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1. Introduction

In RAN#71 meeting, one SI on enhancements to UE-to-network relaying was agreed [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 one of 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]. 

This contribution aims to analyse potential issue of further enhanced in LTE technology to enable D2D aided wearable and MTC. Specially, the feasibility of using unidirectional and bidirectional UE to network relay, and the path selection/switch problem are discussed in more detail.
2. Discussion
Internet of Things (IoT) provides great potential and opportunities for the LTE based Machine-Type Communications (MTC) devices. MTC will be one of typical form of communications in the near future since a large number of devices are connected to cellular communication system. Some MTC UEs are installed in the basements of residential buildings or locations shielded by foil-backed insulation, metalized windows or traditional thick-walled building construction, and these MTC UEs would experience significantly greater penetration losses on the radio interface than normal LTE UEs. The coverage enhancement is required for the MTC UEs in the poor coverage scenario. Massive TTI bundling in uplink and downlink is one method to improve coverage for MTC device. Massive TTI bundling helps in serving deep coverage areas; however, main issue with massive TTI bundling is huge resource usage at system level and large power consumption at device level, which results in the significant reduction of battery life of the device. Therefore, for supporting wide IoT application scenarios including deep coverage, it needs to study more power and resource efficient method.
Another important example of IoT devices are wearable devices. Wearable devices may always be close to a smartphone. For this application example, the wearable devices require low power consumption and low complexity as well. 

To reduce the power consumption of the MTC device, Rel-12 and Rel-13 Device-to-Device (D2D) discovery and communication can be utilized to relay the data to/from a remote MTC device. With the help of D2D relay UE, it is possible to either completely remove or considerably reduce requirement of massive TTI bundling. D2D relay UE can be any normal phone with D2D discovery and communication capability whereas remote MTC UE has reduced capability to achieve requirement of low cost MTC devices [2]. There are two possible ways to use relay UE as shown in Fig.1.a and Fig.1.b:

1. Unidirectional D2D link between MTC UE and relay UE for uplink data 

·   In this case, relay UE is utilized to relay only UL data from remote MTC UE. Due to this constraint, only massive TTI bundling in UL is avoided. However, advantage of this approach is low cost (similar to eMTC UE) because D2D transmission capability comes for free as it utilizes same transmission chain for both Uu and D2D. 
2. Bidirectional D2D link between remote MTC UE and relay UE.

·   In this case, relay UE is utilized to relay both UL and DL UE specific data to/from remote MTC UE. With bidirectional D2D link between remote UE and relay UE, it is possible to completely remove massive TTI bundling in both uplink and downlink. 
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Fig. 1.a. Unidirectional D2D relay                           Fig.1.b. Bidirectional D2D relay
For Fig.1.a, a remote MTC UE can communicate with eNB directly via coverage enhancement technology for both downlink and uplink. However, it results in large energy consumption for MTC UE. For power limited MTC UE, it may send the uplink data to relay UE and relay UE forwards the data to eNB. The downlink transmission from eNB to remote MTC UE still relies on coverage enhancement technology. Hence, it is a unidirectional D2D link between remote MTC UE and relay UE. Based on this unidirectional D2D link, the uplink coverage enhancement technology (e.g. massive TTI bundling) is not required and therefore reduce the power consumption of the remote MTC UE.
For Fig.1.b, one possible scenario is that a MTC UE is out of network coverage, it cannot communicate with eNB directly. It has to rely on relay UE for both uplink and downlink transmission. Another possible scenario is that only the SIB and paging information can be received by remote MTC UE from eNB. For other signal, remote MTC UE cannot receive them from eNB and transmit them to eNB directly. In these two scenarios, D2D link for remote MTC UE and relay UE is applied to relay both UL and DL data. Using this bidirectional D2D relay, both uplink and downlink coverage enhancement technology (e.g. massive TTI bundling) are not required and therefore reduce the power consumption for remote MTC UE.

Observation 1: Based on UE-to-Network Relay technology, a remote MTC UE can use device-to-device discovery and communication for coverage enhancement while consuming lower power. 
Proposal 1: Both bidirectional and unidirectional D2D relay mechanisms need to be supported for MTC operation.
In Rel-13 UE-network relay, some mechanisms are specified to keep service continuity. For relay selection, UE should select the discovered relay UE which has best link quality on PC5 and satisfies higher layer criteria. For relay reselection, UE will be triggered to perform relay reselection when PC5 signal strength of current relay is below configured threshold for signal strength. Uu signal strength for relay UE is not considered for relay selection/reselection. Additionally, the exception mechanism is also applied to the relay case. 

In this SI, the UE-Network relay will be applied to the wearable use case. As usual, wearable device is expected to select the private UE as relay. So, it is not reasonable to perform relay selection based on the link quality. In addition, non-3GPP access (Bluetooth/WiFi) may be applied to sidelink according to the objectives. Once non-3GPP access is allowed, more resource will be available for the sidelink to keep the service continuity. Meanwhile, we have to enhance the current link selection/reselection mechanism. Furthermore, when the exceptional case happens, non-3GPP resource can be used as well besides the licensed resource.
Based on the above analysis, we propose: 

Proposal 2: RAN2 is respectfully asked to study the path selection and path switch between cellular link and relay link.
Conclusion

In this contribution, the following observations and proposals are given based on the discussion:
Observation 1: Based on UE-to-Network relay technology, a remote MTC UE can use device-to-device discovery and communication for coverage enhancement while consuming lower power. 
Proposal 1: Both bidirectional and unidirectional D2D relay mechanisms need to be supported for MTC operation.

Proposal 2: RAN2 is respectfully asked to study the path selection and path switch between cellular link and relay link.
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