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1. Introduction

There were many discussions in previous RAN4 meetings on the FeICIC Demod and CSI report requirements ([2]-[5]), only basic conditions, for example, 2 dominant interferers, and the CRS-IC reference receiver, are supported by majority. There are still some important aspects without consensus like colliding vs non-colliding CRS and MBSFN vs. non-MBSFN ABS. In this contribution, we provide our consideration and analysis on these aspects.
2. Discussion on FeICIC demod/CSI test setup
In [1], there are 2 options for CRS configuration:

Option 1: the first strongest aggressor cell has colliding CRS, and the second strongest aggressor cell has non-colliding CRS with respect to the victim cell.
Option 2: the first strongest aggressor cell has non-colliding CRS, and the second strongest aggressor cell has colliding CRS with respect to the victim cell.
These two options create different interference to the serving cell wanted signal. Option 1 has stronger interference on CRS REs than option 2 but weaker interference on data/control REs, thus we can expect that option 1 has poorer channel estimation quality than option 2 but better data/control receive signal quality than option 2. However, since the 2 dominant interferers don’t have big difference (about 2.0dB difference is widely observed from different company’s results) and CRS-IC reference receiver is used, the difference of residual interference after CRS-IC should be small. Therefore the final performance difference of option 1 and option 2 is expected to be small as well. Figure 1 is PDCCH BLER difference between the two options. Figure 2 is the PDSCH throughput difference. CN scenario is the case that the first strongest interference cell has colliding CRS and the second strongest interference cell has non-colliding CRS with respect to the serving cell. NC scenario is the case that the first strongest interference cell has non-colliding CRS, and the second strongest interference cell has colliding CRS with respect to the serving cell.
  [image: image1.emf]-10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

10

0

PDCCH, ETU-5Hz 2x2Low, INR1=6dB, INR2=4dB

 

 

2 CRS-IC, CN interference case

2 CRS-IC, NC interference case


Figure 1. PDCCH BLER performance comparison between CN and NC interference
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Figure 2. PDSCH throughput performance comparison between CN and NC interference
It is seen that the performance between CN interference case and NC interference case are almost the same, so it is not necessary to test both option 1 and option 2 CRS configurations. To reduce the test cases, we propose option 1 for FeICIC demod/CSI report tests.
Proposal 1: For FeICIC demod/CSI report tests, the first dominant interference has colliding CRS and the second dominant interference has non-colliding CRS with the serving cell.
Another issue of FeICIC test setup is ABS configuration, i.e., either non-MBSFN ABS or MBSFN ABS. In the way forward [1], it is proposed that both non-MBSFN and MBSFN ABS should be considered in the Demod/CSI requirement test, we agree this proposal.
In [4], it is proposed that only non-MBSFN ABS configuration is considered, to reduce the number of test case and UE test complexity. The main reason is that Rel-11 FeICIC UE has capability to properly handle the interfering CRS, thus small performance difference between non-MBSFN ABS and MBSFN ABS. If this is true, we agree that to reduce the number of test case MBSFN ABS should not be introduced for requirement test. However, since the residual interfering signal after CRS-IC (or puncture, etc) can be relatively large, the performance difference between non-MBSFN ABS and MBSFN ABS can also be large because non-MBSFN ABS experiences more CRS interference. For example
1. As we already noticed in [7], if there are time and frequency offsets between serving cell and interfering cell, even with offset tracked and handled in channel estimation, there still is 1.0dB~2.5dB performance loss when compare with no time and frequency offset case. This means the residual CRS interference after CRS-IC is still significant.
2. In case of high serving cell SNR, when UE performs dominant interference signal detection (CRS demodulation, channel estimation, etc.), the serving signal itself is a strong interference to dominant interferers, thus impacting the interferer channel estimation quality and degrading CRS-IC receiver performance. For example, if INR1=14dB and INR2=12dB and UE is in the CRE region with SNR more than 14dB, the first dominant interferer suffers at least the same level interference from serving signal and the second dominant interferer suffers even stronger interference from serving signal. These kinds of scenarios can hurt the CRS-IC performance, making performance difference between non-MBSFN and MBSFN ABS noticeable.
Figure 3 is the performance comparison between non-MBSFN ABS and MBSFN ABS. Here we use INR1=14dB and INR2=12dB, 10MHz system bandwidth, 16QAM 3/4 coding rate , EVA-5Hz, 2x2 low correlation propagation channel. Two dominant interferers have 2.5us time offset and 300Hz frequency offset relative to the serving cell. 
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 Figure 3. PDSCH throughput performance comparison between non-MBSFN and MBSFN ABS
It is seen from the Figure 3 that performance using MBSFN ABS is nearly 4 dB better than non-MBSFN. The main reason is that the residual interfering signal after CRS-IC is relative large, thus more interference in non-MBSFN ABS than MBSFN ABS. So we propose both non-MBSFN ABS and MBSFN ABS should be considered in FeICIC performance tests.
Proposal 2: For FeICIC demod/CSI report requirement, both non-MBSFN ABS and MBSFN ABS should be considered.

As discussed above, since high SNR serving signal itself acts as strong interference to dominant interferers, the dominant interferer channel estimation quality is impacted and the final CRS-IC gain is also reduced. Besides we observe the same phenomenon like [6] that IC performance could be worse than no-IC performance at high serving cell SNR due to the same reason. It’s apparent to us that CRS-IC should not be applied blindly in all scenarios. It is important for UE to choose proper scenarios to employ CRS-IC capability such that CRS-IC provides performance gain, not loss. Therefore the purpose of FeICIC demodulation tests should be two folds:
1. Ensure proper CRS-IC gain when the environment allows CRS-IC to work efficiently.
2. Ensure no performance loss vs. no CRS-IC when the environment is not suitable for CRS-IC.
For the second purpose, we propose high SNR serving signal region should be tested to ensure that UE performance is not degraded by CRS-IC capable receivers.
Proposal 3: For FeICIC demod/CSI report tests, high SNR serving signal should be tested to ensure good performance for different serving signal SNR region. The exact serving signal SNR region is FFS.
3. Conclusion
In this contribution we provide our consideration and analysis of Rel-11 FeICIC Demod/CSI requirement tests, based on the analysis, we propose:
Proposal 1: For FeICIC demod/CSI report tests, the first dominant interference has colliding CRS and the second dominant interference has non-colliding CRS with the serving cell.
Proposal 2: For FeICIC demod/CSI report requirement, both non-MBSFN ABS and MBSFN ABS should be considered.
Proposal 3: For FeICIC demod/CSI report tests, high SNR serving signal should be tested to ensure good performance for different serving signal SNR region. The exact serving signal SNR region is FFS.
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