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1 Introduction

RAN2 has studied the PCI confusion/collision in LAA scenarios. In this document we provide a text proposal for this which can be included in the technical report for LAA.
2 Text proposal
	3 PCI confusion and PCI collision

In LAA scenarios there may be multiple operators operating in the same frequency channel. In case these operators do not coordinate the PCI values for their cells then PCI confusion and PCI collision may arise. Below it is explained further what PCI confusion and PCI collision is and when they can arise.
PCI confusion – A UE is discovering, and configuring, an LAA cell of another operator which is having the same PCI value as a cell from the own operator. This is illustrated in Figure 1. The blue UE, belonging to the operator with the blue network, is identifying an LAA cell with PCI 17. If the UE is configured to send measurements, the UE may report to the blue eNB that it has found a cell with PCI 17. The blue eNB may then configure the blue UE to add the cell since it knows that it has a cell with PCI 17 in this area. But the cell which the UE has detected belongs to another operator.
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PCI collision – A UE is in the coverage of two cells which has the same PCI value. This is illustrated in Figure 2. In this example the blue UE, belong to the operator with the blue network, is in the coverage of two difference cells which has the same PCI; one cell belonging to the blue operator and another cell belonging to a green operator.
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3.1 Probability of occurrence

PCI confusion or collision will only happen if multiple operators happen to use the same PCI for cells in the same area. If the operators coordinate the PCIs it is assumed that there will be no PCI confusion or collision.
The number of PCIs is limited and is 504, so if operators do not coordinate PCIs used by their cells, PCI confusion or collision can happen. The probability that it happens depends on the number of LAA cells of other operators the UE can find in the UE’s PCell coverage, i.e. in a sparse deployment scenario where there are few LAA cells the probability is lower than in a high density scenario where there are many LAA-cellsand with a small PCell coverage the risk is lower than with a large PCell coverage.

The eNB knows which frequency channels its LAA-cells are operating on and therefore the eNB can avoid that PCI confusion or collision happens with other operators’ cells if those operate on other frequencies.

Further, PCI collision will happen with lower probability than PCI confusion as a further prerequisite for PCI collision to happen between two cells is that their coverage overlaps at least partially.

The absolute probabilities of occurrence of PCI confusion and collision are scenario dependent and not trivial to calculate, however RAN2 assumes the probabilities are low.

3.2 Result of occurrence of PCI confusion

If PCI confusion happens the eNB may try to add for a UE a cell belonging to another operator.
According to current Carrier Aggregation requirements the UE will is only required to handle timing difference between the PCell and an SCell if they are aligned at the received or approximately 30 µs. Therefore the UE may not be able to receive anything from the other operators LAA cell if the downlink of that cell arrives more than timing difference is more than ± 30 µs away from the UE’s PCell downlink. The probability that the other operator’s LAA cell is aligned to the UE’s PCell with this accuracy is 6 %.

Furthermore, for self-scheduling, the UE will not decode downlink assignments of the other operator’s cell unless the downlink transmissions are done with a C-RNTI matching the C-RNTI of the UE. There are 65536 C-RNTIs, and the other operator serves 20 UEs in a cell, the probability that the same C-RNTI is used is roughly 0.03 %. Therefore, the probability that the UE can decode a downlink message from another operator’s LAA-cell is 0.0018 % (0.06 * 0.0003) given the above assumptions. For cross-carrier scheduling in downlink where the UE is scheduled from its PCell, the UE may get a downlink assignment from its PCell but would not decode the corresponding data because the UE is not in the correct cell hence radio resources are wasted.

The eNB could detect PCI confusion if the UE has reported good quality for an LAA-cell but the UE never sends ACKs for any downlink transmissions in the cell.
For the UE to send an uplink transmission in the other operator’s LAA-cell requires the UE to be time aligned to that cell and hence to have successfully completed a random access procedure in that cell. In Carrier Aggregation (which LAA is based on) the random access response is always sent on the PCell so even if the UE sends a preamble in the other operators LAA-cell the UE would not receive a random access response in its PCell as the own eNB would never receive the preamble from the UE, the random access procedure would therefore fail. In addition, the preamble transmissions in the other operator’s cell would waste radio resources and cause interference around the other operator’s cell. The eNB could detect PCI confusion if the UE has reported good quality for this cell but the random access procedures anyway fails.

3.3 Result of PCI collision

If PCI collision occurs the UE would receive downlink from two different cells with the same PCI (the one belonging to the own operator and a node belonging to another operator). 
If PCI collision occurs, and a UE receives the signal from two cells with the same PCI simultaneously, there will be substantial performance degradation up to the point that the LAA cell may become unusable. In this case, the UE is unable to distinguish its serving cell from neighbouring cell resulting in:

(1) If the downlink timing difference between the two cells is close to each other (e.g. a few µs) or DL timing offset is such that the DL reference symbols of the two cells are close to each other: UE would not be able to maintain appropriate time/frequency tracking or it may not be able to have a proper channel estimation. This means that the DL demodulation performance (PDCCH/ePDCCH/PDSCH) may be severely impacted.

(2) PSS/SSS is used by the UE to determine the frame boundary and may be used for coarse downlink time tracking purposes. If the DL timing difference between the two cells with the same PCI is large enough, UE may detect its serving cell with a different frame boundary (than what is expected). In this case, UE behaviour is not predictable as it may jump to and follow the wrong cell as its serving cell (or Ping-Pong between the two cells).

(3) The cells with the same PCI would not be measured by RRM algorithm and cannot be reported to the NW as distinct cells. This means that none of the eNBs would become aware of such case from UE measurement reports.

3.4 Summary

PCI confusion and PCI collision can completely be avoided if operators coordinate the PCI values for their LAA-cells and otherwise the probability that it happens is scenario dependent but expected that it will only happen rarely.
If PCI confusion happens, i.e. where the UE is configured to use a serving cell from another operators network:,

(a) for self-scheduling from the LAA SCell; the probability that the UE will be able to decode downlink is negligible (0.0018 % in the scenario described above) 

(b) for cross-carrier scheduling from the PCell: the UE would never be able to decode the downlink data for which the UE has received a downlink assignment, as the data is sent in another cell. For uplink, the UE will not be able to acquire uplink sync and would therefore not be able to transmit uplink PUSCH in the other operator’s cell. However, it may send unnecessary random access preambles towards another operator’s LAA cell (e.g if it receives a PDCCH order from the PCell).

It is expected that the eNB can detect PCI confusion for example by seeing that the UE is reporting good quality for a cell but no data communication works for this UE. The eNB can the resolve the confusion by changing the PCI for the problem cell(s).

If PCI collision happens, i.e. where the UE simultaneously hears cells from different operators, there is a non-negligible chance that both LAA cells become unusable by the UEs that fall in their common coverage. This would result in that the UE will not be able to receive downlink and transmit in uplink in these cells. It is also expected that in some cases (i.e. not in hidden node cases where the two cells with the same PCI are hidden from each other but heard by UEs) network can detect PCI collision and resolve it by changing the PCI values of their cells.

To summarize, it is assumed that no additional mechanism is required to address PCI confusion and PCI collusion. However, to further mitigate PCI confusion and PCI collision it may be possible that LAA-cells are providing an identifier to the UE which can be used to distinguish which operator the cell belong to.




Figure � SEQ Figure \* ARABIC �1�: PCI confusion example





Figure � SEQ Figure \* ARABIC �2�: PCI collision example.
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