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1      Introduction

The D2D technology was introduced in LTE Rel.12 to support Public Safety operation in multiple scenarios: in-coverage, out-of-coverage and partial coverage for communication and device discovery for both commercial and public safety use. In LTE Rel-13, the D2D was enhanced to enable L3 UE-to-Network relaying and out of coverage discovery for Public Safety. Currently, the D2D is being further discussed to enable sidelink-based vehicle-to-vehicle (V2V) communication use cases for road safety applications. Recently, the work on Further D2D enhancements for commercial use cases was proposed in several documents at RAN#71 and as a result, a multi-company harmonized SID proposal with a converged scope was presented in [1], where the wearable and MTC/IOT use cases were prioritized for Rel-14 work with the following main objectives:

· Study and define enhancements to UE-to-NW relaying considering new use cases. Support of a generic relaying procedure for 3GPP and non-3GPP D2D technology was aimed with focus on ensuring service continuity, security and efficient support of multiple relayed connections at a Relay UE.

· Study enhancements to sidelink air-interface to make it more reliable, energy and spectrum efficient and enable implementation sidelink capable devices (Remote/Relay UEs) with reduced complexity and cost.

The remote UEs were assumed to have 3GPP subscription credentials and capable to support both WAN and D2D connections. This study was approved under condition that RAN2 will further study scenarios taking into account progress in SA1 WG in order to refine the objectives accordingly. This contribution aims to analyze the target scenarios and requirements for Rel-14 FeD2D study.

2      Discussion
2.1 
Ongoing 3GPP Work
The target use cases were discussed in 3GPP SA in a framework of SMARTER [2] and are being further discussed as a part of MIOT (Massive Internet of Things) work [3]. The purpose of these studies is to define the initial requirements for emerging new services and markets technology enablers. The use cases identified in SMARTER were grouped onto several parts and one of them is MIOT which covers wearable/IOT use cases that can be addressed by the proposed Rel-14 FeD2D study item. It should be noted that recently the new WI “Remote UE access via relay UE” (REAR) was approved in SA#71 [4], which targets to define stage-2 service requirements on wearable devices and devices with low power consumption and low complexity for the communication between the remote UE and the relay UE to use either E-UTRA and WLAN. It intends to define target use cases and service requirements for commercial use of UE-to-NW relays, which will also be used as a starting point for FeD2D study.
Although the MIOT work targets to define stage 1 requirements for next generation radio access technology, the use cases described there are already emerging and it is crucial to start work on them in Rel-14. Therefore, the scenarios and requirements for SA REAR and RAN FeD2D study may naturally inherit many parts of MIOT work and it would be worthwhile to see what is covered by it.
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Figure-1. Target scenario for wearable/IOT from [3].
The main scenario studied in MIOT work is illustrated in the Figure-1, which covers three connection models, i.e. direct 3GPP connection, indirection 3GPP connection (e.g. a smart wearable that communicates through a smart phone with the 3GPP network), and direct device connection (e.g. a biometric device that communicates directly with other biometric devices or with a smart phone associated with the same patent). The underlying assumption is that a wearable/IOT device most of the time can operate in the relaying mode by exploiting proximity of a relay device. In rare cases (when out of proximity of the relay device), it is also able to communicate directly with 3GPP network by using cellular connection. It is also assumed the D2D communication with the Relay device may be performed using either 3GPP technology (e.g. sidelink) or non-3GPP connectivity technology (e.g. WLAN).

One of the key characteristics of the target scenarios is the constrained capabilities of wearable/IOT devices. The wearable devices are typically characterized by small form factors that implies constrained capabilities and small battery. The device complexity, energy efficiency and cost are the most important performance indicators, while the various peak data rate capabilities may be also needed for wearable devices. The LTE Rel-13 introduced support of narrowband MTC and NB-IOT types of devices supporting light weight cellular connections and Uu air-interface referring to eMTC [5] and NB-IOT [6] developments. 
One of the essential parts of wearable and IOT developments is enhanced UE-to-NW relaying capabilities. The Remote UEs are likely to have constraints in terms of form factors, battery life, and thus it is crucial to use the most efficient radio channel to transmit and receive data in order to ensure low power consumption and spectrum efficient transmission. Moreover, this also optimizes overall network spectral efficiency and resource utilization. The direct communication with the eNB may not be always efficient due to potentially large attenuation when IOT devices are placed deep inside building that may lead to longer transmission/reception transactions with near-maximum transmission power settings. In this case, usage of closely located relay devices would greatly improve spectral and energy efficiency of remote UE’s data transfer as well as system spectral efficiency.

In summary, the following potential unique requirements should be considered and analysed in Rel.14 FeD2D study:

· A remote UE communicating with E-UTRA directly and via a relay.

· Service continuity when switching between different communications modes and relayed paths.

· Security of remote UE’s traffic when in relayed connection.

· Optimized power consumption of a remote UE and a relay UE when in relayed connection.

· Efficient support of multiple remote UEs via a relay UE.

· Low complexity and low power remote UEs should be efficiently supported.

