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1. Introduction
In RAN4#68, CSI test cases were agreed upon in [2] and [3] for CQI and RI reporting, respectively. The FeICIC ad hoc meeting minutes are captured in [1].
There were still however some open items for discussion:

Static CQI tests:
BLER test criteria:
· Test 1: use median CQI+ [X] and median CQI-1 to verify BLER in ABS with lower operating Es/Noc1
· X: 1 or 2, need further study

· Test 2: 

· In ABS: 

· Use median CQI+ [X] and median CQI-1 to verify BLER
· The value of X needs further study

· In non-ABS: It seems that delta CQI may be problematic considering the future advanced receiver

· Use median CQI+ 2 and median CQI-1 to verify BLER
Fading CQI tests:
· Propagation conditions:
· Serving cell: Rel-8 two-tap channel model
· Two aggressor cells: EVA5 low

· Antenna configuration:

· [1×2]

· Test metric

· Criterion 1: Distribution of reported differential CQI
· Criterion 2: Throughput gain
· Criterion 3: 

· BLER for low SNR test point, 

· FFS for high SNR test point
· SNR test points:

· Test 1: low SNR test point

· Es/Noc1 = 4/5 dB

· Test 2: high SNR test point

· Make the final decision in the next meeting.
RI tests:
· Test 3: 

· Study what correlation matrix should be used

· Option 1: use high correlation for serving cell; low correlation for the aggressor cells
· Option 2: use high correlation matrix for serving cell and aggressor cells.

· Study the feasibility of introduction of Test 3.

· Correlation matrices for Test 1 and Test 2:

· Use the same correlation matrix (low correlation) for serving cell and the aggressor cells.

· SNR test points: Es/Noc1

· Test 1: 4dB

· Test 2: 20dB
· Test 3: to be decided after the feasibility study.
· Evaluation for Test metrics:

· Test 1: evaluate 

· Option 1: gamma 1 

· Option 2: gamma 2

· Test 2: gamma 1;

· Test 3: 

· Option 1: gamma 1
· Option 2: gamma 2
In this contribution we provide updated link level evaluation results for FeICIC CSI tests and provide our views on these open issues:
1. Static CQI test: propose a value of X for median CQI + [X] for tests 1 (ABS) and 2 (ABS)
2. Fading CQI test: discuss the BLER metric and SNR test point for high SNR test
3. RI test: 

a. Discuss the options for test 1 (gamma 1 and gamma 2)

b. Discuss the feasibility of test 3
c. Discuss the options for test 3 (gamma 1 and gamma 2)

Detailed Simulation assumptions for the results in this paper are defined in [2] and [3].
2. CQI reporting under AWGN conditions
For the static CQI tests, the following metrics were generated from the simulations:

· Figure 2.1: Probability of reported CQI around median CQI for CCSI,0 and CCSI,1
· Figure 2.2: Delta CQI between CCSI,0 and CCSI,1
· Figure 2.3a and 2.3b: BLER on ABS (for test 1 and 2) and non-ABS (for test 2) subframes
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Figure 2.1: CQI under AWGN: Median CQI +/-1 Probability
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Figure 2.2: CQI under AWGN: Median CQI for CCSI,0 and CCSI,1 Delta
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Figure 2.3a: CQI under AWGN: ABS SF PDSCH BLER
	[image: image4.emf]10 11 12 13 14 15 16 17 18 19 20

10

-4

10

-3

10

-2

10

-1

10

0

CSI CQI Static: Non-ABS SF BLER

Es/Noc2 (dB)

Non ABS SF BLER

 

 

NonABS BLER @ Median CQI - 1

NonABS BLER @ Median CQI + 1

NonABS BLER @ Median CQI + 2

Figure 2.3b: CQI under AWGN: Non-ABS SF PDSCH BLER


From the simulation results it can be 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 (test 1) and the pico-center region (test 2) meets the Rel-8 requirement.

· The BLER on non-ABS in the pico-center region (test2) meets the Rel-8 requirement.
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.
BLER on ABS SF
For test 2, as the SNR increases and the aggressor cell levels become weaker as compared to the serving cell, the aggressors channel estimation becomes more challenging and that can lead to a sub-optimal CRS-IM performance. This residual noise may impact the CQI a little and create a mismatch between CQI and PDSCH demod leading to better PDSCH BLER for a given CQI.

To avoid this effect, we can define requirements for median CQI-1 and median CQI+2 for test 2 BLER on ABS SF.
For test 1 however, the aggressor cells are strong enough with respect to the serving cell and channel estimate error should be minimal leading to minimum CQI/Demod mismatch. Hence for test 1 it is recommended to keep the rel 8 BLER definition of median CQI-1 and median CQI+1.

Proposal 1: For BLER on ABS SF in static CQI test 1, use BLER for median CQI+1 and median CQI-1.
Proposal 2: For BLER on ABS SF in static CQI test 2, use BLER for median CQI+2 and median CQI-1.
BLER on Non-ABS SF
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 3: For BLER on non-ABS SF in static CQI test 2, use BLER for median CQI+2 and median CQI-1. Do not use CQI delta.
Based on our simulation results, we propose to use 5dB and 6dB for test 1 and 14dB and 15dB for test 2 as Es/Noc2 values.
Proposal 4: For static CQI tests, use Es/Noc2=4dB and 5dB for test 1, an Es/Noc2=14dB and 15dB for test 2.

