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1. Introduction
    According to the study item in [1] and the draft agenda at the RAN1#73 meeting [2], an agenda item about device-to-device studies for discovery:

· Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to discover each other in proximity directly in a power-efficient manner. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery outside network coverage.
   Since the deployment scenarios of commercial and public safety applications are driven by the service requirements of the study on proximity service (ProSe) use cases [3][5] and the system architecture defined in [4]. The physical layer design of D2D discovery should in accordance with above two documents  and used as the guideline for the development of D2D.   

    In this documents, we will focus on the evaluation of supported information provided by the network in the network assisted D2D discovery system. We enumerate a list of information which could be used as a reference to improve D2D discovery. Different amount of network assisted information affect the design aspects of D2D discovery and hence the performance metrics, such as discovery rate and power efficiency. The physical layer structure of D2D discovery should reflect the architecture requirements in [4] and provide functions to take advantage of available information from the network.
2. Key issues in the D2D discovery 
    Based on the document in the architecture requirements of D2D [4], there are some key issues need to be clarified in D2D discovery. 
· Key Issue #2: Configuration for ProSe direct discovery
ProSe direct discovery can be subject to user and operator settings. In order for the UE to use ProSe direct discovery, it needs to be configured with certain parameters. 

Depending on the scenarios and architecture assumptions, where ProSe direct discovery is used it may also be necessary for the HPLMN and the VPLMN to also configure in the UE the info that are used for ProSe direct discovery in certain situations e.g. in the case the UE goes out of E-UTRAN coverage.

· Key Issue #7: ProSe Direct Discovery (common key issue in and out of E-UTRAN network coverage)
One of the key capabilities of a ProSe-enabled UE is to be able to discover other ProSe-enabled UEs in its vicinity by using direct UE-to-UE signalling with E-UTRA technology. Therefore, there is need to specify solutions that support this capability. 

As part of the normative requirements in TS 22.278 [5] there are two types of discovery: open and restricted. Open applies where there is no explicit permission that is needed from the UE being discovered, while restricted discovery only takes place with explicit permission from the UE that is being discovered. 

ProSe Direct Discovery can happen in coverage and out of coverage. Out of coverage is only applicable to Public Safety. 
· Key Issue #10: ProSe Identities
It is assumed that there is a unique user application-layer identity per ProSe-enabled application. In addition, each ProSe enabled application may have some application specific attributes.  

The user may or may not enable ProSe for the application and also may have ability to control discoverability and discovery via user settings in the application (therefore effective for each individual application layer identity) and in the UE (effective for the whole UE, that is for all the applications identities). 
3. Possible information for assisting D2D discovery
  There are two roles for the UE in ProSe Discovery [4]:

- Announcing UE: The UE announces certain information that could be used from UEs in proximity that have permission to discover.

- Monitoring UE: The UE that receives certain information that is interested in from other UEs in proximity.
There are two types of discovery defined in TS 22.278 [5] 
- Open Discovery: Open is the case where there is no explicit permission that is needed from the UE being discovered
- Restricted Discovery: Restricted discovery only takes place with explicit permission from the UE that is being discovered
Additional targeted ProSe discovery for public safety ProSe-enabled UEs is specified in TR 23.703 [4]
Based on the key issues and definitions relating to discovery, there are some parameters needed to be provided to the ProSe-enabled UE to perform different kind of direct discovery, we summarize a list of possible given information and the corresponding physical layer design considerations. 
· Synchronization information
If the D2D UEs are under the network coverage and have connected to the LTE network, both announcing and monitoring UE can synchronize to the LTE network frame timing, and the D2D discovery could use this synchronized timing to send and receive discovery signal or beacon. Without the network coverage, contention based discovery with period transmission of discovery signal is required and hence the energy consumption for device discovery is exhausted and the efficiency is very low due to large discovery window. The design of frame structure for D2D UEs under and out of network coverage should be jointly considered. 
· Number of candidates of announcing UEs or/and monitoring UEs
The number of announcing UEs and monitoring UEs could be estimated based on the coverage region/density or registered UEs with open/restricted discovery within the region, the open/restricted UEs could depend on different commercial/social applications, user's preference or operator's policy in different PLMNs. With the knowledge of possible number of D2D candidates, the peer discovery resource can be optimized and therefore the interference impact to the cellular users can be minimized. Moreover, the stopping criteria of discovery procedure can be introduced based on this information, the announcing period and monitoring period can be well-controlled depend on the searched number of devices and hence to reduce the power consumption. A flexible accommodation of different number of D2D candidates in the discovery resource is therefore a design issue in the physical layer design.  
· Dedicated candidates of announcing UEs or/and monitoring UEs
Another possible information is dedicated D2D candidates, the information can be provided by the eNB within its coverage or based on location based information. The identify IDs [4] of the candidate D2D UEs can be unicasted or broadcasted via SIB in advance. In this case, the detection probability is increased and discovery time is reduced at the cost of additional signaling overhead. The operating procedure of D2D discovery in this scheme is similar to the cell detection where a limited number of cell candidates is available. Some existing detection strategies can be reused here.
· Discovery resource scheduling information
The scheduling information from the network prevents the collision problem and increases spectral efficiency while considering spatial reuse and interference tolerance in the discovery process. The scheduled resource includes both the announcing resource and monitoring resource. The design of D2D frame structure should consider the TDD feature of the devices, i.e, the announcing region and monitoring region of each device are different. Flexible discovery opportunities and resource mapping scheme depends on different type of D2D devices, such as the energy limited devices or interference limited devices should be considered. 
· Discovery signal format 

The discover signal include two types of information, i.e, detection signal for acquisition of frame timing and the awareness of D2D devices, and the identification of device ID or application ID. The detection signal and device/application ID can be design jointly and embedded to the discovery signal. In this case, the codeword length of discovery signal restricts the number of devices or applications. Alternatively, the device/application ID can be derived based on the detected signal via mapping table and provided via the higher layer signaling. A solution of mapping application-layer identity to private expression code is provided in [4]. In this solution, the discovery target is not a device ID but one of application IDs operated in a device. In this case, separate detection signal and ID information is more adequate due to large amount of application IDs. The length of bit size available for discovery signal and the mapping from expression code to discovery signal needs to be determined considering both the discovery performance and the spectral efficiency.

Observation:
· Different amount of network supported information for D2D discovery affect the physical layer discovery performance and hence the physical layer design . 
5. Conclusion
Based on the existing documents of ProSe requirement and system architecture. In this document, we analyzed possible information provided from the network side and its impact to the physical layer design for network assisted discovery. The clarification of such potential network assisted information is necessary for the physical layer design and performance measurements. 
Proposal :
· The clarification of potential network assisted information for D2D discovery is necessary to proceed the design of supported functions in the physical layer to take advantage of these information.
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