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1
Introduction
During RAN3#83 preliminary conclusions were captured in TR37.822 for the SON for UE Type topic. While these conclusions capture rather well the status of the discussions carried out during the study it appears that they are rather oriented towards highlighting the benefits of UE grouping solutions. 

This paper proposes to maintain the current conclusions and to add more details on solutions based on exchange of information via handover preparation signalling, also discussed during the meeting.
2
Analysis of Problem Statement 
As a reminder of why solutions on SON for UE Type were brought forward, it is worth quoting the problem statement captured in TR37.822:

4.1.1
Ping-pong event

Problem description:

Enabling wider differentiation of mobility setting may be needed in the system (homogeneous and heterogeneous scenarios), but may create issues, such as ping-pongs. Example scenarios are presented below (further scenarios are FFS).

Scenario 1:

When load balancing is used to resolve congestion in the source cell, and the Mobility Settings Change procedure is used to adapt the handover trigger point to the target cell, some UE categories may be subject to ping-pong depending on how the UE category is handled in the target cell. A UE belonging to such UE category is handed over from the congested source cell to the target cell while located far out in the edge of the target cell. While the eNB serving the target cell is aware that handing over the UE back to the congested cell within a certain time window is a ping pong event it is FFS whether the eNB serving the target cell needs additional information for further handover decisions. These decisions are typically based on a trade off between the risk for failure and ping pong.

The core of the problem statement and scenarios above lies in the use of the Mobility Setting Change procedure. Namely, how the specifications outline that the Mobility Parameters exchanged via such procedure should be applied to different UE categories. This brings us to the Mobility Setting Change problem description:
4.1.2
Mobility Settings Change interpretation

Problem description:

The way the Mobility Setting Change procedure is defined allows for very different implementations, also such that may reduce the available range for the negotiation. To depict it, the following example may be considered: 

There are two eNBs, eNB A, whose vendor considers the procedure as "advisory" and relies on its implementation, and eNB B where the procedure is considered binding and where the mobility decisions are made according to the agreed mobility settings. If the two eNBs are to negotiate the mobility setting, the eNB A may propose rather big changes, assuming that if there is a UE that can not handle such a big extensions, the mobility implementation will hand over the UE sooner. Despite the fact that the specifications do not mandate to apply the negotiated handover to all UEs, the eNB B may reject such a request because some UEs (e.g. legacy UEs) may not be able to handle it. And since the standard states that eNB A should consider the response before executing the planned change, the available range for the load balancing may be reduced.

From the above it can be deduced that the key statement triggering the issues discussed in the SON for UE Type item are the following:

There are two eNBs, eNB A, whose vendor considers the procedure as "advisory" and relies on its implementation, and eNB B where the procedure is considered binding and where the mobility decisions are made according to the agreed mobility settings.
[…]

Despite the fact that the specifications do not mandate to apply the negotiated handover to all UEs, the eNB B may reject such a request because some UEs (e.g. legacy UEs) may not be able to handle it.
Observation 1:  the ping pong issue, which is key to the SON for UE type topic, is due to a binding interpretation of the mobility parameters exchanged via the Mobility Setting Change.
In light of Observation 1, let’s consider what the specifications mention about the mobility parameters exchanged in the Mobility Setting Change procedures. Both TS36.300 and TS36.423 do not quote that the Mobility Parameters Information IE shall be considered as binding. 
Hence it is purely a vendor implementation choice to consider the Mobility Parameters Information IE as binding. Other implementations shall not be changed due to such interpretation.

Observation 2: The standard does not specify that Mobility Parameters Information exchanged in Mobility Setting Change procedures shall be considered binding. The latter is a vendor implementation choice. It is not justified to force other implementations to change due to such interpretation of the standard.
In order to remove any ambiguity and following the suggested solution 3) in section 4.1.2 of TR37.822, the following change to 36.300 may be applied: 

-------------------------------------Beginning of Change----------------------------------
22.4.1.4
Adapting handover and/or reselection configuration

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

The source cell informs the target cell 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 the difference (delta) between the current and the new values of the handover trigger. The handover trigger is the cell specific offset that corresponds to the threshold at which a cell initialises the handover preparation procedure. Cell reselection configuration may be amended to reflect changes in the HO setting. The target cell responds to the information from the source cell. The allowed delta range for HO trigger parameter may be carried in the failure response message. The source cell should consider the responses before executing the planned change of its mobility setting.
UEs should be handed over to the target cell at or before the new HO trigger point negotiated via Mobility Setting Change procedures. The HO trigger point should be respected whenever possible, depending on UE conditions and implementation.
All automatic changes on the HO and/or reselection parameters must be within the range allowed by OAM.

