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1. Introduction

At the last meeting RAN3#50 some concerns were raised that if handover decisions are not taken in a central entity Ping-Pong effects could happen. In the draft report [1] the following is noted: 

“     - avoiding competing RRM decisions points 

          - for an architecture with RRM in aGW 

          - and for an architecture with RRM in eNB

          - specification of RRM algorithms seen problematic”

This document analyse these issues. It shows that they are not new and well controlled in current systems, even in the common scenarios where competing RRM decision points are involved. It is argued that Ping-Pong is not an issue which is specific to one of the proposed LTE architectures but applies to any of the architectures. It is pointed out that the measures to avoid Ping-Pong in current systems are also applicable to any of the candidate LTE architectures. These measures do not require the specification of RRM algorithms in the standardisation.

Therefore it is proposed to agree to the fact that the control of Ping-Pong and the avoidance of competing RRM decision points is no problem in any of the proposed LTE architectures.

2. Discussion

There are two kinds of root causes for potential Ping-Pong. Namely Ping Pong due to time varying input and due to different algorithms.
2.1 Ping-Pong: Due to Time Varying Input or Feedback of Output to Input

In the current radio access systems it is well understood that Ping-Pong is a potential issue. Ping-Pong may result, if the same algorithm A yields for the same problem, like selection of serving cell for a specific UE, opposite results for only slightly different input. Such ‘small’ differences can be caused by e.g. the natural fluctuation of radio conditions due to fading or due to some feedback from the output of a first decision to the input of a second decision. This is depicted in figure 1.

[image: image1]
Figure 1: Ping-Pong due to frequently time varying input

Example 1: Ping-pong is often used to describe the phenomenon that a UE is rapidly handed over between two adjacent cells in an unwanted way. If a handover algorithm would try to immediately handover to the cell with the best radio conditions this could result in very frequent handovers back and forth (Ping-Pong) between two cells, since the neighbouring cells might change the role ‘best cell’ very frequently due to the independent fading processes attenuating the radio paths between the different cells and the UE. To avoid Ping-Pong radio based handover algorithms normally apply a hysteresis, such that a handover takes place only if the new cell has become significantly better than the current cell.

Example 2: Similarly for load based handover Ping-Pong may result, if nearly equally loaded cells trigger handovers towards neighbouring cells immediately if the load in the neighbouring cell becomes slightly lower than in the current cell.  If due to movement, activity changes, handover to/from other cells this situation changes slightly this could be a trigger for a immediate load based handover backwards to the former cell. Also in this case the handover algorithm has to apply some kind of hysteresis to avoid this Ping-Pong effect. 


[image: image2]
Figure 2: Algorithms apply for Ping-pong avoidance some kind of hysteresis.

Summary: The issues shown in the examples are well known in the current 2G and 3G system with their centralised architecture. The same Ping-Pong issues exist also in decentralised architectures, where e.g. the handover decisions are always taken in the source cells. Therefore, we conclude that Ping-Pong is a potential issue independent from the considered architecture. A well known solution for this issue is that algorithms apply some kind of hysteresis or some ‘time to trigger’ (compare 25.331). In the mobile assisted handover as applied in 3G the measurements in the UEs are configured using hysteresis values and ‘time to trigger’ values to control the measurement reporting. This allows that measurement reports happen only if the radio conditions have changed clearly for some time. This principle is applicable for both the case where handover decisions are taken in a single central entity for a set of cells or in every source cell. 

2.2 Ping-Pong: Due to Different Algorithms

[image: image3]
Figure 3: Ping-Pong due to different algorithms yielding opposite outputs.

The Ping-pong issues become even more demanding when the situation is such that the algorithms to make the decisions are different. This is depicted in figure 3. Here it might happen that the two algorithms yield different results even if they have the same input. In the current systems these situations occur, e.g. when the central entity deciding on handover is changed during a handover. Examples for this are UE involved SRNS Relocations or Inter RAT handovers. In these examples the algorithms are often different because the nodes hosting these algorithms are of different releases, from different technology or different vendors.

Considering this scenario one could wonder how it is possible that current systems normally work and allow for SRNC relocations or Inter RAT handovers without severe known problems in the field.

However taking a closer look at it one can make the following observations:

· The algorithms are vendor specific, but still they have to obey some requirements. They have to use the toolset provided by the mobile measurements, they probably have to respect that an operator wants that handovers take place at the cell boundaries defined during his network planning, … .

· The standards do not describe the algorithms themselves but they prescribe some behaviour. For instance cause values can be used to force algorithms to a certain behaviour. Good examples can be found in the discussion document GP-052545 attached to the LS in [2]. In this document e.g. it is proposed to align the different algorithms by the commonly adopted behaviour as described ‘E.g. “Cell Traffic Congestion” can be used in the PS HANDOVER REQUIRED message and “Reduce Load in Serving Cell” can be used in the RELOCATION REQUEST message. The target RNC receiving this cause value, should thus not handover the MS back to GERAN for load reasons for some duration of time.’
· Protocols are applied such that the decision is done in mutual agreement. For instance in Inter RAT Handovers or SRNS Relocations the decision to go for a handover is taken in the source, but admission control is performed in the target. If a positive admission decision by the target is reported to the source, it knows that the target agrees to take over the connection. This comprises also an implicit agreement that the target will not unnecessarily handover back the connection to the source. This pattern of co-operation for mutual agreement has a wide applicability. E.g. in the RAB Negotiation 25.946 [3] such a scheme is used between competing decision points to negotiate bit rates. 

Summary: The issue that Ping-Pong may happen in access system where decisions are taken by different algorithms is well known in current systems. In current systems it is possible to allow for interoperability between network nodes applying different algorithms for their (e.g. handover) decisions. This is possible because the algorithms are different, but their behaviour follows some specifications, operator demands and a common understanding of the desired behaviour by the different vendors. Also the applied protocols to achieve an agreement between the involved entities mitigate the potential Ping-Pong issues. This is not only valid for the handover algorithms used as an example, but applies also for other algorithms.
Of course these principles are also considered to be applicable for LTE architectures, where the same problems might occur in any of the proposed architectures. 

3. Conclusion and Proposal

This document analyses the issue Ping-Pong. Two root causes for potential Ping-Pong have been identified. These are the problems that slightly different inputs may cause opposite decisions and that different algorithms might come to opposite decisions even if they get the same input.

These potential root-causes for Ping-Pong are encountered in current systems, but as the high number of operational systems show, the issue can be controlled with well known means.

For the LTE system the same Ping-Pong issues exist regardless of the finally chosen architecture.

It should be no problem to control the issues by the proven means known from the current systems. These means do not require that RRM algorithms are specified. However a minimum of expected behaviour of the algorithms has to be specified. But this should not prohibit vendor differentiation and further evolution of the algorithms without the need for changes in the standard. 

It is proposed to agree on the following statement and to include it into the agreement section of the RAN3 internal TR R3.018:

 “In current 2G/3G systems potential issues arising due to competing decision points resulting in e.g. ‘Ping-pong’ effects, are well recognized and controlled. The countermeasures against these ‘Ping-Pong’ effects work well even in a multi-vendor environment, without requiring the detailed specification of RRM algorithms. Applying similar principles for Ping-Pong avoidance in LTE will allow for any of the discussed LTE architecture variants to control Ping-Pong efficiently.”
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