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1 Introduction 

The Mobility Robustness Optimization Use Case was agreed at RAN3#59 in Sorrento February 2008 and captured in TR 36.902, ref ‎[1]. A brief use case description was agreed, but so far a solution description is lacking.
During 2008 and Q1 2009 there were several contributions to RAN3 on the MRO UC. These resulted in one important addition: UE History Information transfer between eNBs, references ‎[4] and ‎[5].

In SA5 progress was made at defining the requirements for “Handover parameter optimization” ref ‎[2] and progressed on the solution in ref ‎[3].“Handover parameter optimization” can be seen as a subset of MRO, since MRO also includes idle mode cell selection/reselection optimization.
At RAN plenary #43 a new work item on SON for Rel-9 was agreed, ref ‎[7]. MRO is part of that WI. Clearly there is more to do for the MRO UC to be complete and really beneficial. 
2 Discussion
Stage 1:

The overall scope and requirements of the use case is briefly captured in 36.902 and more clearly in 32.521. As RAN3 was tasked by the joint SA5-RAN3 meeting in January to finalize the Stage 1 work, RAN3 should carefully examine the result of the SA5 work in 32.521 and capture relevant and agreeable parts into e.g. 36.902. Then RAN3 should as agreed inform SA5 about the agreements so that SA5 can review these and do necessary updates to 32.521.
Stage 2:

The functional distribution for MRO has not been decided. Briefly put the functionality can be described in three simple steps: 
1. Information gathering (“PM”), 
2. decision on what needs to be changed (the SON algorithm) and 
3. changing the relevant parameters (“CM”). 
In the remainder of this document we use this terminology without implying any functional split for the use-case.
So far work has progressed the most on the information gathering part: 
· In SA5 work on traditional PM for handover performance has started and is documented in TS 32.425. These handover performance measurement results are generated by the eNB and are sent to OAM. 
· In RAN3 the UE History has been introduced and is sent to the target eNB at handover. Independent of the location of the SON algorithm, the performance should be made visible to the OAM system, and as a consequence means to transfer UE history information (or conclusions drawn from it, e.g. statistics for ping-pong occurency) to OAM should be studied. This is of course even more important if the SON algorithm is to reside in the OAM. On the other hand if the SON algorithm is to reside in the eNBs, then it may be necessary to transfer more information about handover performance than just UE history information between eNBs. This is further elaborated in R3-090797.
On the CM side, nothing has been done in RAN3, but SA5 has made an attempt to define which parameters that are related to handover in TS 32.522 (see extract in this document’s Annex). SA5 sent an LS to RAN2 in order to verify their assumptions. In the Reply LS from RAN2 to SA5, ref ‎[8], RAN2 stated:

“In general, it is not possible to give exact answers on the usage of the events. It is the RAN2 understanding that how the events are used is largely eNB implementation freedom. While the above mentioned usage is typical, other usage is not precluded, e.g. the reported event could be used to indicate that reporting range is reached and is the start of a periodic measurement that is the actual trigger for handover. Note also that the events can be used for also for other purposes than mobility (e.g. for interference coordination).”

In summary the SA5 identified parameters may be used also for other purposes than handover, used in different combinations or not used at all: It is largely up to eNB implementation. It seems as if it will be difficult to find a common set of parameters that controls handover. Still there is a need to coordinate changes in parameters, since handover concerns a pair of cells, where too small hysteresis can result in ping-pong behavior and too large hysteresis can create unnecessary interference problems as well as RLF due to handover too late.
3 Conclusion and Proposal
In conclusion the following is proposed:

· Proposal 1: Acknowledge the SA5 requirements for MRO and capture relevant parts of them in TR 36.902. Specification level requirements REQ_SO_HO_FUN_1 to 4 in TS 32.521.
· Proposal 2: Agree to make conclusions derived from UE History Information visible at OAM, e.g. ping-pong statistics
· Proposal 3: Determine which handover related measurements need to be transferred between eNBs, when decision algorithm resides in eNB
· Proposal 4: Discuss and agree on the need for coordinating handover parameter changes. Cf R3-090794.
Huawei is willing to prepare any CRs or LSs that will result from RAN3 decisions on the above.
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5 Informative Annex

Excerpt from TR 36.902 version 1.0.1:

4.5
Mobility robustness optimisation

4.5.1
Use Case description

Manual setting of HO parameters in current 2G/3G systems is a time consuming task. In many cases, it is considered too costly to update the mobility parameters after the initial deployment. 

