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1 Introduction

In RAN4 meeting #66bis, a way forward on FeICIC demodulation and CSI was agreed [1]. The remaining issues for FeICIC CSI test are to investigate whether the existing Rel-8 and/or Rel-10 test framework are feasible for FeICIC. In this contribution, we share our views on these remaining issues.
2 Agreement in the last meeting
The following agreements are reached in the lastRAN4 meeting for FeICIC CSI tests.
CQI definition test
· Test methods: (During discussion for eICIC, BLER criterions on both ABS and non-ABS are preferred. So it would be reasonable to apply BLER criterion in both ABS and non-ABS. But the problem would be that the high interference levels might lead to CQI out of range in non-ABS.) 

· Test 1: verify BLER in ABS with lower operating Es/Noc1 (the value is FFS) under D1/Noc1 = 12dB, and D2/Noc1 = 10dB; 

· Test 2: 
· Verify BLER in ABS with higher Es/Noc1 (the value is FFS) under D1/Noc1 = 12dB, and D2/Noc2 = 10dB 

· FFS: whether to verify BLER in non-ABS with higher Es/Noc1 (the value is FFS) under D1/Noc1 = 12dB, and D2/Noc1 = 10dB 

· Interference levels: 

· D1/Noc1 = 12dB, D2/Noc2 = 10dB; Noc1=Noc2, Noc3/Noc1 = [5]dB; 

· Other test metrics: 

· Probability of reported CQI around median CQI for CCSI,0 and CCSI,1 

· FFS: Delta between the median reported CQI for CCSI,0 and CCSI,1 

· CRS configuration: 

· 1st aggressor cell has colliding CRS, 2nd aggressor cell has non-colliding CRS 

· Reuse Rel-10 AWGN CQI ABS pattern
CQI fading test
· Further evaluate whether the test metrics in Rel-8 CQI fading test is feasible for FeICIC CQI fading test. The test metrics to be evaluated include 

· Two side distribution of reported CQI, i.e., sub-band differential CQI offset level of 0 shall be reported at least a % of the time but less than b % for each sub-band for CCSI,0 

· Gamma for ABS SF only 

· BLER for ABS SF only 

· Other test metrics are not precluded. 

· Interference levels: 

· D1/Noc1 = 12dB, D2/Noc2 = 10dB; Noc1=Noc2, Noc3/Noc1 =[5]dB; 

· Propagation conditions and channel matrix 

· Follow Rel-8 two-tap channel model, but the parameters are FFS. 
RI test
· Interference levels: 

· D1/Noc1 = 12dB, D2/Noc2 = 10dB; Noc1=Noc2, Noc3/Noc1 =[5]dB; 

· Evaluate the test methods for FeICIC RI test in the next meeting, considering the following options: 

· Option1: Introduce Test-1, Test-2, and Test-3 as those in Rel-8; 

· Option2: Introduce Test-1 and Test-2; 

· Other options are not precluded. 

3 Discussion on FeICIC CSI test
3.1 CQI definition test
In this section, we will investigate the CQI measurement performance in both ABS and non-ABS subframes, considering the distribution of the reported CQI around the median CQI and the BLER criterion for both ABS and non-ABS interference. The simulation assumptions are aligned with agreed proposals and listed in Table 1. The simulation results of reported CQI distribution in both ABS and non-ABS subframes are given in Table 2 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
Based on the above results, it could be observed that:
· 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.

