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1. Abstract

The ultimate success of EPS based mobile broadband depends on the user’s (or group of users) desire to acquire enabled devices and receive service through the EPS system. The user’s attraction in turn depends on a number of key factors such as:

1. Attractiveness of the service (e.g. voice, SMS, mobile internet)

2. User interface (e.g. ease of use, device form factor)

3. Service consistency (e.g. roaming, coverage, reliability, battery life)

4. Cost of service (e.g. flat rate mobile access, roaming)

In the document we will review these key factors and discuss the implied requirements in the context of the mobile broadband paradigm. We will then review whether and how these key factors have been considered in the context of the initial Evolved Packet System work in 3GPP and whether more could be done to add further to the attractiveness of EPS based mobile broadband. On the basis of this review we will summarize the areas which require further evolution, enhancements and/or the definition of new metrics and which can be addressed in the context of the TSG-RAN LTE-Advanced feasibility study ‎[1].
2. Success Factors & Implied Requirements

In this section we discuss key success factors for mobile services and implied requirements on the overall mobile system and related radio access sub-system.
2.1 Services

As of today mobile voice, mobile instant messaging (aka SMS) and more recently broadband mobile internet have turned out to be the most successful mobile services around the world. These services are not unique to the mobile world; they have turned out to be so valuable to the end user that they have shown a very strong interest in being able to access them on a more or less continuous basis. The fundamental value offered through mobile systems is seamless service mobility. The role of the mobile system is thus not select nor define services but to ensure that users can seamlessly access whichever service they’re keenly interested in while on the move. Although voice specific access optimization might have made sense in the past, the data traffic has about caught up with voice traffic in some commercial networks, and efficient handling of a variety of data traffic profiles (real time voice being one of them) is becoming increasingly important. A key requirement for LTE-Advanced is thus to further expand the ability of the mobile system to offer seamless service mobility irrespective of the associated data transmission profile and requirements.
Up to now, the vast majority of mobile operations have based their business on the offering of seamless mobility on top of fixed-line services. Except for some markets (e.g. Japan) very few mobile operations and very few internet service providers have actually taken advantage of  the user mobility and related information to enhance the service offering. Another key requirement in the context of EPS evolution is to ensure that the system architecture provides sufficient capability for mobility and service providers to leverage the mobility information and exploit new business opportunities and/or develop new service offerings.
Both requirements described in this section likely require evolution work throughout the EPS system and are thus not limited to the TSG-RAN evolution activity.
2.2 User Interface

User interface has a very significant impact on the adoption rate and usage level of any service. 3GPP is not directly involved in user interface aspects nevertheless there is some level of dependency which needs to be considered.

The system design should allow mobility and service providers to offer seamless service mobility to the end user. Access mobility (i.e. roaming) and identity (i.e. authentication) are two areas which can very significantly impact (for the better or for the worse) the user experience. The evolved EPS system should thus enable mobility providers to further leverage these two elements and offer ways to enhance the user experience directly and/or through relationships with the service providers.
The device form factor and function is another element that should be considered in the LTE-Advanced study. 3GPP’s historical focus has been on handset form factors. In recent years smart phones and data modules (integrated in data cards, USB dongles or laptops) have gained significant market traction and have significantly contributed to the adoption of mobile broadband. As the wireless/mobile communication capability is added to an increasing variety of consumer and professional devices & equipment the variety of form factor (e.g. possible number of antennas), power constraint (e.g. quasi unlimited to very limited) and cost sensitivity is going to increase. It is thus an important requirement that enhancements considered in the context of the EPS advanced activity are evaluated and selected considering the increasing variety of device form factors and module integration targets. 
2.3 Consistency

Service consistency is an essential metric influencing service usage level and customer retention. The notion of seamless mobility implies ability to access a service from any location and at any time and as a new trend from any device (integrated devices) or any device configuration (variety of input/output capability associated with the same core communication/processing device). 

