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1
Introduction
In RAN3#81 the following class of solutions was described in the TR 37.822:

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 assumption on which the solutions in this class are based is that by defining UE Type groups the source and target eNBs involved in handover procedures would automatically be able to ensure that ping pongs are avoided. 

This paper provides an analysis of these solutions and of the assumptions they are based on.

2
Analysis of pre-defined UE groups solutions
In the class of “pre-defined UE groups” solutions it is assumed that exact criteria on how to group UEs will be standardised. There are virtually endless combinations of criteria according to which UEs can be classified in groups, for example:
· Based on their capabilities: TS36.306 and TS25.306 define a list of UE capabilities. Some of the capabilities that could be of interest for the grouping of UEs are: 
· RLC/MAC capabilities (e.g. buffer size)

· Phy Channel capabilities (e.g. support of band combinations, carrier combination, multiflow, MIMO etc.)

· RF Parameters (e.g. Power Class, Tx/Rx frequency separation)

· Multi mode Parameters (e.g. support for FDD and TDD)

· Multi RAT Parameters (e.g. support of multi RATs)

· General Capabilities (e.g. Access Stratum Release Indicator, Device Type)

· Measurement Parameters (e.g. cell detection capabilities)

· H(e)NB Support Parameters

· Based on their services:
· Per QCI, per type of service

· Based on their mobility status:

· Based on high/medium/low speed

From the non-exhaustive list of possible grouping criteria above it should be clear that it is not possible to define a UE group for each possible combination of such criteria (capability, mobility, service driven etc.) the UE may be subject to. Besides, a very high granularity approach would imply that for each new condition introduced in the future, e.g. service type, capability etc. new group types would have to be defined.

Therefore, realistic mechanism would have to be based on defining groups of UEs within a range of capabilities, services, mobility conditions etc.
Observation 1: A realistic mechanism to define UE Groups would have to be based on grouping together UEs within a range of capabilities, services and mobility conditions.

As an example, one could consider the following as a group definition:

Group ID X:
UE Category = [Cat6, Cat7, Cat8] (includes Layer 2 buffer size, transport channel capacity, etc.) 
Support for MIMO == [Rel10 MIMO in UL and DL, Rel10 MIMO UL, Rel10 MIMO DL)]
Support for Carrier Aggregation Rel10 == [Supported, non-Supported]
CRS Capability == [REL-10, REL-11]
Service Types == [QCI 4, 5, 6, 8, 9] (i.e. non real time traffic)
Mobility Status == Low/medium speed

The group defined above represent a non-exhaustive example of how some of the very many capability ranges can be grouped together to form a defined UE Group. It shall be noted that the smaller the range of parameters is, the higher the number of groups will be.
A standardized UE group type definition aims at enabling the use of the Mobility Setting Change procedure for the negotiation of HO trigger points for each defined UE group, e.g. Group X above. Hence, source and target cells agreeing to the Mobility Setting Change negotiation should always respect the HO trigger point for the whole group and this should lead to the resolution of Ping Pong problems.

However, the same fact that a standardized group would include a range of UEs covering more than one set of capabilities, services and mobility statuses, implies that within the same group of UEs not all UEs will be treated with the same RRM policy. In fact, some UEs within the group may be handed over before the negotiated HO trigger point, others may be handed over later. 
Let’s take Group X defined above as an example: an implementation may choose to anticipate handovers for UEs within this group that have e.g.:  Low Category number, i.e. low RLC AM and MAC buffer size, low power class, support earlier releases, support low CREs, support relatively higher sensitive services (e.g. QCI 5, 8), have a medium mobility status.
The remaining UEs within this group may be subject to a delayed HO because more resilient to low channel conditions and less sensitive to data losses.

On the other side, a different implementation may apply different HO bias to each UE included in the UE range of Group X. 

The latter will lead to the problem of Ping Pongs because the source and target can adopt their own implementation specific choices on how to treat different UEs in the same group.
Observation 2: If UE Groups include a range of UEs with different characteristics, implementation specific ways to treat different UEs within the group may lead to Ping Pongs
3
Is there a need for changes?
In section 2 it has been explained that if UE Type classes have to be defined in moderate numbers, it is inevitable that ping pongs may occur due to the different RRM policies that an implementation can assign to the different types of UEs within the specified UE class.

Nevertheless, let’s step back and ask ourselves whether ping pongs can be avoided without the definition of UE Group classes.

In [1] it was already pointed out that when a UE hands over to a target cell, the target eNB is able to know the reason for the handover, i.e. whether the handover was for load balancing or for radio reasons. The target eNB will also know the UE capabilities and the UE History Information, outlining the previous handovers and dwelling times for the UE. Moreover, the HO preparation signalling messages from source to target contain information that can lead to the RRM policy used at the source.
If the priority is to avoid ping pongs, then an implementation has all the information it needs to keep the UE connected to the serving cell and avoid, as long as possible, handovers to the previous serving cell. 

If the UE needs to be handed over for radio reasons to the previous serving cell, this should not be regarded as Ping Pong, because the consequence of avoiding this handover would be an RLF, which is the primary event to be avoided.

It has to be noted that UEs in active, transmitting/receiving mode, report measurements like CQI and UL Power Headroom with a highfrequency. From these measurements the serving eNB is able to understand when an RLF is imminent and on the basis of that an handover decision can be taken. 
It is worth noticing that RLFs shall always be avoided with the highest priority. An RLF in fact degrades the network KPIs, implies increased signalling due to re-establishment and re-connection procedures, implies high impacts to service quality due to packet losses that cause QoE degradation and TCP slow start.
Observation 3: According to current mechanisms the serving eNB is able to identify when a ping pong event might occur and, if possible, it is able to prevent it. An handover for radio reasons should not be classified as ping pong. 
4
Conclusion
In this paper an analysis of the “Solution with pre-defined UE groups” has been carried out and the following observations have been deduced:
Observation 1: A realistic mechanism to define UE Groups would have to be based on grouping together UEs within a range of capabilities, services and mobility conditions.

Observation 2: If UE Groups include a range of UEs with different characteristics, implementation specific ways to treat different UEs within the group may lead to Ping Pongs
Observation 3: According to current mechanisms the serving eNB is able to identify when a ping pong event might occur and, if possible, it is able to prevent it. An handover for radio reasons should not be classified as ping pong. 
From the discussion above the following can be concluded:

Conclusion: Solutions with pre-defined UE groups have a high impact on the system and do not solve the problem of Ping Pongs. Existing handover and RRM mechanisms are able to avoid ping pongs when possible.

It is proposed to agree to the following text to be added to TR 37.822.
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6 Text proposal

It is proposed to apply the following changes to TR 37.822:

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, 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
c.
The groups are defined in a way to make the solution scalable, i.e. number of groups shall be minimised
d.
Within a defined group an implementation should be free to treat UEs in different conditions (e.g. different services, capabilities) in different ways
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