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1. Introduction
In RAN4#66bis, we provided link level simulation results for FeICIC CSI for the CQI definition tests, fading CQI tests, and RI tests based on prior agreed assumptions and our own proposed assumptions [5]. We also provided a paper containing detailed proposals for the CSI test cases [6]. 
Meanwhile, some progress has been made in RAN4#66bis on FeICIC CSI tests, leading to the WF in [2], which is summarized below, with the major FFS items denoted in red texts:
· For CQI definition tests
· 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
· For CQI fading tests

· 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.
· For RI tests

· 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.
In addition, in the WF [3], it was agreed to use +3usec and -1usec for the timing offset, and +300Hz and -100Hz for the frequency offset, for the two aggressors, respectively, in all the CSI and demod test cases.
Reflecting these agreements, in this contribution we provide updated link level evaluation results for FeICIC CSI tests and provide our views on the above open issues.
2. Simulation Assumptions and Interferer Levels

Simulation assumptions for the results in this paper are defined in Appendix A. 

Additional assumptions include:

· PBCH is turned off on both aggressor cells (i.e. assuming ideal PBCH IC for these simulations).
· This is for simplification in the scope of this contribution; the PBCH transmission and PBCH IC should be enabled in the actual tests.
CRS Configuration:

Throughout the paper, we use the agreed setup (“CN”), where the strongest aggressor has a colliding CRS with the serving and second strongest aggressor has non-colliding CRS with the serving.

3. CQI reporting under AWGN conditions
For the static CQI tests, we generated the following metrics from the simulations:

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

· Figure 2: BLER on ABS (for test 1 and 2) and non-ABS (for test 2) subframes
· Figure 3: Delta CQI between CCSI,0 and CCSI,1
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Figure 1: CQI under AWGN: Median CQI and Median CQI +/1 Probability
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Figure 2: CQI under AWGN: PDSCH BLER for ABS (left) and non-ABS (right) SF
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Figure 3: CQI under AWGN: Median CQI for Ccsi,0 and Ccsi,1 and their delta
From the simulation results it is observed:
· The reported CQI value in subframes overlapping with aggressor cell ABS and non-ABS subframes is within the range of ±1 of the median 100% of the time. Hence, the metric easily meets the Rel-8 requirement of 90%.
· The BLER on ABS throughout in both the CRE and the cell center region meets the Rel-8 requirement.

· The BLER on non-ABS in the cell center region meets the Rel-8 requirement.

· Delta CQI is mostly stable at 7 and hence could be used as a metric.

Note that it is sufficient to define either one of the non-ABS BLER or delta CQI. Having both metrics is redundant. Among the two, the BLER is a more direct indicator of the CQI performance and therefore favored over the delta CQI.
The requirement on non-ABS BLER needs careful consideration. For typical UE implementation, the CQI is derived by inferring the reference PDSCH performance. For the Rel-8 single cell scenario, the UE is under the white noise for both CQI and PDSCH, so the CQI can be calibrated against the PDSCH demod performance. For non-ABS, however, the UE may utilize CRS-IM to improve the channel estimates. This may slightly improve the demod performance due to lower channel estimation error but does not have much impact on CQI. Hence, for the reported CQI, the PDSCH BLER may be lower. The static CQI test should not penalize such a UE that provides demod improvement. For typical implementation, the channel estimation error for medium-to-high Es/Noc2 should be less than 1-2dB. Therefore, this problem can be easily addressed by relaxing the requirement for BLER>0.1 by an additional CQI step (which roughly corresponds to 2dB).
Proposal 1: For static CQI tests, use the following metrics:
(1) For test 1&2 : Reported CQI is within ±1 of the median more than 90% of the time for both CCSI,0 and CCSI,1.
(2a) For test 1&2: PDSCH BLER in ABS for median CQI(CCSI,0) + 1 > 0.1 
(2b) For test 1&2: PDSCH BLER in ABS for median CQI(CCSI,0)  – 1 < 0.1
(2c) For test 2 only: PDSCH BLER in non-ABS for median CQI(CCSI,1)  + 2 > 0.1
(2d) For test 2 only: PDSCH BLER in non-ABS for median CQI(CCSI,1) – 1 > 0.1

Based on our simulation results, we propose to use 6dB and 7dB for test 1 and 14dB and 15dB for test 2 as Es/Noc2 values.
Proposal 2: For static CQI tests, use Es/Noc2=6dB and 7dB for test 1, an Es/Noc2=14dB and 15dB for test 2.

