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LTE Release 12 and Beyond
1 Introduction

Deployment of 4G mobile-broadband systems based on the LTE radio-access technology [1] is now ongoing on a broad scale, with a total of 12 million users (end of 2011) and expectations of close to half a billion users in 2015 [2]. LTE deployments of today are based on 3GPP Release 8/9, i.e. the first LTE release. However, in order to properly respond to continuously raised operator and end-user expectations, the LTE radio-access technology is continuously evolving. 
The first major step in the evolution of LTE, also referred to as LTE-A, occurred as part of 3GPP Rel-10 finalized in 2010. Release 10 extends and enhances the LTE radio-access technology in several dimensions, including the possibility for transmission bandwidth beyond 20 MHz and improved spectrum flexibility by means of carrier aggregation, enhanced multi-antenna transmission based on an extended and more flexible reference-signal structure, and the introduction of relaying functionality, i.e. the possibility to use LTE radio access not only for the access (network-to-terminal) link but also as a solution for wireless backhauling. 
Currently, 3GPP is in the concluding stage of LTE Rel-11. In addition to further refining some of the features introduced as part of Rel-10, LTE Rel-11 includes basic functionality for  coordinated multipoint transmission/reception (CoMP) as well as a modified carrier structure for improved energy efficiency and reduced interference. Performance requirements for advanced terminal receivers and for multi-standard base stations supporting GSM, HSPA and LTE are also part of Rel-11.
Another key focus area for the activities on LTE Rel-10/11 has been to enhance the support for local-area access and corresponding heterogeneous deployments. While such deployments, i.e. the deployment of low-power nodes under the coverage of high-power macro nodes are possible already from the first release of LTE (as well as with earlier radio-access technologies including both 3G/HSPA and 2G/GSM), Rel-10/11 introduces additional features to enhance heterogeneous deployments and to expand the range of the low-power node, especially for the case when the wide-area and local-area layers operates on the same carrier frequency.
As the specification of LTE Rel-11 is approaching its completion, 3GPP is gradually moving its focus towards the next major step in the evolution of LTE, sometimes referred to as LTE-B (see Figure 1). The purpose of this paper is to discuss some key technology areas considered for this further evolution of LTE. 
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Figure 1: The evolution of LTE.
2 Further enhanced Local-area Access

A key tool to improve traffic capacity and extend the achievable data rates of a radio-access network is a further densification of the network, i.e. increasing the number of network nodes and thereby bringing the end-user devices physically closer to the network nodes. In addition to straightforward densification of a macro deployment, network densification can be achieved by the deployments of complementary low-power nodes under the coverage of an existing macro-node layer. In such a heterogeneous deployment, the low-power nodes provide very high traffic capacity and service level (end-user throughput) locally, e.g. in indoor and hot-spot outdoor positions, while the macro layer provides full-area coverage. Thus, the layer with low-power nodes can also be referred to as providing local-area access, in contrast to the wide-area-covering macro layer. 

In general, when considering the deployment of a local-area layer it is important to understand and take into account the differences in terms of characteristics and limitations for such a deployment, compared to a more conventional macro-layer deployment. As an example, although low deployment and operational costs and low energy consumption are important characteristics in general, these aspects should be further emphasized for local-area access deployments. The reason is the large number of network nodes in such deployments and the often relatively low load/usage per node. 

At the same time, in the case when a local-area layer is deployed under an overlaid macro layer to which a terminal always can fall back, the reliability and coverage requirements of the local-area layer may be relaxed, compared to the very high reliability and coverage requirements of a macro layer. 

In terms of traffic, with very few user terminals being active simultaneously within the coverage area of each local-area node, it can be expected that the traffic dynamics will be large with relatively low average load but high instantaneous data rates. 
Finally, compared to a macro layer, it can be expected that, within a local-area layer, user terminals will be stationary or only slowly moving. 

LTE is already from the first release capable of providing high performance in a wide range of scenarios, including both wide-area and local-area access. However, with the increasing focus on high data rates in (quasi-)stationary situations, further optimizations targeting local-area scenarios should be pursued taking the above requirements into account. 

