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1. Introduction

Recently, there have been some several papers mentioning the possibility of neighbour list exchange between eNBs [1, 2,6].  This paper recaps the discussion, and introduces a CR [3] that enables this possibility.

2. NCT Exchange Concept
Recently, RAN3 agreed to have a NCT (neighbour cell table) whose contents could be written locally by the eNB and also by O&M [4]. In addition, O&M can add several constraints to each of the listed cells. So, there is now a concept of a list of all cells such that they are neighbours to at least one of the cells of the eNB. Importantly this list will be visible over an external interface.

In parallel, several papers have noted that an exchange of neighbour lists between neighbour eNBs may be useful to certain functions. Several use cases are covered, but they all relate to the introduction of a new eNB or a significant change in configuration. For example:

· Once a new eNB starts populating its NCT, and initiates associations with neighbours, it would benefit from learning of other cells which the neighbours have previously detected. For example, having such knowledge could bypass some of the UE measurements required (e.g. global cell ID decoding), or at least make them less time critical, since a good hypothesis for PCI/GCI pair is already known. Perhaps more critically, the a-priori knowledge of other frequency (or other RAT) cells could significantly reduce the time until the new eNB is ready to trigger inter-frequency or inter-RAT handover.

· Also during the initialization phase, the eNB will be made aware of a larger number of surrounding cells, and will therefore be able to quickly detect any PCI collision. Of course a neighbour may also carry out this detection, but in this case the offending eNB itself would be able to detect the problem and also solve it without involving other elements. Note that this possibility does not rule out other mechanisms previously discussed [2,5] such as O&M arbitration, but may reduce how often they are invoked.

At the previous meeting, a contribution was discussed proposing that a list of eUTRAN cells known to each eNB be exchanged during X2 setup [6]. Some discussion of the different use cases resulted in a number of questions and additional proposals which are addressed in this contribution.

3. Principles for exchange of NCTs and NCT information handling

· The proposals involve the sending (and receiving) of neighbours’ NCTs.

· At an eNB, the received information forms a table of cells which is separate from the NCT. This list could be called Greater Neighbourhood Cell Table or GNCT.  

· The GNCT is informational only and will not impact any interfaces or direct actions by the eNB.  As such it may not need to be explicitly mentioned in specifications.

· The NCT should not be changed when the GNCT changes, since the GNCT only provides input to the functions charged with maintenance of the NCT.

· The existence of the GNCT in any eNB, and its use, are entirely up to implementation.

4. Use Case Discussion

4.1. Use case 1: new eNB introduction in existing network

In this case, a new eNB starts up, and soon existing surrounding cells will start receiving reports for its cells. As the neighbour eNBs initiate X2 setup with the new eNB, they optionally include their NCTs in the X2 SETUP message. The new eNB quickly builds up a list of cells in its neighbourhood both from the served cells of its neighbour eNBs and their NCTs (including inter-RAT neighbours).

Based on this,

· The eNB can very quickly detect most potential cases of confusion caused by its own assignment of PCID, and can also quickly determine PCID values that will not cause problems.

· Based on measurement reports, the eNB can very quickly establish X2’s to other neighbours or even attempt S1 HO even before GCID detection. This is because the eNB will have high confidence in the local relationships between PCID and GCID. Confirmation of a match can occur later based on less time-critical mobile decoding. 

· The eNB can also direct inter-RAT scans to certain frequencies / codes, thereby finding inter-RAT neighbours faster.

So in summary the new eNB uses the information received to accelerate its own processes related to PCID management and NCT build-up. It should not simply add other cells’ NCTs to its own without measurements.

As a result we see a clear use case for the introduction of an NCT IE in the X2 SETUP REQUEST message. Since it is possible that the new eNB finds one of its neighbours first (e.g. if the eNB addition is done in a period of very low traffic), it makes sense to do the same for the X2 SETUP RESPONSE message.

4.2. Use case 2: simultaneous introduction of several eNBs in a particular area

In this case, the network start-up is gradual since UEs will only gradually select the new cells, and later provide measurement reports. Thus the build-up of X2 associations will be slow. Similarly the NCTs will also build up gradually.

Depending on the sequence of events, the initially exchanged NCTs may be quite small and provide very little information.  Thus the effectiveness of NCT exchange may be limited in this case, at least at the point of X2 setup. However since not all the eNB pairs create X2 associations at the same time, the latter cases will benefit from the more mature NCTs.

Since the inter-RAT NCTs are likely to build even slower, it is unlikely that NCT information provided at the point of X2 setup will be very useful for this case, unless the idea is extended to messages in the eNB Configuration Update procedure (see next use case).

4.3. Use case 3: discovery or deletion of new neighbours (post setup phase)

During network operation, a number of changes may occur such as reconfiguration of cells in an eNB, changes of RF parameters, changes in inter-RAT cell configuration, etc. As a result, several events can trigger an NCT change:

· An eNB reconfigures its cells and sends this information over X2 to its X2 neighbours. Note that in this case the neighbours may delete disappearing cells but should only add new cells following measurement reports.

· GSM or UMTS cell are reconfigured e.g. new frequency plan in GSM. Over a period of time, the new cells get detected and start appearing in NCTs. Old cells will be deleted.

· A change in RF configuration (power, tilt, etc) causes a new cell to be captured by ANR and added to the NCT

· New cells (NodeB’s / eNbs)  (LTE, UMTS or GSM) are introduced in the network

When an NCT change occurs, the related event may or may not be known to other neighbours. Thus if the information is quickly propagated, other eNBs can quickly be alerted to the change and decide if the information received is relevant to their neighbour management functions. In some cases this may also be useful for PCID confusion or clash detection.

The main issues to define here are

· When should the update message be triggered

· What should be sent and to which eNBs

The question of “when” could be left to implementation. One option might be “on NCT change”, and obviously in normal operation we would not expect NCT changes to be very frequent. However in the start-up phase of use case 2, there could be several changes in a short time, and it would be reasonable to start a timer on a first NCT change, and only trigger a message over X2 after the timer expires.

The NCT should be sent, as long as the NCT is limited to cells that the eNB can actually measure. In other words, cells added to the NCT by O&M, and which the eNB has not yet measured, should not be sent. 

The list of NCT cells received by an eNB should not be added to its own NCT unless they are measured, and pass whichever criteria the ANR process has. If this was the case, then propagation would occur, and the process could easily become unstable.

5. Conclusion and Proposal

From above, it is concluded that at least for the use case of a new eNB introduction, there is some useful gain in enabling NCTs to be passed in the X2 SETUP REQUEST and RESPONSE messages. There are no issues associated with this. It is suggested that RAN3 discusses the proposal contained herein and the accompanying CR.

For the case of eNB CONFIGURATION UPDATE, there are also some useful applications. However for this case additional care is needed to avoid uncontrolled propagation. It is suggested that stability can be ensured through a couple of simple rules

1. NCT passed must only contain actually detected cells by “sender” eNB 

2. The “receiver” eNB must never add received cells to its own NCT unless they pass normal ANR criteria

For the case of eNB Configuration Update, it is suggested that RAN3 discuss the above and decide whether to add this functionality, in which case Motorola would be happy to draft the resulting CR.
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