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1. Introduction
The study item on proximity services [1] was agreed in at RAN #58. As part of this study item, direct device to device discovery is to be studied within network coverage, specifically, from [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,

A fundamental design question that has arisen is the information content to be transmitted in a discovery signal or message, the meaning of the information for discovery, and their impact to RAN2 specifications.  The information and services delivered affect the signaling/message design, plus additional messaging that may be required to coordinate with a ProSe Server. The content needed to be conveyed from one UE to another is dependent in part on the use case. In this contribution, we examine the different options.
2. Discussion
2.1. Discovery services types

Based on general requirements in [2][3]:
· a ProSe-enabled UE shall be able to be discoverable only by other ProSe-enabled UEs in proximity that are explicitly permitted by the discoverable ProSe-enabled UE. 

· a ProSe-enabled UEs shall be able to be discoverable by all other ProSe-enabled UEs in proximity without explicit permission. 
Thus, there are two types of discovery methods and definitions for ProSe discovery operation, explicitly permitted and without explicit permission. A discovery with explicit permission would be restricted subscriber group operation and a discovery without explicit permission would be open subscriber group operation.  

This contribution focuses on open D2D direct discovery for ProSe.
2.2. Physical discovery signaling 
The determination of the physical signaling is a RAN1 issue; however the amount of information to be conveyed has an impact on PHY design and on messages flows to support discovery services. In this document, we consider the following proposed options for discovery signal format:
· Message based option; for the purposes of this analysis, we will assume a message payload of approximately 100 bits [5]; additional bits may be required for additional fields, error detection, integrity, etc.
· PHY signal based option (SRS, PRACH, PSS/SSS or similar)[4][6]
A hybrid scheme is also possible where a UE transmits a PHY-based discovery signal which may be followed by some type of message. For the purposes of this discussion, this can be considered a PHY-signal based scheme where further information is provided by other means, as discussed in this contribution.
2.3. Open discovery

In open discovery, a UE attempts to discover all UEs in proximity. One can view this in a social media context in that a person is trying to discover all people around him/her. In another example, a store-front model, it may be that a UE is trying to discover all commercial vendors in an area, such as a street market or a shopping mall.

In either of these cases, open discovery implies a UE is attempting to discover “openly discoverable” UEs around it. It follows that the discovering UE may have no existing knowledge of the UE it is discovering and in fact, this may well be the normal case for open discovery. 
The key issues in discovery are determining if someone is near, and acquiring some measure of their identity that is useful for further action or inaction. Discovery that someone is near can be achieved in essentially two steps. 
· UE is configured by the eNB for proximity detection. This configuration may be common or UE specific. 

· UE detects other UEs through detection/estimation of other UE’s signals/messages.
Determination of exactly who is in proximity in open discovery may require additional steps. 
In the case of a message-based discovery signal, the semantics of the 100-bit payload must be predefined. Clearly, 100 bits is insufficient for a generic, text-based identifier such as a user name, an email address, SIP URI or other higher layer information. If the 100-bit payload is intended to uniquely identify the transmitting UE (e.g. using a 64-bit IEEE MAC address), then either the receiving UE must have acquired a list of UEs and their associated 100-bit identifiers prior to initiating the discovery process, or the receiving UE must interact with a ProSe server to determine the user (or service) associated with the identifier. If the 100-bit payload is intended to identify the class of device or user or to provide some other generic categorization, then the receiving UE may need to interact with a ProSe server to determine the unique identity of the transmitting UE.
In the case of a PHY signal-based discovery signal, the signal may be assigned to an individual UE by an eNB; within a RAN, this PHY discovery signal is equivalent to a unique identifier in the message-based scheme. If the signal is a generic beacon that may be transmitted by one or more UEs, this PHY discovery signal is equivalent to the generic class identifier in the message-based scheme. 
Observation 1: Both PHY signal and message-based discovery schemes can provide information that someone is near.
Observation 2: Both PHY signal and message-based discovery schemes provide means for indentifying the transmitter in some way, however, further information may be required for the receiving UE to meaningfully identify the transmitting UEs in open discovery.
Given the early stage of this study item, there are several options for a receiving UE to determine the transmitting UE’s identity after detecting a proximity discovery signal

