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1 Introduction
A new study item on E-UTRAN mobility evaluation and enhancement has been approved in RAN 42 plenary meeting [1]. As the performance of handover in LTE has not been previously evaluated in RAN1, the study item proposes to evaluate the performance and recommend enhancement techniques. We discuss the necessary steps for completing the evaluation, and propose a way forward.
2 Objectives of the Mobility Enhancement SI

The following objectives have been agreed in [1] for mobility enhancement SI:

1. Evaluate robustness and performance of the existing handover procedure in case of delay-sensitive real time services and in case of high throughput non-real time services. 

2. Make a determination on the need to enhance the existing handover procedure.

3. Identify and recommend enhancement technique(s) (in case a need is identified).
The objectives suggest that the evaluation could also be split in three parts: Agreeing on evaluation methodology & assumptions, evaluating Rel’8 baseline mobility performance and evaluating proposed mobility enhancements against the baseline. We will discuss each of these parts in the following sections.
Additionally it was discussed and agreed in the RAN plenary #42 meeting that RAN4 should also review the work on mobility enhancements in order to ensure that the work RAN4 has done on LTE mobility performance is taken into account in this study item. In this contribution we also provide an overview of LTE mobility performance and enhancements studies RAN4 has been working already. (see more discussion in section 5).
3 Mobility Performance Evaluation Methodology and Assumptions
Obviously, evaluating mobility effects fully requires system simulations, for which there have been some contributions in previous RAN1 meeting(s). [2],[3],[4] and [5] propose evaluation methodology for mobility performance, with some semi-analytical simulation results included as initial analysis.
All the contributions [2],[3],[4] and [5] have a few things in common in their proposals for evaluation methodology and assumptions:

· Simple macro-scenarios are not always sufficient for mobility evaluations: They tend to be too regular for problems to appear, and pathloss changes rather slowly
· Manhattan or Urban canyon – style scenario is seen important for mobility evaluations due to the demanding pathloss conditions

· The effects of delay, service interruption and link failure probability are proposed as key metrics for mobility performance evaluation

· Different traffic types / QoS classes have different performance requirements, also from mobility procedures

· Both uplink and downlink should be simulated: Losing measurement reports in UL can be just as or even more severe than losing HO command in DL, as both may lead to a radio link failure.
· Real-time services are seen as the key point in mobility evaluation, as they require tight delay requirements from data transmission
In order to ensure robust mobility performance it is indeed important to study handover performance in different practical deployment scenarios and select parameter and assumptions carefully so that suitable balance between different performance and other aspects can be made during the study. In the early phase of LTE REL8 specification work LTE handover performance was studied in RAN4 and somewhat also in RAN2. For instance the RAN4 contribution [4] presents some initial handover performance simulation results based on fully dynamic system simulations both in macro and Manhattan scenarios. 

In addition to the evaluation methodology and assumptions listed above, we would draw attention to some details typically considered in RAN4 mobility studies:

· The filtering of UE measurements (both L1 and L3), UE measurement reporting scheme, accuracy of measurements and used measurement configurations (i.e. defined measurement quantities and events) should all be specified in simulation assumptions, and common baseline assumptions using the typical RAN4 requirements should be utilised unless there are reasons to do otherwise. 
· Measurement performance requirements take DRX into account, and the requirements are scaled according to DRX period. Hence, the assumptions of DRX usage and parameters should always be noted when presenting results. Some examples of mobility studies with DRX assumptions can be found in [8], [12], [13], [14] 
· The mobility usage of the simulations (i.e. used speed (distribution) and model according to which UEs move) should listed in simulation assumptions to have best comparability against others’ results

· Also inter-frequency handover cases should be evaluated: Inter-frequency measurements are more difficult for UEs who require measurement gaps for them, and the delays can vary more when gaps are used

· Cell identification time should be taken into account in evaluations: UE can’t measure a cell that it has not identified (i.e. the cell has been searched for, found and UE has obtained synchronisation to it)
While some common assumptions (like minimum set of scenarios that should be covered) could and should be agreed, it is recognised that not all the details can be harmonised. Further, when analysing and exposing problems in mobility, care should be taken so that results are not showing a “problem” that only exists in a badly-configured network; The sensitivity of easily-configured parameters should also be analysed when showcasing possible mobility problems.