2.1 Frequency-separated Local-Area Access

As already mentioned, the 3GPP activities on heterogeneous deployments have up to and including Rel-11 primarily focused on same-frequency operation, i.e. when the wide-area and local-area layers operate on the same carrier frequency. The main reason for this has been the assumption that, especially for operators with a limited spectrum situation, it is not justifiable to split the available spectrum between the layers, reducing the bandwidth and thus also the achievable data rates available in each layer. Thus, the features in focus in 3GPP so far have primarily targeted handling of inter-layer interference between the different layers in a same-frequency deployment. 

However, in the future additional spectrum will be primarily available at higher frequencies, 3.5 GHz and above, as lower frequencies are already heavily used by cellular as well as non-cellular services. In general, higher frequency bands are less suitable for use within a macro deployment. Furthermore, in certain parts of the world, there are regulatory limitations on the output power and the outdoor usage of the 3.5 GHz band. 
With the availability of higher frequency bands less suitable for the macro-layer, it is much more relevant to consider band-separated local-area access operating on higher frequency bands with the overlaid macro layer operating on lower cellular bands. Not only does such a frequency-separated local-area deployment avoid the inter-layer interference issues present in a same-frequency deployment as extensively discussed in Rel-11, it also provides some additional benefits compared to same-frequency operation.
Currently, in 3GPP, the RF requirements for a local-area access node are in many respects as stringent as their wide-area counterparts. One reason for this is that 3GPP has been assuming that local-area and wide area deployments may share the same frequency band. Stringent RF requirements, e.g. in terms of adjacent-channel suppression is then needed to avoid blocking the local-area node as a result of interference from a terminal located close to the local-area node but connected to the wide-area layer and transmitting with a high output power, possibly on a nearby carrier frequency. However, if the additional frequency band is used for local-area access only, it is possible to relax the RF requirements for local-area access nodes.
Frequency-separated deployments also allow for different duplex schemes in the wide-area and local-area layers. In general, TDD is expected to become more important with an increased interest in local-area deployments compared to the situation for wide-area deployments to date. For example, an existing wide-area FDD network could be complemented by a local-area layer using TDD. To better handle the high traffic dynamics in a local-area scenario, where the number of terminals transmitting to/receiving from a local-area access node can be very small, dynamic TDD is beneficial. In dynamic TDD, the network can dynamically use subframes for either uplink or downlink transmissions to match the instantaneous traffic situation, which leads to an improvement in the end-user performance. Dynamic TDD requires a frequency-separated local-area deployment to avoid inter-layer interference. For example downlink transmissions in the wide-area layer interfering with uplink transmissions in the local-area layer could seriously limit the performance of the local-area layer.
2.2 Wide-area/Local-Area interaction – Soft Cell
The traditional way of operating local-area access is by having the local-area nodes creating cells of their own, operating stand-alone and relatively independent of the overlaid macro layer. In such a case, the low-power nodes transmit all the signals associated with a cell, including cell-specific reference signals and synchronization signals, and the full set of system information. Furthermore a mobile device communicates with either a single local-area node or a single macro node. 

Clearly, a stand-alone node can operate regardless of the presence of a wide-area layer. However, in scenarios where basic coverage is already available from the wide-area layer, benefits can be achieved by operating the wide-area and local-area layers in a more integrated manner where the terminal is connected to both of the layers. Soft cell, illustrated in Figure 2, is an approach where the terminal has dual connectivity
· to the wide-area layer through an anchor carrier used for system information, basic radio-resource control (RRC) signaling and possible low-rate/high-reliability user data, and
· to the local-area layer through a booster carrier used for large amounts of high-rate user data.

