
Slide title  

44 pt 

 

 

 

 

 

 

Text and bullet level 1 

 minimum 24 pt 

 

Bullets level 2-5 

minimum 20 pt 

 

 

 

 

Characters for Embedded font: 
!"#$%&'()*+,-
./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnop
qrstuvwxyz{|}~¡¢£¤¥¦ÄÌ©ª«¬®Á̄Ñ²³Ë¶·¸¹º»¼½ÀÁÂÃÄÅÆÇÈËÌÍÎÏÐÑÒÓÔÕÖĬØ
ÙÚÛÜÝÞßàáâãäåæçèéêëìíîïðñòóôõöõøùúûüýþÿǔǕŀŁŃĹĺǘǙĻńŅņĽǚǞǟŇň
ŉŊĴĵǢǣǤǥǬǭǰǱĶēǴǵŋŌǷǸōŎĞğőŒǹǺœŔǽŕŖ¨²ŗŘȁȂřŚśŜķĸćĈŝŞ
şŠȉȊšŢţŤȍȎȏȐȑȒ³ťŦŧŨĢģ¡ἧἨĔĝėĘęĜĕěțȜȞȟȠȡȢ®̄
©ª «¬¢¤¥£¦§±ùĆ°ǔǔŀŀłłĹĹǘǘĻĻńńņņǚǚǞǞŇŇŉŉĴĴǢǢ
ǤǤǬǬǰǰĶǴǴŋŋǷǷōōőőǹǹœœǽǽŕŕŗŗȁȁřřśśķķŝŝşşȉ
ȉššţţȍȍȏȏȑȑťťŧŧἧἨīÒÓýþ 
 

ȯȰȱȲȳȴȵȶȷȸũȺȻȼŪȽȾȿɀɁɂɃɄɅɆɇɈūɉɊɌɍȯȰȱȲɒŬ
ɓɔŭŮɕɖɗɘəɚɜɝɞɟɠɆɇɈūɉɊɋɌɍȳȴȵ 

ɪɫɬɭɮɯɰɱɲɳɴɵɶɷɸɹɺɻɼɽɾɿʀʁʂʃʄʅʆʇʈʉʊʋʌʍʎ

ʏʐʑʒʓʔʕʖʗɸɹɺɻɼɽɾɿʀʁʂʃʄʅʆʇʈʉʊʋʌʍʎʏʐ

ʑʒʓʔʕʖʗɪɫɬɭɮɯɰɱɲɳɴɵɶɷⱱⱱꜟꜟ꜡꜡ˆˆᴅȗțȜȝȞ
ȟȠȡȢ ̄
 

 
 
 
 
 
 

 
Do not add objects or 

text in the footer area 

Summary of Deliverable 4.3:   
 Final Report on Network-

Level Solutions 
 
 

2015-02-28 



Slide title  

44 pt 

 

 

 

 

 

 

Text and bullet level 1 

 minimum 24 pt 

 

Bullets level 2-5 

minimum 20 pt 

 

 

 

 

Characters for Embedded font: 
!"#$%&'()*+,-
./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnop
qrstuvwxyz{|}~¡¢£¤¥¦ÄÌ©ª«¬®Á̄Ñ²³Ë¶·¸¹º»¼½ÀÁÂÃÄÅÆÇÈËÌÍÎÏÐÑÒÓÔÕÖĬØ
ÙÚÛÜÝÞßàáâãäåæçèéêëìíîïðñòóôõöõøùúûüýþÿǔǕŀŁŃĹĺǘǙĻńŅņĽǚǞǟŇň
ŉŊĴĵǢǣǤǥǬǭǰǱĶēǴǵŋŌǷǸōŎĞğőŒǹǺœŔǽŕŖ¨²ŗŘȁȂřŚśŜķĸćĈŝŞ
şŠȉȊšŢţŤȍȎȏȐȑȒ³ťŦŧŨĢģ¡ἧἨĔĝėĘęĜĕěțȜȞȟȠȡȢ®̄
©ª «¬¢¤¥£¦§±ùĆ°ǔǔŀŀłłĹĹǘǘĻĻńńņņǚǚǞǞŇŇŉŉĴĴǢǢ
ǤǤǬǬǰǰĶǴǴŋŋǷǷōōőőǹǹœœǽǽŕŕŗŗȁȁřřśśķķŝŝşşȉ
ȉššţţȍȍȏȏȑȑťťŧŧἧἨīÒÓýþ 
 

