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1
Introduction

The “Evolved UTRA and UTRAN” study item contains requirements for a high-data-rate, low-latency and packet-optimized radio access technology which needs to be supported by an appropriate network architecture. In order to achieve this, it seems to be beneficial to discuss certain design principles first. This paper aims to serve as a starting point to network-design related topics.
2
Review of Requirements within the SID
Overall objectives and a set of representative requirements for UTRA/UTRAN evolution have been stated in the SID (RP-040461). The listed requirements address rather general system aspects as well as specific aspects. In order to achieve an efficient and suitable network design it is important to clarify the architecture related aspects and to derive basic design principles for the network structure. If once the design principles are settled the architecture concept can be defined along this lines.
The overall requirements affecting the network architecture can be structured in three categories (whereas this paper concentrates on the network aspects):
Reduced Cost:

· regarding CAPEX, OPEX and backhaul

· reasonable network complexity, reasonable number of options, network nodes and interfaces
· consider backward compatibility and migration scenarios

Increased Performance:

· support higher (peak) data rates (DL:~100 Mbps, UL: ~50 Mbps)

· achieve higher efficiency/capacity (2-4 x Rel6)

· lower latency: 

· short RAN RTT (UE-RAN : < 10 ms)

· reduced C-plane latency (transition from inactive state to active state/data transmission < 100 ms)

Optimized Network Structure:

· Optimized support for IP based traffic (especially TCP/IP) 
· Allow standalone PS operation/connectivity
· Support of various types of services (real-time, non-real-time)
· Optimized for low speed, also support of high speed, seamless handoff required 
· Optimized signalling, optimized control protocol structure for IP based services 
· Optimized function split between NW nodes (RAN & CN)

· Support interworking with existing 3GPP and non-3GPP radio access technologies

· Support of further enhanced IMS towards an All-IP core network

3
Architecture Aspects and Design Principles
This chapter is organised in two parts. The first part talks about undisputable principles, you may call it “axioms of mobile networks”, the second part deals with hypotheses, assumptions, which are expected to be subject for further discussion. 

3.1 
Axioms of evolved UTRAN
3.1.1
MNO – centric design

It is assumed that the mobile network operators still aim at controlling user mobility and resource usage. The consequence is that the network has to provide respective control means. Parts of these control functions may be organised in a distributed way, however, a central co-ordination unit is likely to be necessary in any case in order to allow balanced, economic and optimised resource utilisation. 
3.1.2
Standalone Operation

Following discussions within the 3GPP community we presume that the evolved UTRAN shall be capable for a standalone operation.

In order to provide standalone capability the evolved UTRAN together with the “evolved CN” will have to provide a comparable set of system functions as today’s 3G system, to name some of them (not taking care of a functional split between evolved UTRAN and an “evolved CN”, which will be discussed later):

· provision of network and service availability information (system information broadcast)
· system and service access (initial system access, “call setup”)
· AAA (registration, authentication, security functions, provision of information for charging)
· mobility support

· maintenance functions (trace, overload protection, access restrictions, etc.)

· subscription related functions
· policy related functions
3.1.3
Seamless service provision

The evolved UTRAN / 3G system will have to provide full mobility support in order to provide service perception comparable to the “legacy” 3G system. Consequences are certain requirements for all kind of mobility scenarios.
3.1.4
Regulatory Requirements

The evolved UTRAN / 3G system will have to meet regulatory requirements, e.g. emergency call, emergency location, interception. 

3.1.5
Multivendor Interoperability

Open interfaces shall be defined between network entities in order to allow interoperability.
3.2 
Hypotheses for evolved UTRAN

3.2.1
Reduced System Complexity

3.2.1.0
General
When looking at the main requirements: delay reduction, may it be for C-plane or U-plane, the suspicion arise that it may be worthwhile to contemplate the current “functional garden” provided by Access Stratum and Non Access Stratum.

Some system functions are spread over AS and NAS and it would be beneficial if the evolved 3G System manages to optimise certain system functions in a way that obvious redundancies are removed or reduced to the absolute necessary minimum in order to minimise their contributions to e.g. call setup/service access delay.
3.2.1.1
Function split between evolved UTRAN and “evolved CN” 

The proposed review of AS and NAS redundancies will result in architectural changes. The clarification of these consequences, if such an approach is taken, is considered to be of immediate importance.

