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1 Introduction

At the RAN3#76 meeting, RAN3 has sent an LS to ask for RAN2’s opinions on the following questions [1]:
	1. Overall Description:

RAN3 has discussed enhancements to the LTE MRO algorithm to enable more precise detection of failure events in HetNet deployments. As part of this work, RAN3 concluded it would be beneficial to enable identification of the UE context in the last serving node, also in case of re-connection from idle. RAN3 would like to ask RAN2 to help to find the most optimal method for the context identification in that scenario. One option that RAN3 considered is adding C-RNTI of the UE in the last serving cell, possibly with other relevant information, to the RLF Report.

Also, RAN3 would like to exclude problems that are not related to UE mobility from the MRO detection. In order to do so, RAN3 has identified the possibility for the UE to include in the RLF report the triggers for the RLF: expiry of T310, MAC RA issue or UL RLC issue. RAN3 would like to ask RAN2 to evaluate feasibility and if it is beneficial to report such triggers.

2. Actions:

To RAN2 group.

ACTION:
RAN3 would like to kindly ask RAN2 to discuss the scenarios and problems described above, to possibly introduce appropriate changes in the relevant specification and to advice RAN3 on the solution.


In this contribution, we provide our views on the feasibilities for introducing the proposed enhancements to RLF report from RAN2’s aspect.
2 Discussion
2.1 Identification of the UE context
As defined in current specification [2], C-RNTI is an unique identification used for identifying RRC Connection and scheduling for RRC_CONNECTED UE, E-UTRAN can dynamically allocate resources (PRBs and MCS) in both downlink and uplink to RRC_CONNECTED UEs at each TTI via C-RNTI on PDCCH(s). Since RRC configuration message is allocated via C-RNTI on PDCCH, C-RNTI can be uniquely associated with related UE context and mobility parameter setting for MRO algorithm.

According to the specification, the UE is required to store the latest RLF or Handover Failure (HOF) related information, and to indicate RLF report availability at each subsequent LTE RRC connection (re-)establishment and handover to an LTE cell until the RLF report is fetched by the network or for 48 hours after the RLF/HOF is detected [2]. If C-RNTI is included as identification in RLF report, the last serving eNB can retrieve relevant UE context (e.g. RRC configuration parameters of mobility for the UE in last serving eNB) as useful reference to mobility setting optimization.
Nonetheless, there may be some issues in recycling the C-RNTI. More specifically, in the extreme case, the RLF report can be kept at the UE for at most 48 hours after the occurrence of RLF or HOF. During this time, the C-RNTI included in the RLF report may not be recycled for use by other UEs. Thus, we need to consider whether C-RNTIs would be used up if a portion of them are occupied for a long time due to unresolved connection failures, i.e. RLF/HOF without UE RLF report.
Usually, a UE would (re-)establish RRC connection to eNB shortly after RLF or HOF occurs, unless it moves into a large scale coverage hole, (re-)selects to another RAT, or stays in the coverage hole. Therefore, under usual circumstances of well-planned networks, it is unlikely that C-RNTIs would be reserved for a relatively long time, e.g. several minutes. In this case, it is not so easy to run out of C-RNTIs at eNB, even if the eNB sets aside some C-RNTIs associated with unresolved connection failures.
On the other hand, the eNB can anyway initiatively release the UE contexts associated with unresolved connection failures, should any recycle of the C-RNTIs be needed. Note that such an action neither affects MRO operations nor has any perceptible negative impact on the achievable performance of MRO algorithm, since the MRO operates based on statistical information rather than selected particular cases.
From the above analysis, we can conclude that it is feasible to add C-RNTI of the UE in the last serving cell into the RLF Report as an enhancement to the LTE MRO mechanism.
Proposal 1: C-RNTI of the UE in the last serving cell can be added into the RLF report for enhancements to the LTE MRO mechanism.

2.2 Considerations on excluding problems not related to UE mobility from MRO
The RLF Report was introduced for both coverage optimization and mobility robustness optimization in LTE. More specifically, from Rel-9 and onwards, with the aid of received signal strength/quality (RSRP/RSRQ) in RLF report from UE, namely the receiver-based solution, the MRO function is able to identify whether a connection failure is caused by downlink coverage hole or not. However, in the context of current MRO mechanism, it is incapable of identifying RACH or UL coverage problems. Therefore, for excluding non-MRO UL problems, it was proposed in [1] to include in the RLF report the triggers for the RLF, i.e. expiry of T310, MAC RA issue or UL RLC issue.
However, from RAN2’s perspective, the RLF report associated with RACH failure helps to provide more accurate information for RACH optimization. Moreover, with respect to the detection of coverage hole problems, receiver-based solutions are obvious more reliable than transmitter-based solutions (recall that the detection of DL coverage problem is solved in a receiver-based way). Therefore, compared with the option based on RLF report with RLC failure, the receiver-based schemes such as SRS-based measurement (i.e. SRS from UE estimated by eNB for coverage detection) may be a better choice.
Observation 1: Other solutions without RLF report (e.g. SRS-based measurement) can be also used for detecting coverage hole problems.

One may argue that it is no harm to include such enhancement (i.e. expiry of T310, MAC RA issue or UL RLC issue) in the RLF report. In fact, our analysis from the aspect of MRO algorithm in [3] shows that inappropriate mobility settings may also lead to RACH failures and/or RLC retransmission failures as shown in Fig. 1.
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Fig. 1: Example of RLF in UL caused by improper mobility setting.
As shown in Fig. 1, on the left side of the “safe region”, 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. Actually, such HOF or RLF represents a typical “Too Early HO” case. This 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.  More details and analysis can be found in [3].
Based on the above discussions, we suggest that:
Proposal 2: With respect to distinguishing UL coverage problems from typical MRO problems, it is not necessary to include the triggers (i.e. expiry of T310, MAC RA issue or UL RLC issue) in the RLF report unless further proof of the feasibility is provided.
3 Conclusion

Based on the above discussion and observations, we propose that:
Proposal 1: C-RNTI of the UE in the last serving cell can be added into the RLF report for enhancements to the LTE MRO mechanism.

Proposal 2: With respect to distinguishing UL coverage problems from typical MRO problems, it is not necessary to include the triggers (i.e. expiry of T310, MAC RA issue or UL RLC issue) in the RLF report unless further proof of the feasibility is provided.
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