3. CQI reporting under fading conditions
For the fading CQI tests, the agreed WF from last meeting was to use:

·  [1x2] configuration
· Serving cell: Rel-8 two-tap channel model, two aggressor cells: EVA5 low.
For the test metrics, it was agreed to use:

· Criterion 1: Distribution of reported differential CQI

· Criterion 2: Throughput gain

· Criterion 3:
· BLER for low SNR test point, 
· FFS for high SNR test point
For the SNR point:
· Test 1: low SNR test point

· Es/Noc1 = 4/5 dB

· Test 2: high SNR test point

· Make the final decision in the next meeting.

The following metrics were generated from the simulations:
· Figure 3.1: 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 for CCSI,0 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 3.2: 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
· Figure 3.3: Sub-band differential CQI offset level of 0 for CCSI,0
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Figure 3.1: CQI under fading, throughput γ
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Figure 3.2: CQI under fading, ABS SF BLER
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Figure 3.3: CQI under fading, CCSI,0 DIFF CQI 0 probability


From the simulation results above, it can be observed that all the metrics proposed are feasible, even for the BLER criteria for high SNR test. However, to avoid the pessimistic CQI due to the CQI/demod mismatch issue described in the static CQI section, the BLER criteria can be relaxed a little bit.
Proposal 5: 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 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 ≥ 
(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 6: 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: 14dB and 15dB
 =2, =55,  =1.1, ε=0.02
4. RI Test
In the last meeting, it was agreed to introduce test 1 and test 2, but it was left as FFS for test 1 to use γ1 or γ2. Test 2 uses γ1.
For test 3, it was left as FFS for the test case introduction based on the feasibility study. Also the use of γ1 or γ2 was left as FFS. There were also 2 options for test 3:

· Option 1: use high correlation for serving cell; low correlation for the aggressor cells

· Option 2: use high correlation matrix for serving cell and aggressor cells.

Figures 4.1 and 4.2 show the  and  for the ABS SF for the low and high antenna correlation channels, respectively. Note that  and  are defined in terms of the throughput ratio on ABS subframes.
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Figure 4.1: CSI RI γ for low correlation channel
	[image: image9.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

CSI RI: Gamma1 and Gamma 2, High Corr

Tput 



Es/Noc2 (dB)

 

 

Option 1 



1

Option 2 



1

Option 1 



2

Option 2 



2


Figure 4.2: CSI RI γ for high correlation channel


Table 4.1 shows the  and  for the 3 tests.
Table 4.1:  and  for low and high corr cases

	
	γ1
	γ2

	Low Correlation (4dB)
	1.03
	1.01

	Low Correlation (20dB)
	1.47
	0.99

	High Correlation Option 1 (20 dB)
	0.99
	1.04

	High Correlation Option 2 (20 dB)
	0.99
	1.03


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 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.

For test 2 and test 3,  may be used as a metric as is the case in TM4, TM9, and eICIC RI tests. 
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. 
Due to the CRS-IM requirements, UEs typically have more stringent CSI reporting timeline for FeICIC. That is, given the same processing power, it would be much tougher for the UE to meet the FeICIC requirement of reporting CSI within 4 subframes of the downlink reference subframe, because the UE has to first perform CRS-IM before computing CSI. Therefore, there would be a high motivation for a UE with insufficient processing power to cut the corner and select the rank simply based on SNR without going through full evaluation of each rank. Such a shortcut will reduce the computation amount by a large amount and enable the improper UE to still pass the RI test 1 and test 2. Having test 3 is useful in guarding against such a rogue UE implementation.
Proposal 7: Introduce RI test 3 (high SNR and high correlation test) in addition to test 1 and test 2.
For the high correlation test, the difference between using high or low correlation for the aggressor cells in minimal. Metrics can be achieved by using either of the options. However, for robustness, we slightly prefer to use the low correlation channel for the aggressor cells.
Proposal 8: For RI test 3, use high correlation for serving cell and low correlation for the aggressor cells
Proposal 9: RI metrics and Es/Noc2:
(1) test 1: use =0.9 at Es/Noc2=4dB (CRE region)
(2) test 2: use =1.05 at Es/Noc2=20dB (center region)
(3) test 3: use =0.9 at Es/Noc2=20dB (center region)
5. Conclusions

In this paper we presented simulation results and discussion for FeICIC CSI tests:

Proposal 1: For BLER on ABS SF in static CQI test 1, use BLER for median CQI+1 and median CQI-1.
Proposal 2: For BLER on ABS SF in static CQI test 2, use BLER for median CQI+2 and median CQI-1.

Proposal 3: For BLER on non-ABS SF in static CQI test 2, use BLER for median CQI+2 and median CQI-1. Do not use CQI delta.
Proposal 4: For static CQI tests, use Es/Noc2=5dB and 5dB for test 1, an Es/Noc2=14dB and 15dB for test 2.
Proposal 5: 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 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 ≥ 
(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 6: 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: 14dB and 15dB
 =2, =55,  =1.1, ε=0.02
Proposal 7: Introduce RI test 3 (high SNR and high correlation test) in addition to test 1 and test 2.
Proposal 8: For RI test 3, use high correlation for serving cell and low correlation for the aggressor cells
Proposal 9: RI metrics and Es/Noc2:
(1) test 1: use =0.9 at Es/Noc2=4dB (CRE region)
(2) test 2: use =1.05 at Es/Noc2=20dB (center region)
(3) test 3: use =0.9 at Es/Noc2=20dB (center region)
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