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1. Introduction
One of the main performance requirements for Long Term Evolution (LTE) and System Architecture Evolution (SAE) is to reduce the control plane setup delay. The LTE Requirement from RAN WG for C-plane latency is  
· 100ms transition time from a camped state (such as Release 6 Idle Mode) to an active state such as Release 6 CELL_DCH, in such a way that the user plane is established [1].

Also the SA2 TR 23.882 has a similar requirement saying that
· The C plane response time for the IP-CAN shall be such that (excluding DRX times) the mobile can move from a fully idle state (this is an idle state where the mobile is GMM attached, has an IP address allocated and is IMS registered) to one where it is sending and receiving user plane data in a significantly reduced time. The target time is less than 200 ms [5].
Figure 1 shows the approximated minimum delay (1710ms) from the idle Mode until UE can send invite message assuming PDP context for SIP signalling message has already activated [2]. It can be noted that the difference between the current delay (1710ms) and the delay requirement (100ms) is significant, 
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Figure 1. C-plane latency of the current Release 6 system
Currently RAN WG2 has a Work Item on “Delay optimisation for procedures applicable to CS and PS Connections” having TR 25.815 [3] to reduce the call setup delay. The study for the work item does not consider the change of the current UMTS architecture and currently only focuses on the RAN signalling optimization such as using default/stored configuration. The available proposals only result in around 500ms setup time reduction.

In [4], test results on the CS call setup delay are given. 

1. For MO to PSTN tests the lowest and highest delay were 2.80s and 5.24s respectively; the overall averaged delay is 3.96s 

2. For MO to MT tests the lowest and highest delay were 6.73s and 10.82s respectively; the overall averaged delay is 9.08s
It can be assumed that the delay for IMS call setup is longer than the delay for CS call setup since the INVITE message only can be sent after RAB is established while CS SETUP message can be sent before the RAN is established.
Not only to meet the LTE requirement (100ms for state transition) but also to have acceptable IMS call setup delay, LTE/SAE study should includes the new approach to modify the network architecture and/or signalling optimization.
This contribution analyzes delay components and introduces the architecture considerations and possible study area for the signalling optimizations.
2. Discussion
2.1 RRC Connection Setup
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Figure 2. Delay Analysis: RRC Connection Setup 

In the Current system
During the RRC Connection setup, dedicated resource (DCH) is configured for the UE to establish the Signalling Radio Bearer and the user plane between Node B and RNC should be established (310ms). The DPCH establishment needs the time for physical channel synchronization (300ms).

Since the shared channel such as HS-DSCH/E-DSCH can be used for SRB the delay for physical channel synchronization can be omitted not only for the LTE system but also for the current Release 6 system. However the delay for the establishment user plane between Node B and RNC can not be avoided.
In the LTE/SAE system
Having the RRC function in Enhanced Node B (Merged RNC and Node B), the user plane establishment delay can avoided. 

If the RRC connection request message can be combined with RRC connection setup complete message the signalling delay can be reduced additionally.
2.2 Initial Direct Transfer/Security Mode Command
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Figure 3. Delay Analysis: Initial Direct Transfer and Security Mode Commend

In the Current system
After RRC connection is established, UE sends the Initial Direct Transfer message carrying the NAS message to SGSN. The initial UE RANAP message is used for establishing SCCP connection between RNC and SGSN. When SGSN receives initial UE message, it sends Security Mode command to RNC for transmitting the algorithm information and the keys for ciphering and integrity protection. 
In the LTE/SAE system

If the capacity for the RRC Connection Setup Request message is not limited, Initial Direct message can be carried over the initial RRC Connection Setup Request message as merged procedure. If the RRC Connection Setup Request message can not carry the Initial UE message because of the capacity problem (using Random Access channel) then the Initial Direct message can be merged with RRC Connection Setup Complete message.
If the ciphering/Integrity protection is performed by Node B (merged RNC), the key set should be forwarded to Node B. But if the ciphering/integrity protection can be performed by SGSN or merged GSN node then security mode commend does not need to carry the key information. In this case, only information carried by Security Mode Command message is about security algorithm. If the available security algorithm information is assumed to be sent to UEs over broadcast channel, the Security Mode Command procedure can be skipped.
If the Security Mode Command message is inevitable for transmission security algorithm and keys, the procedure can be merged with RRC Connection Setup procedure with sophisticated method to reduce the number of signalling steps.
2.3 RAB Assignment and RB Setup
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Figure 4. Delay Analysis: RAB Assignment and RB Setup procedures

In the Current system
When Security Mode Command procedure is completed, SGSN initiates the RAB Assignment procedure and RNC initiates RL Reconfiguration and RB Setup procedure for Iu/Iub bearer and Uu bearer establishment for traffic. When the RAB Assignment procedure is completed UE can send the first IP packet (e.g., INVITE message) using the established user plane. For the DPCH, the Reconfiguration procedure is time consuming since the procedure is for synchronized reconfiguration between Node B and UE having activation time margin.
In the LTE/SAE system

Having the RRC function in Enhanced Node B (Merged RNC and Node B), the user plane establishment between RNC and Node B delay can be avoided. Since the shared channel can be reconfigured unsynchronized way, the activation time margin is not needed.

If the RAB Assignment procedure can be combined with Security Mode Command procedure then the delay can be significantly reduced. The issue for combing the Security Mode Command procedure and RAB Assignment procedure is that the RAB Assignment message may not be integrity protected nor be ciphered since the keys and algorithm has not be negotiated yet. For the security algorithm negotiation, pre algorithm negotiation (e.g., at registration) or default algorithm usage for the first message can be used. For the Integrity check and ciphering, some default parameter (e.g., default START, default FRESH) can be used for the first messages.
3. Conculsion and Proposal
In this document, delay components for user plane establishment were analyzed and some possible enhancements also were introduced.

In order to meet the requirement for LTE/SAE having 100ms transition time, multiple signalling optimizations should be considered simultaneously as well as physical layer change (e.g., having shorter TTI) . Since LTE/SAE system will have higher data rate over the air for the signalling message and also can have reduced number of Network nodes, new technical approach can be adopted as enhancement solutions.

It should be noted that the functionalities which have been supported by Release 6 system such as security functionality should not be weakened by the enhancements.

The followings are the summary of the possible enhancements.
(1) Control Plane Nodes Merging: 

A. Communication delay between two nodes can be avoided

B. Example: Node B and RNC can be merged to remove NBAP procedure delay
(2) User Plane Nodes Merging

A. Setup delay for User plane between two nodes can be avoided

B. Example: Node B and RNC can be merged to remove Iub user plane setup delay
(3) Merging procedures

A. Multiple step procedure can be reduced into one step procedure

B. Example: RRC connection setup procedure and Security Mode Command procedure (and also RB setup procedure) can be merged to have one step procedure.
It is proposed to consider the above enhancement aspect when the functional split and Architecture Evolution discussion.
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