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1
Introduction
Although the usage and signalling regarding eICIC ABS have been agreed in RAN1 and RAN2, there is no specific ABS pattern defined. There were a lot of discussions on the ABS patterns and pattern periods for eICIC demodulation and CSI requirement in RAN4 [1 – 8], but no major agreement was achieved [9]. In this contribution, we provide our considerations on the ABS patterns to be used in UE demodulation and CSI tests.
2
PHICH and SIB1 Protection by ABS
In the email discussion after RAN4 #60 meeting, one of the open issues is the pattern period of ABS. To protect DL Ack/Nack, ABS patterns with a period of 8 subframes were proposed. A different consideration is to protect SIB1 reception and therefore ABS patterns with a period of 10 subframes were proposed. In the following we investigate the link level performance of PHICH and SIB1 in order to better understand the need for protection in each channel. 
Figure 1 and Figure 2 are the BLER performance for PHICH and SIB1 for different interference level, with one interference source using normal subframes (the interference subframe is fully loaded), and the parameters for PHICH is the reference channel for PHICH test R.18 in 36.101.
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Fig. 1 PHICH with different interference levels       Fig. 2 SIB1 with different interference levels
From figure 1 and figure 2, it is seen that both PHICH and SIB1 have significant performance degradation with increasing interference, so protection with ABS for strong interference source is beneficial to extending the range of victim cells.
SIB1 is always transmitted in the subframe #5 of even frames. That means subframe #5 of even frames of both serving cell and interfering cell are used to SIB1 transmission. One method to avoid SIB1 collision is to use subframe shift between the serving cell and the interfering cell, i.e., the subframe #5 of serving cell and interfering cell are not at the same time. However, subframe shift is not feasible for TDD. 
If ABS is used for SIB1 interference reduction and the frame number is aligned between serving and interfering cells, the interference issue for serving cell’s SIB1 is reduced. However, the interfering cell has no chance of SIB1 transmission in this case. So ABS alone is not a feasible solution to resolve SIB1 collision.
DL PHICH can be well-protected by ABS only if the HARQ period is aligned with the ABS period. For example, for FDD, the HARQ period is 8 subframes, the ABS pattern period for FDD should be 8 subframe (8ms) as well. 
With 8 subframes period ABS pattern, DL Ack/Nack transmission suffers much less interference in subframes corresponding to interference ABS. Figure 3 is the performance of PHICH with ABS interference, it is seen that the BLER performance improves at least 2 dB depending on the interference levels.
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Figure 3. PHICH performance with ABS interference
3
More Discussion on SIB1 Protection
As discussed above, ABS alone is not a feasible method to protect SIB1. However, other approaches can be used for SIB1 interference reduction. In the following, we’ll have some discussions.
SIB1 suffers interference from SIB1 transmission from interference cell, because of subframe alignment between the serving cell and the interference cell. However, unlike MIB transmission in 40ms, 4 blocks of SIB1 redundancy version are transmitted in 80ms, i.e., every 2 frame has a SIB1 block transmission, the SIB1 colliding between serving and the strongest interference cell can be avoided by odd frame number shift. By this approach, the strongest interference to the serving cell SIB1 can be reduced by applying ABS to subframe 5 when SIB1 is not transmitted in the interfering cell.
Figure 4 is the diagram of frame number shift between serving cell and interfering cell to avoid SIB1 colliding.
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Figure 4. Frame number shift for SIB1 colliding avoidance

Figure 5 is the SIB1 performance with ABS interference, it is seen that the performance is significantly improved by ABS protection.
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Figure 5. SIB1 performance with ABS interference

On the other hand, if frame shift is not feasible between serving and interfering cells and their SIB1 always collides in time, joint frequency allocation between two cells can be used to reduce SIB1 interference. Unlike MIB whose transmission is always located at the center 6 PRBs, SIB1 transmission can be allocated in any part of the whole band, so co-scheduling between serving and interfering cells can be used for avoiding or mitigating SIB1 collision. For example, by localized resource allocation, the interfering cell can use the first half band for SIB1 transmission, and the serving cell can use the second half band for SIB1 transmission. Figure 6 illustrates the concept of SIB1 joint scheduling to avoid SIB1 collision. 
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Figure 6. Joint resource allocation approach for SIB1 colliding avoidance

4
Conclusions

Proposal 1: Both DL PHICH and SIB1 need protection under strong interference to achieve reliable communications.
Proposal 2: DL PHICH should be protected by ABS from interference cells, and the ABS pattern period should 8 subframes to align with the HARQ process period for FDD and 10 subframes for TDD.
Proposal 3: SIB1 can be protected by approaches such as frame number shift together with ABS, or co-scheduling between serving and interfering cells to avoid SIB1 collision.
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