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1. Introduction

In the evolution of the UMTS, it is desirable to be able to deliver additional data service capacity economically in concentrated areas and in a way that is compatible with the installed networks and architecture.  It is particularly important that the data service be cost effective in deployment and service delivery in order to capture and maintain for the mobile operator’s network a significant portion of the growing data-access market.  This data service must also deliver high data‑rates and provide the subscribers with a ubiquitous, seamless access that operates across services (i.e. voice and data), across environments (i.e. local and wide area) and across multiple access media and UE (portable, PDA, Laptop).  The objective is to assure the users a service experience similar to, or improved from, the one they are accustomed to receive from their mobile network provider.   This service experience must include -

· seamless mobility UTRAN-WLAN

· provision of all UMTS services (i.e. SMS, LCS, etc.)

· same level of security as UTRAN access.
This paper discusses the concept and architecture for integrating the radio access technology used in wireless LANs into the UTRAN.  This includes discussion of requirements for advanced data services, discussion of an architecture for integration into the UMTS networks, and discussion of the advantages of the integration concept. 

A High-Speed Data-Cell may be introduced specifically to serve the data traffic needs.  With the wide availability of radio access through WLAN standards such as 802.11 or HiperLAN, there is a significant opportunity to service data traffic with the UTRAN.

The high-speed data-cells will typically underlay the UMTS cell and they may be sized for hot‑spots with a number underlying the main cell (i.e. mini-cells).  These high-speed data-cells work together with the overlay cell to deliver services to the UE using either the overlay carriers or the underlay carriers (or both) depending on the traffic needs.  To be able to deliver high data rates, the underlay carriers may make use of radio technology based on that used for high-speed wireless LAN technology.

There are two approaches to the integration of the WLAN terminals with the UTRAN:  

· They may be used to access to IMS services from general devices (i.e. a PC equipped with a radio modem).  This approach provides the opportunity for access to IMS from users in the internet.

· They may include integration of WLAN on 3GPP device (i.e. are equipped USIM).  In this scenario the loose coupling and the tight coupling architectures have been proposed.  This approach ensures the seamlessness of the UMTS and LAN experience, the provision of all present and future UMTS services, and the same level of everywhere availability and security currently enjoyed by mobile network users.

The high-speed data‑cell concepts discussed here have been designed so that they can provide additional radio capacity without impacting the installed Core Network and Node-Bs, without the need to deploy a parallel data access network and so that there is minimal or no impact on the UTRAN installed RNCs. The data-cell concepts also simplify the operational aspects of the UMTS capacity evolution through the addition of high-speed data access services.

It is proposed that 3GPP close coupling architecture discussed here be developed further and work planned to standardise the necessary interfaces for rapid deployment in UTRAN systems.

2. Data Services


In Figure 1, we illustrate the traffic projections from the UMTS Forum Report #6.  The estimates from the report have been scaled to illustrate data traffic characteristics for a cell
.  The indication is that the most significant portion of the future traffic, some 85%, will be from the business or pedestrian urban environments.  Only some 15% of the future traffic will be from the “traditional” suburban and urban mobile environments.  This represents a change from the current traffic profile in mobile networks.  Figure 1b shows the distribution of uplink and downlink traffic for the business environment.  It can be seen from this that the traditional speech services and the highly interactive data services use symmetric traffic flows (uplink and downlink), but that these together represent only about 20% of the total traffic.  By contrast, most of the traffic is highly asymmetric with multimedia (including email), switched data and simple messaging (i.e. SMS) being the typical activities.  In these the traffic is predominantly downlink and this is also a significant shift from the current mobile network traffic profile.

These traffic profiles suggest that the evolution of the UTRA systems to accommodate further data services must include the means to both accommodate high volumes of traffic in the pedestrian and business environments and the means to accommodate highly asymmetric traffic flows with a significant downlink component

Thus, the UTRA evolution needs to develop a low cost, readily deployed data access capability that can operate in existing or newly assigned spectrum, can deliver high bit rates suitable for (indoor) business usage, and is closely integrated with the existing UTRAN to leverage the investments in these mobile networks.  This system should assure the users a service experience as good as, or improved, they currently enjoy from their mobile network provider.   