Furthermore, the booster-carrier transmissions should be ultra-lean with the minimum possible amount of overhead including no cell-specific reference signals and no system information. In essence, there should be booster carrier transmissions only in subframes in which there are information to transmit to a terminal. Not only do ultra-lean transmissions result in a very energy-efficient local-area layer, which translates into lower operational cost, it also reduces the interference level. This is a critical enabler for very dense local-area deployments as the performance otherwise would be interference limited also at low-to-medium loads. 
In addition, soft cell will also provide benefits in terms of robustness and mobility. In case the booster connection is lost the terminal is still connected through the anchor carrier, thereby avoiding a complete radio-link failure. The wide-area layer can also aid the terminal in reducing complexity and power consumption, for example by providing assistance information when searching for the local-area nodes. Finally, dynamic TDD and relaxed RF requirements can obviously be applied to the booster carrier to achieve the benefits discussed in the previous section.
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Figure 2: Soft cell - dual connectivity to wide-area and local-area layers.
Scheduling of transmissions on the anchor and booster carriers are controlled by the wide-area and local-area nodes, respectively. Thus, as there are separate schedulers for the two carriers, there is no requirement for a low-latency interconnection between the layers. 
Obviously, a soft-cell deployment with tightly interworking wide-area and local-area layers is applicable for the case when there is an overlaid full-area covering macro layer operating on top of the local-area layer. For the case when the low-power local-area nodes are deployed in isolated areas where there is no wide-area coverage what-so-ever, the low-power nodes obviously need to operate stand-alone. Such a deployment is possible already with the existing LTE specifications and local-area optimizations are primarily product-specific design choices, for example in terms of output power and capacity. The enhancements mentioned in the previous section, namely relaxed RF requirements and dynamic TDD, can be applied also in the stand-alone case.

Implementation-wise the same node can operate either as a stand-alone node or as part of a soft-cell setting – the difference between the two is only which signals to transmit. The node may even take different appearance towards different terminals. Hence, migrating from stand-alone operation towards soft cell is straightforward.

3 Multi-antenna enhancements
Different types of multi-antenna transmissions techniques have been an integral part of the LTE radio-access technology already from its first release with further enhancements introduced in later releases. More specifically, Rel-10 extended downlink spatial multiplexing up to eight layers and introduced uplink spatial multiplexing of up to four layers. An important part of this work was the introduction of a more flexible downlink reference-signal structure paving the way for novel antenna arrangements and new transmission techniques such as CoMP. As an extension to the Rel-8 reference-signal structure, with a single reference-signal type used for both demodulation and channel-state reporting, Rel-10 allows for these two functions to be separated through demodulation reference signals (DM-RS) and channel-state-information reference signals (CSI-RS), allowing for optimization with respect to the need of each function.. In Rel-11, the extended reference-signal structure is made available also to L1/L2 control signaling through the introduction of the enhanced physical downlink control channel (ePDCCH).
One outstanding issue from Rel-11 left for Rel-12 is enhancements for CSI feedback [3] .  Due to the large divergence of techniques and results during Rel-11, a first phase should include harmonization to ensure that relevant enhancements are introduced. Candidates for CSI feedback enhancements in Rel-12 include enhancements to the codebook for the case with four antennas at the base station, and enhancements to the granularity in the frequency domain.

3.1 Array Antenna Systems and Beamforming

Active array antenna systems (AAS), where RF components such as power amplifiers and transceivers are integrated with an array of antennas elements, offer several benefits compared to traditional deployments with passive antennas connected to transceivers through feeder cables.  Not only are cable losses reduced, leading to improved performance and reduced energy consumption, but also the installation is simplified and the required equipment space is reduced. 

Unfortunately, the support for active antenna array systems is limited in 3GPP as relevant RF and electro-magnetic compatibility (EMC) requirements are missing. It is therefore important to continue the study item started in Rel-11 and to define these requirements as well as the corresponding test methodology as part of Rel-12. The spatial dimension is a key aspect of AAS and needs to be accounted for, which increases the complexity of the problem and possibly calls for some limited use of over-the-air (OTA) testing.  Regulatory aspects should be considered, and multi-standard radio should be taken as baseline. To limit the scope of the work, basic features such as carrier-specific tilt and variable beamwidth should be considered to establish a baseline methodology and terminology that can, if needed, be extended to more advanced features. Prior to establishing the relevant performance requirements, the usefulness of defining more advanced features such as elevation beamforming or very-large-scale MIMO is limited. 

