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1. Introduction

In RAN4 #62bis meeting, the CQI definition test was extensively discussed and some agreements had been achieved. The key arguments mainly focus on the channel model, transmission mode and test metric. In this contribution, we will share our views on these open issues.
2. CQI definition test
In RAN4 #62bis meeting, some agreements are achieved for eICIC CQI definition test in [1], which is summarized below:
Agreed Way forward:

· The test metric of CQI difference is introduced, if the phase alignment could be implemented during the whole duration of the test.

· Whether to define BLER criterion is FFS for ABS.

· Whether to define BLER criterion is FFS for non-ABS.

· Interference model: Alternative 1 (two Noc levels (ES,I/Noc1, ES,I/Noc2) = (10, 6) dB) is baseline and other interference levels are not precluded and FFS;

· Transmission mode: 
· For serving cell TM2 2x2 is baseline and TM1 1x2 is not precluded. If any issues were found for TM2, the group will fall back to TM1. 

· 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

· Channel model for both serving cell and interference cell:

· Option1: Use the same static channel models for both serving cell and interference cell;

Option2: Pico cell (serving cell) and macro cell’s (interference cell) propagation conditions are
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, 
· Evaluate which option is feasible in the next meeting.

· PSS/SSS/PBCH transmission: the agreement is not reached

· Whether or not Subframe #0 and #5should not be scheduled or measured for CQI test is FFS.
Based on the agreed way forward, it seems that the interference model of Alternative 1 has been approved by the group, therefore, in the following discussion, we only take Alternative 1 into consideration. Regarding transmission mode in serving cell, it seems TM2 has more priority than TM1, so we take TM2 in serving cell as simulation assumption. In addition, since all companies agree that SIB-1 is not transmitted in macro cell, we have further consideration on ABS pattern setting for CQI definition test.
2.1 ABS pattern

In [2], ABS pattern had been defined as [10101010, 10101010, 10101010, 10101010, 10101010], if considering protecting pico cell’s SIB-1 on subframe #5 of even number of frames, we propose to use [01010101…] instead of [10101010…] because it doesn’t need additional ABS. Some companies may concern that the CQI accuracy of ABS may be impacted by macro cell’s SIB-1 interference when CQI measurement happens on subframe #5 of even number of frames. However, this concern can be ignored since no SIB-1 is transmitted in macro cell, which has been agreed by all companies in last meeting. Moreover, considering that RLM/RRM measurement subframe pattern has been defined as [00000100,…] and this pattern should be a subset of ABS pattern, [01010101…] seems more reasonable than [10101010…]. So the proposed test patterns are summarized below:
Proposal 1: Proposed test patterns are:

FDD:
· ABS pattern in interfering cell [01010101, 01010101, 01010101, 01010101, 01010101]
· Pattern for CSI1 measurements (P_CSI1):  [01010101, 01010101, 01010101, 01010101, 01010101]
· Pattern for CSI2 measurements(P_CSI2): [10101010, 10101010, 10101010, 10101010, 10101010] 

TDD (if uplink-downlink configuration is set as 1):

· ABS pattern in interfering cell [0100010001, 0100010001]
· Pattern for CSI1 measurements (P_CSI1):  [0100010001, 0100010001]
· Pattern for CSI2 measurements(P_CSI2): [1000101000, 1000101000] 

2.2 Transmission mode and channel model
From RAN4 62bis meeting’s way forward, there are two opinions on transmission mode and channel model in interference cell separately. Totally there are 4 combinations considering the different options on transmission mode and channel model, which are summarized in Table 1. Simulation results for these combinations are shown in Table 2~Table 7. Considering that combination 1 and combination 2 have the same performance with combination 3 and combination 4 separately in ABS, we only list non-ABS performance for combination 3 and combination 4.
Table 1 Combinations summary for different transmission mode and channel mode
	Combinations
	Transmission mode in interference cell
	Channel model in interference cell

	1
	TM2 with MCS QPSK
	Static channel: 
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	2
	TM2 with MCS QPSK
	AWGN channel:
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	3
	Independent OCNG on 2Tx with random QPSK symbols
	Static channel: 
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	4
	Independent OCNG on 2Tx with random QPSK symbols
	AWGN channel:
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Table 2 CQI definition test for ABS with LMMSE receiver for combination 1
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	7
	7(99.33%) 8(0.67%)
	0.917
	1
	0
	Pass

