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1 Introduction

There has been an email discussion about if and how the neighbour cell information sent to the UE can be reduced. The base for the discussion was the TDoc in Reference [1] presented at the last RAN2 meeting.

The amount of neighbour cell information is already quite extensive in UTRAN, and if we just extend the principles from UTRAN the amount of information in LTE will become even larger. Different views have been presented, spanning from keeping the neighbour cell lists in both active and idle mode, through reducing/compressing the information, to fully removing the sending of neighbour cell lists.
The basic idea of the neighbour cell information is to transmit a list in all cells, either on a common channel or in dedicated channels. The list includes all accepted neighbour cells for the cell in which it is sent, and it gives additional parameters for each inter-cell relation. The sending of this information might however use unacceptable amounts of radio resources, especially in cells with low bandwidth.
This paper discusses different ways of reducing and even removing the sending of neighbour cell information. The paper compares the different solutions and proposes a way forward for LTE.
2 Discussion
We can easily identify three main scenarios for the UE to judge which cells are neighbouring cells:

a) Explicit neighbour cell lists (NCL) are sent by the network as today

b) A compressed or reduced neighbour cell list is sent

c) No neighbour cell lists are sent

The ultimate signalling reduction is of course to not send anything, i.e. alternative c), and from that perspective the most wanted. We must though carefully consider the side effects of this, like impact on cell reselection and handover as well as UL signalling.

These three main alternatives are analyzed further below.

2.1 Alternative a) sending of an explicit NCL

There are several purposes for the sending of an explicit neighbour cell list to the UE by the system. Here is an attempt to list the most important:
1) Indicate which cells are suitable neighbours

2) Aid the UE in cell search, speeding up the procedure

3) Give inter-cell-relation parameters controlling idle mode cell-reselection

One purpose of the neighbour cell list is to define the suitable cells (bullet 1 above). In some situations this is necessary since the radio environment may create situations where a cell which appears suitable based on radio quality measurements may not be suitable for cell reselection. It could be a cell that is visible with strong radio signal only temporarily due to some terrain and environmental factors. These are sometimes called false neighbours. If the UE would reselect to such a false neighbour there is an increased risk of a loss of service and increased interference. As stated in [2], it may also be a benefit for the UE to know how to prioritise the neighbouring cells in the list when deciding which ones to monitor. In [2] this is suggested to be solved by adding a priority value for each cell in the NCL.
Another purpose is to speed up the UE’s search for neighbour cells (bullet 2 above). Maybe the most important parameter is the frequency of the neighbour cell. If that information is not provided, the UE will have to scan all the frequencies it is capable of. Other information that can speed up the search in UTRAN is e.g. scrambling code, timing info, output power of the neighbour cells. The cell search for LTE is not yet fully defined so the gain of adding additional information for LTE is not yet known.
It is beneficial for the overall network performance if the network can influence the UE when it is performing cell reselection in idle mode. E.g. there should be a hysteresis applied over tracking area borders to avoid excessive TA update signalling.

2.2 Alternative b) sending a compressed or reduced NCL

It would be possible to reduce the number of cells in the NCL and mandate the UE to also consider cells that are detected but not listed in the NCL. This is proposed in [3]
The cells listed in the NCL will have the same benefits as the ones listed in alternative a). This is however not the case for the cells not listed in the NCL. These cells will not have any additional information. The UE can only prioritise the measurements on these based on the received radio quality. 

To reduce the time spent on looking for cells on other frequencies (second bullet 2 in section 2.1), it is probably advisable that the network informs the UE of the frequencies where potential neighbour cell lists may be found. The UE is not required to measure on frequencies outside this list. This list may also include a mapping between HCS layer and frequency.

2.3 Alternative c) no sending of NCL

If the neighbour cell list is removed, the UE can only use the radio quality as criteria when re-selecting which cells to measure (first bullet in section 2.1). As stated earlier and also in the email discussion, this may not be the best criteria. 

One possible solution would be to let the UE collect information from multiple cells and implicitly generate a prioritised NCL. Each cell could for example transmit a single location value indicating its relative position in a predefined pattern. This would allow the UE to prioritise the candidate cells based on its geographical location.

This location value may even be implicitly signalled by for example using the cell identity. This would save signalling resources and also not add any delay to the procedure  since the cell identity is normally decoded during cell search and should also be possible to decode when the UE is currently served by another cell. It would therefore not require any additional broadcast resources.

2.4 Combined solution

Although the solution outlined in section 2.3 can probably cover most of the neighbour cell relations correctly, it may need to be complemented with some additional information for some “troublesome” neighbour cell relations. E.g. most neighbour cell relations will work well with a default hysteresis value, but in some cases it needs to be different. Only these special cases would then use explicit signalling for that neighbour cell relation.
As in section 2.2, it is probably advisable to inform the UE of candidate frequencies where neighbour cells may be found (second bullet in section 2.1), as to speed up the cell search. 

If there is a need for transmitting cell-specific parameters (third bullet in section 2.1), the location value may be used instead of the cell identity to identify the cell. This reduces the downlink signalling, but may introduce a small uncertainty.

3 Conclusion
We propose that the possibility for removal/compression of the neighbour cell list is further evaluated and that methods by which the UE can implicitly generate the neighbour cell list by reading system information off the neighbour cells should be considered as one possible solution. 
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