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1 Introduction
In Rel-9, a number of companies discussed the “rapid handover” scenario [1,2,3], but no decisions were made.  Now that the main failure cases have been captured within the specifications, this scenario merits revisiting in Rel-10.  In this contribution we review previous work and make a recommendation on how to detect and signal this event to the original source cell. 
2 Previous Work
2.1 Huawei [1]
In our thinking (Figure 1), a rapid handover means a handover spanning three cells, Cell A, Cell B and Cell C in which the holding time in Cell B is shorter than regular handover dwell time. The stated handover can be made in one shot from A to C provided that there is sufficiently good link quality to Cells A and C at the new handover point.

Figure 1, Rapid handover spanning three different cells.
2.1.1 Solution
We proposed an eNB based solution:
1. The middle cell (i.e. Cell B) can measure the rapid handovers (immediately going out after coming in) based on a configured dwell time threshold.  

2. When the rapid handover has been detected,the middle cell, cell B, informs about the event to the original serving cell .

3. The serving cell then down-prioritizes cell B as the HO candidate and upgrades the priority for cell C as its HO candidate via mobility parameter optimization logic.

The method requires a definition and configuration of minimum of handover dwell time that helps the actor to identify a potential rapid HO event.  The method does not exploit UE history.
In step (2) we need new X2 signalling capability:

Sent from eNB B to eNB A when eNB B receives a UE Context Release from eNB C indicating a successful handover from B to C, and if eNB B has sent the UE Context Release message to eNB A related to the completion of an incoming HO for the same UE within the last Tdwell seconds.
2.2 Motorola [2]

Motorola thought that any solution should be integrated with the failure case detection/signalling solutions.

Additionally:

“It should also be noted that a short sojourn may be desirable or inevitable. For example, the UE may just be travelling at a fast speed, or alternatively, there may be poor coverage (or even RLF) if the cell was handed directly to the ultimate (third) cell. In fact it is quite difficult to make this determination since one would need to consider also measurement reports for the third cell (if they were available) during the short sojourn period.

For the reasons mentioned above, we see that the proposal made in [2] allowing for aggregated rather than single reports might be quite appropriate for this use case. In any event, it is not clear that the UE history is absolutely necessary to the original cell. In fact all the cell needs to know is that a (or multiple) “short sojourn” event occurred and the involved cell(s). All this information is available in the middle cell which can therefore make the determination and pass the indication back.”

2.3 Alcatel-Lucent [3]
Alcatel-Lucent proposed to address the A-B-A rapid handover (aka ping-pong) by the introduction of a mechanism for cell A to initiate periodic UE measurements of the signal quality before executing the handover to B, and retrieve the measurement information at the end of the specified period even if the UE at that time is served by an other eNB. 
They state: “this mechanism could also serve in other topologies like the one described in Fig. 2. In this case the UE trajectory is going through the coverage island (A ( B' ( C) and the cells A, B and C are controlled by different eNBs.”
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Fig. 2: Simple example scenario for a coverage island of cell “B” along the border of cell “A” and “C” for UE movements from position “a” via position “b” towards position “c”

This proposal is intended to help the source eNB determine whether the A to B handover may be eliminated without suffering RLF.  It does not address how eNB A can determine that the dwell time in B is short.  The measurement capture and delivery look similar to the MDT work item.
3 Proposed way forward

There are two aspects to the optimisation of rapid handovers:

i) detection of rapid handover and knowledge transfer to the original source cell

ii) correction of rapid handover, including determination of whether the handover to the middle cell is necessary or not.

3.1 Step (i)
For A-B-A rapid handovers or ping-pongs, step (i) is achieved implicitly if the source cell reads the UE History.  For A-B-C rapid handovers previous work has suggested that:

· detection is performed by cell B

· signalling over X2 is then used to pass this knowledge to A (this signalling is not needed if A and B belong to the same eNB).

Proposal 1: rapid handover (A-B-C) should be detected by cell B

Proposal 2: rapid handover detection should be signalled over X2 from B to A

The Handover Report procedure was designed in a flexible manner so that it could be extended to include new handover phenomena.  The HANDOVER REPORT message may be extended in a straightforward manner if we assume that each rapid handover is signalled individually to the source cell.  An example is given in Table 1. In this example, cell A is the source cell, cell B is the failure cell and cell C is the final cell.
Table 1.  Suggested changes to HANDOVER REPORT (sent in direction: eNB1 ( eNB2)
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Handover Report Type
	M
	
	ENUMERATED (HO too early, HO to wrong cell,  Rapid HO,…)
	
