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1   Introduction
In RAN3#81bis, there has been an agreement about what should be the evaluation criteria in order to choose the solution for the UE grouping, which has been captured in [1]. We propose in this paper an evaluation of the solutions based on the criteria. We also propose a way forward based on our evaluation.
2   Criteria Agreed and solutions to be evaluated
The agreed evaluation criteria capture in [1] for the proposed solutions are as follows:

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.).
This criterion measures the ability of the serving eNB to apply any policy to any UE according to RRM design criteria, i.e. differentiate policies up to per UE basis.
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.). 
This criterion measures how easy it is to add new differentiation criteria in future implementations, according to new RRM design criteria.
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.
This criterion states how well the solution allows to avoid handovers that would cause ping pongs and that can be avoided. A handover that can be avoided is one not triggered for radio reasons or for critical QoS degradation reasons (the latter being implementation specific).
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. 
This criterion assesses the ability of a solution to be flexible with respect to other aspects, for example to be flexible in allowing an implementation to adopt the QoS optimisation policy that most fit the RRM design. 

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

This criterion does not only extend to the impact on specifications, but also includes the impact on an implementation based on current specifications.
The solutions to be evaluated are [1]:

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).

3   Evaluation
The table below summarizes our evaluation:
	
	Flexibility (adaptation)
	Flexibility (future development)
	Ping-pong and connection failure avoidance
	Ability to optimize other aspects (e.g. QoS
	Standardisation and implementation effort

	1
	HIGH

Policies are not limited. They can be tuned up according to RRM design principles and assigned to individual UE’s since groups or criteria do not have to be pre-defined. These policies can be estimated via HO signalling, e.g. from the RRC context (TS 36.331. 10.3) available at the HO preparation information at the HO Request (See TS 36.423, 9.1.1.1).
	HIGH
Adding any new criteria in the implementation, e.g.  according to new RRM design principle or to new UE capabilities may be easily achieved without any specification changes. Since the policy at the target eNB can be estimated from the RRC Context in a way agnostic from RRM policies, a new policy would simply be deduced from information in HO preparation signalling. Nothing needs to be changed at signalling level (a new group or criterion does not lead to new standard changes in the future).

	HIGH
The target is able to avoid ping-pongs using the estimated policies from the RRC Context and judging if the UE is in need of a “necessary” handover or if the handover can be avoided. Radio capabilities are also available in the RRC Context so that RLFs can be either avoided at the serving or the target eNB.


	HIGH
In solution 1, QoS can be optimised according to the specific implementation of the serving eNB. There is no mandate for a target eNB to adopt a QoS policy that cannot be supported (and therefore that can lead to QoS degradations). The information received in the HO preparation signalling can allow the target to apply its QoS policies while avoiding unnecessary HOs. 
	N/A
No implementation or standard change is needed in this solution.



	2a
	HIGH
Policies are not limited. They can be tuned up according to RRM design principles and assigned to individual UE’s since groups or criteria do not have to be pre-defined. These policies can be estimated via HO signalling, e.g. via signalling of HO offset or from the RRC context (TS 36.331. 10.3) available at the HO preparation information at the HO Request (See TS 36.423, 9.1.1.1). 


	HIGH
Adding any new criteria in the implementation, e.g. according to new RRM design principle or to new UE capabilities, may be easily achieved without any specification changes. Since the policy at the target eNB can be estimated from HO signalling in a way agnostic from RRM policies, a new policy would simply be deduced from information in HO preparation signalling. Nothing needs to be changed at signalling level (a new group or criterion does not lead to new standard changes in the future).
	HIGH
Policies per UE are specified in more details by means of a new IE in the HO request so that the target can adapt its settings to avoid ping-pongs.

	MEDIUM
If the HO offset sent from source eNB to target eNB has to be respected by the target to avoid ping pong, the target may not be free to support its best QoS policy. For example, an eNB that deprioritises best effort bearer traffic may need to anticipate HO to a neighbour cell due to PDCP buffer overflow. If this cannot be done because the source HO target has to be respected, QoS of best effort traffic may suffer.

