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1 Introduction
At RAN3 #80 two problems were identified and defined in the TR [1]:
· Ping-pong

· Interpretation of the Mobility Setting Change procedure
In this paper those two problems are studied more profoundly and principles for possible solutions formulated. Furthermore, example solutions are offered too. 
2 Discussion

2.1 The ping-pong problem
The ping-pong description addresses ping-pong vs failure trade-off: 
“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 problem can be summarized as follows: for some UEs ping-pong (with QoS degradation due to passing via congested cell) is more acceptable than possible failure, while others shall not be handed over back to the congested cell irrespectively from the failure risk. In theory, each eNB is autonomous in making mobility decision concerning UEs that it serves, but it usually has several options to act, like in the problem description above: it may keep the user as long as it can, even risking failure (which for NRT services may be acceptable, if re-establishment is quick), or it may try to prevent it by handing the user back to the congested cell, where its service may be downgraded due to load level. The solution may, however, be based on different approached: either the target cell knows what the policy of the congested cell is and accordingly applies own policy, or the congested cell knows even before handing over a UE what guarantees the target offers.
Observation 1: The ping-pong problem can be solved, either before a HO from congested cell, i.e. by preventing offloading of an UE that cannot be served at the target, or after a HO from congested cell, when the target cell adapts its policy toward an off-loaded UE according to the preference of the congested cell.

The “before HO” approach requires that the overloaded eNB has information about the capabilities or policies of the possible target. In case of the “after HO” approach the same knowledge is needed at the target, but there it concerns the UE that has just been handed over from the overloaded cell.
Following scenario illustrates these approaches:

· A cell in eNB A, serving 2 UEs, a RT and a NRT, becomes congested;

· Policy of eNB A: Failure for a heavy NRT UE is less critical than for RT UEs;

· “Before HO” approach: 

· eNB A checks that eNB B will accept NRT UE at given conditions and a return HO will not be executed;

· eNB A negotiates with eNB B appropriate border shift and applies it for the NRT UE;

· “After HO” approach: 

· eNB A negotiates with eNB B a border shift and applies it for the NRT UE;
· eNB B is informed that a NRT UE shall not be handed over back, even at the risk of a failure;
· the NRT UE is configured with a new mobility settings and handed over to eNB B;

Observation 2: In order to solve the problem and maintain the policy towards a call, one of the peer eNBs should adapt its policy according to the other eNB: either the overloaded eNB must obtain acceptance for the LB HO from the target, or the target should follow instruction from the overloaded cell.
The “after HO” approach has possibly one disadvantage: theoretically, it may force the target eNB for policies it is not able to execute. Therefore either the scope of what can be demanded may need to be controlled centrally.

Clearly, “before HO” approach implies that the solutions should enable obtaining information from the target before or at the LB HO, e.g.:

1) An eNB may indicate the UE class in the Mobility Setting Change procedure; the indication shall be comprehensive for both eNBs, so it is either based on pre-defined features (bearer type, UE capability), or be set up by the operator (via OAM). The target accepts / rejects the change request and thus informs the overloaded cell about its policy.

2) An eNB may indicate a UE class and the mobility policy (including the HO threshold) in the HO Preparation procedure; the indication shall be comprehensive for both eNBs, so it is either based on pre-defined features (bearer type, UE capability), or be set up by the operator (via OAM). The target accepts / rejects the HO request and thus informs the overloaded cell about its policy (a new cause may be used to emphasize the rejection refers to the LB policy). 
The solutions related to the “after HO” approach assume the policy is informed to the target, e.g.:

3) An eNB may indicate a UE class in the HO Preparation procedure; the indication shall be comprehensive for both eNBs, so it is either based on pre-defined features (bearer type, UE capability), or be set up by the operator (via OAM). After the HO is completed successfully, the target applies the policy for the UE (avoid ping-pong vs avoid failure). 

4) An eNB includes “Mobility Information” bit string in the Mobility Setting Change and later in the HO Preparation procedures; the target, if it accepts the new mobility settings, applies it to the UEs handed over successfully with the same MI.
(Note: if there are pre-configured values of the Mobility Information that are comprehensive to the target, the solution can be considered as based on “before HO” approach, because the policy is then negotiated before any HO is executed.)
The problem can also be solved based on OAM:

5) The priorities and policies are defined in all eNBs via OAM.

It is important to note that the OAM configuration needs to be the either at DM level (Itf-S), or based on fixed call/UE feature, like bearer or capability (UE release). It may therefore limit the solution significantly.
2.2 The interpretation problem
The interpretation problem addresses differences in the way the Mobility Setting Change procedure may be used:

“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 of its served 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.”

Here, the core of the problem is also in the autonomous implementation of the mobility policy, and it is up to the way the request is considered: is it supposed to be for all UEs, or for some of them only. If the problem is interpretation, the solution should enable the involved eNBs to understand which method is used at the neighbour. 

Observation 3: In order to solve the interpretation problem, an eNB shall know with what intention the Mobility Setting Change is sent: for some or all UEs.

The solution for this problem must enable an eNB to indicate the purpose the Mobility Setting Change is initiated for. For example:
· eNB A, serving 2 UEs, a RT and a NRT, becomes congested;

· eNB A requests eNB B to shift the border (towards eNB A) by 4 dB;

· If eNB B is aware eNB A will hand over only UEs that can handle 4 dB bias, and the same is expected from eNB B, the eNB B may accept the request;

The problem may therefore be resolved in two ways:
1) A flag is added to the Mobility Setting Change procedure to indicate that the request is for all or for some UEs. To make it more comprehensible, the intended UE class(es) can also be added in the case that the request is for some UEs. 
2) The eNBs are configured from OAM to interpret all the requests in the same way.
3 Summary and proposals
The paper explains the core of the problems defined at RAN3 #80. It is shown that the ping-pong and the interpretation problems can be solved in several different ways. It is important to note though that some solutions may be used for both problems: for example, UE class indication in the Mobility Setting Change procedure may be also considered as the flag to indicate particular interpretation of the request.

However, it may be yet premature to consider details of each of the solutions. It is proposed to agree on the observations related to the principles of the solution, while leaving its implementation for further discussion.
The solution principles presented above shall also be added to the TR, as proposed in the text proposal below.
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 solutions to the ping-pong problem shall be designed according to following principle:
The ping-pong problem can be solved, either before a HO from congested cell, i.e. by preventing offloading of an UE that cannot be served at the target, or after a HO from congested cell, when the target cell adapts its policy toward an off-loaded UE according to the preference of the congested cell. That means that one of the peer eNBs should adapt its policy according to the other eNB: either the overloaded eNB must obtain acceptance for the LB HO from the target, or the target should follow instruction from the overloaded cell.
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 of its served 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 solutions to the Mobility Setting Change interpretation problem shall be designed according to following principle:

In order to solve the interpretation problem, an eNB shall know with what intention the Mobility Setting Change is sent: for some or all UEs.
	*** Remaining text not changed ***


5 References

[1] TR 37.822, v 0.2.0

































