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1
Introduction
Investigations on CSI requirements for Rel-10 eICIC were triggered during RAN4#61. The goal was mainly to assess the feasibility of static CQI requirements in terms of CQI spread and BLER under both ABS and non-ABS type of interference. This contribution provides our evaluation results based on agreed assumptions [1]

 REF _Ref319582593 \r \h 
[2]. Based on the results, we identify a number of issues in proposed eICIC CQI test methodology and discuss the overall need of CQI tests in Rel-10 timeframe under the assumption of a baseline receiver.
2
Static CQI evaluation results
We performed static CQI simulations under AWGN conditions according to the framework defined in [1]

 REF _Ref319659695 \r \h 
[2]. The following performance metrics were investigated:

· CQI spread: percentage of the reported CQI in the range of +/- 1 of the reported median;

· BLER using the transport format indicated by median CQI, median CQI+1, and median CQI–1.
Interference modelling assumes two Noc levels (Alt. 1 in reference [1]). LMMSE-IRC receiver is assumed. 
In TS36.101 [3] Section 9.2.1, minimum requirement PUCCH 1-0 are set as:
· The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time.
· If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. 

· If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.

The following sections provide evaluation results for Rel-10 eICIC CQI, the goal being to check whether above criteria can be fulfilled or not under ABS and non-ABS interference.
2.1
Rel-10 eICIC CQI under ABS interference

Evaluation results for ABS interference and Noc modelling Alternative 1 (assumes 2 Noc levels) are depicted in Figure 1 and Figure 2. It is observed that the requirement on the CQI spread is fulfilled all the time and the BLER criterion passes as well. A compensation mechanism seems to take place with pessimistic CQI due to higher Noc2 level in CRS symbols being overcome by the impact of CRS interference which the receiver is not aware of. However, it should be noted that this seems to be the case with the particular choice of interference parameters, i.e. D/Noc1=10dB, D/Noc2=6dB. However, no conclusion can be drawn for other pairs of Noc values that may occur for instance in the field. Interference studies conducted in RAN4 prior to the agreement on Noc levels showed a wide spread of conditions in terms of Noc1 and Noc2 levels. From a test case perspective, a Rel-8/9 baseline UE may be in position to fullfill such BLER test, however, in practical deployment there is no guarantee that reported CQI would behave properly in terms of BLER. This heavily questions the significance of the test to our view. More investigations are thus needed under other interference conditions.
Observation 1: 
A compensation mechanism with pessimistic CQI due to higher Noc2 level being overcome by the impact of CRS interference shows that the BLER criterion may pass under the specific interference conditions D/Noc1=10dB, D/Noc2=6dB.
Observation 2: 
From a test case perspective, a Rel-8/9 baseline UE may be in position to fullfill the BLER test, however, in practical deployment there is no guarantee that reported CQI would behave properly in terms of BLER.
Observation 3: 
The significance of a BLER test under ABS interference is questionable, and more investigations under other interference conditions are needed.
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Figure 1: Reported CQI statistics at SNR={1,5,9,15}dB under ABS interference.
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Figure 2: BLER vs. Es/Noc2 for median-CQI, median-CQI+1, median-CQI-1 under ABS interference.


2.2
Rel-10 eICIC CQI under non-ABS interference

Evaluation results for non-ABS interference and Es/Noc3=2.8dB are depicted in Figures 3-6. LMMSE-IRC receiver is assumed. We further consider two implementations of the test related to the 1x2 AWGN channels in use for both serving and interfering cell:
· A random (wideband) phase per Rx antenna port is applied per simulation drop (20 consecutive subframes). In this case serving and interfering cell channels are obviously not aligned. This model is similar to the one in reference [6].

· Channels in serving and interfering cells are fully phase aligned. This seems to be assumed also in reference [4].

Based on the provided results, it is observed that:

· Under the assumption of random channel phases, results in Figures 3-4 show a large CQI spread (90% within median-CQI +/- 1 criterion is not fullfilled) and BLER criterion fails as well all over the SNR range. This is due to the interference suppression capabilities of the LMMSE-IRC receiver. Since phase offsets varied during the simulation, the degree of orthogonolity between the two cells was not constant and led to variable IRC gain, which in turn got reflected in CQI reports leading to larger spread.
· Under the assumption of phase aligned static channels, it is seen in Figures 5-6 that the requirement on the CQI spread is fulfilled all the time and the BLER criterion passes as well.
Phase alignment over the test duration between the two cells is seen as crucial to maintain the static nature of the CQI test. The overall structure of the interference over non-ABS subframes needs also to be discussed in order to keep the test as receiver agnostic as possible.
Observation 4: 
Phase alignment between 1x2 static channels for serving and interfering cells is crucial to preserve the purpose of a static test.
Observation 5: 
The overall structure of the interference over non-ABS subframes needs also to be discussed in order to keep the test as receiver agnostic as possible.
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Figure 3: Reported CQI statistics at SNR={1,5,9,15}dB under non-ABS interference, 1x2 AWGN channels are not phase aligned.
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Figure 4: BLER vs. Es/Noc3 for median-CQI, median-CQI+1, median-CQI-1 under non-ABS interference, 1x2 AWGN channels are not phase aligned.
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Figure 5: Reported CQI statistics at SNR={1,5,9,15}dB under non-ABS interference, 1x2 AWGN channels are phase aligned
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Figure 6: BLER vs. Es/Noc3 for median-CQI, median-CQI+1, median-CQI-1 under non-ABS interference, 1x2 AWGN channels are phase aligned.


3
Conclusion
This contribution provided simulation results as well as analysis on the feasibility of static CQI requirements in terms of CQI spread and BLER under both ABS and non-ABS type of interference. Based on the provided results, the following observations were made:
Observation 1: 
A compensation mechanism with pessimistic CQI due to higher Noc2 level being overcome by the impact of CRS interference shows that the BLER criterion may pass under the specific interference conditions D/Noc1=10dB, D/Noc2=6dB.
Observation 2: 
From a test case perspective, a Rel-8/9 baseline UE may be in position to fullfill the BLER test, however, in practical deployment there is no guarantee that reported CQI would behave properly in terms of BLER.

Observation 3: 
The significance of a BLER test under ABS interference is questionable, and more investigations under other interference conditions are needed.

Observation 4: 
Phase alignment between 1x2 static channels for serving and interfering cells is crucial to preserve the purpose of a static test.
Observation 5: 
The overall structure of the interference over non-ABS subframes needs also to be discussed in order to keep the test as receiver agnostic as possible.
Overall, we strongly question the significance of CQI tests for eICIC under Rel-10 timeframe, essentially because of the assumption of a Rel-8/9 baseline receiver. Since the receiver is not aware of CRS interference as well as of the imbalance between Noc1, Noc2 levels, such CQI tests risk mandating specific tuning of a baseline implementation to pass 36.101 test cases rather than necessarily optimising for field conditions where different interference levels would be experienced. To our view, CQI tests for eICIC become relevant only when the receiver will be able to mitigate the CRS interference in ABS. That will happen during Rel-11 timeframe, most likely.
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