-------------------------------------End of Change----------------------------------
With the change above the already covered meaning of the HO trigger point negotiated via Mobility Setting Change procedures is clarified.

Proposal 1: it is proposed to take the proposed change in Section 2 as the baseline solution for the Mobility Setting Change interpretation ambiguity problem.

The next section explains how ping pongs can be avoided in light of the above interpretation of the parameters set via the Mobility Setting Change procedure.
3
How to Prevent Load Balancing Ping Pongs 

As explained in Section 2, the key issue triggering the problem of ping pongs stated in section 4.1.1 of TR37.822 is the ambiguity in interpreting the mobility parameters negotiated via the Mobility Change Request procedure. In section 2 a clarification on how to interpret these parameters was provided. With such clarification and with the information contained in the handover preparation procedures it is possible to avoid ping pong events.

In fact, various information is contained in the HO Request. Amongst the various IEs it is worth pointing out at the following:

· sourceMeasConfig: Measurement configuration in the source cell. The measurement configuration for all measurements existing in the source eNB when handover is triggered
· sourceRadioResourceConfig: Radio configuration in the source PCell. The radio resource configuration for radio bearers existing for the UE in the source PCell when handover is triggered
· RSRP and RSRQ measurements: measurements available per neighbour cell at the time the handover is triggered
· UE History Information: Information about past handovers  

With this information it is possible to know at target eNB what measurements the UE collected and reported as part of the measurement report (RSRP and RSRQ measurements).

The measurements reported would reveal the mobility event that triggered the handover. For such event the offsets and configurations are known. Hence it is possible to deduce the mobility event that triggered the handover and all its characteristics (via sourceMeasConfig).

It is possible to know from which cell the UE comes from and how long it camped in that cell (UE History Information). 

Hence, the target eNB has all the information in place to avoid that a ping pong occurs because it knows from which cell the UE came, for how long it camped on that cell and according to which measurement event criteria the UE was handed over . The target eNB can apply the simple following rules to avoid HO:

· Mirror the measurement configuration in source eNB, so to guarantee same HO trigger point criteria 

· In order to achieve this mirroring effect the target eNB can make use of the RSRP and RSRQ measurements and measurement configuration provided in HO Request

· Check the permanence time in source cell, so that if such time is lower than the ping pong time the target can attempt to avoid handing over the UE to the source
Further, if consistent QoS treatment wants to be ensured between source and target, the target eNB can check the sourceRadioResourceConfig in order to know how much resources were allocated to radio bearers used by the UE. 
Observation 3: By using information contained in the HO Request message the target eNB can avoid ping pong events back to source eNB
There have been claims in the past concerning the possibility of source eNB not handing over the UE soon after the measurement report is received. However, this option seems to be unlikely because the more the eNB waits before sending the HO Command after measurement report reception, the higher the risk of a too late HO failure.

Nevertheless, if the latter mobility policy was adopted, as an enhancement to the current mechanisms and in the (unlikely) case when the measurement offsets used for handover procedures are not the same as those configured in the measurement object, the “actual” offset used for triggering the HO can be added to the HO Request message.
Observation 4: In case the measurement offsets used by the source eNB are different from those configured in the measurement object the “actual” offsets can be added in a new IE in the HO Request message
4
Conclusions
This paper has explained how existing information contained in the HO Request message can be sufficient to avoid the problem of ping pongs during mobility load balancing, which is the problem stated in TR37.822 for the SON for UE Type Item.

The paper explains that, in case it is assessed that the information provided in the HO Request message cannot allow the target eNB to mirror the HO trigger point used by source eNB, it is possible to propose an enhancement consisting of adding the actual measurement offsets used by source eNB.

