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What is 5G? 

*Figures above come from the publications of Metis Project. 
 



Technical Objectives for 5G 

*Figures above come from the publications of Metis Project. 
 



M2M has led 

80% 
requirements 

of 5G cellular 

network 

design 

M2M leads the requirements of 5G 

*Part of figures above come from the publications of Metis Project. 
 



Challenges for M2M 
 

1. Large number of M2M devices 

RAN Overload 

Synchronized Report  

UE3 UE UE1 eNB 

Same Preamble 

RAR 

Different Msg3s on same PRB 

Can not 
decode 

• Proposed solutions:  

1. Spread the preamble transmissions of UEs 

2. Introduce more PRACH resources. 

3. Paging or group paging based solutions. 

4. ACB based (including scale factor scheme 

and bitmap scheme) 

 

• Finally, 3GPP accepted the ACB 

based solution (bitmap). 

 

• Enough?? 
 

 

 



2. Small packet transmission 

UE eNode B MME

1. Delay for RACH 
Scheduling Period

2. Rach Preamble
3. Processing 

delay in eNode B

4. TA + Scheduling Grant
5. Processing 
delay in UE

6. RRC Connection Request

7. Processing 
delay in eNode B

14. Connection Request

13. Processing 
delay in MME

14. Connection Set-up

15. Processing 
delay in eNode B

16. Security Mode Command + 
RRC Connection Reconfiguration

17. Processing 
delay in UE 18. Security Mode Complete 

+ RRC Connection 
Reconfiguration Complete

8. RRC Connection Setup

9. Processing 
delay in UE

10. RRC Connection Setup Complete 
+ NAS Service Request

13. Processing 
delay in eNode B

12. Connection Request

11. Processing 
delay in eNode B

How many signaling have to be transmitted in 

order to sent a single small M2M packet? 

Signaling >> User’s data  Inefficient! 
 
Because the current cellular networks such as 

UMTS/LTE/LTE-A are designed for H2H traffic! 

User data TCP header 

User data TCP header IP header 

User data TCP header IP header PDCP 

User data TCP header IP header PDCP RLC 

User data TCP header IP header PDCP RLC MAC 

How many UP header have to be transmitted in 

order to sent a single small M2M packet? 

UP Header >> User’s data   Inefficient!  
 

Even the header compression cannot work if 

there is only one packet to be transmitted! 

 
Signaling 
overhead 

 

 
UP header  
overhead 

 



3. Low latency requirement 

Emergency report in Smart grid Emergency warning broadcast in ITS 

The latency requirements 

varies among different 

applications, starting from 

30ms to 5ms, even 1ms. 

However, 
The typical latency of 

current LTE system is  

80ms at least ! 



Challenges for M2M 
 

4. Low cost and low power requirements 

Low cost = Industry development 
Low power = Low maintaining 
consumption 

Reduce the complexity and power 
consumption of wireless module: 
1. Bandwidth reduction 

2. Tx power reduction 

3. ……  

M2M monitoring applications e.g. Earthquake monitoring 



5. Network controlled D2D 
D2D  

discovery 

D2D  
transmission 

e.g. Car-to-Car communication 

LTE based D2D had been introduced to 3GPP 

specification in R12. 

 

It’s only a start now! 



Way forward 
 

LAN in the 
building 

  

    

  

  

  

  

  

  

…… 
…… 

D2D  +  
Cooperation +  
network coding + Fountain code 

Network controlled 
concentrator and 
capillary nodes 

Combined with wired communication 

Combined with 
multi-antenna 
techniques 
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