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1 Introduction
In RAN4#63AH meeting, the side condition for feICIC is discussed. One important side condition is about how many aggressors should be considered in Rel-11 feICIC. In this contribution, complexity analysis is provided and the corresponding link level performance is provided. 
1.1 Link level results for PDSCH with CRS-IC receiver
In [1] [2] [3], system level simulation results are provided.  Based on the current simulation results, the difference of the 1st strongest and 2nd strongest interfere is more than 8 dB in average, even more [1].  For convenience, we select two set of parameters as the system parameters input to the link level. One pair [I1/N I2/N] is [11 -2] dB with non-colliding CRS (Case 1), and another pair is [9 1] dB with non-colliding CRS (Case 2), where I1 is the strongest interference and I2 is the second strongest interference, N is the noise and it includes all the interference and noise exclude the 1st strongest interference and second strongest interference.
In Figure 1 and Figure 2, simulation results with Case 1 and Case 2 setup are shown, respectively. In the curves, one is without CRS-IC, legended with “Without IC of CRS”, one is only the 1st strongest aggressor cell is cancelled, legended with “With IC of CRS from cell 1” and named as one-cell CRS IC, and the other is both the 1st strongest aggressor cell and 2nd strongest aggressor cell are cancelled, legended with “With IC of CRS from Cell #1&Cell 2” and named as two-cell CRS IC. 
From Figure 1 and Figure 2, we can see that CRS-IC can achieve pretty good gain in low SNR, but it get large loss in high SNR. For high SNR range, seving cell signal is far strongest than aggressor cell. Since non-colliding case is assumed in this case, aggressor cell’s CRS is colliding with the serving cell’s data. For aggressor cell’s channel estimation, serving cell’s data are interference. Hence, strongest serving cell signal will deteriorate the aggressor cell’s channel estimation. As a result, CRS-IC will bring performance loss in high SNR region. 
From Figure 1, we can also see that the performance with two-cell CRS-IC is very close to the performance with one-cell CRS-IC in low SNR. In high SNR, one-cell CRS-IC is better than two-cell CRS-IC. The main reason is the aggressor cells interference is very weak. For weak signal, channel estimation is more challenge; therefore it is more difficult to regenerage accurate interference. Hence, it is really difficult to get much benefit to cancel the second cell. For high SNR region, improved method may be utilized to reduce the degradation but with the price of the implementation complexity increase. 
Observation 1: In high SNR region, the performance with two-cell CRS-IC is worst than that with one-cell CRS-IC

Observation 2: In low SNR region, the performance with two-cell CRS-IC is very close to that with one-cell CRS-IC
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Figure 1: Throughput comparision with CRS-IC cancelling 0/1/2 aggressor cells for case 1
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Figure 2: Throughput comparision with CRS-IC cancelling 0/1/2 aggressor cells for case 2
1.2 Complexity analysis

In order to cancel two cells interference, we need to estimate the channel from three cells, and regenerate all the interference cells’ CRS signals, and further cancel them. In general implementation, Channel estimation, weighting calculation and equalization pre-processing are implemented in RSIG (Reference signal) processing unit, since it is flexible for software update. The complexity of Rel-8 with 0/1/2 CRS(s) IC is shown in Figure 3. The complexity is measured with computation cycles and normalized to Rel-8 receiver, where the ordinary Rel-8/9 functionality is normalized to 100. From the figure, we can see that channel estimation occupies RSIG more than 40%. If UE needs to estimate two aggressor cells’ channel and cancle them, the complexity is 1.6 times of current implementation. In other words, if one RSIG processing Unit can be used for these functionalities with some computation margin, one more RSIG processing Unit is needed to implement two CRSs interference cancelation.  As a result, it will increase the UE cost and power consumption significantly.  
The cost and power consumption increase with two aggressors’ CRS IC may be acceptable for high-end UEs, but for low-end UEs, it is really challenged. However, feICIC in Rel-11 is not an optional feature for UE. All the UEs are madetory to support two aggressors’ CRS IC if RAN4 define requirements based on two aggressors’ CRS IC. 
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Figure 3: The complexity distribution of some implementation
Observation: The Complexity with two aggressor cell’ CRS IC is 1.6 times of Rel-8 complexity in RSIG processing
Based on the above observations, we propose:

Proposal 1: Only one aggressor cell is considered for the performance requirement definition in Rel-11 feICIC

2 Summary
In the paper, we give some analysis on the CRS-IC complexity and the performance comparison between two-cell CRS-IC and one-cell CRS-IC,  simulation results show that for low SNR range, CRS-IC can achieve pretty good gain, but one more CRS-IC can not provide too much gain in practical scenarios but with significant complexity increase. Hence, we propose: 
Proposal 1: Only one aggressor is considered for the performance requirements definition in Rel-11 feICIC. 
3 References
[1] R4-123053, System simulation results for FeICIC with zero-power ABS, Ericsson, May, 2012.
[2] R4-63AH-0123, Reference receiver for FeICIC demodulation and CSI tests, Huawei, June, 2012

[3] R4-63AH-0088, FeICIC system simulation and signal level analysis, Intel, June, 2012


































































