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1 Introduction

In RAN4 meeting #67, the agreements on the framework of FeICIC CSI tests were reached and captured in [1, 2]. For CQI definition test, it was agreed to introduce test 1 for ABS subframe with lower Es/Noc1 and test 2 for both ABS and normal subframe with higher Es/Noc1. For CQI fading test, the test methodology in Rel-8 could be reused but the propagation conditions and antenna configurations were for further study. For RI test, Test 1 and Test 2 were accepted.

The remaining issues are mainly
· Test metric for Test-2 in CQI definition test: there were three options

· 
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.
· Propagation conditions and antenna configuration in CQI fading test:

· Propagation conditions:

· Option 1: Follow Rel-8 two-tap channel model, but the parameters are FFS with 2x2 antenna configuration;
· Option 2: use two-tap channel model for serving cell, EVA5 for the aggressor cells
· Antenna configuration:
· Option 1: 1×2;

· Option 2: 2×2;
· Use different SNR test points
· RI Test-3: Whether to introduce Test-3 is FFS.
 In this contribution, we will discuss the above open issues and provide the simulation results for CQI tests.
2 Discussion on FeICIC CSI test

2.1 CQI definition test
The simulation assumptions are listed in Table 1. The simulation results of reported CQI distribution in both ABS and non-ABS subframes are given in Table 2, Table 3 and Figure 1.

Table 1: Simulation assumptions for CQI definition test
	Parameters
	Value

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Power allocation
	No downlink power boosting

	Transmission mode and MCS
	PDSCH TM2 link adaptive, two PDCCH symbol

	CRS ports
	Two CRS ports for serving cell and aggressor cells

	Resource allocation
	50PRB

	HARQ
	Turn off

	Propagation condition
	Static channel for serving cell and aggressor cells

	Antenna configuration
	2×2

	Interference condition
	D1/Noc = 12dB, CRS colliding; D2/Noc = 10dB, CRS non-colliding

	Interference model
	OCNG Pattern OP.5: TM3 (LD-CDD) 16QAM (two independent streams)

	Time offset and frequency shifts
	1st aggressor: (+3μs +300Hz)
2nd aggressor: (-1μs -100Hz)

	Noc 
	Single Noc level, Noc1=Noc2, Noc3/Noc1=[5]dB

	Test metrics
	· Reported CQI around median CQI

· BLER


Table 2: Probability of reported CQI distribution in ABS and non-ABS for CQI definition test

	SNR (Es/Noc1)
	Probability of reported CQI in ABS subframe
	Probability of reported CQI in Normal subframe

	
	median CQI 
	median CQI+1
	median CQI-1
	median CQI 
	median CQI+1
	median CQI-1

	5
	98.5%
	0
	1.5%
	100%
	0
	0

	6
	91.7%
	8.3%
	0
	100%
	0
	0

	7
	100%
	0
	0
	100%
	0
	0

	8
	73.6%
	0
	26.4%
	100%
	0
	0

	9
	100%
	0
	0
	94.2%
	5.8%
	0

	10
	97.7%
	0
	23%
	99.4%
	0
	0.6%

	11
	99.9%
	0.1%
	0
	95.4%
	0
	4.6%

	12
	99.8%
	0
	0.2%
	52.0%
	0
	48.0%

	13
	99.0%
	1%
	0
	99.6%
	0.4%
	0

	14
	100%
	0
	0
	98.2%
	0
	1.8%

	15
	98.4%
	1.6%
	0
	81.4%
	18.6%
	0

	16
	100%
	0
	0
	100%
	0
	0
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Figure 1:  median CQI value in ABS and non-ABS for CQI definition test

Table 3: Simulation results of BLERs in ABS and non-ABS for CQI definition test

	SNR (Es/Noc1)
	BLER in ABS subframe
	BLER in Normal subframe

	
	median CQI 
	median CQI+1
	median CQI-1
	median CQI 
	median CQI+1
	median CQI-1

	5
	0.5
	1
	0
	1
	1
	1

	6
	0
	1
	0
	1
	1
	1

	7
	0.184
	1
	0
	1
	1
	1

	8
	1
	1
	0
	1
	1
	1

	9
	0.11
	1
	0
	1
	1
	1

	10
	1
	1
	0
	0.367
	0.367
	0.367

	11
	0.143
	1
	0
	0
	1
	0

	12
	1
	1
	0
	0.068
	1
	0

	13
	0.13
	1
	0
	0
	1
	0

	14
	1
	1
	0
	0.014
	1
	0

	15
	0.114
	1
	0
	0
	0.995
	0

	16
	1
	1
	0
	0
	1
	0


Based on the above results, we have the following observations:

