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1. Introduction
Mobility Load Balancing optimisation and Mobility Robustness Optimization have been captured in TR36.902[1]. Actually, MRO and MLB have a close relationship. R3-091565 was discussed during RAN3#65 meeting and the email discussion.This paper would like to give more detail discussion on the correlation between MLB and MRO.
2. Discussion
2.1 The analysis for MRO problems
According to [1], incorrect HO parameter settings can negatively affect user experience and wasted network resources by causing HO ping-pongs, HO failures and radio link failures (RLF). The main objective of mobility robustness optimization should be reducing the number of HO-related radio link failures. 
HO-related failures can be categorized as follows:

· Failures due to too late HO triggering

· Failures due to too early HO triggering
· Failures due to HO to a wrong cell

In order to give a clear analysis, here we assume CELLA and CELLB are neighbour cells and UE can handover between them. Figure1 shows the boundary for too early HO and too late HO in a single cell, e.g., CELLA.
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                                   Figure1:  too early HO and too late HO in CELLA
From the above figure, the horizontal ordinate means the Radius of CELLA, the vertical ordinate means the RSRP of CELLA. The origin point means the center of CELLA, R=0 and the RSRP value is the highest. The boundary for too early HO and too late HO in CELLA could be counted based on internal MRO related statistic data, e.g., HO performance related counters.
Usually, Event A3 [2] is used to UE handover from CELLA to CELLB:
Event A3 (Neighbour becomes offset better than serving)
Inequality A3-1 (Entering condition)


[image: image2.wmf]Off

Ocs

Ofs

Ms

Hys

Ocn

Ofn

Mn

+

+

+

>

-

+

+

                                                                                                                 
The above formula can be transformed to:

Mn > Ms + (Ofs – Ofn) + (Ocs – Ocn) + Off + Hys
Set：
O = (Ofs – Ofn) + (Ocs – Ocn) + Off
Then：

Mn > Ms + O + Hys
For CELLA:
When Mn> Ms + O1 + Hys, handover will occur, set O1 + Hys=Va,

When Va<Va1, here Va1 means the threshold that the probability or the number of too early HO is too high to bear. It can be understood as the easier UE switching from the CELLA to CELLB, the greater the possibility of too early handover.

When Va>Va2, here Va2 means the threshold that the probability or the number of too late HO is too high to bear. It can be understood as the harder UE switching from the CELLA to CELLB, the greater the possibility of too late handover.

Similarly, For CELLB:

When Mn> Ms + O2 + Hys, handover will occur, set O2 + Hys=Vb,

When Vb < Vb1, here Vb1 means the threshold that the probability or the number of too early HO is too high to bear. It can be understood as the easier UE switching from the CELLA to CELLB, the greater the possibility of too early handover.

When Vb > Vb2, here Vb2 means the threshold that the probability or the number of too late HO is too high to bear. It can be understood as the harder UE switching from the CELLB to CELLA, the greater the possibility of too late handover.

MRO is considered purely, only when Va、Vb>0, the handover will happen. In the ideal case, the boundary for too early HO and too late HO in CELLA is the same as CELLB. However, the difference of  Va1、Va2、Vb1、Vb2 will make them a bit different. The boundary for too early HO and too late HO in CELLA and CELLB is shown in Figure2.
The allowed range of Va is Va1<Va<Va2, and the allowed range of Vb is Vb1<Vb<Vb2.
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Figure2: too early HO and too late HO in CELLA and CELLB based on MRO 
The Ping-Pong HO has been analysed in [3]. In order to avoid Ping-Pong HO, the following conditions need to be satisfied:
Va > 0 and Vb> 0 (Figure3)
Or Va <= 0 and Vb > 0and | Vb | > | Va | (Figure4)
Or Vb <= 0 and Va > 0and | Va | > | Vb | (Figure5)

In Figure3,4,5, the red area means the area that UE will handover from CELLB to CELLA, the blue area means the area that UE will handover from CELLA to CELLB. The gray area is the protection area, UE will stay at the serving cell in this area. 
In order to avoid signal fluctuating, we could set Wa (Wa≥0)and Wb (Wb≥0) to give a protection area. The formula can be transformed to:
     Va > Wa and Vb> Wb 

Or Va <= 0 and Vb > 0 and | Vb | > | Va |+Wa+Wb 

Or Vb <= 0 and Va > 0 and | Va | > | Vb |+Wa+Wb
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           Figure3: Protection area(1) to avoid Ping-Pong HO        Figure4: Protection area(2) to avoid Ping-Pong HO
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          Figure5: Protection area(3) to avoid Ping-Pong HO
2.2 The Correlation between MLB and MRO
When the MLB is introduced, which means it will trigger the handover based on the load difference. Therefore handover will occur in the case of Mn–Ms<0. Under the MRO and MLB coexistence circumstance, MLB will adjust HO parameters to balance the load between cells, meanwhile, it is necessary to avoid the too early HOs、too late HOs and ping-pong HOs which are controlled by MRO. The boundary for too early HO and too late HO and in CELLA and CELLB under the MRO and MLB coexistence circumstance is shown in Figure6, the red broken line means the current HO border in CELLB, and the blue broken line means the current HO border in CELLA. The gray area is the protection area (which means the minimum distance needs to be guaranteed between the red broken line and the blue broken line).
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Figure6: the HO boundary in MRO and MLB coexistence circumstance
If the load of CELLA is higher than the CELLB, and satisfied the MLB condition, there will have some modification methods. 
- Modify the CELLA HO border;

