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1. Introduction
For the ongoing study item on mobility [1], the performance of E-UTRA mobility has been presented in [2], [3]. Based on results from field logs from a dense urban scenario and a high speed train scenario, [2] found a number of handover failures and radio link failure events. Based on results from a planned layout with moderate UE speed, [3] found the number of failure events to be very small.

In this paper, we further analyse the field log results presented in [2], and describe typical events that can be seen in the field. We also describe how specific enhancements may improve performance under such events. The enhancements described here do not involve any PHY/MAC layer changes, and are limited to RAN2 and RAN3 specifications.
The results differ from prior presented results [2] in terms of more accurate modelling of RAN4 specified events, including RLF and MRM trigger, where the appropriate filters are now used. Details of the simulation environment are in the Appendix B.
2. Performance Results
This section describes events that are detrimental to mobility performance, and gives results about the occurrence of these events.
2.1
Event Description
2.1.1
RLF with failed re-establishment 
After RLF, the UE attempts to find a suitable cell, and then performs RRC Re-establishment procedures on that cell (the target cell). In case this target cell is not prepared, the re-establishment procedure fails. This may happen in two cases

· Loss of UL measurement report, leading to the network not preparing the target cell

· Success of UL measurement report, and loss of HO command. Further, the cell the UE selects for re-establishment is different from the cell reported in the measurement report and is hence unprepared. It is assumed here that the network only prepares the cell that the UE included in the measurement report.
The result of failed re-establishment is that the UE transitions to idle state, and loses any data that may be buffered at the source cell. Recovery form Idle State involves the setup of a new connection at the UE, and the associated interruption latency.
2.1.2
RLF with successful re-establishment. 

Re-establishment after RLF is successful if the target cell is prepared. This can happen if the DL handover command is lost, and the UE reconnects to a cell that is prepared by the network. The DL handover command may be lost in case the signal conditions of the source cell degrade significantly during the time taken by the network to process the MRM (mainly backhaul processing).

The effect on the UE of this event is a service interruption. 

2.2
Results

As discussed above, the loss of UL measurement report is one of the causes of a transition to idle state. The loss of the UL measurement report depends on the time at which the measurement report is sent. This time is controlled by RRC configured parameters, particularly the hysteresis of reporting, and the time to trigger. 
To reduce the loss of the measurement report, these parameters can be set to aggressive levels.

· Time to trigger (TTT) = 0ms, and Hysteresis for reporting = 1dB

These values are more aggressive than the ones used in the field, and may cause excessive measurement report load  and handover load on the system. However, they do provide an illustration of the best possible performance of measurement reports.

Table 1: Number of RLF with failed re-establishment (TTT=0ms, Hyst=1dB, T310=1sec)
	Experiment
	Number of RLF with failed re-establishment (assume two minute call)
	Number of RLF with successful reestablishment (assume two minute call)
	Avg. Time between handovers

	Dense urban case City 1
	50% loaded network
	0
	1 (0.6% calls)
	3.0s

	
	100% loaded network
	2  (1.5% of calls)
	9 (12% calls)
	3.6s

	Hexagonal Layout with Wraparound 
	Speed 30kmph
	0
	10 (in 20 calls)
	1.9s

	
	Speed 60kmph
	1 (in 10 calls)
	26 (in 10 calls)
	1.6s

	
	Speed 120kmph
	5 (in 5 calls)
	39 (in 10 calls)
	1.6s

	High Speed Train case (field log, 50% loaded network)
	11 (5% of calls)
	9 (7.5% calls)
	3.2


We also present results for a parameter setting that reduces the number of handovers triggered, at the cost of increased RLF.