For some cases, RRM in one eNB can detect problems and adjust the mobility parameters, but there are also examples where RRM in one eNB can not resolve problems:


Identifying and avoid using non-suitable neighbours. 

The eNB for the source cell can not always detect when a handover was performed to a non-suitable cell. One example of this is radio link failures occurring shortly after the UE has connected to the target cell. 


Identifying problematic settings of cell selection/reselection parameters. 


Minimize handovers immediately after initial RRC connection establishment. 

If the idle and active mode mobility parameters are not well aligned, this may result in a large number of handover shortly after the UE has transited from idle to active mode. For the scenarios where this behaviour is not intended, or where the number of handover exceeds an acceptable level it would be beneficial to be able to detect and control this behaviour.

4.5.2 
Solution Description

4.5.2.1 
Input data, definition of Measurements or Performance data

4.5.2.1 
Output, influenced entities and parameter

4.5.2.3 
Impacted specifications and interfaces

Excerpt from draft TS 32.521 version 0.3.0:

5.1.3 

Handover (HO) Parameter optimization
REQ_SO_HO_CON_1 HO parameter optimization shall be performed with no human intervention as much as possible.
REQ_SO_HO_CON_2 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 related failures that cause degradation in user experience, such as call drops, radio link failures during or shortly after HO, and reduced data rates.
***** Parts omitted *****
6.1.3
Handover (HO) Parameter optimization
6.1.3.1
HO failure categorization
6.1.3.1.1
HO failures due to too late and too early HO triggering

HO failures can be categorized as follows:

· HO failures due to too late HO triggering

· HO failures due to too early HO triggering

Consequently, the HO parameter optimisation should aim at detecting and mitigating too early and too late HOs. The following subsections provide the scenarios for too early and too late HO triggering leading to HO failures.

6.1.3.1.1.1
Too late HO triggering

Example scenario for too late HO triggering is shown in Figure 1. If the UE mobility is more aggressive than what the HO parameter settings allow for, the HO could be triggered when the signal strength of the serving cell is already too low or may not be triggered at all if a radio link failure preempts it. The connection may be re-established on a different cell from the serving cell. This is a common scenario in areas where user mobility is very high, such as along the highways, train lines etc. 


[image: image1]
Figure 1 – Too late HO triggering scenario

6.1.3.1.1.2
Too early HO triggering

Example scenario for too early HO triggering is shown in Figure 2. HO can be triggered when the UE enters unintended island of coverage of the target cell inside the intended coverage area of the serving cell. When the UE exits the island of coverage of the target cell, it cannot acquire the target cell any more and the HO fails, potentially leading to a radio link failure. This is a typical scenario for areas where fragmented cell coverage is inherent to the radio propagation environment, such as dense urban areas.  


[image: image2]
Figure 2 – Too early HO triggering scenarios

6.1.3.2
Reducing inefficient use of network resources due to unnecessary HOs

HO procedure is resource-consuming and therefore costly to the network operator. Sometimes, the combination of user mobility patterns and cell coverage boundary layout can generate frequent unnecessary HOs that consume NW resources inefficiently. This scenario is illustrated in Figure 3a. HO parameter optimisation function should aim at detecting such scenarios. These scenarios sometimes can be remedied by HO parameter optimisation, as illustrated in Figure 3b. Since the goal of reducing unnecessary HOs can sometimes be opposed to the goal of reducing the number of HO failures, operators should be able to set the tradeoff point. 


[image: image3]
Figure 3a – Frequent HOs cause inefficient use of NW resources

[image: image4]
Figure 3b – HO parameter adjustment prevents frequent Hos
6.1.3.3
Requirements

REQ_SO_HO_FUN_1 HO Parameter optimisation function shall aim at detecting too early and too late handovers.