[image: image1.wmf]0

5

10

15

20

25

30

35

40

45

50

Business Urban

Urban

Pedestrian

Suburban

Urban Vehicular

(a) Traffic forecast 2010

(% aggregate traffic)

0

10

20

30

40

50

60

DL

UL

High Interactive

MM

High MM

Medium MM

Switched data

Simple

messaging

Speech

(b) Distribution of the business traffic (%)

Data extracted from UMTS Forum Report #6

10% business area 

20% pedestrian area

100% Suburban and 

urban

85% of 

traffic is 

Business 

or 

Pedestrian 

urban 

most traffic 

is downlink 

(i.e. email, 

browsing)

0

5

10

15

20

25

30

35

40

45

50

Business Urban

Urban

Pedestrian

Suburban

Urban Vehicular

(a) Traffic forecast 2010

(% aggregate traffic)

0

10

20

30

40

50

60

DL

UL

High Interactive

MM

High MM

Medium MM

Switched data

Simple

messaging

Speech

(b) Distribution of the business traffic (%)

Data extracted from UMTS Forum Report #6

10% business area 

20% pedestrian area

100% Suburban and 

urban

85% of 

traffic is 

Business 

or 

Pedestrian 

urban 

most traffic 

is downlink 

(i.e. email, 

browsing)


1. Data Traffic Projection (2010)

The high-speed data-cell concept is a means to allow operators to deliver data capacity as an increment to their existing Release’99 networks.  These data-cells may be deployed to operate in concentrated areas where the “hot‑spots” for advanced data services are desired (i.e. airport lounges, meeting rooms, convention centres, etc.).   
In document FEW-032 presented at the 3GPP Evolution Workshop held in Helsinki October 18th‑19th a number of concepts for integrating high-speed data cells are discussed.  Integration with WLAN radio technology is introduced with the concept of the “Node-W”.  This concept integrates the radio technology used for Wireless LANs, operating in licensed or licence exempt spectrum, into the UTRAN.  Economies of scale can be obtained by the re-use of current radio interface standards (e.g. IEE802.11) with close integration with the UTRAN operation and services.  This approach is particularly attractive where the rapid introduction of high‑speed, low‑cost and flexible partitioning between uplink and downlink data traffic flows is desired.  This approach also makes maximum re-use of the existing Release’99 networks, operations and services.  
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2. High-Speed Data-Cell architecture

This concept is similar to the tight coupling model discussed in the ETSI BRAN report “Interworking between HIPERLAN/2 and 3rd Generation Cellular Systems” (see ETSI TR 101 957 V1.1.1 (2001-06)).  In this tight coupling architecture the high-speed radio access network, including Node-W, is connected to the rest of the UMTS network (the core network), using an interface very similar to the Iub interface.  With this architecture, the mechanisms for mobility, QoS address, identifiers and security of the UMTS core network can be reused.  The protocol standardisation of the tight architecture can be introduced in stages to speed up standardization and product deployment.

3. Integrating WLAN technology in UMTS 

Recently there has been a very intense development of access radio technology designed for high data‑rates in local environments.  These radios, operating according to existing or developing standards (e.g. 802.11a, 802.11b and HiperLAN), achieve rates up to 54 Mbit/s over ranges of 30 metres for indoor multipath environments.  Such radios have low cost potential, are compact and are well suited to serving the high‑speed dense data traffic.  However, as part of Wireless Local Area Networks (WLAN), such radio systems are not integrated with wide area mobile networks, operations and services.  Almost by definition, such local area networks (LANs) do not provide the wide area mobility, services, subscription, authentication and network administration that are already well established in the mobile networks such as UTRAN.

By combining the radio access technologies used for access in the wireless LANs together with the mobile network architecture of UTRAN, the operators will have a key capability that will allow them to compete efficiently for hot spot high-speed data coverage, while retaining their major value‑added features such as secure access, subscriber management, and seamless mobility with the R99 infrastructure.  This is ideal for capturing the important 85% of the wireless business and pedestrian traffic for the mobile network operator as discussed in figure 1.  

The combination is illustrated in Figure 2.  This shows a radio access unit (Node‑W) connected to the RNC of the UTRA operator’s network.  This Node-W provides radio signals according to an existing standard (i.e. 802.11b, or 802.11a, HiperLAN) and interfaces to the RNC.  A Node‑W may operate with unlicensed spectrum (i.e. 2.4 GHz or 5.8 GHz), spectrum dedicated for a data service (i.e. 5.15 GHz), or other licensed spectrum designated for the operator.  In this section, we illustrate the former scenario (i.e. usage of the ISM spectrum) that offers a very attractive short-term standardisation and deployment opportunity.

By integrating the WLAN radio technology at the RNC level, the high-speed traffic is brought into the mobile network together with the other mobile data traffic.   This leverages the network investment and assures commonality with the subscription, deployment and maintenance (OA&M) practices that are so important for a successful mobile network operation.   Also, essential aspects like 3GPP security will be maintained for the Node-W access.  This tight coupling is what assures the mobile subscriber receives the same or better service experience as they are accustomed to with their mobile operator.  This is assured, both initially and for the future through the use of the same network and its operations.