	YES
	ignore

	Handover Cause
	M
	
	9.2.6
	Indicates handover cause employed for handover from eNB2 to eNB1
	YES
	ignore

	Source cell ECGI
	M
	
	ECGI

9.2.14
	ECGI of source cell for handover procedure (in eNB2)
	YES
	ignore

	Failure cell ECGI
	M
	
	ECGI 

9.2.14
	ECGI of target (eventual failure if HO too early or HO to wrong cell) cell for handover procedure (in eNB1)
	YES
	ignore

	Re-establishment cell ECGI
	C-

ifHandoverReportType HoToWrongCell
	
	ECGI 

9.2.14
	ECGI of cell where UE attempted re-establishment
	YES
	ignore

	Final cell ECGI
	C-

ifHandoverReportType RapidHo
	
	ECGI 

9.2.14
	ECGI of cell after a rapid HO
	YES
	ignore


Proposal 3: the Handover Report procedure shall be extended to support proposal 2.
The handover report could capture multiple rapid HO events in one message, as suggested by Motorola.  This would break away from the Release 9 decision to use one message for one event.  A quick calculation suggests that the X2 loading should not be high, particularly when MRO has made adjustments to Tdwell to capture the events it is really interested in (initially Tdwell could be set large and after the response to MRO actions it could be reduced).  Tdwell could be set to different values for different cells.  For example, if a cell boundary includes a 3 lane highway with UEs spaced every 10m doing 20m/s (a fast urban motorway, for example), the handover frequency is 3*20/10=6 handovers per second).  If the hold time after handover is shorter than Tdwell there would be 6 X2 messages per second corresponding to a certain A-B-C sequence.  With multiple neighbours and three sectors the total signalling to an eNB could reach 100-200 messages per second.  In the worst case every outgoing handover would be considered as “rapid” and there would be as many HANDOVER REPORT messages as UE CONTEXT RELEASE messages.  However, in summary, we consider the handover report from rapid handover should be used to capture rare events and following the Rel-9 approach is recommended.
Proposal 4: the Handover Report procedure shall be used once for each rapid HO.
3.2 Step (ii)
There are a number of methods here which require no change to the standard.  For example, the handover parameters could be altered or cell B could be blacklisted and the handover performance assessed.  Measurements may also be configured for all three cells with these changes in place.  If there is an increase in handover failures for A to C, or RLF in cell A (for ping-pong case) then these changes could be rolled-back.  The proposal of Alcatel-Lucent has the merit of being able to assess the likely impact of a handover parameter / blacklist change before making the change itself.  We feel further discussion is needed to compare these approaches.
Proposal 5: standard changes to facilitate the correction of rapid HO by the source cell requires more discussion

4 Conclusions and Text proposal to R3.023 
Proposal 1: rapid handover (A-B-C) should be detected by cell B

Proposal 2: rapid handover detection should be signalled over X2 from B to A

Proposal 3: the Handover Report procedure shall be extended to support proposal 2.
Proposal 4: the Handover Report procedure shall be used once for each rapid HO.
Proposal 5: standard changes to facilitate the correction of rapid HO by the source cell requires more discussion

--------------------------------------------------- text proposal -------------------------------------------------------------
4.5
Mobility Robustness Optimisation (MRO) enhancements
4.5.1
Use Case description
4.5.1.x 
Rapid Handover
Rapid handovers are characterized by two successful handovers from cell A to cell B to cell C in which the holding time in cell B is short.  In some circumstances the handover to B may be avoided and instead a handover directly from A to C can be engineered.  This reduces signaling load on the network (air interface and X2/S1) and service interruption to the UE.
4.5.2
Required Functionality

4.5.2.x 
Detection of rapid HO

Rapid handovers are characterized by two successful handovers from cell A to cell B to cell C in which the dwell (aka holding or sojourn) time in cell B is shorter than a preconfigured threshold.  
4.5.3
Evaluation scenarios and expected results

4.5.4
O&M requirements for radio related functions  

4.5.5
Solution Description
Detection of rapid handover A-B-C takes place in cell B.  Cell B compares the dwell time in cell B against the configured value Tdwell.  To correct the rapid HO and achieve a single handover from A to C the source cell A needs to be informed by cell B.  The following mechanism achieves this goal:

eNB B shall send an indication of rapid handover to eNB A when eNB B receives a UE Context Release from eNB C indicating a successful handover from B to C, and if eNB B has sent a UE Context Release message to eNB A related to the completion of an incoming HO for the same UE within the last Tdwell seconds.
4.5.5.1
Impacted specifications and interfaces

4.5.5.1.x 
Rapid Handover

The detection of each rapid HO may be signalled to the original source cell using HANDOVER REPORT. 
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A single handover from Cell A directly to Cell C is desirable.
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