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1 Introduction
The FeD2D study item was approved in the RAN#73 plenary meeting [1]. The RAN1 related objectives of this study item are as follows.

· 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].
One of the important aspects of FeD2D communication is that it is to provide reliable unicast PC5 link between the relay and remote UE with low power, low complexity and in a low cost manner. To enable these features, there are a lot of physical layer enhancements that can considered within the limited time units available in RAN1. In this contribution, we discuss our views on potential enhancement to enable the above features.
2 Discussion
2.1 D2D communication for low cost devices 
In FeD2D communication, the remote UE devices are assumed to be low cost devices, such as MTC or NB-IoT devices. Unlike with Rel-12/13 D2D, where the public safety use case was mainly assumed, feD2D should enable such eMTC / NB-IoT low cost devices to operate with sidelink communication in a relay scenario. There are several technology gaps to overcome as shown below. 

· Bandwidth
· In FeD2D, various types of remote UE can be assumed as wearable devices, such as NB-IoT, (e)MTC and Cat 1+ LTE devices. We expect that in most cases an NB-IoT device can only support a 1 PRB sidelink, an (e)MTC device can support up to 6PRBs in the sidelink, and a Cat 1+ wearable can support up to the full system bandwidth. Therefore the sidelink should support at least such three types of bandwidth capability devices. Assuming that the relay UE has full bandwidth capability in the sidelink, a subset of the sidelink bandwidth should be configured for remote UEs. Efficient resource pool configuration and resource pool coordination of these narrower sidelink bandwidths should be considered.
Proposal 1: Efficient resource pool configuration and resource pool coordination should be considered.
· Waveform

· In the Rel-12 D2D, an SC-FDMA transmission is adopted. Assuming SC-FDMA is also adopted for the sidelink in FeD2D, no modification is necessary for (e)MTC. NB-IoT also adopted an SC-FDMA based waveform, with the additional ability to use single tone transmissions as one of the possible methods to increase UL capacity. However, single tone transmissions would not be necessary in FeD2D where the communication distance between the remote UE and relay can be assumed to be relatively short. Given the modifications that would be required to the D2D sidelink to support NB-IoT devices and considering the above waveform aspects and the limited time units in RAN1, it would be better that RAN1 focus on and prioritize (e)MTC UEs for the remote UE scenario. NB-IoT remote UE operation can be considered in a later phase.
Proposal 2: RAN1 should focus on and prioritize (e)MTC as the remote UE. NB-IoT remote UE operation can be considered in a later phase.
2.2 Enhancements for reliable unicast communication over sidelink
Link adaptation, HARQ and ARQ (RLC AM) were not supported in Rel-12 or Rel-13 D2D. Since FeD2D should support reliable unicast communication over the sidelink, feedback-based communication should be specified. In addition, the synchronization mechanism may be also modified due to the differences in the feD2D relay deployment scenario.
· Link adaptation
· To enable link adaptation, the following points should be studied.

· Master-slave relationship between relay UE and remote UE
· MCS configuration for sidelink
· Measurement configuration for sidelink

· Feedback mechanism

· End to end link adaptation mechanism
With regard to the master-slave relationship, the sidelink link adaptation mechanism should be adjusted based on the link quality of Uu between the relay UE and eNB as well as the sidelink quality. Considering this, it would be reasonable that relay UE performs the role of link adaptation.
· HARQ/ARQ operation

· To enable HARQ/ARQ operation, the following points should be studied.
· HARQ transmission mechanism
· ACK/NACK handling
· RLC AM
· End to end HARQ operation
For ACK/NACK handling, transmission timing and feedback resource allocation should be studied. Since feD2D should support QoS between the remote UE and relay UE, end to end HARQ/ARQ operation should also be considered.
Proposal 3: Feedback based communication such as link adaptation and HARQ/ARQ operation should be studied.

· Resource allocation
Multiple remote UEs may be connected to one relay UE. If the mode 1 resource allocation in Rel-12 D2D is applied for this scenario, eNB signalling overhead and resource allocation delay via relay would be of concern. If the mode 2 resource allocation in Rel-12 D2D is applied, packet collision caused by UE autonomous resource selection would be a concern. Since one of the important aspects of feD2D is that there can be a master-slave relationship between a relay UE and a remote UE, it would be better to provide sidelink resource control functionality for the relay UE, under partial eNB control. The relay UE can perform resource allocation for remote UEs by using resource pools which are provided by eNB.
Proposal 4: A new resource allocation mode where the relay UE controls resources in the sidelink for remote UEs should be supported.
2.3 Power efficient operation
One of the important requirements in feD2D is to reduce power consumption of remote UEs. In Rel-12 D2D, the transmission power is controlled based on the only pathloss between the transmitter UE and eNB. If this existing power control mechanism is applied for feD2D, it would result in inefficient spectrum utilization since transmission power would be still high even when the communication distance between relay and remote is short. To achieve efficient spectrum reuse in the sidelink by using spatial spectrum reuse, power control based on the pathloss between relay and remote UE should be specified. 
Proposal 5: For lower power sidelink transmission in the sidelink, power control based on the pathloss between remote UE and relay is supported.
In order to provide better power consumption for a remote UE linked to a relay rather than camping on a cell, the DRX mechanism for sidelink should be introduced, which provides at least the same power efficiency as idle mode DRX.
Proposal 6:
DRX is supported for sidelink and should provide at least the same power efficiency as idle mode DRX.

2.4 Enhancements to ensure service continuity 

Service continuity should be supported in feD2D. Two types of service continuity can be considered for remote UEs. The first one is link switching between Uu and sidelink. In this case, the remote UE can perform RRM measurements on the eNB so that the remote UE can recover the link when the sidelink communication is lost. The second one is link switching between relay UEs. Since it can be assumed that there is a case where a relay UE with subscription for one owner can communicate with a remote UE with a subscription for a different owner [2], it would be also required to support link switching among relay UEs.
Proposal 7: To ensure service continuity, measurement configuration for both eNB and relay UE from remote UE should be studied.

3 Summary
In this contribution, the following proposals are made:
Proposal 1: Efficient resource pool configuration and resource pool coordination should be considered.
Proposal 2: RAN1 should focus on and prioritize (e)MTC as the remote UE. NB-IoT remote UE operation can be considered in a later phase.

Proposal 3: Feedback based communication such as link adaptation and HARQ/ARQ operation should be studied.

Proposal 4: A new resource allocation mode where the relay UE controls resources in the sidelink for remote UEs should be supported.
Proposal 5: For lower power sidelink transmission in the sidelink, power control based on the pathloss between remote UE and relay is supported.
Proposal 6:
DRX is supported for sidelink and should provide at least the same power efficiency as idle mode DRX.

Proposal 7: To ensure service continuity, measurement configuration for both eNB and relay UE from remote UE should be studied.
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