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1 Introduction
In RAN4 #62bis meeting, the requirements for CQI feedback test of Rel-10 eICIC were discussed, with the agreed way forward captured in [1]. However, some issues are still open, such as transmission mode of interference cell, the channel model and test metrics. In this contribution, we further study these open issues and provide our opinions on these tests.

2 CQI definition test
In RAN4 #62bis meeting, some agreements were achieved for eICIC CQI definition test in [1], which are summarized below:
· Interference model: Alternative 1(two Noc levels (ES,I/Noc1, ES,I/Noc2) = (10, 6) dB) is baseline
· Transmission mode:
· For serving cell TM2 2*2 is baseline
· For interference cell, the transmission mode will be selected among the following options:

· Option1: Independent OCNG on 2Tx with random QPSK symbols transmitted for non-ABS data region

· Option2: TM2 with MCS QPSK
· Test metrics:

· The test metric of CQI difference between ABS and non-ABS subframes is introduced.

· The BLER criterion for non-ABS is FFS;

· The BLER criterion for ABS is FFS;
· Channel model for both serving cell and interference cell:
· Option1: Use the same static channel models for both serving cell and interference cell; 
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· Option2: Pico cell (serving cell) and macro cell’s (interference cell) propagation conditions are
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According to the agreed way forward, there are two options of the transmission mode and channel model respectively. In this contribution, simulation results are provided for these cases.
In last RAN4 meeting, simulation results based on the advanced receiver were also raised by some interested companies[2-4]. In this contribution, we provide the simulation results for both baseline receiver and advanced receiver and investigate the impact of CQI report with advanced receiver. 
3 Simulation results for CQI tests
3.1 CQI results for baseline receiver

In this section, simulation results are provided for baseline receiver(MMSE receiver), with simulation assumptions listed in the appendix.
Firstly, we consider the propagation conditions for both pico cell and macro cell as option1: 
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Table 1 shows the CQI performance of ABS subframe using the same static channel models for both pico cell and macro cell.

Table 1.  CQI definition test in ABS with channel model option1

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	6
	6(100%)
	0
	0.5982
	1
	Pass

	3
	7
	7(100%)
	0
	0.0352
	1
	Pass

	5
	8
	8(100%)
	0
	0.0686
	1
	Pass

	7
	9
	9(100%)
	0
	0.4708
	1
	Pass

	9
	10
	10(100%)
	0
	0.0072
	1
	Pass

	11
	11
	11(100%)
	0
	0.6146
	1
	Pass

	13
	12
	12(100%)
	0.0054
	1
	1
	Pass

	15
	13
	13(100%)
	0.0277
	1
	1
	Pass


For non-ABS, there are two options of transmission mode for macro cell, which are repeated below:

· Option1: Independent OCNG on 2Tx with random QPSK symbols transmitted for non-ABS data region

· Option2: TM2 with MCS QPSK

Table 2 and Table 3 show the CQI performances for non-ABS using two options of transmission mode respectively.
Table 2. CQI definition test in non-ABS with channel model option1 (OCNG)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	2
	2(100%)
	1
	1
	1
	Fail

	3
	3
	3(100%)
	0.6442
	1
	1
	Fail

	5
	4
	4(100%)
	0.0366
	0.9992
	1
	Pass

	7
	5
	5(100%)
	0.0022
	0.9362
	1
	Pass

	9
	6
	6(100%)
	0
	0.8768
	1
	Pass

	11
	7
	7(100%)
	0
	0.9304
	1
	Pass

	13
	8
	8(100%)
	0
	0.835
	1
	Pass

	15
	9
	9(100%)
	0
	0.9982
	1
	Pass


Table 3. CQI definition test in non-ABS with channel model option1 (TM2)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	2
	2(100%)
	1
	1
	1
	Fail

