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1
Decision/action requested
Discussion and agreement on methods to detect and correct handover problems to be part of the Self-Optimisation stage 2 specification 32.522.
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3
Rationale
3.1 Introduction

The requirements for the SON HO parameter optimisation use-case were discussed in SA5 #60bis in Budapest [1] [2] and the following requirement was agreed:
REQ-HO-CON-XXp: HO parameter optimization function shall aim at reducing the number of HO failures as well as reducing inefficient use of network resources due to unnecessary handovers. In particular, the HO parameter optimization function shall aim at reducing the number of HO failures that cause degradation in user experience, such as call drops, radio link failures and reduced data rates.
It is expected that further Specification level requirements can be agreed shortly, for example those in [4].

SA5 needs to specify the following aspects of the solution set which addressed these requirements (Figure 1):
· How to identify HO problems and inefficiencies and signal these to the HO parameter optimisation algorithm

· How the HO parameter optimisation algorithm can adjust (optimize) the HO behaviour.
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Figure 1.  HO parameter optimisation sequence.
The purpose of this paper is to look at some aspects of the functionality to address these requirements, namely:

· To summarise the HO parameters in the eNodeB which may be adjusted by a HO parameter optimisation algorithm

· To categorise the different methods by which it may be possible to identify HO problems

3.2 Handover Problems
In previous SA5 contributions [1], [2], [3], [4] various typical HO problems have been discussed.  
A comprehensive list is given below:

a) HO failure in the target cell, UE reconnects rapidly to source cell
b) HO failure in the source cell, UE reconnects rapidly to target cell
c) HO failures due to HO not triggered at all (call drop before HO is triggered, reconnects to another cell)

d) HO ping pongs between cells (HOs succeed but resources are wasted)

e) HO fails in target cell and UE reconnects to a third cell
f) Rapid HO A->B->C (a form of too early HO)

g) HO fails and UE reconnects on another carrier layer. 

h) HO fails and UE reconnects after being out-of-service. 

i) Immediate HO following initial RRC Connection.

The above problem scenarios could be classified according to any of the following problem causes:
1. Handover (CellS, CellT) triggered too late (b, c)
2. Handover (CellS, CellT) triggered too early (a, d, e, f)
3. Coverage hole (g, h) – this may fall into the Coverage and Optimisation use-case.
4. Neighbour cell configuration is missing or wrong (g, c)
5. Mismatch between mobility configuration, Idle and active mode (i)

The HO parameter optimisation solution should address some or all of these, and should be extendible to address other problems which are not currently forseen.

3.3 Methods to identify HO problems

The following approaches have been suggested to identify HO problems:
· Event capture and analysis [6]
· UE measurement based [5].

3.3.1 Event capture and analysis

Handovers involve both a source and target cell so when the handover fails both the eNodeBs involved naturally have very detailed information regarding the failure.  If following the failure the UE re-attaches to the target cell then the target cell can recognise that a too late HO failure occurred.  Likewise the source cell can identify too early handovers.
Additionally, thanks to UE history information, the eNodeB is able to look at previous handover events and spot other issues such as ping-pong and rapid handovers.

Thus a simple record of events impacting a particular UE context can identify the majority of handover problems discussed above.

3.3.2 UE Measurement Based

When a UE sends a triggered measurement report to an eNodeB suggesting that a handover should take place it includes the current measurements of the strength (RSRP) or the quality (RSRQ) of the current serving cell and the neighbours.  According to the values of these measurements it has been proposed [5] that the earlyness or lateness of the subsequent handover can be determined.  Further contributions are anticipated to demonstrate that method is robust, reliable and works in practise.
3.4 Methods to correct handover problems

There has been agreement in SA5 that the primary mechanism to address handover problems is the modification of the handover parameters in one or more cells (“HO Parameter Optimisation” [3]).  In this section we summarise the HO parameters and give an example of how they can be employed.  There are three events defined in 36.331 which involve the recognition of a “better” neighbour cell to handover to : A3, A4 and A5.  Event A2 (“Serving becomes worse than threshold”) may capture some rare cases such as when the UE is about to leave the network coverage area.
	Event
	Summary
	Tunable parameters

	A3
	Neighbour becomes offset better than serving
	Ofn, Ofs, Ocn, Ocs, Hys, Off

	A4
	Neighbour becomes better than threshold
	Ofn, Ocn, Hys, Thresh

	A5
	Serving becomes worse than threshold1 and neighbour becomes better than threshold2
	Ofn, Ocn, Hys, Thresh1, Thresh2


Ofs is the frequency specific offset of the frequency of the serving cell
Ocs is the cell specific offset of the serving cell
Off is the offset parameter for Event A3
Ofn is the frequency specific offset of the frequency of the neighbour cell
Ocn is the cell specific offset of the neighbour cell
Hys is the hysteresis parameter
Thresh, Thresh1 and Thresh2 are thresholds.

