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1
Introduction
For the SON use case “mobility robustness optimisation”, which is described in [1], handover (HO) parameters shall be self-optimised to improve system performance. During operational mode each eNB shall optimise HO parameter settings mainly by itself without manual intervention by using a vendor specific algorithm. However, in section 4.5.5.1 of [1] it is mentioned that certain information, e.g. Cell Individual Offset, which may be exchanged between neighbouring eNBs is ffs. Therefore, the need for exchanging the parameters “Cell Individual Offset” and “Hysteresis” between eNBs is discussed in this paper.
2
Discussion
There are certain radio parameters of a cell that need to be set by considering the corresponding parameters of its neighbour cell(s). From the set of HO parameters, there are critical parameters which significantly impact the behaviour of a cell according to handovers of UEs towards a neighbour cell. Especially the “Cell Individual Offset” (Ocn) and “Hysteresis” (Hys) parameter, as specified in [2], can be used to trigger an earlier or a delayed handover to a specific neighbour cell or in general to all neighbour cells, respectively. However, a non-suitable modification of these parameters may lead to ping pong effects, i.e. rapid handovers between two neighbour cells, if handover parameters are only modified by one cell without considering and or consulting the concerned neighbour cell(s). In some cases the concerned neighbour cell(s) may also need to adequately adjust its parameters. Different conditions arising due to the possible settings of these parameters are discussed in the following study.
2.1 Handover entering condition

The handover entering condition for “EVENT A3” as described in section 5.5.4.4 of [2]:

Mn + Ofn + Ocn - Hys > Ms + Ofs + Ocs + Off
(1)
with
· Mn = Measurement result of Neighbouring cell ‘n’
· Ms = Measurement result of Serving cell ‘s’
· Hys = Hysteresis parameter for this event (Handover Margin)
· Ocn = Cell individual offset of Neighbour cell ‘n’
· Ocs = Cell individual offset of Serving cell ‘s’
· Ofn = Frequency specific offset of frequency of Neighbour cell ‘n
· Ofs = Frequency specific offset of Serving frequency
· Off = Offset parameter for this event
Let Ofn = Ofs = Off = Ocs = 0, and rearrange the inequality then

Mn > Ms + (Hys - Ocn)
(2)

The range of Ocn and Hys, both specified in [2] can be given as,
· - 24dB … + 24 dB (default value: 0 dB) for Q-OffsetRange, e.g. Ocn, and

· 0 dB … + 15 dB for Hysteresis Hys
The following parameters are used for this study:
· M1 = Measurement result from Cell 1
· M2 = Measurement result from Cell 2
· Hys = H1 = H2 = H
· Oc2 = Cell Individual Offset set by Cell 1 for Cell 2
· Oc1 = Cell Individual Offset set by Cell 2 for Cell 1

While a UE is moving from Cell 1 to Cell 2 the handover shall be executed when the following condition is true

M2 > M1 + (H - Oc2)
(3)
While a UE is moving from Cell 2 to Cell 1 the handover shall be executed when the following condition is true

M1 > M2 + (H - Oc1)
(4)
Several scenarios with different Ocn and Hys values are considered for both conditions in the next sections.
2.2 Suitable handover conditions
Suitable handover conditions, i.e. without generation of ping pong effects, can be observed for the following handover entering conditions:

· Default Ocn values with Oc1 = Oc2 = 0 (default); H > 0 (see figure 1)
· Symmetric Ocn with Oc1 = Oc2 = Oc; (H – Oc1) > 0 and (H – Oc2) > 0 (see figure 2)

· Asymmetric Ocn with Oc1 > Oc2 or Oc1 < Oc2; (H – Oc1) > 0 and (H – Oc2) > 0 (see figure 3)

· Asymmetric Ocn with |(H – Oc1)| > |(H – Oc2)|; (H – Oc1) > 0 and (H – Oc2) ≤ 0 (see figure 4)

