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1 Introduction

Optimization for signalling across network nodes and mobile is a key to achieve a simple, robust and low delay system. Especially the delay introduced by the signalling with the current UTRAN architecture has already been thought to be a big problem. In RAN2 discussions on delay optimization for CS-PS connection is ongoing [1].
In the context of LTE we can take more fundamental approach to get more efficient means to address the issue. In this document we try to describe several ways to reduce the signalling delay for LTE. It should however be noted that we do not exclude the possibility to adopt those means to the current UMTS network if applicable.
2 Discussion
2.1 Architecture change

Obviously we can reduce the number of message hops across the network by reducing the number of network nodes from different layers. Our proposal shown in [2][3] is to have what we call “Anchor” which is, from signalling point of view, connected to IP backbone of the operator. The idea is to integrate most of the functions of RNC, SGSN and GGSN into the Anchor node.
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Figure-1. Reference architecture
The Anchor is the point of the attachment for UE. There are two layers in the E-UTRAN, constituted by Anchors and E-Node Bs. There is no hierarchical structure in the E-UTRAN, where one E-NodeB can offer radio resources to any Anchor.

Taking an example for mobile originated VoIP call setup flow shown in figure-2 below, we can assume that we will be able to eliminate 21 message hops going across RNC, SGSN and GGSN by having the above architecture (see section 4 for more detail). Note that in the following example RAB establishment procedure (from ACTIVATE PDP CONTEXT REQUEST to ACTIVATE PDP CONTEXT ACCEPT) is done twice, first for the RAB used for SIP signalling and then for the RAB used for VoIP traffic.
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Figure-2. Mobile originated PS call setup
Even more, this architecture change brings about a room for protocol optimization. There have been problems in the 3GPP specification which relate to inconsistencies between RAN and CN (AS and NAS) until very late stage of R99/Rel-5 standardization. Now since the proposed network has only one layer dealing with layer 3 signalling, it is possible to combine a set of procedures which are done by different network nodes today into one procedure. Those simplifications give us robust protocol behaviour in various scenarios.
Service request

The function of Service Request can be carried out by RRC Connection Request or Cell/URA Update message. This enables a direct transition to target configurations that facilitate the requested service, instead of taking two steps that we have today (i.e. RRC connection setup procedure and RB Setup procedure). This optimization saves 1 message hop in the above example.
Security procedures

Authentication And Ciphering and Security Mode Command are obviously one set of procedures to provide authentication, ciphering activation and integrity protection activation. There seems to be no compelling reason to keep them separated if we have only one controlling node, the Anchor. 2 message hops are saved by this approach in the above example.
Mobility handling

There is no use to keep the separated AS and NAS mobility handling in the proposed network architecture. Today in FACH or PCH state the UE needs to perform Cell/URA Update procedure and Routing Area Update procedure in order to keep RNC and SGSN updated with the UE’s location. However with the proposed architecture the UE needs to talk to only one network node, thus duplicated mobility handling is unnecessary.
2.2 Further protocol optimization

In this section further possible protocol optimization is discussed.
Reduced protocol states

It would be reasonable to assume that sufficient amount of UE’s context (e.g. security context, PDP context, location, radio specific configurations) can be stored in the Anchor. This is similar to putting the UE always in RRC connected state in the current UMTS protocol. The existence of the centralized anchor node excludes the need of idle mode state today and URA_PCH-like state can be used instead. This is stated as “Dormant state” in [4]. Since UE’s contexts are always stored in the network, the connection re-establishment procedure (Cell/URA Update procedure) is used to enter “active state” (also in [4]) where signalling messages and user traffic are transferred. We can assume that this is faster than RRC connection establishment procedure in which everything has to be configured by the network from scratch.
Optimisation for SIP signalling
For PS VoIP traffic, SIP signalling is used instead of CS Call Control protocol. The big difference is that SIP signalling is a RAB and it’s transparent from layer 3 protocol point of view. So what would happen today is that the UE first establishes RRC connection, then Radio bearer for SIP signalling is established and finally radio bearer for VoIP is established after service negotiation by the SIP signalling. Since the SIP signalling almost achieves what CS layer 3 signalling currently does, it could be considered to introduce a method to allow the establishment of radio bearer for SIP signalling at RRC connection establishment or Cell/URA Update procedure. This is similar to the current RRC connection establishment where SRB3 for NAS signalling is always established. Considering the fact that SIP signalling is not always necessary for a call setup, it would be better to have an indicator in RRC Connection Request message or Cell/URA Update message to tell the network whether or not the SIP signalling will be needed.
PDP context activation

