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Discussion
1
Introduction
During RAN4#62bis, the CSI requirements for Rel-10 eICIC were discussed. It was agreed that a test of CQI difference is introduced with a condition of stable phase alignment of the radio channels throughout the whole duration of the test. In this contribution, the testing of CQI difference is discussed. Preliminary evaluation results are shown for both TM1 and TM2 according to the agreed assumptions [1]. In TM1, the selection of relative AWGN channel phases is studied from the perspective of LMMSE-IRC receivers. Similarly in TM2, the feasibility of CQI difference test is evaluated with the proposed propagation channels.
2
Test setup
In this section, we provide a description of the considered propagation channels.
2.1
TM1 and the relative phases of an AWGN channel
In TM1, there are two 1x2 channels, one for the serving cell and one for the interfering cell. The relative phases of the AWGN channels affect the “angle” of the serving and the interfering signal components in the signal space. For evaluation purposes, the phases can be selected such that the eigen-directions are either fully overlapping or fully orthogonal. These two options are the two extremes, where the effect on the test metric is the most visible.
In the fully overlapping case, AWGN channels are equal between the serving cell (pico) and the interferer (macro):
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Under full orthogonality, AWGN channels have orthogonal phases between the serving cell (pico) and the interferer (macro):
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For the evaluation, no channel propagation delays are considered, and the phase alignment is perfect and constant over time from the receiver perspective. An RS-based LMMSE-IRC receiver is assumed. 

It is expected that in ABS subframes, the interference is unnoticed by the receiver, as the CRS do not collide here between serving and interfering cells. Therefore, the channel phase should have no noticeable effect on the median CQIs.

In non-ABS the interference is visible to the receiver and its mitigation becomes possible. The effectiveness of interference mitigation depends on the angle of the signal directions of the serving and the interfering cells. This gets reflected into the reported CQI and thus the median CQI difference metric is also impacted. 

2.2
TM2 and the proposed propagation channels
In the previous meeting following channels were proposed for the TM2 test [1]:

Option 1: the same channel for the serving cell (pico) and the interferer (macro):
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Option 2: different channels for the serving cell (pico) and the interferer (macro):
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For the evaluation, no channel propagation delays are considered, and the phase alignment is perfect and constant over time from the receiver perspective. An RS-based LMMSE-IRC receiver is assumed also for TM2. 

For the channel Option 2, the interfering channel coefficients were scaled such that the interfering signal energy is the same as with Option 1. Without the scaling the SNR / Noc-level definitions are not fulfilled.
3



Evaluation results

We performed static CQI simulations according to the framework described in [1].
3.1
TM1 CQI difference with two AWGN phase options
The CQI statistics were collected in TM1 with the two AWGN phase options. An LMMSE-IRC receiver was used. The resulting median-CQIs and the CQI differences are given for the equal AWGN channels in Figure 1 and for the orthogonal AWGN channels in Figure 2.
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Figure 1: TM1 median CQIs with equal AWGN channels.
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Figure 2: TM1 median CQIs with orthogonal AWGN channels.


It can be seen that the CQI difference metric is greatly affected by the choice of AWGN channel option. In Figure 1, with equal channel coefficients, the LMMSE-IRC receiver is not able to mitigate the interference in non-ABS subframes. Therefore a large CQI difference in the order of 3-4 CQI classes is observed between the ABS and non-ABS statistics.

The other extreme is to have the orthogonal AWGN channels, in which the LMMSE-IRC receiver is able to mitigate the non-ABS interference very effectively. The median-CQIs are presented in Figure 2. It can be seen how the CQI difference between the ABS and the non-ABS subframes becomes very small (1 CQI class) or even zero.
It can be observed that in TM1 with static 1x2 AWGN channels, the relative channel phases between the serving cell and the interferer can have significant impact on the CQI differences.
Observation 1: 
In TM1, the AWGN channel phases affect the CQI difference greatly, if LMMSE-IRC receiver is used.

The reported CQI of a receiver without spatial interference mitigation capability is expected to be less sensitive to AWGN channel phases in non-ABS subframes. Without a careful consideration of the relative channel phases for the test case, e.g. an MRC receiver may pass the CQI difference test, while an interference-mitigating receiver (e.g. LMMSE-IRC) would fail the same test.

Observation 2: 
In TM1, the AWGN channel phases need to be carefully considered, in order not to penalize interference-mitigating receivers in the CQI difference test.
3.2
TM2 CQI difference with channel Option 1 and Option 2
The proposed propagation channels were used for the evaluation of TM2 median CQIs and the CQI difference. The interfering PDSCH transmission is TM2 with MCS QPSK in the non-ABS case. The results with channel Option 1 are given in Figure 3. For channel Option 2, the results are in Figure 4.
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Figure 3: TM2 median CQIs with channel Option 1.
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Figure 4: TM2 median CQIs with channel Option 2.


It can be seen that the CQI difference is steadily in the order of 2 CQI classes throughout the simulated SNR range and with both channel options. It seems that for TM2, the proposed propagation channels have similar effect on the reported CQIs, when LMMSE-IRC receiver is used.
Observation 3: 
In TM2, no significant difference is observed between channel Option 1 and Option 2 in the CQI difference metric.
Observation 4: 
The observed CQI difference in TM2 is about 1-2 classes lower compared to TM1.
4
Conclusion
This contribution provided simulation results as well as analysis on the feasibility of static CQI requirements in terms of CQI difference. Based on the provided results, the following observations were made:
Observation 1: 
In TM1, the AWGN channel phases affect the CQI difference greatly, if LMMSE-IRC receiver is used.

Observation 2: 
In TM1, the AWGN channel phases need to be carefully considered, in order not to penalize interference-mitigating receivers in the CQI difference test.
Observation 3: 
In TM2, no significant difference is observed between channel Option 1 and Option 2 in the CQI difference metric.

Besides the above choices of static channels for serving and interfering cells, we would like to emphasize again that the relative phases between the corresponding channel coefficients need to be maintained during the whole duration of the test, as per the current working assumption in [1] “The test metric of CQI difference is introduced, if the phase alignment could be implemented during the whole duration of the test”. Failure to achieve such phase alignment severely compromises the test as shown by the results presented in our earlier contribution [2].
Finally we compared TM1 and TM2 in terms of CQI difference and observed that:
Observation 4: 
The observed CQI difference in TM2 is about 1-2 classes lower compared to TM1.

Hence TM1 has the benefit of a better margin for this specific CQI difference test and to our view RAN4 could consider reverting the working assumption from TM2 to TM1.
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