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Overall description:

ITU-R Working Party 5D (WP 5D) has started working on a preliminary draft new Report ITU-R M.[IMT.FUTURE TECHNOLOGY TRENDS] to look at the future technologies for terrestrial IMT systems. It is planned that WP 5D will complete this study and finalize the report at the 20th WP 5D meeting (October 2014). The study scope of this report is described as follows:

–
A broad view of future technical aspects of terrestrial IMT systems related to WRC-15 studies. To provide a view of future IMT technology aspects considering the approximate time frame 2015-2020 and provide information on trends of future IMT technology aspects.

–
Provide update information on technical and operational characteristics of IMT systems, including the evolution of IMT through advances in technology and spectrally-efficient techniques, and their deployment for WRC-15 studies.

3GPP received from WP5D a request to provide input to the above deliverable. This document provides an answer to ITU-R, based on the current workplan of 3GPP (activities ongoing in 3GPP within the Rel 12 framework).

Actions:

3GPP ITU-R Ad Hoc asks 3GPP TSG RAN to review the attached draft answer back to ITU-R and submit the approved version to SA.
3GPP ITU-R Ad Hoc asks 3GPP TSG SA to review the document as approved by RAN and provide feedbacks to the PCG. 
It is reminded that before final submission to ITU-R, in footnote 1 of this document, the source PCG doc number has to be updated as soon as it is available.

The submission deadline for the submission of the material to ITU-R is October 3rd. As a consequence 3GPP PCG is asked to review by correspondence and provide the approved version by September 27, 2013.
----------------- [remove 3GPP review part before submission to ITU] -----------------
[ITU member]

Answer to Liaison statement to External Organizations regarding study on future technology trends for terrestrial imt systems 
1. Introduction

This contribution contains the answer from 3GPP to the LS from  ITU Working Party 5D on input to the ITU Report ITU-R M.[IMT.FUTURE TECHNOLOGY TRENDS]. 

The technology trends identified by 3GPP are found in the Annex.
3GPP kindly asks ITU-R WP5D to take into considerations the trends indicated in the annex and to incorporate them in the new Report ITU-R M.[IMT.FUTURE TECHNOLOGY TRENDS].
2. Date of Next TSG-RAN Meetings:

· RAN#62, December 3 – 6, 2013

· RAN#63, March 3 – 6, 2014

Annex 1

Technology Trends

1. Multi-antenna and Multi-site Technologies

1.1. Active Antenna Systems

Active antenna systems (AAS), where RF components such as power amplifiers and transceivers are integrated with an array of antenna elements, offer multiple benefits. Not only are feeder cable losses reduced, leading to improved performance and reduced energy consumption, but also the installation is simplified and the required equipment space is reduced. To fully exploit the benefits from active antenna systems, there is an increasing focus on defining relevant RF requirements and testing methodologies. The spatial dimension is a key aspect of active antenna systems 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 and multi-standard radio aspects also needs to be addressed.

1.2. Three-dimensional Beamforming

Recently there has been a significant interest in enhancing system performance through the use of active antenna systems having a two-dimensional array structure that provides adaptive control over both the elevation dimension and the azimuth dimension.  The additional control over the elevation dimension enables a variety of strategies such as sector-specific elevation beamforming (e.g., adaptive control over the vertical pattern beamwidth and/or downtilt), advanced sectorization in the vertical domain, and user-specific elevation beamforming.  Vertical sectorization can improve average system performance through the higher gain of the vertical sector patterns.  Terminal-specific elevation beamforming promises to improve the SINR statistics seen by the terminals by pointing the vertical antenna pattern in the direction of the terminal while generating less interference to adjacent sectors by virtue of being able to steer the transmitted energy in elevation. 

