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1 Introduction
At RAN3 #81 a list of solutions addressing the ping-pong and the interpretation problems was completed in the TR [1]:
The ping-pong problem:
1. Solution without additional information
2. Solution with additional information but without pre-defined UE groups
a) The source eNB signals the offset defining the cell border for the UE;

b) The source eNB signals the timer defining the ping-pong detection;

c) The source signals the UE type code in the Mobility Setting Change and later assigns UEs to the mobility policy by signaling the same code in the HO procedure.

3. Solution with UE groups pre-defined and included in the mobility negotiations:
a) The eNBs 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;
The interpretation problem:

1. Clarification that the negotiation is for the least sensitive UE (typically legacy UEs)
2. Clarification that the negotiation is for the most sensitive UEs.
3. The problem is not relevant
In this paper, we propose comparison criteria and check the solutions against them.
2 Discussion

2.1 The ping-pong problem
The solutions assuming no new information need to be added rely on the fact that an eNB may try to deduct the policy of the congested cell from existing sources, in particular the UE context transferred from the source eNB. Based on those, the eNB offering capacity for load balancing (i.e. the target eNB) may try to apply corresponding mobility policy. This works only in particular conditions: when the HO is based directly on event report and there is only one measurement configuration in the UE context. In any other case or when the HO is completely detached from measurements (traffic steering) the target eNB will get confused on how to apply the correct policy.
The solutions that do not require defining UE classes are all based on the assumption that the information about mobility policy comes from the congested eNB (i.e. the source eNB) – the other eNB may reject it, but does not need to understand the reason for the policy. In details, this policy can be expressed as directly declared “delta” (i.e. the bias that defined cell border for this UE), or a timer (i.e. the minimum time the UE shall stay at the target) or a code that enables assigning UEs to previously agreed mobility policy.
Finally, the solutions with defined UE classes assume the mobility settings are agreed per UE class that is either configurable, or based on existing and known features. 

In order to select the most appropriate solution, all the variants must be analysed against the same criteria. The most logical criteria must address applicability of the solution to the problem defined, i.e. enabling coherent usage of different mobility policies across the network, the effort needed to implement it and its future extendibility. It is therefore proposed to adopt following comparison points:
Ability to differentiate mobility policies: the point to analyses is if the solution enables the target eNB to know what mobility policy the source eNB would like to apply for a UE that may be possibly handed over to the source eNB. In particular, this should consider if the solution works only on the UEs previously handed over from the source eNB, or on all UEs of given type. It must also consider if the agreed policy can be cancelled when the congestion is over (if not, the UEs affected by the congestion policy will stay at the target in sub-optimal conditions).
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 ping-pong risk while keeping the connection failure risk as limited as with existing signaling.
Implementation effort: the point here is to analyse what procedures may be affected and at what extent.

Flexibility: the point is to verify if the solution enables adding new UE types without stage-3 impact. Therefore, it addresses both, easiness of future extensions and implementation freedom.
The table below provides the analyses of the proposed solutions:
	
	Ability to differentiate mobility policies
	Ping-pong and connection failure avoidance
	Implementation effort
	Flexibility

	
	UEs handed over from the source
	All UEs of given type
	Policy cancellation
	
	
	

	1
	Low (0)

The mobility policy at source may be deducted under several conditions, e.g. that the source triggers HO based on single measurement event. If the condition is not fulfilled, the likelihood that target applies coherent policy is low.
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	Low (0)

The information is transferred in the UE RRC context in the HO procedure, so it will not be cancelled unless the UE returns to the source.
	Low (0)

The target may attempt to guess the policy at source and avoid ping-pong, but this depends on several assumptions (e.g. that the policy is deductable from the measurement configuration). Moreover, the delay between the trigger for HO at the source and HO completion at the target may lead to change of conditions which may lead to a failure (too early HO).
	Low (2)

No new signaling needed.
	Medium (1)

It is unclear if the existing information is sufficient for all UE types that may be needed in future.

