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1 Introduction
In RAN plenary #42, a Study Item was approved to evaluate E-UTRAN mobility performance ‎[1]. The purpose of the study item is to identify potential problematic areas for mobility enhancement.

In this contribution we describe an evaluation approach of mobility performance.
2 Simulation evaluation 
System level simulations are used to collect handover failure rate and call drop rate in a challenging mobility environment such as Manhattan microcell. Service interruption time of handover is also evaluated to enable the assessment of impact on real-time services.
2.1 Deployment model
To assess the mobility robustness, the Manhattan microcell environment in Figure 1 is employed. Manhattan model consists of 72 eNBs. The building block size is 200m x 200m. The street width is 30m. The cell sites are marked as red triangles in the figure. UE moves along the street at 30km/h. At intersection, UE moves either straight with probability 50% or turns left or right with probability 25%. To avoid edge effect, UE is dropped in the central area of -500m<x<500m and -500m<y<500m. This ensures that UE sees interference from a sufficient number of eNBs around it. Omni antenna pattern is assumed. Log-normal shadowing with standard deviation 8dB and a spatial correlation distance of 50m are assumed.
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Figure 1 Manhattan grid

2.2 Call drop
In a challenging mobility environment, handover may happen frequently. Figure 2 shows the event sequence of measurement report and HO command. In the simulation the percentage of handover failure is collected. Handover is defined by measurement report trigger, i.e., target cell keeps HO_threshold dB better than serving cell during the Time-to-Trigger (TTT) interval. However, if a radio link problem is detected before TTT expires, a measurement report cannot be sent. 
Handover failure can be caused by an UE not receiving HO command, or failure to access the target cell, or a measurement report not received by the eNB due to a degraded uplink quality or radio link failure (RLF) (i.e., measurement report never gets a chance to send out due to RLF). Figure 3 illustrates RLF procedure ‎[4]

 REF _Ref219052735 \n \h 
‎[5]. 

Although handover failure percentage is an important metric, call drop is an even more important performance indicator. In E-UTRAN handover failure may not always lead to call drop (i.e. UE goes to RRC_IDLE). In the simulation, the percentage of calls drop out of handover failures is collected. 

Although handover failure and RLF are two different events, they are highly related when considering call drop from handover failure. Handover failure could lead to RLF, resulting in a call drop only if the UE cannot establish a connection with the target eNB through contention based random access procedure within T2. With proper selection of handover parameter values such as the HO_threshold and TTT, RLF rate can be reduced. 
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Figure 2 Handover messages
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Figure 3 Radio link failure process
The following two handover failure scenarios lead to call drop:

· UE has detected radio problem at the time of measurement report trigger. In this case, UE shuts down the transmitter and measurement report is not sent. If radio problem does not recover within timer T1, UE declares RLF and starts timer T2. If radio problem is not recovered within T2, UE goes to RRC_IDLE and call is dropped. 

· eNB receives measurement report, and UE detects radio problem at the time of eNB sending HO command. As a result UE does not receive HO command. In this case, if radio problem is not recovered within T1, at the end of T1 UE contacts the target eNB and starts T2. If random access to target eNB is not successful by the end of T2, call is dropped. 

Although handover failure is possible due to missing HO command, the call may not be dropped if the radio link to the source eNB recovers instead of going into RLF.
In the simulation, the success of HO command transmission is modelled through link level curves. Both PDCCH and PDSCH error rates are considered.
· Maximum of 4 HARQ transmissions and 2 ARQs for HO command

· PDCCH: 8 CCEs and DCI format 1  

· PDSCH: QPSK 1/6 

· Non-ideal channel estimation 

· 2x2 SFBC 

2.3 Service interruption time
Service interruption time shows the impact of handover on real-time service. We consider the interruption time for the following two scenarios: 
(1) Normal handover (successful handover)
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(2) Handover failure due to radio problem (HO command missing due to radio problem, however UE is able to contact target cell successfully before RLF T2 expires)
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