REQ_SO_HO_FUN_2 HO Parameter optimisation function shall aim at detecting inefficient use of network resources due to unnecessary HOs. 
REQ_SO_HO_FUN_3 HO parameter optimisation function shall aim at meeting the objectives and targets for the HO optimisation function
REQ_SO_HO_FUN_4 The objectives for the HO optimisation function shall reflect the desired tradeoff between the reduction in the number of HO related failures and the reduction of inefficient use of network resources due to HOs.
Excerpt from draft TS 32.522:
4.3
Handover (HO) Parameter Optimization Function

4.3.1
Objective and Targets
4.3.2
Parameters To Be Optimized
The tables below summarise the handover parameters [xxx 36.331].

Table 4.3.2-1.  Handover parameters that may be optimized for intra-frequency and inter-frequency handovers

	Event
	Summary
	Tunable parameters

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

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

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


Table 4.3.2-2.  Handover parameters that may be optimised for inter RAT handover

	Event
	Summary
	Tunable parameters

	B1
	Inter RAT Neighbour becomes better than threshold
	Ofn, Hys, Thresh, timeToTrigger

	B2
	Serving becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2
	Ofn, Hys, Thresh1, Thresh2, timeToTrigger


Editor`s note: this list may be modified during stage 3 work if no need is identified for events or parameters.
4.3.3
Optimization Method

4.3.3.1
Problem Detection  
HO Parameter Optimization Function shall focus on detecting the problem scenarios described in 32.521 [yy]; namely: too early handovers, too late handovers and inefficient use of NW resources due to HOs.  For more information about these scenarios see 32.521 [yy] section 6.1.3.

The following inputs may be used for the identification of the problem scenarios:

· Event capture and analysis

· UE measurements 

· Performance measurements

In event capture and analysis, the eNodeB exploits event information associated with a UE context, such as evidence of previous handovers (UE History, see 36.423 [xx]) and HO failure details (such as in which cell the handover failed and where the UE re-established the connection).  

UE measurements are sent within UE measurement reports and they may indicate whether HOs are too early or too late. 

HO-related performance measurements (PMs) collected at the source and / or target eNB can be useful in detecting HO-related issues on the cell level.  Since the impact of incorrect HO parameter setting will also be on the cell-level, PMs can provide useful information that can be used to detect and resolve HO-related issues due to incorrect parameter settings..
4.3.3.2
Problem Solution 
HO Parameter Optimization Function will aim at optimizing the HO parameters listed in Section 4.3.2 in such way to mitigate the problem scenarios discussed in Section 4.3.3.1.  The optimization algorithms will not be specified.  The exact set of HO parameters that may be adjusted by the algorithms is dictated by the choice of triggered HO measurements made by the RRM entity in an eNodeB.
4.3.4
Architecture

4.3.4.1
Definition of Logical Functions

4.3.4.2
Location of Logical Functions

4.3.5
Logical Function 1 
4.3.5.1
Operations
4.3.5.2
Notifications
4.3.5.3
Actions

4.3.5.4
PM

IRPManager shall collect HO-related performance measurements from the source and / or target eNB which can be useful in detecting HO-related issues on the cell level. The following input can be used for the identification of the problem scenarios specified:
· The number of RLF event happened within a interval after handover success
4.3.5.5
Others(FFS)
3dTower.emf





X  = HO failure 





X





Cell A





Cell B





Island of coverage of Cell B inside the coverage area of Cell A











3dTower.emf











3dTower.emf











3dTower.emf











3dTower.emf





    = HO triggering





X 





X  = radio link failure 





Cell A





Cell B





Due to fast movement and inadequate HO parameter setting, UE leaves the source cell coverage before the HO is triggered 











3dTower.emf











3dTower.emf











3dTower.emf











3dTower.emf











3dTower.emf











3dTower.emf











3dTower.emf











Cell B





Cell A





= HO triggering





3dTower.emf











3dTower.emf











3dTower.emf











3dTower.emf











Cell B





Cell A





HOs not triggered due to HO parameter adjustment