	3
	3
	3(100%)
	0.6824
	1
	1
	Fail

	5
	4
	4(100%)
	0.0358
	0.9992
	1
	Pass

	7
	5
	5(100%)
	0.001
	0.9236
	1
	Pass

	9
	6
	6(100%)
	0
	0.7938
	1
	Pass

	11
	7
	7(100%)
	0
	0.9378
	1
	Pass

	13
	8
	8(100%)
	0
	0.817
	1
	Pass

	15
	9
	9(100%)
	0
	0.9978
	1
	Pass


According to Table 1 to Table 3, the CQI difference between ABS and non-ABS subframes is 4. For ABS, BLER corresponding to median CQI meet AWGN CQI test criterion in Rel-8/9. For non-ABS, BLER of median CQI-1 is more than 0.1 in lower SNR of 1dB and 3dB. Therefore, Rel-8/9 requirement is not fulfilled at low SNR for non-ABS subframes.
Then, we investigate the propagation conditions for both pico cell and macro cell as option2: 
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Table 4 to Table 6 show the CQI performance of ABS and non-ABS subframes using the channel model of option2, in which Table 5 presents the simulation results using OCNG for macro cell and Table 6 presents the simulation results using TM2 for macro cell.

Table 4. CQI definition test in ABS with channel model option2

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	7
	7(100%)
	0
	0.0074
	0.6994
	Pass

	3
	8
	8(100%)
	0
	0.0194
	0.935
	Pass

	5
	9
	9(100%)
	0
	0.1966
	0.5968
	Pass

	7
	10
	10(100%)
	0.0028
	0.0458
	0.9556
	Pass

	9
	11
	11(100%)
	0
	0.24
	1
	Pass

	11
	12
	12(100%)
	0.0036
	0.687
	1
	Pass

	13
	13
	13(100%)
	0.019
	0.5012
	1
	Pass

	15
	14
	14(100%)
	0.0086
	0.9032
	1
	Pass


Table 5. CQI definition test in non-ABS with channel model option2 (OCNG)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	4
	4(100%)
	0.1102
	0.998
	1
	Fail

	3
	5
	5(100%)
	0.0328
	0.941
	1
	Pass

	5
	6
	6(100%)
	0.0044
	0.9022
	1
	Pass

	7
	7
	7(100%)
	0.0072
	0.91
	1
	Pass

	9
	8
	8(100%)
	0.0054
	0.8408
	1
	Pass

	11
	9
	9(100%)
	0.0038
	0.9912
	1
	Pass

	13
	10
	10(100%)
	0.077
	0.9142
	1
	Pass

	15
	11
	11(100%)
	0.0102
	0.998
	1
	Pass


Table 6. CQI definition test in non-ABS with channel model option2 (TM2)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	4
	4(100%)
	0.1298
	0.997
	1
	Fail

	3
	5
	5(100%)
	0.0528
	0.9588
	1
	Pass

	5
	6
	6(100%)
	0.011
	0.9312
	1
	Pass

	7
	7
	7(100%)
	0.0126
	0.9194
	1
	Pass

	9
	8
	8(100%)
	0.018
	0.8494
	1
	Pass

	11
	9
	9(100%)
	0.0094
	0.9948
	1
	Pass

	13
	10
	10(100%)
	0.09
	0.918
	1
	Pass

	15
	11
	11(100%)
	0.0236
	0.9994
	1
	Pass


According to Table 4 to Table 6, the CQI difference between ABS and non-ABS subframes is 3 under the channel model option2. For ABS, the BLER performance is similar to option1 and meets the test criterion in Rel-8/9. For non-ABS, the performance is better than option1, with the Rel-8/9 requirement fulfilled except SNR=1dB.
3.2 CQI results for advanced receiver
In this section, simulation results are provided for advanced receiver(MMSE-IRC receiver), with simulation assumptions being the same as those for baseline receiver.
First, we consider the propagation conditions for both pico cell and macro cell as option1: 
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Table 7 to Table 9 show the CQI performance of ABS and non-ABS subframes using the same static channel models for both pico cell and macro cell, in which Table 8 gives the simulation results using OCNG for macro cell and Table 9 gives the simulation results using TM2 for macro cell.
Table 7. CQI definition test in ABS with channel model option1

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	6
	6(100%)
	0
	0.1
	0.8756
	Pass