Table 2: Number of RLF with failed re-establishment (TTT=200ms, Hyst=1dB, T310=2sec)
	Experiment
	Number of RLF with failed re-establishment(assume two minute call)
	Number of RLF with successful re-establishment (assume two minute call)
	Avg. Time between handovers

	Dense urban case City 1
	50% loaded network
	1  (0.6% of calls)
	2 (1.2% of calls)
	5.1s

	
	100% loaded network
	11  (7% of calls)
	10  (7% of calls)
	6.0s

	Hexagonal Layout with Wraparound 
	Speed 30kmph
	4 (in 20 calls)
	34 (in 20 calls)
	3.9s

	
	Speed 60kmph
	5  (in 10 calls)
	71 (in 10 calls)
	2.5s

	
	Speed 120kmph
	11  (in 5 calls)
	104 (in 5 calls)
	3.1s

	High Speed Train case (field log)
	8 ( 9% of calls)
	15
	4.4


2.3
Discussion
The results presented above show that though the mobility procedures have adequate performance in benign mobility environments, there is a potential for improved robustness in case of challenging scenarios such as high UE speed or heavily loaded dense urban networks.

Though the setting of aggressive reporting thresholds can improve performance, it comes at a cost of higher handover load, including over the air signalling message load and backhaul load for the transfer of data buffers. It is desirable to have a robust handover methodology that can continue to provide interruption free service even when the number of handovers has to be limited to preserve network resources.
3. Techniques to improve mobility procedure robustness
This section describes two techniques to improve the performance of mobility procedures under challenging  mobility environments. These procedures do not involve any change in the PHY/MAC layers.
3.1
Context Fetch: Reducing failed re-establishment after RLF 

As discussed above, the primary deterioration in service caused by UL measurement report loss is due to the inability of the network to prepare target cells for handover, resulting in failed RLF re-establishment causing the UE to transition to idle state, and also to lose any data that may be buffered at the prior serving cell.

In case the target cell is not prepared, context fetch is a method that allows for efficient recovery from RLF without the UE having to go through RRC-Idle. The RAN2 and RAN1 support for this enhancement is already part of Release-8, but RAN3 support is not part of Release-8. 

Context fetch involves an unprepared target cell to use backhaul messaging to fetch the UE’s context and buffered packets from the source cell, and re-establish the RRC connection with the UE without having to go through RRC-Idle.  A high level call flow is shown in Appendix A, and some prior documents on the subject are [3], [4].

Benefits: In case the target cell is unprepared, the benefits of context fetch are as follows

· Prevents the UE from going to RRC-Idle after RLF. A transition to RRC-Idle

· Reduces the interruption in service, because data connectivity can be restored quickly to the UE, without the extra signalling that is needed to recover from RRC-Idle. The time taken to return to RRC-Connected state from RRC-Idle is about 100ms [5], and hence preventing an idle transition reduces the outage experienced by the UE by about 100ms. 

· Allows buffered data at the source cell to be delivered through the serving cell. This could be beneficial for applications like TCP that react unfavourably to data loss.

· The Release-8 E-UTRAN UE already supports the signalling needed to implement context fetch on the network side, and the only addition to support this enhancement is the introduction of one additional message and related procedure to the backhaul protocol.

3.2
C-Plane Enhancements: Reducing service disruption in case of successful re-establishment after RLF
The primary degradation due to DL HO Command loss is the extra time the UE takes to re-establish at another target cell. This time consists primarily of two components

· Reading of system information from the target cell (median 80ms for SIB2 + decoding time +SIB1 reading ~100ms)

· RRC-Reconfiguration procedures at the target cell (four over the air round trips and UE processing ~ 42 ms)

Reducing SIB reading time: The time taken to read the SIB can be reduced if the UE is made aware of the SIBs of neighbour cells while it is connected to the source cell. These SIBs may be unicast to the UE from the serving cell. The savings of performing this optimization are equal to the time taken to read SIB1 and SIB2 from the target cell, for which the median value is ~100ms.

For UE’s that require more time diversity to read the SIBs, the time saved may be larger than the median value.

Reducing re-establishment time: The time taken to re-establish at the target cell after RLF involves a four-way RRC reconfiguration operation. This time may be reduced by providing the UE with RRC reconfiguration information for several potential target cells. 
The key points of prepared cell set are as follows, and details are provided in[4].

