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1. Introduction

In the last RAN4 meeting, the eICIC CSI tests were extensively discussed. The simulation assumptions for justification of CQI definition test had been proposed in [1]. In this contribution, we try to share our views on CQI, PMI and RI test.
2. CQI test
2.1 CQI definition test

The simulation assumptions for justification of the CQI definition test have been discussed in [1]. However, some detailed assumptions, such as test pattern, antenna configuration and interference models, are still open for CSI tests. In the following discussion, we share our views on these issues. 
2.1.1 ABS and CSI patterns
In [1], the ABS pattern of interfering cell was defined as [10101010]. But considering protecting SIB-1 on subframe #5 of the even number frame, we propose to use [01010101] instead of [10101010], which doesn’t need insert the additional ABS to protect SIB-1. Since the subframe #0 and subframe #5 usually is not allocated to avoid PBCH and synchronization signal overhead, the proposed test patterns are presented below:
· 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] 

· The subframes scheduled for the CSI1 subset (indicated by 1) [01010001, 01010100, 01010101, 00010101, 01000101]
· The subframes scheduled for the CSI2 subset (indicated by 1) [00101010, 10001010, 10100010, 10101000, 10101010]
2.1.2 Interference models for ABS
The main purpose of eICIC CQI definition test is to verify whether or not UE apply the improper averaging behaviour across subframes of different interference levels, one method is to report CQI for both subsets and check the difference between them. To achieve the evaluation target, CQI mismatch should not be ignored and the CQI accuracy should be guaranteed. In [1], it provided two choices on interference models, i.e.: 
· Option 1: two levels with Ei_dom/Noc1=[10] dB and Ei_dom/Noc2=[6] dB
· Option 2: single level with Ei_dom/Noc = [6, 8, 10] dB. 
For option 1, some companies thought that the reported CQI would be pessimistic, which would lead to the severe CQI mismatch, because UE measured the noise under the background of Noc2 but the data experienced the noise with level of Noc1. However, in fact there are two factors impacting the accuracy of reported CQI for the non-colliding CRS and non-MBSFN cases: 

· Noise floor mismatch: there is a mismatch between the noise floor on CRS for noise estimation (Noc2) and the noise floor experienced by data (Noc1). In other words, the noise floor on CRS OFDM symbols is larger than that on data OFDM symbols, which will cause pico UE to underestimate CSI.
· Remaining interference of ABS CRS: the CRS of the dominant macro will lead performance loss and pico UE could not observe that interference under the non-colliding CRS and non-MBSFN cases, which will cause pico UE to overestimate CSI performance.
In the practical network, these two factors would counteract the influence of each other. In other words, the CSI mismatch caused by the noise floor mismatch would be mitigated or even be eliminated by the remaining CRS interference on ABS. 
For opinion 2, since there is no counteract between the above two factors, the CQI mismatch could not be mitigated. To evaluate to what extent the CQI mismatch is for both opinion 1 and opinion 2, we investigate the OLLA behaviour and statistics. 
Figure 1 and Figure 2 illustrate the CDF of the OLLA factor used in the link level simulations to compensate for erroneous/biased CQI. The left figures of both Figure 1 and Figure 2 show the CDF curves of OLLA factor for the different operating SNR, and the right figures depict the median OLLA factor value varying with SNR, i.e., the profile of 50% tile CDF of OLLA factors. From the simulation results, we could observe that:

· Observation 1: For the interference model opinion 1 in Figure 1, except for 0dB, 2dB and 16dB, the median OLLA factor values are within the range of [0, 0.3]dB, which means that the noise floor mismatch and remaining ABS interference could counteract each other well and CQI mismatch would be eliminated. Therefore, we can define CQI definition test in the range of [4, 14] dB. At 0dB or 2dB, it can be seen that the median OLLA factor value is about 2dB, which means the noise floor mismatch plays the more important role, i.e., the reported CQI is too pessimistic. On the contrary, when the pico UE SNR equals to 16dB, the median OLLA factor value is about -1.8dB, which means the interference from macro cell plays a more important role, i.e., the reported CQI is too optimistic. 
· Observation 2: For interference model opinion 2 in Figure 2, it would be clear that the CQI mismatch could not be avoided or mitigated in any range of pico UE SNRs, because the median OLLA factor is less than -2 which means the severe CSI overestimation. So it would be difficult to use the interference model opinion 2 for CQI definition test.
Proposal 1: The CQI mismatch should be mitigated for the CQI definition test. To achieve this goal, the interference model with two levels would be more applicable for the non-colliding and non-MBSFN test cases.
[image: image1.emf]-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

