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1. Introduction
RAN3 has been discussing intra-LTE Mobility Robustness Optimization (MRO), to enable more precise detection of failure events in HetNet deployments. RAN3 has also sent an LS [1] requesting RAN2 to evaluate some methods which has been discussed in RAN3. The methods are following:

a) Add C-RNTI of the failure UE in the last serving cell to the RLF report, to enable identification of the failure UE’s context in the last serving node. This method has been agreed in RAN3 as a way forward for identification of the failure UE context.
b) Add the triggers for the RLF (i.e. expiry of T310, MAC RA issue or UL RLC issue) to exclude problems that are not related to UE mobility from the MRO detection.
 This paper provides an analysis of the above two methods.
2. Discussion
2.1. UE Context Identification
According to the current specification, C-RNTI is the only UE ID which is known by both a UE and its serving eNB. Therefore, a failure UE reporting its C-RNTI in the last serving cell is the only feasible way for the last serving eNB to identify the failure UE’s context, unless a new IE for UE identification is introduced. Generally speaking, reusing the existing IE is preferred.  Hence, in our understanding, adding C-RNTI in the last serving cell to the RLF report is the most optimal method for failure UE context identification.
However, it is not enough to use C-RNTI alone for failure UE context identification. The reasons are following:

a) There may be C-RNTI ambiguity. This can be illustrated by the following example. UE_A was served by Cell_X(belongs to eNB_X) with C-RNTI1 before experienced a RLF. After the RLF, UE_A connected to another eNB (eNB_Y) and sent a RLF report.  eNB_Y then forwarded the received RLF report to eNB_X. However, before UE_A’s RLF report was received by eNB_X, Cell_X had already reallocated the C-RNTI1 to another UE, e.g. UE_B. When UE_A’s RLF report back to eNB_X, according to the C-RNTI in the RLF report, eNB_X may mismatch the RLF report from UE_A and the context of UE_B.
b) There may be PCI confusion. A failure UE may not have enough time to obtain the last serving cell’s ECGI when a RLF occurred shortly after a successful handover. In this case, the failure UE has to include the PCI, rather than the ECGI, of the last serving cell in the RLF report. In HetNet scenarios, it may be possible the eNB, which received the RLF report from the failure UE, has multiple neighbouring eNBs which control cells have identical PCI with the PCI failure UE reported. Then the eNB needs to forward the RLF report to all the neighbour eNBs whose PCIs are identical with the PCI failure UE reported. Unfortunately the neighbour eNB which received the RLF report can’t decide whether it is the failure UE’s last serving eNB with only the failure UE’s C-RNTI. 
c) There may be wicked UEs. With only C-RNTI in RLF report, the last serving eNB can’t decide whether the UE sends the RLF report is a real RLF UE or a wicked UE who sends fake RLF report maliciously.
Take the above into account, we propose that shortMAC-I should also be added to the RLF report to assist the UE context identification. 
Proposal 1:RAN2 to confirm that adding C-RNTI and shortMAC-I in RLF report is the most optimal method for identification of UE context.

2.2. Triggers for the RLF
Triggers for the RLF (i.e. expiry of T310, MAC RA issue or UL RLC issue) are proposed to be reported in the RLF report to exclude problems that are not related to UE mobility from the MRO detection. But our analysis shows that triggers for the RLF cannot distinguish MRO problems from problems not related to UE mobility. Details are following. 
In the following figure, the black circles illustrate the downlink coverage and the red circles illustrate the uplink coverage. For the reasons of frequency and deployment, the downlink and uplink coverage are not identical exactly. Both the UE1 and UE2 connected to the Cell A before they experience RLF. The positions of UEs when RLF occurs are illustrated in the figure. For UE1 the failure is due to an uplink coverage hole, and adjusting handover setting cannot resolve the issue. While for UE2 the failure is related to mobility, i.e. HO too late, and making UE2 handed over to Cell B earlier can avoid the RLF. From this example, it can be seen that MAC RA/UL RLC issue can be caused by either MRO problems or UL coverage problems, and the root cause cannot be determined just based on the trigger. Hence triggers for the RLF cannot distinguish MRO problems from problems not related to UE mobility. 
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Figure MAC RA issue or UL RLC issue
Proposal 2:RAN2 to confirm that triggers for the RLF cannot distinguish MRO problems from problems not related to UE mobility. 

.
3. Proposals
Given the analysis from the previous section, the following are proposed to be included in the reply LS to RAN3:
Proposal 1: Adding C-RNTI and shortMAC-I in RLF report is the most optimal method for identification of UE context.

Proposal 2: Triggers for the RLF cannot distinguish MRO problems from problems not related to UE mobility. 
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