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1 Introduction 
The LTE Work Item Description specifically states that the work on radio interface protocol architectures should include mobility solutions and self-optimisation of the E-UTRAN nodes. As an outcome of discussions on Self configuration and Self optimization during RAN3#54 it was agreed to introduce a list of use cases to be included in the appropriate chapter in TR3.018. 

This document proposes another use case to be added to the list in TR3.018.

2 Description of the use case

2.1 Optimising HO parameters
According to the section 6.21 of TR3.018 (Support for self-configuration and self-optimisation) the phase of Optimisation/Adaptation (Phase C) is composed of the following functions:

· c-1: Neighbour list optimisation

· c-2: Coverage and capacity control

Further description of the second bullet in the text states that parameters such as the pilot power and tilting angle have significant impact on the coverage and capacity of a cell. During operation state these parameters shall adapt to environmental changes, this would be the ultimate goal.
The intention of this document is to propose a self-optimisation use case where the intra-system mobility parameters are optimised according to the current load in the cell and in the adjacent cells. The goal is to improve the system capacity compared to static/non-optimised handover parameters and to minimize human intervention in the network management and optimization tasks.

When a large number of active UEs are present in a given cell, available resources may not be sufficient to meet the guaranteed quality of service for real time services or/and offer decent performance for best effort services. A cheap method of coping with congestion of a single cell is to balance the traffic with less-loaded adjacent cells, by handing off to other cells the UEs that are close to the cell border. Careful dynamic online setting of handover parameters is then required and could be particularly beneficial in the LTE network. In general, the traffic fluctuation and the mobile environment unpredictability render fixed parameter setting inaccurate and insufficient. That is why an online optimization of such parameters is an encouraging method to adapt the network to such traffic variation. By adjusting dynamically the handover parameters, a better balance of load between cells can be achieved. As a consequence, the capacity and the coverage of the system may increase and more users can be accommodated with good quality.

2.2 Load balancing mechanism
In a typical handover algorithm, the handover procedure is executed when the UE reports that the signal strength of the current cell is X dB below the signal strength of the new cell. The X value should be low enough to allow the UE to be connected to the closest cell, but high enough to prevent the ping-pong effect. The resulting geographical pattern is represented on the figure below.


[image: image6.bmp]
Figure 1: Typical pattern of geographical distribution of HO procedure.

The figure below represents a situation where handover thresholds are adapted to the relative cell load, rather than being constant. Some of the UEs in the HO zone that would otherwise be served by the congested cell are now handed over to the less congested cell. This can be achieved by delaying the handover to the congested cell and advancing the handover from the congested cell. This simple load balancing mechanism increases the overall capacity of the system, by distributing the load more equally over neighbouring cells.

[image: image2]
Figure 2: Geographical distribution of HO procedure with traffic balancing – example.

The basic idea behind this approach that it is more efficient for a congested cell to cope with DL interference from a neighbouring eNodeB transmitting to a UE close to the cell border than to allocate resource to that UE. 

Note that DL is considered here as the limiting case, which is typically the case in interference limited system (e.g. in a dense urban environment), and in the case of asymmetric traffic
2.3 Simulation results

Documents [1], [2], and [3] show the gains that can be achieved when deploying this mechanism in WCDMA cellular network. The results of the simulation are shown in the Figure 3 and Figure 4. 
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Figure 3: Blocking rate as a function of mobile arrival rate. Copyright © John Wiley & Sons Ltd [2]. Reproduced with permission.
The significant increase in the system capacity can be observed. When using optimised HO mechanism, 20% higher traffic intensity can be handled with the same blocking rate.
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Figure 3: Downlink load distribution for the network without and with auto-tuning. Copyright © John Wiley & Sons Ltd [2]. Reproduced with permission.
The traffic from congested cells is handed over to less loaded cells: the traffic is distributed more equally over the network. The traffic balancing will perform well in local congestion scenarios.
2.4 Applicability to LTE

While the simulation results are not yet available for the LTE system, it is believed that similar gains to those achieved by optimising HO parameters in the WCDMA system can be also obtained in the LTE.

While mobility in the LTE is based on hard handover, rather than soft handover, this difference is not significant to the mechanism itself, as the basic idea of delaying or advancing radio connection with the new cell is still the same. The only change with the hard handover is that the establishing of a new radio connection and releasing of the old connection are simultaneous. This could be seen as a specific case of a soft handover, where the threshold for 1A event is equal to the threshold for 1B event.

Another difference between the WCDMA and the LTE is the frequency re-use. While the simulations were carried out for WCDMA, where the frequency re-use factor is equal to 1, the currently studied inter-cell interference coordination mechanisms for the LTE will imply having the frequency re-use factor greater than 1. This however will tend to further increase the gain of the optimised handover, as a UE in the new cell will be allocated resources that are under restriction in the old cell, thus decreasing the impact of the DL interference, created by the transmission towards this UE, to the old cell, compared to the WCDMA scenario.

Third difference between the WCDMA and the LTE is the absence of intra-cell interference in the LTE. This will tend to decrease the gain of the optimised handover in the LTE, compared to the WCDMA. This is because when a UE is handed over from the congested cell to the new cell, the congested cell will not benefit from any decrease of the intra-cell interference.

It can be expected that the gain of the optimized handover procedure in the LTE is comparable to the gain that have been observed in the WCDMA system. The simulation results can be further used to confirm this. 
2.5 Impact on the signalling load

The proposed scheme naturally requires additional interactions between the network elements:

a) between the eNodeBs, to inform about current traffic load and optionally about handover parameter modification 

b) between the eNodeBs and the UEs, to update triggering criteria of event measurements

It is however important to note that the traffic load is much less dynamic variable than for example radio conditions of a single UE and that the reactivity in order of minute or more is supposed to be perfectly acceptable.

Concerning a), the documents [4] and [5] propose efficient schemes for inter-eNodeB information exchange and prove that the resulting signalling load is negligible even in worst scenario case.

Concerning b), it should be further investigated if, and how, the UEs should be updated with the new event triggering criteria. Taking into account the slow-changing characteristic of traffic load variable, the updating could be performed e.g. only for slow UEs, only with other signalling procedures, or not at all.
3 Proposal

We propose to include the following use case description in the list of the use cases in section 6.21.5 of TR3.019:

The following text is one example of handover parameters optimization.

Scenario description: Handover parameters optimization
· Objective: Optimisation of handover parameters to cope with the unequal traffic load and fight local congestion.
· Scheduling: Periodic or on event
· Input source (all input optional depending on algorithm): 
· UE measurements on the signal strength of current cell and its neighbours

· Current cell load, based on eNodeB and/or UE measurements

· Cell load of neighbouring cells signalled through X2 (or other) interface

· Event counters like cell specific call drops or handover failures

· NMS/EMS configuration data

· Planning tool data

· …
· Functionality: an algorithm decides to delay or advance handing of the UEs over between cells and thus to balance the traffic load between cells.

· Actions:

· Modify handover threshold and/or hysteresis parameters.

· Inform peer eNodeBs of the action (optional)
· Expected results: Increased capacity of the system. Minimized human intervention in network management and optimization tasks.

Example (Informative description): 
Self-optimisation of the intra-system mobility parameters to the current load in the cell and in the adjacent cells can improve the system capacity compared to static/non-optimised handover parameters and to minimize human intervention in the network management and optimization tasks.
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