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1 Introduction

The active development of the 3GPP LTE technology during recent years significantly expanded the variety of important use cases that can be efficiently supported by LTE including operation in unlicensed spectrum, public safety communication using sidelink air-interface, device discovery, machine type communication and many other ongoing developments. Significant amount of recent design efforts and specification changes were made to efficiently support multiple MTC applications demanding low terminal cost and complexity, long battery life and power efficiency as well as very large coverage for low data rate and latency tolerant services. The majority of the introduced enhancements optimized LTE for many Internet of Things applications [1]. In this paper, we discuss further enhancements that need to be introduced to address emerging wearable and MTC use cases and enable low power consumption, reduced device complexity and support of various data rates.
2 Motivation

The wearable technology is a rapidly emerging segment in electronic industry and wireless communication in particular. There is a very diverse set of wearable devices and use cases (ranging from health monitoring to virtual reality) with different requirements for communication capabilities ever changing to accommodate user needs. The recent progress of LTE development made it feasible to cover many wearable use cases by mobile cellular technology, utilizing sidelink air-interface and UE-to-NW relaying functionality. The initial work in this direction was completed in LTE Rel.13, where the support of Layer-3 UE-to-NW relaying was introduced. However further design enhancements are needed to optimize cellular and sidelink air-interface jointly with UE-to-NW relaying functionality in order to make it applicable for broad range of wearable and MTC use cases.

In general, wearables have very diverse set of requirements, however almost all wearable use cases require low power connection to network and energy efficient communication modes (either via cellular link or via proximate device). The low cost and small form factor considerations are another common attributes for wearable devices. In addition, the reliable and secure links with possibility of standalone connection to the device are also of high importance. In terms of peak data rate, the different types of wearable devices may need different peak data rates. For low-end wearables, the data rate about 1 Mbps is typically enough while for the more high-end devices a peak data rate around 10-20 Mbps or higher is often demanded. Further enhancements of LTE technology may meet all of the above requirements opening opportunity for LTE enabled wearable and MTC devices as further discussed in the next subsections of this document.
3 Overview of FeD2D RAN Plenary Submissions

The work on LTE D2D enhancements for wearables was proposed in several documents from multiple companies [2]-[12] submitted to the RAN#70 WG meeting focusing on PC5 enhancements. In addition to wearable use cases, the use of sidelink for enhanced Mobile Broadband (eMBB) and MTC use cases were suggested as briefly outlined below:
· Wearable & eMBB. The work on further sidelink air-interface enhancements for wearable and eMBB use cases was proposed in [2]-[6], [11]. The main topics suggested for the analysis include optimization of PC5 air-interface in order to enable power efficient operation of wearable devices with various data rates and traffic offloading/management by means of enhanced UE-to-NW relaying mechanisms. In addition, the support of non-3GPP RAT (e.g. Bluetooth and Wi-Fi) wearables and 3GPP RAT was discussed in [5] including operation in unlicensed spectrum.
· MTC. The use of sidelink air-interface and enhanced UE-to-NW relaying for MTC use case was proposed in [7]-[8] aiming to enable more energy efficient communication of MTC devices in a very challenging radio environment (e.g. installed deep inside a building) by utilizing opportunistic relaying.
· Wearable (Companion device). The study on enhanced connectivity for companion device via 3GPP air-interface was proposed in [9]-[10] to analyze feasibility of the enhanced connection by which one UE (i.e. companion UE) is connected to E-UTRAN through another UE (i.e. master UE) considering both 3GPP RAT and non-3GPP RAT air-interfaces.
The work scope and design vectors discussed in multiple papers are quite diverse and therefore further prioritization and convergence was requested by RAN plenary chairmen. Based on the discussion above and review of the contributions [2]-[12], the following work scope and study directions were identified mainly focusing on wearable and MTC use cases:
1. Study relay solutions to enable the above mentioned applications:
a) Generic UE-to-Network relay architecture for 3GPP-RAT and non-3GPP RAT remote devices.

b) Enable service continuity for L2 based UE to network relay when the remote UE switches between Uu mode and relay mode.

