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System Design Approach 



– Low power consumption for peer discovery 

– Higher throughput 

 



– Synchronization 

– Peer discovery 

– Peering 

– Slotted channel access 
• Scheduling for efficient slot allocation 
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Fully Distributed Operations 



– Based on Pulse-Coupled Oscillator (PCO) algorithm 



– Prior to peering 

– Broadcast Peer Discovery Message via selected resource 



– Link establishment 



– Resource request and response 
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PAC Frame Structure 
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Synchronization 



– Distributed synchronization 
• Master-slave synchronization should be avoided 

– PDs between two different synchronized group happen 

• It is matched well to flat architecture (no hierarchy) 

– Synchronization should be done before peer discovery 
• Peer discovery prior to link connection (peering) 

• Broadcast-based synchronization mechanism is required 

 



– Pulse based synchronization using PCO 
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Synchronization 



a. PD monitors sync-signals during superframe period 

b. If sync-signal is detected, go to initial synchronization 
mode 

c. Else, start PAC operations based on frame structure 
and go to maintaining synchronization mode 
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Synchronization 



a. PD sends sync-signal periodically, but 
checks synchrony state sometimes 
without sending sync-signal 

b. If in-synchrony, PD adjusts oscillator 
for phase drift compensation 

c. If out-of-synchrony, go to initial 
synchronization mode 

 

<May 2013> 

<Seung-Hoon Park et.al.>, <Samsung Electronics> Slide 8 

Sync- 

Frame

Sync- 

Signal

Sync- 

Signal

Sync- 

Signal

Sync- 

Signal

Blank

Subfra

me



doc.: IEEE 802. 15-13-0267-01-0008 

Submission 

Synchronization 



– At initial synchronization mode 

– Pulse-based approach 
• Oscillator coupled by pulse exchange via physical layer 
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(a) All nodes have oscillator with the same phase increment rate 

(b) One node fires, then other nodes adjust oscillator according to the predefined function without state other than it’s internal phase  

(c) Finally, all nodes converges to the same time base 
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Synchronization Performance 



– Dimension 
• 500 x 500 m2  

– Coupling factor 
• 0.05 

– Dissipation factor 
• 10 

– Sync-signal period 
• T = 100 msec 
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Synchronization Performance 


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Synchronization Performance 



– # of PDs 
• 80 

– Coupling factor 
• 0.05 

– Dissipation factor 
• 10 

– Sync-signal period 
• T = 100 msec 
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Peer Discovery 



– The meaning of Peer Discovery 
• It depends on what is discovered 

– Discovery of application  PACbook 

– Discovery of friend  bob@PACbook 

– Discovery of group  IEEE802@PACbook 

– Who gives peer discovery information (PDI) 
• Application or middleware 

– They may have access to internet or may not 

• Authentication 
– Only PDs with same PDI can be discovered each other 

– PDI may be pre-installed or given from network 

– Unified Peer Discovery mechanism required 
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Peer Discovery 



– A peer is an application, not a device 

– Application-centric discovery 
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Peer Discovery 



– At middleware in PD1, it is generated based on  
• Application-specific ID, 

• Application-specific user ID, 

• Application-specific group ID, 

• Or any upper layer discovery information 

– Middleware in PD1 indicates PDM to PAC module 

– At PAC module of PD1, it is broadcasted to PD2 

– At PAC module of PD2, it is delivered to middleware 

– Middleware in PD2 is aware of nearby peer 
• By matching result with pre-stored PDM 
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Peer Discovery 



– It is comprised of multiple Discovery Slots 

– PD selects one Discovery Slot 
• Based on monitoring result at past 

– PD broadcasts Peer Discovery Message 
• At selected Discovery Slot 
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Peering 



– A procedure to connect to discovered peer 
• Triggered by application automatically or by user manually 

– Link establishment 
• Between the discovering peer and the discovered peer 

• Exchange of information for setup 

– device capability, or etc 

• Determine link related parameters 

– Link ID, QoS class, link range, or etc 

– Messages 
• Peering Request 

• Peering Response 
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Channel Access 



– Only accessed by peered PDs 

– Signaling reduction using Link ID set up during peering 
• No necessity of keeping two IDs for both Tx PD and Rx PD 

 



– Connection is the result from peering 
• Unicast/multicast including single/multi-hop 

• Network protocol shall be operated only over connected links 

– E.g. routing, grouping, etc 
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Channel Access 



– Synchronized slotted channel access 

– Distributed scheduling to avoid slot confliction 
• Scheduling Request and Scheduling Response 

• These signaling messages contain resource information 

– Related to resource slot assignment 

– Broadcasted to nearby PDs 
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Channel Access 



– Scheduling Subframe 

– M Resource Slots 
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Summary 



– Synchronization prior to peer discovery 
• PCO synchronization 

– Peer discovery 
• Application-centric discovery 

– Peering 
• Triggered by application or users 

– Channel access 
• Slotted scheduling by request and response messages 
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PCO Synchronization 



– Fully distributed synchronization algorithm 

– Doesn’t need other PDs timing information 

– Each PD has  
• an oscillator (or counter) with the identical increment rate 

• a same function to adjust phase of oscillator 

– Features 
• Simple 

• Scalable 

• no hierarchy (=flat) 

• Fast convergence time 
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PCO Synchronization 


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PCO Synchronization 



–   

–   

 
•    : coupling factor 

•    : dissipation factor 
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PCO Synchronization 



–  selective update for fast convergence 
• If                                          ,  

 

• else no update 

– Refractory period to avoid ping-pong effect 
• No update when  
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Comparison of two ways  

for Peer Discovery 

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Comparison of two ways  

for Peer Discovery 

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* Terminologies are temporally used for explanation 
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