A possible function-split may be performed along the following lines:

-  the Access Network (i.e. the evolved UTRAN) takes care of radio specific aspects and mobility functions. 

-  the Core Network takes care of radio independent aspects, e.g. subscription and policy related functions.

Note:
These discussions may lead to the conclusion that the traditional distinction between “Core” and “Access” network becomes obsolete.

It is further believed that the organisational aspect, i.e. to find a reasonable and manageable work split between involved TSGs shall not be underestimated.

3.2.1.2
Mobility support 
Main requirements to provide efficient mobility support can be summarised as follows: 

-  minimise the network entities keeping user contexts

-  minimise protocol entities in charge of mobility support

-  minimise signalling activities within the whole system in case of mobility related context updates/transfers

-  minimise impact of user plane mobility on network nodes 

Those requirements may be achieved by the following :

keep the support of different user activity levels

Support for inactive users, i.e. update of location information within the network is required to enable efficient paging while reducing signalling activities due to inter-cell mobility.

Support for active users is required to provide service/session continuity in a quality level corresponding to the required QoS

-
seamless for real-time services
-
lossless for services with high reliability requirements
-
continuous for low quality services
With regard to support of inactive users a possible approach could be to try to design a system which merges NAS and AS related mobility functions for inactive/idle users. This approach may result in an mobility state which is “more than idle” (you may call it “always on”) with the goal to reduce C-plane latency in case the user continues the session.
focusing on two mobility layers

In order to reduce unnecessary complexity it is proposed to define 2 layers of mobility handling only: Cell level and “cluster of cells”-level (“Routing Area”). The applicability of related mobility functions will depend on the users’ activity. 

In general, mobility related signalling traffic caused by inactive users shall be a small fraction compared to that of an active user. 
3.2.1.3
IP connectivity control
The main objective of the PS CN domain is to provide IP connectivity to users. The user is provided with an IP address and the respective user contexts are maintained within the GSNs. While investigating functional redundancy of certain protocol entities, integration of IP connectivity control within the AS should also be considered.
3.2.2 Separation of C-Plane and U-Plane

This principle is followed on protocol level already for R99 UTRAN. It is assumed that this kind separation will be kept for the evolved UTRAN.

It is expected that a physical separation of C-plane and U-plane for certain network entities may be the consequence of discussions regarding the reduction of the number of U-plane hops.
3.2.3
Re-use of already existing protocols and functional units

In order to ensure reduced effort (reduced to the absolute minimum) in specifying protocols for the evolved 3G system, it is assumed to be beneficial to re-use as many already standardised (and stabilised) protocols or protocol procedures as possible. It needs to be studied under which conditions / in which way certain unnecessary parts of protocols may be omitted. 
Whether or not non-3GPP protocols should be discussed in that context depends on the efficiency, stability and availability of those protocols. In general also IETF protocols shall be included in the investigations of the most suitable protocols for Control plane and User plane.
3.2.4
Integration of multiple access technologies
It can be assumed that the main focus of the work on evolved UTRAN should be on an efficient support for evolved UTRA. 
The level of integration of legacy UTRA or non 3GPP  access technologies will be part of further discussions, i.e. it needs to be clarified whether integration of RATs other than evolved UTRA shall be performed on evolved UTRAN level or not. 
It is assumed to be a common goal that evolved UTRAN shall at least efficiently support inter-working with RATs other than evolved UTRA.
3.2.5
Function Split within evolved UTRAN

Following the trend to move U-plane functionality towards the NodeB, it would be interesting to investigate to which extent a shift of C-plane functionality towards the radio frontend will contribute to the main target to reduce latency and complexity.

Further, while reviewing UTRAN internal functions, it might be helpful to distinguish between RAT dependent and RAT independent functions to decide about their optimum location within UTRAN. 
Note: 
RAT independent functions are e.g.: authorization, authentication, micro mobility control, RAT independent measurement control, RAT independent radio resource control, CRRM.
4
Conclusion and Proposal
It is proposed to start discussion on the items listed in chapter 3.
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