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Abstract of the contribution: The concerns of Mobile IP’s performance is one of the factors which limit its application. This contribution aims to show that Mobile IP(especially for Proxy based MIP) can achieve the acceptable performance as well as GTP can do. 

Protocol analysis
In the following, the performance comparison between GTP, MIPv4 and MIPv6 is proposed. Since level-2 handover delay is the same for all three alternatives, it is simply ignored in the comparison. When Mobile IP is studied, the default is to update the endpoint (MN's CoA), so authentication operation(IKEv2 or MOBIKE signaling) between MN and HA is also simply ignored. 
1. GTP

The GTP’s handover process is shown as Fig.1.
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Fig.1 Handover process when GTP is applied
Thadover(GTP with SGSN buffer) = Tt(MS to SGSNn) + 5*Tt(SGSNn to SGSNo) + 6* Tp
Thadover(GTP without SGSN buffer) = Tt(MS to SGSNn) + 5*Tt(SGSNn to SGSNo) + 2*Tt(SGSNn to GGSNo) + 8* Tp
( Thandover is the handover delay. Tt means the time of transmit delay. It is assumed that the transmit delay of each path is equal to the reverse transmit delay of the same path. Tp means the time of process delay. For simplification we assume all the network nodes have the same process delay Tp. )
2. MIPv4

The MIPv4’s handover process is shown as Fig.2.
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Fig.2 MIPv4 Handover
Thadover(MIPv4) = Tw(mn wait for AA) +T(CoA configue) +2*Tt(MN to HA) + 3*Tp
= Tw(mn wait for AA) +2*Tt(MN to HA) + 3*Tp
When MN receives AA，it will take the address of FA as CoA, so it takes only a little time for MN to configure CoA.
Tw(mn wait for RA) is influenced by the frequence that FA advertises the AA. If AA is sent periodically, this interval may be shorter than 1/3 the advertised Lifetime given in the ICMP header.
3. MIPv6

The MIPv6’s handover process is shown as Fig.3.
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Fig.3 MIPv6 Handover
Thadover(MIPv6 without route optimization) = Tw(mn wait for RA) + T(CoA configue)+2*Tt(MN to HA) + Tp


  
  = Tw(mn wait for RA) + 2*Tt(MN to HA) + Tp
Thadover(MIPv6 with route optimisation but without security option) 
= Tw(mn wait for RA) + T(CoA configue)+2*Tt(MN to HA) + 2* Tt(MN to CN)+3*Tp


  
  = Tw(mn wait for RA) + 2*Tt(MN to HA) + 2* Tt(MN to CN)+ 3*Tp



  = Tw(mn wait for RA) + 2* Tt(MN to CN)+ 2*Tp
Thadover(MIPv6 with route optimisation and security option) = Tw(mn wait for RA) + T(CoA configue)+2*Tt(MN to HA) + 6* Tt(MN to CN)+6*Tp


  
  = Tw(mn wait for RA) + 2*Tt(MN to HA) + 6* Tt(MN to CN)+6*Tp


  
  = Tw(mn wait for RA) + 6* Tt(MN to CN)+5*Tp
When MN receives RA，it can use IPv6 address auto configuration to obtain it’s CoA address. By that way, it takes only a little time for MN to configure CoA.

When MIPv6 with route optimisation is applied，because MN can start HA Binding Update process and CN Binding Update process at the same time，transit delay and process delay（2*Tt(MN to HA) +Tp） introduced by HA Binding Update can be ignored.
Performance comparison
The handover performance comparison of GTP, MIPv4 and MIPv6 can be summarized as the table below.

	Protocol
	Thadover(ms)

	
	Tlevel-2 handover
	Twait RA and obtain CoA
	Ttransmit
	Tprocess

	GTP
	with SGSN buffer
	It is the same for GTP, MIPv4 or MIPv6 and can be ignored in comparison
	0
	5*Tt(SGSNn to SGSNo) 
	6* Tp

	
	without SGSN buffer
	
	0
	5*Tt(SGSNn to SGSNo) + 2*Tt(SGSNn to GGSNo) 
	8* Tp

	MIPv4
	
	Twait RA/AA+Tobtain CoA
	2*Tt(MN to HA)
	3*Tp

	MIPv6
	without route optimization
	
	Twait RA/AA+Tobtain CoA
	2*Tt(MN to HA)
	Tp

	
	with route optimisation but without security option
	
	Twait RA/AA+Tobtain CoA
	2* Tt(MN to CN)
	2*Tp

	
	with route optimisation and security option
	
	Twait RA/AA+Tobtain CoA
	6* Tt(MN to CN)
	5*Tp


Thadover consist of several delay, such as T2nd level handover, Twait RA and obtain CoA,Ttransmit and Tprocess, which can be analysed separately below.
1) T2nd level handover(It can be ignored within our discussion)
It has the same influence to GTP, MIPv4 or MIPv6 and can be ignored within our discussion
2) Twait RA/AA and obtain CoA(Mobile IP has Twait RA/AA and Tobtain CoA, but the value can be ignored after optimization)
Mobile IP has Twait RA/AA and Tobtain CoA, while GTP has none. But as analysis above Tobtain CoA can be ignored because MIPv4 can take address of FA as it’s CoA and MIPv6 can use IPv6 address auto configuration to obtain it’s CoA. At the same time, Twait RA/AA can also be ignored because MN can be changed to request RA actively when it moves to new network.
3) Ttransmit (Ttransmit of Mobile IP is a little bigger than that of GTP)
As MS/MN always handovers between two adjacent network, Tt(SGSNn to SGSNo) can be considered as adequately small. While MN may roams away from it’s home network, the value of Tt(MN to HA) can cover the range from 1ms to several ten ms. On average, Ttransmit of Mobile IP is a little bigger than that of GTP. 

In addition, when both route optimisation and security optional are applied by MIPv6, it’s Ttransmit is be unacceptable, so some mechanisms for optimising signal process should be considered.
4) Tprocess (GTP > Mobile IP)
When Mobile IP is considered, less network nodes should be involved to handle the handover signal except for MIPv6 with route optimisation and security optional. In general Mobile IP has more acceptable Tprocess than GTP.
Mobile IP studied above is client (UE) based MIP which will introduce additional over-the-air transaction overhead and delay issues. Thus Proxy based MIP is introduced to reduce over-the-air signaling and transport overheads. As a result, the performance of Mobile IP can be further improved.
Conclusion
Based on the analysis above, it can be drawn a conclusion that in most sceneries Mobile IP(especially for Proxy based MIP) can achieve comparative performance as well as GTP can do. When both route optimisation and security optional are applied by MIPv6, MN will experience worst handover performance while considerable Ttransmit and Ttransmit are introduced at the same time, so some improved mechanism should be taken.
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