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1
Decision/action requested

Agree on tuning parameters related to HO optimization for introduction into TS 32-522.
2
References

[1] TS 32.522
3
Rationale
There are certain radio parameters of a cell that need to be set with knowledge of the network and information of 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 for handovers of UEs towards a neighbour cell. Especially the “Cell Individual Offset” (Ocn) and “Hysteresis” (Hys) parameter can be used to trigger an early or a late 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.  
There are valid ranges provided by 3GPP for these parameters. Operators with Vendors usually have a pretty good idea of what these values should be based on terrain, geography and prior knowledge from 3G/2G systems. However pinpointing to the exact value may be very difficult. So the proposal here is to provide a range.

In order to allow the maximum flexibility it is suggested that the IRPManager provide a range for each of the values to the IRPAgent with knowledge of the network and surrounding cell in order to allow the eNB to use that global information to fine tune these parameters intelligently.
Some background information below…

4.3.2.1 Handover entering condition

The handover entering condition for “EVENT A3” from 36.331

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.
4.3.2.1.1 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
[image: image3.emf]M1+(H-Oc2)

M1

M2+(H-Oc1)

M2

position

M

At this position:

True: M2 > M1 + (H – Oc2)

False: M1 > M2 + (H – Oc1)

A

B


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
4.3.2.1.2 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
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. 
4 Detailed proposal
Text Proposal for TR 32.522
	1st Modified Section


4.3.2 Parameters to be optimized

There are certain radio parameters of a cell that need to be set with knowledge of the network and information of 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 for handovers of UEs towards a neighbour cell. Especially the “Cell Individual Offset” (Ocn) and “Hysteresis” (Hys) parameter can be used to trigger an early or a late 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.  

There are valid ranges provided by 3GPP for these parameters. Operators with Vendors usually have a pretty good idea of what these values should be based on terrain, geography and prior knowledge from 3G/2G systems. However pinpointing to the exact value may be very difficult. In order to allow the for selection of the most optimized value automatically while providing guidance to algorithms based knowledge from historical information it is suggested that the IRPManager provide a range for each of the values to the IRPAgent with knowledge of the network and surrounding cell in order to allow the eNB to use that global information to fine tune these parameters intelligently.

	HO optimization parameters variable
	Description
	remarks

	min/max Hys

Ref 36.331
	Hys is a parameter used within the entry and leave condition of an event triggered reporting condition
	3GPP 0dB – 24 dB
Example: OA&M range can be : 1dB – 6 dB

	min/max OCN

Ref: 36.331


	Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
How is this associated with the Q-OffsetRange? Is it the same?
	3GPP definition: -24 to + 24

Example OAM setting :  -12 db to 12 db 

	min/max TTT (Time to Trigger)

Ref: 36.331
	specifies the value range used for time to trigger parameter, which concerns the time during which specific criteria for the event needs to be met in order to trigger a measurement report. Value ms0 corresponds to 0 ms, ms40 corresponds to 40 ms, and so on
	3GPP range  0 – 5120ms

Example: OA&M: 0 - 640 ms

	min/max k (Filter Coefficient)

Ref 36.331
	Specifies the measurement filtering coefficient. Value fc0 corresponds to k = 0, fc1 corresponds to k = 1, and so on

The UE shall:
1>
for each measurement quantity that the UE performs measurements according to 5.5.3.1: filter the measured result, before using for evaluation of reporting criteria or for measurement reporting, by the following formula:
where:
Mn is the latest received measurement result from the physical layer;
Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;
Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and
a = 1/2(k/4), where k is the filterCoefficent for the corresponding measurement quantity received by the quantityConfig;
2>
adapt the filter such that the time characteristics of the filter are preserved at different input rates, observing that the filterCoefficent k assumes a sample rate equal to 200 ms;
NOTE 1:
If k is set to 0, no layer 3 filtering is applicable.
	3GPP range 0-19
Example OA&M setting: 0-11

	min/max SpeedStateScaleFactor – 

Ref: 36.331
	Factors, to be applied when the UE is in medium or high speed state, used for scaling a mobility control related parameter.
	3GPP range  sf-Medium or sf-High 0.25 - 1.0
OA&M: 0.25 – 1.0


	End of 1st Section
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