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1
Introduction
The study item, “Study on LTE Device to Device Proximity Services” was approved at RAN#58 [1]. In line with the study item description [1], RAN1 should identify physical layer options to realize D2D discovery.

This contribution discusses the design considerations of D2D discovery focusing on physical layer issues.
2
D2D Discovery Scenarios
2.1
What is D2D discovery?

Recently, from the study results in SA2 ProSe TR [2], ProSe discovery is classified into two approaches as follows:
· ProSe direct discovery: a procedure employed by a ProSe-enabled UE to discover other ProSe-enabled UEs in its vicinity by using only the capabilities of the two UEs with rel. 12 E-UTRA technology.

· EPC-level ProSe discovery: a process by which the EPC determines the proximity of two ProSe-enabled UEs and informs them of their proximity.

Since EPC-level ProSe discovery would be out of RAN1 issue, RAN1 should focus on ProSe direct discovery. In this contribution, we consider ProSe direct discovery as D2D discovery.
Proposal 

· RAN1 should focus on ProSe direct discovery.
2.2
D2D Use Cases of D2D Discovery in RAN1 Perspective

On the other hand, various use cases of ProSe discovery in general scenario and public safety specific scenario were well studied in SA1 [3], but some of them may not be applicable for the scope of RAN1. More specifically, followings are not RAN1 issues: discovery scenario between UEs camped on different PLMNs, discovery scenario between UEs in different PLMNs under roaming conditions, and network ProSe discovery. Thus, RAN1 should focus on the scenarios shown in Table 1.

Table 1: D2D discovery scenarios based on the results of [1] and [3]
	Scenarios
	Descriptions

	Within Network Coverage
	Restricted ProSe discovery
	This use case describes a basic scenario for ProSe discovery that can be used for any application. A social networking application is used as an example to illustrate this use case.

	
	Open ProSe discovery
	This use case describes a case in which UEs discover other UEs without permission by the discoverable UEs.

	
	ProSe for large numbers of UEs
	This use case describes a scenario involving a large number of UEs, and proposes ProSe requirements for such dense environments.

	
	ProSe discovery for public safety within network coverage
	This use case describes the scenario where a given UE discovers one or more other UEs while in network coverage, with ProSe discovery always enabled.

	Outside Network Coverage
	ProSe discovery for public safety out of network coverage
	This use case describes the scenario where a given UE discovers one or more other UEs while out of network coverage, with ProSe discovery always enabled.


Proposal 

· RAN1 should focus on D2D discovery scenarios shown in Table 1.
3   Design Considerations of D2D Discovery
As mentioned earlier, D2D discovery in RAN1 is a process that identifies other neighbouring UEs. This section discusses some detailed physical layer issues that should be taken into account for the design of the D2D discovery.

Discovery Information
Starting point of the design on D2D discovery would be what has to be discovered or what discovery information has to carry. This design aspect may affect the size of discovery information. This issue has been discussed in SA2 but RAN1 also needs to pay attention. Depending on the design of the discovery procedure, discovery information size varies from dozens of bits to hundreds of bits [4]. The size of discovery information would affect the design of the discovery signal or channel structure as well [5]. 
Synchronization
The assumption of synchronization among UEs would be another design aspect of D2D discovery. Synchronization can be different depending on whether the UE is inside the network coverage or not. If a UE is within network coverage, the UE is synchronized with the network. Thus the UE can get the benefit from the eNB-UE synchronization for D2D discovery possibly with some modifications. However, it is a totally different story if a UE is out of network coverage. There is no synchronization support from the network in this case. We need some discussions and analysis on whether any kind of synchronization is required among UEs and how to obtain the synchronization if needed. 
The other issue is the network synchronization. Basically, network synchronization between eNBs cannot be assumed. However, LTE-A technologies such as CoMP, eICIC, and eIMTA may require tight synchronization for a cooperative operation between eNBs. Since D2D is one of the most important component items for next release of LTE-A, we need to analyze the benefits of synchronized network for D2D and if we can see significant benefits from it, we may design D2D based on the synchronized network.
Resource Allocation
A D2D UE has to be controlled in any ways by the LTE network when the UE is within the network coverage. In this case, how tight the network controls resource allocation for D2D discovery would be a key design aspect of discovery procedure. Network may allocate the resource for each D2D UE using the usual ways: static, semi-static, and dynamic allocation. On top of the network resource allocation algorithm, autonomous transmission can also be considered for D2D discovery. Meanwhile, the UE outside network coverage has to be able to transmit and receive discovery signal without the support of network. Thus, the discovery resource may need to be pre-defined for D2D UE or any kind of distributed resource allocation method may be required.
Discovery Procedure
There could be various types of discovery procedures depending on the design. One basic exemplary discovery procedure of the UEs within network coverage can be as follows: 
i. Synchronization procedure if required.
ii. D2D UEs transmit their discovery information in the assigned resource.
iii. Neighbouring D2D UEs receive the discovery signals and identify the information inside the discovery signals.
Legacy Impact
One of the most important design aspects is to minimize the impact on legacy cellular UEs. Especially, it should be strongly considered that D2D discovery within network coverage does not cause interference to cellular UEs and unnecessary signaling overhead to the network. On the other hand, D2D discovery for the UEs outside network coverage should be designed to support various requirements of public safety use cases.
Proposal 

· As design aspects of D2D discovery, the following are should be taken into account:
· The size of discovery information, synchronization, resource allocation, discovery procedure, and legacy impact.
4   Conclusion
This contribution has considered discovery scenarios and design aspects of D2D discovery. Based on the discussion above, we propose the following:

· RAN1 should focus on ProSe direct discovery.
· RAN1 should focus on D2D discovery scenarios shown in Table 1.
· As design aspects of D2D discovery, the following are should be taken into account:

· The size of discovery information, synchronization, resource allocation, discovery procedure, and legacy impact.
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