	3
	8
	8(94.67%) 9(5.33%)
	0.944
	1
	0
	Pass

	5
	9
	9(94%) 10(6%)
	0.132
	1
	0
	Pass

	7
	10
	10(94%) 11(6%)
	0.002
	1
	0
	Pass

	9
	11
	11(84.33%) 12(15.67%)
	0.850
	1
	0
	Pass

	11
	12
	12(90.33%) 13(9.67%)
	0.933
	1
	0
	Pass

	13
	13
	13(93%) 14(7%)
	1
	1
	0
	Pass

	15
	14
	14(99.67%) 15(0.33%)
	1
	1
	0.011
	Pass


Table 3 CQI definition test for non-ABS with LMMSE receiver for combination 1 

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

	1
	3
	3(90%) 4(10%)
	0.382
	1
	0
	Pass

	3
	4
	4(87%) 5(13%)
	0.705
	1
	0
	Pass

	5
	5
	5(99%) 6(1%)
	0.172
	1
	0
	Pass

	7
	6
	6(87.67%) 7(12.33%)
	0.075
	1
	0
	Pass

	9
	7
	7(85%) 8(15%)
	0.331
	1
	0
	Pass

	11
	8
	8(64.67%) 9(35.33%)
	0.035
	1
	0
	Pass

	13
	9
	9(52%) 10(48%)
	0
	1
	0
	Pass

	15
	10
	10(57.33%) 11(42.67%)
	0.022
	1
	0
	Pass


Table 4 CQI definition test for ABS with LMMSE receiver for combination 2
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	7
	7(98.33%) 8(1.67%)
	0
	1
	0
	Pass

	3
	8
	8(92.67%) 9 (7.33%)
	0
	1
	0
	Pass

	5
	9
	9(89.67%) 10(10.33%)
	0
	1
	0
	Pass

	7
	10
	10(89.7%) 11(10.3%)
	0
	1
	0
	Pass

	9
	11
	11(79.63%) 12(23.07%)
	0
	1
	0
	Pass

	11
	12
	12(82.47%) 13(17.53%)
	0
	1
	0
	Pass

	13
	13
	13(85.07%) 14(14.93%)
	0.146
	1
	0
	Pass

	15
	14
	14(97.83%) 15(2.17%)
	0.559
	1
	0
	Pass


Table 5 CQI definition test for non-ABS with LMMSE receiver for combination 2 

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

	1
	4
	4(100%)
	0.984
	1
	0
	Pass

	3
	5
	5(100%)
	0.943
	1
	0
	Pass

	5
	6
	6(100%)
	0.986
	1
	0
	Pass

	7
	7
	7(99.67%) 8(0.33%)
	0.929
	1
	0
	Pass

	9
	8
	8(98%) 9(2%)
	0.826
	1
	0
	Pass

	11
	9
	9(96.67%) 10(3.33%) 
	0.226
	1
	0
	Pass

	13
	10
	10(97%) 11(3%)
	0.558
	1
	0
	Pass

	15
	11
	11(91.67%) 12(8.33%)
	0.914
	1
	0
	Pass


Table 6 CQI definition test for non-ABS with LMMSE receiver for combination 3 

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

	1
	3
	3(89.67%) 4(10.33%)
	0.344
	1
	0
	Pass

	3
	4
	4(84.33%) 5(15.67%)
	0.625
	1
	0
	Pass

	5
	5
	5(98.67%) 6(1.33%)
	0.164
	1
	0
	Pass

	7
	6
	6(92%) 7(8%)
	0.222
	1
	0
	Pass

	9
	7
	7(85.33%) 8(14.67%)
	0.205
	1
	0
	Pass

	11
	8
	8(59.33%) 9(40.67%)
	0.028
	1
	0
	Pass

	13
	9
	9(53%) 10(47%)
	0
	1
	0
	Pass

	15
	10
	10(52.33%) 11(47.67%)
	0.021
	1
	0
	Pass


Table 7 CQI definition test for non-ABS with LMMSE receiver for combination 4 
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	4
	4(99.17%) 5(0.83%)
	0.986
	1
	0
	Pass

