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1 Introduction

Since in unlicensed frequencies multiple operators may have cells in the same channel the UE may find an LAA cell which belongs to another operator. This is referred to as the PCI confusion issue.
2 Discussion
2.1 PCI confusion issue in LAA scenarios
In LAA it may be so that multiple operators have deployed LAA-cells within a certain area.

While an operator is expected to ensure that their cells which are geographically close to each other do not have the same PCI value, however it may not necessarily be so that different operators are coordinating the PCIs for their cells. This means that two operators may deploy LAA cells with the same PCI value in the same area. In can give rise to the so called PCI confusion issue.

An example of the PCI confusion issue in LAA is shown in the figure below. The blue UE (belonging to the operator with the blue network) is bumping in to an LAA cell with PCI 17. The UE may then report to the eNB that it has found the 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 unfortunately the UE happened to be in the coverage of another operator’s (the green operator’s) cell 17.
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2.1.1 When would PCI confusion happen?
PCI selection dependency

PCI confusion will of course only happen if the two operators happen to use the same PCI for cells in the same area.

The number of PCIs is limited (504) so there is no guarantee that cells from different operators will end up with different PCI values. The probability that two operators use the same PCI in the same area is depending a lot on the scenario and in general the probability depends on the number of LAA-cells in the coverage of the UE’s PCell, i.e. it depends on deployment density of the LAA-cells and the PCell’s size.

This means that in a sparse deployment scenario the probability is lower than in a high density scenario. Also if the PCell’s coverage is small there is a lower risk of finding an LAA-cell belonging to another operator. In particular, in a scenario where the PCell and LAA-cell is served by a pico eNB (collocated) there would probably be a very small probability that PCI confusion happens.

Observation 1 The risk of PCI confusion to happen depends on the size of the UE’s PCell (smaller PCell means lower risk and larger PCell means larger risk) and also the deployment density. In particular the probability is very low if the PCell is a small cell.
Channel dependency
Further, it is not even sufficient that there are two cells from different operators which use the same PCI, they must further be on the same frequency for PCI confusion to happen. This is because the eNB will configure the UE to measure on a certain frequency and if the UE in the above scenario the blue cell 17 and the green cell 17 are placed on different frequencies the UE will not report the green cell. So frequency also plays a part here. And in the 5 GHz band there are around 25 different channels. This means that even if there are two operators both using PCI 17 in an area there is a 4 % risk (1/25) that they happened to place these cells on the same frequency.
Observation 2 For PCI confusion to happen two cells with the same PCI must be in the same of the roughly 25 channels.

2.2 What happens if PCI confusion occurs?

If PCI confusion actually happens the UE may report measurements for the green cell to the blue eNB, and the blue eNB may configure the UE to use the green cell. The UE would then when applying the configuration try to sync to the green cell. However, according to current CA requirements the UE shall be capable of handling relative propagation delay difference of 30.26 µs. Of course the network will not be synched between operators. So the UE will not be able to synch to the green cell unless we happen to be very unlucky and the two operators’ networks happen to be synched when the UE is adding the green cell. So how often do we expect this to happen? Well if we use the blue operator’s PCell synchronization as base then the DL of the green operator’s LAA cell must arrive within ± 30.26 µs of the PCell timing. So this will happen (2 * 30.26 µs / 1 ms).

Observation 3 Even if PCI confusion happens, the probability that the UE can synch to the other operator’s LAA cell is 6 %.

If the cells would be synchronized and the green cell is configured for the blue UE, the UE would then start to monitor the PDCCH of the green cell and could potentially listen to downlink signal from the green cell. Of course, this would not happen if the UE is configured with cross-carrier scheduling in which case the blue UE would not monitor the PDCCH of the green cell and it would then not be any DL problems.

However, if self-scheduling is done for the blue UE then it will monitor PDCCH of the green cell and the UE may receive DL transmissions which are not meant for the UE. However, for this to happen the blue UE must use the same C-RNTI as the green operator is using for one of its own UEs in the same green cell. There are 65536 C-RNTIs. In the scenarios which RAN1 has considered there will be 20 UEs per 4 operator LAA cells and in the worst case in this scenario there would be 20 UEs within one LAA cells and the probability that the blue operator has selected for the blue UE a C-RNTI which is used by a green UE in the green cell is 20/65536, which is roughly 0.03 %.
Anyhow, the blue eNB would probably detect that if the blue UE is scheduled by the blue eNB but the UE never sends ACK for the transmissions the blue eNB can detect that PCI confusion has happened and could therefore deconfigure the cell for the UE and change the PCI of the blue LAA-cell.

So, the probability that the blue UE has the same C-RNTI as a green UE in the same cell seems negligible.
Observation 4 Even if PCI confusion happens, the probability is negligible that UE is able to decode a DL message from the green cell.
One issue which can occur if PCI confusion occurs is that the blue UE sends UL transmissions in the green operator’s cell. However for the blue UE to do this it first need to get time aligned with the green cell and hence the blue UE needs to successfully complete a random access procedure towards the green operators cell.
The blue eNB can the request the blue UE to perform a CFRA towards the green cell. One of two things can happen, either the green cell also uses the selected preamble as a contention free preamble. The blue eNB would listen for the UEs preamble transmission on its own cell 17, which would never come, and the eNB would never send a random access response (note that the random access response is sent on the PCell which is in unlicensed bands) and the UE would resent the preamble a configurable number of times after which the UE will consider the random access procedure unsuccessfully completed and the UE would end the procedure.
Anyhow, the most likely case is that the blue eNB would never hear any preambles from the blue UE and the blue eNB can therefore detect that PCI confusion has happened and could therefore deconfigure the cell for the UE and change the PCI of the blue LAA-cell.

Observation 5 Even if the PCI confusion issue happens the UEs would most likely not acquire uplink synch towards the cells.

If the green eNB has not also assigned one of their own UEs to use the preamble the green cell would probably not listen to the preamble transmission and the random access procedure would fail. The UE would then 
In a corner case of a corner case one can imagine that at the same time as the blue UE is doing a random access procedure towards the green cell a green UE is doing random access procedure towards the blue cell with the same preamble and same time-frequency resources. The probability that this happen seem to be negligible. Anyway the result would be that the UEs would assume that they are time aligned and start sending SRS etc. If the blue UE would happen to be configured with the same SRS-resources the green UE uses for another UE in the same LAA-cell (i.e. the green cell) there would be interference, otherwise if the UE has other SRS-resources the eNB would not listen to these transmissions and the channel would simply seem busy to the green eNB.

Furthermore, if the blue eNB has configured the UE to send SRS but the blue eNB does not hear any SRS from the blue UE, the blue eNB can detect that PCI confusion has happened and could therefore deconfigure the cell for the UE and change the PCI of the blue LAA-cell.
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3 Conclusion

We have in this contribution looked in to more detail of the PCI confusion issue for LAA. We first have looked in to some prerequisites for the PCI confusion issue to occur. And it seems that PCI confusion will occur infrequent. If however, the PCI confusion issue happens the probability that the UE manages to decode DL messages from a neighbour operators’ cell is negligible. And further, for the UE to transmit anything in uplink the UE must first acquire UL sync, i.e. need to successfully complete a random, also for this to happen the probability is negligible. Therefore we assume that no particular changes are needed to address the PCI confusion issue.
There are also ways in which the eNB can detect that PCI confusion has occurred and could therefore solve these problems by deconfiguring the problem cell for the UE and change the PCI for the cell.

Proposal 1 No mechanism is added to address the PCI confusion issue.
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