ȯȰȱȲȳȴȵȶȷȸũȺȻȼŪȽȾȿɀɁɂɃɄɅɆɇɈūɉɊɌɍȯȰȱȲɒŬ
ɓɔŭŮɕɖɗɘəɚɜɝɞɟɠɆɇɈūɉɊɋɌɍȳȴȵ 

ɪɫɬɭɮɯɰɱɲɳɴɵɶɷɸɹɺɻɼɽɾɿʀʁʂʃʄʅʆʇʈʉʊʋʌʍʎ

ʏʐʑʒʓʔʕʖʗɸɹɺɻɼɽɾɿʀʁʂʃʄʅʆʇʈʉʊʋʌʍʎʏʐ

ʑʒʓʔʕʖʗɪɫɬɭɮɯɰɱɲɳɴɵɶɷⱱⱱꜟꜟ꜡꜡ˆˆᴅȗțȜȝȞ
ȟȠȡȢ ̄
 

 
 
 
 
 
 

 
Do not add objects or 

text in the footer area 

METIS  |  Summary of Deliverable 4.2  |  2014-08-26  |  Page 2 

Editor: Michal Maternia (NSN), Apostolis Kousaridas (NKUA) 

 

Authors: Osman Aydin, Stefan Valentin (ALU), Zhe Ren, Mladen                      

Botsov (BMW), Tilak Rajesh Lakshmana, Yutao Sui, Wanlu Sun, Tommy 

Svensson (CTH), Emmanuel Ternon (DCM), Gabor Fodor, Nadia Brahmi, 

Neiva Lindqvist (ERI), Renato L. G. Cavalcante, Emmanuel Pollakis, Miruna 

Raceala-Motoc, Slawomir Stanczak (HHI), Chan Zhou, Ömer Bulakci, 

Joseph Eichinger, Panagiotis Spapis, Hosein Nikopour, Kelvin Au (HWDU), 

Makis Stamatelatos, Sokratis Barmpounakis, (NKUA), Petteri Lundén, Athul 

Prasad (NOKIA), Reza Holakouei, Venkatkumar Venkatasubramanian 

Fernando Sanchez Moya (NSN), Marcin Rodziewicz, Pawel Sroka (PUT), 

Javier Lorca Hernando (TID), Ji Lianghai, Nandish Kuruvatti, Andreas Klein, 

Alexander Rauch (UKL), Daniel Calabuig, Sonia Gimenez Colas (UPVLC) 

 

Internal reviewers: Gabor Fodor (ERI), Tommy Svensson (CTH) 

External reviewers: Preben Mogensen(NSN), Peter Rost(NEC/iJoin) 

Contributors 



Slide title  

44 pt 

 

 

 

 

 

 

Text and bullet level 1 

 minimum 24 pt 

 

Bullets level 2-5 

minimum 20 pt 

 

 

 

 

Characters for Embedded font: 
!"#$%&'()*+,-
./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnop
qrstuvwxyz{|}~¡¢£¤¥¦ÄÌ©ª«¬®Á̄Ñ²³Ë¶·¸¹º»¼½ÀÁÂÃÄÅÆÇÈËÌÍÎÏÐÑÒÓÔÕÖĬØ
ÙÚÛÜÝÞßàáâãäåæçèéêëìíîïðñòóôõöõøùúûüýþÿǔǕŀŁŃĹĺǘǙĻńŅņĽǚǞǟŇň
ŉŊĴĵǢǣǤǥǬǭǰǱĶēǴǵŋŌǷǸōŎĞğőŒǹǺœŔǽŕŖ¨²ŗŘȁȂřŚśŜķĸćĈŝŞ
şŠȉȊšŢţŤȍȎȏȐȑȒ³ťŦŧŨĢģ¡ἧἨĔĝėĘęĜĕěțȜȞȟȠȡȢ®̄
©ª «¬¢¤¥£¦§±ùĆ°ǔǔŀŀłłĹĹǘǘĻĻńńņņǚǚǞǞŇŇŉŉĴĴǢǢ
ǤǤǬǬǰǰĶǴǴŋŋǷǷōōőőǹǹœœǽǽŕŕŗŗȁȁřřśśķķŝŝşşȉ
ȉššţţȍȍȏȏȑȑťťŧŧἧἨīÒÓýþ 
 