If the security is always on thanks to the reduced protocol states and the layer 3 protocol is terminated by the only one network node, it is also possible to integrate the function of PDP context activation (or possibly modification) request into the connection (re-)establishment request (i.e. RRC Connection Request, Cell/URA Update). In this case Radio Bearer Setup can be considered as the acknowledgement to the request.
2.3 Fast up-switching
The state transition time from the dormant state to the active state is an important factor when considering call setup delay. In [4] it is specified that the state transition time between the dormant state and the active state should be less than 50 ms. However the current DCH assignment is slow due to the following factors.

· SIB7 acquisition

· Random Access Procedure

· Processing/decision time in the RNC
· Iub signalling delay

· DPCH synchronization procedure
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Figure-3. State Transition from CELL_FACH to CELL_DCH
One possible solution to address the issue would be to allow the Node B to allocate dedicated resource to the UE. In this fast resource allocation, radio resources are reserved for the use of the Node B so that the Node B can immediately assign dedicated resources to the UE. After the resources are allocated the S-RNC can perform the transport bearer setup on Iub while the UE is performing synchronization procedure. According to our estimation, this scheme will provide 250-300ms improvement in the up-switching procedure.
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Figure-4. Fast resource allocation
It should also be noted that if the network architecture in figure-1 is adopted the UE doesn’t have to transmit RB Reconfiguration Complete message and just can start signalling procedure. That way the Anchor will know that the UE has successfully completed the DPCH establishment.
3 Signalling flow with proposed optimizations
With the optimizations proposed in this document we are going to have the signalling message flow depicted in figure-5 below. In this example the UE is first in dormant state and a mobile originated VoIP call setup is performed. Radio resources for the initial signaling is assigned by the up-switching procedure proposed in the section 2.3. Excluding SIP signalling, 15 message hops are used for the call setup (see section 4 for more detail).
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Figure-6. Optimized message flow
1.     The UE sends the Connection Reestablishment message. This achieves the function of the indication of the completion of DPCH synchronization procedure, Service Request and PDP context activation request. In this example the UE requests a RAB for SIP signaling.
2-3.    Since the security is already active in the dormant state, the initiation of security procedure is optional.

4-6.    The Anchor configures the Node B.

7.      The Anchor sends the RB reconfiguration message to the UE.

8.      SIP signaling takes place for service negotiation.

9.      The UE sends the ACTIVATE PDP CONTEXT REQUEST for the negotiated service.

10-14.  Radio access bearer for the VoIP service is established.

15.    Voice traffic starts to be transferred.

4 Summary
For each case analyzed in this document, the number of message hops is summarized below. It can be seen that most message exchanges in the network are interactions across RNC, SGSN and GGSN and the new architecture where functions of those nodes are integrated in the Anchor gives significant reduction in the number of message hops in the network. Further improvement can be done by modifying the protocol architecture, which involves the UE (Uu) and the main improvement can be seen in the total number of messages.
	
	Current protocol
&

Current architecture
	Current protocol
&

New architecture (Single Anchor node instead of RNC, SGSN and GGSN)
	Optimized protocol
&
New architecture (Single Anchor node instead of RNC, SGSN and GGSN)

	Number of hops in NW
	30
	9
	8

	Total number of hops
	48
	27
	15

	Improvement relative to the current UMTS
	100%
	56%
	31%


Note 1:  One NAS Direct Transfer is counted as two hops (UE to RNC and RNC to SGSN).
Note 2:  SIP signaling is excluded from the count.
5 Conclusion
Several means to improve signaling delay were proposed in this document. With those optimizations the number of message hops required to establish VoIP call will become less than one third with respect to the current signaling message flow. We believe that those protocol optimization should be taken into account when considering network architecture and functional split among network nodes.
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