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•  LTE	is	a	data	packet	oriented	air-interface.	Handover	mechanisms	are	
standardized.		

•  Handover	aims	for	providing	an	adapGve	radio	link	between	the	
mobile	device	(UE)	and	base	staGons		while	traversing	the	network	
coverage	area.	

•  NaGve	LTE	handover	criterion	is	radio	link	quality.	Handover	is	network	
controlled		

•  Network	is	informed	by	UE	of	the	radio	channel	condiGons.	Base	
staGon	may	decide	to	assign	a	new	base	staGon	to	that	UE	

•  We	can	modify	the	Handover	criterion	without	violaGng	LTE	standard	
(blind	handover)	
–  Blind	Handovers	are	typically	not	implemented	by	vendors	

•  To	saGsfy	the	Cellular	Range	Telemetry	needs	we	modify	the	criterion	
to	be	links	with	relaGvely	low	Doppler	to	allow	LTE	operaGon	within	its	
nominal	envelope	(maximum	350-500Km/hr)		

Directed	handover	
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S1	NaGve	Handover	Call	Flow	

•  UE	reports	radio	condiGons	to	source	eNB	
•  eNB	makes	the	decision	to	handover	the	UE	to	
another	(target)	eNB	

•  Source	eNB	transfers	context	to	target	eNB	
•  UE	performs	an	access	aYempt	to	the	target	

S1 Handover Call Flow  

Directed	Handover	alters	
naGve	LTE’s	target	cell	

UE 
Target 

eNodeB MME S-GW PDN-GW 

1.  Handover Required -> HandoverPreparationInformation 

HSS 
Source 
eNodeB 

Handover 
Decision 

12.  Tracking Area Update Procedure 

2.  Handover Request -> HandoverPreparationInformation 

3.  Handover Request Acknowledge ->  
HandoverCommand -> RRCConnectionReconfiguration 

4.  Handover Command -> HandoverCommand ->  
RRCConnectionReconfiguration 

5.  RRCConnectionReconfiguration 
6.  eNB Status Transfer 

7.  MME Status Transfer 

8.  RRCConnectionReconfigurationComplete 

9.  Handover Notify 

10.  Modify Bearer Request 

11.  Modify Bearer Response 

13.  UE Context Release Command 

14.  UE Context Release Complete 

Measurement	Reports	

Threshold	Levels	
Handover	Event	Triggers	

RACH	in	target	eNB	with	
dedicated	preamble	

	Radio	Link	InterrupGon	
Higher	layers	guarantee	

no	data	loss	
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NaGve	Handover:	A3	Event	

RSRP	
(dBm)	

Time	

Source	
Cell	RSRP	

Target	Cell	RSRP	

A3	Offset	

A3	Hysteresis	

TTT	 Report	
Interval	

Measurement	Reports	Sent	

A3	
Event		

Entering Condition:    RSRPTarget > RSRPServing + A3Offset +Hysteresis
Leaving Condition:    RSRPTarget < RSRPServing + A3Offset −Hysteresis

Connected	Cell	
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Directed	Handover	

RSRP	
(dBm)	

Time	

PCell	

Neighbor	

A3	Offset	>	0	

Directed	HO	(triggered	by	
projected	trajectory)		

A3	Offset	>	0	

Meas	
Report	

UE	Serving	
Cell	

Directed	HO	

UE	Serving	Cell	

Max	Δ for	Directed	
Handover	to	

sustain	 	

•  High	Offset	+	Hysteresis	
•  Periodic	MRs	
•  HO	Command		
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Problem	Setup	&	NaGve	LTE	OperaGon	

eNB	1	

eNB	2	

eNB	3	

SINR								Doppler	

SINR								Doppler	

SINR								Doppler	

Na5ve	LTE	Selec5on:	
Strongest	Cell	

CeRTN	Selec5on:	
Strong	Cell	with	Low	Doppler	 Lowest	Doppler	Cell	
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ICNC	OperaGon:	Directed	Handovers	

						Directed	Handover	Command	
	 	Target	Cell	

eNB	1	

•  3D	VisualizaGon	
•  HO	OpGmizaGon	Engine	
•  Command	GeneraGon	

						Measurement	Reports	
1.  Signal	Quality	(RSRP,	RSRQ)	Serving	&	Neighbor	cells	
2.  Timing	Advance	(Distance)	

eNB	2	

eNB	3	

Controller	
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•  TA	detects	the	presence	of	mulGple	eNodeBs	while	
connected	to	eNB1.	

•  Handover	to	an	eNB	will	succeed	if	the	corresponding	SNR	
is	adequate	and	the	Doppler	is	reasonably	low.	

•  Handover	success	also	requires	that	UE	Context	has	been	
established	at	the	EPC	with	target	eNB	(handover	
preparaGon).	

•  In	the	case	of	handover	failure,	the	TA	will	try	to	make	a	re-
establishment	aYempt	to	the	strongest	eNB.	

•  The	re-establishment	aYempt	succeeds	only	if	
–  The	target	eNB	has	UE	context,	AND	
–  The	signal	quality	(including	Doppler)	is	adequate	

•  If	no	UE	Context	exists	at	the	eNB	during	reconnecGon	
aYempt,	a	new	connecGon	request	is	needed	and	new	UE	
Context	must	be	setup	(longer	process	through	the	EPC).	

ConnecGvity	During	Handover		

eNB	3	 eNB	2	 eNB	1	

	Handover	

SINR		Doppler	 SINR		Doppler	 SINR		Doppler	

MME	 SGW	 PGW	 Internet	
SGi	S5	S11	

S1-U	S1-MME	

Radio	Access	Network	
	Core	Network	(EPC)		
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•  TA	Oval	trajectory:	20Km	x	5Km	
•  Trajectory	covered	by	5	eNBs	
•  A	hybrid	Doppler	strategy	indicates	a	big	reducGon	in	the	extreme	Doppler	

experienced.		

Impact	on	EffecGve	Doppler	

-400 -300 -200 -100 0 100 200 300 400
Effective TA speed w.r.t selected eNB (m/s)

0

0.02

0.04

0.06

0.08

0.1

0.12

PD
F

Hybrid
Max SINR

•  Handover	triggered	by	
external	controller	

•  Criteria	to	select	Handover	
target	can	be	adapted	to	
opGmize	link	quality,	
Doppler,	or		interference			
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