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1 Introduction

As specified in TS36.300, one of the main objectives of Mobility Robustness Optimisation is to detect and enable correction of connection failure due to mobility. MRO also provides means to distinguish LTE coverage related problems. The issues relating to MRO then RLF for both Rel-9 and Rel-10 have been discussed intensively in both RAN3 and RAN2. Due to the perspective differences between RAN3 and RAN2, RAN3 representing network’s view while RAN2 being terminals’ view, there are some doubts if RAN3 MRO functions have covered all the failure cases which were aimed at.
Moreover, MRO and RLF issues become much more complicated and maybe more frequent in HetNet scenarios due to the diversity of base stations in such networks. In this contribution, we examine each failure case relating to MRO and RLF, and analyse the root causes from UE’s perspective. Based on the analysis, we propose that UE’s record of the connection failure should be taken into account in order to locate the root cause efficiently and accurately.
2 Discussion
The main objective of MRO in RAN3 is to identify the root cause of a connection failure before, during and after handover. These failures then may be avoided, e.g. by adjusting the handover parameters.

Regarding the connection failure, it has been specified in RAN1 TS36.213 that the downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. Especially,

“The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout.”

Meanwhile, a connection failure is identified as an RLF or a handover failure (HOF), which are specified in RAN2 TS36.331. These failures are detected by UEs. The related measurements may be reported, if available, to the network when the UE re-establishes the connection with a cell.

2.1 Radio Link Failure Analysis in the UE
Based on TS36.331, the UE shall consider radio link failure to be detected:

>
upon T310 expiry; or

>  upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or

>
upon indication from RLC that the maximum number of retransmissions has been reached.
A. Expiry of T310

If the RLF is due to the expiry of T310, it means the following conditions are true:

- 
the UE is not in the procedure of RRC connection request (when the IE in idle mode);

-
the UE is not in the RRC connection re-establishment request (when the UE in connected mode);

-
the UE is not in the handover procedure.

In addition, there is no MAC random access issue or RLC re-transmission issue reported that results in detection of radio link failure.
The potential root cause of RLF upon expiry of T310 can be located by using the scheme illustrated in Figure 1.
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Figure 1: RLF root cause analysis upon expiry of T310
B. Receipt of MAC random access problem indication

If the RLF is due to the receipt of MAC random access problem indication, it means the following conditions are true:

 - 
the UE is not in the procedure of RRC connection request (when the IE in idle mode);

 -
the UE is not in the RRC connection re-establishment request (when the UE in connected mode);

 -
the UE is not in the handover procedure.

In addition, there is no physical link problem or RLC re-transmission issue reported that results in detection of radio link failure.

Considering there is no downlink physical link problem has been reported, the potential root cause of the radio link failure in this case is due to uplink issues related to MAC random access procedure, for example, inappropriate Tx power setting.

C. Maximum RLC retransmissions being reached

If the RLF is due to the receipt of the indication that maximum number of RLC retransmissions has been reached, it means the following conditions are true:

- 
There is no physical link problem reported that results in detection of radio link failure.

If the UE is not in the procedure of RRC connection request, or RRC connection re-establishment request, or handover procedure, it means there is no downlink physical link problem.

-
There is no MAC random access problem reported that results in detection of radio link failure.

If the UE is not in the procedure of RRC connection request, or RRC connection re-establishment request, or handover procedure, it means there is no problem related to random access procedure.

The potential root cause of RLF in this case can be located by using the scheme illustrated in Figure 2.
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Figure 2: RLF root cause analysis upon Max RLC re-trans. reached
Observation: Analysing the connection failure cases from the UE’s perspective can locate the root causes in a much more accurate manner.
2.2 Enhanced MRO Scheme
The current MRO scheme relies on both UE’s measurement reports and the UE context stored in the eNB. There are several obvious drawbacks with the scheme:

- The UE’s measurement reports, e.g. RSRP/RSRQ, are about downlink quality only.

However, for a UE the quality of uplink and downlink are not always symmetrical (e.g. due to interference). To get the uplink quality the eNB has to keep the record of this UE’s uplink quality (e.g. via SRS measurements). 
- The context of the UE is stored only for a short period in the eNB where RLF happened.

This may be sufficient in the case that the UE successfully re-establishes RRC connection after a RLF, where the eNB still has this UE’s context when receiving its RLF report. However, in the case of fresh connection after RLF, it is likely the UE context is not available in the eNB where RLF occurred. 
    

Based on the discussion in Section 2.1, we conclude that analysing the connection failure cases from the UE’s perspective can locate the root causes in a much more accurate manner. The overall scheme consists of the following steps:

1. When a radio link failure is detected in a UE, the UE analyses and reports the causes of radio link failure, i.e. physical layer problems in the downlink, MAC random access problem, RLC transmission issues in the uplink. Especially the UE reports the potential root causes for the RLF (such as [MRO Issue (MR triggered; T310 expired)]; [Coverage Hole (UL RLC problem; DL PHY problem)], etc.). 

2. When the report is available in the eNB where the RLF occurred, the eNB further analyses the causes of the radio link failure taking into account its own measurements, e.g. SRS measurements of this UE if available.

3. Based on the conclusion, the base station may take further actions in order to optimise the performance of the network. Such optimisation actions include 

· Based on the knowledge of the handover procedure occurred to the said UE, the base station can further identify the root cause of RLF, e.g. HO too late, HO too early or HO to the wrong cell.

· When RLF reported by the UE with the cause of MAC random access issue, the base station may initiate RACH report procedure of the currently connected UEs at the similar location, which may further identify the cause of RA problem thus help the RACH optimisation.

· When coverage hole of uplink or downlink or both is reported by the said UE, the base station may analyse the associated measurement reports, and /or initiate the corresponding procedure (such as MDT procedures) to further identify the issue.

· The base station may communicate with neighbour base stations or report to the OAM system in order to optimise the performance of the network. 
3 Conclusion

This paper examined the failure case relating to MRO and RLF, and analysed the root causes from UE’s perspective. Based on the analysis, we conclude that analysing the connection failure cases from the UE’s perspective can locate the root causes in a much more accurate manner. Therefore, we kindly ask RAN3 to discuss the proposed scheme described in Section 2.1, and agree on the following proposal:

Proposal: The UE’s perspective should be considered when analysing the connection failure cases in order to locate the root causes accurately and efficiently.[image: image3.jpg]Y




