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Introduction
At RAN2#83 meeting, topics related to D2D discovery were discussed for the first time. Conclusions were mainly made on the research scope for D2D discovery, as indicated below [1].
· According to the RAN plenary prioritization, RAN2 will focus on a D2D Discovery mechanism for in-coverage. 

·    RAN2 should focus on the study of direct discovery (no need to look into discovery solutions using EPC in RAN2).

· Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity. Need for additional security/authentication/authorization mechanisms in Access Stratum level for restricted discovery may be discussed
There are still many open issues that need to be solved, for example: the data flow for D2D discovery, which information needs to be carried, the protocol layer for the discovery beacon and the interaction with upper and lower layer (L1). In this contribution, the potential D2D discovery procedures are analyzed for the in coverage scenario. The interaction with upper and lower layer is investigated and the functional split between RAN and CN are presented. The protocol layer for the discovery beacon and the information that should be carried are also discussed in this contribution. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]D2D discovery procedure
The D2D direct discovery procedure requires the D2D UE to be able to discover other D2D UE in its vicinity by using direct UE-to-UE signalling with E-UTRA technology [2]. Two kinds of D2D discovery procedures are addressed in [2]:  non-targeted and targeted discovery. Non-targeted discovery refers to the case where the intention is to discover any other UEs in the vicinity. On the contrary, for targeted discovery, the target UE that needs to be discovered is known by the UE who initiates the discovery procedure. The target UE may be a single specific UE, or a specific group of UEs, or a list of friend UEs. At RAN2#83 these two main alternatives were initially discussed, also using the terminology of “PUSH model” and “PULL model”. 
First of all we think that the definitions of “PUSH” and “PULL” models should be clarified, as it is not entirely clear whether they are meant to be synonyms of  “non-targeted” and “targeted” discovery (respectively) or not. For instance:
· PUSH model could refer to the approach where D2D discovery is realized through a single message on the "D2D link", from the announcing UE to the receiving UE (plus potentially other messages between the UEs and the network). In our understanding this would definitely cover the non-targeted discovery, but it could also apply for targeted discovery (see option 2-1 in Section 2.2).
· PULL model could refer to the approach where D2D discovery is realized through 2 messages on the "D2D link", one from the announcing UE to the receiving UE and one response message from the receiving UE to the announcing UE (plus potentially other messages between the UEs and the network). In our understanding this would cover the targeted discovery only. 
Proposal1: it is suggested to clarify what is meant by “PUSH” and “PULL” models, e.g. in relation to “non-targeted” and “targeted” discovery.
In the meanwhile, in the following we continue to refer to “non-targeted” and “targeted” discovery, discussing possible alternative procedures for both use cases, comparing the complexity in terms of discovery signalling and the impacts to the air interface. 
Non-targeted discovery
The D2D discovery procedure can be designed with different resource allocation and UE identification alternatives. For example, the resource allocation could be UE specific or non UE specific. The announcing UE could be identified directly by the D2D discovery beacon or with the aid of the eNB. According to the agreement in RAN1 [1], the D2D discovery beacon can use a message of x bits and/or sequences. The sequence can be based on PRACH, SRS, and/or PSS/SSS. Configurations using either or both of the message or sequences are FFS. Assuming that the discovery beacon is in the format of a message, it may contain information for UE identification. However, if only a sequence is used as the discovery beacon, the sequence can hardly contain identification info and the monitoring UE would need to ask eNB for the identification of the announcing UE. These design alternatives lead to different level of involvement of network and distinct signaling exchanged through air interface from RAN2 point of view. Based on the combination of these design alternatives, we present three possible alternative D2D discovery procedures for non-targeted discovery. The detailed descriptions are as follows.
a) Option 1-1: Sequence based discovery with UE-specific resource 
Before starting the discovery process, UE1 (announcing UE) may request discovery resources from the eNB. The eNB assigns the UE-specific D2D discovery resource through dedicated RRC signaling. Then UE1 broadcasts the discovery beacon in the format of a sequence using the allocated radio resource. Assuming that UE2 (monitoring UE) is interested in detecting any potentially available peers; it can detect the discovery beacon broadcast by UE1. UE2 could not tell which UE it is from the sequence based discovery beacon. In this case, UE2 reports the discovery beacon in terms of detected resource info to the eNB through RRC signaling. Since the resource is assigned by the eNB, the eNB could identify the announcing UE and provide the related ID indication to UE2. An example of the procedure is illustrated in Figure 1.
For the monitoring UE, it could obtain the information about the discovery beacon resources to monitor in the cell from the eNB broadcast. As an optimization, if the monitoring UE is interested in restricted discovery, the eNB may filter the UE-specific discovery resources and send them to the monitoring UE through dedicated signalling. 
Option 1-1 requires more interaction between the UE and the eNB and enables better network control to complete the entire discovery procedure. Both the announcing UE and monitoring UE should be in RRC connected state. Since the UE ID info is not directly broadcast over the air interface, this procedure is more secure from a RAN2 point of view. 


