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Introduction

RAN3 requested RAN2 [1] to investigate the possibility of providing measurement reports during the re-establishment procedure.

RAN2 has now replied [2], suggesting a mechanism whereby the availability of measurements performed (before RLF) is indicated in the RRCConnectionReestablishmentComplete message. The eNB can then make a specific request for these reports as part of the UE Information procedure.

This paper aims to discuss the impacts on the stage 3 as currently designed. The intention is to reach a common understanding on the issues raised by the RAN2 suggestion.

Recap of MRO Model in Release 9

Currently, the MRO support consists of two procedures, RLF Indication and Handover Report. We are mostly concerned with RLF Indication, where the assumption is that the eNB that receives a re-establishment request will select one or more neighbour eNBs that may have hosted the previous serving cell. Following this, the information contained in the RRCConnectionReestablishmentRequest message is sent to such neighbours via the X2 RLF INDICATION message. The important point is that the previously serving eNB is the only one in a position to perform a useful analysis of the failure event. However, since a failure occurred and the eNB is likely to have detected it, there is a limited time period allowed before the eNB proceeds to e.g. request release of the context. Once this happens, the context (and any other associated information) may no longer be available, and the eNB will no longer be able to differentiate “HO too late” events from others such as a previous “HO too early” (or ping-pong HO).

Note that the eNB that receives the re-establishment request does not know for sure whether there is urgency in sending the RLF Indication or not. However in principle one could assume that the context in the original eNB will stay on for a period at least as long as the maximum time for which the UE would still attempt re-establishment, before transitioning to idle. If such timer values are set in a coordinated manner, then it may be possible to have a high probability of matching the context.

Potential New Requirements for MRO signalling

As a result of the RAN2 study, we find that the eNB will not know whether the UE has any relevant measurement requests until it receives the RRCConnectionReestablishmentComplete message. In addition, the actual data will not be available until additional procedures are completed (to retrieve the data from the UE). 

An additional aspect of interest is that it would be useful (for statistical gathering) to know whether the re-establishment eNB was prepared and/or if the re-establishment was successful.

Several options are then available to try and integrate the new functionality within the current messages.

Option A: No signalling change
In this case, it is assumed that the eNB will either not wait for the measurement report data, or will simply filter out any events that appear to be coverage related. 

Although this is rather simple, it has the drawback that the eNB (if it waits for the report) must make an instant decision on whether the report indicates a coverage hole. Also the receiving eNB does not know whether any such filtering has occurred.

Option B: Add a new optional field with measurement report information
Option B would enable the eNB to either send the RLF Indication immediately, or to wait at least until the RRCConnectionReestablishmentComplete message is received. If the measurements are available, the eNB could take action and send the report after retrieving the report data. However, one problem with this option is that the message is sent at different times depending on vendor implementation, and therefore different cases may or may not be captured. For example, the implementation might always wait for the MR indication, but this could result in some of the original contexts being erased. The result would be an increase in side information that allows one type of differentiation (“HO issue” versus “coverage problem”), whilst potentially degrading another type of differentiation (“HO too late” versus “other HO problems”).

One advantage of a late message is that the eNB could also report the success or failure of the Re-establishment as previously discussed. So in this option it would make sense to add the outcome of the Re-establishment process as another optional field. The receiving eNB would also know if it had attempted to prepare the re-establishment cell, so this does not need to be added explicitly.

This option also has the advantage of allowing Option A as a possible implementation. This assumes that the receiving eNB would not attempt to build statistics of re-establishment attempts due to coverage losses.

Option C: Similarly to option B, but add a mandatory field with the outcome of the re-establishment process (plus the MR data as optional). 

This would force implementations to wait at least until the end of the RRC re-establishment procedure, and timers for context retention would need to be set accordingly.

Option D: In addition to B, include a “secondary message” field.
In this option, the eNB would be able to send two RLF Indication messages for the same UE. The first would carry the information already defined today and be sent as soon as the first message arrives from the UE. On receiving this message, the failure eNB could immediately mark the data for further analysis, and possibly start a new timer to wait for the additional information. Later a new message might arrive with the same UE RRC information, but a “secondary” indication as well as measurement report data and/or the outcome of the re-establishment attempt.

Note that it would be useful for the UE to include the same ID information (PCI, C-RNTI etc) within the measurement report, as previously sent in the RRCConnectionReestablishmentRequest message, thus minimizing processing in the eNB.

