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1
Introduction
The single-connectivity handover was designed in Rel-8, and extensive study and work was performed in Rel-9 and 10 relative to automated diagnostics and correction of mobility failure scenarios (SON-MRO, Mobility Robustness Optimisation). We therefore believe that mobility failure scenarios should be considered in an early phase of the Rel-14 study and work on mobility enhancements, thus contributing to the target to design a well-working feature with reasonable implementation impacts on UE and network
2
Discussion
During their email discusion [93bis#28][1], RAN2 has identified the following phases for mobility:

· Phase I: Before UE successfully receives RRCConnectionReconfiguration including mobilityControlInfo from source eNB.

· Phase II: Time between UE successfully receiving RRCConnectionReconfiguration including mobilityControlInfo and the UE transmitting the first random access preamble. (NOTE: this phase includes the RRC processing delay for the RRCConnectionReconfiguration message.)

· Phase III: Time between transmission of the first random access preamble towards the target eNB, and successful reception of the RACH response message.

· Phase IV: After UE has successfully received the RACH response message from the network (NOTE: this phase also includes transmission of the RRCConnectionReconfigurationComplete message).

It should be observed that RAN2 has defined these phases from the UE point of view. The involved network nodes (e.g. source and target eNBs) will not necessarily have complete information relative to the mobility phase.

The use of Uu resources, as well as data forwarding, may be schematically illustrated as in Fig. 1 below for the legacy single-connectivity handover (SC HO).
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Figure 1: Schematic representation of Uu resources and X2 data forwarding for legacy SC HO as per RAN2 defined phases.
Per legacy RAN2 specification, a  connection failure during any phase of these mobility procedures, will lead to the following information being reported by the UE in the RRC Connection Re-establishment Request (RCRR) message:

· Phase I: Connection failure classified by the UE as RLF (encoded as “other failure” in the RCRR message). The UE includes the current serving cell (source cell) PCI in RCRR. 
· Phase II: T304 is started, and connection failure is therefore classified as HOF. The UE includes the target cell PCI in RCRR. 
· Phase III: T304 is still running, and connection failure is therefore classified as HOF. The UE includes the target cell PCI in RCRR.
· Phase IV: T304 is stopped, and connection failure is therefore classified as RLF. UE sends the new serving cell (target cell) PCI contained in RCRR.

The outcome of the MRO diagnostics follows the definitions in TS 36.300 clause 22.4.2.2:

-
[Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.

-
[Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.

-
[Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

The outcome will therefore depend on in which cell the UE attempts to re-establish the RRC connection after RLF or HOF, e.g. in phase I the MRO outcome will be “too late handover” if the UE attempts to re-establish the RRC connection in a cell different from the serving cell. 

From the TS 36.300 definitions copied above, it can be seen that the “too late handover” definition doesn’t include the term “handover” which means that in legacy operation the “too late handover” event occurs outside the handover procedure. In contrast, the ‘make-before-break’ handover comes with the expectation that the source cell can maintain the data connection with the UE after reception of the Handover Command. An operator may therefore need to monitor whether the data connection was really maintained, but the current definition of “too late handover” is not suitable for that purpose.
Observation 1: The criteria for legacy “too late handover” doesn’t seem suitable for make-before-break handover.
The two other definitions, for “too early handover” and “handover to wrong cell”, contain the terms “successful handover”, “handover failure” and “during the handover procedure”, and RAN3 should therefore monitor any possible evolution of these terms, e.g. whether the definitions of “successful handover” or “handover failure” could change, or whether any new aspect could modify what is meant by the handover procedure. Also the term “re-establish the radio link connection” is employed, referring to the RRC connection re-establishment procedure defined in TS 36.331, as well as to the current situation of a single RRC connection per UE.
Observation 2: The definitions of “too early handover” and “handover to wrong cell” will need to be analyzed in light of ‘make-before-break’.
While it is too early to draw conclusion at the present stage, all options for enhancements contained in [1] have in common that source cell UL/DL data connection with the UE is kept in phase II (DL synchronisation). In order to illustrate this, we have schematically represented options 1 and 4 (as described in [1]) in Fig. 2 below:
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Figure 2: Schematic representations of Uu resources and X2 data forwarding for legacy SC HO as per RAN2 defined phases, according to options 1 and 4 in [1].
According to the legacy RAN2 specification the UE will start the T304 timer at the start of phase II (reception of HO Cmd) and declare HOF, followed by RRC connection reestablishment attempt, if the UE is unable to synchronise to the target cell. However from Fig. 2 it seems reasonable to consider a “soft” error recovery if the failure occurs during phase II and the radio link towards the source cell is still operational (“too early handover”). RAN3 shouldn’t therefore exclude that RAN2 could choose not to use the T304 timer for make-before-break handover, but create a new (set of) guard timer(s) in the UE to handle specific aspects of the make-before-break procedure.
Observation 3: Make-before-break could enable soft recovery of too early handover, presumably introducing new guard timer(s) in the UE different from the legacy T304.  
As a general observation, any ‘make-before-break’ mechanism will typically favour ‘aggressive’ handover settings, in the sense that it will be beneficial to trigger the handover earlier, because the ‘too early handover’ problem will (or should) not impact the user (the connection is kept anyway), maybe except for battery consumption. And if the handover is performed “too late”, there could be service interruption during the handover.

Observation 4: Any ‘make-before-break’ mechanism will typically favour ‘aggressive’ handover settings, in the sense that it will be beneficial to trigger the handover earlier.

A more complete impact analysis will require stabilized enhancement descriptions from RAN2 side. Such impact analysis should take into account SON MRO functionality based on UE context information stored in the eNB (Rel-9) or on context-less operation based on the UE RLF Report standardized in Rel-10. Example of decision and signaling flow for such analysis can be found in [2], annex B and C.

 From what’s stated above, it seems we need new MRO definitions for make-before-break handover introduced for data interruption minimization on top of the existing definitions for legacy handover. This will lead to considerable additional complexity.
Proposal: RAN3 to discuss MRO impacts of 'make-before-break' as can be foreseen at current stage, and inform RAN2 that legacy MRO will be suboptimal or non operational for 'make-before-break', depending on the upcoming RAN2 decisions.
3
Conclusion
While a complete SON-MRO impact analysis would need a stable description of the enhancement options, we have so far provided the following three observations:
Observation 1: The criteria for legacy “too late handover” doesn’t seem suitable for make-before-break handover.
Observation 2: The definitions of “too early handover” and “handover to wrong cell” will need to be analyzed in light of ‘make-before-break’.

Observation 3:  Make-before-break could enable soft recovery of too early handover, presumably based on guard timer(s) in the UE different from the legacy T304.
Observation 4: Any ‘make-before-break’ mechanism will typically favour ‘aggressive’ handover settings, in the sense that it will be beneficial to trigger the handover earlier.

Based on the considerable additional complexity this will entail, we therefore propose:
Proposal: RAN3 to discuss MRO impacts of 'make-before-break' as can be foreseen at current stage, and inform RAN2 that legacy MRO will be suboptimal or non operational for 'make-before-break', depending on the upcoming RAN2 decisions.
Text proposal for LS to RAN2 is included in [3].
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