· Observation 1: The reported CQI value in subframes overlapping with aggressor cell ABS and non-ABS subframes shall be in the range of ±1 of the reported median more than 90% of the time.
· Observation 2: For Test 1, when Es/Noc1 is in the range of 5dB ~9dB, the BLER criterion is satisfied in ABS, while the BLER criterion is not satisfied in non-ABS subframes in such SNR range where CQI out of range occurs due to very low SNR.
· Observation 3: For Test 2, when Es/Noc1 is in the range of 11dB~16dB, the BLER criterion is satisfied in both ABS and non-ABS subframes.
For Test 2, we would like to have further discussion. Option 2 with median CQI+2 and median CQI-1 was proposed perhaps due to the mismatch between reported CQI and the actual demodulation performance. On one hand, UE will perform the interference measurement before CRS-IC under normal subframe interference. On the other hand, UE will perform the demodulation and channel estimation with CRS-IC. The actual performance would be better than the predicted performance by CQI.
In Table 4 we summarize the combinations for how UE conducts CRS-IC, assuming two aggressor cells with one having colliding CRS and the other having non-colliding CRS. During our simulation, we assume the UE behaviour the same as No.4. In that way, we observe that the BLER criterion could be used for non-ABS in Test 2. But with the other UE behaviour, the different conclusions would be drawn.
Table 4: UE behaviour of CRS-IC in non-ABS
	No.
	Channel estimation and data decoding
	Interference measurement for CSI
	Note

	1
	With CRS-IC
	With CRS-IC
	Mismatch: overestimate CQI high BLER

	2
	With CRS-IC
	Without CRS-IC
	Mismatch: underestimate CQI low BLER 

	3
	Without CRS-IC
	With CRS-IC
	Mismatch: overestimate CQI high BLER

	4
	Without CRS-IC
	Without CRS-IC
	Maybe match proper BLER


Besides, Wiener filter for channel estimation would also lead to some kind of CQI mismatch. Generally the design of Wiener filter may assume that the channel of H follows zero mean Gaussian distribution. But actually for the CQI definition test, the channel is AWGN and H is a constant and biased. So the mismatch between the estimated H and actual H would be observed, which results in the CQI mismatch. To some extent, this mismatch might balance the underestimation of CQI for No.2 UE behaviour in Table 4.
On the other hand, since RAN4 specification has already assumed that CCSI0  is equal to or subset of the ABS pattern. In our opinion, it would be reasonable to schedule the Pico CRE UE in ABS instead of non-ABS. So we think that Pico CRE UE would be more frequently scheduled in CCSI0 than CCSI1. So the performance in CCSI0 would be more critical.
Based on the above analysis, we think that FeICIC CQI definition test could be focused on ABS performance. Since there was no common understanding on behaviour of CRS-IC, it would be reasonable to define a little relaxed requirement for non-ABS to tolerate the different UE implementation.
Therefore, we propose that
· Proposal 1: For Test 2, use a little relaxed performance requirements, e.g., Option 3.
· Proposal 2: The SNR points for test 1 and 2 could be determined as

·  For test 1, [7dB 8dB];
· For Test 2, [13dB 14dB].
2.2 CQI fading test
According to email discussion, it seems acceptable to use EVA5 low for two aggressor cells to avoid the lengthy discussion on the parameters for two-tap channel model and avoid the issue of the phase error between different transmit antennas.
Regarding the antenna configuration, we propose to use the 1×2 configuration. The reason would be that all the existing requirements are based on two CRS port. If the 1×2 configuration was assumed, then the functionality of cancelling one CRS port could be verified.
· Proposal 3: use EVA5 low for two aggressor cells for FeICIC CQI fading test;
· Proposal 4: use 1×2 antenna configuration for FeICIC CQI fading test.
The simulation assumptions are listed in Table 5. Figure 2~4 show the results of CQI fading test. This test is different from previous eICIC tests and the other FeICIC test. In the simulation, the test metrics of Rel-8/9 CQI fading test are reused.
Table 5: Simulation assumptions for CQI fading test
	Parameters
	Value

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Power allocation
	No downlink power boosting

	Transmission mode
	TM1 for both serving cell and aggressor cells

	Antenna configuration
	1x2

	Propagation channel
	Refer to Clause B.2.4 
· Serving cell: Td=0.45us, a=1, fd=+5Hz
· Aggressor 1: Td=0.7us, a=0.8, fd=-5Hz
· Aggressor 2: Td=0.8us, a=0.7, fd=+3Hz

	HARQ
	Turn off

	CSI feedback configuration
	PUSCH 3-0 feedback

Sub-band size: 6RB

Reporting interval: 5ms

CQI delay: 8ms

	Interference condition
	D1/Noc = 12dB, CRS colliding;
D2/Noc = 10dB, CRS non-colliding

	Time offset and frequency shifts
	1st aggressor: (+3μs +300Hz)
2nd aggressor: (-1μs -100Hz)


	Noc 
	Noc1=Noc2, Noc3/Noc1=[5]dB
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Figure 2:  the probability of different CQI = 0 for CQI fading test
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Figure 3:  the throughput gain of frequency scheduling over random scheduling for CQI fading test
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Figure 4:  BLER on ABS for CQI fading test
Compared the simulation results to the existing CQI fading requirement in 36.101, it could be observed that
· First, the probability of reported CQI corresponding to sub-band differential CQI offset level of 0 is within the range of 5% and 33% in the SNR range from 0dB to 16dB.
· Second, the throughput gain across the SNR range of 0dB to 16dB is larger than 1.4.
· Third, the average BLER is greater than 0.05, when a randomly selected sub-band with the highest differential CQI offset level and corresponding TBS is scheduled.

