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1 Introduction
This contribution provides a high level overview of the physical layer for LTE-based D2D. A general proposal for spectrum use, channels definitions and basic principles and procedures is outlined. Details about discovery, communication and synchronization are available respectively in [4], [5] and [3].
2 Spectrum, Channels, Frames, Subframes and Timing Advance
In principle, D2D may be run on a combination of UL and DL spectrum for FDD and UL and DL subframes for TDD spectrum. Allowing UE transmission on DL cellular resources, on the first hand, has a number of potential drawbacks:
· The additional implementation for allowing UEs  to transmit on DL resources may drive the UE cost (for FDD only)
· Interference from D2D communication towards other UEs is potentially larger and less controllable than interference towards eNBs
· Regulatory aspects may delay the introduction of UEs transmitting in DL spectrum.
Limiting D2D operation within UL resources results, on the other hand, in the introduction of an additional receiver chain and potentially increased interference towards cellular UL. 
Based on the above considerations, the following is proposed and assumed in the rest of this contribution:

Proposal:

· Operate D2D within UL resources (FDD UL spectrum, TDD UL subframes)
In order to support D2D functions, new physical channels need to be introduced at the physical layer. The following preliminary list of channels and signals is proposed:

· A Direct Access Beacon Channel

· A Direct Access Data Channel

· A Direct Access Synchronization Signal

· A Direct Access Control Channel

· A Cluster Head Control Channel
The Direct Access Beacon Channel is the channel carrying beacons for discovery [4], scheduling assignments for connection-less communication [5] and various control signals necessary for connection set-up. The Direct Access Beacon Channel is able to operate in an asynchronous fashion, i.e., the receiver needs to be able to efficiently find asynchronous beacons in time domain.

The Direct Access Data Channel is the channel carrying direct data (for PS UEs and NWs only). More details about data channels are provided in [5].

The Direct Access Synchronization Signal is the reference signal providing local synchronization. As explained in Section 3, only cluster heads (CH) are allowed to transmit sync signals.

The Direct Access Control Channel and Cluster Head Control Channel are the control channels respectively transmitted by slave UEs and by the cluster heads, both of them targeting other UEs. Depending on the design options, such channels might be merged into a common physical layer design. These control channels are intended to carry, e.g., scheduling assignments, grants and other feedback/measurements.
Proposal:

Consider the introduction of new data and control channels/signals for D2D support 
The frame and subframe structure of LTE needs to be modified in order to allocate resources for direct discovery and communication and the corresponding channels. This can be done by introducing combined subframes, i.e., UL subframes that may include D2D channels/signals in addition to cellular channels. Combined subframes are a subset of the UL subframes, for both TDD and FDD spectrum.

In general, UEs are only allowed to transmit D2D signals over the subframes that are configured by the eNB or by the cluster head (CH) if the UE is out of coverage (if the CH is available). Network/CH control of combined subframes is necessary in order to allow for interference control and system optimization by the NW. 

Within the combined subframes, it needs to be studied how much freedom (if any) should be given to the UEs for selecting resources to be employed for each direct channel. E.g., for direct data channel scheduling, both options of NW-centric scheduling and UE-centric scheduling within preconfigured resources should be considered and evaluated within the D2D SI.

On the other hand, UEs are required to monitor certain D2D channels on resources corresponding to legacy UL subframes, since other UEs (possibly in different cells) may be transmitting D2D channels of interest on such resources. At least incoming beacons on the beacon channel and sync signals (for out of NW coverage UEs only) need to be monitored on resources corresponding to legacy UL subframes. 
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Figure 1: Example of TDD radio frame including DL subframes, special subframes (SS), legacy UL subframes (UL) and combined subframes (UL+D2D) for cellular and D2D operation. D2D resources are configured by the NW or, if out of coverage, by the CH (cluster head). The D2D resources may be partitioned between resources for control, communication and discovery.
Proposal:

· A subset of resource blocks in a subset of the UL subframes are configured for D2D
· The NW or the CH (if out of coverage) configure the set of  D2D resources
· UEs are only allowed to transmit D2D signals over the configured resources
· UEs are required to monitor the beacon channel and direct access sync signals (for out of coverage UEs) on resources corresponding to legacy UL subframes
Under the assumption of synchronous operation (i.e., for D2D operation under NW or CH coverage) UEs need to adapt their TA in order to avoid ICI and ISI. Even though several options are possible here, it is preferred to reuse the cellular timing reference also for D2D. In other words, under cellular control, the same UL timing is reused for D2D and cellular UL, simplifying the transmitter implementation and preventing ICI and ISI from D2D at the eNB. One of the motivations is that the proposed TA solution avoids overlaps of cellular and D2D subframes at the transmitter, relieving the UE from dropping parts of the symbols and providing a more controlled behaviour. Another advantage is that cellular TA algorithms may be reused with smaller specification impact.
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Figure 2: Reuse the TA from UL cellular for D2D transmission.
Proposal:
· Reuse TA from UL cellular for D2D transmission.
More details about resource mapping for the beacon channel and the direct access data channel are provided in [4] [5].
3 Out of Coverage Support: Clustering and Cluster Heads
According to Section 5.2 of [7], D2D communications must support a variety of public safety use cases, including ProSe discovery within/out of network coverage, one-to-one direct user traffic sessions in public safety spectrum, as well as ProSe group, broadcast, relay and range extension scenarios. These scenarios and associated requirements imply that D2D communications must be maintained when the communicating UEs are partially or completely outside network coverage. 
Taking into account the basic considerations above, we propose a basic design for out of network coverage support based on cluster heads (CH). A CH node’s main functionality is to act as synchronization reference and possibly provide RRM functionalities. UEs that are under NW coverage synchronize to the NW, while ProSe enabled PS UEs that are out of NW coverage synchronize and connect to a local CH, if available. In case such CH is not available, a ProSe enabled PS UE adopts autonomously the CH role.