	LOW
The HO Request message has to be modified and an IE with the offset per UE has to be added.



	2b
	HIGH
Policies are not limited. They can be tuned up according to RRM design principles and assigned to individual UE’s since groups or criteria do not have to be pre-defined. These policies can be estimated via HO signalling, e.g. via signalling of HO offset or from the RRC context (TS 36.331. 10.3) available at the HO preparation information at the HO Request (See TS 36.423, 9.1.1.1).

	HIGH
Adding any new criteria in the implementation, e.g. according to new RRM design principle or to new UE capabilities, may be easily achieved without any specification changes. Since the policy at the target eNB can be estimated from HO signalling in a way agnostic from RRM policies, a new policy would simply be deduced from information in HO preparation signalling. Nothing needs to be changed at signalling level (a new group or criterion does not lead to new standard changes in the future).

	HIGH

Policies can be estimated via the RRC context (TS 36.331. 10.3) available at the HO preparation information at the HO Request (See TS 36.423, 9.1.1.1). Thus, the target is able to avoid ping-pongs. Radio capabilities are also available in the RRC Context so that RLFs can be either avoided at the serving or the target eNB.
Note that target can disregard the timer information sent by the source if the handover is deemed to be necessary for QoS or radio reasons.

	MEDIUM

If the Ping Pong avoidance timer sent from source eNB to target eNB has to be respected by the target to avoid ping pong, the target may not be free to support its best QoS policy. For example, an eNB that deprioritises best effort bearer traffic may need to anticipate HO to a neighbour cell due to PDCP buffer overflow. If this cannot be done because the source HO target has to be respected, QoS of best effort traffic may suffer.

However, the target may decide to disregard the timer if the handover is deemed to be necessary for QoS or radio reasons.
	LOW
The HO Request message has to be modified and an IE with the timer per UE has to be added. 

	2c
	LOW
Policies are limited to the number of groups. By means of negotiating an HO trigger point per group of UEs and signalling the Group ID to target eNB so that the HO trigger point for the group is respected, an implementation is not free to apply the best mobility policy per UE based on RRM design principles. The target should be free to dynamically choose the policy depending on conditions.


	MEDIUM
Criteria or grouping are not standardized, but generic groups per vendor are defined. Group identities and their policies are signalled via MSC and group identities via HO. Adding new criteria would lead to the definition of new generic groups at the serving cell to be signalled via MSC and HO. No standard changes required if new criteria. However, the limitations existing for the adaptation criteria subsist, i.e. a newly introduced policy in the source may not be compatible with the target RRM design.
	HIGH
Generic groups are defined. Although the target eNB does not know what the criteria behind the groups are and although the negotiated mobility policy may not be supported by the target the policy for the UEs belonging to it are signalled so that ping-pong can be avoided. In the case of RLFs, either the serving eNB or the target can avoid by analyzing e.g. the UE capability available at the RRC Context.
	MEDIUM

Since policies are negotiated per group via MSC, there is some potential for QoS optimization from both source and target eNB’s. However, given that source and target may follow different RRM designs, the HO trigger point achieved via MSC may lead to a compromise mobility policy that may not allow to apply the best QoS treatment for that implementation. 

	MEDIUM 
Requires a new IE in the HO Preparation and a new IE in the MSC procedure. Requires that the HO trigger point is negotiated between eNBs for each group of UEs.
The solution creates a dependency between MSC and HO signalling, i.e. re-negotiation of HO trigger points. For example, if UE conditions change and a new HO trigger point need to be set, HOs cannot occur until the MSC procedures have been concluded.



	3a
	LOW
Groups will need to be configured depending on UE capabilities and conditions. Each node should be able to maintain a pre-configured RRM policy per UE group. It is unclear how such configuration, which is strictly related to RRM design, can allow flexibility in applying the best policy for each UE depending on conditions.

	LOW

Adding new criteria implies the redefinition of groups according to new criteria and applying new policies per group, which need to be shared by source and target. Since all vendors eNBs would have to be able to support the new grouping and policies, implementations will be constrained. Moreover, if a vendor discovers new criteria it would always have to disclose them and eventually convince other vendors about the relevance of the new criteria, which might be suitable only to certain implementations. 