· Support of target traffic models, data rates, latency characteristics.
2.2 
Discussion on Use Cases
In this section, the specific use cases for Rel-14 FeD2D studies in RAN are discussed. As per the discussion in previous sections, two main use cases are identified and proposed for analysis:

Use case 1: D2D-aided wearable communication. A smartwatch communication is assumed as a typical example.
Use case 2: D2D-aided MTC/IOT. A smart meter is assumed as a typical example. 
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Figure 2. Illustration of D2D-aided wearable and MTC/IOT use cases.

In terms of RAN impact, depending on design options there may be no essential difference between these two use cases, therefore we are targeting common objectives and enhancement components:

1) Enhanced UE-to-NW relaying. Enhancements are needed to ensure service continuity, security, support of non-3GPP RATs for D2D and optimized operation of multiple Remote UEs via a Relay UE.
2) Enhanced sidelink efficiency (reliability, spectrum efficiency). Current LTE sidelink was designed for long coverage and one-to-many communication targeting Public Safety applications. Optimization of sidelink communication for the targeted consumer cases by increasing spectrum efficiency and reliability is required.
3) Reduced complexity, cost and power consumption of Relay / Remote UE. As discussed in the previous sections, the constrained capabilities of the Remote UE is one of the outstanding objectives of the proposed study. Current LTE D2D communication is neither low cost nor power efficient. Thus, complexity reduction techniques are proposed for Rel.14 FeD2D study. The straightforward approach is to at least study enhancements to enable narrow bandwidth D2D operation and consider use of a single RX chain at a UE that can be shared between cellular and D2D operation.
We also need to take the attributes for the D2D-aided wearable communication and D2D-aided MTC/IOT into account in the FeD2D work. For D2D-aided wearable communication, the use of wearables consist of multiple types of devices however some common attributes can be observed such as low complexity, high battery life, high reliability, and the support of high data rates. In addition the wearable device and its relay UE (e.g. smart phone) are close to each other (e.g. within several meters) when the wearable device communicates with the network via the relay UE. For D2D-aided MTC/IOT, the use of MTC/IOT consists of devices with low complexity or/and low cost. High battery life is also considered for some MTC/IOT devices. In addition many MTC/IOT devices are stationary (e.g. smart parking meters) or have a limited range of mobility. Once activated, the location of these devices can be expected to remain the same, or move within a very limited area. 
In summary, the following attributes and aspects can be considered in FeD2D work. 
· D2D-aided wearable use case: 

· Multiple types of device

· Low complexity, long battery life and high reliability

· Support of real-time data (e.g. voice) and non-real time data with possibly high data rate

· Short proximity range between the relay UE and the wearable

· D2D-aided MTC/IOT use case:

· Large number of devices

· Low complexity, low cost and long battery life

· Non-real time critical data

· Movement within a very limited area 

· Common aspects to be considered for both D2D-aided wearable and D2D-aided MTC/IOT use cases
· Providing a timely, efficient, reliable and secure communication

· Taking into consideration QoS when choosing connection mode and RAT

· Minimizing power consumption on devices

· Supporting roaming access to the network, whether the relayed device or a relay UE is roaming

· Providing service continuity for devices that switch between an indirect 3GPP connection and a direct 3GPP connection or between indirect 3GPP connections

· Identifying, addressing and reaching a device, when the device is in indirect 3GPP connection mode.

[Proposal-1]: RAN2 is asked to consider D2D-aided wearable and D2D-aided MTC/IOT use cases, attributes and aspects listed above in the discussion for the scenarios and requirements for Rel-14 FeD2D. 

3      Conclusions

In this contribution, we provided our views on scenarios that need to be considered in Rel-14 FeD2D. In summary, we propose the following scenarios for Rel-14 FeD2D study item:
[Proposal-1]: RAN2 is asked to consider D2D-aided wearable and D2D-aided MTC/IOT use cases, attributes and aspects listed in section 2 in the discussion for the scenarios and requirements for Rel-14 FeD2D.
· D2D-aided wearable use case: 

· Multiple types of device

· Low complexity, long battery life and high reliability

· Support of real-time data (e.g. voice) and non-real time data with possibly high data rate

· Short proximity range between the relay UE and the wearable

· D2D-aided MTC/IOT use case:

· Large number of devices

· Low complexity, low cost and long battery life

· Non-real time critical data

· Movement within a very limited area 

· Common aspects to be considered for both cases

· Providing a timely, efficient, reliable and secure communication

· Taking into consideration QoS when choosing connection mode and RAT

· Minimizing power consumption on devices

· Supporting roaming access to the network, whether the relayed device or a relay UE is roaming

· Providing service continuity for devices that switch between an indirect 3GPP connection and a direct 3GPP connection or between indirect 3GPP connections

· Identifying, addressing and reaching a device, when the device is in indirect 3GPP connection mode.
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Appendix A – Latest FeD2D Objectives

The following potential objectives are listed in [1].
	The objective of this study item is to study enhancements to UE-to-network relaying and to the LTE D2D framework for applications targeting wearables use cases. It is assumed that remote UEs can support both WAN and D2D connection, and that remote UEs have 3GPP subscription credentials. The D2D connection is realized by either LTE sidelink or non-3GPP technology. For LTE D2D enhancements the study is targeting licensed spectrum only for commercial (in-coverage scenario) and public safety cases (both in-coverage and out-of-coverage scenarios). Following is the list of objectives.