2. Study following enhancements to improve the efficiency of PC5 interface:

a) Link adaptation (power, MCS, resources, number of transmissions) and feedback mechanism for unicast sidelink communication.

b) RLC level ARQ feedback and re-transmission mechanism for sidelink communication [RAN2].

3. Study PC5 enhancements to enable low cost / low complexity / low energy remote UE

a) Narrowband (e.g. 1.4 MHz or 200 kHz) / low data rate operations and corresponding UE capabilities / categories potentially including NB-IoT, eMTC and normal device types.

b) Power optimization techniques, for example, using DRX on PC5 or additional eNB assistance.

4 Work Scope Prioritization

The following aspects need to be carefully considered taking into account the limited time of the LTE Rel.14 development cycle:

1)  Use case considerations. Based on review of submitted contributions the wearable use case is of clear interest to many companies and therefore is discussed in this paper as a main use case. It should be noticed that some of the enhancements for wearable use cases can be also applicable for eMBB. In addition, design options for wearable use cases may be quite aligned with the functionality needed for MTC.
2)  RAT considerations. - Support of 3GPP & non-3GPP RATs is another consideration. The IoT devices based on non-3GPP RAT are emerging and often rely on 3GPP RAT to get connection to the network using application layer protocols which may be transparent to operators. However, we believe that work on 3GPP RAT enhancements may benefit from tighter integration/interworking.

3)  Spectrum considerations. - Operation in licensed and/or unlicensed spectrum is another important factor to consider. The standardization process to define operation in unlicensed spectrum may take longer time if feasible given the ongoing (e)LAA work. In addition, the D2D operation in unlicensed spectrum may require considerations on coexistence with other technologies. On the other hand the sidelink air-interface for operation in licensed spectrum and commercial applications is not optimized yet and therefore should be considered with higher priority.

4)  Considerations of supporting device with sidelink-only connectivity. - Support of different wearable and MTC device classes (e.g. high-end or low-end) in terms of PC5 and Uu capabilities is another open topic for discussion. In general, wearables may have PC5 only or Uu & PC5 air-interfaces. The LTE Rel.12 framework assumes that all control signaling for sidelink communication and discovery is delivered over Uu air-interface. The complete reconsideration of this framework may require substantial re-design efforts and does not seem to be justified for many use cases. Moreover the support of eMTC and NB-IoT devices was integrated to LTE. The D2D communication for these types of devices may be an added advantage for network and devices itself.
Based on the discussion above we have following view on prioritization of the 3GPP LTE work in LTE Rel.14. In our view wearable and MTC applications should be prioritized for Rel.14 work mainly focusing on 3GPP RAT enhancements for operation in licensed spectrum. In terms of device capabilities, the devices supporting Uu and PC5 interface should be considered with higher priority over PC5 only devices, including eMTC or NB-IoT types of devices. Regarding the peak rate, the support of various (high and low) data rates is typically required by different wearable applications. 
5 On LTE Release 14 Work Scope
Given the quite significant work scope identified in the previous section, we propose the following down-selection of the work scope according to the proposed priorities in the previous section. In particular, we propose to initiate the study item that will cover the following objectives:

1) Introduce additional evaluation assumptions into the D2D evaluation methodology defined in [TR 36.843] focusing on IoT use cases;

2) Study performance benefits and identify necessary enhancements of the cellular and sidelink air-interface under network control including:

a) Enhanced relaying solutions for wearable and MTC applications;
b) Enhancements to improve the efficiency of PC5 interface;
c) Enhancements to enable low cost / low complexity / low energy remote UE.
Based on the discussion above, we propose to initiate the Rel.14 study item on further D2D enhancements for IoT use cases (wearables and MTC) according to the objective provided in [13].
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