	2-a
	Medium (1)

HO offset signalled by the source provides the target the clear information regarding the mobility policy intended only for the UE that is handed over. However, in the case that the target rejects the policy, the source does not know what policy the UE may be applied in the next HO attempt. This forces the source eNB to adopt trial-and-error approach, wasting time and resources. This may be very costly in case of congestion.
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	Low (0)

The information is transferred in the UE RRC context in the HO procedure, so it will not be cancelled unless the UE returns to the source.
	Medium (1)

The offset signaled from the source enables the target to verify if it can handle the UE at this distance. It can therefore reject HOs that increase the risk of PP or failure. However, for UEs that were nor handed over from the source, the risk of PP still exists.
	Medium (1)

The only affected procedure is the HO preparation.
	High (2)

Since the source decides about the offset signaled for each UE, it may apply any that is needed.

	2-b
	Low (0)

The timer give no information about mobility policy applied to the user at source. It can only be used to avoid triggering ping-pong alarm.
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	Low (0)

The information is transferred in the UE RRC context in the HO procedure, so it will not be cancelled unless the UE returns to the source.
	Low (0)

The timer enables circumventing the PP detection alarm, but does not solve the underlying problem. It may also increase the failure risk (e.g. too late HO), if the target observes the timer.
	Medium (1)

The only affected procedure is the HO preparation.
	Low (0)

The timer is not enabling the target to know the mobility policy at source even for currently discussed UE types. It is therefore very unlikely it can help in future.

	2-c
	Medium (1)

The UE type code added in the Mob Set Change procedure and then used in the HO procedure offers the target eNB precise information about mobility policy that was used for any UE at the source eNB. 
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	High (2)

The information about policy is passed in the independent procedure, so the source can inform the target the congestion policy is to be cancelled.
	Medium (1)

The negotiations performed before any HO enable the target to inform the source about the settings it definitely is not ready to accept. Therefore the benefits of the current MSC functionality are maintained. Then, the target can verify the UE capability and likelihood of PP/failure at the HO – and reject it in case the probability is too high. However, for UEs that were nor handed over from the source, the risk of PP still exists.
	Medium (1)

The only affected procedure is the Mobilty Setting Change (assuming the Mobility Information in the HO REQUEST is reused).
	High (2)

Since the source decides about the grouping, it may apply any policy, also to future UE types.

	3-a
	High (2)

The UE type is encoded in both, the Mob Set Change and the HO procedures in a form that is comprehensive to all eNBs. Therefore, both know the policies and capabilities of the other peer.
	Medium (1)

Since the groups are defined, the target may adopt them to other UEs, too. The only uncertainty may be in case of UEs combining several criteria. 
	High (2)

The information about policy is passed in the independent procedure, so the source can inform the target the congestion policy is to be cancelled.
	High (2)

The target may reject mobility settings that are risky for particular UEs yet before any HO is attempted. Once agreed, the applicability of the new settings is clear, irrespectively of the origin of the UE.
	High (0)

Both, the mobility setting change and the HO preparation procedures are affected.
	Medium (1)

Since the information is configurable and passed also in the HO signaling, it is possible to extend it as needed.

	3-b
	High (2)

The UE type is encoded in both, the Mob Set Change and the HO procedures in a form that is comprehensive to all eNBs. Therefore, both know the policies and capabilities of the other peer.
	High (2)

UE types defined in a manner comprehensive for all UEs enables the target to apply the negotiated mobility policy also for the UEs that did not come from the source cell.
	High (2)

The information about policy is passed in the independent procedure, so the source can inform the target the congestion policy is to be cancelled.
	High (2)

The target may reject mobility settings that are risky for particular UEs yet before any HO is attempted. Once agreed, the applicability of the new settings is clear, irrespectively of the origin of the UE.
	Medium (1)

The needed signaling affects the Mobility Setting Change procedure only.
	Low (0)

Defining the UE types directly in the signaling makes it difficult to add new types without further changes in the messages.