With such approach it is possible to enable high granularity knowledge of per-UE handover trigger point between source and target eNB. The latter comes with minimum constraints on radio resource management, as the target has different ways to avoid ping pongs to source eNB and does not need to embrace a fixed mobility policy for groups of UEs.
To summarise, the following observations were captured:

Observation 1:  the ping pong issue, which is key to the SON for UE type topic, is due to a binding interpretation of the mobility parameters exchanged via the Mobility Setting Change.
Observation 2: The standard does not specify that Mobility Parameters Information exchanged in Mobility Setting Change procedures shall be considered binding. The latter is a vendor implementation choice. It is not justified to force other implementations to change due to such interpretation of the standard.
Observation 3: By using information contained in the HO Request message the target eNB can avoid ping pong events back to source eNB
Observation 4: In case the measurement offsets used by the source eNB are different from those configured in the measurement object the “actual” offsets can be added in a new IE in the HO Request message
The following is proposed:
Proposal 1: it is proposed to take the proposed change in Section 2 as the baseline solution for the Mobility Setting Change interpretation ambiguity problem.

Proposal 2: It is proposed to capture in the conclusions the text in Section 5.
For simplicity, the overall changes are listed in section 5.
5
Proposed Changes
---------------------------First Change-------------------------------

4.1
SON for UE types

According to current specifications, differentiation of mobility settings is possible. The objective of the "SON for UE types" task should be to evaluate if differentiation of mobility settings mechanisms can cause interoperability issues and if yes, to evaluate solutions for them. 

Any solution should bring sufficient improvements to inter vendor interoperability and it should be robust and future proof (namely it should not be forced to changes with future evolutions of the system, e.g. introduction of new UE capabilities). Any solution should be scalable, i.e. with the introduction of new features and capabilities, the solution should minimize impacts on implementation and standard. Such solutions should not unnecessarily limit the flexibility available in current systems for assigning different policies to UEs or UE groups: it should be possible to treat UEs in different conditions (e.g. different services, capabilities) in different ways. 

4.1.1
Ping-pong event

Problem description:

Enabling wider differentiation of mobility setting may be needed in the system (homogeneous and heterogeneous scenarios), but may create issues, such as ping-pongs. Example scenarios are presented below (further scenarios are FFS).

Scenario 1:

When load balancing is used to resolve congestion in the source cell, and the Mobility Settings Change procedure is used to adapt the handover trigger point to the target cell, some UE categories may be subject to ping-pong depending on how the UE category is handled in the target cell. A UE belonging to such UE category is handed over from the congested source cell to the target cell while located far out in the edge of the target cell. While the eNB serving the target cell is aware that handing over the UE back to the congested cell within a certain time window is a ping pong event it is FFS whether the eNB serving the target cell needs additional information for further handover decisions. These decisions are typically based on a trade off between the risk for failure and ping pong.

Solutions:

The following solutions have been identified:

1.
Solution without additional information
The existing information such as load information, Handover Cause Value, measurement configuration, QoS parameters and UE capabilities can be used to assess the reason and the offset used for a handover. The serving eNB can estimate the likelihood of connection failure of the served UEs and trigger handovers to previous serving cells only when needed from a radio conditions point of view. Therefore, current specifications enable an eNB to have enough information for avoiding unnecessary handovers back to the source cell.

2.
Solution with additional information but without pre-defined UE groups.
In this solution the source eNB sends an indication in the handover request to the target eNB to give additional information about each handover.

a.
Signal the offset from the agreed handover trigger used for this handover.

b.
Signal a timer to inform the target that it should not hand over the UE back to source within the given time.

c.
Signal a group identity (defined at source as a bit string) in the Mobility Setting Change procedure; later, the target, if it accepted the new mobility settings, applies the new settings to the UEs handed over successfully with the same group identity signalled in the HO preparations.

3.
Solution with pre-defined UE groups
In this solution, the groups are defined in the standard. The mobility settings change procedure is extended to include negotiation of the predefined groups.

a.
The eNB exchange the group ID in the handover request.

b.
The groups are based on commonly known parameters, like UE capabilities or release or bearer class or UE behaviour (e.g. UE mobility state as known by the network).

Evaluation:

Evaluation of the above solutions is proposed to be based on:

Flexibility (adaptation): the point is to verify if the solution enables to apply mobility policies to any UE, according to what implementation believes opportune, based on existing criteria (e.g. capabilities, services, etc.).

