3GPP TSG-RAN WG3 Meeting #82
R3-132084
San Francisco, USA, November 11-15, 2013
Agenda item:
10.1.1
Source:
NSN, Samsung, Fujitsu
Title:
Evaluation of the solutions for the problems related to UE types
Document for:

Discussion and approval
1 Introduction
At RAN3 #81-bis a list of criteria for evaluation of the solutions proposed before for the ping-pong problem has been collected and added to the TR [1]:
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 signaling procedures may be affected and at what extent.
In addition, the requirements were updated. The requirements, even though not directly defining the criteria, should be considered in the evaluation. In this paper, we analyse the solutions and compare them against the criteria and requirements.
2 Discussion

2.1 The solutions
The solutions identified so far are listed in the TR [1]:

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 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 or UE behavior (e.g. UE mobility state as known by the network).

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. 

2.2 Evaluation

In the evaluation, the flexibility requires particular attention. In general, it addresses the freedom an eNB has when assigning mobility policy to a UE. Obviously, it is the higher the less constrained the eNB is. Therefore, in an isolated case it is the best if the eNB relies purely on its own implementation. However, in an operator’s network complete freedom in mobility implementation is not possible, because it would lead to anarchy. The problem identified previously is the ping-pong, when the eNB hands over some UEs to a neighbour by individually changing HO trigger, while the neighbor, having uncoordinated mobility policy, attempts to hand them back. In case of congestion, as defined in the problem definition, a ping-pong may be disastrous: a “heavy” UE that is returned to the congested cell can cause severe QoS degradation, or failures, probably in a random manner. This is not acceptable and thus the implementation will have to be adapted to avoid such a situation. This shows that there is a trade-off between implementation needs and coordination, and the latter must be taken into account in the evaluation of the flexibility. Therefore, in the flexibility discussion three aspects of the flexibility are considered:

· Flexibility for implementation-based grouping of UEs (“at source”);

· Limitations that can be imposed by a neighbor (“at target”);

· Gains from the coordination: is any coordination possible, at what extend;

Another aspect to discuss is the ability to optimize QoS. In principle, it is to evaluate if a solution allows the serving eNB to know that a particular UE may benefit from being handed over even though there is no risk of a failure at the serving eNB, or alternatively, if some UEs shall be allowed higher failure risk to protect other UEs, e.g. in the congested neighbour. Both of the issues require the serving eNB to know what would be the situation of the UE at the possible target. 
The table below provides the analyses of the proposed solutions:
	
	Flexibility
	Ping-pong and connection failure avoidance
	Ability to optimize other aspects 
(e.g. QoS)
	Standardization and implementation effort

	
	Adaptation
	Future development
	
	
	

	1
	Medium (1)
Proprietary solution offers full flexibility from the source perspective; however, lack of coordination may limit this flexibility, e.g. even if there is no limitation for the source to select a policy, there may be practical limitations considering that the target must guess the policy and if the source wish the target to be able to guess the policy, this may limit the flexibility in the source cell.
	Medium (1)
Proprietary solution offers full flexibility from the source perspective; however, lack of coordination may limit this flexibility, e.g. even if there is no limitation for the source to select a policy, there may be practical limitations considering that the target must guess the policy and if the source wish the target to be able to guess the policy, this may limit the flexibility in the source cell.
	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, misunderstanding of the intentions of the peer eNB may lead to a failure (too early HO, if the peer delayed HO execution as compared to the measurement trigger).
	Low (0)
Lack of coordination does not allow to know how the UE would be treated in terms of the mobility policy in the congested neighbor cell, which currently forces the serving cell to keep the UE as long as possible. On the other hand, it does not enable it to know which UEs may be allowed higher failure risk to protect more important connections.
	Low (2)

No new signaling needed.

	2-a
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are partially coordinated (cancellation of the special mobility setting is not possible) may counterbalance these limitations.
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are partially coordinated (cancellation of the special mobility setting is not possible) may counterbalance these limitations.
	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 not handed over from the source, the risk of PP still exists.
	Medium (1)
The coordination offered by the enhanced HO signaling enables for policy adaptation for given UE, but does not allow for its cancellation in case the situation at the target changes.
	Medium (1)

The only affected procedure is the HO preparation.

	2-b
	Low (0)

Signaling the timer offers no advantage for mobility policy selection as compared to solution (1), but still constrains it in case of receiving the timer from a neighbor. There is no gain in terms of coordination, either, because the timer does not affect the policy directly.
	Low (0)

Signaling the timer offers no advantage for mobility policy selection as compared to solution (1), but still constrains it in case of receiving the timer from a neighbor. There is no gain in terms of coordination, either, because the timer does not affect the policy directly.
	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.
	Low (0)

Exchanging the timer does not enable any knowledge concerning the situation at the neighbor cell. Thus the solution offers no gain as compared to (1).
	Medium (1)

The only affected procedure is the HO preparation.

	2-c
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are fully coordinated counterbalances these limitations.
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are fully coordinated counterbalances these limitations.
	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 not handed over from the source, the risk of PP still exists.
	High (2)
The policy coordination based on enhanced MSC procedure offer the same gains as solution (2a), but in addition offers the option to change or cancel policy for UEs that have already been handed over.
	Medium (1)

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

	3-a
	Medium (1)

Predefined UE-grouping shall not affect the way an eNB applies mobility policy; it does limit the policy freedom for the target, but very good coordination of the policies may counteract this limitation.
	Medium (1)

In principle, fixed grouping may be more difficult to be extended in future. However, leaving some of the group codes unallocated (plus the inter-eNB signaling) can leverage this issue.
	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 (2)
Usage of the MSC procedure enables to coordinate the mobility policy whenever it is needed.
	High (0)

Both, the mobility setting change and the HO preparation procedures are affected.