1.3. Enhancements to Coordinated Multipoint operation

Coordinated MultiPoint (CoMP) transmission and reception is a family of techniques where multiple transmission points are coordinated to improve the performance for a certain terminal especially for cell-edge users. CoMP schemes with near-ideal backhaul connection between the transmission/reception points are supported by LTE-Advanced, while the benefits of such schemes with arbitrary backhaul are still being studied.

2. Further Network Densification
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. Often, such a network densification is achieved by deploying complementary low-power nodes under the coverage of an existing macro-node layer, resulting in a heterogeneous deployment. The low-power nodes (sometimes known as small cells) complement the wide-area-covering macro layer in selected local areas (sometimes known as hotspot improvements). As many users are stationary or slowly moving, there is an increasing focus on high data rates in (quasi-)stationary situations and improved support for low-power nodes is identified as a key area. There are several ongoing study and work items in 3GPP for Rel-12, covering physical layer and higher layer enhancements to small cell deployments.
2.1. Physical Layer Enhancements and Interference Handling
Low energy consumption is an important characteristic in general but further emphasized with the increasing number of network nodes in a heterogeneous deployment and the typically low average load/usage per node. Furthermore, reducing the average interference generated by minimizing transmission of signals when no users are actively receiving from or transmitting to a local-area node can be beneficial. Fulfilling these design targets may require modifications to existing transmission structures such as reducing or completely switch off transmissions from a network node when there is no data to transmit. 
In local-area scenarios, the lower mobility speeds and potentially higher signal-to interference ratios compared to the corresponding wide-area case may justify link-level enhancements in terms of higher-order modulation and modifications to the reference-signal structure with reduced overhead.
The deployment of the low-power nodes may not be as well planned as the macro nodes, implying that various forms of interference coordination and interference cancellation are increasingly important. Deploying the low-power nodes in a frequency band separate from the macro nodes may also be used to handle the inter-layer interference.  There are on-going studies on the potential interference coordination solutions including small cell on/off with fast discovery, power control and load balancing mechanisms, as well as over-the-air synchronization. 
2.2. Dual Connectivity and Multi-Stream Aggregation
In scenarios where basic coverage is already available from the wide-area macro layer, operating the wide-area and local-area layers in a more integrated manner may prove beneficial. In particular, dual connectivity with split control-plane and user-plane, where the terminal is simultaneously connected to two network nodes, may provide multiple benefits such as

· Mobility robustness – that is, vital control-plane information such as handover commands can be transmitted from an overlaid macro node even if the user data is provided by a low-power node. A terminal being connected to a single node only may lose the connection if it has moved outside of the coverage area of the low-power node before the handover procedure is completed, a problem that can be avoided if the overlaid wide-area macro layer is responsible for transmitting handover commands. Alternatively, the handover commands can be transmitted from both the source and the destination nodes. 

· User throughput enhancement – by aggregating data streams from different sites, a higher user throughput can be achieved. This can be seen as an extension of carrier aggregation or CoMP. Different nodes can also be used for different data flows depending on QoS needs. Signalling reduction – Depending on realization of inter-node radio resource aggregation, signalling overhead towards the CN can potentially be saved by keeping the mobility anchor in an overlaid macro node. 
· Uplink-downlink separation – that is, uplink reception may occur in a network node different from that used for downlink transmissions. Uplink-downlink separation is particularly advantageous in a heterogeneous deployment where the node with the strongest received signal at the terminal (and thus typically used for downlink transmissions) may not be the node with the lowest pathloss to the terminal (and thus not the best node for uplink reception) as the difference in transmission power and/or load between a macro node and a low-power node can be substantial. 

· Interference reduction – that is, minimizing unnecessary transmissions from the low-power nodes. As terminals can obtain essential system information from the overlaid macro layer, there is no need to broadcast this information also from the low-power nodes. This can also help in reducing the overall energy consumption as a low-power node only need to transmit when there is a terminal to serve in its coverage area. 