ȯȰȱȲȳȴȵȶȷȸũȺȻȼŪȽȾȿɀɁɂɃɄɅɆɇɈūɉɊɌɍȯȰȱȲɒŬ
ɓɔŭŮɕɖɗɘəɚɜɝɞɟɠɆɇɈūɉɊɋɌɍȳȴȵ 

ɪɫɬɭɮɯɰɱɲɳɴɵɶɷɸɹɺɻɼɽɾɿʀʁʂʃʄʅʆʇʈʉʊʋʌʍʎ

ʏʐʑʒʓʔʕʖʗɸɹɺɻɼɽɾɿʀʁʂʃʄʅʆʇʈʉʊʋʌʍʎʏʐ

ʑʒʓʔʕʖʗɪɫɬɭɮɯɰɱɲɳɴɵɶɷⱱⱱꜟꜟ꜡꜡ˆˆᴅȗțȜȝȞ
ȟȠȡȢ ̄
 

 
 
 
 
 
 

 
Do not add objects or 

text in the footer area 

METIS  |  Summary of Deliverable 4.2  |  2014-08-26  |  Page 3 

Summary 

üD4.3 provides final findings on several network-level 

aspects and groups of solutions that are considered 

essential for designing future 5G solutions.  

 

ÁInterference management and resource allocation 

schemes 

ÁMobility management and robustness enhancements  

ÁContext aware approaches 

ÁD2D and V2X mechanisms 

ÁDynamic reconfiguration enablers 
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5G deployments will experience different interference conditions then observed 

nowadays. Most important factors that need to be considered are: 

ÁHeterogeneity of applications and deployments 

ÁFlexible UL/DL TDD operations 

ÁNetwork densification  
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User plane 

Macro provides resource 

usage instructions, small 

cell forwards channel 

information / buffer status 
ACK/NACK/ 

PMI etc. 

Macro 
small cell 

small cell over the 

air 

signaling 

.  

Centralized, distributed and 

decentralized RRM  

Coordination (by centralized 

or distributed RRM) is 

necessary for reaching top 

performance 

Control/user plane decoupling and over 

the air signalling for centralized RRM 

Macro acting as a RRM coordinator entity 

for small cells within its range 

Interference management and resource 
allocation schemes 
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Interference management and resource 
allocation schemes 

Resource auctioning and regret 

matching learning 

Smart resource management with low 

signaling exchange that is able to 

adaptively tune transmission parameters. 

15% higher spectral efficiency than eICIC 

SCMA for massive number of devices 

SCMA multiplex transmission from different 

users using multi-dimensional sparse 

codewords. Message Passing Algorithm 

(MPA) is used for detection of contention 

based data transmission 
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Several interference identification schemes were analyzed. The one 

based on Multi-Kernel is most suitable to aid interference detection. 

real                                           estimated 

Interference management and resource 
allocation schemes 

Multi-Kernel  based method for 

identification of interference 

patterns (spatio-temporal path-

loss info) 

Capability of reconstructing 

path-loss maps based on 

measurement arriving over time 

Performance of vehicular users 

(VUE) and macro UE  

When vehicular penetration losses 

are high (e.g. 30 dB) impact of MNs 

on regular outdoor UEs is limited, while 

the performance of VUEs is 

significantly improved  
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Heterogeneity and densification of the network pose significant 

challenges to mobility management. Better awareness of the 

environment can improve mobility related operations. 

