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1. Introduction

According to the study item [1] for LTE decive-to-device (D2D) proximity services (ProSe), the objective of this contribution is to propound views of D2D communication. Since ProSe provides direct data communication without routing through eNB, the goal of D2D communication is to offload the burden of cellular system and maximize the utilization of resources. 

The rest of this document is organized in the following way. Section 2 introduces the three items of network (NW) coverage, physical channels, and signal formation for the discussion of D2D communication. Section 3 and section 4 present the detailed considerations of eNB-assisted D2D communication for general use case and UE-autonomous D2D communication for public safety (PS) use case, respectively. Section 5 explains why we choose SC-FDMA as D2D transceiver structure. At length, section 6 summarizes our proposals.
2. NW Coverage, Physical Channels, and Signal Formation

A good place to start the discussion of D2D operation is to clarify NW coverage, physical channels, and signal formation.
2.1 Four Types of NW Coverage

From RAN1#73 chairman’s notes, a full definition of within and outside NW coverage is needed. The following two items show our opinion on its definition, which may be represented diagrammatically in Fig. 1(a) and Fig. 1(b). 
· Within NW coverage: Any UE is able to receive the signal transmitted by at least one eNB, and the received signal strength fulfils a certain threshold. 
· Outside NW coverage: Any UE does not satisfy the condition of within NW coverage. 
A UE within NW coverage intending to transmit discovery (beacon) signal or direct data to another UE may be assisted by eNB for efficient resource allocation, which is called eNB-assisted D2D operation. On the contrary, a UE outside NW coverage is required to have an ability of autonomous discovery (beacon) signal/direct data transmission without eNB assistance, which is called UE-autonomous D2D operation. Based on these two different scenarios, we will discuss the design of D2D discovery and D2D communication. What has to be noticed is that a UE within NW coverage does not/cannot connect to eNB or operator services, we regard it as the scenario of outside NW coverage.   
Proposal 1: 
Classify D2D operation into two modes: eNB-assisted mode and UE-autonomous mode.

Moreover, so far as D2D is concerned, there are also two possible scenarios as shown in Fig. 1(c) and Fig.1 (d), partial NW coverage and intersectional NW coverage, respectively. 
· Partial NW coverage: For UE-UE, one within NW coverage, and another one outside NW coverage.
· Intersectional NW coverage: For UE-UE, two UEs drop in the intersectional area of different NW coverage.
These two scenarios complicate the analysis of D2D operation. Take the scenario of partial NW coverage for example, UE1 inside NW coverage may be regarded as the relay of UE2 outside NE coverage. How does UE1 provide such functionality to UE2 and how does eNB1 play a role for this purpose? And take the scenario of intersectional NW coverage for example, UE1 and UE2 are able to receive the signals transmitted from eNB1 and eNB2. How do they select a common synchronization reference and follow the same rule of resource allocation? Therefore, consider the examples quoted above, they lead us further into a consideration of different D2D operation scenarios.
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Fig. 1
Four types of NE coverage 
(a) within NW coverage (b) outside NW coverage 
(c) partial NW coverage (d) intersectional NW coverage
2.2 New Physical Channels for D2D 

Define the new physical channels for D2D operation listed as follows:
· Physical D2D Beacon Channel (PDDBCH): The channel carries beacons for discovery. It contains the information of UE identifier (UEID) at least. 
· Physical D2D Shared Channel (PDDSCH): The channel carries data for direct communication.
2.3 Signal Formation

As far as RAN1 is concerned, it is essential to mention the time-frequency resource structure with the application of D2D. If there is at least one eNB providing assistance for D2D operation, the time-frequency resource structure is depicted in Fig. 2. The detailed considerations will be discussed in the next section. On the other hand, if UE performs D2D operation autonomously without eNB assistance, the time-frequency resource structure is depicted in Fig. 3. Notice that UE-autonomous D2D operation is used for public safety (PS) requirement, there is 10MHz dedicated spectrum for this purpose.
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Fig .2 Time-Frequency resource structure with eNB assistance
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Fig. 3 Time-Frequency resource structure without eNB assistance
3. eNB-Assisted D2D Communication for General Use Case

After the stage of D2D discovery, UE is required to establish the connection with target UE(s) and then is able to transmit data to target UE(s) directly. Based on the conclusions on D2D discovery last meeting, we consider that D2D communication adopts UL resources (UL spectrum for FDD and UL subframe for TDD) as well. Half-duplex is also assumed for direct data transmission and reception, that is, do not transmit and receive signal at the same time. With eNB assistance, not only the problem of resource collision can be avoided, but also the connection between UE and UE(s) can be established efficiently. 

In view of time-frequency resource structure, let us then consider the arrangement of resources for D2D communication. In the first place, the direct traffic subframes are separated from cellular UL subframes and discovery subframes to minimize the impact on wireless access network (WAN) and to keep completeness of discovery stage, respectively. It may be worth pointing out, in passing, that Voice over IP (VoIP) requires the overall end-to-end delay below 200ms. For the reason given above, a suitable solution is to semi-persistently intersperse small number of cellular UL subframes among contiguous direct traffic subframes. In the second place, although direct traffic subframes are mainly used for PDDSCH transmission, there still exists PUCCH region at the edge of system bandwidth for UL signaling. It must be noted that PUCCH and PDDSCH in the same time slot are transmitted from different UEs. In the third place, to utilize resource efficiently, it is preferable to have dynamic size of direct traffic subframes every transmission period. Before UE transmits direct data to target UE(s), it may inform eNB of resource reservation. In accordance with these requirements of resource reservation from the UEs planning to transmit direct data to their target UE(s), eNB determines the size of direct traffic subframes and then broadcasts this size information every transmission period. UEs participating D2D operation monitor direct traffic subframes to see whether there are direct data for themselves, excluding the time interval themselves transmit direct data to their target UE(s).
Proposal 2:
The direct traffic subframes are separated from cellular UL subframes and discovery subframes to minimize the impact on WAN and to keep completeness of discovery stage, respectively. 
Proposal 3: 
It is preferable to have dynamic size of direct traffic subframes with eNB assistance for efficient resource utilization. eNB broadcasts the information of the size of direct traffic subframes every transmission period.