Flexibility (future development): the point is to verify if the solution enables to apply new mobility policies to any UE, according to what implementation believes opportune, based on any newly introduced criteria (e.g. new capabilities, services, etc.).

Ping-pong and connection failure avoidance: The problem statement defines the ping-pong as the risk that should be avoided. In addition, the risk of failures shall not be increased. The proposed solutions should therefore decrease the risk for the unnecessary HO (i.e. HOs not for radio reasons) that would lead to ping-pong, while not increasing the risk of failures.

Ability to optimize other aspects (e.g. QoS): the point to analyses is if the solution enables the target eNB to choose a HO trigger point that takes into account other criteria, e.g. QoS. 

Standardisation and implementation effort: the point here is to analyse implementation impact, for example what signalling procedures may be affected and at what extent.

The evaluation of the solutions is summarised in the Table 4.1.1-1.

Table 4.1.1-1: Evaluation of the solutions for the ping-pong event

	
	Flexibility
	Ping-pong and connection failure avoidance
	Ability to optimize other aspects 
(e.g. QoS)
	Standardization and implementation effort

	
	Adaptation
	Future development
	
	
	

	1
	The eNB may apply any policy it likes to all UEs, it is not bound by prior agreements.
	The eNB may create any new policy it likes.
	Ping-pong avoidance can be achieved, assuming the measurements provided from the peer eNB are relevant.
Failure can be avoided based on the available measurements.
	QoS is optimized at source and at the target independently.
	No change in standard is needed.
The target may need to adopt its policy to what is understandable from the source’s signalling.

	2-a
	The eNB may apply any policy it likes to UEs without the delta, it is not bound by prior agreements; for UEs handed over with a delta it should respect the delta.
	The eNB may create any new policy it likes.
	Ping-pong avoidance can be achieved based on the signalled delta.
Failure can be avoided based on the available measurements.
	By informing the delta to the target eNB, the QoS treatment can be optimized at the source. However, the target may not be able to apply optimal QoS while the delta is respected.
	Requires a new IE in the HO preparation.
The target should adopt its policy to the delta signalled from the source.

	2-b
	The eNB may apply any policy it likes to UEs without the timer, it is not bound by prior agreements; for UEs handed over with a timer it should keep them for the specified time.
	The eNB may create any new policy it likes.
	Ping-pong avoidance can be achieved, assuming the measurements provided from the peer eNB are relevant. Ping-pong detection can be avoided.
Failure can be avoided based on the available measurements.
	By informing the timer to the target eNB, the QoS treatment can be optimized at the source. However, the target may not be able to apply optimal QoS during this time.
	Requires a new IE in the HO preparation.
The target should change its policy during the time indicated from the source.

	2-c
	The eNB may apply any policy it likes to UEs without the group ID, it is not bound by prior agreements; for UEs handed over with a known ID it should respect the agreed HO trigger point.
	The eNB may create any new policy it likes.
	Ping-pong avoidance can be achieved based on the agreed HO trigger point.
Failure can be avoided based on the available measurements.
	By informing/cancelling the mobility policies to the target eNB, the QoS treatment can be optimized at the source. However, the target may not be able to assess the QoS treatment before the HO.
	Requires a new IE in the MSC procedure. A new IE in the HO preparation may be needed.
The target should adopt its policy to the HO trigger point agreed with the source.

	3-a
	The eNB shall apply the agreed HO trigger point to UEs, according to the group they belong to.
	Creating new grouping criteria requires specification change.
	Ping-pong avoidance can be achieved based on agreed HO trigger point.
Failure can be avoided based on the available measurements.
	By coordinating mobility policies between eNBs, a compromise QoS treatment can be provided. However, QoS for some UEs within a group may be degraded, if the groups are too coarse.
	Requires a new IE in the MSC and HO preparation procedures.
The target shall adopt its policy to the HO trigger point agreed with the source. RRM at source may need to be modified to take into account defined groups.

