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Rationale
3.1 HO Parameter Optimisation
Handover (HO) parameter optimization is one of the key aspects of the self optimization SON function [1]. Incorrect HO parameter settings can lead to HO failures, which can further lead to dropped calls, radio link failures eventually degrading the overall end user experience with the wireless service. 

HO parameters determine the timing of the triggering of the UE measurement reports, which represent the trigger for the handover procedure on the network side (Figure.1). Therefore, incorrect HO parameter settings will cause the timing of the UE measurement reports and consequently the timing of the HO to be inappropriate, i.e. either too early or too late. The key objective of HO parameter optimization is to detect and remedy too early and too late triggering of UE measurement reports, and consequently too early and too late triggering of HOs. It should be noted that the failure to trigger a HO is a flavour of the too late HO triggering; by the same token, HO ping-pongs are a flavour of the too early HO triggering.

There are several events specified in [2] that can trigger UE measurement reports. Event A3 has been identified [3] as the event used to trigger measurement reports for HO initiation purposes. Therefore, this proposal assumes that HO parameters are the parameters of the event A3. However, the essence of the discussion would apply to optimization of the parameters of other event specified in [2]. 
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Figure 1 – HO parameter configuration and HO triggering

3.2 UE measurement reports

UE measurement reports are triggered based on the HO parameters. UE measurement reports contain the following information at the least [2]:

· Identity of the cell(s) that fulfilled the condition for triggering the report

· Radio quality of all detected cells at the time of the report except the blacklisted cells 

 The second item above contains valuable information that can be used to determine the optimality of the timing of the UE measurement report and consequently, the optimality of the HO parameters.
3.3 Detecting too early and too late HOs from UE measurement reports
3.3.1 Detecting too late HOs from UE measurement reports

Figure 2 shows an example of a UE measurement report based on event A3 [2] that was triggered too late. The quality of the neighbour cell is too much higher than the serving cell, which might lead to radio link failure in the source cell and a call drop. Green italic items in quotes represent configurable HO parameters subject to optimization.
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Figure 2 – Example of too late triggering of the measurement report based on event A3
The characteristics of a too late measurement report triggering are:
·  High difference between the quality of the neighbour cell and the serving cell (Dn-s)
·  Low quality of the serving cell (Qs)
·  High quality of the neighbor cell (Qn)
3.3.2 Detecting too early HOs from UE measurement reports

Figure 3 shows an example of a UE measurement report based on event A3 [2] that was triggered too early. The quality of the neighbour cell is not established as high enough compared to the serving cell when the measurement report was sent, which might lead to HO ping pong or a radio link failure in the target cell and a call drop. Green italic items in quotes represent configurable HO parameters subject to optimization.
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Figure 3 – Example of too early triggering of the measurement report based on event A3
The characteristics of a too late measurement report triggering are:

·  Small Dn-s
·  Not low Qs
·  Not high Qn
3.3.3 Information from UE measurement reports to be captured in the PM
Based on the above discussion, the statistics of the following quantities captured as performance measurements would be valuable for HO parameter optimisation:

· Quality of the serving cell (aggregate and for source-neighbour cell couple separately)
· Quality of the neighbour cell that triggered HO (aggregate and for each source-neighbour cell couple separately)
· Relative quality of the neighbour cell compared to the quality of the serving cell (aggregate and for each source-neighbour cell couple separately)
4 Description
Based on the discussion in section 3. the following performance measurements based on UE measurement reports should be introduced to facilitate HO parameter optimization:
4.1 Measurements related to the quality of the serving cell for event A3
4.1.1 Quality of the serving cell at event A3 (aggregate) 
a. Description
PDF of the quality of the serving cell reported in the UE measurement reports due to event A3. The measurements are aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


CC (PDF)

c. Condition

Received UE measurement report due to event A3 with the quality of the serving cell inside the bin range. Bins range between valueMin and valueMax with 0.5 dB resolution. 


The exact values of valueMin and valueMax are TBD.
d. Measurement Result


Number of values in each bin (single integer value). PDF overall.
e. Measurement Type


HO.eA3.Scell.RSRP.<bin range>


HO.eA3.Scell.RSRQ.<bin range>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation
LTE

i. Purpose

HO parameter optimization. 

