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1
Introduction
The simulation assumptions for evaluating eICIC CQI tests were agreed in RAN4 #61[1]. The simulation assumptions were further revised and clarified in RAN4 email reflector [2]. This contribution documents our evaluation results based on the agreed assumptions. From the evaluation, we identify potential problems in the eICIC CQI tests and provide several proposals for further discussion.
2
Evaluation results
Evaluation is done with the simulation assumptions in [2], which are listed in Table 1 here. Two interference models, Alternative 1 and Alternative 3, are evaluated separately. Performance metrics used in 9.2.1 of 36.101 are examined in each scenario, i.e., the median of wideband CQI, percentage of the reported CQI in the range of +/- 1 of the reported median, BLER using the transport format indicated by median CQI, median CQI + 1, and median CQI – 1.
	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	1

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	1x2, low correlation

	Propagation channel
	AWGN

	Power allocation (ρA,  ρB) 
	-3 dB

	Serving cell SNR measured at CRS
	To be simulated for 5 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]

	Pattern for CSI2 measurements
	[01010101]

	ABS pattern in interfering cell
	[10101010]

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

	Interference model [2]
	Alternative 1 (two levels with Es_int/Noc1=[10] dB, Es_int/Noc2=[6] dB, Es_int/Noc3 = [2.8] dB) or
Alternative 3 (single level with Es_int/Noc = [6, 8, 10] dB)

Es_int is the dominant interferer power.


Table 1: Common test parameters
The simulation results with Alternative 1 interference model are summarized in Table 2 and 3. The simulation results with Alternative 3 interference model are summarized in Table 4 and 5. Rel 8/9 requirements for CQI tests under AWGN are used to evaluate CQI estimation accuracy at each SNR. The 8/9 requirements are
1.  The reported CQI shall be in the range of +/- 1 of the median CQI more than 90% of the time.

2.  If PDSCH BLER using the transport format indicated by median CQI is less than 0.1, the BLER using the transport format indicated by the median CQI+1 shall be greater than 0.1.

3.  If PDSCH BLER using the transport format indicated by median CQI is greater than 0.1, the BLER using the transport format indicated by the median CQI-1 shall be less than 0.1.

The last columns of Table 2 – 5 show whether these requirements are met.
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	2
	100%
	1
	1
	1
	Fail

	3
	3
	100%
	1
	1
	0.9031
	Fail

	5
	4
	100%
	1
	1
	0
	Pass

	7
	5
	100%
	1
	1
	0
	Pass

	9
	6
	100%
	0.7656
	1
	0
	Pass

	11
	7
	100%
	1
	1
	0
	Pass

	13
	8
	100%
	0.9781
	1
	0
	Pass

	15
	9
	100%
	1
	1
	0
	Pass


Table 2: Alternative 1 interference model, non-ABS
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	6
	100%
	0
	1
	0
	Pass

	3
	7
	100%
	0
	1
	0
	Pass

	5
	8
	100%
	0.0031
	1
	0
	Pass

	7
	9
	100%
	0
	0.678
	0
	Pass

	9
	10
	100%
	0
	1
	0
	Pass

	11
	11
	100%
	0.003
	1
	0
	Pass

	13
	12
	100%
	0.778
	1
	0
	Pass

	15
	13
	100%
	0.1344
	1
	0
	Pass


Table 3: Alternative 1 interference model, ABS
The simulation results with Alternative 3 interference model are summarized in Table 4 and 5. Note that Es_int/Noc is fixed to 8 dB if Alternative 3 is used. 
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	1
	98.7%
	1
	1
	-
	

	3
	3
	99%
	1
	1
	0.9938
	Fail

	5
	4
	100%
	1
	1
	0.9719
	Fail

	7
	5
	100%
	1
	1
	0.9437
	Fail

	9
	6
	100%
	1
	1
	0.0594
	Pass

	11
	7
	100%
	1
	1
	0
	Pass

	13
	8
	100%
	1
	1
	0
	Pass

	15
	9
	100%
	1
	1
	0
	Pass


Table 4: Alternative 3 interference model, non-ABS
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	6
	100%
	1
	1
	0
	Pass

	3
	7
	100%
	1
	1
	0
	Pass

	5
	8
	100%
	1
	1
	0
	Pass

	7
	9
	100%
	1
	1
	0
	Pass

	9
	10
	100%
	0.9656
	1
	0
	Pass

	11
	11
	100%
	1
	1
	0
	Pass

	13
	12
	100%
	1
	1
	0.003
	Pass

	15
	13
	100%
	1
	1
	0.475
	Fail


Table 5: Alternative 3 interference model, ABS
From these results we have the following observations:
1. In non-ABS subframes, using the median CQI consistently yields very large BLER. This is very different from Rel 8/9 tests, which have no interference. The reason is that the 1x2 AWGN channel makes both signal and interference fully correlated across two Rx antennas. Therefore there is no Rx antenna combining gain at UE. Meanwhile UE still estimates CQI assuming there is multiple Rx antenna gain, so the estimated CQI becomes too optimistic, causing very high BLER. 
2. Even though CQI estimation is clearly off the target, the Rel 8/9 requirements can still be met because median CQI -1 can yield low BLER at proper SNR values for both alternative 1 and 3 interference, as shown in Table 2 and 4.

3. CQI estimation in ABS subframes with alternative 1 interference gives BLER performance similar to Rel 8/9 tests as shown in Table 3. Rel 8/9 requirements can be met across all SNRs.
4. CQI estimation in ABS subframes with alternative 3 interference is also too optimistic. This is partly because Es_int/Noc is 8 dB, as opposed to 6 dB in alternative 1, in the simulation, which makes the interferer CRS stronger and CQI discrepancy wider. 
Based on the observations, our recommendations are:

1. Non-ABS subframes are not suitable for BLER tests because CQI will clearly be over-estimated causing large BLER.
2. ABS subframe using alternative 3 interference is also not suitable to test BLER because interferer CRS can degrade the expected performance unless the interference power is reduced.

3. ABS subframe with alternative 1 interference provides expected BLER performance. Although it also suffers from the interferer CRS, the subframe has lower interference level in symbols without CRS. The combined effect makes the BLER performance similar to the BLER performance of Rel 8/9 CQI tests under AWGN.
We think it is important to test both CQI and BLER under the eICIC environment. CQI can be tested in both ABS and non-ABS subframes and requirements can be set to ensure large enough gap between the reports. Table 2 and 3 show that the median CQI between ABS and non-ABS subframes is 4 across all SNR values. However testing CQI gap only misses the goal to achieve certain target error rate for the reported CQI. From the simulation analysis, we can test BLER using the Rel 8/9 requirements in ABS subframes with alternative 1 interference.
3
Summary

Proposal 1: Use alternative 1 interference model and the corresponding interference level in Table 1 for the eICIC CSI test. 
Proposal 2: Test CQI in both ABS and non-ABS subframes. The reported CQI shall be in the range of +/- 1 of the median CQI more than 90% of the time like Rel 8/9 CQI tests under AWGN.
Proposal 3: Set a requirement to ensure minimum difference between CQI medians for ABS and non-ABS subframes.

Proposal 4: Measure the ABS BLER using the median CQI. Same BLER requirements like Rel 8/9 CQI tests under AWGN can be applied.
4
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