 = -12 dB, Noc2/Noc1 = 0 dB, Noc3/Noc2 = 0 dB seems more reasonable for CQI definition test 2.
Proposal 3: ABS subframe and non-ABS subframe should configure different subframe offset to avoid CQI report colliding in the same subframe.

If the periodicity is kept to 5ms, then we propose that
Proposal 4: For FDD, cqi-pmi-ConfigurationIndex is proposed as 6 for ABS subframe and 5 for non-ABS subframe, and using PUSCH instead of PUCCH when CQI report colliding HARQ-ACK.

Proposal 5: For TDD, cqi-pmi-ConfigurationIndex is proposed as 3 for ABS subframe and 4 for non-ABS subframe, and using PUSCH instead of PUCCH when CQI report colliding HARQ-ACK.
If the group is happy to change the periodicity from 5ms to 10ms, then we propose that 
Proposal 6: For FDD, cqi-pmi-ConfigurationIndex is proposed as 11 for ABS subframe and 16 for non-ABS subframe, and the periodicity is changed from 5ms to 10ms.

Proposal 7: For TDD, cqi-pmi-ConfigurationIndex is proposed as 10 for ABS subframe and 15 for non-ABS subframe, and the periodicity is changed from 5ms to 10ms.
For the test point, we propose that 
Proposal 8: one test point with two alternative SNRs are proposed to be set within [3~13]dB.
The corresponding CR is provided in [3].
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5. Appendix: Simulation assumptions
	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	TM2 in serving cell 

OCNG TM3 (uncorrelated random 16QAM modulated symbols) in interfering cell

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	2x2, low correlation

	Propagation channel
	AWGN
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	Power allocation (ρA,  ρB) 
	-3 dB

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

	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
	[01010101]

	Pattern for CSI2 measurements
	[10101010]

	ABS pattern in interfering cell
	[01010101]

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

	Interference settings
	Test 1: EI/Noc1 = 10 dB, EI/Noc2 = 6 dB, Noc3/Noc2 = 3.2 dB
Test 2: Different settings of EI/Noc1, EI/Noc2, Noc3/Noc2 

1)   EI/Noc1 = -2 dB, EI/Noc2 = -6 dB, Noc3/Noc2 = 3.2 dB 

2)   EI/Noc1 = -12 dB, Noc2/Noc1 =  0 dB, Noc3/Noc2 = 0 dB 

	Note: The SNR observed on CRS in ABS and non-ABS can be written as SNRABS = ES/Noc2 and SNRnon-ABS = ES/Noc2 / (Noc3/Noc2 + EI/Noc2), where ES is the received energy of the serving cell and EI is the received energy of the interfering cell.
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