4.1.2 Average quality of the serving cell at event A3 (aggregate) 

a. Description
Average quality of the serving cell reported in the UE measurement reports due to event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition


Received UE measurement report due to event A3. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Scell.RSRP.Avg


HO.eA3.Scell.RSRQ.Avg
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.1.3 Standard Deviation of the quality of the serving cell at event A3 (aggregate) 

a. Description
Std. deviation of the quality of the serving cell reported in the UE measurement reports triggered by event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition

Received UE measurement report due to event A3. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Scell.RSRP.StDev


HO.eA3.Scell.RSRQ.StDev
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.1.4 Average quality of the serving cell at event A3 per neighbour cell 

a. Description
Average quality of the serving cell reported in the UE measurement reports due to event A3. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition


Received UE measurement report due to event A3 triggered by the counted neighbour cell. The measurement is computed for each neighbour cell separately.
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Scell.RSRP.perNcell.Avg.<NCell ID>


HO.eA3.Scell.RSRQ.perNcell.Avg.<NCell ID>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.1.5 Standard Deviation of the quality of the serving cell at event A3 per neighbour cell 

a. Description
Std. deviation of the quality of the serving cell reported in the UE measurement reports due to event A3. The std. deviation is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition

Received UE measurement report due to event A3 triggered by the counted neighbour cell. The measurement is computed for each neighbour cell separately.
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Scell.RSRP.perNCell.StDev.<NCell ID>


HO.eA3.Scell.RSRQ.perNCell.StDev.<NCell ID>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.2 Measurements related to the quality of the neighbour cells for event A3

4.2.1 Quality of the neighbor cell triggering event A3 (aggregate) 

a. Description
PDF of the quality of the neighbor cell that triggered event A3 reported in the UE measurement reports. The measurements are aggregated over all measurement reports received due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


CC (PDF)

c. Condition


Received UE measurement report due to event A3 with the quality of the neighbour cell triggering event A3 inside the bin range. Bins range between valueMin and valueMax with 0.5 dB resolution. 



The exact values of valueMin and valueMax are TBD.
d. Measurement Result



Number of values in each bin (single integer value). PDF overall.
e. Measurement Type



HO.eA3.Ncell.RSRP.<bin range>


HO.eA3.Ncell.RSRQ.<bin range>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 

4.2.2 Average quality of the neighbour cell triggering event A3 (aggregate) 

a. Description
Average quality of the neighbour cell that triggered event A3 reported in the UE measurement reports aggregated over all measurement reports received due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition


Received UE measurement report due to event A3 with the quality of the neighbour cell triggering event A3 inside the bin range.
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Ncell.RSRP.Avg


HO.eA3.Ncell.RSRQ.Avg
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.2.3 Std Deviation of the quality of the neighbor cell triggering event A3 (aggregate) 

a. Description
Std. deviation of the quality of the neighbour cell that triggered event A3 reported in the UE measurement reports aggregated over all measurement reports received due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition


Received UE measurement report due to event A3 with the quality of the neighbour cell triggering event A3 inside the bin range. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Ncell.RSRP.StDev


HO.eA3.Ncell.RSRQ.StDev
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.2.4 Average quality of the neighbour cell triggering event A3 per neighbour cell 

a. Description
Average quality of the neighbour cell that triggered event A3 reported in the UE measurement reports. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition

Received UE measurement report due to event A3 triggered by the counted neighbour cell. The measurement is computed for each neighbour cell separately. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Ncell.RSRP.perNcell.Avg.<NCell ID>


HO.eA3.Ncell.RSRQ.perNcell.Avg.<NCell ID>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.2.5 Std Dev of the quality of the neighbour cell triggering event A3 per neighbour cell 

a. Description
Std. deviation of the quality of the neighbour cell that triggered event A3 reported in the UE measurement reports. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition

Received UE measurement report due to event A3 triggered by the counted neighbour cell. The measurement is computed for each neighbour cell separately. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Ncell.RSRP.perNCell.StDev.<NCell ID>


HO.eA3.Ncell.RSRQ.perNCell.StDev.<NCell ID>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 

4.3 Measurements related to the difference between the quality of the neighbor cell and the serving cell for event A3

4.3.1 Difference between the quality of the neighbour cell and the serving cell at event A3 (aggregate) 

a. Description
PDF of the quality of the difference between the quality of the neighbor cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3. The measurements are aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


CC (PDF)

c. Condition

Received UE measurement reports due to event A3 with the difference between the quality of the neighbour cell triggering event A3 and the serving cell inside the bin range. Bins range between valueMin and valueMax with 0.5 dB resolution. 



The exact values of valueMin and valueMax are TBD.
d. Measurement Result



Number of values in each bin (single integer value). PDF overall.
e. Measurement Type



HO.eA3.Diff.RSRP.<bin range>


HO.eA3Diff.RSRQ.<bin range>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 

4.3.2 Average quality of the serving cell at event A3 (aggregate) 

a. Description
Average difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition


Received UE measurement reports due to event A3 with the difference between the quality of the neighbour cell triggering event A3 and the serving cell inside the bin range.
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Diff.RSRP.Avg


HO.eA3.Diff.RSRQ.Avg
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.3.3 Standard Deviation of the quality of the serving cell at event A3 (aggregate) 

a. Description
Std. deviation of the difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports triggered by event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition

