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1 Introduction

During RAN3#75bis a number of solutions were outlined providing solutions for MRO in Inter RAT mode. These solutions were described in [1] and are briefly listed below:
Solution 1-A (UE RLF report when returning to LTE – Analysis in LTE)
Solution 2 (UE RLF report to 3G and/or LTE depending where UE reconnect after failure)

Solution 4 (RLF reported in the RAT where the RLF occurred and HO failure reported in the RAT of the cell in which the HO command was received)

Solution 5 (In case of ‘Too late HO’ LTE to 3G, RLF report is sent when returning to LTE, in case of ‘too early’ 3G to LTE, this is detected by RNC)

These solutions focus on the main mechanisms allowing failure detection and reporting of failure information. However, the analysis carried out so far might have overlooked at certain aspects of particular importance in the IRAT mobility case. This paper tries to bring these aspects to light and to analyse the available solutions accordingly.
2 Additional IRAT MRO Aspects 

2.1 Un-coordinated IRAT corrective measures
The solutions described so far have not taken into consideration the problem of un-coordinated corrective measures applied across different RATs. This problem is illustrated in Figure 1 and Figure 2 and it is of particular importance if convergence towards a balanced IRAT system wants to be achieved.

Figure 1 and Figure 2 take into consideration the case where corrective actions are applied only to LTE, but, equivalently, the same could be shown for corrective actions applied only to UTRAN. In Figure 1 and Figure 2 the parameter ho_thresh_lte is the LTE signal level set in an eNB, which triggers selection of a UTRAN cell (if UTRAN cell available and if cell’s signal better than a certain threshold, e.g. event B2). Likewise the ho_thresh_utran is the LTE signal level set in an RNC, which triggers selection of an LTE cell (if LTE cell available and if UTRAN cell’s signal worst than a certain threshold, e.g. event 3A).
In these figures it is shown that corrective actions applied in isolation expose the system to other mobility problems. Namely, the system would not reach a balanced convergence unless the corrective action is coordinated between RATs involved. In particular, Figure 1 shows how, by increasing the ho_thresh_lte in isolation, the distance in dB between new ho_thresh_lte and ho_thresh_utran decreases, leading to an increase of ping pong and short stay handovers occurrence. Figure 2 shows how by decreasing ho_thresh_lte in isolation there is a risk to keep a UE in UTRAN for longer than needed. This is because if the UE can be kept for longer in LTE (by lowering ho_thresh_lte), then it might be the case that the ho_thresh_utran can also be lowered without any impact on the UE performance.
Lack of IRAT coordination might be due to IRAT MRO functioning only in one RAT (as in some cases in solution 1 or solution 5) or due to minimisation of signalling across RATs. Therefore a robust solution for IRAT MRO shall give the possibility to tune and coordinate mobility parameters across RATs as a consequence of corrective actions applied to one RAT. Such coordination may be achieved by means of IRAT signalling where mobility changes applied in source RAT and mobility changes recommended in target RAT can be exchanged. It shall be noted that such mechanisms have been adopted in Intra LTE MRO by means of the Mobility Setting Change procedures over X2. 
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Figure 1: Increase of HO threshold only in LTE may cause IRAT HO ping pongs
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Figure 2: Decrease of HO threshold only in LTE may increase time in UTRAN
Proposal 1: It is proposed that solutions selected for IRAT MRO shall give the possibility to tune and coordinate mobility parameters across RATs as a consequence of corrective actions applied to one RAT
2.2 Handling of Stale RLF Reports

One main difference amongst the solutions so far presented for IRAT MRO concerns the timing of RLF Reports from UEs subject to failures. For example, in Solution 1 RLF Reports are made available to the network only when the UE reconnects to LTE. Similarly, in Solution 4 RLF Reports are made available to the network only when the UE reconnects to the RAT where the mobility failure occurred.
Figure 3 describes potential problems occurring when the RLF Report sent by the UE is delayed.
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Figure 3: Consequences of late reception of RLF Reports

In Figure 3 two UEs are shown, both affected by mobility failure and both reporting an RLF Report. In this figure T_rlf is the time from the occurrence of the mobility failure to the reporting of the RLF Report. Likewise, T_mro is the period according to which MRO may apply a corrective action. It has to be noted that T_mro could be constant or variable, depending on the number of events recorded. In the figure the first MRO period (T_mro_1) starts at t0 and ends at t3, while a new period (T_mro_2) is started at t3. That is, at time t3 MRO will evaluate whether corrective actions are required and it will apply such actions if needed.

At time t1 UE1 is subject to a mobility failure. UE1 reports the RLF Report at t2. Given that the failure for UE1 occurred within T_mro and given that the RLF report was received within T_mro_1 (i.e. before any corrective action relative to the current mobility configuration is applied), the RLF Report received from UE1 shall be considered to the purposes of determining the best corrective action within T_mro (t0 – t3). This translates into the following rule: 

If the time boundaries between RLF occurrence and RLF Report signalling are contained within an MRO evaluation period (T_mro) the RLF Report shall be considered valid to the purpose of determining corrective actions within the same MRO evaluation period.
At time t1 UE2 is also subject to mobility failure. However, UE2 makes its RLF Report available only at t4. Given that t4 is outside T_mro_1 (t0 – t3) and given that the RLF affecting UE2 occurs within T_mro (t0 – t3), this RLF Report shall be discarded. This is because the RLF Report refers to a failure occurred with mobility settings that already have been corrected by MRO at time t3.
On the basis of the scenario described in Figure 3 two points can be captured:

1) According to current MRO functionalities the network does not know when a failure corresponding to a given RLF Report occurred. It is therefore not possible to correctly discard stale RLF Reports for the sake of applying robust corrective actions

2) Even if the network was able to evaluate whether an RLF Report is stale or valid, late reporting of RLF Reports would result in the loss of a potentially large number of RLF Reports. 