	3
	7
	7(100%)
	0
	0.001
	0.9532
	Pass

	5
	8
	8(100%)
	0
	0.0024
	0.9996
	Pass

	7
	9
	9(100%)
	0
	0.0822
	0.3972
	Pass

	9
	10
	10(100%)
	0
	0
	1
	Pass

	11
	11
	11(100%)
	0
	0.1048
	1
	Pass

	13
	12
	12(100%)
	0
	0.9956
	1
	Pass

	15
	13
	13(100%)
	0.0112
	0.9448
	1
	Pass


Table 8. CQI definition test in non-ABS with channel model option1 (OCNG)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	2
	2(100%)
	1
	1
	1
	Fail

	3
	3
	4(100%)
	0.3216
	1
	1
	Pass

	5
	4
	5(100%)
	0
	0.9952
	1
	Pass

	7
	5
	6(100%)
	0
	0.8186
	1
	Pass

	9
	6
	7(100%)
	0
	0.7218
	1
	Pass

	11
	7
	8(100%)
	0
	0.7124
	1
	Pass

	13
	8
	9(100%)
	0
	0.474
	1
	Pass

	15
	9
	10(100%)
	0
	0.998
	1
	Pass


Table 9. CQI definition test in non-ABS with channel model option1 (TM2)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	2
	2(100%)
	1
	1
	1
	Fail

	3
	3
	4(100%)
	0.3406
	0.9994
	1
	Pass

	5
	4
	5(100%)
	0.0026
	0.9946
	1
	Pass

	7
	5
	6(100%)
	0
	0.8122
	1
	Pass

	9
	6
	7(100%)
	0
	0.6356
	1
	Pass

	11
	7
	8(100%)
	0
	0.7304
	1
	Pass

	13
	8
	9(100%)
	0
	0.4364
	1
	Pass

	15
	9
	10(100%)
	0
	0.9928
	1
	Pass


According to Table 7 to Table 9, the CQI difference between ABS and non-ABS subframes is 4. For ABS, the BLER performance meets AWGN CQI test criterion in Rel-8/9. For non-ABS, the BLER performance could fulfill Rel-8/9 test criterion except SNR=1dB.

Then, we investigate the propagation conditions for both pico cell and macro cell as option2: 
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Table 10 to Table 12 show the CQI performance of ABS and non-ABS subframes using the channel model of option2, in which Table 11 gives the simulation results using OCNG for macro cell and Table 12 gives the simulation results using TM2 for macro cell.
Table 10. CQI definition test in ABS with channel model option2

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	7
	7(100%)
	0
	0.0126
	0.6516
	Pass

	3
	8
	8(100%)
	0
	0.0198
	0.9312
	Pass

	5
	9
	9(100%)
	0
	0.1666
	0.5746
	Pass

	7
	10
	10(100%)
	0
	0.0254
	0.9578
	Pass

	9
	11
	11(100%)
	0
	0.2236
	1
	Pass

	11
	12
	12(100%)
	0
	0.5488
	1
	Pass

	13
	13
	13(100%)
	0.009
	0.3598
	1
	Pass

	15
	14
	14(100%)
	0.0056
	0.8546
	1
	Pass


Table 11. CQI definition test in non-ABS with channel model option2 (OCNG)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	4
	4(100%)
	0.0646
	0.9754
	1
	Pass

	3
	5
	5(100%)
	0.0216
	0.8716
	1
	Pass

	5
	6
	6(100%)
	0.0038
	0.8222
	1
	Pass

	7
	7
	7(100%)
	0.0032
	0.7468
	1
	Pass

	9
	8
	8(100%)
	0.0018
	0.6068
	1
	Pass

	11
	9
	9(100%)
	0.0004
	0.9532
	1
	Pass

	13
	10
	10(100%)
	0.0234
	0.607
	1
	Pass

	15
	11
	11(100%)
	0
	0.9766
	1
	Pass


Table 12. CQI definition test in non-ABS with channel model option2 (TM2)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	4
	4(100%)
	0.0687
	0.9846
	1
	Pass

