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1. Introduction
In this contribution, we look at the RAN4 agreed TDM eICIC patterns and how they relate to the timing of E-UTRA synchronisation and system information. The intention is that the contribution would complement the understanding of cell search simulation results by examining the situations in which TDM eICIC techniques can assist cell search when there is an interferer present, and those situations in which cell search performance will not be greatly altered by eICIC techniques.
One assumption is that eICIC aware UE would still perform cell search (at least for intra-frequency cells) almost continuously in a similar manner to release 8. Although it may have been configured with an RRM measurement restriction, the UE does not know the PCI of the cell that it is going to find, and hence has no a-priori information on whether any cell that it may find is protected by the eICIC pattern or not. In case the restrictions would apply to a specified set of PCIs, UE would still have search for cells outside the set. And if the restrictions do apply for all cells, then UE has to do cell search during the restriction set-imposed limits without knowing exactly which cells to search for. In other words, considering for example the macro-pico scenario, the UE does not know a-priori whether cell search will find another macro cell, or a pico-cell operating under cell range extension. So it is likely that cell search would be performed on a mixture of normal subframes and almost blank subframes, although the implication of lower interference in the almost blank subframes is that cell search on those occasions might have a higher probability of success, compared to a normal subframe, if the victim cell being identified happens to be protected by eICIC.
2. Discussion

The analysis in this section applies to FDD eICIC. First we consider ABS patterns which can protect the PSS and SSS synchronisation signals. The SSS is transmitted on the second last symbol of subframes #0 and #5, and the PSS is transmitted on the last symbol of the same subframe. Both synchronisation sequences are contained within the central 1.08MHz bandwidth and occupy 62 resource elements.
From this description, we derive the PSS and SSS occasions which may be protected by different ABS patterns. The timing of synchronisation channel transmissions and the candidate ABS patterns are shown in figure 1.
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Figure 1 : PSS/SSS, MIB and SIB1 timing and different ABS patterns
For (1/8,ABS) the protected subframes are (0ms, 8ms, 16ms, 24ms, 32ms, 40ms, ….), with synchronisation signals present in the underlined occasions. One instance out of 8 of synchronisation signals is protected within the 40ms period. Moreover, depending on the synchronisation between the eNBs (e.g. for macro-pico, the macro and pico might be only subframe-synchronised, not radio frame-synchronised), it could be that not all the eNBs to be measured during the ABS could be protected with the same 1/8 pattern.
For (2/8,ABS), the protected subframes are (0ms,1ms,8ms,9ms,16ms,17ms,24ms,25ms,32ms,33ms,40ms) and two instances out of 8 synchronisation signals are protected within the 40ms period. In this case, the UE would be able to do cell search at least once any neighbour eNB.
For (3/20,ABS) the protected subframes are (0ms,5ms,10ms,20ms,25ms,30ms).Six instances out of 8 synchronisation signals are protected in the 40ms period. However, this has the same problem as the 1/8 pattern: Only one frame-timing can be supported for cell search.
Observation 1 : For the (1/8,ABS) pattern, potentially 1 instance of synchronisation signals can be protected every 40ms. For the (2/8,ABS) pattern, potentially 2 instances of synchronisation signals can be protected every 40ms. For the (3/20,MSSF) pattern, potentially 6 instances of synchronisation signal can be protected.
We next consider different cases of eICIC synchronisation. If no sub-frame shifting is assumed (in line with [1]) then the PSS/SSS on the target cell and the interfering cell are time aligned. This means that the PSS and SSS are overlapping in time and frequency domains, and only the normal cross correlation properties of the PSS Zadoff-Chu sequence and SSS binary sequence will determine the detection performance.
Observation 2 : Almost blank subframes can only provide protection for syncronisation if there is a time shift between the target (victim) cell and the agressor cell, otherwise SSS and PSS are transmitted by the aggressor cell at the same time as the SSS and PSS are transmitted by the victim cell. 
Together, these observations allow some bounds to be placed on the likely performance of synchronisation which would be seen in RAN4 simulations and also in practical situations. 
Considering the asynchronous case in [2], there is 3ms time difference between the aggressor cell (Cell 1) and the target cell (cell 2). Hence it can be expected that 1, 2 or 6 instances of syncronisation signal are protected and the outcome of the link simulations will accordingly show an extended cell detection time, but the possibility to obtain synchronisation even when the aggressor cell is more strongly interfering.
Considering the synchronous case in [2], we think that ABS or MBSF patterns do not really provide protection of the target synchronisation signals from the aggressor cell, and it is expected that there is less of a possibility to synchronise in the presence of a strongly interfering aggressor cell.

 Next we consider the timing of the MIB and SIB1. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.

Since MIB is always transmitted on subframe #0 and SIB1 is transmitted on every second subframe #5, we can make the following observations

Observation 3: If PSS/SSS is in an almost blank subframe, MIB will also be in an almost blank subframe and vice versa

Observation 4: With 1/8 pattern ABS it is not possible to protect both subframe #0 (MIB/PSS/SSS) and subframe #5 (SIB1).
While MIB and SIB1 acquistion may not be necessary to perform handover to an E-UTRAN pico cell, they are required for CSG handover preparation, and additionally, system frame number needs to be found before HARQ processes can be started.
3. Conclusions
In this contribution we make several observations regarding ABS and cell search / system information acquisition.
Observation 1 : For the (1/8,ABS) pattern, potentially 1 instance of synchronisation signals can be proteted every 40ms. For the (2/8,ABS) pattern, potentially 2 instances of synchronisation signals can be protected every 40ms. For the (3/20,MSSF) pattern, potentially 6 instances of synchronisation signal can be protected.

Observation 2 : Almost blank subframes can only provide protection for syncronisation if there is a time shift between the target (victim) cell and the agressor cell, otherwise SSS and PSS are transmitted by the aggressor cell at the same time as the SSS and PSS are transmitted by the victim cell. 
Observation 3: If PSS/SSS is in an almost blank subframe, MIB will also be in an almost blank subframe and vice versa

Observation 4: With 1/8 pattern ABS it is not possible to protect both subframe #0 (MIB/PSS/SSS) and subframe #5 (SIB1).
These observations are intended to complement the simulation campaign being performed by RAN4 according to the assumptions in [2]. Based on observation 1, we could assume that cell search time (excluding measurement period) when protected by an ABS pattern would be approximately upper bounded by scaling factors of 8x for (1/8, ABS), 4x for (2/8, ABS) and 1.33x for (3,20 MBSF). This makes the assumption that the interference in non ABS subframes is so severe that they do not contribute to the cell search outcome and also that the fading is such that each cell search attempt can be considered as independent. 
For 0ms offset between the aggressor cell and the victim cell which is a target for synchronisation, the impact of interference in ABS cannot be mitigated because the interfering subcarriers are synchronisation signals themselves, which are not muted in ABS. In that sense, the situation is quite similar to release 8 cell search without a time offset, and the release 8 requirements including Es/Iot side conditions for cell search may be appropriate for this situation.
Finally, it has been shown that for 1/8 ABS pattern it is not possible to have an ABS pattern which protects both subframe #0 and subframe #5. The implication is that with 1/8,ABS either (PSS, SSS & MIB) or (SIB1) can be protected but not both. This does not have a direct implication to the cell search performance requirement which can still be derived for the 1/8 pattern eg. under the assumption that the PSS/SSS and MIB are covered by ABS. However, it should be kept in mind in case a test case is developed which needs both cell search and SIB1 decoding (eg a CSG handover test),
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