	3-b
	Medium (1)

Predefined UE-grouping shall not affect the way an eNB applies mobility policy as the source; it does limit the policy freedom for the target, but very good coordination of the policies may counteract this limitation.
	Medium (1)

In principle, fixed grouping may be more difficult to be extended in future. However, leaving some of the group codes unallocated can leverage this issue.
	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 (2)

Usage of the MSC procedure enables to coordinate the mobility policy whenever it is needed.
	Medium (1)

The needed signaling affects the Mobility Setting Change procedure only.


Note: For solution 2c, the groups are defined independently between neighbours and must therefore be negotiated separately.
Proposal: Based on the above analysis it is proposed to focus on the solutions with the highest ranking: 2-a, 2-c, 3-a and 3-b. 
3 Summary and proposals
In this paper we attempted to narrow the scope of further discussion on the solutions for the ping-pong problem related to the SON for UE types. We analyse the agreed criteria and compare the proposed solutions against those. We conclude that solutions 2-a, 2-c, 3-a and 3-b are the most appropriate to resolve the problem, as it was defined. 

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, 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 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 or UE behavior (e.g. UE mobility state as known by the network).

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 signaling procedures may be affected and at what extent.
The table below presents evaluation discussion (points in brackets):
	
	Flexibility
	Ping-pong and connection failure avoidance
	Ability to optimize other aspects 
(e.g. QoS)
	Standardization and implementation effort

	
	Adaptation
	Future development
	
	
	

	1
	Medium (1)

Proprietary solution offers full flexibility from the source perspective; however, lack of coordination may limit this flexibility, e.g. even if there is no limitation for the source to select a policy, there may be practical limitations considering that the target must guess the policy and if the source wish the target to be able to guess the policy, this may limit the flexibility in the source cell.
	Medium (1)

Proprietary solution offers full flexibility from the source perspective; however, lack of coordination may limit this flexibility, e.g. even if there is no limitation for the source to select a policy, there may be practical limitations considering that the target must guess the policy and if the source wish the target to be able to guess the policy, this may limit the flexibility in the source cell.
	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, misunderstanding of the intentions of the peer eNB may lead to a failure (too early HO, if the peer delayed HO execution as compared to the measurement trigger).
	Low (0)

Lack of coordination does not allow to know how the UE would be treated in terms of the mobility policy in the congested neighbor cell, which currently forces the serving cell to keep the UE as long as possible. On the other hand, it does not enable it to know which UEs may be allowed higher failure risk to protect more important connections.
	Low (2)

No new signaling needed.

	2-a
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are partially coordinated (cancellation of the special mobility setting is not possible) may counterbalance these limitations.
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are partially coordinated (cancellation of the special mobility setting is not possible) may counterbalance these limitations.
	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 not handed over from the source, the risk of PP still exists.
	Medium (1)

The coordination offered by the enhanced HO signaling enables for policy adaptation for given UE, but does not allow for its cancellation in case the situation at the target changes.
	Medium (1)

The only affected procedure is the HO preparation.

	2-b
	Low (0)

Signaling the timer offers no advantage for mobility policy selection as compared to solution (1), but still constrains it in case of receiving the timer from a neighbor. There is no gain in terms of coordination, either, because the timer does not affect the policy directly.
	Low (0)

Signaling the timer offers no advantage for mobility policy selection as compared to solution (1), but still constrains it in case of receiving the timer from a neighbor. There is no gain in terms of coordination, either, because the timer does not affect the policy directly.
	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.
	Low (0)

Exchanging the timer does not enable any knowledge concerning the situation at the neighbor cell. Thus the solution offers no gain as compared to (1).
	Medium (1)

The only affected procedure is the HO preparation.

	2-c
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are fully coordinated counterbalances these limitations.
	High (2)

Signalling a special mobility policy enables full flexibility at source, but limits it at the target; however, the gain from the fact that the policies are fully coordinated counterbalances these limitations.
	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 not handed over from the source, the risk of PP still exists.
	High (2)

The policy coordination based on enhanced MSC procedure offer the same gains as solution (2a), but in addition offers the option to change or cancel policy for UEs that have already been handed over.
	Medium (1)

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

	3-a
	Medium (1)

Predefined UE-grouping shall not affect the way an eNB applies mobility policy; it does limit the policy freedom for the target, but very good coordination of the policies may counteract this limitation.
	Medium (1)

In principle, fixed grouping may be more difficult to be extended in future. However, leaving some of the group codes unallocated (plus the inter-eNB signaling) can leverage this issue.
	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 (2)

Usage of the MSC procedure enables to coordinate the mobility policy whenever it is needed.
	High (0)

Both, the mobility setting change and the HO preparation procedures are affected.

	3-b
	Medium (1)

Predefined UE-grouping shall not affect the way an eNB applies mobility policy as the source; it does limit the policy freedom for the target, but very good coordination of the policies may counteract this limitation.
	Medium (1)

In principle, fixed grouping may be more difficult to be extended in future. However, leaving some of the group codes unallocated can leverage this issue.
	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 (2)

Usage of the MSC procedure enables to coordinate the mobility policy whenever it is needed.
	Medium (1)

The needed signaling affects the Mobility Setting Change procedure only.


Note: For solution 2c, the groups are defined independently between neighbours and must therefore be negotiated separately.
	*** Remaining text not changed ***
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