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Introduction
In RAN#58 meeting, a new SI named “Study on LTE Device to Device Proximity Services” was agreed [1]. The SI is lead by RAN1 and includes both proximity discovery and direct communication. In this contribution, we focus on proximity discovery and analyze the scenarios and the scope of our study. And then several key issues related to RAN2 are discussed.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Scenarios and scope
As identified in SA1 [2], the D2D proximity service should be used for both public safety and non-public safety, including in and out of coverage cases. With regard to D2D discovery, it is a process that identifies a UE is in proximity of another using E-UTRA technology. Two use cases including open discovery and restricted discovery are identified as below. 
Open ProSe Discovery: ProSe Discovery without explicit permission from the UE being discovered.
Restricted ProSe Discovery: ProSe Discovery that only takes place with explicit permission from the UE being discovered.
And the methods for D2D discovery can be categorized as direct discovery or network discovery. 
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. 
Network ProSe Discovery: also called EPC level discovery, a process by which the EPC determines the proximity of two ProSe-enabled UEs and informs them of their proximity.
According to the SA2 requirements [2-PR.77], D2D proximity services should be available to ProSe-enabled UEs that are served by different eNBs. So in addition to the out of coverage scenario, we should study D2D discovery intra-eNB and inter-eNB discovery for in coverage scenario. 
On the other hand, D2D discovery can be divided into the targeted discovery and non-targeted discovery as below.
Targeted discovery: used when the target UE(s) needs to be discovered is known by the UE who initiates discovery procedure. The target UE(s) may be specific UE, or a specific group of UEs, or a list of friend UEs. 
Non-targeted discovery: used when D2D UE intends to discover any other D2D UEs in the vicinity. 
In summary, we should consider D2D discovery in both non public safety and public safety scenarios in or out of network coverage, considering open and restricted discovery, targeted and non-targeted discovery, intra-eNB and inter-eNB cases.
Key issues
SA2 has discussed possible solutions for D2D discovery and several candidate solutions are captured in [3] as show in Table 1. 
Table 1. Overview of candidate solutions for D2D discovery identified in SA2
	solutions
	scenario
	feature
	description
	impact on RAN2 

	D1
	in or out of coverage
	Direct discovery
	discovery via monitoring expression code
	1) discovery procedure 
2) discovery radio resource allocation

	[bookmark: _Toc362687783]D2
	in or out of coverage
	Direct discovery
	Discovery via monitoring expression code. UE obtain mapping table of  expression code  to application ID 
	1) discovery procedure  
2) discovery radio resources allocation

	D3

	in or out of coverage
	Direct discovery
	Discovery via receiving discover signalling and respond on the air interface.
	1) discovery procedure 
2) discovery radio resources allocation

	D4
	in coverage
	EPC-level  discovery
	Location based discovery.
	No 

	D5
	in coverage
	EPC-level discovery
	Location based discovery.
	No 

	D6
	in or out of coverage
	Direct discovery
	Discovery via receiving discover signalling and respond on the air interface. UE obtain mapping table of ProSe ID to application user ID.
	1) discovery procedure
2) discovery radio resources allocation

	D7
	in or out of coverage
	Direct discovery
	Discovery via receiving discover signalling transmit and respond on the air interface. UE obtain mapping table of  ProSe ID to application user ID
	1) discovery procedure 
2) discovery radio resources allocation

	D8
	in or out of coverage
	Direct discovery
	Discovery via monitoring discovery signalling.
	1) discovery procedure 
2) discovery radio resources allocation

	D9
	in or out of coverage
	Direct discovery
	Discovery via monitoring the announcing code on the air interface. UE may need to query the network to resolve the received ProSe ID. 
	1) discovery procedure 
2) discovery radio resources allocation

	D10
	in or out of coverage
	Direct discovery
	Discovery via receiving the discovery request message and responding with discovery message.
	1) discovery procedure
2) discovery radio resources allocation  