The notion of service roaming is thus evolving to include multi-device access to the same service in addition to ability to access the service from any point around the world with a given device. These need to be considered in the EPS evolution as they might result in some new requirement in terms of e.g. identity, subscription and/or QoS model.
The service consistency also depends on the quality of the access link both in terms of geographical coverage as well as in terms of available data throughput within the coverage area. These depend on link budget issues (in building penetration), system capacity issues (hot spots) as well as backhaul issues. In 2007 a number of operators [e.g 2, 3] have reported that the data traffic volume in their networks has increased by up to ten times and some have commented that they expect this type of growth to continue for many years. One operator has also commented that 10% its sites currently handle 50% of the overall network data traffic. 

Enhanced ability to expand coverage and increase both user and system data throughput in accordance with specific traffic density situations is thus a key requirement for the LTE-Advanced activity in order to enable operators to maintain or further enhance the service consistency experienced by the end users.
Finally, consistent service experience implies consistent ability to operate the input/output and communication device(s). This in turn implies that the device hosting the communication functionality can be powered throughout a usage cycle which should be at least a day, preferably more. Although the device power consumption is now driven by multiple elements, many of them not directly related to the communication functionality (although very much dependent on it) the communication functionality remains a significant share of the overall device power consumption budget. Any technique resulting in significantly reduced power consumption should thus be considered as part of the LTE advanced study. Power consumption should also be an evaluation criteria when deciding between competing techniques addressing other requirements.
2.4 Cost

Mobile broadband can be crudely divided into two services. Firstly, seamless access to the service space (i.e. access & mobility) and, secondly, the actual services (provided either by the mobility provider, by service providers offering services through the internet or through private/corporate networks). 

As highlighted earlier we believe that services can be significantly enhanced in the future by further integrating the mobility aspects into the service offering. Provided the system architecture and functional capability are evolved to support this integration, mobility providers should be able to derive additional revenues related to the baseline seamless mobile access offering. Until this happens, the model remains the one prevalent in the fixed world, i.e. flat rate access with some crude QoS differentiation (max UL/DL throughput). 
The volume of data per user is already significant and likely to steadily increase over time while the baseline access revenue per user is likely to progressively decrease over time. This, therefore, implies that the production cost per bit needs to be steadily reduced in the coming years as capacity is increased. Some operators have highlighted that the cost of backhaul represents more than a quarter of the network operation cost and is increasing [2]. The enhancements and additional technology considered in the LTE-Advanced study should thus enable further reduction in bit production cost considering installation, operation, sharing, and backhauling aspects. 
It should be noted that a lower bit production cost may also be achieved by combining seamless service access across a variety of systems (e.g. fixed or wireless) or modes of operation in a given system (e.g. unicast or multicast, direct access or cached information,) and bands of operation (e.g. increasing diversity & fragmentation in the spectrum available for mobile access).
3. LTE-Advanced Requirements
In this section we summarize the key requirement for LTE-Advanced. We establish direct requirements and indirect requirements. The indirect requirements relate to the broader EPS evolution which has yet to start in non-RAN groups but which could have some indirect impact on the LTE-Advanced requirements and technology solutions. Finally, we also highlight the need to review and update the evaluation methodology and metrics in order to ensure that the technology being considered indeed delivers on the key requirements set for LTE-Advanced.
Indirect Requirements

· Consider end to end service model evolution
· Consider end to end mobile system architecture

· Consider multi-device users and multi I/O devices

· Consider multi-system & multi-mode mobility & operation

Direct requirements

· Functionality to further enhance user throughput

· Functionality to further expand coverage (for a set user throughput) 

· Functionality to enhance reliability in multi-mode, multi-band, multi-layer system

· Support for diverse set of device form factors & processing capability
· Functionality for reduced power consumption in idle & active mode 

· Functionality to lower bit production cost (installation, operation, sharing, backhauling)
Evaluation Requirements

· Device power consumption as an evaluation criterion

· Consideration for diversity of data traffic profiles
· Review the evaluation methodology & metrics

4. Evaluation Methodology & Metrics

The 3GPP evaluation methodology and metrics have been set more than 10 years ago (with some marginal updates since) and may not be sufficiently representative of today’s business and operational constraints. We thus believe that 3GPP-RAN needs to undertake a review of the evolution criterion used for LTE-Advanced. We illustrate this need with three examples.