: 
1) From the RAN;
2) From the EPC (e.g. ProSe Server) or  a third-party source; or
3) Directly from the other UE.
From a RAN2 perspective, further analysis is needed to determine the message support that is required for each of these options.
In the first option, information related to a UE’s identity can be cached or mapped within the eNB, MME or other RAN entity. Several variants are possible including information on identities being delivered to the RAN entity from the ProSe server, or information delivered directly to and from the UE. Clearly, if mapped or caching of information related to UE context or ID is implemented at the MME or eNB, there will be impact to the RAN functionality. As for RAN2 specifications, NAS or RRC message will be required to support such messaging.
In the second option, information can be cached or mapped, through direct exchange with a ProSe server or third party entity. In the message based scheme, the UE can indicate the IDs received over the air to the ProSe server and receive additional information on identification and services. In the PHY signal based solution, an opaque proximity PHY ID can be forwarded to the Prose Server for matching with a useful identification. In both cases, the communication from the UE to the entity outside of the RAN may be transparent to the RAN hence there is little or no impact on RAN2 specifications.

It can be noted in these two options that a UE may retrieve ID information from the ProSe server or other sources in advance of detection; in which case the caching or mapping of higher layer information happens at the UE itself. However, it may be difficult to assume that all IDs for open discovery are retrieved in advance of proximity detection. In addition, it is possible that such IDs change over time and hence they would have to be updated or verified.
In the third option, a UE can get additional information directly from the other UEs it discovers. This can be achieved with or without the eNB depending on the specific solution. There is considerable RAN2 impact in this case as a UE may need to communicate directly with another UE, or pass information through the eNB. In some cases, the hybrid solutions that involve PHY signals followed by a message can fit into this type of information exchange. The hybrid solution can be highly effective at it uses a minimum amount of PHY resources for transmission of the discovery signal, and then uses the message portion to transmit larger identification information (either directly or through the eNB). Additional UE- to-UE messaging can also follow a message-based discovery scheme, however in this case the advantage of minimal initial PHY signaling is not realised. This option can have significant impact on RAN2 (and possibly RAN1) specifications, however the specific solution variants within this option require significantly different messages, PHY resources and procedures, so there is no need to enumerate all possibilities at this time.
Proposal 1: Discuss the RAN2 impact for obtaining higher layer identification information for open discovery using one of:

· Caching/mapping at a RAN entity

· Caching/mapping at the EPC (e.g. ProSe Server) or in a third party entity 
· Additional UE-UE messaging after initial discovery
2.4. Idle mode operation

Given the previous discussion on additional information needed at the UE after discovery, it may be concluded that UE must be in RRC connected to gain information about a newly discovered device. It is conceivable that a UE is able to discover other UEs while in IDLE mode, provided it is made aware of the resources for discovery. The UE can move to CONNECTED mode upon discovery of a new UE.

It may also be advantageous from an operator perspective to ensure that UEs engaged in proximity discovery are known to the network at both configuration of transmission parameters and resolution of physical IDs. Hence, a UE should enter connected mode either to initiate transmission of a discovery signal or to resolve newly discovered proximity signals.
Proposal 2: With regards to IDLE mode operation, a UE should enter CONNECTED mode either to initiate transmission of a discovery signal or to resolve newly discovered proximity signals.
3. Conclusions

In this contribution we have discussed options for providing additional information to gather higher layer identities of UEs in open discovery. These options have different advantages in terms of specification impact, impact to RAN and non-RAN entities, and complexity of message flows. RAN2 may discuss these trade-offs from the perspective of specification impact for enabling this identification in the various options.
Observation 1: Both PHY signal and message-based discovery schemes can provide information that someone is near.
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