	D11
	in or out of coverage
	Direct discovery
	Discovery via monitoring discovery signalling on the air interface. UE obtain the mapping of ProSe ID to application user ID in advance.
	1) discovery procedure
2) discovery radio resources allocation



As we can see, the candidate solutions for direct discovery discussed in SA2 have common impact on RAN2, e.g. discovery procedure, discovery radio resource allocation. The network discovery solution D4 and D5 have no RAN2 impact. Therefore, it is preferred for RAN2 to start from the common key issues for direct discovery. In addition to the discovery procedure and discovery resource, in this contribution, we also investigated some other important issues for direct discovery solutions from RAN2 perspective, e.g. UE identity for discovery, discovery for IDLE UE, power consumption optimization.
Discovery procedure
D2D direct discovery is defined as a procedure involving two D2D UE using UE-UE direct signalling [3]. A typical procedure of D2D direct discovery in coverage is depicted in Fig. 1. The direct discovery procedure in Fig.1 involves a pair of UEs called announcing UE and monitoring UE and also the eNB. In step1a and 1b, the two UEs obtain radio resource for transmitting or receiving respectively from the eNB. Then, the announcing UE broadcasts discovery signalling using the allocated radio resource while the monitoring UE receives the discovery signalling on the indicated radio resource correspondingly in step 2a and 2b. After receiving discovery signalling successfully, the monitoring UE identifies the announcing UE according to the received discovery signalling in step 3.