Figure 1. Option 1-1. Sequence based discovery with UE-specific resource
b) Option 1-2: Message based discovery with UE-specific resource 
As shown in Figure 2, the eNB assigns the UE-specific resource to UE1 (announcing UE) upon request. UE1 broadcasts the discovery beacon in the format of a message which contains the UE ID information. Assuming that UE2 (monitoring UE) is interested in detecting any potentially nearby peers; it can detect the discovery beacon broadcast by UE1. From the message based discovery beacon, UE2 can identify the nearby UE1. As a matter of fact, the message can be used in combination with sequence to provide synchronization between D2D UEs. 


Figure 2. option 1-2. Message based discovery with UE-specific resource
One possible problem with this procedure is that the UE identity is broadcast through the air interface. Considering the privacy requirements of UE identity [4], the application user ID should not be exposed to unauthorized parties and should not be applicable for discovery in the restricted D2D discovery use case. According to 22.703 [2], the application user ID may be mapped to a ProSe private expression code in the network and the UE may broadcast the expression code instead. This may partially mitigate the security problem. 
Compared to Option 1-1, the assistance from the eNB for UE identification is no longer necessary with Option 1-2. The announcing UE should be in RRC Connected state to acquire the UE-specific discovery beacon resource. However, the monitoring UE could be in either RRC connected or idle state. The message based discovery beacon which contains the expression code utilizes more radio resources than the sequence based discovery beacon. 
c) Option 1-3: Message based discovery with non UE-specific resource 
Assuming that a non UE-specific resource is used for the D2D discovery, the eNB only needs to broadcast the D2D discovery resource set information periodically, as shown in Figure 3. The UE1 initiates the discovery process by obtaining the discovery resource in a contention based fashion and broadcasts the message based discovery beacon containing the ID information. For the UE2, it could monitor the broadcast discovery beacon according to the D2D discovery resource set info broadcast by eNB. Once such discovery beacon is detected, UE2 can identify the nearby UE1. 
In Option 1-3, the network plays a very minor role in the entire process. It allows autonomous D2D discovery which can be largely accomplished by the UEs by themselves. The announcing UE and monitoring UE could be in either RRC connected or idle state. However, since the discovery resource is acquired with contention, collision may happen during the discovery procedure. 


Figure 3. Option 1-3. Message based discovery with non UE-specific resource
Targeted discovery
Targeted discovery can be regarded as using a "looking for members" type of message to find out if any members are around. Based on the level of network involvement, two D2D discovery procedures for the targeted discovery are presented. The detailed descriptions are as follows.
a) Option 2-1: Discovery with UE-specific resource


