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1 Introduction
In the previous RAN4#66-Bis and #67 meetings, a number of agreements have been made regarding CQI tests to be introduced for Rel-11 FeICIC. In this paper we present some simulation results based on current agreement and discuss our views on potential test setup and test metrics. We make a number of useful observations and a proposal.
2 Discussion
In the last RAN4#67 meeting, a number of agreements have been reached regarding CSI feedback tests in FeICIC scenario [1], [2]. Some of the relevant agreements are reproduced below from [1], [2]:

Agreed Way Forward for CQI definition test:

· Test method of CQI definition test

· Test 1: verify BLER in ABS with lower operating Es/Noc1, e.g., [5~9]dB, D1/Noc1 = 12dB, and D2/Noc2 = 10dB;

· Test 2: verify BLER in both ABS and non-ABS with higher Es/Noc1, e.g., [11~16dB], D1/Noc1 = 12dB, and D2/Noc2 = 10dB

· Option 1: for non-ABS use median CQI +/-1

· Option 2: for non-ABS use median CQI +2 and median CQI -1.

· Option 3: Introduce delta CQI between reported median CQI in non-ABS and in ABS, and not to test BLER in non-ABS.

· Other options are not precluded.

· Companies are encouraged to provide the simulation results for the above options.

2.1 Simulation Assumptions

In this paper, we focus on CQI definition test only. The simulation assumptions and test cases used in this paper are as below in Table 1:
Table 1: Simulation Parameters

	Parameter
	Unit
	Serving cell
	Interfering Cell 1
	Interfering Cell 2

	Transmission mode
	
	TM2

2x2
	TM2

2x2
	TM2

2x2

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 
	-3
	-3
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at antenna port
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	dBm/15kHz
	-98 
	N/A
	N/A
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	dBm/15kHz
	-98 
	N/A
	N/A
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	dBm/15kHz
	-93 
	N/A
	N/A
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	dB
	1 to 16 dB
	12 dB
	10 dB

	BWChannel
	MHz
	10
	10
	10

	Subframe configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time Offset with serving cell
	(s 
	0 (synchronous cells)

	Cell Id
	
	0
	1
	6

	ABS pattern
	
	N/A
	[01010101

01010101

01010101

01010101

01010101]
	[01010101

01010101

01010101

01010101

01010101]

	CSI Subframe Sets
	CCSI,0
	[01010101

01010101

01010101

01010101

01010101]
	N/A
	N/A

	
	CCSI,1
	[10101010

10101010

10101010

10101010

10101010]
	N/A
	N/A

	Number of control OFDM symbols
	
	3
	3
	3

	Channel
	
	AWGN

	Antenna correlation
	
	low

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	Ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	CCSI,0
	5
	N/A
	N/A

	
	CCSI,1
	6
	N/A
	N/A


2.2 Simulation Results
We present simulation results for BLER in ABS/Non-ABS and delta CQI between ABS and non ABS.
2.2.1 Test 1: BLER in ABS in Low-SNR
CRS-IC is used for ABS demodulation. Table 2 shows the BLER at various SNR point on and around median CQI. As seen Rel-8 BLER criteria may not be met for some SNR points.
Table 2: BLER at Various SNR in ABS
	SNR
	BLER

	
	Med CQI-1
	Med CQI
	Med CQI+1

	5
	0.0
	0.044
	0.3

	6
	0.00
	0.0083
	0.09

	7
	0.00
	0.02
	0.28

	8
	0.00
	0.0046
	0.09

	9
	0.00
	0.02
	0.48

	10
	0.00
	0.0023
	0.214


As seen from Table 2, the test passes for at least one of two consecutive SNR points. However, the performance4 is more stable at higher ends. So we propose:
Proposal 1: For ABS BLER criteria at low SNR we propose 9 dB /10 dB to be used as test point set.

2.2.2 Test 2: BLER in ABS and Non-ABS in High SNR

2.2.2.1 Option 1: Use CQI+/-1 For ABS and Non-ABS

CRS-IC is used for ABS demodulation. Table 2 shows the BLER at various SNR point on and around median CQI. As seen Rel-8 BLER criteria may not be met for some SNR points.

Table 3: BLER at Various SNR in ABS

	SNR
	BLER

	
	Med CQI-1
	Med CQI
	Med CQI+1

	11
	0.00
	0.00
	0.07

	12
	0.00013
	0.01725
	0.29

	13
	0.00
	0.00
	0.09

	14
	0.00
	0.02212
	0.3210

	15
	0.00
	0.003
	0.12


Table 4: BLER at Various SNR in Non-ABS

	SNR
	BLER

	
	Med CQI-1
	Med CQI
	Med CQI+1

	10
	-
	0.16562
	0.504

	11
	-
	0.0583
	0.305

	12
	0.0201
	0.14338
	0.4896

	13
	0.001
	0.049
	0.2966

	14
	0.01663
	0.1326
	0.463

	15
	0.00038
	0.0471
	0.2752


As seen from Table 3 and 4, the test passes for all SNR points. However, we incline to select SNR pair at higher values. We propose:

Proposal 2: For ABS BLER criteria at high SNR we propose SNR 14/15 to be a test point set.