OLLA factor(unit: dB)

CDF

 

 

Es/Noc1 = 0dB

Es/Noc1 = 2dB

Es/Noc1 = 4dB

Es/Noc1 = 6dB

Es/Noc1 = 8dB

Es/Noc1 = 10dB

Es/Noc1 = 12dB

Es/Noc1 = 14dB

Es/Noc1 = 16dB

 [image: image2.emf]0 2 4 6 8 10 12 14 16

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

SNR(dB)

CQI mismatch(dB, 50% value of CDF)


Figure 1 CDF of OLLA factor for option 1
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Figure 2 CDF of OLLA factor for option 2
2.1.3 Antenna configuration
In [1], it was proposed to use the 1x2 antenna configuration to evaluate CQI reporting accuracy. However, this configuration would cause the CQI mismatch for the normal subframe tests. This is because the interference from the dominant interfering macro cell can’t be thought as statistically independent at the different receiver antenna ports, which is different from AWGN. Assuming that the dominant interfering macro transmits the OCNG signal ‘a’ with the power level
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, the received signals at the receiver antenna 1 (Y1) and antenna 2 (Y2) can be written as: 

Y1 = x + a + n1
Y2 = x + a + n2

Here ‘x’ is pico’s transmitted signal, the transmitted power is assumed as Es; n1 and n2 are AWGN noise and the power is assumed as
[image: image6.wmf]2

2

s

, Y1 and Y2 are the received antennas’ signal. After MRC processing, the SINR estimated through the CRSs would be
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. However, since the same interference signals of ‘a’ were received at two receiver antennas, the actual SINR experienced by data would be
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. The difference between estimated SINR and actual SINR results in the CQI mismatch, i.e., the reported CQI would be optimistic. Simulation results in Figure 3 show the CQI mismatch phenomenon for 1x2 antenna configuration.
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Figure 3 CDF of OLLA factor for normal subframes with 1x2 AWGN channel
Here we provide two solutions to deal with this problem:
Solution 1: Not transmitting signals on interfering macro cell. If Ei_dom/Noc3 is set to 2.8dB and Ei_dom/Noc2 equals 6dB, the difference between the noise floor on ABS and the noise floor on normal subframes would be large enough to distinguish their medium CQI values. In other words, even without the interference signal from interfering macro cell, it could be verified whether or not UE performs the improper averaging across two CSI subsets. Therefore, to avoid the CQI mismatch on normal subframes, it is proposed to not transmit any signals from interfering macro cell.

Solution 2: Using 2x2 static channel instead of 1x2 AWGN channel. Since 2x2 antenna configuration is used for the demodulation tests, it would be straightforward to use the 2x2 static channel instead of 1x2 AWGN channel for the CQI definition test. The dominant interfering macro cell transmits the OCNG signals. 
And for RI test, if needed, 2x2 antenna configuration would be used. The other purpose of the CQI definition test would be to align the CQI thresholds used by different companies. So we prefer using Solution 2 to solve CQI mismatch problem on CQI definition test.
If we use the 2x2 static propagation conditions in B.1 in TS36.101 instead of 1x2 AWGN channel, the CQI mismatch would be mitigated, because two received antennas receive the different OCNG signals from interfering macro cell, which can be thought as AWGN noise. The OLLA factors for ABS and normal subframe tests are shown in Figure 4 and Figure 5. 
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     Figure 4 OLLA for ABS with 2x2 static channel            Figure 5 OLLA for normal suframes with 2x2 static channel
· Observation: For ABS tests, at the operating SNR of 4dB and 12~16dB, the median OLLA factor values are limited within the range of [0, 0.55]dB; for normal subframe tests, at the operating SNR of 4dB and 12~16dB, the median OLLA factor values are limited within the range of [-0.1, 0.1]dB. This means CQI mismatch is greatly mitigated at 4dB, 12~16dB of operating SNR, so we propose to define the CQI definition test at 4dB and/or 12~16dB.
According to the discussion above, proposed simulation assumptions for the CQI definition test are summarized in Table 1:
Table 1 simulation assumptions for CQI definition test
	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