Figure 4. Option 2-1. Discovery with UE-specific resource 
Suppose that UE1 (announcing UE) wants to discover UE2. The eNB assigns the UE-specific D2D discovery resource to UE1 upon request. Optionally, the eNB may notify the UE2 to listen to this specific resource. Then UE1 broadcast the discovery beacon in the format of a sequence/message using the allocated radio resource. UE2 detects the discovery beacon broadcast by UE1 and reports the discovery beacon to eNB. The eNB identifies the announcing UE and then sends the information about the discovered nearby UE (UE2) to UE1. Note that this alternative could still be considered as a “PUSH model”, in the sense that there would still be a single D2D discovery message on the "D2D link" (from the announcing UE to the receiving UE). An example of the procedure is illustrated in Figure 4.
In Option 2-1, if the discovery beacon is in the format of a message, it may contain its own UE IDs and the one of the target UE. In this way, the UE2 may be optimized to only report the concerned discovery beacon. The network plays an important role in the discovery procedure: not only assigning the discovery resource but also the feedback of the targeted UE discovery result is performed by the eNB. In this procedure, both the announcing UE and monitoring UE should interact with network and should be in RRC connected state. 
b) Option 2-2: Discovery with non UE-specific resource 
Assuming that the non UE-specific resource is used, the eNB broadcasts the D2D discovery resource set information periodically, as shown in Figure 5. UE1 obtains the resource in a contention based fashion and then broadcasts the message based discovery beacon, containing the target UE ID information. Supposing that the target UE is UE2, it can detect the discovery beacon and identify that UE1 wanted to find it. To send a feedback response, UE2 also needs to obtain the discovery resource through contention and then broadcast the discovery beacon in the format of a message, containing the UE2 ID information. Finally, the UE1 detects the beacon broadcast by UE2 and identifies that UE2 is in proximity. This alternative can certainly be classified as a “PULL model” for D2D discovery.



Figure 5. Option 2-2. Discovery with non UE-specific resource
Option 2-2 requires less participation of the network. The announcing UE and the monitoring UE could be in either RRC connected or idle state. During the discovery procedure, both the announcing UE and monitoring UE need to compete for the discovery resource which increases the likelihood of collision.
Proposal2: RAN2 should discuss which of the above options to consider for the D2D discovery procedure.
From the above analysis, both targeted and non-targeted discovery could be implemented with different level of network involvement. The procedures for the targeted discovery are certainly more complicated than the ones for non-targeted discovery. They require extra steps for the target UE feedback, including more (contention based) D2D discovery signaling exchange in case of option 2-2. Furthermore, for targeted discovery, in case of a message based discovery beacon the information carried in the message is not the same for the source and target UE. Due to the stringent time schedule of the D2D SI, it is recommended that RAN2 only studies the non-targeted discovery in R12, leaving the targeted discovery for later releases. However, if there is a preference to cover targeted discovery as well, it is suggested to adopt option 2-1 (which could still be considered as a PUSH model).
Proposal3: RAN2 should only study the non-targeted discovery in R12. Alternatively, if there is a preference to cover targeted discovery as well, it is suggested to adopt option 2-1.
Functional split for D2D discovery and interaction with other layers
According to the discovery procedures discussed in Section 2, we summarize the main functions in RAN2 for D2D discovery.
The eNB may host the following functions for D2D discovery:
· D2D discovery resource allocation to D2D UE;
· Scheduling and transmission of D2D relevant broadcast information;
· Optional notification of resource for monitoring UE;
· Optional D2D discovery reporting configuration;
· Optional UE ID and discovery sequence resource mapping and discovery indication.
The UE may host the following functions for D2D discovery:
·  D2D discovery resource acquisition: dedicated vs. contention based D2D discovery resource acquisition
· Transmission and reception of D2D discovery beacon; 
· Optional D2D discovery reporting.
NOTE: The optional functions in eNB/UE may be required in certain but not all discovery alternative options.
In order to make the D2D discovery procedure work, the upper layer (CN) and the lower layer (physical layer) should provide necessary support. For example, the D2D UE ID/expression code contained in the message based discovery beacon may be allocated by the ProSe Server. Before the D2D discovery procedures presented in Section 2 begin, the UE may already acquire the D2D UE ID/expression code from the ProSe Server. For the restricted discovery, the friends’ D2D UE ID/expression code and the mapping with application user ID may also be pre-provisioned to D2D UE. For the open discovery, after the monitoring UE detects the discovery beacon and parses the D2D UE ID/expression code, it still needs to acquire the mapping between D2D UE ID/expression code and application user ID from upper layer so that it gets to know the identity of the announcing UE. Moreover, the CN should provide the authentication and authorization mechanism for the D2D discovery. On the other hand, the lower layer (Physical layer) should provide the synchronization between D2D UE, the D2D discovery resource format and configuration, as well as the transmission scheme for D2D discovery beacon. In this way, the announcing UE could assemble the discovery message with the ID/expression code info from upper layer or use the sequence obtained through RRC signalling, then deliver the discovery message or sequence to the lower layer for transmission. The monitoring UE would receive the sequence or discovery message from lower layer, then ask for the eNB assistance for UE identification through RRC signalling or directly forward the ID/expression code information parsed from the message to upper layer for D2D UE identification.
To summarize, the upper layer (CN) may host the following functions for D2D discovery:
· ProSe ID and expression code allocation and distribution;
· D2D UE authentication, authorization;
The lower layer (physical layer) should host the following functions for D2D discovery: 
· D2D discovery resource configuration;
· Transmission scheme for D2D discovery beacon;
· Synchronization between D2D UE;
Protocol layer of D2D discovery beacon
In this section, we will focus on the protocol layer of message based D2D discovery beacon. It is observed that the D2D discovery beacon transmission has many similarities with the system information broadcast by the eNB. For example, the eNB broadcasts the identity (ECGI) and NAS common information (TAC) whereas the UE needs to broadcast the UE identity information. The UE identity information in D2D discovery beacon may be obtained from upper layer and may be regarded as NAS information. Both of them are transmitted periodically. In this sense, it is recommended to reuse the protocol layer of system information for the D2D discovery beacon. Based on this principle, the control plane protocol architecture proposed in Fig. 6 is the same as the control plane protocol between the eNB and the UE [5]. It consists of the RRC, PDCP, RLC and MAC sublayers (both terminated in UE). Similarly to the system information, it may be mapped to the BCCH logical channel and utilize the TM mode for the RLC and MAC configuration. Since the PDCP is not applicable for the BCCH configuration, the ciphering/integrity of the D2D UE ID have to be provided by the upper layers if needed. 
Proposal4: D2D discovery beacon transmission has many similarities with the system information broadcast by eNB and RAN2 is recommended to reuse the protocol layer of system information for the D2D discovery beacon.
One more problem about the D2D discovery beacon is which information should be carried. Generally speaking, at least the UE identity information should be carried. For the sequence based D2D discovery beacon, the sequence and the resource is used by the eNB to identify the D2D UE. For the message based D2D discovery beacon, the UE ID/expression code from upper layer may be carried in the message. For example, the identity information of the announcing UE may be contained in the discovery message. For the targeted D2D discovery procedure, the identity of the targeted UE is also essential for the monitoring UEs to take proper action. Additionally, some other information can be included in the discovery message to simplify the discovery procedure. For example, the group ID for group based D2D discovery, criteria for filtering certain interested UEs, the UE state and the UE capability, APP relevant information may be included in the D2D discovery beacon to enhance the D2D discovery. 



