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1   Introduction
The solutions identified so far for UE differentiation were outlined in R3-131548 [1]. In this document we look a bit closer at the presented solutions and try to identify the properties for each solution.
2   Discussion 
The following solutions were identified in [1]:

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.

2.1   Comparison of solution with and without pre-defined UE groups

The difference between solutions 2 and 3 is that the latter requires the definition of groups. This definition could be done in different ways, for example by standardising the groups in the specification. The benefit of standardising these groups is that it would be straightforward to create a uniform mobility policy within the system. If the groups are defined, the UE could be handled with the same mobility policy throughout the call. 

The drawback comes from the fact that these groups must be defined. There is no possibility for vendors to improve the mobility handling by taking additional aspects into account once the groups are defined. One possibility to allow for some freedom would be to create a large number of groups to specify any possible grouping. But this would create the need for signalling and negotiating thresholds for a large number of groups. Hence, there are motivations for keeping the number of groups to a limited number.
Another problem with having a uniform mobility handling throughout the system is that if different vendors choose to implement different solutions, only the common subset supported by all different vendors can be supported. However, different vendors may want to use different mobility handling to match characteristics of the implementation (for example receiver sensitivity to speed). This is difficult if the mobility handling should be completely aligned in the system.

This is why the mobility handling has so far been allowed to be implementation dependent and this is the reason why we for example defined the negotiation in the MSC procedure to use the abstract “handover trigger” instead of defining for example the parameters used for UE measurement configuration. 
Finally it should be noted that not only the main criteria must be defined. Every possible combination of the different groups for each criteria ({CRE0, CRE1, CRE2}, {slow, medium, fast}, …) must be defined and the thresholds used for each criteria must be aligned.  

Observation 1: Solution 3 may give a completely coordinated mobility handling but limits the freedom for implementation.

2.2   Comparison between solutions with pre-defined UE groups 
In solution 3, there are two sub solutions. The difference is whether the group ID is signalled in the handover request or not. Some of the criteria that can be used for grouping can be known in the prepared target, without the need for explicit signalling in the handover request. This includes for example the UE capability and the measurement configuration. But some other parameters, such as resource usage or velocity estimation (if different from UE history) are not included.
Observation 2: Solution 3a provides the possibility for using more criteria than solution 3b.

2.3   Comparison between solutions without pre-defined UE groups

In solution 2, some additional information is provided in the handover request. In solution 2b, a timer is included. This would enable the source cell to tell the target to keep the UE for at least a specified time before handing back. We assume that a possible exception to the rule is if the quality in the target cell is reduced so that there is a risk that the call is dropped. As can be noted, this solution is not aiming at keeping the mobility policy by preserving a similar hysteresis, but rather to reduce handover back and forth between eNBs (“slow ping pong”). 
Observation 3: Solution 2b is limiting the handover back and forth between eNB but is not aiming at keeping the same handover policy.

Solutions 2a and 2c provides additional information to the target cell to inform the target cell under what assumptions the handover was executed. The differences between these two are small but there are some.

First of all, solution 2a is simpler since it does not require any modifications to the MSC procedure. The target cell is simply informed about under what conditions the decision to handover was taken. Hence, it is up to the target cell to decide how to use this information. One straightforward solution is to apply the same delta to the negotiate trigger for handovers back to the source cell, which would result in using the same hysteresis as negotiated through the MSC procedure. 

Solution 2c offers the possibility to negotiate different handover triggers between the source and target cell. This would mean that different hysteresis could be used for different groups instead of using the same hysteresis as in solution 2a. 
It should however be noted that solution 2c requires the negotiation of a handover trigger for each group that is used by a cell. And since the groups are not pre-defined, each cell must also negotiate its own groups and the neighbour’s groups independently. We can illustrate this by an example: eNB1 use 3 groups. He negotiates these groups with all neighbours by using an enhanced MSC procedure (for example by adding a group ID to the negotiation). Now, eNB2 who is a neighbour of eNB1 is using 4 groups. In a similar way, eNB2 must negotiate with all its neighbours (including eNB1). Hence, eNB 1 and eNB2 must negotiate a total of 7 handover triggers.

Another thing that may need clarification is what group ID to use in the handover request. In the example above, if a UE is assigned group 1 in eNB1, moves to eNB2 and then shortly after that back to eNB1, it would make sense to indicate that the UE is handed over from eNB 2 with group 1 of the eNB1 (and not group 1 of eNB2). On the other hand, it would allow eNB2 to change the group assignment of the UE if the UE stays for a longer time in eNB2. One way to differentiate this is to use different group identities in neighbouring cells. Another possibility is to use a flag to indicate whether the identified group is form eNb1 or eNB2 (source or target).
The same solution may be needed for the MSC procedure. In case eNB2 likes to re-negotiate a group defined by eNB1 there is probably a need to include a similar flag in the MSC procedure.
Observation 4: Solution 2c is more complex but allows for using different hysteresis for different groups
3   Conclusions

We believe that solution 3 would limit the implementation freedom for the mobility handling in the eNB and we therefore suggest to look at solution 2a or 2c. 
We propose the text in the TP is agreed for inclusion in the TR.
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5   Annex
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. Such solutions should not unnecessarily limit the flexibility available in current systems for assigning different policies to UEs or UE groups. 
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
Solution 3 requires that the groups are predefined. This limits the implementation freedom of the mobility handling in the eNBs. Therefore, this solution is not considered beneficial. 

Solution 2a and 2b result in similar complexity but solution 2b does not completely solve the identified problem. Solution 2c is slightly more complex, since it also requires changes to the mobility settings change procedure, but enables the use of differentiated hysteresis for different groups. 
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