The handover behaviour between Cell 1 and Cell 2 for the above stated conditions for assumed measurement results is illustrated in figures 1 to 4. The x-axis represents the position of the UE and the y-axis the measurement results carried out by the UE. The UE moves from Cell 1 to Cell 2 in the positive x-axis direction and vice versa in negative x-axis direction. In all the figures, while a UE is moving from Cell 1 to Cell 2 handover is executed when the proof of condition (3) is true, this position is marked by point “A”. This condition is satisfied in the whole green area. Now the UE is served by Cell 2. To get back to Cell 1 the condition (4) must be satisfied, i.e. when the proof of condition (4) is true, this position is marked by point “B”. This condition is satisfied in the whole blue area.
One can see that one condition either “A” or “B” holds true at any given position between the blue and green area. Hence in this case there are no ping pong effects when a UE is moving in one direction. The UE has to move back in other direction further a part to be served by the other Cell.
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Fig.1: Handover conditions for default Ocn values with Oc1 = Oc2 = 0 (default); H > 0
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Fig.2: Handover conditions for symmetric Ocn with Oc1 = Oc2 = Oc; (H – Oc1) > 0 and (H – Oc2) > 0
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Fig.3: Handover conditions for asymmetric Ocn with Oc1 > Oc2; (H – Oc1) > 0 and (H – Oc2) > 0
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Fig.4: Handover conditions for asymmetric Ocn with |(H – Oc1)| > |(H – Oc2)|; (H – Oc1) > 0 and (H – Oc2) ≤ 0
2.3 Non-suitable handover conditions
Non-suitable handover conditions, i.e. generation of ping pong effects, can be observed for the following handover entering conditions:

· Symmetric Ocn with Oc1 = Oc2 = Oc; (H – Oc1) ≤ 0 and (H – Oc2) ≤ 0 (see figure 5)

· Asymmetric Ocn with Oc1 > Oc2 or Oc1 < Oc2; (H – Oc1) ≤ 0 and (H – Oc2) ≤ 0 (see figure 6)

· Asymmetric Ocn with |(H – Oc1)| < |(H – Oc2)| and (H – Oc1) > 0 and (H – Oc2) ≤ 0 (see figure 7)
The handover behaviour between Cell 1 and Cell 2 for the above stated conditions for assumed measurement results is illustrated in figures 5 to 7. Again the x-axis represents the position of the UE and the y-axis the measurement results carried out by the UE. The UE moves from Cell 1 to Cell 2 in the positive x-axis direction and vice versa in negative x-axis direction. In all the figures, while a UE is moving from Cell 1 to Cell 2 handover is executed when the proof of condition (3) is true, this position is marked by point “A”. This condition is satisfied in the whole green area. Now the UE is served by Cell 2. To get back to Cell 1 the condition (4) must be satisfied, i.e. when the proof of condition (4) is true, this position is marked by point “B”. This condition is satisfied in the whole blue area. However, in this case, both conditions hold true within the red area, even if the UE does not move (just find itself in the red area), it will ping pong between these cells.
Hence it is shown that it is very likely that such non-suitable handover conditions will occur if the cells will set these handover parameters individually without considering the concerned neighbour cell(s) parameters. 
Another ping pong scenario, which is not discussed here in more detail, can occur when two neighbour cells decide independently from each other that the Hysteresis parameter shall be set to Hys = 0 dB or close to 0 dB.
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Fig.5: Handover conditions for symmetric Ocn with Oc1 = Oc2 = Oc; (H – Oc1) ≤ 0 and (H – Oc2) ≤ 0
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Fig.6: Handover conditions for asymmetric Ocn with Oc1 > Oc2; (H – Oc1) ≤ 0 and (H – Oc2) ≤ 0
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Fig.6: Handover conditions for asymmetric Ocn with |(H – Oc1)| < |(H – Oc2)| and (H – Oc1) > 0 and (H – Oc2) ≤ 0
3
Conclusion and Proposals
The study showed that non-suitable handover parameter settings Ocn and Hys can be defined, i.e. such parameter settings will lead to ping pong effects. 
Therefore, these parameters must be shared or negotiated between neighbouring cells. Then any cell can decide by itself on suitable HO parameters and all neighbouring cells can adjust their HO parameters accordingly. This improves the system performance, because ping pong effects between neighbour cells can be avoided and self-optimisation of handover parameters can be performed by each cell in a fully decentralised manner. Also such an exchange enables corrections of any envisaged HO parameter settings in due time, i.e. before ping pong effects occur.
Proposal 1:

It is proposed to agree on and capture the following requirement:

Requirement: 

Non-suitable handover parameter settings must be shared or negotiated between neighbouring cells in advance

Proposal 2:

It is proposed to capture the results of section 2 in TS 36.902.

Proposal 3:

It is then proposed to discuss suitable procedures for the exchanging of HO parameters between eNBs via S1 and X2 interface.
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