4. CQI reporting under fading conditions
For the fading CQI tests, we generated the following metrics from the simulations:

· Figure 4: Sub-band differential CQI offset level of 0 for CCSI,0
· Figure 5 (left): The ratio of the ABS subframe throughput obtained when transmitting 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  for CCSI,0
· Figure 5 (right): Average BLER when transmitting on a randomly selected sub-band on ABS subframes among the sub-bands with the highest differential CQI offset level for CCSI,0 the corresponding TBS
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Figure 4: CQI under fading, Ccsi,0 DIFF CQI 0 probability
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Figure 5: CQI under fading, throughput γ (left), ABS PDSCH BLER (right)
From the simulations it is observed that all the above metrics are feasible. The simulations also verify that the channel parameters that we used (shown in the simulation assumptions in the Appendix) are feasible. Therefore, we propose
Proposal 3: For fading CQI tests, use the two tap propagation channel defined in clause B.2.4 of TS36.101 with the following parameters:
        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

Proposal 4: For fading CQI tests, reuse the Rel-8 test metrics. That is:
(1) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band for CCSI,0
(2) the ratio of the ABS SF throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level for CCSI,0 the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median for CCSI,0 on a randomly selected sub-band in set S shall be ≥ 
(3) when transmitting on a randomly selected sub-band on ABS SF among the sub-bands with the highest differential CQI offset level for CCSI,0 the corresponding TBS, the average ABS SF BLER for the indicated transport formats shall be greater or equal to ε. 
Proposal 5: For fading CQI tests, we propose the following values as the starting point
Es/Noc2 for test 1: 4dB and 5dB
Es/Noc2 for test 2: 16dB and 17dB
 =2, =55,  =1.1, ε=0.01
5. RI Test
In the last meeting, it was agreed to introduce test 1 and test 2, while it was left as FFS whether to introduce test 3.

In TM4 and TM9 RI tests, all the three tests (test 1, 2, and 3) are defined. For eICIC, test 3 was not introduced as the UE implementation was not changed with respect to Rel-8. Without test 3, a UE blindly reporting rank 2 will pass TM4 and TM9 RI tests. Furthermore, a UE that blindly reports rank based on SNR will pass the test 1 and 2. Having test 3 is useful in guarding against such UE implementation.
Proposal 6: Introduce test 3 (high SNR and high correlation test) in addition to test 1 and test 2.

In the following, Figure 6 shows the  and  for the ABS SF for the low and high antenna correlation channels. Note that  and  are defined in terms of the throughput ratio on ABS subframes.
[image: image9.emf]-5 0 5 10 15 20 25 30

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

CSI RI: Gamma 1 and Gamma 2, Low Corr

Es/Noc2 (dB)



 

 

 1

 2

 [image: image10.emf]10 12 14 16 18 20 22 24 26

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

CSI RI: Gamma 1 and Gamma 2, High Corr

Es/Noc2 (dB)



 

 

 1

 2


Figure 6: CSI RI γ for low correlation (left) and high correlation (right) channel