· The source cell may prepare multiple target cells for handover, and inform the UE about this preparation.  The UE may be informed of the RRC configuration at the prepared targets 

· The UE simply stores this preparation information, until a re-establishment at the target cell is required. 

· At the time of re-establishment after RLF, the UE applies the configuration.

· The trigger used by the network for cell preparation could be measurement reports that indicate certain target cells crossing a threshold, with preparation happening before handover becomes imminent
4. Conclusions
We presented the mobility performance for LTE, and results show that 
· the mobility performance is adequate for benign environments, but there are some difficulties that arise in case of challenging mobility environments. 
· Aggressive parameter setting is required to attain adequate performance, but it comes at the cost of increased handovers.

We also presented solutions that improve the robustness of mobility procedures, and that reduce the interruption caused during recovery from radio link failure . 
· The solutions presented do not involve any physical or MAC layer changes, and are limited to signalling (RRC) or backhaul S1/X2 enhancements. 
· Further, the context fetch based enhancement has the advantage of being a network side improvement, and is applicable also to a Rel-8 LTE UE.

5. Appendix 

A: Message flow for forward handover
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Figure 1: Message flow for forward handover
B: Simulation Parameters

Table 3: Simulation Parameters
	Parameter
	Value

	Physical Layer Parameters
	

	UE Max Tx Power
	24 dBm (no power control)

	Average eNB IoT (other cell)
	7 dB

	Number of UEs in simulation
	1

	eNB N0 (per Hz)
	-168.74 dBm

	DL Power Boost
	6 dB

	UL/DL HARQ Delay (UL and DL)
	8 ms

	HO Request Delay (SR)
	11 ms

	DL Assignment Delay (scheduler)
	4 ms

	Qout
	-8 dB

	Qin
	-6 dB

	Filter for Qin/Qout events
	10ms

	Timer for Qout, and Qin (or alternately, number of consecutive indications in “[]”).
	200ms [20], 100ms [10]

	PDCCH Error rate

(work underway for better modeling)
	0% above -8dB

20% below -8dB

	Upper Layer Parameters and Model
	

	Measurement Report Msg Size
	200 bits

	Handover command Msg Size
	300 bits

	Measurement Filtering (for RRC trigger, rectangular filter)
	200ms

	Measurement Error
	0

	Time to Trigger (RRC event A3)
	200ms, 0ms

	RRC Filtering Coefficient
	0 (no filtering)

	Hysteresis (RRC event A3)
	1dB

	Backhaul Delay (MRM to HO Command) 
	50ms

	Number of upper layer retransmissions
	4 (total 5 transmissions)

	Call duration (assumed)
	2 minutes

	Cell preparation in case of RLF
	- Source cell always prepared

-Cell that triggered event A3 prepared if MRM success

-All other cells not prepared

	Recovery in case of RLF
	Fixed latency model

-42ms for prepared cell

-142ms for unprepared cell

	T310 and N310
	Modeled with N310=1

	N311
	Modeled  with N311=1

	T310 expiry
	Search for strongest cell modeled, assume zero latency for search

	Log Details
	

	Call Duration (assumed)
	2 minutes

	Total Log duration (dense urban)
	300 minutes

	Total log duration (high speed train, 250kmph)
	200 minutes

	Maximum Cell Power
	43 dBm (40 dBm for train)

	Hexagonal Layout parameters
	

	Layout
	D1

	Number of cells
	21

	Cells per eNB
	3

	Site to site distance
	0.5km

	Inter-cell Shadow fading correlation
	0.5

	Shadow fading decorrelation distance
	30m

	Shadow fading std. dev.
	8dB

	UE Trajectory
	Straight line fixed speed, along several randomly selected paths

	UE Trajectory length
	20km for each UE speed


Further details about the simulation framework are in accordance with [8].
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