If we take the A3 triggered handover as an example, the handover behaviour can be manipulated between too early, successful and too late by adjusting the offset parameters.  Most useful is the cell specific offset parameter Ocn because a cell can hold different Ocn values for each of its neighbours.  This allows the handover between a pair of cells to be modified without impacting the handovers between the serving cell and the other neighbours.  If a handover from cell A to cell B is found to be too late, one course of action would be to reduce the HO “offset” by increasing Ocn for cell B (held by cell A).

The figure below illustrates a well configured HO region.  Handovers in both directions should succeed because the signaling for the handover measurement report, the HO execution (“HO Command” and “HO Completion”) should happen whilst within the appropriate coverage areas.
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Figure 2.  A well configured handover.

If we increase the offset for HOs from A to B the solid blue line moves to the right and eventually the HO will be late (Figure 3) – the measurement reaches the source cell (A) but the HO Command can not be sent from the source to the UE.  The UE reconnects in Cell B.  Note, handovers in the other direction still proceed OK.


[image: image3]
Figure 3.  A too late handover from Cell A to Cell B.

Ping-pong handovers typically happen when the offset from A to B, and in the reverse direction are too small ().


[image: image4]
Figure 4.  When handover measurement boundaries are too close ping-pong may occur.

4 Detailed proposal
It is proposed that aspects of the discussion on handover problem identification and correction is added to 32.522 [7].

------------------------------- START OF TEXT PROPOSAL -------------------------------------

4.3 Handover (HO) Parameter optimisation

4.3.1 Optimisation method
The sequence of operation of HO Parameter optimisation is drawn in Figure x1.
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Figure x1.  HO parameter optimisation sequence

4.3.1.1  Problem Detection

The following approaches are candidates for the identification of HO problems:

· Event capture and analysis

· UE measurement based.

Event capture and analysis exploits event information stored with a UE context such as evidence of previous handovers (UE History) and HO failure details (such as in which cell the handover failed and where the UE reattached too).  UE measurements are sent with triggered measurement reports and they may indicate whether the subsequent HO is early or late.
4.3.1.1  Problem Solution
The set of mobility parameters that may be adjusted by the algorithm is dictated by the choice of triggered HO measurements made by the RRM entity in an eNodeB.  There are three events defined in TS 36.331 [xx] which involve the recognition of a “better” neighbour cell to handover to : A3, A4 and A5.  Event A2 (“Serving becomes worse than threshold”) may capture some rare cases such as when the UE is about to leave the network coverage area.

	Event
	Summary
	Tunable parameters

	A3
	Neighbour becomes offset better than serving
	Ofn, Ofs, Ocn, Ocs, Hys, Off

	A4
	Neighbour becomes better than threshold
	Ofn, Ocn, Hys, Thresh

	A5
	Serving becomes worse than threshold1 and neighbour becomes better than threshold2
	Ofn, Ocn, Hys, Thresh1, Thresh2


Ofs is the frequency specific offset of the frequency of the serving cell
Ocs is the cell specific offset of the serving cell
Off is the offset parameter for Event A3
Ofn is the frequency specific offset of the frequency of the neighbour cell
Ocn is the cell specific offset of the neighbour cell
Hys is the hysteresis parameter
Thresh, Thresh1 and Thresh2 are thresholds.

If we take the A3 triggered handover as an example, the handover behaviour can be manipulated between too early, successful and too late by adjusting the offset parameters.  Most useful is the cell specific offset parameter Ocn because a cell can hold different Ocn values for each of its neighbours.  This allows the handover between a pair of cells to be modified without impacting the handovers between the serving cell and the other neighbours.  If a handover from cell A to cell B is found to be too late, one course of action would be to reduce the HO “offset” by increasing Ocn for cell B (held by cell A).

The figure below (Figure x2) illustrates a well configured HO region.  Handovers in both directions should succeed because the signaling for the handover measurement report, the HO execution (“HO Command” and “HO Completion”) should happen whilst within the appropriate coverage areas.
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Figure x2.  A well configured handover.

If we increase the offset for HOs from A to B the solid blue line moves to the right and eventually the HO will be late (Figure 3) – the measurement reaches the source cell (A) but the HO Command can not be sent from the source to the UE.  The UE reconnects in Cell B.  Note, handovers in the other direction still proceed OK.
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Figure x3.  A too late handover from Cell A to Cell B.

Ping-pong handovers typically happen when the offset from A to B, and in the reverse direction are too small (Figure x4).
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Figure x4.  When handover measurement boundaries are too close ping-pong may occur.
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