	Propagation channel
	Static propagation condition in B.1 in TS36.101 for both serving cell and interfering cell

	Serving cell SNR measured at CRS
	4dB or 12~16dB

	Feedback mode
	PUCCH 1-0

	Reporting periodicity
	NP = 5

	EVM error 
	6%

	ABS pattern in interfering cell
	[01010101, 01010101, 01010101, 01010101, 01010101]

	Scheduled Pattern for CSI1 measurements(ABS)
	[01010001, 01010100, 01010101, 00010101, 01000101]

	Scheduled Pattern for CSI2 measurements(normal subframes)
	[00101010, 10001010, 10100010, 10101000, 1010101]

	Interference model
	Ei_dom/Noc1=10 dB, Ei_dom/Noc2=6 dB, Ei_dom/Noc3=2.8 dB

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

	Test metric
	Medium CQI for ABS and normal subframes; 

BLER of median CQI1 +/- 1 and median CQI2 +/- 1


Proposal 2: It is proposed to use the 2x2 static channel instead of 1x2 AWGN channel for CQI definition test to mitigate CQI mismatch on normal subframes.

2.2 CQI fading condition test
In the last RAN4 meeting, the CQI tests for frequency-selective scheduling and frequency-selective scheduling under frequency-selective interference are still open issues. Comparing to the Rel-8/Rel-9 tests, there exist two factors which may impact the performance of frequency-selective scheduling:
· Reporting periodicity changed from 5ms to 8ms

· CQI mismatch caused by interference from interfering macro cell

To verify the subband CQI prediction in the eICIC scenario, it is reasonable to define CQI fading test on both ABS and normal subframes. Similar to the CQI definition test, the CQI mismatch should not be ignored. To guarantee the accuracy of reported CQI as much as possible, the channel of B.2.4 in TS 36.101 should not be used for the dominant interfering Macro cell, since the CQI mismatch would happen which can be observed in Figure 6. As we can see, the CQI bias would be less than -1.2dB, which implies the CSI overestimation.

It is proposed to use EPA as the interfering cell channel because of its relative frequency flat character. In [2], to decrease the workload, it is proposed to define the frequency-selective scheduling test on ABS and frequency-selective scheduling test under frequency-selective interference on normal subframes. Based on this assumption, we provide OLLA factors for them, which are shown in Figure 7 and Figure 8. 
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Figure 6 OLLA factors for frequency-selective scheduling test in ABS, with the channel of B.2.4 in TS 36.101 configured for interfering cell
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Figure 7 OLLA factors for frequency-selective scheduling test in ABS, with EPA5 channel configured for interfering cell
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Figure 8 OLLA factors for frequency-selective scheduling test in normal subframes, with EPA5 channel configured for interfering cell
Observation: From Figure 7 and Figure 8, it can be observed that CQI mismatch is mitigated well in most range of operating SNR. Considering the varying reporting periodicity, it seems reasonable to set these tests to evaluate the performance of frequency-selective under eICIC scenarios. Proposed simulation assumptions are summarized in Table 2.
Table 2 simulation assumptions for CQI fading test
	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

	Propagation channel
	B.2.4 in TS 36.101 for serving cell; 
EPA5, low correlation for interfering cell.

