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1. Introduction

In [2], performance impact on reference IC receiver for FeICIC with time and frequency offset is introduced, moreover, in the way forward [1], it is agreed that this impact should be consider in RAN4 tests. In this contribution, we give our analysis of this problem.
Based on our simulation results and analysis, we show that the FeICIC CRS-IC enabled UE should have capability to handle the time and frequency offset between serving cell and interference cell, and an additional performance loss margin should be considered with time and frequency offset.
2. Performance of FeICIC CRS-IC with time and frequency offset
In [1], it is agreed that the reference receiver operate on single FFT, and the interference mitigation approach (such as CRS-IC) is performed in frequency domain. Usually UE locks the time and frequency of the serving cell. If the time and frequency offsets between serving cell and interfering cell are not considered, these offsets can introduce additional delay spread (more frequency selectivity) and Doppler frequency (more time selectivity) of interference propagation channel, degrading the quality of channel estimation (interpolation) and the final CRS-IC (or PBCH-IC, PSS/SSS-IC) performance gain.
Consequently, FeICIC UEs need to track these time and frequency offsets between each interfering cell and the serving cell.  These offsets should be compensated before channel estimation or considered in channel estimation in order to get better channel estimation quality and retain as much IC performance gain as possible. Moreover, even with these time and frequency offset tracking and compensation, we should note that there still might be some performance loss when compare with the IC performance gain with no time and frequency offset. This should be considered in the FeICIC performance requirements.
In the following, we consider the time and frequency offset in channel estimation filter selection. If each interfering cell time and frequency difference from serving cell is tracked, these differences are considered in the channel estimation filter selection. Otherwise, the same multipath delay and Doppler frequency based on one cell only are used.
For the two dominant interferers, we consider 3 cases of relative offsets to the serving cell:

1. Two interferers both have 2.5s time offset, no frequency offset.

2. Two interferers both have 300Hz frequency offset only, no time offset.

3. Two interferers both have 2.5s time offset and 300Hz frequency offset at the same time.

For PDCCH simulation, the DCI information bit number is 31 and the aggregation level is 4;  ETU-5Hz propagation channel for serving cell and EVA-5Hz for interfering cell; 2x2 low correlation antenna configuration; CFI is 2 and channel estimation is only based on the first slot’s CRS of the subframe.
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2 CRS-IC, No time and frequency offset

2 CRS-IC, time offset = 2.5us, no compensation

2 CRS-IC, time offset = 2.5us, offset compensated


Figure 1.PDCCH BLER performance of 2.5us time offset only
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2 CRS-IC, No time and frequency offset

2 CRS-IC, freq. offset = 300Hz, no compensation

2 CRS-IC, freq. offset = 300Hz, offset compensated

 
Figure 2.PDCCH BLER performance of 300Hz frequency offset only
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2 CRS-IC, No time and frequency offset

2 CRS-IC, time offset = 2.5us, freq. offset = 300Hz, no comp.

2 CRS-IC, time offset = 2.5us, freq. offset = 300Hz, comp.


Figure 3.PDCCH BLER performance of both 2.5us time offset and 300Hz frequency offset

Figure 1 is the CRS-IC performance comparison between no offset, 2.5us time offset with and without offset handling. Figure 2 is the CRS-IC performance comparison between no offset, 300Hz frequency offset with and without offset handling. Figure 3 is the CRS-IC performance comparison between no offset, 2.5us time offset and 300Hz frequency offset with and without offset handling. Based on these simulation results, we have the following observations:
1. With only time offset or frequency offset, considering offset in channel estimation can get the CRS-IC gain almost the same as the no time offset or frequency offset case.
2. With both time offset and frequency offset, the performance with offset handling has about 1.0dB performance lose at BLER~10^-2, compared with the zero offset case.
3. Without considering the offset, 2.5us time offset has more performance loss than 300Hz frequency offset.

4. There is a lot of performance loss if offset is not considered.
For PDSCH, we use TM2, 16QAM 1/2, ETU-5Hz propagation channel for serving cell and EVA-5Hz for interfering cell, 2x2 low correlation antenna configuration, 10 MHz system bandwidth.
[image: image4.emf]0 5 10 15 20

0

2

4

6

8

10

12

x 10

6

SNR(dB)

Throughput

PDSCH, ETU-5Hz 2x2Low, INR1=14dB, INR2=12dB

 

 

2 CRS-IC, No time and frequency offset

2 CRS-IC, time offset = 2.5us, no compensation

2 CRS-IC, time offset = 2.5us, offset compensated

 
Figure 4.PDSCH throughput performance of 2.5us time offset only
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2 CRS-IC, No time and frequency offset

2 CRS-IC, freq. offset = 300Hz, no compensation

2 CRS-IC, freq. offset = 300Hz, offset compensated


Figure 5.PDSCH throughput performance of 300Hz frequency offset only
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2 CRS-IC, No time and frequency offset

2 CRS-IC, time offset = 2.5us, freq. offset = 300Hz, no comp.

2 CRS-IC, time offset = 2.5us, freq. offset = 300Hz, comp.


Figure 6.PDSCH throughput performance of both 2.5us time offset and 300Hz frequency offset

Figure 4 is the CRS-IC performance comparison of PDSCH throughput between no offset, 2.5us time offset with and without handling offsets in channel estimation. Figure 5 is the CRS-IC performance of PDSCH throughput comparison between no offset, 300Hz frequency offset with and without offset handling. Figure 6 is the CRS-IC performance of PDSCH throughput comparison between no offset, 2.5us time offset and 300Hz frequency offset with and without offset handling. Based on these simulation results, we have the following observations:

1. With only time offset, the CRS-IC gain with offset handling has about 1.0dB loss when compared with the CRS-IC gain of zero time offset at 70% of maximal throughput.
2. With only frequency offset, the CRS-IC gain with offset handling has about 0.3dB loss when compared with the CRS-IC gain of zero frequency offset at 70% of maximal throughput.
3. With both time offset and frequency offset, performance with offset handling has about 2.5dB performance lose at 70% of maximal throughput, compared with no offset with CRS-IC receiver.

4. Both for with and without offset handling, 2.5us time offset has more performance loss than 300Hz frequency offset.
5. There is a lot of performance loss if offset is not considered.
Both the PDCCH and PDSCH link simulation results above showed that if the time and frequency offset are not properly tracked and handled, the FeICIC reference IC receiver has poor performance gain, and thus the final system performance gain of whole FeICIC feature is reduced. Thus time and frequency tracking and handling are essential to ensure the performance gain of FeICIC, so for FeICIC performance requirements, we have the following proposals:
Proposal 1: FeICIC reference IC receiver enabled UE should have capability to handle time and frequency offset between serving cell and dominant interfering cell.
Proposal 2: In the performance simulation assumptions of FeICIC, the time and frequency offset between serving cell and each dominant interfering cell should be explicitly modelled.
Proposal 3: For FeICIC performance/CSI requirement test, the two dominant interferer time offset is 2.5us and frequency offset is 300Hz.
3. Conclusion
In this contribution we provide link level simulation results and analysis of FeICIC reference CRS-IC receiver performance with time and frequency offset, based on the results and analysis, we have proposal:

Proposal 1: FeICIC reference IC receiver enabled UE should have capability to handle time and frequency offset between serving cell and dominant interfering cell.
Proposal 2: In the performance simulation assumptions of FeICIC, the time and frequency offset between serving cell and each dominant interfering cell should be explicitly modelled.

Proposal 3: For FeICIC performance/CSI requirement test, the two dominant interferer time offset is 2.5us and frequency offset is 300Hz.
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