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1. Introduction

The approach for automatic neighbour relation configuration is described in [1], and recently [2] described the possible approaches for inter-RAT and inter-frequency. This document discusses the options presented in [2].

2. Solution Proposals

It is not clear that this function will be more or less time critical than intra-frequency neighbour determination, this depends on scenarios.

For example, during initial deployment, it is quite possible that some LTE cells would be “islands” in some areas. Good service continuity is then highly dependent on inter-RAT neighbour discovery. Even when the deployment is contiguous, there may be edge areas or poor coverage areas.

Other frequency deployment scenarios can also be quite varied, ranging from multi-layer scenarios to single layer (frequency reuse) scenarios. 

It appears that at least in some of these scenarios coverage is an issue, and rapid discovery would be needed.

2.1. Enhancement of current solution for inter-frequency and inter-RAT

This enhancement relies on UE measurements that the UE might not necessarily perform under normal circumstances, i.e. specific requests for reports would be made and in addition specific information about centre frequencies would also need to be provided. Some of this information might not be available to the eNB, in which case O&M configuration may be required.

The eNB could in principle choose to use idle mode or active mode UEs to perform the measurements. It may be better for the standard not to specify what to do, and simply provide the signalling means to support either of those, bearing in mind that rapid discovery may be needed if for example the eNB has a minimal set of (or no) intra-frequency neighbours. For example, the eNB could select active mode UEs with low traffic (e.g. those that are candidates for transitioning to idle, but their active status is prolonged in order to collect data). Also the eNB may need to select UEs based on intra-frequency measurement reports, in order to make sure that data is collected in different portions of the cell area. In general, some functionality is required in the eNB to manage this process, over and beyond that required for the intra-frequency case.

This approach has the advantage of being local at the eNB. Although there are some signalling, eNB and UE impacts, it could be argued that at least some of these can be minimized after the initial set-up period (since continuous monitoring is probably not needed, and instead occasional sampling should be enough). In the case of “islands of coverage”, the eNB would request inter-frequency or inter-RAT measurements from cell edge UEs anyway, however there may not be enough time to avoid RLF if little information is available. So, the eNB would have to be proactive in collecting data (i.e. force measurements before its mobility algorithms trigger inter-RAT or inter-frequency scans).

Finally also note that there may also be some dual receiver UEs, which would be strong candidates for data collection. This may well be the case for LTE/3GPP2 UEs which would be able to report 3GPP2 neighbours.

2.2. Enhancement of “re-establishment” procedure

For the LTE-to-LTE case, it seems very reasonable to add the last cell information either during initial access or later (following RLF). In principle, RLF will happen in both directions, and therefore each cell will obtain the required “hint”.

For LTE-to-UMTS or GSM new procedures are required in the UMTS/GSM. Furthermore, the problem is likely to occur when exiting the LTE cell, hence the information is not available in the correct point in the network. As noted in [2], this would probably require action from network management in order to fix the missing neighbour in the LTE cell.

As noted above, RLF will be caused by loss of coverage from LTE (intra-frequency), and hence it is very likely that the UE would be asked to measure inter-frequency or inter-RAT neighbours, perhaps in a proactive way (i.e. earlier than usual in early phases of network). Hence it is not clear that the effort of establishing new post-RLF procedures for the inter-RAT case is justified.

2.3. Use of HO statistics

This is essentially a centralized function, combining inputs from HO performance statistics together with planning tool inputs. It seems that some functionality is likely to be needed at this level anyway, even if only in a supervisory capacity. For example, even for the intra-frequency case, some centralized network management function may be available for managing constraints (lists) as discussed previously.

2.4. Inter-eNB communication

An additional approach could be based on inter-eNB procedures via X2. For example, an eNB could request another eNB with which it has X2 connectivity to provide it with a list of its cells, and for each cell, its ID, any significant characteristics (e.g. DL power rating) and a list of neighbours (cells and eNBs, including IP addresses). This could be useful in the following scenarios:

· eNB 1 already identified some cells of the eNB 2 as intra-frequency neighbours and established X2 connectivity; then 

· eNB 2 also has inter-frequency (or different centre frequency) cells which have not yet been identified by the first; this provides useful information which can be validated using UE measurements, or

· eNB 2 has already identified inter-frequency or inter-RAT neighbours, again this provides some useful side information regarding which frequencies (LTE, UMTS) to measure.

· eNB 2 has just identified cells of the eNB 1 as intra-frequency neighbours, and took the initiative to establish X2 connectivity

· Requesting information from eNB 2 can kick-start the process of neighbour discovery for eNB 1, also for intra-frequency neighbours

Note that that this option could not work by itself and would always be an adjunct to others.

3. Conclusion

The four solutions discussed are in principle valid but their usefulness depends on the specific scenario.

In principle, option 3 (use of HO statistics) may be assumed to be needed as a supervisory function, and is outside the scope of an ANRL function. Alternatively, one mode of operation would be for the centralized function to provide a list of possible candidates for the ANRL to monitor and decide upon. In any case, the question is whether ANRL can be extended (using the other options) to the inter-frequency or inter-RAT case.

Based on the above discussion, it is suggested that

· For the loss of coverage scenario, a combination of active mode UE measurements of inter-freq/inter-RAT neighbours, RLF recovery for LTE inter-frequency, and/or X2 messages provide a good set of tools for the eNB

· For other scenarios (e.g. layered inter-frequency, or other-RAT microcell), neighbour discovery is less time critical, and UE measurements could be sufficient to build up the neighbour list over a period of time

From standards perspective, some enablers would then be:

· Means for a UE to be requested to scan and report inter-freq or inter-RAT neighbours in particular frequencies but without prior knowledge of cell’s attributes such as scrambling code 

· Means for a UE to be requested to report cell ID (inter-frequency or inter-RAT)

· Report of “old cell” to be provided after RLF (in LTE-to-LTE case, both inter and intra frequency)

· Request cell and NL information message from neighbour eNB over X2
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