From the results, it is observed that  and  values are reliable with proper choices of Es/Noc2. Therefore, reusing existing metrics based on that  and  is feasible. For test 2 and test 3,   may be used as a metric as is the case in TM4, TM9, and eICIC RI tests. For test 1, TM4 and TM9 RI tests use ≥1, while the eICIC RI test use ≥0.9. Among the two options we slightly prefer  based metric.
Proposal 7: RI metrics and Es/Noc2:
(1) test 1: use either =0.9 or =1 at Es/Noc2=4dB (CRE region)
(2) test 2: use =1.05 at Es/Noc2=16dB (center region)
(3) test 3: use =0.9 at Es/Noc2=16dB (center region)
6. Conclusions

In this paper we presented simulation results and discussion for FeICIC CSI tests:
Proposal 1: For static CQI tests, use the following metrics: (1) For test 1&2 : Reported CQI is within ±1 of the median more than 90% of the time for both CCSI,0 and CCSI,1. (2a) For test 1&2: PDSCH BLER in ABS for median CQI(CCSI,0) + 1 > 0.1  (2b) For test 1&2: PDSCH BLER in ABS for median CQI(CCSI,0)  – 1 < 0.1 (2c) For test 2 only: PDSCH BLER in non-ABS for median CQI(CCSI,1)  + 2 > 0.1 (2d) For test 2 only: PDSCH BLER in non-ABS for median CQI(CCSI,1) – 1 > 0.1
Proposal 2: For static CQI tests, use Es/Noc2=6dB and 7dB for test 1, an Es/Noc2=14dB and 15dB for test 2.
Proposal 3: For fading CQI tests, use the two tap propagation channel defined in clause B.2.4 of TS36.101 with the following parameters:         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
Proposal 4: For fading CQI tests, reuse the Rel-8 test metrics. That is: (1) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band for CCSI,0 (2) the ratio of the ABS SF throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level for CCSI,0 the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median for CCSI,0 on a randomly selected sub-band in set S shall be ≥  (3) when transmitting on a randomly selected sub-band on ABS SF among the sub-bands with the highest differential CQI offset level for CCSI,0 the corresponding TBS, the average ABS SF BLER for the indicated transport formats shall be greater or equal to ε.
Proposal 5: For fading CQI tests, we propose the following values as the starting point Es/Noc2 for test 1: 4dB and 5dB Es/Noc2 for test 2: 16dB and 17dB  =2, =55,  =1.1, ε=0.01
Proposal 6: Introduce test 3 (high SNR and high correlation test) in addition to test 1 and test 2.
Proposal 7: RI metrics and Es/Noc2: (1) test 1: use either =0.9 or =1 at Es/Noc2=4dB (CRE region) (2) test 2: use =1.05 at Es/Noc2=16dB (center region) (3) test 3: use =0.9 at Es/Noc2=16dB (center region)


7. Appendix A: Simulation Assumptions
7.1. Common Parameters
	
	
	CQI
	RI

	Parameter
	Serving Cell
	Aggressor 1,2
	Serving Cell
	Aggressor 1,2

	Carrier frequency
	2 GHz
	2 GHz

	System bandwidth
	10 MHz
	10 MHz

	Subframe Configuration
	Non-MBSFN
	Non-MBSFN

	CRS configuration
	2 CRS ports per cell
	2 CRS ports per cell

	Resource allocation
	50 PRBs
	50 PRBs

	HARQ
	8 HARQ processes and max 1 transmission
	N/A
	8 HARQ processes and max 1 transmission
	N/A

	Physical channels transmitted
	PSS/SSS/PBCH
	PSS/SSS/PBCH
(no SIB1)
	PSS/SSS/PBCH
	PSS/SSS/PBCH
(no SIB1)

	PCFICH
	CFI = 3
	CFI = 3

	Tx EVM
	6%
	6%

	Cyclic prefix
	Normal
	Normal

	ABS Pattern
	N/A
	01010101
01010101
01010101
01010101
01010101
	N/A
	10000000 
10000000 
10000000 
10000000 
10000000

	RLM/RRM Measurement Subframe Pattern
	00000100
00000100
00000100
00000100
00000100
	N/A
	10000000 
10000000 
10000000 
10000000 
10000000
	N/A