Active antennas may also enable advanced antenna concepts using vertically stacked antenna elements allowing the elevation domain to be further exploited compared to a conventional sector antenna with a cell specific feeder network.   Several techniques are possible, including dynamic terminal-specific downtilt, multi-user MIMO, and vertical sectorization. A natural step in the evolution is thus to consider elevation beamforming in addition to beamforming in the horizontal domain. The performances of the different approaches are expected to depend on channel and propagation models as well as scenarios. Channel models and scenarios need to be defined initially. Existing CSI feedback mechanisms as defined in Rel-10/11 should be taken as baseline to identify potential enhancements.
3.2 Coordinated MultiPoint Transmission/Reception
Coordinated multipoint transmission/reception (CoMP) primarily targets reductions in inter-cell interference but can also be used to improve coverage. So far both uplink and downlink CoMP have been considered in 3GPP. Uplink CoMP is to a large extent implementation-specific with little need for additional specification work although some smaller enhancements improving the uplink orthogonality is part of Rel-11. Downlink CoMP, on the other hand, requires a larger specification effort, primarily in the area of CSI feedback. For this purpose a multi-point CSI feedback framework has been introduced in Rel-11.
Due to the many open issues around CoMP and which schemes to use in which scenarios, it is expected that the work will continue in Rel-12 with regards to, for example, multi-point CSI feedback and enhancements to the downlink control channels. Furthermore, CoMP with relaxed backhaul requirements should be in focus to widen the practical applicability of CoMP.
4 Lean Carrier

Energy efficiency is becoming increasingly important in wireless communication. While energy efficiency on the device side has always been of high importance due do limitations in battery capacity, energy efficiency at the network side is now also receiving increased attention. In addition to the general quest for a more sustainable world, there are clear practical benefits from improved network energy efficiency. 

· For many operators, the cost of the energy to operate the networks contributes a major part of the overall operational expenses. High energy efficiency is thus important in order to limit the operational cost, especially taking into account the expectations energy prices increasing in the future.
· The possibility for reduced base-station energy consumption may open up for new deployment scenarios, for example solar-powered base stations with reasonably sized solar panels in areas with no access to the electrical grid. This is of particular interest for spreading mobile broadband services in rural areas within the developing world.

Network energy efficiency is to a large extent an implementation issue. However, specific features of the specification may enable, alternatively prevent, enhancements in energy efficiency.  Especially for high-power macro sites, a substantial part of the energy consumption of the cell site is directly or indirectly due to the power amplifier. Furthermore, the energy consumption of currently available power amplifiers is far from proportional to the power-amplified output power but consume a non-negligible amount of energy even at low transmission power, e.g. when only limited control signaling is being transmitted within an otherwise empty cell. Minimizing the transmission of “always-on” signals is thus essential as it allows base stations to turn off transmission circuitry when there is no data to transmit. 
In Rel-11, a modified carrier structure, a lean carrier, is introduced where transmission of cell-specific reference signals in removed in four out of five subframes and the ePDCCH is used for control signaling. Not only does this improve network energy efficiency, it also reduces the interference level at low-to-medium loads, allowing for higher end-user throughput and improving system efficiency.
The modified carrier structure in Rel-11 can be used in conjunction with carrier aggregation only, limiting the applicability of the modified carrier structure. To increase the flexibility, it is preferable to support a lean carrier also in absence of carrier aggregation in Rel-12. Compared to the Rel-11 lean carrier, such a stand-alone lean carrier would e.g. need to support idle mode operation and system-information distribution. 

Inherent to the lean carrier, both the carrier-aggregation-limited version in Rel-11 and a potential stand-alone version in Rel-12, is the impact to backwards compatibility. Not all signals expected by legacy terminals will be transmitted as part of a lean carrier, implying that only newer terminals can access the lean carrier. The deployment of a lean carrier may therefore, in practice, primarily be limited to frequency bands not yet used by LTE as there are no legacy terminals operating in these bands. 
5 Machine-type Communication

The world is developing towards a networked society, where all kinds of devices interact and share information. As a result, a phenomenal growth of communicating devices and traffic in a variety of fields, such as transport and logistics, smart power grids, e-health, etc, is expected. All devices that benefit from network connectivity will eventually become connected, and the number of connected devices will by far outnumber the human-centric communication devices like smart phones and tablets. 
Clearly, there is a large number of very different scenarios and use cases for machine-type communications (MTC), see Figure 3, and it is difficult if not impossible to define a single set of requirements. For example, a remote surveillance camera imposes quite different requirements on the network compared to a cargo-tracking application monitoring the location of a container or an application for remote reading of utility meters. The latter two are typical examples where the challenge does not come from the amount of data transmitted but rather from the massive number of devices communicating and the requirement on low costs and very low power consumption in the terminal.
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Figure 3: Examples of machine-type communication.