Proposal 3: For non-ABS BLER criteria at high SNR we propose SNR 12/13 or 14/15 to be a test point set.
2.2.2.2 Option 2: Use CQI+2 and CQI-1 Non-ABS

For non-ABS we also check for option 2 by using median CQI+2 and median CQI-1. While option 1 (median CQI+/-1) works fine for both ABS and non-ABS, the need for option 2 for non-ABS is not that evident. Despite that lets take a look at the results in Table 5.
Table 5: BLER at Various SNR in Non-ABS

	SNR
	BLER

	
	Med CQI-1
	Med CQI
	Med CQI+2

	10
	-
	0.16562
	0.809

	11
	-
	0.0583
	0.6616

	12
	0.0201
	0.14338
	0.78712

	13
	0.001
	0.049
	0.64363

	14
	0.01663
	0.1326
	0.91

	15
	0.00038
	0.0471
	0.8228

	16
	
	
	


Based on the results presented in Table 5, we have the following observation:

Observation 1: For Non-ABS, using median CQI+/-1  seems fine and using median CQI-1, median CQI+2 instead of median CQI+/-1 doesn’t seem necessary.
So we propose,
Proposal 4: Do not consider median CQI-1, median CQI+2 instead of median CQI+/-1 for non-ABS since median CQI+/-1 works fine.
2.2.2.3 Option 3: No BLER, Use Delta CQI

We are support this option. We previously introduced this option for eICIC tests.  If we introduce this option for FeICIC, it is consistent with eICIC. The results are shown in Table 6.
In this section, simulation results of delta CQI are presented with no CRS IC in non-ABS. Actually, UE could perform CRS-IC in non-ABS to improve performance. However, doing the same for measurement purpose would lead to better than actual channel report by UE about the non-ABS. This is because, despite using CRS-IC in non-ABS the PDSCH of serving cell will receive interference from PDSCH of interfering cell that can’t be cancelled. So, to get the true information about non-ABS channel, CRS-IC function should be turned off. As seen from the below simulation results, delta CQI varies within 4 to 7. Please note that if CRS-IC function is not switched of during this process, different results are expected. 
Observation 2: Switching off CRS-IC function in non-ABS for Delta CQI test, the Delta CQI is within range 4 to 7.  
We propose that delta CQI requirement should be based on switching off CRS-IC, not to penalise UE implementation that reports CQI value truly. We also prefer to adopt Option 3 approach to set delta CQI requirements, same as the case for eICIC in Rel-10. Another option is to consider testing both Option 1 and Option 3.

Hence, we propose that

Proposal 5: CRS-IC should be turned off during non-ABS for FeICIC CQI test.

Proposal 6: Delta CQI minimum requirement should be 4 for FeICIC CQI test.
Proposal 7: We propose SNR set 3/4 dB and/or 11/12 dB for testing delta CQI.
Table 6: Delta CQI between ABS and non-ABS: Noc1 = Noc2, Noc3 = Noc1+5.0 

	SNR

(Es/Noc2) 

(dB)
	ABS
	Non-ABS
	Delta CQI

	
	Percentage within  

Median CQI +/-1
	Percentage within  

Median CQI +/-1
	

	1
	100% 
	100% 
	4

	2
	100% 
	100% 
	4

	3
	99.83% 
	100% 
	5

	4
	99.97% 
	100% 
	5

	5
	99.85% 
	100% 
	5

	6
	97.67% 
	100% 
	5

	7
	99.53% 
	100% 
	6

	8
	98.1% 
	100% 
	6

	9
	97.22% 
	100% 
	7

	10
	98.8% 
	100% 
	6

	11
	96.15% 
	100% 
	6

	12
	97.08% 
	100% 
	6

	13
	97% 
	100% 
	6

	14
	95.85% 
	100% 
	6

	15
	97.38% 
	100% 
	6


3 Conclusions

In this contribution, we presented some simulation results on CQI definition test for Rel. 11 FeICIC. We made the following observations and proposals:

We observe that:

Observation 1: For Non-ABS, using median CQI+/-1  seems fine and using median CQI-1, median CQI+2 instead of median CQI+/-1 doesn’t seem necessary.
Observation 2: Switching of CRS-IC function in non-ABS for Delta CQI test. The Delta CQI is within range 4 to 7.  

We propose that:

Proposal 1: For ABS BLER criteria at low SNR we propose 9 dB /10 dB to be used as test point set.

Proposal 2: For ABS BLER criteria at high SNR we propose SNR 14/15 to be a test point set.

Proposal 3: For non-ABS BLER criteria at high SNR we propose SNR 12/13 or 14/15 to be a test point set.
Proposal 4: Do not consider median CQI-1, median CQI+2 instead of median CQI+/-1 for non-ABS since median CQI+/-1 works fine.
Proposal 5: CRS-IC should be turned off during non-ABS for FeICIC CQI test.

Proposal 6: Delta CQI minimum requirement should be 4 for FeICIC CQI test.
Proposal 7: We propose SNR set 3/4 dB and/or 11/12 dB for testing delta CQI.
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