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Discussion
1
Introduction
During RAN4#63, the CQI testing framework for eICIC was further discussed. It was agreed that two delta-CQI tests are introduced, for which a difference in terms of median CQIs should arise and fall within certain ranges. In addition, BLER tests in non-ABS subframes were agreed to complement the delta-CQI tests. In this contribution, the test cases are evaluated according to the agreed simulation assumptions [1]. In this contribution, the ranges of CQI difference are studied via link-level simulations and the validity of the reported CQIs is confirmed by the related BLER statistics.
2
Simulation setup
The CQI tests are defined for TM2. The interfering cell has rank-2 TM3 transmission with random symbols from 16QAM constellation.

The UE reports separate CQIs for ABS and non-ABS subframes. The CQI statistics are collected and the median values are compared, in order to find the delta-CQI between ABS and non-ABS reports. For the non-ABS subframes, the agreed BLER test is applied, where the resulting BLER statistics are evaluated with PDSCH transmission, scheduled according to median CQI and median CQI +/-1. In this contribution, the BLER results are presented also for the ABS subframes for the sake of completeness.
In ABS subframes, the interference is unnoticed by the receiver, as the CRS do not collide here between serving and interfering cells. This is expected to cause uncertainty in the reported CQIs, and the resulting BLER is expected to fluctuate depending on the selected interference-and-noise levels in CRS and non-CRS OFDM symbols (i.e. for a particular combination of Noc1 and Noc2 levels).

In non-ABS subframes, the interference is visible to the receiver and the resulting BLER is expected to be more stable compared to the ABS case.
The following channels are used in the evaluation, as stated in the simulation assumptions:
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The AWGN channels for the serving cell (pico) and the interferer (macro) are identical. For the evaluation, the phase alignment is perfect and constant over time from the receiver perspective. An RS-based LMMSE-IRC receiver is assumed. 
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Evaluation results

We performed static CQI simulations according to the framework described in [1]. The evaluations are divided into three sections according to the Noc-levels given in the simulation assumptions:
· Test 1: EI/Noc1 = 10 dB, EI/Noc2 = 6 dB, Noc3/Noc2 = 3.2 dB

· Test 2 (setting 1): EI/Noc1 = -2 dB, EI/Noc2 = -6 dB, Noc3/Noc2 = 3.2 dB

· Test 2 (setting 2): EI/Noc1 = -12 dB, EI/Noc2 = -12 dB, Noc3/Noc2 = 0 dB
3.1


Test 1
The CQI statistics were collected for ABS and non-ABS subframes and the difference of the median CQIs was calculated. For Test 1, the interference and noise levels are defined as: EI/Noc1 = 10 dB, EI/Noc2 = 6 dB, Noc3/Noc2 = 3.2 dB.

The median CQIs and their difference is given in Figure 1. The resulting BLER is shown for ABS subframes in Figure 2 and for non‑ABS subframes in Figure 3.
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Figure 1: Median CQI statistics for Test 1
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Figure 2: BLER in ABS subframes for Test 1
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Figure 3: BLER in non-ABS subframes for Test 1


In Test 1, CQI difference of 2 CQI classes is seen throughout the SNR range. The BLER results show that the reported CQIs are reliable in non-ABS subframes as the BLER criterion is fulfilled in every SNR point. 
However, the resulting BLERs in ABS depend on the compensation effect from multiple Noc-levels. With the levels defined for Test 1, there seems to be no issue, but as shown in the following, other combinations will cause problems in ABS BLERs.

Observation 1: 
In Test1, CQI difference of 2 CQI classes is observed.
3.2
Test 2 (setting 1)
For Test 2 (setting 1), the interference and noise levels are defined as: EI/Noc1 = -2 dB, EI/Noc2 = -6 dB, Noc3/Noc2 = 3.2 dB. 
The median CQIs and their difference is given in Figure 4. The resulting BLER is shown for ABS subframes in Figure 5 and for non‑ABS subframes in Figure 6.
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Figure 4: Median CQI statistics for Test 2 (setting 1)
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Figure 5: BLER in ABS subframes for Test 2 (setting 1)
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Figure 6: BLER in non-ABS subframes for Test 2 (setting 1)


In Test 2 (setting 1), the CQI difference varies between 0-1 CQI classes, depending on the SNR point. The BLER results for non-ABS subframes show that in the 2 lowest SNR points, the BLER criterion is not fulfilled. However, the rest of the SNR points have adequate BLER performance.