Although LTE is capable of handling a wide range of machine-type communication scenarios already today, further enhancements and improvements should be considered in order to even better
· support low-cost and low-complexity device types to match low performance requirements (e.g. in peak data rates and delay) of MTC applications,

· allow for very low energy consumptions for data transfers to ensure long battery life times, and
· handle very large numbers of devices per cell.

Techniques to address low-cost MTC device types are currently studied [4] by 3GPP as part of Rel-11. Of these techniques, half-duplex operation, reduced peak data rate requirements and reduced bandwidth operation (less than 20 MHz) are particularly interesting. Additional simplifications may be achievable if single-antenna operation is allowed (in contrast to the current requirement on two-way receive diversity as a baseline) and the maximum uplink transmit power is reduced. However, it has to be ensured that losses in cell coverage and cell spectral efficiency can be sufficiently limited or compensated for.

In order to enable long battery life times, the energy consumptions of every data transfer of a device need to be reduced to a minimum. For devices with infrequent data transmission, energy consumption can be significantly reduced if the cycles for discontinuous reception (DRX) are significantly extended. This enables a device to make use of extended sleeping times while not transmitting data, which minimizes reading of control channels and mobility-related measurements. Furthermore, infrequent transmissions of small amounts of user data are typically associated with signaling procedures for e.g. radio bearer establishment. These signaling procedures are sometimes more expensive from a power-consumption perspective than the data transfer itself. Simplifying these procedures for infrequent small data transfers can therefore provide significant benefits.

Since the number of connected machines is expected to grow to very large numbers, mechanisms are needed to handle a large number of devices within a single cell. A load control scheme known as enhanced access barring is currently being standardized for LTE Rel-11 to avoid RAN overload due to many spontaneous access attempts. In general, signaling for every connected device can result in very high control-plane load. Therefore, lightweight signaling procedures are desired which reduce the signaling load per device that is caused to the network. Note that a lightweight signaling scheme may at the same time improve device battery consumptions as described above.

6 Device-to-Device Communication

The recent socio-technological trend in proximity based applications and services and the increasing market interest in short range communications have triggered the research and standardization communities to explore the potential of direct device-to-device (D2D) communications, both in licensed (cellular) and unlicensed (or unused) spectrum [5]
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[8]. As a consequence, 3GPP has initiated studies on proximity based services, associated requirements and possible technology enablers [9]. 
The two main use cases for direct device-to-device communication considered in 3GPP are proximity-based social networking and national security and public safety (NSPS). For both of these use cases, two phases can be distinguished: 

· proximity detection, where a device discovers another device in its proximity (and possibly also determines the type of service offered), 

· communication between the two devices.

Proximity based social networking can be realized with proximity detection, often followed by communication phase, either via the cellular network or via a direct device-to-device communication link. In either case, it is reasonable to assume that basic network coverage is available providing network assistance. The network can assist with e.g. time synchronization, discovery signal configuration, and identity and security management to provide a faster and more efficient mechanism compared to a non-assisted setup. Therefore, studies in 3GPP should start with investigating network-assisted proximity detection.

For public safety, on the other hand, communication needs to be supported also in absence of network coverage. Direct device-to-device communication is therefore one of the requirements for this use case. The robustness requirements are also very different from commercial services, and may impact the design of the radio interface. For these reasons, a system-wide study in 3GPP looking at the public safety systems in general is preferred rather than directly initiating work on specifying direct device-to-device communication. 

7 Conclusions

This paper has provided a high-level overview of some of the areas likely to be part of LTE Rel-12, including additional features targeting local-area access and heterogeneous deployments, multi-antenna enhancements, energy-efficiency enhancements, further improved support for machine-type communication, and different aspects of direct device-to-device communication. Clearly, LTE is a very flexible platform, continuously evolving to address new requirements and additional scenarios.
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