The Node-W radio, being based on radio systems developed for use in unpaired spectrum, is well adapted to existing and new unpaired spectrum assignments.  The radio access system also readily accommodates two‑way traffic flows with a wide range of ratios of uplink to downlink traffic as discussed in figure 1.  This flexibility is automatically provided by the radio system according to the dynamic traffic requirements and need not be “engineered” or “selected” when the system is deployed.

For the interface between a Node-W and the RNC, several alternatives are possible: a modified Iub that is not part of current WLAN Access Points, or a routed IP interface, that would allow for the use of off-the-shelf WLAN access points (e.g. 802.11a). This latter interface may be attractive in the short term, the former being more attractive for mid-term evolution in which WLAN Access Points and technology would be customised for usage inside UMTS (i.e. to operate with new spectrum arrangements and new services).  

The RNC implementation may also be adapted with additional software to accommodate the Node‑W.  Beyond the RNC, the data flow remains the same as in the existing UTRA release’99 architecture.  The advantages of the existing UTRA deployment are thus leveraged to accommodate the new traffic.  The architecture is, of course, also extendable for future releases.  The advantage of this close integration with the UTRA architecture is the reuse of the existing deployments and the hiding of the radio technology and mobility aspects of the UE from the upper layers of the network.  This architecture also assures the maintenance of the user’s subscription and accounting, the compatibility with future UMTS evolutions, and full compatibility with UMTS services and maintenance practices.  

3.1 Integration of WLAN at “Iub”

The key to the rapid success of integrating WLAN radios in UTRAN is the re‑use of the readily available radio units available for the data access points (i.e. Node-W makes use of an off‑the‑shelf IEEE802.11 access point).  In addition, the terminal makes use of an off‑the‑shelf WLAN radio unit and the communication between them is based on the standardized physical and MAC layers.  The terminal also operates a UTRAN stack on the physical layer that operates together with the stack in the RNC to integrate the terminal to the UTRAN.  This section describes an example on how this can be performed with minimum impact on the 3GPP standard, with full re-use of WLAN Access Points, and with provision of all 3GPP defined services.

The main principle is to use the IP layer radio access provided by the WLAN in order to transport MAC-d PDUs.  A solution based on the UDP/IP stack has been analyzed, using the UDP ports in place of transport channels.  IP tunnels are established and maintained using RRC signalling between the UE and its CRNC.  However, direct tunnelling between a UE and a SRNC could also be used.
Figure 3 illustrates the architecture and shows the Iur protocol stacks.  The architecture makes no assumption about the transport technology at the Iur interface: either or both AAL-2 or UDP/IP channels could be used.
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3. UTRAN architecture: WLAN AP integration

4. Conclusions

The tightly coupled architecture of the Node-W provides a number of short term and long-term advantages for integrating WLAN radio technology to make high-speed data cells available to UMTS operators and their subscribers.  By coupling the radio access tightly to the UTRAN, the maximum possible reuse is made of the existing network deployment, its operations and services.  This is the most assured method to provide the mobile subscriber the same, or better, service experience as they already receive from their operator.  This includes seamless mobility between UTRAN-WLAN, provision of all UMTS services (i.e. SMS, LCS, etc.) and the equivalent level of everywhere availability and security as with the UTRAN.  By confining the standardisation work to the Iub interface and to the development of a terminal operating stack, the system can be rapidly deployed and it is not dependent on the development of standards, services and interfaces outside the domain of the 3GPP.  

The integrated high-speed data-cell architecture is a means to allow operators to deliver data capacity as an increment to their existing Release’99 networks.  These data-cells may be deployed to provide UTRAN and Internet services in concentrated areas where the “hot‑spots” for advanced data services are desired (i.e. airport lounges, meeting rooms, convention centres, etc.).   

The following is proposed for SA1 -
1. It is proposed that the requirements for UMTS/WLAN include

· seamless mobility UTRAN-WLAN

· provision of all UMTS services (i.e. SMS, LCS, etc.)

· same level of security as UTRAN access.
2. It is proposed that SA1 recommend that the integrated high-speed data-cell architecture discussed here using radio technology derived from WLAN systems (e.g. 802.11a and 802.11.b, HiperLAN) be developed for standardisation within UTRAN, with both a short term objective of including integration of off-the-shelf 802.11 Access Points linked to the RNC, and a long term objective of including deployment of modified/customised WLAN technologies in UTRAN.

� As the estimates in the report are tabulated per unit area, for this graph the business traffic is taken to be concentrated in 10% of the cell area, the pedestrian in 20% and with the mobile traffic extending over the full cell. 
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