It should be noted that the median CQIs in ABS subframes are identical between Test 2 (setting 1) and Test 1. The ABS interference is invisible in the CQI calculation due to the non-colliding CRS, and the reported CQIs depend only on the Es/Noc2 –level. This level is used for defining the SNR, and is the same is all the ABS tests, independent of the EI/Noc1 and EI/Noc2 –levels. 
The BLER results show the effects of the interference on the actual PDSCH transmission in ABS subframes. In Test 1, the BLER criterion was fulfilled in all the SNR points. In Test 2 (setting 1), the BLER criterion is mostly failed. The different behaviour is explained by a different compensation effect from multiple Noc-levels.
According to the BLER results shown for Test 2 (setting 1), a higher CQI difference could be possible (e.g. CQI difference of 1 CQI class throughout the SNR range), by making the ABS CQI more aggressive. However, such a CSI subset –specific tuning is undesirable from the UE design point of view and could lead to very high BLER e.g. in Test 1 ABS scenario. Therefore, it is more sensible to accept a minimum CQI difference of zero CQI classes in Test 2 (setting 1).
Observation 2: 
In Test2 (setting 1), CQI difference of 0-1 CQI classes is observed.

Observation 3: 
In ABS subframes, identical median CQIs are expected, regardless of the EI/Noc1 and EI/Noc2 –levels.

Observation 4:
Requiring a CQI difference of at least 1 CQI class in Test 2 (setting 1), may require CSI subset –specific tuning, which in turn would lead to unacceptably high BLER in ABS subframes e.g. in Test 1. 

3.3
Test 2 (setting 2)

In Test 2 (setting 2), the Noc-levels are the same in CRS and non-CRS OFDM symbols. In addition, the interference-and-noise level in non-ABS subframes is the same as in ABS subframes. This is defined as: EI/Noc1 = -12 dB, EI/Noc2 = ‑12 dB, Noc3/Noc2 = 0 dB.

For Test 2 (setting 2), the median CQIs and their difference is given in Figure 7. The resulting BLER is shown for ABS subframes in Figure 8 and for non‑ABS subframes in Figure 9.
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Figure 7: Median CQI statistics for Test 2 (setting 2)
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Figure 8: BLER in ABS subframes for Test 2 (setting 2)
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Figure 9: BLER in non-ABS subframes for Test 2 (setting 2)


No difference is seen in terms of median CQIs, as it is expected. The interference-and-noise levels are the same in CRS symbols for ABS and non-ABS subframes, and the medians of the reported CQIs are the same. It is also seen that the median CQIs in ABS subframes are equal in each SNR point compared to Test 1 and Test 2 (setting 1). This confirms the correct alignment of Noc2 –levels between the test cases for ABS subframes.
The BLER criterion is fulfilled in non-ABS in all the SNR points. Similarly in ABS subframes, the BLER behaviour is well controlled, as there is no CQI mismatch. The resulting BLERs in non-ABS subframes are slightly higher compared to the ABS case, as the interference is present on all data REs instead of just the interfering cell CRS REs.

Observation 5: 
In Test2 (setting 2), no CQI difference is observed.
4
Conclusion
This contribution, we provided simulation results as well as analysis on the CQI requirements in terms of median CQI difference between ABS/non-ABS. Based on the provided results, the following observations were made:
Observation 1: 
In Test1, CQI difference of 2 CQI classes is observed.

Observation 2: 
In Test2 (setting 1), CQI difference of 0-1 CQI classes is observed.

Observation 3: 
In ABS subframes, identical median CQIs are expected, regardless of the EI/Noc1 and EI/Noc2 –levels.

Observation 4:
Requiring a CQI difference of at least 1 CQI class in Test 2 (setting 1), may require CSI subset –specific tuning, which in turn would lead to unacceptably high BLER in ABS subframes e.g. in Test 1. 

Observation 5: 
In Test2 (setting 2), no CQI difference is observed.
Based on the above observations, we propose that:

Proposal 1:
For Test 1, we propose confirming the current working assumption on the delta-CQI requirement; i.e delta-CQI is within 2 – 5 CQI classes.
Proposal 2:
For Test 2, we propose that the required delta-CQI is within [0 – 1] CQI classes.
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