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1
Introduction

In [1] a new RLF detection timer was agreed to be added to the RRC protocol specification TS36.331, such detection timer is named T312. 

T312 is defined as follows:

	Timer
	Start
	Stop
	At expiry

	T312
	Upon triggering a measurement report for a measurement identity for which T312 has been configured,  while T310 is running
	Upon receiving N311 consecutive in-sync indications from lower layers, upon triggering the handover procedure, upon initiating the connection re-establishment procedure, and upon the expiry of T310
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure


Namely, is a timer starting at measurement report triggering by the UE, while T310 is still running, i.e. T312 is only started if problems over the physical layer are identified and have triggered T310.

In this paper it is explained why it would be beneficial to report a T312 expiration triggered RLF in the RLF Report, as part of other existing RLF cause values.
2
Importance of knowing T312 RLF events in RAN
As part of the HetNet Mobility Enhancements WI concluded in RAN2, timer T312 has been agreed to trigger fast RLF events (see [1]). Timer T312 triggers RLF while T310 is running, i.e. when physical layer problems have already been detected by the UE. 
A typical configuration of T312 would be to make this timer expire earlier than T310, in a way that RLFs following already triggered measurement reports (i.e. RLFs likely imputable to suboptimal mobility settings) can be declared sooner and earlier re-establishments can be triggered.
Figure 1 explains how timer T312 could function.
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Figure 1: Illustration of Handover-RLF timer T312

In the current RLF Report signalled by the UE as part of the MRO solution, a number of RLF cause values are already included. The reason for inclusion of such causes is to allow the RAN to have a better understanding of the root cause of failure and to be able to apply the right adjustments depending on the declared cause. The RLF cause values currently reportable in the RLF Report are listed as follows (seeTS36.331):
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t310-Expiry, randomAccessProblem,













rlc-MaxNumRetx, spare1},

By including the T312 Expiration cause to the current list of RLF cause values, or alternatively by adding an additional IE flagging such event, it would be possible to let the RAN know whether the failure occurred once a measurement report was triggered by the UE.
Namely, the RAN would be able to know whether mobility event conditions (e.g. A3, A2 events) were encountered by the UE before the RLF was declared. 

The latter information is very important because it enables to better distinguish failures due to e.g. fast fading signals, coverage wholes, shadow area conditions or highly suboptimal mobility parameters settings from failures due to badly configured mobility parameters in need of relatively small tuning. In HetNet scenarios the latter is very important, as explained in Figure 1.


[image: image2]
Figure 2: example of RLFs where knowledge of Measurement Report Triggering may be helpful
In Figure 2 three possible failures are shown. 

The first is a failure due to coverage issues, i.e. T312 triggered RLF would not occur because neighbour cell signal is not such to trigger a handover report. In this case the root cause of failure is unlikely to be addressed by modification of mobility parameters.

 The second failure is a case where the UE is in the HO region between macro and pico. The latter would be deductible by the presence of the T312 expiration cause. In this case the fact that a measurement report was sent by the UE is indicative of the possibility to address the failure by fine tuning mobility parameters settings.

The third failure is a is a case where the UE is in the HO region between macro and pico but a measurement report was not triggered by the UE. The latter would be deductible by the measurements reported in the RLF Report. In this case the fact that a measurement report was not sent by the UE is indicative of the a rather badly configuration of mobility events, which may need to be adjusted with large delta changes.
As further explained in the next section, by allowing inclusion of T312–Expiration causes in the RLF Report not only it would be possible to know that a measurement report was triggered by the UE, but provided that the UE context or part of such information is available at the source eNB the following can also be known:
· Whether the Measurement Report was received by the eNB even during T310 time windows: in fact, a frequent condition is that the Measurement Report is sent by the UE but not received by the eNB. It is useful to know that the measurement report can be received while T310 is running, i.e. even in DL problematic conditions 
· By retrieving the duration of the T312 timer set for the failed UE and by checking the reported measurements in RLF Report, it is possible to have an estimate of how much measurement report triggering should be anticipated: if T312 is relatively short and source cell signal not too low, a relatively small step in anticipating the HO trigger point is needed to allow measurement report to be received by the eNB and consequently to allow successful HO command reception at the UE.
3
Possible Enhancements Allowed by T312-Expiration reporting
As discussed in section 2, new information on the failure event is deductible from knowing that the RLF is caused by an expiration of T312.

Here is a list of parameters that can be better tuned by reporting T312-Expiration caused RLF events:

· Knowledge of T312 expiration allows to adjust Time To Trigger (TTT): Depending on T312 duration and on whether a measurement report was received by the source eNB, TTT could be optimised (e.g. reduced) to allow faster triggering of mobility events

· Knowledge of T312 expiration allows better tuning of CIO: if RLF is due to T312 expiration it means that the HO trigger point needs to be anticipated of a relatively small amount, to allow successful delivery of the HO Command
· Knowledge of T312 expiration allows for better tuning of time between measurement report reception and HO Command transmission: if RLF is due to T312 expiration and if measurement report is received at source eNB, an RLF might be due to delayed transmission of HO Command

· Knowledge of T312 expiration allows to better detect cases of coverage holes and fast fading effects: the RLF Report already contains neighbour cells measurements indicating neighbour cells signal strength. This sometimes is not enough to understand situations of coverage holes or fast fading signals. Knowledge of whether a measurement report was triggered before RLF provides information on whether neighbour cells were potential HO candidates or whether the UE is in a poor coverage zone with no good HO candidate cells.

· Knowledge of T312 expiration allows to gain a better understanding on the measurements included in the RLF Report. These measurements in fact would be very recent, as the Measurement Report is sent while T310 is already running.

· Reporting of RLF events information where the measurement report has been sent by the UE can help adjusting the duration of T312. This timer in fact has the purpose of allowing for faster re-establishment triggering and can be tuned to accelerate RLF declaration in cases where it is deduced (e.g. by measurements reported in RLF Report) that a sudden drop in serving cell signal and good enough neighbour cell signal is detected.
4
Conclusions
In this paper the advantages of reporting T312 Expiration as part of the RLF Report were explained in the context of Mobility Robustness Optimisation. The paper outlines that it would be beneficial to add such new RLF cause to the RLF Report to complete the reported RLF cause value range already present.

The following is therefore proposed:

Proposal: It is proposed that RAN3 discusses the suitability of T312 expiration reporting in the RLF Report.  If deemed suitable, it is proposed that RAN3 sends an LS to RAN2 asking for inclusion of T312 Expiration cause in the RLF Report
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