Small cells detection  

Two, three radio fingerprints 

per small cell broadcasted by 

macro reduce the power 

consumption related with inter-

frequency measurements by 

60-70%  

mmW cells detection 

Cumbersome detection of mmW cells can 

be enhanced by processing propagation 

characteristics of signals from co-located 

cells operating at frequencies below 6 GHz 

Mobility management and robustness 
enhancements 
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BS with MRN HO

Direct Transmission

BS with FRN HO

Handover of the VUE

from BS to FRN

Handover of the VUE

 from BS to MRN

Multi RAT self-managed 

load 

UE can exploit load 

information for deciding on 

connection to appropriate 

cells 

Handover optimization for moving relay 

nodes 

Outage probability of users moving in 

vehicles can be improved when using moving 

relay nodes. This improvement is especially 

visible when vehicular penetration losses are 

high (i.e. 30 dB or higher) 

Mobility management and robustness 
enhancements 
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Context awareness 

By context information we understand (é) any information that can be 

used to characterize the situation of an entity. An entity is a person, place, 

or object that is considered relevant to the interaction between a user and 

an application, including the user and application themselves [Dey00] 

 

Significant improvements in network performance where achieved when 

exploiting information related to prediction of  userôs location in the 

future 

[Dey00] A.K.Dey, óProviding Architectural Support for Building Context-Aware Applicationsô, PhD Thesis, College of Computing, Georgia Institute of 

Technology, December 2000 

Context aware resource 

allocation (CARA) 

Six-fold reduction of video 

stalls in real life test drives 

due to context awareness 
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Context awareness 

Context awareness can be also used to improve mobility-related 

procedures, e.g. handover parameters 

Context-aware mobility handover 

optimization 

Improvements of overall performance 

indicators (connection drops, handover 

failures, ping pong, etc.) for different 

adaptation strategies 

Context-aware vertical handover  

Mapping of users to appropriate access 

technologies  (WiFi or LTE-A) according to 

context information (e.g., mobility, sensitivity 

of a service to network latency, etc.) improves 

the overall system performance  
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D2D solutions 

D4.3 provides a comprehensive set of solutions to enable 

D2D operations in cellular networks: 

 

Áalgorithms for device discovery (with and                                                                                                          

without network coverage) 

Á schemes for SINR setting and power                                                                                                     

control outperforming legacy solutions 
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Threshold-based

Device discovery 

Algorithms with and without network coverage were 

developed in D4.3. Without network cover cluster head 

operations coordinate distribution of discovery resources 

SINR and power setting for D2D 

90% energy savings comparing to open loop LTE-A power control  

can be achieved  
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D2D solutions, contôd 

Á mode selection and resource allocation studies for dynamics and 

different level of centralization 

 

 

 

 

  

 

Á evaluation of location based schemes for D2D 
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D2D mode selection and resource 

allocation 

Fast mode selection provide 14% 

reduction of packet delay. Additional 10% 

reduction can be obtained using 

coordinated RRM 

Location based D2D resource 

allocation 

Network level improvements without 

the channel state information 

exchange 
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D2D for vehicular safety 

D2D solutions piggyback features for vehicular safety applications. D4.3 

provide schemes exploiting (among the others) clustering of vehicles or 

spatial reuse of radio resources for V2X application. 

Resource allocation scheme for enabling D2D in moving 

networks 

99% of D2D packets (1600 bytes with inter arrival time 1.5 s) 

can be delivered within 17 ms when using cell partitioning  
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Dynamic reconfiguration of the network 

Three main aspects of dynamic reconfiguration of the network were 

discussed in D4.3 

Á Clustering of devices and cells 

Á Moving relay nodes and nomadic cells 

Á Activation / deactivation of access nodes for energy efficiency 

 

Clustering of devices (involving cluster head operations) and clustering 

of cells can be used to improve RRM in a selected group 

 

Dynamic clustering 

12% spectral efficiency gain and 

60% power reduction for clustered 

cells 