This option increases the number of messages per RLF, but has the advantage of minimizing the timer setting issues. In fact, the eNB could immediately start context release actions as soon as the first message appears since the message indirectly confirms that the UE will not come back to the same context. Thus, when the “secondary” indication arrives, the eNB would need to match it to a non-active stored context.

Option E: similar to D, but where the report is given an ID number for easier matching.

In this case, a new ID (e.g. 0-65535) would be provided in the primary message, which would be used to match primary and secondary messages for this same RLF case. This simply minimizes the work that the eNB would need to do to match the second message, and may even allow the eNBs to delete some of the information such as C-RNTI (after receiving the first messages).

An additional issue: indicator in RRCConnectionSetup
RAN2 has also noted that a similar procedure could be used during RRCConnectionSetup, in other words, an indicator is provided which the eNB can use to decide whether to retrieve data from the UE. It is understood that this process could be used when the UE goes through idle (e.g. the eNB was not prepared). In this case, the data would only be available if there had been a previous unsuccessful re-establishment request.

During this procedure, however, the eNB will not be aware that the UE has previously suffered RLF or attempted a re-establishment with the same (or another) eNB. Hence the information received may not be particularly useful. One solution might be to allow the measurement report to include information such as the original C-RNTI, PCI and shortMAC-I, provided at the time of the original re-establishment request.

In this case, the eNB could build a “secondary” message. However, application of Option E above would require the ability to match C-RNTI, PCI etc with a given identifier. It seems excessive to place this burden upon the eNB, i.e. store data relating to a failed re-establishment in case of a new connection setup. Therefore we might consider option D to cover this case too. On the other hand, this would require the UE to store the re-establishment identity information together with the measurement report.

Discussion

It should be remembered that not all UEs will support this functionality since this is likely to be an optional capability (and only available in release 9). Hence there will be successful re-establishment attempts where no additional indicator is provided by the UE. This may even constitute the majority in real scenarios. As a result it will never be possible to filter out all coverage related events. 

Secondly, consider the case where this filtering is only feasible when the eNB has been prepared. It may be the case that there is a correlation between “preparation” and the type of failure. For example, it is possible that a failure after preparation, with swift re-establishment, does tend to be associated with a slight delay in handover triggering; whilst lack of preparation may be more correlated with coverage losses. So, data interpretation will not be unambiguous, and it would be preferable to also include cases where the eNB has not been prepared.

However, support of data retrieval following an unsuccessful attempt is not simple. At first analysis, this can only be provided by the options that enable a secondary indication (D and E), with some further development:

· At setup (during the reporting phase), UE needs to repeat the identity data provided at the time of the re-establishment

· The re-establishment eNB needs to be able to send a secondary or supplementary report, which would be the same as the basic one with additional measurement report data and/or re-establishment outcome plus identity data as before (this can be sent in both success and failure cases)

· The failure eNB would need to keep the information in the non-operational context for a certain time following reception of the primary message (RLF Indication)

In terms of signalling, this requires at least three new IEs (Primary/Secondary Indication, Measurement Report data, and Outcome of Re-establishment). All would need to be optional. Alternatively the latter two could be conditional on secondary indication.

Conclusion

The simplest change that covers a number of the scenarios is contained in option B/C (add two new IEs to RLF Indication - Measurement Report data, and Outcome of Re-establishment). In principle the solution could be used by the re-establishment eNB in different ways, depending on timer settings and the outcome of the re-establishment. However, if we adopt this in release 9, we should specify (e.g. in stage 2) that a re-establishment event should only trigger one RLF INDICATION message (to avoid ambiguous statistics being collected in the eNB).

This could be further developed in release 10 with a secondary indication to cover the “idle transition” case (or alternative solution, subject to more study). However to avoid legacy UE issues, we would prefer all UE functionality to be specified in release 9. As mentioned above, this should include ID reporting (e.g. old PCI, C-RNTI etc) together with the measurement reports – in the cases of retrieval both after re-establishment and following setup.

The alternative is a global solution to be specified still in release 9, along the lines of the description under “Discussion” (a development of options D and E). This has the advantage of potentially covering all scenarios, and the disadvantage of introducing new scenarios at a late stage in the release, with potential instability post-March.

Motorola has a slight preference for the first (simplest) change, but both are feasible, and the main intention of this paper is to contribute to an informed debate in RAN3.
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