Figure 6. Control plane protocol stack for D2D discovery beacon.
Conclusion
In this contribution, the potential D2D discovery procedures are analyzed for the in-coverage scenario. The interaction with upper and lower layer is investigated and the functional split between RAN and CN is presented. The protocol layer for the discovery beacon and the information that should be carried are also discussed in this contribution. Several proposals have been suggested on how to continue the study:
Proposal1: it is suggested to clarify what is meant by “PUSH” and “PULL” models, e.g. in relation to “non-targeted” and “targeted” discovery.
Proposal2: RAN2 should discuss which of the following options to consider for the D2D discovery procedure:
Option 1-1: Sequence based discovery with UE-specific resource (for non-targeted discovery)
Option 1-2: Message based discovery with UE-specific resource (for non-targeted discovery)
 Option 1-3: Message based discovery with non UE-specific resource (for non-targeted discovery)
Option 2-1: Discovery with UE-specific resource (for targeted discovery)
Option 2-2: Discovery with non UE-specific resource (for targeted discovery)
Proposal3: RAN2 should only study the non-targeted discovery in R12. Alternatively, if there is a preference to cover targeted discovery as well, it is suggested to adopt option 2-1.
Proposal4: D2D discovery beacon transmission has many similarities with the system information broadcast by eNB and RAN2 is recommended to reuse the protocol layer of system information for the D2D discovery beacon.
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