Furthermore, based on the observation on the definition of RRC_IDLE and RRC_CONNECTED [2], it is not suitable to say that UE transmits direct data to another UE in the state of RRC_IDLE or RRC_CONNECTED. Accordingly, we propose to add a new item to the definition of RRC_IDLE: The UE monitors PDDSCH to detect direct data for itself. On the other hand, add a new item to the definition of RRC_CONNECTED: The UE transmits PDDSCH to its target UE(s).
Proposal 4: 
Add a new item to the definition of RRC_IDLE: The UE monitors PDDSCH to detect direct data for itself. And add a new item to the definition of RRC_CONNECTED: The UE transmits PDDSCH to its target UE(s).

There is one other thing that is important for D2D communication. Make sure that the design of D2D communication offloads the burden of cellular system indeed. As a result, the primary advantage of D2D operation with respect to overall cellular system can be achieved.
Proposal 5: 
Make sure that the design of D2D communication offloads the burden of cellular system indeed.
4. UE-Autonomous D2D Communication for PS Use Case

When UE does not/cannot connect to eNB or operator services, UE switches to UE-autonomous mode for PS use case. This is especially noteworthy in the case of the broadcast of direct data for emergency. To this end, we suppose that the leading UE has high priority to transmit direct data without listening to PDDBCH from other UEs in advance. Recall the concept of cluster head proposed by [3], the so-called cluster head UE provides the synchronization reference. Here the leading UE also plays a role of cluster head.  

Fig. 4 seeks to give an example of the resource allocation of broadcast. Suppose that UE1 intends to broadcast the direct data to all UEs (UE2, UE3, and UE4) around it, and attempts to let the direct data can be detected successfully by them. Therefore, we propose that the same PDDSCH may be transmitted for several times with hopping so that the transmission can be benefited by frequency diversity.
Proposal 6: 
For broadcast of PS use case, the leading UE not only acts as cluster head providing synchronization reference, but also has high priority to transmit direct data without listening to PDDBCH in advance.
Proposal 7: 
The same PDDSCH broadcasted from the leading UE may be transmitted for several times with hopping so that the transmission can be benefited by frequency diversity.
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Fig. 4 Broadcast example of UE-autonomous D2D communication 
5. Comparisons between OFDMA and SC-FDMA for D2D Operation 
When it comes to the transceiver structure for D2D operation, there are two candidates, OFDMA and SC-FDMA. 
OFDMA has been used for LTE downlink (DL) because of its various advantages. However, in LTE uplink (UL), the high peak-to-average power ratio (PAPR) of OFDMA is difficult to tolerate for the transmitter of UE. SC-FDMA is an alternative which has significantly lower PAPR. It also retains a reasonable degree of commonality between UL and DL technologies.

So far as UE-UE is concerned, we propose to choose SC-FDMA as the transceiver structure. For transmitter UE, not only the problem of PAPR can be avoided but also the commonality of existing LTE system can be maintained. For receiver UE, although it is required to equip with SC-FDMA receiver increasing the implementation complexity, SC-FDMA receiver can reuse most of the functional blocks in current OFDMA receiver so that the complexity is admissible. Therefore, unless the problem of PAPR on OFDMA transmitter can be resolved without the need for a highly-linear RF power amplifier (PA), it is not preferable to adopt OFDMA for D2D transceiver structure.
Proposal 8: 
It is preferable to adopt SC-FDMA for D2D transceiver structure.
6. Conclusions
This contribution presents several practical considerations for the implementation of D2D communication. For reasons mentioned above, we have made the proposals as follows:
Proposal 1: 
Classify D2D operation into two modes: eNB-assisted mode and UE-autonomous mode.
Proposal 2:
The direct traffic subframes are separated from cellular UL subframes and discovery subframes to minimize the impact on WAN and to keep completeness of discovery stage, respectively. 
Proposal 3: 
It is preferable to have dynamic size of direct traffic subframes with eNB assistance for efficient resource utilization. eNB broadcasts the information of the size of direct traffic subframes every transmission period.
Proposal 4: 
Add a new item to the definition of RRC_IDLE: The UE monitors PDDSCH to detect direct data for itself. And add a new item to the definition of RRC_CONNECTED: The UE transmits PDDSCH to its target UE(s).
Proposal 5: 
Make sure that the design of D2D communication offloads the burden of cellular system indeed.
Proposal 6: 
For broadcast of PS use case, the leading UE not only acts as cluster head providing synchronization reference, but also has high priority to transmit direct data without listening to PDDBCH in advance.
Proposal 7: 
The same PDDSCH broadcasted from the leading UE may be transmitted for several times with hopping so that the transmission can be benefited by frequency diversity.
Proposal 8: 
It is preferable to adopt SC-FDMA for D2D transceiver structure.
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