The CH based design is flexible in terms of supported scenarios, since a CH node can be implemented by a provisional base station as well as by a handheld device. Devices can recognize and connect to CH devices and/or they can engage in D2D communications with other devices by taking advantage of the assistance in terms of radio resource management and synchronization support similarly to the support such lower capability devices can get from a regular LTE eNB. In this sense, the CH approach allows reusing some of the cellular functionalities in case of lack of NW coverage.
An important functionality of a CH is to act as a local synchronization source within its cluster. To this end, a CH can provide local (own) synchronization signals. Alternatively, if the CH can synchronize to the network (to a specific eNB), it allows all nodes (including nodes outside the network coverage) within the cluster to synchronize to the network. Therefore, it is reasonable to assume that a relay node that is under NW coverage takes the CH role, too, if the destination UE is outside of NW coverage.
Another important functionality of the CH is to provide radio resource management for the UEs belonging to its cluster. This RRM functionality can range from low complexity, coarse and low rate resource assignment to a finer grain management. System level investigations should provide insight regarding the most suitable level of RRM performed by the CHs.
The main merit of this CH-based design is that it allows improved coordination within the clusters for out of NW coverage, thus facilitating, e.g., energy efficient synchronization and discovery and increasing capacity. Since a single CH may cover many UEs, the CH solution avoids unnecessary transmission of distributed synchronization signals resulting in complex and energy inefficient synchronization solutions. Another merit is that the CH role fits naturally with the relay node role for the partial NW coverage case. 
Observation:
· Cluster Heads enable a trade-off between a centralized design and a purely distributed one, with advantages at least in terms of energy efficiency and capacity
4 Discovery Overview

D2D discovery is required to work in a number of scenarios, including among others cellular networks where the cells are not time-synchronized, inter-PLMN discovery, partial NW coverage scenarios where only some UEs are under NW coverage and out of NW coverage UEs. The two latter scenarios are for PS (Public Safety) only. 

It is further preferable to develop a common D2D technical solution for PS and commercial UEs, as supported by a large majority of companies [1].

In order to support the above requirements with a common solution, it is necessary that discovery is able to operate in an asynchronous fashion. More details about discovery are provided in the companion contribution [4]. 

It should be further noted that the performance advantages of synchronous discovery can still be fully exploited in deployments that allow for such type of operation (e.g., a synchronized LTE network). In order to achieve the advantages of synchronous discovery (when possible) and at the same time fulfil the requirements for the various scenarios with a unified technical solution for commercial and PS use cases, the following is proposed:

Proposals:
· Asynchronous discovery is supported for fulfilling the various required scenarios

· Synchronous discovery is a special case of asynchronous

· UEs are able to decode asynchronous beacons for discovery and possibly other control signalling on the direct access beacon channel
5 Communication Overview: Connection-Oriented and Connection-Less

To support D2D communication, two different communication modes can be used [5]:

· Connection-oriented communication, and

· Connection-less communication.

The two communication modes may potentially co-exist in the same network and the one that suits best may be selected. It is worth noting, however, that the communication-less communication is likely to require less standardization efforts and have a smaller impact on specifications and device implementation. In both cases, the UEs involved in the communication phase are able to agree on a common communication reference (e.g., a NW or a “cluster head” if available) or to elect one of the devices as the synchronization reference (i.e., the “cluster head”). Such procedures allow exploiting the potential advantages of synchronous communication without limiting the use cases for direct communication. Examples of synchronization scenarios for discovery and communication are shown in Figure 3, for various coverage assumptions.
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Figure 3: Examples of synchronization and communication flows for various scenarios.

Proposal: 

· Connection-less communication is considered as a candidate solution for D2D communication in at least public safety scenarios.

6 Conclusions

This contribution provides a high level overview of the physical layer for LTE-based D2D. The following is observed and proposed:
Observation:
· Cluster Heads enable a trade-off between a centralized design and a purely distributed one, with advantages at least in terms of energy efficiency and capacity

Proposals:

· Operate D2D within UL resources (FDD UL spectrum, TDD UL subframes)
· Consider the introduction of new data and control channels/signals for D2D support 
· A subset of resource blocks in a subset of the UL subframes are configured for D2D
· The NW or the CH (if out of coverage) configure the set of  D2D resources
· UEs are only allowed to transmit D2D signals over the configured resources
· UEs are required to monitor the beacon channel and direct access sync signals (for out of coverage UEs) on resources corresponding to legacy UL subframes
· Reuse TA from UL cellular for D2D transmission.
· Asynchronous discovery is supported for fulfilling the various required scenarios

· Synchronous discovery is a special case of asynchronous

· UEs are able to decode asynchronous beacons for discovery and possibly other control signalling on the direct access beacon channel
· Connection-less communication is considered as a candidate solution for D2D communication in at least public safety scenarios.
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