4 Rel’8 Baseline Mobility Performance

While RAN4 has done some analysis on various mobility performance aspects like measurement accuracy, RLF and mobility state evaluation, a detailed analysis of mobility performance in 3GPP scenarios like Case1-Case4 has not been contributed. However, it is assumed that the baseline mobility has no known problems in the common macro-like scenarios, as they have already been used quite extensively in the analysis. For the evaluation, standard scenarios should

We propose the following steps for the baseline evaluation:
1. Typical mobility scenarios: Parameter sensitivity evaluation
2. Identifying sub-optimal mobility performance in Rel’8
3. Showing clear problems with Rel’8 mobility performance

Here, we would expect that whereas 1) is mostly about establishing a baseline for comparison of further results, 2) will take most work and 3) should hopefully be non-existent.
Since Manhattan / Urban canyon – scenario has been proposed in [2],[3],[4] and [5] as a potential problem case, we suggest that a more thorough analysis of that scenario is agreed as one case for the baseline performance study, and the following metrics are studied:
· Link failure probability in low/medium/high interference conditions

· The percentage of UEs in outage (according to defined outage criteria)
· Amount of handovers & signalling incurred

· The SINR before/after handover
Additionally, we propose that some well known and defined scenario(s) is used for the studies. For example the Manhattan simulation scenario [6], which was originally defined for the UMTS evaluation phase  and which is a widely used urban micro cell model, models 200x200 m building blocks with street width of 30 meters. 72 base stations with omni-directional antennas are placed as shown in Figure 1 in Annex. The base station antennas are assumed to be below the rooftop level. This layout together with the sophisticated mobility and propagation models described below makes this scenario especially suitable for studying street canyon and round-the-corner effects. As per UMTS 30.03 [6], the full scenario need not be studied, only the area related to base stations marked with ‘T’ in Figure 1. This is highlighted in Figure 2, which shows the close-up picture of the scenario center where the traced eNBs are located. 
Finally, one observation should be made: Mobility can never work perfectly for 100% of users, 100% of the time. A margin of error should be admissible, and the performance should always be evaluated so that e.g. 98% of users are satisfied, or e.g. the problem occurs for less than 2% of the time. 
5 Evaluating Proposed Mobility Enhancements
While RAN1 has not been studying mobility aspects of Rel’8 to a large extent before, RAN4 has had several contributions on the area of mobility robustness on the area of measurements, and those contain partial analysis of mobility in certain (worst-case) scenarios. Lately, the analysis has not been on the mobility performance as such, but more on setting the performance requirements to be reasonable even in the worst-case scenarios. In the early phase of LTE REL8 RAN4 also conducted some basic mobility performance studies in order to understand the basis for setting UE requirements for mobility supported (e.g. [7] and [8])
All the contributions [2],[3],[4] and [5] have expressed a view that in light of earlier HSPA mobility enhancement studies, at least Manhattan / Urban canyon scenario should be evaluated for mobility enhancement potential. We agree with this, but propose that the baseline performance of the scenario should also be investigated more thoroughly than shown so far, as the results shown have not considered whether the problems exist in general in Rel’8 or just with certain parameter combinations. We would also observe that the problem has also been analysed earlier in RAN4 early in LTE investigations, see [8], [9], [10], [11].
Additionally as RAN4 has already considered and studied some potential mobility related enhancements for REL9 (see e.g. [14], [15], [16], [17], [18], [19], [20], [21]), we see that these enhancement studies in RAN4 should also be taken into account in the mobility performance evaluations under this study item. In this way it is possible to study and obtain complete picture of the LTE mobility performance and potential mobility enhancements needs.

6 Conclusion
Based on the discussion in this paper, we suggest the following steps regarding study item [1]:

1. Agree on baseline simulation assumptions for Rel’8 mobility performance in common scenarios

2. Evaluate the baseline performance of LTE Rel-8 mobility procedures, taking into account what is already possible within Rel’8
3. Evaluate also LTE mobility enhancements already studied in RAN4 but not considered essential for Rel-8
4. If a need for enhancement is confirmed, identify the specific areas of the mobility procedure that can be enhanced to meet the needs.
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Annex A: Manhattan scenario
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Figure 1: The basic Manhattan deployment scheme.
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Figure 2:Closeup of central area of the Manhattan deployment scheme
Annex B: Simulation Assumptions

Table 1 lists (some) considerations of which features should be modelled and taken into account when checking the LTE mobility performance of Rel’8 and beyond.

	Feature/parameter
	Comments

	L1 filtering of UE measurements
	UE filtering should be aligned with typical RAN4 assumptions to be better able to benefit from earlier studies

	L3 filtering of UE measurements
	L3 filtering delays measurements but also averages them more

	DRX
	Measurement performance requirements are different with different DRX cycle lengths

	Time-to-trigger and handover margin(s)
	The parameters used for UE event reporting define how fast measurement reports are sent, and therefore have an effect how fast handovers based on measurements will be done.

	Cell identification
	UE can only measure identified cells, and cell search takes some time. This can have large impacts in fast-changing propagation conditions where few cells are detectable.

	Outage criterion
	Outage criteria vary according to service: e.g. for VoIP, NGMN used max 2% PER/user & max 5% user outage as system capacity definition.

	Handover delays
	The delays in handover may vary: This can usually be easily modelled with random distributions.

	Errors in measurement reports and HO commands
	If measurement report or HO command is lost, consequences may be that UE ends up in RLF (due to delayed HO or failed HO), so these error sources should be possible to model. However, at the same time, it should be possible to omit these errors, to best see how much they really affect the mobility performance.

	Channel model and receiver characteristics
	Channel model and UE receiver affect how well signals are received


Table 1. Considerations for mobility simulations
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