	3-b
	The eNB shall apply the agreed HO trigger point to UEs, according to the group they belong to.
	Creating new grouping criteria requires specification change.
	Ping-pong avoidance can be achieved based on agreed HO trigger point.
Failure can be avoided based on the available measurements.
	By coordinating mobility policies between eNBs, a compromise QoS treatment can be provided. However, QoS for some UEs within a group may be degraded, if the groups are too coarse.
	Requires a new IE in the MSC procedure.
The target shall adopt its policy to the HO trigger point agreed with the source. RRM at source may need to be modified to take into account defined groups.


4.1.2
Mobility Settings Change interpretation

Problem description:

The way the Mobility Setting Change procedure is defined allows for very different implementations, also such that may reduce the available range for the negotiation. To depict it, the following example may be considered: 

There are two eNBs, eNB A, whose vendor considers the procedure as "advisory" and relies on its implementation, and eNB B where the procedure is considered binding and where the mobility decisions are made according to the agreed mobility settings. If the two eNBs are to negotiate the mobility setting, the eNB A may propose rather big changes, assuming that if there is a UE that can not handle such a big extensions, the mobility implementation will hand over the UE sooner. Despite the fact that the specifications do not mandate to apply the negotiated handover to all UEs, the eNB B may reject such a request because some UEs (e.g. legacy UEs) may not be able to handle it. And since the standard states that eNB A should consider the response before executing the planned change, the available range for the load balancing may be reduced.

Solutions:

The problem can be solved in different ways:

1.
A clarification can be added as a specification or as an information element in the Mobility Setting Change procedure.

a.
Clarify that the negotiation is for the least sensitive UE (typically legacy UEs). 

b.
Clarify that the negotiation is for the most sensitive UEs.

2.
A solution that enables the Mobility Setting Change to be applied to a selected group of UEs (as discussed for the ping-pong problem) can also help to limit the ambiguity of the procedure.

3.
The problem may be considered as irrelevant, because the ambiguity was present in the procedure since the Rel.9, when it was first specified. Then, the handover trigger points established via Mobility Setting Change procedures should be interpreted as a recommendation that, whenever possible, the negotiated handover trigger point shall be respected. This trigger point represents then the outmost handover point from a source cell to a target cell. Namely, UEs can be handed over to the target cell at or before this trigger point. The handover trigger point negotiated via Mobility Setting Change should be applied whenever possible, depending on UE conditions and implementation.
Evaluation:

Solution 3) can be taken as baseline and can be implemented according to the following change to TS36.300:

-------------------------------------Beginning of Change----------------------------------
22.4.1.4
Adapting handover and/or reselection configuration

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

The source cell informs the target cell 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 the difference (delta) between the current and the new values of the handover trigger. The handover trigger is the cell specific offset that corresponds to the threshold at which a cell initialises the handover preparation procedure. Cell reselection configuration may be amended to reflect changes in the HO setting. The target cell responds to the information from the source cell. The allowed delta range for HO trigger parameter may be carried in the failure response message. The source cell should consider the responses before executing the planned change of its mobility setting.
UEs should be handed over to the target cell at or before the new HO trigger point negotiated via Mobility Setting Change procedures. The HO trigger point should be respected whenever possible, depending on UE conditions and implementation.

All automatic changes on the HO and/or reselection parameters must be within the range allowed by OAM.

-------------------------------------End of Change----------------------------------
4.1.3
Conclusions

Based on the discussions and studies done so far, following conclusions concerning SON enhancement for UE types can be formulated:

1)
Any work impacting RRM mechanism shall be consulted with appropriate WGs, e.g. RAN2.

2)
For the ping-pong problem, the solutions 2b and 3b shall be treated with lower priority.

3)
The study has found that the Mobility Setting Change procedure can:

-
be enhanced with a further description of how the negotiated HO trigger point should be interpreted; stage-3 should not be changed

-
be enhanced with extra information allowing the HO trigger point to be negotiated on a per UE group basis; stage-3 needs to be changed

4)
The benefit of solutions enabling UE grouping is higher granularity of mobility border negotiations fit to UE groups, at the cost of restrictions to the RRM and scheduling policies (which is less restricted in case of status quo proposals or proposals adding extra mobility information such as offset to HO preparation messages).
5) The benefit of solutions based on exchange of HO trigger point information via HO preparation messages is to enable per-UE alignment of HO trigger points between source eNB and target eNB. 
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