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1 Introduction
The interaction between different SON use cases is an important topic. Some use cases are expected to have a tighter interaction than others. A typical example is the interaction between MRO and MLB since both influence the handover mechanism and its parameters. This document discusses a way to enable the separation of the two use cases. 
2 Discussion
Already in Rel-8 the two use cases interact via the handover procedure. MRO adjusts handover parameters so that handovers are triggered earlier, later or to another cell based on radio conditions and the radio performance. MLB triggers handover in order to adjust the load between cells, based on load distribution information. On the standardized interfaces X2 and S1, both MRO and MLB make use of the Handover preparation procedure. Of course the source node of the procedure knows if the procedure was initiated due to MRO or MLB, but how about the target node?
Typically the eNB builds handover statistics which are then used by e.g. MRO. When some handovers were triggered by MLB, the locations and timing of these load based handovers are different from MRO. So if there are no means to distinguish between MRO and MLB triggered handovers, the handover statistics will be skewed. Furthermore admission control in an eNB may act differently if the requested handover is due to load or radio reasons. So if there is no means to distinguish the cause clearly, it can result in an undesirable interaction between the two use cases.
It was agreed in RAN3#65 in R3-092126 to add text to 36.300 which clearly states this requirement:

“A handover preparation related to a mobility load balancing action shall be distinguishable from other handovers, so that the target cell is able to apply appropriate admission control.”

How this is to be done is not stated.
2.1 Cause value in Handover preparation procedure

The first obvious place where the target node will look for if the handover was triggered by MRO or MLB is the Cause value in the HANDOVER REQUEST/REQUIRED message: Four cause values are currently defined that are applicable to handover preparation, namely:

1. “Handover Desirable for Radio Reasons” 

2. “Time Critical Handover”

3. “Resource Optimisation Handover” 

4. “Reduce Load in Serving Cell”

In S1AP the procedure text for handover preparation specifies that an appropriate cause value shall be used:

“The source eNB initiates the handover preparation by sending the HANDOVER REQUIRED message to the serving MME. When the source eNB sends the HANDOVER REQUIRED message, it shall start the timer TS1RELOCprep. The source eNB shall indicate the appropriate cause value for the handover in the Cause IE. “
In X2AP this sentence (highlighted in yellow) is missing, and is proposed to be introduced, see CR in ‎[3].
RANAP is more explicit in the procedure text for Relocation Preparation:

“The source RNC shall indicate the appropriate cause value for the Relocation in the Cause IE. Typical cause values are "Time critical Relocation", "Resource optimisation relocation", "Relocation desirable for radio reasons" , "Directed Retry", "Reduce Load in Serving Cell", "Access Restricted Due to Shared Networks", "No Iu CS UP relocation".”
Also RNSAP is more explicit in the procedure text for Enhanced Relocation:
“The SRNC initiates the procedure by sending an ENHANCED RELOCATION REQUEST message. When the SRNC sends the ENHANCED RELOCATION REQUEST message, it shall start the timer TRELOCprep. The ENHANCED RELOCATION REQUEST message shall contain the Cause IE with an appropriate value e.g.: "Time critical Relocation", "Resource optimisation relocation", "Relocation desirable for radio reasons" , "Directed Retry", "Reduce Load in Serving Cell", "No Iu CS UP relocation".”
What is then an appropriate cause value? Stage 2 does not give any guidance (23.401 & 36.300). The only guidance is given in the table in the description of the Cause IE (9.2.1.3 in 36.413 and 9.2.6 in 36.423, same wording):

	Radio Network Layer cause
	Meaning

	Handover Desirable for Radio Reasons
	The reason for requesting handover is radio related.

	Time Critical Handover
	handover is requested for time critical reason i.e. this cause value is reserved to represent all critical cases where the connection is likely to be dropped if handover is not performed.

	Resource Optimisation Handover
	The reason for requesting handover is to improve the load distribution with the neighbour cells.

	Reduce Load in Serving Cell
	Load on serving cell needs to be reduced.


The above indicates that the two first cause values are used for radio reasons and the two latter for load reasons. In order to make the usage more clear and make it possible for the target to know if the handover is due to MRO or MLB it is proposed to add a sentence in the procedure text for the Handover Preparation procedure:

“When the handover preparation is initiated due to load balancing reasons, one of the two cause values “Resource Optimisation Handover” and “Reduce Load in Serving Cell” shall be used.”

Corresponding CRs are found in ‎[2] and ‎[3].

2.2 Cause value in UE History Information IE
UE History Information is used primarily by MRO (at least that was the intended usage and is now up to implementation). But handovers recorded in the UE History Information IE can of course be due to both MRO and MLB. The receiving node has no way to determine which, except for the last incoming handover. There is no way to look this information up by requesting it from another node, as it is not stored anywhere. If added to the UE History Information IE, then the receiving node can separate MRO from MLB handovers, not only for the last handover, but for all handovers in the UE History Information IE. 
Typically the eNB would build statistics based on UE History Information, but if mixing MRO and MLB based handovers into the same statistical calculations, then wrong conclusions may be drawn. Adding the handover cause to UE History Information will not only improve the performance of MRO and MLB, but also enhance the observability of the system.
An important reason to introduce the UE History Information was to enable the discovery of ping-pong handovers without unreasonable requirements on UE context storing also after handover. E.g. for UE1 making handover from Cell A to Cell B, in principle Cell A can remember that he handed over UE1 to B and if the UE1 returns within x seconds it is considered a ping pong handover. With the introduction of UE History Information there is no such need to store this information. It was obvious that cell IDs must be in the UE History Information. It is also quite obvious that the time stayed in the cell was needed, as a handover A-B-A is only considered a ping-pong handover if the time stayed in B was short. 
If we now consider the case when A is highly loaded and has started handing over UEs to B due to load. As a result Cell A will initiate handovers earlier than before. This increases the risk for ping-pong handovers. When such a ping-pong handover occurs, Cell A will understand this from the received UE History Information IE. But as the root cause was the load balancing triggered handover, this ping-pong handover may be filtered out by MRO and not used for calculating the ping-pong rate if the Cause IE is included in the UE History Information IE for each visited cell.
3 Conclusions and proposal
We have the following proposals for RAN3 consideration and agreement: 
PROPOSAL 1: The cause values used in Handover preparation should reflect if MRO or MLB is triggering the procedure. “Handover Desirable for Radio Reasons” and “Time Critical Handover” shall be used by MRO initiated handovers. “Resource Optimisation Handover” and “Reduce Load in Serving Cell”shall be used by MLB initiated handovers. Add procedure text in X2AP and S1AP, see CRs in ‎[2] and ‎[3].
PROPOSAL 2: Handover cause value is added to UE History Information IE. CRs provided in ‎[4], ‎[5] and ‎[6].
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