	3
	5
	5(99.97%) 6(0.03%)
	0.932
	1
	0
	Pass

	5
	6
	6(99.57%) 7(0.43%)
	0.964
	1
	0
	Pass

	7
	7
	7(99.33%) 8(0.67%)
	0.951
	1
	0
	Pass

	9
	8
	8(97.23%) 9(2.77%)
	0.790
	1
	0
	Pass

	11
	9
	9(95.9%) 10(4.1%)
	0.234
	1
	0
	Pass

	13
	10
	10(95.77%) 11(4.23%)
	0.57
	1
	0
	Pass

	15
	11
	11(89.27%) 12(10.73%)
	0.587
	1
	0
	Pass


Observation: In both ABS and non-ABS subframe, MMSE receiver could pass all test points for all combinations. 
For MMSE-IRC receiver, we have the following analysis: 
If TM2 is transmitted in interference cell, i.e., combination 1 or combination 2, received signal can be written as:
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Where ri(2m) and ri(2m+1) present received signal for each m-th SFBC symbols at i-th receiver antenna, and ni(2m) and ni(2m+1) are the AWGN noise for m-th SFBC symbol at i-th receiver antenna. hij,q is the channel coefficient between i-th receiver antenna and j-th transmitter antenna at q-th cell, and d1,q(m) and d2,q(m) are the m-th space-frequency block coded information signals of the q-th cell. Here q =1 denotes serving cell and q = 2 denotes interference cell. In [3], it has proved that the estimated (4(4) interference covariance matrix for two adjacent two subcarriers 
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 can be combined by (2(2) CRS interference covariance matrix
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Where O indicates the (2(2) zero matrix. For static channel or AWGN channel, it can be estimated that 
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 is a diagonal matrix because the channel vectors for two received antennas are orthogonal. Accordingly, 
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 is a diagonal matrix as well. That is to say, MMSE receiver and MMSE-IRC have the same performance no matter with AWGN channel or static channel. 
If independent OCNG is transmitted on each transmit antenna, i.e., combination 3 or combination 4, the received signal can be written as:
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Where di,2(2m) and di,2(2m+1) are independent interference signal transmitted on i-th transmit antenna for m-th SFBC symbols, considering that channel vectors for two received antennas are orthogonal, the estimated (4(4) interference covariance matrix 
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 can also be combined by (2(2) CRS interference covariance matrix
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, which is:
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Obviously, 
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 is still expected as a diagonal matrix since 
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is a diagonal matrix. Theoretically, MMSE receiver and MMSE-IRC have the same performance for both statistic channel and AWGN channel, just as the phenomenon happened in combination 1 and combination 2. 
Considering that the CQI difference of static channel is larger than that of AWGN channel, it seems more appropriate to use static channel as simulation assumption.

Proposal 2: Static channel is proposed to be set as simulation assumption for interference cell. 
2.3 Test metrics
In last meeting, the purposes of CQI definition test and test metrics have been widely discussed. It seems that the purpose of verifying the proper interference averaging has been approved by all company while whether or not testing CQI accuracy in ABS causes a lot of argument. In our view, if Alternative 1 is used as interference model, CRS IC receiver or puncturing receiver may cause serious CQI mismatch in ABS, and this would result in a risk that CRS IC receiver may fail to pass Rel-8/rel-9’s BLER requirement. Based on this consideration, proposed test metrics are listed below:
· Use the test metric that the reported CQI shall be in the range of [+/- 1] of the median CQI more than 90% times for both ABS and non-ABS.
· The BLER criterion in non-ABS is necessary.
· CQI difference between ABS and non-ABS subframes is necessary.
Proposal 3: The CQI distribution, BLER criterions in non-ABS and CQI difference could be defined as the test metrics.
3. Proposals
In this contribution, CQI definition test and RI test are discussed, proposed proposals are summarized below:
Proposal 1: Proposed test patterns are:

FDD:
ABS pattern in interfering cell [01010101, 01010101, 01010101, 01010101, 01010101]
Pattern for CSI1 measurements (P_CSI1):  [01010101, 01010101, 01010101, 01010101, 01010101]
Pattern for CSI2 measurements (P_CSI2): [10101010, 10101010, 10101010, 10101010, 10101010] 

TDD (if uplink-downlink configuration is set as 1):

ABS pattern in interfering cell [0100010001, 0100010001]
Pattern for CSI1 measurements (P_CSI1):  [0100010001, 0100010001]
Pattern for CSI2 measurements (P_CSI2): [1000101000, 1000101000] 
Proposal 2: Static channel and TM2 are proposed to be set as simulation assumption for interference cell. 

Proposal 3: The CQI distribution, BLER criterions in non-ABS and CQI difference could be defined as the test metrics.
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