2.3. Dynamic TDD

Both FDD and TDD are relevant duplex schemes in the low-power layer as they are in the overlaid macro layer. Traditionally, TDD in the macro layer uses a fixed and relatively static split between uplink and downlink resources on the carrier, a split that typically has to be identical across multiple macro nodes in order to avoid downlink-to-uplink and uplink-to-downlink interference. This is a suitable approach in a macro setting as there typically are multiple terminals in each macro cell and the aggregated traffic dynamics therefore are fairly constant over time. However, the number of terminals served by a specific low-power node can be very small, resulting in a higher per-node traffic dynamics. 

To better handle the high traffic dynamics in a low-power node, dynamic TDD is an interesting approach. In dynamic TDD, the network can dynamically use resources for either uplink or downlink transmissions to match the instantaneous traffic situation, which leads to an improvement of the end-user performance compared to the conventional relatively static split of resources between uplink and downlink. At the same time, interference mitigation needs to be considered when nearby low-power nodes use different DL/UL configuration.
2.4. WLAN Interworking

Wireless local area networks (WLANs) based on the 802.11 family of standards are already used by many operators for offloading cellular networks and embracing capacity expansion into license-exempt spectrum bands. The LTE specifications provide support for WLAN interworking, including seamless as well as non-seamless mobility, at the core network level. 

The selection whether to use WLAN or 3GPP access currently resides in the terminal and is implementation-specific. Existing terminals have no information about the network load and typically connect to the WLAN whenever such a network is found, irrespective of which technology would be preferable from an end-user perspective in a particular scenario. Hence, existing terminals may switch to a WLAN even if it is heavily loaded and the LTE connection would provide significantly better end-user experience. Providing the system with mechanisms to support control by the network over the radio-access technology used by the terminal can remedy this situation.

2.5. Backhauling

With the expected large increase in the number of network nodes resulting from network densification, the complexities of site acquisition and backhaul provisioning will become increasingly more challenging. Heterogeneous deployments may also pose different requirements on the backhaul compared to a macro-only network. For example, in areas where the macro network is already providing basic coverage, the requirements on backhaul availability over time for a low-power node may be relaxed. The importance of self-organizing networks (SON) may also increase to limit the burden of network management, especially in scenarios where the deployment of low-power nodes are less well planned.

3. Enhanced Spectrum Flexibility

3.1. TDD-FDD Joint Operation

Several operators have both TDD and FDD spectrum at their disposal. To further enhance the spectrum flexibility, various forms of joint TDD-FDD operation, for example introducing higher-layer or physical-layer aggregation between TDD and FDD carriers, are of interest. Such joint TDD-FDD operation could be envisioned when the two duplex schemes operate from the same network node, as well as in a heterogeneous deployment when one duplex scheme is used by the macro nodes and the other duplex scheme by the low-power nodes. 

4. Wider Range of Services and Usage Scenarios 

4.1. Machine-Type Communication 
The IMT-Advanced family of technologies has primarily been designed with data services in mind and much effort has been put into developing techniques for providing high data rates and low latencies for services such as file downloading and web browsing. However, with the increased availability of mobile broadband, connectivity has also become a realistic option for machine-type communication (MTC). In the long term, it is expected that all devices that benefit from network connectivity eventually will become connected, and the number of connected devices will by far outnumber the human-centric communication devices

Clearly, there are a large number of very different scenarios and use cases for MTC and it is difficult, if not impossible, to define a single set of requirements. Nevertheless, the research and standardization community has recently discussed technologies to

· further improve the support of low-cost and low-complexity device types to match low performance requirements (for example in peak data rates and delay) of certain MTC applications;

· allow for very low energy consumptions for data transfers to ensure long battery life;

· provide extended coverage options for MTC devices in challenging locations;

· handle very large numbers of devices per cell.

For low-end MTC applications requiring very low cost with maintained coverage and spectral efficiency,   bandwidth and peak rate reductions, the usage of a single receive RF chain, can be considered.
In order to enable long battery life, 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 further reduced if the DRX cycles 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 example to establish radio bearers. 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.