Historically, the industry as well as 3GPP have assumed that the cost of operation is strongly correlated with the spectral efficiency metric. It is unclear that such a strong reliance on this one metric remains appropriate for LTE-Advanced. Indeed, there could be situations and techniques whereby trading some level of spectral efficiency (overhead) in return for sizeable reduction in cost of installation, operation or backhauling could turn out to be a winning proposition.

Existing models used in system evaluation also assume uniform cell shape, size and distribution, and do not model mobility (an amazing fact considering that beside being wireless a key attribute of our system is mobility). The LTE-Advanced requirements likely call for solutions which will increasingly rely on various cell size, density and/or modes of installation. This in turn is likely to stress the mobility functionality and associated access reliability. It, therefore, seems essential to properly evaluate the mobility functionality in the context of the LTE-Advanced work.
The number of parameters associated with a given functionality is often highlighted as a major factor influencing the equipment development and maintenance cost as it affects inter-operability, certification and system configuration and management. Yet today’s evaluation methodology does not assign a significant weight on the robustness and/or self adaptability of a given functionality (vs sensitivity to the fine tuning of a number of parameters). Increasing the weight of “simplicity” and “robustness” in the initial LTE-Advanced evaluation phase & metrics should help reduce the development and deployment complexity later on.
These three examples highlight the need for a review of the evaluation criterion used in the context of LTE-Advanced. This seems especially appropriate in the context of new technology trends such as small cells, relay cells as well as self organizing and optimizing networks which are often discussed as possible answers to some of the LTE-Advanced requirements. 
5. Process

The original target of the LTE-Advanced work is to ensure that LTE can be submitted to the ITU as an IMT Advanced candidate technology and this should clearly remain a primary objective. However, the LTE-Advanced should look beyond the IMT Advanced requirements, in particular in relation to broader system requirements such as those discussed in [4]. 
It is likely that the set of technical solutions that can be applied to the LTE system in order to meet the IMT Advanced requirements will be relatively broad and includes both standalone enhancements to techniques already part of the baseline LTE design and principles as well as techniques that might have functional impact and/or are altogether new in the LTE/EPS context. 

We thus recommend that the technology proposals received in the workshop are assigned to one of the two following categories:

· Standalone Enhancements

· Other System Enhancements
Given the relatively tight timeline set by ITU, we believe that the RAN WG should start reviewing the standalone enhancements as soon as allowed by the progress of Rel-8 LTE work. We believe that the minimum IMT Advanced requirements can be and should be met based on this set of enhancements alone. 
In parallel TSG-RAN should initiate a review of the 3GPP evaluation methodology and metrics and in doing so take into account the requirements and the set of system enhancements discussed in the workshop; the dependency of the broader system proposals with 3GPP activities outside of TSG RAN should also be identified as part of this activity. The consistent end to end integration of new functionality is a critical element for the future success of the EPS platform. 
At this point the relative timing/release and priority between the two sets of enhancements should remain open. The final grouping and priority of the feasibility study for both sets should be reviewed and updated at a later date (e.g. at TSG RAN #42) and coordinated with any related SA/CT activities as necessary.
6. Conclusion
We have reviewed success factors for mobile broadband services and derived related requirements for the LTE Advanced feasibility study. We have highlighted the need to update the evaluation methodology and metrics and discussed a possible process to ensure timely and focused progress in the coming months, taking into account the remaining Rel-8 LTE workload.
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