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1. Introduction

In RAN#73 meeting, one SI on enhancements to UE-to-network relaying was agreed [1]. The objective of this study item is to study enhancements to Prose UE-to-network relaying and to the LTE D2D framework for commercial and public safety applications such as wearable devices. It is assumed that evolved Remote UEs can support both WAN and D2D connection, and that evolved Remote UEs have 3GPP subscription credentials. The D2D connection is realized by either LTE sidelink or non-3GPP technology. All non-3GPP technologies should be considered transparent for generic relay architecture over them. The primary objective of the study is to address power efficiency for evolved Remote UEs (e.g. wearable devices).

Following is the list of objectives for the three identified coverage scenarios:

1. Study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network 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). 

ii. UE to network relaying over LTE sidelink. 

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 evolved Remote UEs via an evolved ProSe UE-to-Network Relay UE.[RAN2] 

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

b. Identify mechanisms to enable QoS, 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].

 This contribution aims to analyse potential issue of further enhanced in LTE technology to enable D2D aided remote UE. Specially, the required coverage enhancement levels notification method for unidirectional UE to network relay is discussed.
2. Discussion
The 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 IoT devices will be connected to cellular communication system. Some IoT UEs would be installed in the basements of residential buildings or locations shielded by foil-backed insulation, metalized windows or traditional thick-walled building construction, and these remote UEs would experience significantly greater penetration losses on the radio interface than normal LTE UEs. Coverage enhancement, therefore, is required for theses IoT UEs in the poor coverage conditions. Massive TTI bundling in both the uplink and downlink is one method to improve coverage for MTC devices. Massive TTI bundling helps in serving poor coverage areas; however, the main issue with massive TTI bundling is huge resource usage at system level and large power consumption at device level, which results in significant reduction of the battery life of the device. Therefore, in order to support a wider set of IoT application scenarios including deep coverage holes, it is necessary to study more power and resource efficient methods. Another important example of IoT devices are wearable devices. For this application example, the wearable devices require low power consumption and low complexity as well. Fortunately, wearable devices may always be close to a smartphone.
To reduce the power consumption of the IoT device, Rel-12 and Rel-13 Device-to-Device (D2D) discovery and communication can be utilized to relay data to/from a remote IoT device. With the help of a D2D relay UE, it is possible to either completely remove or considerably reduce the requirement of massive TTI bundling. A D2D relay UE can be any normal phone with D2D discovery and communication capability whereas without relaying a remote IoT UE has reduced capability to achieve the requirement of low cost IoT devices. In what follows, there are two possible ways to use a relay UE as shown in Fig.1.a and Fig.1.b:
1. Unidirectional D2D link between IoT UE and relay UE for uplink data 

·   In this case, a relay UE is utilized to relay only UL data from the remote IoT UE. Due to this constraint, only massive TTI bundling in the UL is avoided. The advantage of this approach is low cost (similar to eMTC UE) because D2D transmission capability effectively comes for free as it utilizes same transmission chain as Uu, which the IoT UE needs to support in any case. 
2. Bidirectional D2D link between remote IoT 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
In Fig.1.a, a remote IoT UE can communicate with eNB directly via coverage enhancement technology for both downlink and uplink. However, it results in large energy consumption for remote IoT UE. For power limited IoT 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 IoT 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, which thus reduces the power consumption of the remote MTC UE.
In Fig.1.b, one possible scenario is that an IoT 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 IoT UE from eNB. For other signal, remote IoT UE cannot receive them from eNB and transmit them to eNB directly. In these two scenarios, D2D link for remote IoT 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, which thus reduce the power consumption for remote MTC UE.

In Rel. 13 MTC, a 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs. In rel. 13 MTC, repetition technology has been proved as an efficient method to improve downlink data channel and control channel coverage. Repetition is recognized as an efficient method to improve MTC UE coverage. More energy can be accumulated to improve coverage by prolonging transmission time. The amount of compensation for individual channel is different. In a similar way, the number of repetitions corresponding to individual channel is also different. Hence, for downlink data channel (PDSCH) and downlink control channel (PDCCH), the related coverage enhancement (CE) levels should be configured to MTC UEs, respectively. For unidirectional D2D link used scenario, remote MTC UE cannot inform the CE level related information to eNB via uplink Uu directly. For connection setup, remote UE should send out D2D discovery signal to relay UE first. And relay UE notifies eNB on the existence of remote UE. Hence, remote UE is not directly access to eNB via physical random access channel (PRACH) as Rel. 13 MTC. For Rel. 13 MTC, PRACH is used for remote MTC UE to notify its CE level to eNB. Here, in this unidirectional D2Drelay scenario, it needs to study a new method for remote IoT UE to notify the CE level for eNB.

Observation 1: There are no direct uplink transmissions from remote IoT UEs to eNB in the unidirectional relay based scenario. A remote IoT UE cannot directly notify its downlink CE levels to the eNB via uplink Uu link for this scenario. How to notify the CE level to the eNB, when the unidirectional UE to network relay is applied, should be further studied.
Proposal 1: RAN1 needs to discuss CE level notification method for the unidirectional relay based scenario.

Relay UE assisted CE level notification method is a feasible solution. Relay UE can forward the initial access CE level or related information of remote MTC UE to eNB. After that, eNB determines the CE level of PDCCH and PDSCH for remote UE. Then, eNB notifies the remote MTC UE on its CE level of PDCCH and PDSCH via control signalling.
Proposal 2: Relay UE can forward the initial access CE level or related information of a remote IoT UE to the eNB for determining the CE level of PDCCH and PDSCH.
For the unidirectional relay based scenario, the eNB cannot estimate the timing advance (TA) information for remote IoT UE since there are no direct PRACH operations from the remote IoT UE to the eNB. Without timing advance operation, interference exists for massive D2D communications. That means if a large number of remote IoT UEs transmit signals to a relay UE, it may result in the interference between different links from remote UEs to the relay UE. Therefore, how the IoT UE can obtain the timing advance information without Uu transmission should be studied.
Proposal 3: RAN1 needs to discuss the method for obtaining the timing advance information for remote IoT UEs in a unidirectional relay based scenario.

Conclusion

In this contribution, the following observations and proposals are given based on the discussion:

Observation 1: There are no direct uplink transmissions from remote IoT UEs to eNB in the unidirectional relay based scenario. A remote IoT UE cannot directly notify its downlink CE levels to the eNB via uplink Uu link for this scenario. How to notify the CE level to eNB, when the unidirectional UE to network relay is applied, should be further studied.

Proposal 1: RAN1 needs to discuss CE level notification method for the unidirectional relay based scenario.
Proposal 2: Relay UE can forward the initial access CE level or related information of a remote IoT UE to the eNB for determining the CE level of PDCCH and PDSCH.
Proposal 3: RAN1 needs to discuss the method for obtaining the timing advance information for remote IoT UEs in a unidirectional relay based scenario.
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