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Introduction

This paper proposes motivations and use cases for LTE carrier design evolution, supporting flexible multiplexing of diversified services and radio systems and better utilizing available spectrum. Spectrum and service considerations are at the core of the use cases discussed thereafter.

Discussion

More spectrum may become available in the form of licensed shared spectrum and wideband spectrum. The availability of more spectrum should be coupled with a technology evolution that enables faster innovation and introduction of new services. This technology evolution will in turn facilitate the acquisition of more spectrum as new services are introduced.

The following use cases would justify an evolution of the design of the LTE carrier:

Dynamic spectrum sharing in licensed bands, and/or availability of wideband carriers

Service-oriented RAN (SOR) evolution with better service awareness and trunking efficiency

The interaction between new spectrum utilization and service awareness at the RAN is enabled by the open carrier, as illustrated in Figure 1.









Figure 1 – Efficient utilization of large spectrum bands
(ASA/LSA: authorized/licensed shared access)
Dynamic spectrum sharing in licensed bands based on Authorized Shared Access (ASA) [1] or Licensed Shared Access (LSA) [2] allows using unused spectrum, e.g., by government agencies systems, to meet the demand for capacity for LTE. Coexistence with such systems will require the design of an open carrier with flexible LTE air interface, where all channels and signals need to be scalable in both the time and frequency domains. Scenarios and requirements for such use cases will need to be discussed further, as well as the standardization timeline for such use cases and associated requirements.

At the same time, services provided by LTE are becoming more numerous and diversified in terms of QoS/QoE, bandwidth and coverage requirements, such as shown in Figure 2. Mobile network operators are facing the challenge of creating value from these services. For this, evolutions such as network functions virtualization are being considered for the core network [3]. Similar evolutions would be beneficial in the radio access network with a virtualization of carriers and resources, leading to simplified management of resources and services. Improved trunking efficiency should be a target of an evolution of the air interface.

Such an approach to service-oriented RAN would benefit use cases such as:

RAN and spectrum sharing among MNOs and MVNOs, bandwidth-on-demand

More efficient resource sharing between services (e.g., between unicast traffic and MBMS)

Coexistence with other RATs in licensed frequency bands (e.g,. in re-farmed GSM spectrum)
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Figure 2 - Service-oriented RAN (SOR) with open carrier
Design of a service-oriented RAN needs to consider service multiplexing at the appropriate layer. QoE should become an integral part of radio resource management, with a service-aware protocol stack. At the physical layer, an open carrier with a flexible physical layer enables scalable bandwidth and time-domain properties for all signals and channels, such as for UE-specific RS and EPDCCH. Specialized physical channels design allows for a more efficient delivery of e.g., small transport blocks and specific types of services. The scalable time and frequency domain characteristics of signals and channels could be similar to those required for dynamic spectrum sharing. Such flexibility at the physical layer would become even more crucial in wide carriers, which can be considered as a mean to improve the spectrum utilization in the context of spectrum sharing (possibly in the form of RAN sharing).

Conclusion

More spectrum may become available in the form of licensed shared spectrum and wideband spectrum. The availability of more spectrum should be coupled with a technology evolution that enables faster innovation and introduction of new services. This technology evolution will in turn facilitate the acquisition of more spectrum as new services are introduced.

This paper proposes to focus discussions on use cases for LTE carrier design evolution in the following directions:

Dynamic spectrum sharing in licensed bands, and/or availability of wideband carriers

Service-oriented RAN (SOR) evolution with better service awareness and trunking efficiency

The scope of a potential study in the time frame of Rel-13 is shown below:

Identify coexistence scenarios of systems and services

Identify (potentially common) requirements for service awareness and dynamic spectrum sharing

Identify requirements for forward compatibility to future services and coexistence systems

Identify impact on  physical layer designs

Identify potential architecture evolution

The appropriate time frame for such considerations should be further discussed.
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