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1 Introduction
It has been agreed at the RAN1#62bis meeting that bitmap based patterns will be used to indicate the Macro-cell’s Almost Blank Subframe (ABS) pattern to Pico-cell with a period of 40ms for FDD [1]. The following was part of the agreements [1]:
If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS (with associated PDCCH when SIB1/Paging is transmitted).
As a result, interference to the aforementioned channels is still foreseen if no further strategies are implemented. In this contribution, we discuss possible solutions for this issue.
2 Considerations on the use of ABS Pattern
In order to ensure reliable measurement quality, besides the UL HARQ timing, the design of ABS patterns also has to take the following perspectives into account:

1. PBCH/PSS/SSS

2. SIB-1

3. Paging
4. PRS

Since PRS has a signalling period of no less than 160ms [2], and its positions on the time-frequency resource grid do not overlap with any other control signals, the impact of PRS on measurement within ABS can be ignored. In the rest of this contribution, we will focus on the impact of PBCH/PSS/SSS, SIB-1 and paging channels.
2.1 FDD scenario
In a synchronized FDD network, even when ABS is used, interference imposed on the victim cell from the aggressor cell on PSS/SSS/PBCH/SIB1/Paging channels can not be avoided, since the aggressor cell is allowed to transmit these signals in its ABSs [1]. The counterpart channels of victim cell should therefore be firstly considered in order to ensure the normal access of the UEs therein.
Regarding the issue mentioned above, a straightforward way may be to employ a subframe-shifting offset for the victim Pico-cell, such that its PSS/SSS/PBCH channels will be free from interference in the PSS/SSS/PBCH regions of the aggressor cell. This will be beneficial if ABS, which guarantees no PDSCH interference, is applied. Except the subframe-shifting approach, currently there is no other solution proposed for avoiding the ICI on PSS/SSS/PBCH channels in heterogeneous networks.
Proposal 1: A subframe-shifting offset for victim Pico-cells should be employed in order to ensure the normal access of PUEs. An LS should be sent to RAN2 and RAN3 to ensure this requirement is properly captured in relevant specifications.
According to [3], we have the following observations:

Observation 1: SIB-1 and Paging of the victim cell should be protected by ABS. Specifically, at least subframe #5 in even -numbered radio frame and subframe #9 should be protected.

Observation 2: The baseline ABS pattern design of aggressor cell should take the SIB-1/PCH/PBCH/PSS/SSS of victim cell into account.
Observation 3: Transmission of SIB-1/PCH in ABS should be avoided by the aggressor cell.
In order to meet the requirements above, a subframe-shifting offset of 2 ms should be applied. More details is provided in [3].

Proposal 2: A subframe-shifting offset of 2ms should be applied for the victim cell.

2.2 TDD scenario
Naturally, subframe-shifting methods may bring problems to TDD systems due to the occurrence of cross-interference between UL and DL. However, a carefully selected subframe-shifting setting can still work for some of the UL/DL configurations [4][5], or work when it is combined with the employment of fake UL subframe configuration [5] and cross UL/DL configuration for aggressor and victim cells [4]. For example, a subframe time offset (TO) of 5ms can be applied to the UL/DL configurations with the 5ms switch-point periodicity, namely UL/DL configuration 0, 1 and 2, when both aggressor and victim cells have the same UL/DL configuration. Moreover, cross-configurations combined with fake UL subframes may be used, when the UL/DL configurations have the 10ms switch-point period[4]. In this case, a TO of 1ms can be applied [4].
Based on the above analysis, we suggest that:
Proposal 3: Subframe-shifting for TDD should be supported in RAN1.
Proposal 4: The subframe-shifting offset of 5ms can be applied for the TDD UL/DL configurations with 5ms switch-point periodicity.
3 Conclusion

In this contribution, we discussed the issues that should be considered in order to avoid the ICI to PBCH/PSS/SSS, SIB-1 and Paging in heterogeneous networks. The following recommendations are proposed:
Proposal 1: A subframe-shifting offset for victim Pico-cells should be employed in order to ensure the normal access of PUEs. An LS should be sent to RAN2 and RAN3 to ensure this requirement is properly captured in relevant specifications.
Proposal 2: A subframe-shifting offset of 2ms should be applied for the victim cell.
Proposal 3: Subframe-shifting for TDD should be supported in RAN1.
Proposal 4: The subframe-shifting offset of 5ms can be applied for the TDD UL/DL configurations with 5ms switch-point periodicity.
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