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1 Introduction
This contribution discusses CRS interference cancellation at the UE receivers in heterogeneous network scenarios, especially for detection of the DL data and control channels. UE receiver modeling to take into account cancellation of the interference due to CRS from dominant interfering cells is one of key aspects which should be reflected in specifying UE performance requirements for the non-CA based eICIC, along with the assumptions on the number of interferers and levels of the interference relative to the serving cell signal level.
2 Discussion
In LTE Rel-10, time domain based eICIC has been introduced to effectively coordinate interference from the dominant interfering cells in heterogeneous networks. With the time domain eICIC, the dominant interfering cells, e.g., macro cells in macro-pico scenarios, configure almost blank subframes (ABS) for interference coordination and would seek to not schedule any PDSCH and PDCCH transmission in the ABSs. The cells suffering from harsh interference created by the dominant interfering cells can serve their UEs in the ABSs to cope with the interference. 
However, even in ABSs, CRS has to be transmitted to ensure backward compatibility to legacy UEs if the ABSs are non-MBSFN subframes. Then, the CRS from the macro cell can be seen as harsh interference to the UEs served by the pico cells within the coverage of the macro cell, and this can significantly decrease the cell throughput as shown in the results in Figure 1. The results are for the cases that non-MBSFN subframes are configured as ABSs in the macro cell, and thus the macro cell CRS is transmitted in the PDSCH region (OFDM symbols on which PDSCH is transmitted) of the ABSs. The following four cases of CRS interference modeling were simulated.
· No CRS interference
· No CRS interference is assumed from other macro and pico cells

· With white-modeled CRS interference
· Total CRS interference to the target PDSCH is equally distributed over the whole PDSCH symbols like white noise. This modeling gives more optimistic results than the case of colored CRS interference below.

· With colored CRS interference
· One dominant interfering cell is considered and CRS interference to the PDSCH symbol sent on the same RE of the CRS is reflected in PDSCH decoding simulations. 

· CRS RE puncturing receiver
· The REs of the CRS (2 ports) from the dominant interfering cell are punctured with the corresponding PDSCH symbols for the target UE. 
It is noted that the cases with two or more dominant interfering cells has not been taken into account in the simulations and planned to be submitted in RAN1#66bis in October. When multiple dominant interfering cells are considered, the throughput for all last three cases of CRS interference modeling will decrease, compared to the results shown in Figure 1.
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Figure 1. Average cell throughput for different CRS interference modelings with various deployment scenarios [1].
Highlighting the aspects concerning the UE receiver modeling, it is observed for the results in Figure 1 that:
· Without CRS interference cancellation, the gain of the TDM eICIC with rage expansion (which is 7.03 bps/Hz at 20 dB offset, 10 Picos, “No CRS interference”) drastically decreases (to 3.41 bps/Hz at 20 dB offset, 10 Picos, “With colored CRS interference”) when the CRS interference from a dominant interfering cell is taken into account.
· Without CRS interference cancellation, the cell throughput rather decreases when the cell selection bias increases from 10 dB to 20 dB. This is in contrast to the cases “No CRS interference” and “CRS RE puncturing receiver” in which the throughput increases significantly with increasing the bias from 10 dB to 20 dB. 
From the above observations, it is obvious that eliminating the CRS interference is crucial in achieving the huge throughput provided by the non-CA based eICIC with range expansion.
The interference to PDSCH due to the macro CRS can be avoided by configuring MBSFN subframes as ABS in the macro cell, as the MBSFN subframes do not contain any CRS in the PDSCH region. Although the configuration of MBSFN subframes has an advantage that CRS interference is removed, the configuration is static to some extent and it cannot easily adapt to the varying channel and traffic load. In addition, the cells to provide MBMS service are not likely to have sufficient MBSFN subframes to utilize as ABS and even more, subframes to convey PSS, SSS, PBCH and paging channels cannot be configured as MBSFN. 
In this regard, removal of CRS interference at the UE is a promising alternative to mitigate the interference from the dominant interfering cells and can achieve the maximum performance promised by the heterogeneous network deployments. This does not depend on the configuration of MBSFN subframes and can deliver the significant performance even when non-MBSFN subframes have to be used as ABS.
In the evaluations for the results of Figure 1 [1], the simple approach in which the UE receiver punctures the REs conveying the interfering CRS from the dominant interfering cell has been employed. However, the CRS RE puncturing approach removes the modulation symbols of the target PDSCH as well and some performance degradation is incurred due to the puncturing. For all that, comparing the results of “No CRS interference” and “CRS RE puncturing receiver” cases, the throughput loss due to the puncturing is just 8% and the performance improvement compared to “With colored CRS interference” cases is around 5 dB in the PDSCH decoding, although not shown here. By employing a sophisticated CRS interference canceller at the UE receiver, e.g., cancellation of the interfering CRS only with keeping the target PDSCH symbols intact, the gap can be further reduced and most throughput of “No CRS interference” cases can be achieved. As shown in the results of Figure 1, without employing CRS interference cancellation at the UE receiver, it is practically impossible to achieve the expected throughput promised by the heterogeneous network deployments.
In addition, the CRS interference cancellation for PDCCH detection is also very important. If the UE fails in detecting PDCCH carrying scheduling information for PDSCH and PUSCH, the cell throughput can be significantly compromised as the receiver will completely miss the corresponding HARQ data packets. As shown in [2], PDCCH detection performance in heterogeneous networks with large cell selection bias can be seriously degraded due to harsh CRS interference from the dominant interfering cell. By cancelling out the CRS interference in the received PDCCH symbols, the detection performance can be drastically recovered by within one dB loss compared to the case of no CRS interference. The serious performance degradation due to CRS interference occurs to PCFICH and PHICH detection cases too by the order of up to several dB, and as similar to the case of PDCCH detection, the CRS interference cancellation can recover the detection performance quite close to the case without CRS interference as shown in [2].
Considering the aspects discussed above, it seems crucial that the UE receivers employing CRS interference cancellation are assumed in UE performance requirements for PDSCH and PDCCH detection and also other downlink physical channels. A type of interference cancelling receiver has been adopted in HSPA UE performance requirements, which are not even for heterogeneous network scenarios, with assuming up to two dominant interfering cells [3]. The CRS interference cancellation for the detection of PDSCH and other downlink physical channels in heterogeneous network scenarios brings huge throughput increase promised by the heterogeneous network deployments and also does not need so sophisticated algorithm and implementation.
3 Conclusion
Concerning CRS interference cancellation in heterogeneous networks for non-CA based eICIC, the following observations have been addressed in the contribution:

· Without CRS interference cancellation, more than 50% of cell throughput promised by heterogeneous network deployments is lost

· By employing a simple approach to cancel out the CRS interference (CRS RE puncturing receiver), more than 90% of cell throughput of the ideal “No CRS interference” cases can be recovered
Based on these observations and discussions in the contribution, we propose that
· CRS interference cancellation receiver is assumed in defining UE performance requirements for detection of PDSCH and other downlink physical channels for the non-CA based eICIC.
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