	3
	5
	5(100%)
	0.0255
	0.8864
	1
	Pass

	5
	6
	6(100%)
	0.0092
	0.8254
	1
	Pass

	7
	7
	7(100%)
	0.0046
	0.762
	1
	Pass

	9
	8
	8(100%)
	0.0024
	0.6666
	1
	Pass

	11
	9
	9(100%)
	0.0006
	0.9688
	1
	Pass

	13
	10
	10(100%)
	0.0064
	0.6207
	1
	Pass

	15
	11
	11(100%)
	0
	0.9846
	1
	Pass


According to Table 10 to Table 12, the CQI difference between ABS and non-ABS subframes is 3 under the channel model option2. For both ABS and non-ABS subframes, the BLER criterion can be fulfilled with advanced receiver.

4 Discussion on the open issues
4.1 Transmission mode

Currently, there are two options for transmission modes of interference cell for non-ABS data region. Based on a comparison of the above simulation results, different transmission modes have little impact on the CQI report and BLER performance, thus it is proposed to transmit independent OCNG on macro cell’s antenna because the interference on two received antennas should be independent and AWGN[2].
Proposal 1: It is proposed that independent OCNG should be transmitted on macro cell’s antenna.
4.2 Channel model
According to the simulation results in Section 3, it is observed that channel model option2 could get better CQI performance than option1, since the Rel-8/9 requirements could be fulfilled much easier by both baseline receiver and advanced receiver.
Proposal 2: It is proposed that channel model option2 should be used to meet the Rel-8/9 requirement.

Option2: Pico cell (serving cell) and macro cell’s (interference cell) propagation conditions are
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4.3 Test metrics

From the simulation results above, it could be found that, for MMSE-IRC receiver, the CQI difference is the same as that for baseline receiver, since the reported CQI is estimated only based on the SINR of the CRS REs. Thus, (CQI is not expected to be greatly impacted by the receiver implementation, hence, a receiver agnostic metric.
In the simulations, we can observe that BLER criterion is all fulfilled for ABS subframes. However, the results may not reflect the status in realistic network. Considering the interference model, the noise Noc2 on OFDM symbols #0, #4, #7, #11 is 4 dB higher than that on the other OFDM symbols. Since CQI is measured on CRS REs that experience a high noise level, it seems the CQI will be underestimated and the BLER of the median CQI could be too low. On the other side, the additional interference from dominant macro cell in OFDM symbols #0, #4, #7, #11 is not taken into account in the CQI report while assuming non-colliding CRS, this will lead to the trend that CQI is overestimated. These two effects compensate each other and the BLER criterion may be fulfilled. However, it can not be regarded as a stable test since the metric is not based on a reliable CQI report.
Proposal 3: For ABS subframes, the BLER criterion is not a stable test since the metric is not based on a reliable CQI report. So it is proposed not to use BLER criterion as a metric for eICIC CQI tests.
5 Conclusion

In this contribution, some open issues of CQI definition test are further discussed and simulation results are provided. Based on these results, several proposals are given as follows:

Proposal 1: It is proposed that independent OCNG should be transmitted on macro cell’s antenna.
Proposal 2: It is proposed that channel model option2 should be used to meet the Rel-8/9 requirement.

Option2: Pico cell (serving cell) and macro cell’s (interference cell) propagation conditions are
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Proposal 3: It is proposed not to use BLER criterion as a metric for eICIC CQI tests.
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6 Appendix: Simulation Assumptions

	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	2

	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]

(SNR = Es/Noc2 for interference model alternative 1)

	Transmission mode for interference cell
	Option1: OCNG

Option 2: TM2

	Feedback mode
	PUCCH 1-0

	Physical channel for CQI reporting
	PUCCH Format 2

	Maximal number of HARQ transmission
	1

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

	Interference model
	Alternative 1 (Es_int/Noc2=[6] dB in ABS and Noc3/Noc2=3.2 dB, Noc2/Noc1 = 4 dB)

	Receiver
	MMSE/ MMSE-IRC
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