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1 Introduction

The performance evaluations on FeICIC conducted by RAN1 have been focused on the benefits of suppressing CRS inter-cell interference (CRS interference cancellation) when users operate in geometries followed by 9 dB cell range expansion [1]. However, little work has been done on ensuring that system information and higher layer signalling can be received properly.

This paper provides an assessment of the FeICIC feature from the perspective of monitoring system information and receiving dedicated signalling at very low geometries: Can we ensure that UEs operating at 9 dB range expansion can always have the correct system information and receive higher layer signalling properly?

In this paper it will be assumed that UEs operating at 9dB range expansion have the capabilities of suppressing dominating macro CRS inter-cell interference as well as maintain/track time and frequency synchronization towards the serving cell. We note that the number of interferers a UE can suppress is decided by RAN4. We conclude with proposing to RAN2 to put this work on hold until we get more information from RAN1 and RAN4 exactly what needs to be signalled.
2 Analysis
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Figure 1 – A scenario in which 9 dB CRE is used.

In Figure 1, a setup with two macro cells and one pico cell is shown. In the system, UEs use a 9 dB offset to connect to the pico. The pico is mostly contained in the cell of MeNB1, but there is also a slight overlap in the cell of MeNB2. The figure also shows the ABS patterns for the two macros. As can be seen, the configuration differs in ABS density. There are also three UE-related scenarios in the figure.
-
In scenario a) the UE moves from the interferer (MeNB1) into the pico cell and needs to receive the MIB of the PeNB.
-
In scenario b) the UE is located in the CRE zone and has one strong interferer (MeNB1) and needs to detect changes to the MIB.
-
In scenario c) the UE is located in the CRE zone and has two strong interferers, where the strongest one switches between MeNB1 and MeNB2. The UE needs to detect changes to the PeNB MIB.

The figure also shows paging occasions (PO) for the MeNB1 and the layout of the SIB1 transmissions in MeNB1 and PeNB reveals that frame shifting is used, but this is not necessarily required. For the analysis in this paper, we assume that for a UE to operate successfully in 9 dB CRE, it needs to be able to read system information, more specifically the MIB, SIB1, and SIB2 of the PeNB.
2.1 Paging of macro users

Paging of idle mode users is done during paging occasions. In the CRE zone idle mode users will be associated with the MeNB1, but connected mode users will be connected to the PeNB. It is therefore of importance that paging occasions in the MeNB1 do not occur during ABS, as these would otherwise interfere with the protected transmissions from the PeNB. We see at least two possible solutions to this problem.

1.
Do nothing, and accept that paging from the macro might occur in ABS and may potentially disrupt ongoing transmissions. Whether HARQ retransmission may alleviate this requires further study.
2.
With frame shifting, as shown in the figure, it is possible to align ABS patterns and paging occasions properly.

2.2 Reception of the MIB
The MIB is scheduled in subframe #0 of every radio frame. In the figure, the MIBs are coloured red. The MIB of the PeNB and MeNB1 will always overlap in time, and since MIBs are scheduled on the same resource elements, there is an overlap in frequency as well. The solution to successful reception of the MIB of the PeNB depends on scenario. 
-
In scenario a) we see at least two solutions:

1.
The MIB of the PeNB can be supplied by the source cell during the HO procedure using dedicated signalling. 
2.
It is also possible for the UE to cancel the MeNB MIB from the transmission of the PeNB MIB if it has knows the MeNB MIB. There are at least two ways for the UE to learn the MIB of the MeNB. One way could be that the UE remembers it from before the handover. Another way could be to first receive and decode the MIB of the MeNB, which should be feasible as it is up to 9 dB stronger than the MIB of the PeNB.

-
In scenario b) we see at least three solutions:

1.
The UE can perform the autonomous cancellation procedure of scenario a).

2.
The PeNB may send its MIB to the UE using dedicated signalling in the protected subframes. This requires the PeNB to know if the UE cannot cancel the MIB of the MeNB1 autonomously.

3.
The PeNB can perform broadcast signalling of the MIB during protected subframes. This is a quite significant change to the existing signalling procedures.

-
In scenario c) there are two interferers of similar strength. The following solutions can be imagined:

1.
The PeNB may send its MIB to the UE using dedicated signalling in the protected subframes. This requires the PeNB to know the number of interferes of the UE.

2.
The PeNB can perform broadcast signalling of the MIB during protected subframes. This is a quite significant change to the existing signalling procedures.

3.
The UE performs a cancellation procedure. This assumes that the UE is capable of suppressing two interferers which is up to RAN4 to decide.

We observe that whether a solution for receiving the MIB should be autonomous in the UE or network-assisted depends on decisions made in other working groups.
Observation 1
A solution for MIB reception based on either UE autonomous procedures or dedicated signaling depends on decisions in other working groups.

2.3 Reception of the SIBs
The SIB1 is scheduled in subframe #5 every other radio frame. This means that the SIB1 transmission will occur in the same subframe in both PeNB and MeNB1, but unlike the MIB, the SIB1 may be located in different resource elements.  We see at least these solutions to the problem:

1.
The PeNB may send its SIB1 to the UE using dedicated signalling in the protected subframes. This requires the PeNB to know that the UE cannot receive the SIB1.

2.
The PeNB uses radio frame shifting compared to the macro. This enables the SIB1 to be transmitted in a protected subframe, as shown in the figure.

3.
The UE performs interference cancellation similar to the MIB reception. This requires the UE to know what to cancel, which is not the SIB1 of the MeNB1.
4.
The PeNB can perform broadcast signalling of the SIB1 during protected subframes. This is a quite significant change to the existing signalling procedures.

The SIB2 and all other SIBs are scheduled dynamically during SI-windows. It is sufficient to configure an SI-window which contains a protected subframe in order for the reception to be successful. Various configurations exist that solves this.

3 Conclusion

The analysis shows that various solutions exist to the problem of receiving system information at 9 dB CRE. They are primarily based on either UE autonomous procedures or network-assisted procedures. We also note that more information from other work groups are needed before RAN2 can make a decision on if or what signalling to add to Rel-11. We therefore propose the following to RAN2:
Proposal 1 We propose RAN2 to put the work on additional signalling for supporting UEs in 9 dB CRE on hold, until further information is received from other working groups.
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