	Feedback mode
	PUSCH 3-0

	Reporting periodicity
	NP = 8

	EVM error 
	6%

	ABS pattern in interfering cell
	[11000100, 11000000, 11000000, 11000000, 11000000]

	Scheduled Pattern for CSI1 measurements(ABS)
	[01000000, 11000000, 11000000, 10000000, 11000000]

	Scheduled Pattern for CSI2 measurements(normal subframes)
	[00111011, 00011110, 00110111, 00111101, 00101111]

	Interference model
	Ei_dom/Noc1=10 dB, Ei_dom/Noc2=6 dB, Ei_dom/Noc3=2.8 dB

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

	Test metric
	As in section 9.3.2 in TS 36.101 for ABS;

As in section 9.3.3 in TS 36.101 for normal subframes.


Proposal 3: EPA5 could be used as interference macro channel. It seems reasonable to set frequency-selective scheduling test on ABS and frequency-selective interference test on normal subframes.
3. PMI test and RI test
So far, since the closed loop MIMO scheme was not introduced in the demodulation tests, it would be reasonable not to define the PMI test in this stage. 
Considering TM3 may be introduced in ABS in demodulation test, RI test with TM3 could be defined for ABS. We suggest reusing the working assumptions similar to the RI test in Rel-8/Rel-9. Like the CQI tests, the test operating SNR should be selected to avoid CQI mismatch as much as possible. To select the appropriate serving SNR, we provide OLLA factor for 2x2 low correlation and high correlation, which are shown in the following figures . Here, EPA channel is selected for interfering cell.
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    Figure 9 CDF of OLLA factor for2x2 low correlation       Figure 10  CDF of OLLA factor for 2x2 high correlation
Observation: To mitigate the influence of CQI mismatch, 4dB operating SNR for Test 1 in Rel-8/Rel-9 RI test may be appropriate since the CQI mismatch is only 0.1dB; in the same way, 18-22dB operating SNR for Test 2 and Test 3 in Rel-8/Rel-9 RI test may be appropriate. Proposed simulation assumptions for RI test are summarized below:
Table 3 simulation assumptions for RI test

	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 

	Propagation channel
	Test 1: EPA5, low correlation for both operating cell and interfering cell;
Test 2: EPA5, low correlation for both operating cell and interfering cell;

Test 3: EPA5, high correlation for both operating cell and interfering cell.

	Serving cell SNR (Es/Noc1)
	4~6dB for Test 1; 
18~20dB for Test 2 and Test 3

	Feedback mode
	PUSCH 3-0

	Reporting periodicity
	NP = 8

	EVM error 
	6%

	ABS pattern in interfering cell
	[11000100, 11000000, 11000000, 11000000, 11000000]

	Scheduled Pattern for CSI1 measurements(ABS)
	[01000000, 11000000, 11000000, 10000000, 11000000]

	Interference model
	Ei_dom/Noc1=10 dB, Ei_dom/Noc2=6 dB

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

	Test metric
	As in section 9.5 of TS 36.101


Proposal 4: Reuse the same methodology at the RI test in Rel-8/Rel-9, if TM3 is introduced in demodulation test, and select [4~6]dB for Es/Noc1 in test 1 and [18~20]dB for Es/Noc1 in test 2 and test3.
4. Proposals
In this section, we summarize our proposals:

Proposal 1: The CQI mismatch should be mitigated for the CQI definition test. To achieve this goal, the interference model with two levels would be more applicable for the non-colliding and non-MBSFN test cases. 
Proposal 2: It is proposed to use the 2x2 static channel instead of 1x2 AWGN channel for CQI definition test to mitigate CQI mismatch on normal subframes.
Proposal 3: EPA5 could be used as interference macro channel. It seems reasonable to set frequency-selective scheduling test on ABS and frequency-selective interference test on normal subframes.
Proposal 4: Reuse the same methodology at the RI test in Rel-8/Rel-9, if TM3 is introduced in demodulation test, and select [4~6]dB for Es/Noc1 in test 1 and [18~20]dB for Es/Noc1 in test 2 and test3.
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