	CSI Subframe Sets
	CCSI,0
	01010101
01010101
01010101
01010101
01010101
	N/A
	10000000 
10000000 
10000000 
10000000 
10000000
	N/A

	
	CCSI,1
	10101010
10101010
10101010
10101010
10101010
	N/A
	01111111 
01111111 
01111111 
01111111 
01111111
	N/A


7.2. Detailed assumptions
	Parameter (Serving and Aggressors)
	Scenario_1
	Scenario_2
	Scenario_3

	Test
	CQI under AWGN
	CQI under Fading
	RI

	Transmission mode (serving)
	TM2
	TM2
	TM3

	Transmission mode (aggressors)
	OCNG A.5.1.5
	OCNG A.5.1.5
	OCNG A.5.1.5

	CRS-IC capability # Cells
	2
	2
	2

	Time Offset w.r.t the serving cell
	D1 = 3 us
D2 = -1 us
	D1 = 3 us
D2 = -1 us
	D1 = 3 us
D2 = -1 us

	Frequency Offset w.r.t the serving cell
	D1 = 300 Hz
D2 = -100 Hz
	D1 = 300 Hz
D2 = -100 Hz
	D1 = 300 Hz
D2 = -100 Hz

	Cell ID [S,D1,D2]
	0, 6, 1
	0, 6, 1
	0, 6, 1

	Propagation and correlation matrix (Serving)
	Clause B.1 (2x2)
	Clause B.2.4 with Td = 0.45 us, a = 1, fd = 5 Hz
	EPA5 Low Corr
EPA5 High Corr

	Propagation and correlation matrix (Aggressors)
	Clause B.1 (2x2)
	Modified Clause B.2.4 with Td = 0.7/0.8 us, a = 0.8/0.7, fd = -5/3 Hz
	EPA5 Low Corr
EPA5 High Corr

	CodeBookSubsetRestriction bitmap
	N/A
	N/A
	01 for fixed RI = 1
10 for fixed RI = 2
11 for UE reported RI

	RI configuration
	N/A
	N/A
	Fixed RI=1, RI=2, and follow RI

	D1/Noc1
	12
	12
	12

	D2/Noc1
	10
	10
	10

	Noc at antenna port (dBm/15KHz)
	Noc1
	-98
	-98
	-98

	
	Noc2
	-98
	-98
	-98

	
	Noc3
	= Noc1 + 5
	= Noc1 + 5
	= Noc1 + 5

	Physical channel for CCSI,0 CQI
	PUCCH Format 2
	PUSCH
	 PUCCH Format 2

	Physical channel for CCSI,1 CQI
	PUSCH
	PUSCH
	 PUCCH Format 2

	Reporing Mode
	PUCCH Report Type 4
	PUSCH 3-0
	PUCCH 1-0

	Reporting periodicity / Interval
	Npd = 5
	10, Reporting instances corresponds to Ccsi,0
	10

	PUCCH Report Type for CQI
	4
	N/A
	4

	PUCCH Report Type for RI
	N/A
	N/A
	3

	CQI Delay
	N/A
	8
	8

	Sub-band size
	N/A
	6 RB (Full Size)
	N/A

	cqi-pmi-ConfigurationIndex
	CCSI,0
	6
	N/A
	11

	cqi-pmi-ConfigurationIndex2
	CCSI,1
	5
	N/A
	10

	ri-ConfigurationInd
	CCSI,0
	N/A
	N/A
	5

	ri-ConfigurationInd2
	CCSI,1
	N/A
	N/A
	2

	Metric 1
	Reported CQI range around median CQI
	Sub-band differential CQI (ABS SF)
	Gamma 1 for ABS SF

	Metric 2
	PDSCH BLER on non-ABS and ABS subframes
	Throughput ratio (ABS SF)
	Gamma 2 for ABS SF

	Metric 3
	Delta CQI between ABS and non-ABS subframes
	BLER (ABS SF)
	-
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