The simulation results of BLER in both ABS and non-ABS subframe are given in Table 3.
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, it could be observed that:
· Observation 2: For Test 1, the BLER criterion is satisfied in ABS when Es/Noc1 is in the range of 5dB ~9dB, while the BLER criterion is not satisfied in non-ABS subframes in such SNR range where CQI out of range occurs.
· Observation 3: For Test 2, the BLER criterion is satisfied in both ABS and non-ABS subframes when Es/Noc1 is in the range of 11dB~16dB.
So we propose that
· Proposal 1: define two tests for CQI definition test including
· Test 1: Es/Noc1 within 5dB ~9dB
· Verify the probability of reported CQI around median CQI for CCSI,0
· Verify the BLER in both ABS subframe
· Test 2: Es/Noc1 within 11dB ~16dB
· Verify the probability of reported CQI around median CQI for CCSI,0 and CCSI,1
· Verify the BLER in both ABS and non-ABS subframe
3.2 CQI fading test
In our contribution [3], we propose to consider 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. The details are as follows. 
· A sub-band differential CQI offset level of 0 shall be reported at least % of the time but less than % for each sub-band; in Rel-8 requirement ( and  are TBD).
· The ratio of the throughput obtained when transmitting ABS subframe on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ABS in Rel-8 requirement (ABS are TBD).
· When transmitting on ABS subframe on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05 for ABS subframe. 

In this section, we will give the simulation results by using CRS-IC with respect to the proposed CQI fading metrics. The simulation assumptions are listed in Table 4. Figure 2~4 show the results of CQI fading test. This test is different from previous eICIC tests and the other FeICIC test. For this test, only one CRS port is configured and to be cancelled per aggressor cell.
Table 4: 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
	Clause B.2.4 with 
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The same propagation channel are implemented in the serving and interference channel

	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


[image: image4.emf]0 2 4 6 8 10 12 14 16

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

SNR (Es/Noc1)

probability of CQI offset = 0

probability of sub-band differential CQI offset level 0


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
It could be observed from these results that, the proposed performance metrics could be satisfied under FeICIC cases. 

· Proposal 2: Consider 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.
3.3 Rank test
Firstly, the rank tests for Rel-10 eICIC are different from that in Rel-8. The Rel-8 rank test includes
· Test 1: Low antenna correlation and low SNR  

· Test 2: Low antenna correlation and high SNR 

· Test 3: High antenna correlation and high SNR
The agreed two options from the last meeting are listed in Table 5 and Table 6. In this section, we will investigate the rank performance in ABS for the above three test cases. The simulation assumptions are given in Table 7. Figure 5 and Table 8 show the  and  in ABS with 2x2 low/high antenna configurations.
Table 5: Option 1 minimum requirement for Rel-8 rank test
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	1.05 
	0.9

	2
	1
	N/A
	 N/A 

	UE Category
	2-8
	2-8
	2-8


Table 6: Option 2 minimum requirement for Rel-10 eICIC rank test
	
	Test 1
	Test 2

	1
	0.9
	1.05

	UE Category
	2-8
	2-8


Table 7: 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 8: 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: The option 1 and option 2 could match the requirements and are both suitable for FeICIC RI test
Because the framework in Rel-8 can rule out the RI measurement just based on SNR, we propose that

· Proposal 3: Define test 1, test 2 and test 3 for FeICIC RI test to have a sanity test.
4 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. The observations and proposals are summarized as follows.

· 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 of CQI definition test, the BLER criterion is satisfied in ABS when Es/Noc1 is in the range of 5dB ~9dB, while the BLER criterion is not satisfied in non-ABS subframes in such SNR range where CQI out of range occurs.
· Observation 3: For Test 2 of CQI definition test, the BLER criterion is satisfied in both ABS and non-ABS subframes when Es/Noc1 is in the range of 11dB~16dB.
· Proposal 1: define two tests for CQI definition test including
· Test 1: Es/Noc1 within 5dB ~9dB
· Verify the probability of reported CQI around median CQI for CCSI,0
· Verify the BLER in both ABS subframe
· Test 2: Es/Noc1 within 11dB ~16dB
· Verify the probability of reported CQI around median CQI for CCSI,0 and CCSI,1
· Verify the BLER in both ABS and non-ABS subframe
· Proposal 2: Consider 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.
· Observation 4: The option 1 and option 2 could match the requirements and are both suitable for FeICIC RI test

Because the framework in Rel-8 can rule out the RI measurement just based on SNR, we propose that

· Proposal 3: Define test 1, test 2 and test 3 for FeICIC RI test to have a sanity test.
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