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1 Introduction
For feD2D study item, the following coverage scenarios are covered [1]:

· Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage. 

· Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode).

· Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.

And the following objectives are included in [1]:

· Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1,RAN2].

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

· Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].
Based on the above content, Prose UE-to-network Relay UE play an important role in the feD2D study and the detail requirements in RAN 1 should be further clarified. 
2 Discussion
Coverage scenarios for feD2D
According to the situation of remote UE and relay UE, four specific scenarios are illustrated in Figure 1[2]. Based on the following scenarios, we discuss some of the detail requirements.
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Figure 1: Coverage scenarios for feD2D
As shown in Figure 1, there are two out-of-coverage (OOC) scenarios provided with connection/no connection to the relay and two in-coverage scenarios with connection/no connection to relay. We can see from Figure 1 that the evolved ProSe Remote UE can be in RRC_CONNECTED or not while paired with an evolved ProSe UE-to-Network Relay UE. The link between ProSe Remote UE to UE-to-Network Relay UE is mostly based on PC5 sidelink and the link between UE-to-Network Relay UE and eNB is mostly via Uu path.
Improvement of reliability and manageability
Some enhancement should be considered to improve the reliability and manageability in the feD2D communication system. For instance, eNB could recognize and build connection with remote UE and UE-to-network relay node could have scheduling capability to some extent. 
In the UE-to-network relay scenario, certain application requirements may need to identify remote UEs from eNBs in order to label the remote UE and generate billing. It demands setting the connection between eNB and remote UE through relay node. For the MTC case, when the relay node provides services for MTC type of remote UEs, a certain number of remote UEs should exchange data with eNB via relay node. This may overload the eNB by scheduling all remote UEs, which reduces the performance of the entire system. Therefore, transferring some scheduling function to the relay node can relieve the burden of eNB and provide a more effective resource assignment.  
Considering the distribution of remote UEs, some interference cancellation and multiple access schemes should be introduced. The non-orthogonal multiple access (MA) scheme may offer certain performance improvements by control or data channel resources multiplexing of remote UEs.
Proposal 1: The remote UEs should be identifiable and different from eNBs in order for the UE-to-network relay to differentiate among them.  
Proposal 2: Non-orthogonal MA should be considered in feD2D. 
Low complexity and cost

An important objective of this study item is to study the LTE D2D framework for commercial and public safety applications such as wearable devices and machine type communications (MTC) devices.  Particularly, for Internet of Things (IoT) and MTC cases, low complexity and cost are key characteristics for those devices.  An effective way to reduce the cost is by reusing schemes such as Narrow Band IoT (NB-IoT) and enhanced MTC (eMTC). Those types of devices will potentially use a single modem for communicating with the Internet/cloud. 

In some cases, such as deep shadows or blind area of network coverage (i.e. due to building or in basement) as shown in Figure 2, a NB-IoT device may consume more time and power with a poor channel condition to eNB. With the aid of UE-to-network relay UE, the NB-IoT service can be improved by proximity communication and the IoT communication can be achieved with lower power, less transmission times and high spectrum efficiency. Considering the restriction of complexity and cost, the NB-IoT devices should work in a narrow band.  Thus in feD2D, narrow band sidelink (NB-Sidelink) communication should be discussed to support these types of services, such as NB-IoT/eMTC.
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Figure 2:  NB-IoT device with coverage
To support NB-Sidelink communication in feD2D, there are two types of the enhanced IoT devices. Type 1, the enhanced IoT devices only support NB-Sidelink communication mode. Type 2, the enhanced IoT devices can support two modes, legacy NB-IoT mode and NB-Sidelink mode.  
For ProSe UE-to-network relay UE, it should support narrow band transmitting and receiving of multiple UEs at the same time. The NB-Sidelink communication should be compatible with Rel-13 D2D and the NB-IoT uplink waveform can be reused for feD2D. The combination of less power consumption, high spectrum efficiency, long battery lifetime, and low cost are the main targets of the NB-Sidelink analysis.
Proposal 3: NB-Sidelink communication should be supported in feD2D.
Low energy
For feD2D communication, some devices (e.g. wearable devices) are needed to be used in portable scenarios. And some devices (e.g. IoT devices) may be used in the scenario without power input. From the perspective of power saving, low energy transmission should be considered.
At first, the scheme of power control can be considered. In feD2D, most communication scenarios need only a short distance transmission. Based on this, transmission power can be limited to save energy. At the same time, low energy transmission can decrease mutual interference among UEs. Thus communication reliability can be increased and retransmission ratio can be reduced. It is also useful to save transmission power.
On the other hand, the scheme of relay selection is also beneficial for low energy transmission. For example, a remote UE can choice the nearest relay from many candidates to connect based on power consumption. By this method, transmission power can be saved.

In addition, sleep mode can be studied for communication between relay UE and remote UE. Remote UEs can reduce power consumption by sleep and wake up only when they have data to transmit or detect an awakening signal, e.g., discovery signal. Details of sleep mode can be further discussed.
Proposal 4: For low energy transmission, some scheme of power control, relay selection and sleep mode can be considered in feD2D.
Quality of Service (QoS)
Considering the high reliability and high data rate use cases, such as streaming media and mobile games services, a high reliability communication link is desired along with schemes, such as unicast and HARQ which should be considered.
The link between feD2D relay and eNB may be via the Uu path and the QoS can be ensured by LTE schemes. But the QoS of the sidelink between feD2D relay and remote UE may need further improvements. Considering the communication between feD2D relay and remote UE are mostly by one-to-one, unicast should be introduced into the PC5 sidelink communication. On this basis, the control signal and HARQ schemes also need to be further studied. Unicast with adapted modulation and coding scheme (MCS) can support high data transmission with good QoS and the reliability can be further ensured by effective HARQ schemes.
Proposal 5: Unicast and HARQ should be considered in sidelink.
3 Conclusions

In this contribution, we discuss coverage scenarios of feD2D and the possible enhancement for UE-to-network relay UE and remote UEs on reliability, power consumption, NB-Sidelink communication and we propose the following:
Proposal 1: The remote UEs should be identifiable and different from eNBs in order for the UE-to-network relay to differentiate among them.
Proposal 2: Non-orthogonal MA should be considered in feD2D.

Proposal 3: NB-Sidelink communication should be supported in feD2D.

Proposal 4: For low energy transmission, some scheme of power control, relay selection and sleep mode can be considered in feD2D.
Proposal 5: Unicast and HARQ should be considered in sidelink.
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