Received UE measurement reports due to event A3 with the difference between the quality of the neighbour cell triggering event A3 and the serving cell inside the bin range. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Diff.RSRP.StDev


HO.eA3.Diffl.RSRQ.StDev
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.3.4 Average quality of the serving cell at event A3 per neighbour cell 

a. Description
Average difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition


Received UE measurement report due to event A3 triggered by the counted neighbour cell. The measurement is computed for each neighbour cell separately. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Diff.RSRP.perNcell.Avg.<NCell ID>


HO.eA3.Diff.RSRQ.Avg.<NCell ID>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization. 
4.3.5 Standard Deviation of the quality of the serving cell at event A3 per neighbour cell 

a. Description
Std. deviation of the difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3. The std. deviation is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.
b. Collection Method


Dynamic variable
c. Condition

Received UE measurement report due to event A3 triggered by the counted neighbour cell. The measurement is computed for each neighbour cell separately. 
d. Measurement Result



Single dB/dBm value.
e. Measurement Type



HO.eA3.Diff.RSRP.perNCell.StDev.<NCell ID>


HO.eA3.Diff.RSRQ.perNCell.StDev.<NCell ID>
f. Measurement Object Class

TBD
g. Switching technology 

N/A

h. Generation

LTE

i. Purpose

HO parameter optimization.
4.4 Summary of the proposed PM

	Measurement Type
	Description

	HO.eA3.Scell.RSRP.<bin range>
HO.eA3.Scell.RSRQ.<bin range>
	PDF of the quality of the serving cell reported in the UE measurement reports due to event A3. The measurements are aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Scell.RSRP.Avg
HO.eA3.Scell.RSRQ.Avg
	Average quality of the serving cell reported in the UE measurement reports due to event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Scell.RSRP.StDev
HO.eA3.Scell.RSRQ.StDev
	Std. deviation of the quality of the serving cell reported in the UE measurement reports triggered by event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}

	HO.eA3.Scell.RSRP.perNcell.Avg.<NCell ID>
HO.eA3.Scell.RSRQ.perNcell.Avg.<NCell ID>
	Average quality of the serving cell reported in the UE measurement reports due to event A3. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Scell.RSRP.perNcell.StDev.<NCell ID>
HO.eA3.Scell.RSRQ.perNcell.StDev.<NCell ID>
	Std. deviation of the quality of the serving cell reported in the UE measurement reports due to event A3. The std. deviation is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Ncell.RSRP.<bin range>
HO.eA3.Ncell.RSRQ.<bin range>
	PDF of the quality of the neighbor cell that triggered event A3 reported in the UE measurement reports. The measurements are aggregated over all measurement reports received due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Ncell.RSRP.Avg
HO.eA3.Ncell.RSRQ.Avg
	Average quality of the neighbour cell that triggered event A3 reported in the UE measurement reports aggregated over all measurement reports received due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Ncell.RSRP.StDev
HO.eA3.Ncell.RSRQ.StDev
	Std. deviation of the quality of the neighbour cell that triggered event A3 reported in the UE measurement reports aggregated over all measurement reports received due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Ncell.RSRP.perNcell.Avg.<NCell ID>
HO.eA3.Ncell.RSRQ.perNcell.Avg.<NCell ID>
	Average quality of the neighbour cell that triggered event A3 reported in the UE measurement reports. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Ncell.RSRP.perNcell.StDev.<NCell ID>
HO.eA3.Ncell.RSRQ.perNcell.StDev.<NCell ID
	Std. deviation of the quality of the neighbour cell that triggered event A3 reported in the UE measurement reports. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Diff.RSRP.<bin range>
HO.eA3Diff.RSRQ.<bin range>
	PDF of the quality of the difference between the quality of the neighbor cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3. The measurements are aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Diff.RSRP.Avg
HO.eA3.Diff.RSRQ.Avg
	Average difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Diff.RSRP.StDev
HO.eA3.Diffl.RSRQ.StDev
	Std. deviation of the difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports triggered by event A3 aggregated over all measurement reports received in the serving cell due to event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Diff.RSRP.perNcell.Avg.<NCell ID>
HO.eA3.Diff.RSRQ.Avg.<NCell ID>
	Average difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3. The average is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.

	HO.eA3.Diff.RSRP.perNCell.StDev.<NCell ID>
HO.eA3.Diff.RSRQ.perNCell.StDev.<NCell ID>
	Std. deviation of the difference between the quality of the neighbour cell triggering event A3 and the serving cell reported in the UE measurement reports due to event A3. The std. deviation is computed separately for each neighbour cell that triggered event A3. Separate PM is required for each measurement quantity {RSRP, RSRQ}.


5 Detailed proposal
It is proposed to agree on the proposed performance measurements and to introduce them into [4] (exact location TBD).
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