Based on the above analysis it is proposed to focus on the solutions with the highest points: 2-c, 3-a and 3-b. Those solutions are based on the assumptions of Rel.9 that the mobility policy is negotiated with the Mobility Setting Change procedure.
2.2 The interpretation problem

Assuming the problem is considered relevant, there is one solution assuming the procedure can be clarified: declaring the negotiations concern either the least sensitive UEs (i.e. those that can tolerate the lowest bias) or the most sensitive UEs (the newest ones). Additional aspect is the method to introduce the clarification: as a textual clarification in the standard, or as new information that can be included in the Mobility Setting Change signalling. 

Fixed clarification defined in the specification will disable the Mobility Setting Change procedure for other groups of UEs. Furthermore, it may be seen as non-backward compatible. It may therefore be achieved only in a form of a flag that can optionally be added to the request. Furthermore, this requires that source and target have the same interpretation of “least/most sensitive”. So unless that sensitiveness is defined based on standardized criteria, multi-vendor robustness again is questionable.
The additional information added in the mobility negotiations resemble a lot some of the solutions proposed for the ping-pong problem. The sensitivity of the UE may depend on its release, bearer type or its other capabilities. For example, if the groups in solution 3-x include release of the UE, it may significantly help to bring the negotiations to the scope that it was defined for: when the UEs that the negotiations concern are of single release and capabilities (like at the time of Rel.9), which means also very similar sensitiveness. 
Also other solutions proposed for the ping-pong problem can be combined with the clarification of the Mobility Setting Change procedure, if their implementation includes modification of the negotiation signaling. 

It is therefore additional argument to focus the discussion on the solutions ranked the highest in the ping-pong evaluation.
3 Summary and proposals
In this paper we attempted to narrow the scope of further discussion on the problems related to the SON for UE types to the most promising solutions. In the part related to the ping-pong problem we propose evaluation criteria to be adopted in the analysis. Later we compare the proposed solutions against those criteria and conclude that solutions 2-c, 3-a and 3-b are the most appropriate to resolve the problem, as it was defined. Furthermore, we show that the solutions 3-x can resolve the interpretation problem, too, by bringing it back to the scope it was defined to work in.
The above conclusions are summarised in the text proposal below, which is proposed to be approved for the TR [1].
4 Text proposal

	*** Fist change ***


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, measurement configuration, QoS parameters and UE capabilities can be used to assess the offset used for a handover and likelihood of connection failure of the served UE. Therefore, current specifications enable an eNB to have 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 signaled 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

The table 4.1.1-X offers comparison of the proposed solutions with points assigned.
	
	Ability to differentiate mobility policies
	Ping-pong and connection failure avoidance
	Implementation effort
	Flexibility

	
	UEs handed over from the source
	All UEs of given type
	Policy cancellation
	
	
	

	1
	Low (0)

The mobility policy at source may be deducted under several conditions, e.g. that the source triggers HO based on single measurement event. If the condition is not fulfilled, the likelihood that target applies coherent policy is low.
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	Low (0)

The information is transferred in the UE RRC context in the HO procedure, so it will not be cancelled unless the UE returns to the source.
	Low (0)

The target may attempt to guess the policy at source and avoid ping-pong, but this depends on several assumptions (e.g. that the policy is deductable from the measurement configuration). Moreover, the delay between the trigger for HO at the source and HO completion at the target may lead to change of conditions which may lead to a failure (too early HO).
	Low (2)

No new signaling needed.
	Medium (1)

It is unclear if the existing information is sufficient for all UE types that may be needed in future.

	2-a
	Medium (1)

HO offset signalled by the source provides the target the clear information regarding the mobility policy intended only for the UE that is handed over. However, in the case that the target rejects the policy, the source does not know what policy the UE may be applied in the next HO attempt. This forces the source eNB to adopt trial-and-error approach, wasting time and resources. This may be very costly in case of congestion.
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	Low (0)

The information is transferred in the UE RRC context in the HO procedure, so it will not be cancelled unless the UE returns to the source.
	Medium (1)

The offset signaled from the source enables the target to verify if it can handle the UE at this distance. It can therefore reject HOs that increase the risk of PP or failure. However, for UEs that were nor handed over from the source, the risk of PP still exists.
	Medium (1)

The only affected procedure is the HO preparation.
	High (2)

Since the source decides about the offset signaled for each UE, it may apply any that is needed.

