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1. Introduction
Due to the distributed nature of RRM in LTE, Hand Over stability and avoidance of Ping-Pong Hand Over becomes a challenge.

Especially when considering a multi-vendor environment were additionally Hand Over algorithms are going to be different, it could become particular cumbersome for operators to tune their networks to achieve a reasonable quality with regards to HO stability and drop rate.

This contribution is providing a simple solution to avoid ping pong Hand Over, by providing the appropriate information to the network elements.
The network elements, respectively the proprietary algorithms hosted in the elements will be able to act accordingly to avoid Ping-Pong Hand Over by itself.
2. Identifying the problem and the solution today
2.1. Definition:
A Ping-Pong Hand Over is an unwanted Hand Over behaviour several times back and forth between two or more base stations

2.1.1. Reason to trigger a Hand Over:
Usually there are several reasons to trigger a Hand Over from one base station to another. 

a.) Field strength:
another cell provides a higher field strength than the actual serving cell 
b.) Quality:
if the quality gets worse, e.g. bit error rate exceeds a certain threshold due to insufficient field strength or interference

c.) Distance:
if distance exceeds certain threshold

d.) Power budget:
Power budget is calculated form field strength and TX power of Ue and base station. If a certain base station provides a lower PB (i.e. lower battery consumption) the network will initiate a HO to this base station

Usually the HO reason “Power budget” is prevalent in well optimised networks.
HO’s due to “distance“ are negligible in densely deployed networks.
HO’s due to “quality” and “field strength” are an indication for network problems and probably required optimisation.
2.2. The problem leading to Ping Pong Hand Over
Beside distance HO, all HO reasons are influenced by field strength which is highly varying, depending on time and position. (refer to Figure 1)
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Figure 1: Course of receiving field strength, and Hand Over zone
Regardless of being it a field strength, quality or Power budget Hand over, the highly time and position varying nature of the receiving field strength, requires to include a hysteresis values into the Hand Over decisions.
2.3. The solution to avoid to Ping Pong Hand Over
Introduction of a hysteresis value allows limiting the number of Ping-Pong Hand Over by simply adjusting the magnitude of the hysteresis. But hysteresis values have to be carefully adjusted. 

a.) In case of selecting hysteresis value to low, the number of Ping Pong Hand over will be increased.

b.) In case of selecting hysteresis value to high, the number of call drops could be increased.
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Figure 2: Configured hysteresis to low, Ping-Pong Hand Over behaviour in Hand Over zone
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Figure 3: Configured hysteresis to high, Call will be dropped
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Figure 4: Configured hysteresis optimal

An optimal configured hysteresis has proven to be a remedy for most Ping Pong problems in Hand Over zones. Also already existing multi vendor deployments are demonstrating the effectiveness of right hysteresis values. 
2.3.1. Problem to set the right Hysteresis values today

Finding the right hysteresis values for operators is quite cumbersome. In today’s networks hysteresis values are subject to manual optimisation. Please note HO hysteresis values are cell specific and have to be configured for a couple of 10.000 cells in the network.
Furthermore Ping Pong Hand Over only indirectly detectable today, by Customer complaints, unusual HO rates and call drops etc. Those reports are causing optimisation engineers to order drive test to identify the exact problem. One reason identified frequently is Ping Pong Hand Over behaviour.

3. The solution to avoid Ping Pong Hand Over
As pointed out in Section 2, the main problem today is to identify the occurrence of Ping Pong Hand Over as the system messages don’t contain any information to previous HO.

To achieve an automated Ping Pong Handover reduction it’s necessary to:

1. Identify the occurrence of  Ping Pong Handover

2. Set an appropriate actions, e.g. adjust the hysteresis values accordingly
Whereas the second point is assumed being a matter of implementation, standardization is ask to provide appropriate means for the first bullet point, to automatically detect Ping Pong Hand Over, and to enable an implementation specific algorithm to take appropriate measures.

By additionally conveying the history about the last Hand Overs in Hand Over request messages e.g: 
the last 10 Cells/Base stations requiring a Hand Over for a particular Ue,
the HO reason (e.g quality, distance, field strength, load etc.),
the frequency of certain HO requests (e.g. by including a time stamp, counter etc.),
the implementation specific algorithm in the target Base Station will be able to identify the occurrence of Ping Pong Hand Over and will be able to take appropriate actions. Appropriate actions are pointed out in section 2, e.g. adjusting hysteresis values appropriately.

4. Conclusion & Proposal
By additionally conveying the history information in HO request Messages in the LTE System e.g: 

· the last 10 Cells/Base stations requiring a Hand Over for a particular Ue,

· the HO reason (e.g quality, distance, field strength, load etc.),

· the frequency of certain HO requests (e.g. by including a time stamp, counter etc.),

an implementation specific algorithm in the target Base Station will be able to identify the occurrence of Ping Pong Hand Over and will be able to take appropriate actions. 

Appropriate actions are, e.g. adjusting appropriate hysteresis values.

It’s proposed to consider the findings of this contribution in further Stage 3 design, and include information about previous Hand Overs in appropriate system messages like Hand Over request messages over X2 and S1 interfaces 
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