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1 Introduction
The study on LTE Release-8 mobility performance has been started since the RAN1 #55bis meeting in Jan ’09. The framework for evaluation and the modeling of handover and radio link failure events have been described in the text proposal for the TR [1]. An liaison statement (LS) has also been forwarded to RAN2 and 4 for their recommendations on the parameter values for both HO and RLF procedures [2]. Responses to the LS have been received from RAN2 [3] and RAN4 [4] prior to RAN1 #57 meeting. 
2 Analysis of simulation results 
A number of contributions have been submitted to RAN1 #56bis meeting with simulation results on mobility performance [5]
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[10]. Although the simulation results cannot be compared directly because of the differences in simulation assumptions and modeling, some degree of consistencies can be observed in the information provided by various set of simulation results. 
In [5] and [6], mobility performance is evaluated for Manhattan scenario for various HO parameter values that are known to affect the HO performance directly. It can be observed from the simulation results that the RLF rate increases as the time-to-trigger (TTT) increases. Thus, the RLF rate is quite significant for 30km/h with TTT = 200ms, for the simulated RLF thresholds Qout = -10 dB, Qin = -6 dB. 
In [10], the mobility performance is evaluated for the high speed scenario at 120 km/h and 350 km/h with TTT = 640 ms. The simulation results show that the RLF rate is in the range of 3%-6%, which is more than double of  that of HO rate. These simulation results are thus consistent with those in [5] and [6]. Thus, in the deployment scenario for high speed trains, it may be more advantageous to set the TTT to a lower value to allow HO procedure to be completed before RLF. Although the HO rate is expected to increase, the cost of HO with respect to service interruption time is lower than that of RLF recovery. 
In [7] and [8], the HO failure rates are shown to be insignificant for both Manhattan and high mobility scenarios, without accounting for the RLF rate. Although the values of HO parameters are not provided, it is possible to choose the optimal values of HO parameters to minimize HO failure, according to the simulation results shown in [5] and [6]. The impact on VoIP latency and jitter as affected by HO is not clearly indicated in the contribution. With 40 UEs dropped in the same sector at high mobility, it is unclear how performance may differ in case all the UEs are moving along a common trajectory, as compared with groups of UEs moving along a few different trajectories. 
3 Radio link failure triggering

Besides the optimization of HO parameters, the effect of RLF triggering parameters should also be considered in the mobility performance evaluation. 

For example, the RLF triggering threshold Qout may be set to a higher value, e.g., out-of-sync condition can be triggered when PDCCH error is more than 20% or 30%, such that there is a longer duration for HO attempts, and thus a higher probability for HO success when the link quality is not degrading too quickly. However, this would lead to another aspect of service interruption that has not been considered in the TR [1], which is the degradation in the quality of service, i.e., increase in VoIP packet loss rate, even before the service interruption timer is started. 

4 Proposed way forward 
Further simulations are necessary to evaluate the mobility performance more thoroughly. Additional simulation assumptions may be desirable for a more realistic modelling, e.g., 
a) The trajectory of UE in a Manhattan scenario can be simulated as described in [11]. In the case of high speed train scenario, the trajectory of UEs can be modelled as a straight line based on a randomly selected direction. 

b) As HO is usually triggered when the link quality is not so ideal, the measurement reports,  HO commands and other messages should be transmitted using a lower MCS, e.g., QPSK, R-1/3 or lower code rate. 

c) The modeling of uplink message error depends on the computation of uplink SINR, which is dependent on the number of UEs transmitting in various sectors and the power control mechanism. 
d) To model the impact on real-time traffic more realistically, the degradation in QoS should also be considered. As mentioned above, when the link quality deteriorates, there is likely to be an increase in packet error rate which may translate into higher VoIP packet loss and/or increase in VoIP packet delay and jitter, even before the service interruption timer kicks in. This may be a concern on HO ping-pongs. 
e) Optimization of parameters may also be simulated to show the effectiveness of improving the mobility performance in a realistic deployment model, especially when there is a mix of UEs with different speeds. 
f) Any proposed enhancements should also be evaluated to identify the gain by introducing the enhancement feature.
5 Conclusions

Based on the simulation results submitted to RAN1 #56bis, there are no conclusive results on LTE mobility performance. However, it is evidential that the mobility performance is sensitive to the values of HO parameters, and probably RLF criteria. Thus, it is recommended to continue the study on the LTE mobility performance, with a goal of associating the optimal parameter values with various deployment scenarios. For the proposed candidate enhancement techniques, evaluation should be done to show the amount of performance gain over the baseline Rel-8 performance with optimal parameter settings. 
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