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1 Introduction

To enable D2D aided wearable and MTC applications, following RAN1 related objectives have been captured in the FeD2D SID [1]:
Study necessary LTE sidelink enhancements.

· 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]

Furthermore, the agreement on contents of section 5.2 (LTE sidelink enhancements) for the 3GPP TR36.746 [2] has depicted the possible enhancements on sidelink [3]:
· 5.2.1 General considerations on sidelink enhancements

· 5.2.2 Synchronization aspects

· 5.2.3 Discovery aspects

· 5.2.4 Communication and UE-to-NW relaying aspects

· 5.2.5 Summary and conclusions on LTE sidelink enhancements

In this contribution, we discuss the potential issues and possible enhancements on FeD2D communication. 
2 Discussion
Both R12/R13 D2D communication and R14 V2V communication are typical broadcast based communications, where one of the main objectives is to enable as many as possible receivers to successfully decode the messages. Since they are aiming at public safety use cases or safety related use cases, radio coverage is an important design aspect, and power consumption of devices is deprioritized. Mechanisms like blind (re)transmission without feedback and open loop power control based on pathloss between eNB and UE are effective for broadcast sidelink communication, but they are not suitable for unicast communication supporting low energy devices. In this section, we will discuss several physical layer design aspects for FeD2D communication.
2.1 Sidelink UE to network relaying modes

There are two UE to network relaying modes: bidirectional mode and unidirectional mode, as illustrated in Figure 1. In bidirectional mode shown in Figure 1(a), the relay UE forwards the DL & UL traffics from eNB to UE and vice versa. Since the scenario where remote UEs are out-of-coverage should be supported [2], this mode is necessary in FeD2D communications. In addition, when remote UEs are in poor coverage, massive TTIs bundling or (re)transmissions for both DL and UL can be avoided by UE relaying, which can significantly reduce the power consumption of remote UEs and save resources. In unidirectional mode shown in Figure 1(b), the remote UEs receive the DL traffics directly from eNB and the relay UE only forwards UL traffics from UE to eNB. Although this mode can reduce complexity of relay UEs, it cannot fully support out-of-coverage remote UEs. Furthermore, unidirectional can be regarded as the UL case of bidirectional mode, that is to say, enhancements for unidirectional mode can be covered by enhancements for bidirectional mode. Hence, at least bidirectional UE to network relaying mode should be supported.
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Figure 1.  Two relaying modes

Proposal 1: Bidirectional UE to network relaying mode should be supported. 
2.2 Resource allocation
Legacy D2D systems have already specified eNB scheduling based resource allocation (Mode 1/Mode 3) and UE autonomously selection based resource allocation (Mode 2/Mode 4), which are used for in coverage use and out-of-coverage use respectively. However when considering UE to network relaying scenario, enhancements are still required. We will take Mode 1 and Mode 2 for example to show the necessity of enhancements.

When both relay UE and remote UE are in coverage, Mode 1 resource allocation can be used, where the resources for communication between relay UE and remote UE are configured and allocated by eNB. If relay UE can forward the resource configuration and related signaling between eNB and remote UE, the power consumption of remote UE can be considerably reduced especially when the remote UE or both the remote UE and the linked relay UE are at cell edge. Figure 2 shows an example solution that traffics to/from a remote UE are forwarded by a relay UE, where PSCCH is reused to carry control information for the remote UE. In this example, resource allocation is controlled by eNB. 
When remote UE is out-of-coverage, Mode 2 resource allocation should be used according to current specification. However, there will be resource collision among remote UEs, which will degrade the reliability of PC5 interface. In this case, relay UE assisted resource allocation can be considered. For example, if the relay UE has the privileges (assigned by the NW) to schedule the resource to be used by remote UEs, collision can be avoided and power consumption of remote UEs can be reduced consequently. 
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Figure 2 Example of eNB controlled resource allocation
Proposal 2: Both eNB controlled and relay UE assisted resource allocation and configuration should be studied.
2.3 Link adaptation mechanism
Current specifications for sidelink communication have not defined link adaptation mechanism. Instead, blind (re)transmission is used to ensure the transmission reliability. This kind of design is not suitable for FeD2D any more, especially when low power consumption is a key requirement. In broadcast communication, the transmitter has no knowledge of the receiver, such as the destination and channel state information between relay UE and remote UE, so that blind (re)transmission is adopted to increase the reliability. For commercial use case, once one-to-one communication procedure has been initiated, either the transmitter or the receiver can obtain the channel quality for link adaptation, and the MCS value and the number of transmissions can be adaptively changed. In addition, simplified HARQ mechanism can be considered. A simple example is to reuse the SCI to carry ACK/NACK information. As shown in Figure 3, the resource UE can indicate the ACK/NACK resource by SA, and ACK/NACK bit can be carrier in SA from destination UE.
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Figure 3. Simple HARQ procedure
Proposal 3: Link adaptation with feedback mechanism should be studied; simplified HARQ mechanism can be considered.

2.4 Power control
Requirement on low power consumption in remote UE can be achieved by power control and power saving mechanisms. Detailed discussion can refer to our companion contribution [4]. Except for modifying the reference pathloss, how to signal the power control information should also be considered, which depends on the design of FeD2D channel structure.
3 Conclusions
In this contribution, we discuss the issues and possible enhancements for FeD2D communication. Based on the discussion, we make the following proposals:
Proposal 1: Bidirectional UE to network relaying mode should be supported. 

Proposal 2: Both eNB controlled and relay UE assisted resource allocation and configuration should be studied.
Proposal 3: Link adaptation with feedback mechanism should be studied; simplified HARQ mechanism can be considered.
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