In some use cases MTC devices may be located in challenging locations where wide-area coverage is not available with existing network deployments. One example hereof is smart meters in the basements of buildings. Options for coverage extensions are primarily repetition and energy accumulation of the appropriate signals, possibly complemented by directional antennas and/or a further densified network.

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 given area. Lightweight signaling procedures are therefore desirable to reduce the signaling load per device. Note that a lightweight signaling scheme may at the same time improve device battery consumptions as described above.

4.2. Device-to-Device Communication and Proximity Services

Proximity-based techniques can provide applications with information whether two devices are in close proximity of each other, as well as enable direct device-to-device communication.  Use cases include

· discovery of peer devices, 

· operation in absence of network coverage to provide system robustness for Public Safety, for example a first responder officer searching for people in need in a disaster situation, and

· device discovery and traffic offloading when direct communication between devices is used as a complement to network-based communication. Different degrees of network interaction in the device-to-device communication could be envisioned in this case. 
In typical public safety use case, D2D ProSe communication is directly between Public Safety ProSe-enabled UEs using E-UTRA regardless of whether or not a priori ProSe Discovery is used, and can be autonomously enabled by Public Safety users when authorized. 
4.3. Group Communication 

Group communication, including push-to-talk type of communication, is highly desirable for public safety, for example when a dispatcher needs to address multiple officers working in an emergency situation. Support for group communication for LTE is currently worked upon in 3GPP.
4.4. Mobile Video Services and Multicast Enhancements
The trend towards mobile computing including the anticipated wide spread acceptance of social Mobile video becomes more and more popular, and drives the dramatic increasing of wireless network traffic in the coming years. Mobile network should be able to support diverse video services with good end-to-end experience, such as SD and HD HTTP streaming and especially DASH (dynamic adaptive streaming over HTTP), video call, gaming, etc., each of which has different QoE requirement. 

The dramatic capacity due to video traffic boosting is a big challenge to the mobile network transmission capability, where the multimedia broadcast and multicast transmission can provide an efficient solution to accommodate more streaming content in existing infrastructure. To provide acceptable end user experience of multimedia service, dynamic switching between unicast and multicast transmission can be beneficial.
4.5. Mobile Relay

Providing good service quality to users on high speed vehicles (e.g. vehicles) can be challenging, for example due to frequent handovers of multiple terminals and high Doppler frequencies. Mobile relays, in essence is a base station mounted on the vehicle and wirelessly connected to the fixed infrastructure, aims at providing terminals on board the vehicle with a better end-user quality compared to the case of the terminals communicating directly with the fixed network. 
5. Multi-RAT Interworking
With more and more radio-access technologies deployed, operation in a multi-RAT environment including 2G (GSM), 3G(UMTS, EVDO), LTE, and WiFi, becomes increasingly important. Enhanced multi-RAT support, including joint mobility management and traffic steering, is therefore in the scope of ongoing work in 3GPP RAN.
6. Device Enhancements
6.1. Interference Cancellation and Suppression

Inter- and intra-cell interference is one of the capacity-limiting factors and various forms of RRM algorithms on the network side are typically used to control the amount of interference experienced by a terminal. However, recently there has been an increasing interest in exploiting interference suppression or cancellation in the terminal to further boost the overall performance. The terminals can blindly attempt to estimate the interference, but further improvements in performance might be obtained if the network provides assisting information.  

7. Energy Efficiency Improvements

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 of 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. For example, unused processing elements should be powered down. However, the structure of the transmitted signal also impacts the overall power consumption. Minimizing transmission of signals when no terminal is served by a certain site maximizes the possibility of powering down the power amplifier when not used and will reduce the overall power consumption in the network.
� 	This contribution was developed in 3GPP TSG RAN (source: PCG#29(13)xx. See also RP-111331).





