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1 Introduction

At the RAN3#76 meeting, RAN3 discussed the manner of UE reporting RLF root cause as proposed in [1], namely “Solution 5” captured in [2], and endorsed that [3]:
· Enhancement of RLF report with the triggers for the RLF so that the network can exclude problems which are not related to mobility.

RAN3 has also sent an LS to request RAN2 to evaluate the feasibility and benefits of reporting such RLF root cause [4].
In this contribution, we provide further considerations on the RLF root cause and discuss the effectiveness of Solution 5 of [2].
2 Discussion
The MRO function mainly focuses on connection failures due to inappropriate mobility settings and provides means to distinguish LTE coverage related problems from the abovementioned problems [5]. In the context of MRO, the typical LTE coverage related issue is the coverage hole problem.
A downlink coverage hole indicates an area, where no downlink signal from any cell is good enough for UE to establish reliable connection. From Rel-9 onwards, with the aid of the Reference Signal Received Power/Quality (RSRP/RSRQ) reported from UE, the MRO function is capable of identifying whether a connection failure is due to downlink coverage hole or not.
Similarly, we may define an uplink coverage hole as an area, where the received uplink signal power/quality is not good enough for the serving cell (non-HO case) or the HO target cell to maintain/setup a reliable connection. The reasons for the uplink coverage hole phenomenon may include imbalanced downlink/uplink coverage radius, out-of-control interferences and so on. Note that the downlink and uplink coverage holes are probably asymmetrical.
The probability of encountering RA failures or RLC retransmission failures is expected to become higher than normal when a UE enters an uplink coverage hole. From this perspective, Solution 5 of [2] has been proposed to exclude the above failures from the scope of MRO. In other words, these problems were classified as RA optimization or uplink coverage hole issues rather than an MRO issue, according to the analysis in [1].
However, the study in [6] indicates that:

- UL is the limiting factor in terms of coverage;

- The coverage of DL is better than UL in general.

Our analysis shows that inappropriate mobility settings may also lead to RA procedure failures and/or RLC retransmission failures. In this sense, obviously, the RA failures and RLC retransmission failures should be considered as in the scope of MRO.
To elaborate further, let us have a look at the example in Fig. 1. As shown in Fig. 1, there is a “safe region” for HO operations where, on both directions, the signal strength/quality is higher than the UE RLF detection threshold. For simplicity, it is assumed that the RLF detection threshold values on both directions are equal. On the left side of the “safe region” in Fig. 1, in the region of “UL failure in target cell”, the downlink signal of neighbour cell is still good enough (i.e. no T310 expiry) but the uplink signal of the UE is too weak for the neighbour cell to demodulate it. During HO procedure, the UE in the “UL failure in target cell” region is likely to experience a RA failure or RLC retransmission failure. Such HOF or RLF actually represents a typical “Too Early HO” case.
Moreover, on the right side of the “safe region” is the “UL failure in source cell” region, where UE has no problem to receive downlink signal from serving cell but is too distanced to successfully complete RA or RLC retransmission procedures with the serving cell. In this case, the RLF relates to improper mobility setting and should be considered as a typical “Too Late HO” case.
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Fig. 1: Example of RLF in UL caused by improper mobility setting.
The above example implies that at least a proportion of RA and/or RLC retransmission failures can be related to MRO. Simply excluding such failures from the MRO scope is not appropriate and may degrade MRO performance when such issues occur. In other words, Solution 5 appears to be an improper way to identify problems related to uplink coverage hole.

Observation 1: To consider RA/RLC failures only is not a reliable way to distinguish UL coverage problems from typical MRO problems.
Observation 2: Excluding RA and/or RLC retransmission failures from MRO scope is not appropriate and may degrade MRO performance.
Another conclusion can be observed from the above analysis is that MRO is capable of mitigating the occurrence of such RA/RLC failures caused by improper mobility settings. Take the “UL failure in source cell” as an example. The source eNB will realize “Too Late HO” occurred after it receives RLF Indication from neighbour eNB, and consequently to make the HO decision earlier than before. Usually, after several iterations, the mobility settings should fall into the “safe region” under MRO supervision.
Observation 3: MRO is capable of solving the RA/RLC issues caused by improper mobility settings.
Based on the above observations, we suggest that:
Proposal 1: With respect to distinguishing UL coverage problems from typical MRO problems, it is suggested that “Solution 5” is not adopted unless further proof of its feasibility is provided.

3 Conclusion

In our point of view, both UL coverage hole and improper mobility setting could lead to RA/RLC issues, which fall in the scope of MRO. Moreover, our analysis proved that “Solution 5” is not as effective as it claims to be.

Observation 1: To consider RA/RLC failures only is not a reliable way to distinguish UL coverage problems from typical MRO problems.
Observation 2: Excluding RA and/or RLC retransmission failures from MRO scope is not appropriate and may degrade MRO performance.
Observation 3: MRO is capable of solving the RA/RLC issues caused by improper mobility settings.
Based on the above observations, we propose that:
Proposal 1: With respect to distinguishing UL coverage problems from typical MRO problems, it is suggested that “Solution 5” is not adopted unless further proof of its feasibility is provided.
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