1. Study and define a generic UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a remote UE via a relay UE. [RAN2]

a. Study the possibility of a common solution supporting the following use cases:[RAN2]

i. UE to network relaying over non-3GPP access (Bluetooth/WiFi), where E2E QoS may not be guaranteed.

ii. UE to network relaying over LTE sidelink. Assess standard impact of E2E QoS.

iii. Unidirectional and bidirectional UE to network relay.

b. Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple remote UEs via a relay UE. [RAN2, RAN3]

c. Path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity [RAN2, RAN3].

2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1].

b. Identify mechanisms to enable more efficient, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].

c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].

FDD, H-FDD and TDD should be considered for this work. The impact of sidelink operation on cellular traffic, spectrum and QoS of other cellular services are assumed to be fully controlled by the network. 
The study will consider the outcome of potential SA1 work on the related requirements. SA WGs will be consulted if deemed necessary in the study. Some parts of the objectives can be concluded earlier than the SI completion date.


Appendix B – Definition of Scenarios

In this section, we propose corresponding scenarios for the two identified use cases. The following common assumption can be made regarding the scenarios:

· Homogeneous Macro cell deployment scenarios are assumed. [Study of UE-to-NW relaying in heterogeneous scenarios is not justified due to much lower expected channel attenuation of signals to/from a serving eNB that may lead to marginal system gains of using relayed connection instead of direct.]

· Scenarios with indoor-outdoor mixed UE drop should be studied with higher priority.

· A scenario should evaluate impact of the studied enhancements on legacy cellular operation, thus scenarios should assume legacy UEs operate in the same cell and same frequency both in DL and UL.

· Different assumptions on Remote UE in terms of Uu air interface capabilities should be considered:

· Option 1. Remote UE is LTE Cat.1 with up to 20 MHz bandwidth.

· Option 2. Remote UE is LC/CE UE (eMTC) with 1.4 MHz bandwidth.

· Option 3. Remote UE is NB-IOT UE with 200 kHz bandwidth.

· Note, that for all options a DL RX chain is assumed to be reused for D2D reception.

· Note, that D2D capabilities should not exceed Uu capabilities except the case of non-3GPP D2D RAT.

· The Relay UE and Legacy UEs should be assumed to have normal LTE capabilities, e.g. LTE Cat. 6-10.

· The sidelink operation is deployed in-band within cellular UL spectrum.

Scenario 1: D2D-aided Wearable Scenario

This D2D-aided wearable scenario is characterized by a proximity property of a Remote UE to its Relay UE due to assumed use cases, i.e. “companion device”, when e.g. a smartwatch is in close distance to a smartphone which is authorized to relay its traffic to network. Additionally, the channel attenuation between Remote UEs and serving eNB has same distribution as the attenuation between any other UE and eNB.

The following details of Scenario 1 are proposed:

· Network layout

· Homogeneous macro deployment (e.g. 19 sites, ISD = 500m, 57 cells, with wrap around).

· Number of UEs

· Number of Relay UEs per cell

· Various values can be considered [10, 30, 60]

· Number of Remote UEs per relay UE

· Various values can be considered Y = [1, 2, 5]

· Number of legacy UEs

· 10 legacy UEs as a baseline

· UE drop and location types

· 80% indoor and 20% outdoor with explicit building drop

· Remote UE is dropped in proximate range [1-10] m around a relay UE with random uniform distribution and minimum 1 m distance to any other UE.

· Traffic models

· Remote UE traffic model

· The following traffic models are considered: VoIP, 1Mbps constant bitrate.

· Relay UEs and legacy UEs traffic model

· FTP traffic model 3 for both UL and DL with various packet arrival rates

Scenario 2: D2D-aided MTC/IOT Scenario

The D2D-aided MTC/IoT scenario is characterized by independent dropping and deployment of Remote UEs and Relay UEs according to the target use case. Additionally, this scenario may assume the channel attenuation of Remote UEs to eNB has another distribution due to installation of MTC devices at basement level of a building.

The following details of Scenario 2 are proposed:

· Network layout

· Homogeneous macro deployment (e.g. 19 sites, ISD = {500m, 700m, 1732m}, 57 cells, with wrap around)

· Number of UEs

· Number of Relay UEs per cell

· Various values can be considered {10, 30, 60}

· Number of Remote UEs

· Number of remote UEs is calculated as Y UEs per household. The number of households is calculated from the typical household density for a target scenario as per [5] or [7].

· Y is {3 or 40} (3 from Rel.12 MTC studies [5] and 40 from GERAN CIoT studies [7])

· Number of legacy UEs

· 10 as a baseline

· UE drop and location types

· FFS how to drop households and remote UEs

· Relay UEs and legacy UEs are dropped randomly uniformly

· Traffic models

· Remote UE traffic model

· Periodic or triggered reporting according to [5] or [7]
· Relay UEs and legacy UEs traffic model

· FTP traffic model 3 for both UL and DL with various packet arrival rates