	2-b
	Low (0)

The timer give no information about mobility policy applied to the user at source. It can only be used to avoid triggering ping-pong alarm.
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	Low (0)

The information is transferred in the UE RRC context in the HO procedure, so it will not be cancelled unless the UE returns to the source.
	Low (0)

The timer enables circumventing the PP detection alarm, but does not solve the underlying problem. It may also increase the failure risk (e.g. too late HO), if the target observes the timer.
	Medium (1)

The only affected procedure is the HO preparation.
	Low (0)

The timer is not enabling the target to know the mobility policy at source even for currently discussed UE types. It is therefore very unlikely it can help in future.

	2-c
	Medium (1)

The UE type code added in the Mob Set Change procedure and then used in the HO procedure offers the target eNB precise information about mobility policy that was used for any UE at the source eNB. 
	Low (0)

The target has no information enabling it to know what policy the source would apply to a UE that has not been handed over from the source.
	High (2)

The information about policy is passed in the independent procedure, so the source can inform the target the congestion policy is to be cancelled.
	Medium (1)

The negotiations performed before any HO enable the target to inform the source about the settings it definitely is not ready to accept. Therefore the benefits of the current MSC functionality are maintained. Then, the target can verify the UE capability and likelihood of PP/failure at the HO – and reject it in case the probability is too high. However, for UEs that were nor handed over from the source, the risk of PP still exists.
	Medium (1)

The only affected procedure is the Mobilty Setting Change (assuming the Mobility Information in the HO REQUEST is reused).
	High (2)

Since the source decides about the grouping, it may apply any policy, also to future UE types.

	3-a
	High (2)

The UE type is encoded in both, the Mob Set Change and the HO procedures in a form that is comprehensive to all eNBs. Therefore, both know the policies and capabilities of the other peer.
	Medium (1)

Since the groups are defined, the target may adopt them to other UEs, too. The only uncertainty may be in case of UEs combining several criteria. 
	High (2)

The information about policy is passed in the independent procedure, so the source can inform the target the congestion policy is to be cancelled.
	High (2)

The target may reject mobility settings that are risky for particular UEs yet before any HO is attempted. Once agreed, the applicability of the new settings is clear, irrespectively of the origin of the UE.
	High (0)

Both, the mobility setting change and the HO preparation procedures are affected.
	Medium (1)

Since the information is configurable and passed also in the HO signaling, it is possible to extend it as needed.

	3-b
	High (2)

The UE type is encoded in both, the Mob Set Change and the HO procedures in a form that is comprehensive to all eNBs. Therefore, both know the policies and capabilities of the other peer.
	High (2)

UE types defined in a manner comprehensive for all UEs enables the target to apply the negotiated mobility policy also for the UEs that did not come from the source cell.
	High (2)

The information about policy is passed in the independent procedure, so the source can inform the target the congestion policy is to be cancelled.
	High (2)

The target may reject mobility settings that are risky for particular UEs yet before any HO is attempted. Once agreed, the applicability of the new settings is clear, irrespectively of the origin of the UE.
	Medium (1)

The needed signaling affects the Mobility Setting Change procedure only.
	Low (0)

Defining the UE types directly in the signaling makes it difficult to add new types without further changes in the messages.


Table 4.1.1-X. Comparison of the solutions for the ping-pong problem.
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.
Clarify that the negotiation is for the least sensitive UE (typically legacy UEs). 

2.
Clarify that the negotiation is for the most sensitive UEs.



The Mobility Setting Change procedure was designed to work with UEs of the same capabilities (only Rel.8 UE were completely specified at the time the procedure was introduced). Therefore, enabling differentiation of the UE release in the procedure will adapt it to the current needs, while preserving the principles assumed when it was defined. Applying more detailed differentiation, e.g. based on the bearer type, may clarify the procedure even further.
	*** Remaining text not changed ***
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