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1. Introduction
Study on LTE Device to Device Proximity Services (SI) has been approved by the RAN#58 plenary in Barcelona [1].  The use cases include general use cases and public safety use cases. [2]
In this paper we present some considerations regarding the LTE Device to Device Proximity Service scenarios and the key issues in Discovery. 
2. Scenarios

The objectives of the LTE Device to Device Proximity Services feasibility study are to evaluate LTE device-to-device proximity services including Discovery and Direct Communication.  Based on SID [1] the LTE Device to Device Proximity Services scenarios can be specific into two scenarios:  
· Within Network Coverage
· Outside Network Coverage
Table I [1] illustrates the field of study.
Table I [1]
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & 
public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


To summary, the study includes:

1. Discovery within and outside network coverage

2. Broadcast and Group communication in Public Safety use case

3. Relay operation in Public Safety use case

4. Direct Communication within and outside network coverage
Scenario 1:  Within Network Coverage
Based on the discussion result in [3] there is at least a common synchronization reference signal for all D2D communications involved UEs within network coverage.  For example, the common synchronization reference signal can be generated from the Cell network or Global Navigation Satellite System (GNSS) each corresponding to option 1 and 5 illustrated in [3].  Figure 1 show examples of the within network coverage scenario.
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Figure 1: LTE Device to Device Proximity Service Within Network Coverage
Scenario 2:  Outside Network Coverage
In the Outside Network Coverage scenario, which is mainly focus on Public Safety use case, two types of signalling synchronization considerations among UEs are discussed:
· There is no any common synchronization reference signal for all D2D communications involved UEs.  Each D2D communication processes synchronization procedure separately.  
· Use GNSS as a common synchronization reference signal for all D2D communications involved UEs.

Examples of the former consideration include a potential transmitter in D2D communication may send a beacon signal to the receiver or receivers for timing synchronization or multiple transmitters transmit beacons independently within a proximal area.  Figure 2 shows examples of the outside network coverage scenario include option 3, 4 and 5 illustrated in [3].
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Figure 2: LTE Device to Device Proximity Service Outside Network Coverage
Proposal 1: It is proposed to capture the above scenarios in the TR.

3. Discovery Key Issues
In this section we list the key issues with the LTE Device to Device Discovery.  Through the Discovery phase a UE can discover the UE(s) in interest before starting device-to-device communication.  According to the SID [1] the following issues should be taken into account during the study:
1. Proximity Identification
2. Discovery Procedure within and outside network coverage
In this section we provide further considerations regarding these issues agreed in the SID and propose to capture them in the TR.

1. Proximity Identification 
In [4] clause 7A it is specified that the ProSe Discovery shall identify ProSe-enabled UEs are in Proximity:
· ProSe Discovery identifies that ProSe-enabled UEs are in proximity of each other, using E-UTRA (with or without E-UTRAN) or EPC when permission, authorisation and proximity criteria are fulfilled. The proximity criteria can be configured by the operator.
Furthermore, in [4] clause 7A and clause 7A.1, the range of ProSe Discovery and ProSe Communication shall be dynamically controlled:
· ProSe Communication enables establishment of new communication paths between two or more ProSe-enabled UEs that are in ProSe communication range.

· The operator shall be able to dynamically control the proximity criteria for ProSe Discovery. Examples of the criteria include radio range and geographic range.
Therefore in the Discovery phase it is necessary for a D2D communication involved UE to identify whether its target UE is in proximity or not.  Moreover, the transmission power during the D2D communication can then be further constrained by Network or UE to reduce introduced interference to other UEs.
Based on the requirement specified in [4] clause 7A.1, the accuracy of proximity identification is FFS.
· ProSe Discovery shall support a minimum of three range classes – for example short, medium and maximum range.
· The operator shall be able to authorise per subscription the maximum range class ProSe Discovery is allowed to use.
· The impact of ProSe Discovery and ProSe Communication on E-UTRA radio usage, network usage and battery consumption should be minimized.
Although there are several existing location techniques that can be applied in Discovery phase, the process latency and location accuracy requirement are FFS.  Base on requirements in [4], we propose RAN2 to consider the impacts of process latency, location accuracy and power consumption when discussing proximity identification within and outside network coverage.
2. Discovery Procedure within and outside network coverage 
In the SID [1] it is clearly illustrated that the enabling of proximal device discovery among devices shall under continuous network management and control in the within network coverage scenario. One of the important features in this scenario is that there is at least a common synchronization reference signal for all D2D communications involved UEs.  Therefore the network can coordinate proximal discovery procedure with timing synchronous concept to all D2D involved UEs, per group or per UE based.  For example, the network drives all D2D involved UEs progress device discovery at the same period of time or indicates discovery resource to each UE individually.
On the other hand, in the outside network coverage scenario both communication based synchronization and a GNSS based synchronization idea are proposed.  For example, based on illustration of section 4.2 in [2], the Public Safety UEs can rely on pre-configured radio resources or follow the instruction of a Public Safety UE which reside with the Public Safety Radio Resource Management Function.
In both scenarios the following issues shall be considered:

· Resource utilization:  Consider the resource assigned for discovery is for all UEs, per group or per UE based.

· Efficiency:  Evaluate the procedure considering whether there is a common timing synchronous among all D2D involved UEs or not.

· Priority:  Different priority should be considered for different usage.  For example, a Public Safety service related UE may need to be discovered with higher priority than a normal UE.  Furthermore, under a mission critical situation it is also possible to consider claiming the normal D2D communication resource for the Public Safety D2D communication usage whenever necessary.
To address this key issue RAN2 should study the discovery procedure in both within network coverage and outside network coverage scenarios that aim to enhance the discovery resource utilization, to intensity successful discovery rate, and to reduce discovery latency.
Proposal 2: It is proposed to capture the above key issues in the TR.

4. Conclusion and Proposals
In the above sections we discussed LTE Device to Device Proximity Service scenarios and the key issues in Discovery to be addressed in this study.

We propose that RAN2 agrees on the following proposals as basis for the continuation of the work in RAN2 and captures the relevant text in the TR.
Proposal 1: It is proposed to capture the scenarios in the TR.
· Within Network Coverage

· Outside Network Coverage

Proposal 2: It is proposed to capture the key issues in the TR.
· Proximity Identification
· Discovery Procedure within and outside network coverage
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6. Appendix

I. Synchronization discussion summary from section 6.2.7.3 in [3]
Agreements:

In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist. 
II. RAN2 related feasibility study objectives in [1]
· Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:
· to enable proximal device discovery among devices under continuous network management and control, 
· to enable direct communication connection establishment between devices under continuous network management and control,  
· to allow service continuity to/from the macro network
· Evaluate, for non public safety use cases, the gains obtained by LTE device-to-device direct discovery with respect to existing device-to-device mechanisms (e.g. WiFi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead)  [RAN1, RAN2]

· For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]
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