- Modify the CELLB HO border;

- Modify the CELLA and the CELLB HO border together.

However, no matter what kind of modification method is chosen, the HO parameters modification needs to obey some limitation rules, then the MLB optimization could avoid bringing MRO problems, e.g., too early HO、too late HO and ping-pang HO.
Here we take the CELLA HO border modification as an example. Because the load of CELLA is higher than the CELLB, therefore the purpose of modification is to let UEs located in the CELLA and CELLB edge move to CELLB easily. The blue broken line needs to adjust to the left, and the allowed range of the CELLA HO border is shown in Figure7 as below.
The CELLA HO border needs to satisfy the following conditions:

Va1<Va<Va2 and Va > 0 and Vb> 0 
Or Va <= 0 and Vb > 0 and | Vb | > | Va |+Wa+Wb 

Or Vb <= 0 and Va > 0 and | Va | > | Vb |+Wa+Wb 
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Figure7: the allowed range of the CELLA HO border
Similarly, we could also take the CELLB HO border modification as an example. Because the load of CELLA is higher than the CELLB, therefore the purpose of modification is to let UEs located in the CELLA and CELLB edge move to CELLB easily. The red broken line needs to adjust to the left, and the allowed range of the CELLB HO border is shown in Figure8 as below.

The CELLB HO border needs to satisfy the following conditions:

Vb1<Vb<Vb2 and Va > 0 and Vb> 0 
Or Va <= 0 and Vb > 0 and | Vb | > | Va |+Wa+Wb 

Or Vb <= 0 and Va > 0 and | Va | > | Vb |+Wa+Wb
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Figure8: the allowed range of the CELLB HO border
According to the above analysis and discussion, the following proposals need to be approved:
Proposal1: MLB should avoid bringing MRO problems, e.g., too early HO、too late HO and ping-pang HO.
Proposal2: The currently used handover setting can be exchanged between the source and the target cells to decide the allowed modification range of HO border.
Proposal3: The allowed ranges of parameter values for negotiation can be exchanged between the source and the target cells in order to fasten the negotiation process.
3. Conclusion

It is proposed to agree on the following text in TS36.300.
--------------------------------------------------------------8<-----------------------------------------------------------------------------
22.X.1.4
Adapting handover and/or reselection configuration

This function enables requesting of a change of handover and/or reselection parameters at target cells. The source cell that initialized the load balancing estimates if it is needed to change mobility configuration in the source and/or target cells. If the amendment is needed, the source cell initializes mobility negotiation procedure toward the target cells.

The currently used handover setting and/or allowed ranges of parameter values for negotiation of the target cell can be inquired by the source cell when needed.
The source cell informs the target cells about the new mobility setting and provides cause for the change (e.g. load balancing related request). The proposed change is expressed by the means of parameters related to mobility setting. Cell reselection configuration may be amended to reflect changes in the HO setting, or vice versa. It is FFS whether all the cells affected by the change must accept the proposed configuration before the change is executed in the source and target cells. 

All automatic changes on the HO and/or reselection parameters must be within the range allowed by OAM. 
22.X.1.5
The Correlation between MLB and MRO
Under the MRO and MLB coexistence circumstance, MLB will adjust HO parameters to balance the load between cells, meanwhile, it is necessary to avoid the too early HOs、too late HOs and ping-pong HOs which are controlled by MRO. The boundary for too early HO and too late HO and in CELLA and CELLB under the MRO and MLB coexistence circumstance is shown in Figurex, the red broken line means the current HO border in CELLB, and the blue broken line means the current HO border in CELLA. The gray area is the protection area (which means the minimum distance needs to be guaranteed between the red broken line and the blue broken line).
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Figurex: the HO boundary in MRO and MLB coexistence circumstance

For example, if the load of CELLA is higher than the CELLB to trigger MLB optimization, the following modification methods could be used. 

- Modify the CELLA HO border;

- Modify the CELLB HO border;

- Modify the CELLA and the CELLB HO border together.

No matter what kind of modification method is chosen, the HO parameters modification needs to obey some limitation rules, the cell HO border should range between the boundary for too early HO and too late HO, and the protection area needs to be guaranteed between the source cell and target cell. Then the MLB optimization could avoid bringing MRO problems.
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