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Introduction 
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Need to 
increase 
network 

area capacity 

More 

devices 

Higher 

data rate 

Network-connected wireless devices 

~ 1000x the world’s population by 

2017 [1] 

~ 2/3 of mobile traffic will be video 

by 2017 [2] 

One of the main drivers behind 

the future development of 5G 

communication systems 

in bits/s per area unit 
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 More small-cells  
Higher 

frequency reuse 

Higher network 

area capacity 

5G networks may become 

progressively denser and 

heterogeneous with more 

small-cells per area unit [3] 

Macrocell 

Macrocell 

Small-cells 

Heterogeneous Network 

(HetNet) 
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The handover is the UE’s connection transfer, from a source node to a 

target node, in order to maintain communication with a specific quality of 

service [4] 

Mobile user 

equipment 

(UE) 
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 The opposite happens with a delay of the connection transfer starting time 

Advance of the 

connection 

transfer  

starting time 

Less likely that  𝑆𝐼𝑁𝑅  
falls bellow  𝑆𝐼𝑁𝑅𝑜𝑢𝑡 

Reduction  

of handover 

failure rate 

Handover failure 
𝑆𝐼𝑁𝑅 

𝑡 

𝑆𝐼𝑁𝑅𝑜𝑢𝑡 

UE moving 

away from its 

source node 

 Occurs if during handover the SINR 

falls below a needed threshold to 

maintain communication [5] 
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𝑡2 
Connection 

transfer 

starting time 

(CTST) 

𝑡3 
Handover 

completion 



Problem statement 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The opposite happens with an advance of the connection transfer starting time 

Delay of the 

connection 

transfer  

starting time 

Allows the network to 

avoid handover if power 

variations are caused by 

temporal fading 

Reduction 

of handover 

ping-pong rate 

 Occurs if a UE connects to a new 

node, and shortly completes a 

handover back to the former source 

node [5] 

 

 May be produced by temporal fading 

of the received power 

Handover ping-pong 

𝑡2 
CTST  

(node A to 

node B) 

𝑅𝑆𝑅𝑃 

𝑡 

𝑅𝑆𝑅𝑃 from node A 

𝑡2’ 
CTST  

(node B to 

node A) 

𝑅𝑆𝑅𝑃 from node B 

𝑡3 𝑡3’ 
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 The connection transfer starting time depends on the  HOM  and  TTT  
values  

 
𝑅𝑆𝑅𝑃𝑠: reference signal received power from source node 

𝑅𝑆𝑅𝑃𝑡: reference signal received power from target node 

𝐻𝑂𝑀: handover margin 

𝑇𝑇𝑇: time to trigger 

Connection transfer starting time 
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t1 

t 

t2 

TTT 

Connection transfer 

starting time 

RSRPt  >  RSRPs  +  HOM 

Condition to start 

the handover 
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 Mobile communication specifications use constant values of HOM and TTT 

 

 It is pertinet to adapt HOM and TTT due to changing conditions of the 

propagation environment 

 

 

 

 

 

 

 

 

Effect of handover margin and time to trigger 

8 

HOM  and  

TTT 

Connection transfer 

starting time 

Handover 

failure rate 

Handover 

ping-pong rate 

Small values Advances Reduces Increases 

Large values Delays Increases Reduces 
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 UEs of mobile communications system already estimate 

SINR 

 

 

 

 Knowledge of the SINR reduction rate allows to predict 

the SINR at a later time 

 

 

 

  The AHP method is designed to adapt: 

 Small values of HOM and TTT for high SINR reduction rates 

 Large values of HOM and TTT for low SINR reduction rates 

Adaptable handover parameters (AHP) 
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SINR measurements 

SINR reduction rate 

estimation 

SINR prediction 

HOM and TTT 

adaptation 
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 SINR prediction model (truncated Taylor’s series) [6] 

 

𝑆𝐼𝑁𝑅 𝑠 𝑡3 ≈ 𝑆𝐼𝑁𝑅𝑠 𝑡0 + 𝑆𝐼𝑁𝑅𝑠′ 𝑡0 𝑡3 − 𝑡0      (1) 

 

 HOM and TTT adaptation 

 

𝑇𝑇𝑇 =
1

𝑇𝑅+1

𝑆𝐼𝑁𝑅𝑑𝑒𝑠−𝑆𝐼𝑁𝑅𝑠 𝑡0
𝑑 𝑆𝐼𝑁𝑅𝑠 𝑡0
𝑑𝑡

− 𝑇𝐻𝑂𝑝                     (2) 

 

𝐻𝑂𝑀 = 𝑇𝑇𝑇 ⋅ 𝑇𝑅
𝑑 𝑅𝑆𝑅𝑃𝑡 𝑡0

𝑑𝑡
−
𝑑 𝑅𝑆𝑅𝑃𝑠 𝑡0

𝑑𝑡
           (3) 

 

𝑡3:  time at handover completion 

𝑆𝐼𝑁𝑅𝑑𝑒𝑠: SINR desired at handover completion 

𝑇𝐻𝑂𝑝: handover preparation time 
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node A 

Ptx-A  

node B   

Ptx-B  

v(t) 

  
UE 

  

RSRPB 

  
RSRPA 

    

 

 Simulation of mobile UEs 

 Straight trajectory 

 Constant speed 

 Path loss model with log-normal 

shadow fading 

 

 Counted 

 Started handovers 

 Completed handovers 

 Handover failures 

 Handovers ping-pong 
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 The AHP method adapted: 

 Large values of TTT for low SINR 

reduction rates 

 Small values of TTT for high SINR 

reduction rates  
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 The AHP method adapted: 

 Large values of HOM for low SINR 

reduction rates 

 Small values of HOM for high SINR 

reduction rates  
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 Results for constant values of HOM and 

TTT confirm the tradeoff between 

handover failure rate (HOFR) and 

handover ping-pong rate (HOPR) 

Analysis of results 
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 We proposed a method that adapts the handover margin and the time to 

trigger parameters to reduce the HOFR and HOPR 

 

 (HOFR+HOPR) for AHP method is 6.95% smaller than the best case of 

(HOFR+HOPR) with constant HOM and TTT 

 

 For similar HOFRs, HOPR is 35% smaller in the AHP method 

 For similar HOPRs, HOFR is 54% smaller in the AHP method 

 

 Future work could consider an alternative SINR prediction model to 

improve results even further 
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