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1 Introduction
In the 3GPP RAN1 #88bis meeting, feD2D communication and UE-to-NW relaying aspects were discussed [1]. For sidelink UE-to-NW relaying, the following agreements were made.
Agreement

· Continue analysis of unidirectional UL and bidirectional relaying modes and identify commonality from physical layer perspective
In this contribution, we discuss the commonality between bidirectional relaying and unidirectional relaying. In addition, we also discuss the half duplex issue in feD2D.
2 Discussion
2.1 Bidirectional relay and unidirectional relay
In feD2D, various types of operation should be supported. In terms of coverage, relay UEs are assumed to be always in-coverage. On the other hand, remote UEs are assumed to be either in-coverage or out-of-coverage. In the case of unidirectional relay, if the remote UEs are in-coverage, remote UEs can receive a Uu DL signal from the eNB. However, if the remote UEs are out-of-coverage, they can be supported only by a bidirectional relay where the DL signal from the eNB can be carried through the relay UE.

Observation 1: To support remote UEs that are out-of-coverage, at least a bidirectional relay is necessary.

It is assumed that most aspects of bidirectional relay operation can be reused for unidirectional relays. We discuss the commonality between bidirectional and unidirectional relaying and identify additional requirements for unidirectional relay in the following sections. Note that only the in-coverage scenario is assumed here since the unidirectional relay can only be supported in the in-coverage area.
Synchronization

eNB based synchronization can be reused. 
Discovery
Both model A and model B can be used if the remote UE has sidelink reception capability, that is, the Rx chain of the remote UE can be switched between DL and sidelink. If the remote UE does not have sidelink reception capability, that is, the Rx chain is fixed to the DL, it would instead be possible to receive a discovery signal or response from relay UE through the eNB [2]
Resource allocation
There can be three resource allocation modes, which are: eNB direct resource allocation, relay assisted resource allocation and UE autonomous resource selection. For eNB direct resource allocation and UE autonomous resource selection, the same procedures can be used for both the unidirectional relaying case and the bidirectional relaying case. For relay assisted resource allocation, the relay resource allocation decisions need to be transmitted to the remote UE through the eNB. In this case, new signalling which carries the relay decision from the relay UE to the remote UE through the eNB will be necessary.
Sidelink adaptation
For eNB direct resource allocation, sidelink feedback information should be provided to the eNB since the eNB will perform sidelink adaptation. Sidelink feedback information is transmitted by the relay UE to the eNB and the adaptation result will be delivered to the remote UE. In this case, the bidirectional relaying procedure can be reused for the unidirectional relay. 
For relay assisted resource allocation, since sidelink adaptation will be done by the relay UE, the adaptation result will be carried to the remote UE through eNB. Similar to the resource allocation case, new signalling will be necessary in this case.
Power control
Power control for unidirectional relaying can be the same as for bidirectional relaying. Similar to the resource allocation and sidelink adaptation cases, power control commands will be provided via the eNB when the relay UE controls sidelink transmission power.

Based on the above discussion, it can be considered that most aspects of bidirectional relay operation can be reused for unidirectional relay operation. A new signalling procedure, that the relay UE transmits some decisions to the remote UE through the eNB, will only be required for the case where relay assisted sidelink operation is used for the unidirectional relay. 
Observation 2: Most aspects of bidirectional relay operation can be reused for unidirectional relay operation.
Proposal 1: Bidirectional relay is baseline. Unidirectional relay can be additionally studied.
2.2 Half duplex (HD) constraint and multiplexing
The relay UE needs to communicate with multiple remote UEs in the sidelink. At the same time, the relay UE should also transmit not only its own traffic but also remote UEs’ traffic via Uu UL. Since one of the important aspects in feD2D is to support E2E QoS, it is required that the sidelink and backhaul link (Uu UL) are well coordinated to mitigate the HD constraint. There are two HD issues in feD2D as described in the following.
Conflict in sidelink
Due to the HD constraint, sidelink transmission and reception cannot be operated at the same time. For feD2D, if the eNB or relay UEs allocate resources for sidelink, conflict in the sidelink can be avoided by the eNB or relay scheduler. Another way to solve this issue is to introduce DL and UL in sidelink. In the sidelink DL, only relay UEs transmit a signal while in the sidelink UL only relay UEs receive signals. DL/UL configuration may be fixed or controlled by either the relay UE or eNB. 
Proposal 2: Feasibility of introducing DL and UL in sidelink can be studied.
Conflict between sidelink and uplink
Another conflict is between sidelink and uplink at the relay UE. Due to the HD constraint, the relay UE cannot operate Uu UL transmission and sidelink reception at the same time. For relay assisted resource allocation, since the relay UE can coordinate resource allocation in the sidelink, the relay UE can avoid reception of a remote UE’s transmission at the moment when relay UE needs to transmit UL to eNB. Similarly an eNB scheduler also can solve this issue.
In addition to the above issue, the case where the relay UE transmits Uu UL and sidelink at the same time should also be studied. In the rel-12 D2D, the UE can drop sidelink transmission when the UL transmission is scheduled due to the power constraint and/or near-far effect. However in feD2D, assuming that the transmission power of sidelink is fairly small compared to the rel-12 D2D case, it would be possible to transmit sidelink and Uu UL at the same time. However in-band emission should be carefully taken into account in this case.
Proposal 3: Multiplexing transmission between Uu UL and sidelink can be studied.

3 Summary
In this contribution, the following observations and proposals are made:
Observation 1: To support remote UEs that are out-of-coverage, at least a bidirectional relay is necessary.

Observation 2: Most aspects of bidirectional relay operation can be reused for unidirectional relay operation.
Proposal 1: Bidirectional relay is baseline. Unidirectional relay can be additionally studied.

Proposal 2: Feasibility of introducing DL and UL in sidelink can be studied.

Proposal 3: Multiplexing transmission between Uu UL and sidelink can be studied.
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