To address the problem highlighted above the following is proposed:

Proposal 2: In order to allow IRAT MRO to apply a reliable selection of corrective actions, it is proposed to adopt an IRAT MRO solution that allows prompt reporting of RLF Reports

There might be cases in which delays in the RLF Report signalling may be due to e.g. the network not supporting RLF Report retrieval, or the UE staying in Idle for a long time. For these reasons the following is proposed, even for cases in which timely report of RLF Reports is possible:
Proposal 3: In order to enable the network to distinguish between stale RLF Reports and valid RLF Reports it is proposed to enhance the RLF Report with an indication of the time from failure
3 Solutions analysis
In light of the aspects highlighted in Section 2 an analysis of the solutions currently available for IRAT MRO can be conducted. 
In Solution 1-A the main objective is that of containing as much as possible the impacts of IRAT MRO on other RATs, i.e. on non-LTE RATs. This solution proposes to allow RLF Reporting only in LTE, i.e. the UE will have to return to an eNB supporting IRAT MRO to be able to report the RLF Report. 

In light of the analysis carried out in section 2 the following observations can be made:

1) Late availability of RLF Reports implies that many RLF Reports may be stale, i.e. in need to be discarded. Failure to discard such reports may lead to unreliable corrective actions
2) Provided that the network is able to discard stale RLF Reports, a potentially high number of RLF Reports might become unavailable. This would lead to unreliable decisions on corrective actions to be applied 
3) Corrective actions applied in one RAT (e.g. LTE) need to be counter balanced with corrective actions in the corresponding neighbour RAT. This implies that neighbour RATs may often need to be involved in the MRO evaluation and in the procedures signalling, i.e. impact on neighbour (non-LTE) RATs is rather considerable, even if signalling of RLF Reports is not mandated.

In Solution 2 the main objective is that of allowing prompt RLF Report availability in the LTE and UTRAN networks. This solution tries to minimise impact on the GERAN network due to its high legacy footprint. 
In light of the analysis carried out in section 2 the following observations can be made:

1) Late availability of RLF Reports is reduced to the minimum. This implies that a higher number of valid statistics are available and therefore more robust corrective measures can be adopted.
2) Full support of IRAT MRO in LTE and UTRAN (and support of MRO in GERAN excluding RLF Reports signalling) provides the best platform to enable cross RAT mobility parameters tuning in the occurrence of corrective actions applied to a specific RAT. This would prevent other mobility failures/inefficient behaviours.

In Solution 4 support of RLF Report signalling in all RATs involved in the IRAT MRO solution is supported. However, in the attempt of reducing IRAT signalling RLF Reports are made available only when the UE returns to the RAT in which the RLF occurred. 

In light of the analysis carried out in section 2 the following observations can be made:

1) Late availability of RLF Reports implies that many RLF Reports may be stale, i.e. in need to be discarded. Failure to discard such reports may lead to unreliable corrective actions

2) Provided that the network is able to discard stale RLF Reports, a potentially high number of RLF Reports might become unavailable. This would lead to potentially unreliable decisions on corrective actions to be applied 

3) Minimisation of IRAT signalling may imply that IRAT corrective action coordination cannot be carried out. This may imply slow network convergence and it could trigger collateral mobility failures/inefficient behaviours.

4) The impact of IRAT MRO support in GERAN may overweight its benefits, due to the likelihood of large parts of the GERAN network supporting legacy releases and evolving at a slower pace.

Solution 5 is a derivation of Solution 1. Therefore the same design principles apply. In addition to what already mentioned for Solution 1, Solution 5 addresses only part of the mobility failures (although the prioritised ones) but most importantly, in case of “too early” handover from 3G to LTE this solution foresees the identification and correction of the mobility failure entirely within the serving RNC. 
It may be true that a smart implementation should be able to address part of the causes at the bases of such scenario. However, due to the need of cross RAT coordination, it is believed that IRAT signalling is required to ensure system convergence after corrective measures are applied. Solution 5 shows some limitations in addressing this aspect of the overall solution.
Given the analysis above the following is proposed:
Proposal 4: In order to base corrective actions on the highest amount of failure information possible and in order to ensure cross RAT coordination during mobility settings adjustments it is proposed to adopt an IRAT MRO solution approach in line with Solution2 as per R3-120912 

4 Conclusion
This paper has described requirements for IRAT MRO that were previously not considered. High emphasis was put on reliability and robustness of corrective actions, which comes from availability of as much failure data as possible, as well as on the need of cross RAT coordination of mobility setting adjustments, which comes from IRAT signalling and support of MRO evaluation at each RAT.
The following proposals were outlined:

Proposal 1: It is proposed that solutions selected for IRAT MRO shall give the possibility to tune and coordinate mobility parameters across RATs as a consequence of corrective actions applied to one RAT

Proposal 2: In order to allow IRAT MRO to apply a reliable selection of corrective actions, it is proposed to adopt an IRAT MRO solution that allows prompt reporting of RLF Reports

Proposal 3: In order to enable the network to distinguish between stale RLF Reports and valid RLF Reports it is proposed to enhance the RLF Report with an indication of the time from failure

In order to fulfil the IRAT MRO requirements described the following proposal was also presented:

Proposal 4: In order to base corrective actions on the highest amount of failure information possible and in order to ensure cross RAT coordination during mobility settings adjustments it is proposed to adopt an IRAT MRO solution approach in line with Solution2 as per R3-120912 
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