So reusing the existing test metrics would be feasible. And we have the following proposals:

· Proposal 5:  Use the test metrics of the two side distribution of reported CQI-s, throughout gain and BLER criterion for CQI fading channel test, and only test it in ABS.
· Proposal 6:  Define two test points to be aligned with the existing Rel-8/9 tests, where the test point of Test 1 would be in the range of 8~11dB and the test point of Test 2 would be in the range of 13~16dB.
2.3 Rank test
For rank test, Test 1 and Test 2 have been agreed, while Test 3 is FFS. In this section, we will provide the simulation results for rank adaptation. The simulation assumptions are in Table 6. The simulation results are provided in Figure 5 and Table 7.
Table 6: Simulation assumptions for CQI test
	Parameters
	Value

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Power allocation
	No downlink power boosting

	Transmission mode and MCS
	PDSCH TM3

	CRS ports
	Two CRS ports for serving cell and aggressor cells

	Resource allocation
	50PRB

	HARQ
	Turn off

	Propagation condition
	EPA5

	Antenna configuration
	· 2×2 low

· 2×2 high

	Interference condition
	D1/Noc = 12dB, CRS colliding; D2/Noc = 10dB, CRS non-colliding

	Time offset and frequency shifts
	1st aggressor: (+3μs +300Hz)
2nd aggressor: (-1μs -100Hz)

	Output
	Throughput 

· with different RANK configuration

· with different antenna configuration
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a) 2x2 low
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b) 2x2 high

Figure 5:  the  and  with different antenna configuration

Table 7: evaluation results of 1 and 2 with different tests
	
	Test 1 (0dB)
	Test 2 (20dB)
	Test 3 (20dB)

	1
	1
	1.31
	1.00

	2
	1.29
	1.00
	1.08


From the above results, it could be observed that:

· Observation 4: Test 3 is feasible and the existing Rel-10 test metrics for RI test could be reused.
Because the framework in Rel-8 can rule out the RI measurement just based on SNR, we propose that

· Proposal 7: It is suggested to define Test 1, Test 2 and Test 3 for FeICIC RI test to have a sanity test.
However, since we have already had the RI test in Rel-8/9/10 for different transmission modes. We believe that no UE would estimate rank just based on SNR. So maybe Test 3 is not very critical.
3 Conclusion
In this paper, we provide simulation results for FeICIC CSI test cases and give our suggestion on how to set metrics and parameters for CSI cases.
For CQI definition test, we have the following observations and proposals:
· Observation 1: The reported CQI value in subframes overlapping with aggressor cell ABS and non-ABS subframes shall be in the range of ±1 of the reported median more than 90% of the time.
· Observation 2: For Test 1, when Es/Noc1 is in the range of 5dB ~9dB, the BLER criterion is satisfied in ABS, while the BLER criterion is not satisfied in non-ABS subframes in such SNR range where CQI out of range occurs due to very low SNR.
· Observation 3: For Test 2, when Es/Noc1 is in the range of 11dB~16dB, the BLER criterion is satisfied in both ABS and non-ABS subframes.
· Proposal 1: For Test 2, use a little relaxed performance requirements, e.g., Option 3.

· Proposal 2: The SNR points for test 1 and 2 could be determined as

·  For test 1, [7dB 8dB];
· For Test 2, [13dB 14dB].
For CQI fading test, we have the following observations and proposals:
· Proposal 3: use EVA5 low for two aggressor cells for FeICIC CQI fading test;
· Proposal 4: use 1×2 antenna configuration for FeICIC CQI fading test.
· Proposal 5:  Use the test metrics of the two side distribution of reported CQI-s, throughout gain and BLER criterion for CQI fading channel test, and only test it in ABS.
· Proposal 6:  Define two test points to be aligned with the existing Rel-8/9 tests, where the test point of Test 1 would be in the range of 8~11dB and the test point of Test 2 would be in the range of 13~16dB.
For RI test, we have the following observations and proposals:
· Observation 4: Test 3 is feasible and the existing Rel-10 test metrics for RI test could be reused.

· Proposal 7: It is suggested to define Test 1, Test 2 and Test 3 for FeICIC RI test to have a sanity test.
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