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1 Introduction 
In the context of further enhanced ICIC, a scenario where the UE may be configured to operate in a 9 dB cell range extension, is studied. SIB1 is transmitted every 40 ms with retransmissions every 10 ms. This means that SIB1 transmissions of neighbouring cells will collide if the aggressor cell and victim cell are frame-aligned and no subframe shifting is used, assumptions which are reasonable in a feICIC scenario.
The eNB is allowed to schedule SIB1 transmissions during ABS subframes in the aggressor cell, so even if SIB1 transmissions in the victim cell are performed in protected subframes, strong interference from the aggressor cell may prevent successful reception in the victim cell. In this paper we discuss the problem of acquiring SIB1 in the victim cell under these circumstances and analyse various solution proposals.
An incoming LS[1] from RAN1 more or less requests RAN2 to design a solution for signalling SIB1 which works in -9 dB geometry. We agree with RAN1 that such a signalling solution is needed.
2 Discussion
When a UE is in -9 dB geometry, i.e. using 9 dB CRE as is the scenario in feICIC, the UE cannot be expected to acquire the broadcasted SIB1 from its serving victim cell, because the cell is suffering from interference from the neighbouring aggressor cell. This interference can come from either transmissions in normal subframes, or SIB1 transmissions in protected subframes. The use of subframe shifting would mean that SIB1 (and MIB) transmissions in the victim cell could be scheduled in protected subframes. However, the unfortunate drawback of the use of subframe shifting is that it would break other features (e.g. MBSFN transmissions). Thus we must accept that subframe shifting is not a solution.
We think solutions to this problem should be evaluated using the following design principles:

1)
Complexity – The solution should not be too complicated (i.e. it can be included in Rel-11).
2)
Latency – The time to acquire the SIB1 should be on par with legacy procedures.
3)
SI updates – It must be able to provide updated SI to the UE.
Using these design principles we outline three possible solutions.

2.1 Solution 1 – Add SIB1 to RRCConnectionReconfiguration
This solution proposes to include the SIB1 in the RRCConnectionReconfiguration message. This means that SIB1 can be transmitted to a UE in the CRE zone, but it may also be transmitted to the UE during handover included in the handover command. In the handover case, because that message is sent by the source/aggressor eNB, it will be received by the UE. Furthermore the RRCConnectionReconfiguration message transmitted at handover is assembled by the target/victim eNB, no additional X2 signalling is required for the source eNB to obtain the SIB1 from the victim eNB.
2.2 Solution 2 – New broadcast procedure for SIB1 in the victim cell
This solution proposes to broadcast the SIB1 to all UEs in the victim cell. If this is done in protected subframes the UE can receive the SIB1 successfully. The benefit of this solution lies in the scaling, as this solution can provide an updated SIB1 to all UEs efficiently compared to solutions using dedicated signalling. On the other hand, if the content of SIB1 does not change often, broadcast solution introduces overhead especially if the repetition period is short. 

2.3 Evaluation
The solutions are evaluated according to the design principles above.

2.3.1 Complexity
Solution 1 requires additional signalling to the RRCConnectionReconfiguration. In the case of handover, the target eNB needs to know if SIB1 should be included in the message or not (i.e. if the incoming UE may have problems to acquire SIB1 using legacy procedures). We believe this problem can be solved using existing signalling in the HandoverPreparationInformation message, and therefore this problem can be left to eNB implementation.
In the case of the UE being connected to the victim eNB, the victim eNB also needs to know that the UE cannot acquire the SIB1. In this case the UE can try and fail to acquire SIB1. Thus, we see two potential solutions for the eNB to know whether it needs to send SIB1 to a UE:
1a
It is left to eNB implementation.
1b
Additional signalling is created that allows the UE to inform the eNB about failure to acquire SIB1. 
Solution 1a has the merits of requiring fewer additions to RRC, but 1b has the potential to reduce the number of dedicated SIB1 messages. Because SIB1 is very important, it is vital that the eNB guarantees that all UEs receive it.

Solution 2 includes a new broadcast mechanism similar to the existing SIB1 broadcast mechanism, but in protected resources only. Given the limited time left in Rel-11 time frame, we think this solution is not feasible and will not be evaluated further.
2.3.2 Latency
The UE requirements state that SIB1 acquisition may take up to 1280 ms [2]. Solution 1 has the potential to be faster than this, since SIB1 can be transmitted before entering the cell. While in the cell the UE can only indicate problems after it has failed to acquire SIB1. This means that it could potentially take longer than legacy systems.

2.3.3 SI update

In a legacy system, when System Information (SI) is updated, the UE can detect this in two ways. One way is to detect the paging indicating that SI will change in the next modification boundary. The other way is to read systemInfoValueTag in SIB1 which is updated whenever SI is updated. 
In the feICIC scenario, if SIB1 cannot be detected, the UE cannot use the second method, but must instead rely on paging to discover that SI has changed. However, because subframe shifting is not a solution, the paging occasions in the victim cell cannot be guaranteed to be protected. It is possible to allocate more paging resources in the victim cell than in the aggressor cell, thus protecting some resources, but some UEs may have their paging occasions interfered by the aggressor cell. A UE in RRC_CONNECTED is allowed to listen to other paging occasions than its own, but it is not required.

It is possible to leave this problem to eNB implementation as well, meaning that the eNB will transmit SIB1 with dedicated signalling whenever it is updated.
2.3.4 Summary

From the above evaluation it is seen that additional signalling to include SIB1 in the RRCConnectionReconfiguration is a useful solution to the problem outlined in the RAN1 LS. Further additional signalling to allow the UE to declare failure to acquire SIB1 is also useful.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1 Add SIB1 to RRCConnectionReconfiguration message.

Proposal 2 Add procedures to RRC that the UE may use to indicate failure in SIB1 acquisition.
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