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1 Introduction

In [1], we have discussed some remaining open issues in Rel-10 eICIC. Specifically, common control information such as MIB/SIB and paging messages, as well as physical signalling information such as CRS, PSS/SSS, PCFICH/PHICH are allowed to be transmitted in ABS to ensure backward compatibility. This however means that the above-mentioned control information may not be sufficiently protected against ICI even with ABS enabled. Furthermore, the interference from aggressors’ CRS on control channel region is ineligible when large cell range expansion (CRE) bias is applied.
In this contribution, we continue to discuss the transmission-based solutions to the abovementioned open issues in the context of Rel-11 HetNet deployment scenarios.
2 Tx-based solutions for ICIC
In [2]
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[3], the throughput degradation and PDCCH performance distortion due to severe ICI of CRS, especially when large CRE bias is applied, were discussed and some system level simulation results were shown, which also aligned with our simulation results presented in [1]. According to the results shown in Fig. 1, the impact of CRS interfering PCFICH can not be ignored when large CRE bias values are employed. As indicated by Fig.1, the PCFICH demodulation BLER requirement of 0.1% [4] will not be met, when the interference power from the aggressor’s CRS becomes higher than 10 dB:
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Fig. 1: Link level simulation results showing the impact of aggressor cell’s CRS interfering victim cell’s PCFICH (System BW = 10MHz, PCID = [501, 502], SNR = 30 dB)
Under such circumstances, therefore, the throughput will be degraded and BLER is increased significantly without CRS interference cancellation. To mitigate the dominant interference of CRS, some advanced receivers for UE are proposed and are under evaluations according to [5] .
Beside the Rx-based solution, it is also beneficial to consider some Tx-based solutions that aim to cancel the CRS interference. There are two basic way forwards:

· Alt-1: CRS muting in aggressor cell;
· Alt-2: Data puncturing/rate matching in victim cell.
In fact, the concept of Alt-1 is similar to the case of setting a MBSFN subframe as an ABS in Rel-10. However, at most six MBSFN subframes can be configured at some predefined positions in time domain, therefore limiting their utilization for ICIC purposes. Moreover, the MBSFN configuration is semi-static and thus may not adapt to the varying traffic. Last but not least, the MBSFN-based solution cannot counter the ICI in control channels.
A possible extension to the MBSFN-based solution may be to reduce the power of CRS, or even muting the CRS REs of non-MBSFN ABSs. However, there are some issues for this solution:

1. UEs in aggressor cell would fail to demodulate the received signal;
2. RRM/RLM measurement errors would occur in ABS.
For issue 1, problem arises only when the aggressor needs to transmit paging, SIB in ABS. Such a problem might be avoided by appropriately setting subframe offset with the employment of optimized ABS pattern [6]
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[7]. Concerning issue 2, it may depend on the ratio of ABS. More specifically, if the ABS ratio is not high, the loss of CRS in ABS may not have significant impact on RRM/RLM results, as proper L1/L3 filters should be taken by UE. Given that this solution gets rid the data puncturing/rate matching (therefore no change is needed for the DL demodulation procedure), we believe that such kind of solutions should not be ruled out, and the impact could be further studied.
Proposal 1: The performance of CRS muting in aggressor cell should be fully evaluated.
On the other hand, Alt-2 maintains the backward compatibility for measurement. However, it affects the DL demodulation procedure. In this approach, the data REs that may suffer from the dominant interference of aggressor cell’s CRS would be punctured or rate-matched by the victim cell, in order to remove the interference from the CRS. Therefore, the performance of legacy UEs will degrade. Nonetheless, this problem may be avoided, if the eNB does not schedule legacy UEs in subframes where CRSs are muted. Another drawback of Alt-2 is that it may not be able to mitigate ICI in PCFICH and PHICH, which needs further investigations.
Proposal 2: The performance of data RE puncturing/rate matching in victim cell should be fully evaluated.
3 Further consideration on control channels ICIC
3.1 Possible solutions to ICIC issues in control channels
The ICI issue on MIB/SIB, paging, PSS/SSS and PCFICH/PHICH have been raised in RAN1 at previous meetings. In [1], both subframe offset based [8] and non-subframe offset based solutions [9] were discussed and compared. In this section, some further consideration is taken and corresponding issues are discussed.
3.1.1 Non subframe offset based solutions

As discussed in [1], both Frequency domain solutions and symbol-wise shifting solutions have some compatibility issues, either on legacy UEs or on TDD system, therefore are not preferred.

Proposal 3: Frequency domain solutions and symbol offset based solutions are not preferred for solving the PCI/system information ICI problems.
Conclusions and results in [10] demonstrate that PCI planning is efficient for handling ICI imposed on PCFICH/PHICH and CRS in macro-femto deployment. However, since it is impossible for PCFICH/PHICH to avoid the interference from aggressor’s CRS, when there is more than one antenna port is deployed as in for example the macro-pico scenario, the ICI on CRS remains even with the aid of careful PCI planning. Furthermore, the PCI planning method is incapable of handling the interference on MIB/SIB, PSS/SSS channels, since the locations of these channels do not depend on PCI.
Observation: The PCI planning method can mitigate the interference on PCFICH/PHICH, but not on CRS.
3.1.2 Subframe offset based solutions

Subframe offset based solutions and associated pattern designs were proposed in [6]
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[7] in an attempt to avoid PBCH/PSS/SSS/paging collisions between aggressor and victim cells. However, compared to FDD systems, where cross interference between DL and UL does not exist, still some issues are left for TDD system. Though, in TDD systems, as proposed in [11], cross DL/UL interference can be solved by configuring fake UL subframes. However, the eNBs are required to be synchronous at SFN. Therefore, subframe offset based solutions have standardization impacts on TDD [12].
Proposal 4: Time domain solutions based on subframe offset do not require new RAN1 standardization efforts for FDD, while its standardization impact on TDD should be clarified. It is kindly requested that RAN1 send an LS to RAN3 for clarifying the SFN synchronization issue.
4 Conclusion

In this contribution, we have discussed the open issues in HetNet ICIC scenarios with potential solutions. We also confirmed the CRS ICI problem using a link-level simulation example. We propose that:
Proposal 1: The performance of CRS muting in aggressor cell should be fully evaluated.
Proposal 2: The performance of data RE puncturing/rate matching in victim cell should be fully evaluated.
Proposal 3: Frequency domain solutions and symbol offset based solutions are not preferred for solving the PCI/system information ICI problems.
Proposal 4: Time domain solutions based on subframe offset do not require new RAN1 standardization efforts for FDD, while its standardization impact on TDD should be clarified. It is kindly requested that RAN1 send an LS to RAN3 for clarifying the SFN synchronization issue.
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