	MEDIUM
In this solution, groups are configured and Group IDs are signalled. A strict definition of the group by means of configuration implies that ping-pongs can be avoided because all UEs in the group will have to be treated according to the same policy by source and target eNBs.

However, if the group embraces different types of UEs, different policies can be applied for UEs of the same group. Hence the ping pong problem can still exist.


	MEDIUM

Pre-configuration of grouping criteria will need to be matched to a shared policy to be applied to such groups. As every vendor will have to be compliant to this mapping it would not be possible to provide the best QoS treatment according to the RRM design principle of one RAN. 


	HIGH
Requires the definition of groups to be signalled via HO or MSC
It also requires that each implementation is modified to support the grouping and per-group policies to be configured. 


	3b
	LOW

Possible policies are limited to the number of criteria combinations. Although only criteria are defined, there will be a limited number of possible groups so that is not possible to set up policies up to individual UE’s and up to RRC design principles.


	LOW
Adding new criteria may imply the re-definition of groups or the addition of new groups. Since in solution 3b the standardised grouping has to be specified and supported by all vendors in order to be interpreted, significant changes in the standard and implementation are needed.

Moreover, if a vendor discovers new criteria it would always have to disclose and eventually convince other vendors about the relevance of the new criteria, i.e. a vendor would not be free to apply mobility policies independently. 


	MEDIUM
In this solution, groups are defined in the standards. Policies are negotiated per group via MSC so that ping-pongs can be avoided. There could be conflicts in the tradeoffs between RLFs vs. Ping-pongs for different groups by different vendors.
However, if the group embraces different types of UEs, different policies can be applied for UEs of the same group. Hence the ping pong problem can still exist.


	MEDIUM

Since groups can be defined taking into account QoS and policy negotiation per group can be performed via MSC, QoS policies can be applied by source and target within the limits of negotiation of a common policy. 

However, as every vendor will have to be compliant to the grouping and policy criteria, it would not be possible to provide the best QoS treatment according to the RRM design principle of one RAN.
	HIGH
Requires the definition of groups to be signalled via HO or MSC. It also requires HO trigger point negotiation per group and that all the criteria for groups are defined in the standards. It requires that all implementations align to respect the grouping criteria specified.


4   Additional comments about Solution 1
Solution 1 relies on the fact that an eNB may deduct the policy of the congested cell from existing sources, in particular the RRM configuration at the RRC context, available in the HO Request message, transferred from the serving to the target eNB (see TS 36.423, 9.1.1.1 and TS 36.331, 10.3 for more details). The target eNB is then able apply corresponding mobility policies to avoid a handover back to the serving eNB. In R3-13176 [2], it is said that the RRM configuration is only reported in the case of HO based on event reported. However, this assumption is purely an implementation choice, since it is not specified in the standards that this has to be the case. The text in TS 36.331, 10.3 says: “The RRM-Config IE contains information about UE specific RRM information before the handover which can be utilized by target eNB.”
5   Conclusions

According to our analyses, a number of solutions have a high potential to avoid ping-pongs and failures. Some solutions also have a very similar potential to optimize QoS. 
When it comes to flexibility, only solutions 1, 2a and 2b are highly flexible both in being able to adapt policies up to the UE level and enabling smooth addition of new grouping criteria in future enhancements. Solutions 2c, 3a and 3b are clearly inflexible both in terms of adaptation and future development, especially 3b. Added to that, the fact that solutions 3a and 3b are the ones with major standard impact, they are also eliminated of our decision and 1, 2a, 2b and 2c remains. Given the low impact, high flexibility and high potential to avoid Ping Pong and failure cases it is proposed to select solution 1 amongst those proposed. 
Proposal 1: It is proposed to select solution 1 as way forward for the SON for UE Type topic since it is the only one with no standard impact and, according to our analysis based on the proposed criteria, it presents higher benefits compared to the other alternatives.
Proposal 2: it is proposed to add the table to TR 37.822.
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