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1 Introduction

Rapid HO is the event where a UE is handed over from one cell to another and within a short stay time handed over to a third cell and where this does not result in an RLF. This can be compared with the “wrong cell”, which is almost the same scenario, except in this case an RLF occurs.
This document is aiming at providing some scenarios where this functionality is needed and also briefly outline how it can be used. Finally, it also identifies the required changes to the specification needed to support this.
2 Discussion
2.1 Scenarios

As stated before, the Rapid HO scenario can be compared with the “wrong cell” scenario, but in this case an RLF do not occur. Rapid HO is also related to ping pong scenario. In the ping pong scenario the UE returns back to the source cell, providing a possibility for the source cell to analyse the UE history information. This is not the case for Rapid HO. 
2.1.1 Shadow fading

The radio environment is very irregular, due to for example fading from obstructing building. Therefore, the area representing the instantaneous best connection to a cell will not look like the regular hexagonal cellular pattern. This is illustrated in a simulation example, where we use a shadow fading with a standard deviation of 8 dB.
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Figure 1. Example of irregular cell shapes. The different colors represent the best cell at each point based on propagation and shadow fading.
The mobility parameters can be adjusted to mitigate that a UE is handed over to another cell, which only has a very limited coverage area, this is sometimes called the needle effect. To evaluate this, we have simulated the amount of ping pong and rapid handovers, assuming the similar dwell time threshold for both cases. This is simulated for different offsets (aka hysterisis). Details of the simulation are given in the Annex. We assume vehicular UEs at 20m/s since these present more difficulties for MRO than UEs travelling more slowly. 
As can be seen in Figure 2, comparing ping pong and rapid HO with the same dwell time threshold shows that the amount of rapid HO is always more frequent than ping pong and that both these can be mitigated by increasing the offset. The drawback (handover failures) increases as the offset increases. Therefore, setting the offset is a trade-off between Rapid HO and ping pong vs too late handovers.
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Figure 2. Simulation results showing the relative number of ping pongs and rapid handovers for different stay time thresholds and different offsets. Handover failure rate is also plotted.
2.1.2 MLB adjustments

Rapid HO may also occur when the handover borders are not aligned properly. We can use an example to illustrate this. First, consider an aligned mobility configuration, where the handover borders for the two paths A-B-C and A-C are illustrated as in Figure 1. Note that for simplicity, we have only depicted the HO borders in these two paths. Also note that the handover borders A->B and A->C are not overlapping (since they involve the same source cell), but that the handover border B->C may overlap the other two borders. 
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Figure 3. Example scenario
Secondly, compare this scenario with a slightly different scenario, where the handover border form A->B is adjusted to reduce the cell size of cell A (see Figure 2). This can for example be the result of an MLB adjustment. In this case, there is an area, where a UE handed over from A to B is immediately handed over to cell C.
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Figure 4. Example of a scenario with a problem area. The HO border between A->B has been moved in order to reduce the cell size of cell A

One possible way to adjust this would be to adjust the HO between A->C, but in order to do this, cell A must be informed. This is illustrated in Figure 3.
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Figure 5. Adjusting the border A->C mitigates the problem of rapid HO. 

2.2 Frequent reporting
It has been discussed whether one potential problem of detecting rapid HO is that this may in fact be a wanted behaviour. For example if we have a small cell close to a highway, where we need the small cell to cover a coverage gap between two larger cells. In this scenario, a handover with short dwell time should be considered as useful. On the other hand, it would be even better if the mobility parameters in the two larger cells could be adjusted to minimise the number of rapid HO while still maintaining an acceptable call drop rate. Therefore, we believe this would be a suitable task for MRO, and that the reports on detected rapid HO are a valuable input.

Another concern is related to how to avoid causing massive signalling in scenarios where rapid handover occurs frequently, for example for a scenario with a small cell close to the highway. One possible solution for this is to adjust the threshold for when to consider the handover to be rapid (the dwell time). Using a higher threshold will trigger many rapid HO report events. Setting different values for different cells could be part of cell planning.
Another simple solution is to let each eNB adjust his own stay time threshold autonomously. The eNB is configured with one target dwell time threshold, and the maximum allowed numbered of triggered events per time period. The eNB may then choose to use a lower value for the threshold, thereby triggering less reports in order to fulfil the requirements to limit the reporting. As the neighbour eNBs adjust their mobility parameters, the number of triggered events is reduced, and the eNB can adjust the threshold to approach the target threshold without causing too much signalling.
2.3 Impact

The impact has been illustrated before, in [1] where we suggest re-using the HANDOVER REPORT message by extending it in a straightforward manner 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.

	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


3 Conclusions
This paper shows two example scenarios where rapid HO occurs. It can be seen that for vehicular UEs the Rapid HO is much more frequent than ping pong, using the same dwell time threshold. Clearly it is beneficial for a MRO function to have visibility of both ping pongs and rapid handovers.
We also indicate a simple solution for how to avoid extensive reporting in scenarios where a lot of rapid HO will occur. 

Finally, we propose to extend the HO report to enable the reporting of the event between eNB.
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Annex – simulation assumptions

We used a TTI-clocked dynamic MATLAB system simulator employs sixteen tri-sectored eNBs arranged on a regular 4x4 hexagonal grid with an inter-site distance of 500m. A Ped-B channel is assumed; fast and shadow fading are modeled. 
Onto this macro network two sets of UEs are added, static UEs (one per cell) that generate continuous uplink traffic but do not move, and 96 “mobility” UEs that travel around the network in straight lines at constant speed (but generate no user plane traffic). Straight lines are typical of vehicular UEs. 
The simulator is run for a duration to generate at least 1000 handover events with a single set of {speed, offset, TTT, K} for all mobile UEs. Particular attention has been paid to modelling the RSRP measurements, the handover failure events and the user plane stack employed to deliver the RRC messages of the handover. Table 1 and 2 below captures key simulator aspects.

Table 1. Simulation Parameters
	Parameter
	Value

	Ue speed
	20m/s

	K
	4

	TTT
	0ms

	T310 
	500ms

	Standard deviation of the shadow fading
	8dB


Table 2. Simulation Features

	Feature
	Implementation

	Network topography
	Hexagonal grid of 16x3=48 cells, with wrap around.  ISD 500m

	Traffic model
	Full buffer (static UEs only)

	BS Tx power
	46dBm

	UE Tx power
	23dBm

	System bandwidth
	5 MHz

	Channel model
	Ped-Ba with fast fading, log-normal shadow fading (8dB)

	Propagation model
	Path loss (dB) = 128.1 + 37.6 Log10(R), where R is distance from UE to eNB (in km)

	Mobility model
	Mobility UEs move in straight lines on heading 045 at constant speed

	Physical layer
	Chase combined HARQ, Rx diversity

	RSRP measurement model
	Measurement interval 50ms, measurement bandwidth 7 PRBs

	L1 quality model
	Uses a measure of SIR of the cell specific reference symbol.

	In-sync / out-of-sync detection
	Uses L1 filters, in-sync filter is compared to Qin (-3.5dB), out-sync filter compared to Qout (-8dB)

	Layer 2
	All essential features modelled, including AM RLC

	RRC
	Measurement report (16 octets), Handover Confirm (12 octets).  Handover command not modelled

	A3 event model
	As but exit condition and periodic reports are not modelled

	RLF detection from out-of-sync
	T310= 500ms,N310 =1, N311 =1

	Handover preparation model
	All cells of the current eNB of the UE are prepared always.

When a measurement report is received the identified “best cell” is prepared.

	RLC declaration of RLF
	Uses a timer = 500ms.
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Figure 6.  UE motion tracks (exemplary)
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