Fig.1 typical D2D direct discovery procedure in coverage
For both in and out of coverage scenarios, it is essential to design direct UE-to-UE discovery signalling (i.e. step2a and 2b in Fig. 1) to support D2D direct discovery. The monitoring UE receiving discovery signalling can sense the presence of the announcing UE and obtain necessary information to further identify the announcing UE. What’s the necessary information that should be transferred in the direct UE-to-UE discovery signalling should be studied by RAN2. For example, the identity information of the announcing UE may be contained in the discovery signalling. The identity of the targeted UE is also essential for the targeted D2D discovery use case for the monitoring UEs to apply local filter. Additionally, some other information can be included in the discovery message to simplify the discovery procedure and need to be further investigated.
For the in coverage scenario, the discovery radio resources should be allocated by eNB. RRC signalling can be used for the eNB to indicate the resource allocation information to UE. So legacy RRC signalling may need to be enhanced to support direct discovery as detailed discussed in section 3.2. With regard to the out of coverage case, the interaction between eNB and UE for obtaining discovery resource is not feasible. Alternatively, the cluster head can be selected from UEs and act as eNB to support D2D discovery resource allocation. As to the step 3 in Fig. 1, it can also be performed locally in the UE without interaction with network. 
Observation 1: The discovery procedure needs to be further studied by RAN2.
Discovery resource
During direct discovery procedure, there should be at least one UE (announcing UE) broadcasting discovery signalling and the other UE receiving discovery signalling on the air interface. The concerned UEs should be able to know which radio resource could be used for transmit or receive. Therefore, how to allocate discovery signalling radio resource and how to inform UEs should be studied by RAN2.
Considering the in coverage scenario, the eNB may maintain a discovery resource pool and perform the discovery resource allocation for D2D announcing UEs. The discovery resource allocated by eNB could be a common resource pool for a group of UEs or specific resource for individual UE, which lead to contention based or non-contention based discovery procedure respectively. For the monitoring UEs, they should have knowledge of where to listen. For example, the monitoring UE may be interested to a specific list of UEs and need to obtain the allocated discovery resources info of these UEs. For the monitoring UEs that prefer open discovery, it is necessary to obtain the resource pool information that potentially be utilized by nearby announcing UE. If the monitoring UE locates at cell edge, the UEs in proximity may be served by other cells. In this case, the monitoring UE may also need to monitor neighbour cell’s discovery resource pools. The discovery resource allocation for announcing UE and resource indication for monitoring UE should be further considered by RAN2. For the inter-eNB D2D discovery, the inter-eNB coordination is also necessary and need to be studied. 
For the out of coverage scenario, the discovery resource configuration could be pre-provisioned for UE. Generally, the pre-provisioned discovery resource is a common resource pool and contention based discovery procedure should be used. Alternatively, if the cluster head is elected from UEs, the above mentioned discovery resource mechanism for the in coverage scenario can be reused for the out of coverage scenario.
Observation2: It is necessary for RAN2 to study how to allocate the discovery resource and how to inform D2D UE about the allocation. 
UE identity for discovery 
The receiving UE should be able to identify the announcing UE according to the identity information included in the discovery message. The UE identity for D2D has been a hot topic in SA2 discussion and various solutions are proposed in TR 23.703[3]. The application user ID is a unique identity allocated by application which identifies the user. Considering the privacy requirements of UE identity [2-PR.120], the application user ID should not be exposed to unauthorized parties and should not be contained in discovery signalling at least in the restricted D2D discovery use case.  The ProSe UE identity is a unique identity allocated by EPS which identifies the ProSe enabled UE. It can be assigned to a UE at any moment in time for a configurable duration, can be stored at the UE, but it cannot be changed by the user, and is subject to operator assignment and re-assignment. However, from RAN2 perspective, the ProSe UE identity (or expression code) is too long for direct air interface exchange. Small size of UE identity used for air interface should be preferred to achieve more effective radio resource utilization. In our view, we can introduce D2D discovery ID to identify the D2D UE on the air interface. The discovery ID may be a temporary identity and can unique identify the D2D UE in a given discovery area and time duration. For the in coverage scenario, the UE identity could be assigned by network. While in the out of coverage scenario, the UE identity for discovery could be also assigned by cluster head, similar as the discovery resource, or can be pre-configured in the UE.
Observation3: The necessity of D2D identity used for air interface needs to be carefully studied by RAN2. 
Discovery for IDLE UE 
As we know, the majority of UEs are in the RRC_IDLE mode in the network for the purpose of power saving. In order to maximize the applicability and scenarios of D2D service, it is suggested that there is no restriction on the UE RRC state supporting D2D service. So how to enable the IDLE UE to complete the whole discovery procedure need to be studied. 
1) How to obtain the discovery resource allocation information
When a connected UE obtain the discovery resource information from the network, the valid time period could be also included at the same time. If the IDLE UE intends to discover other UE(s), it can use the discovery resource received in connected mode if it is still valid. Alternatively, IDLE UE can obtain the discovery resource information via system information.
2) How to obtain the UE identity for discovery. The identity for discovery could be application user ID or ProSe UE ID or D2D discovery ID. Similarly, the identity for discovery can be pre-provisioned (e.g. during UE attach or proximity registration procedure) when UE is in connected mode and be used when the UE enters IDLE mode if it is still valid.
3) How to perform restricted discovery
As we know, the restricted discovery only takes place with explicit permission from the UE being discovered [2]. The permission verification can be performed on the receiving UE side via checking the allowed UE list for being discovered. This list may be pre-provisioned network (e.g. ProSe server) UE is in connected state. 
Alternatively, the permission check can be delayed until UE re-enter connected state and then report the received identities in discovery signalling to the network. If the network checks the discovery is allowed by the UE being discovered, the discovered application user IDs shall be sent to the discovering UE.
Observation4: RAN2 is recommended to investigate the D2D direct discovery procedure for idle UEs. 
Power consumption optimization
The D2D direct discovery is power consuming since it involves the periodical discovery signalling sending and receiving. Even if the neighbour D2D UE is discovered, continuous sending and receiving of discovery signalling may still be required to maintain the updated D2D UE discovery relation. So power efficient D2D discovery mechanism should be studied and it should also be aligned with the current LTE power saving mechanism (e.g. DRX).
In LTE DRX mechanism, when UE is in RRC IDLE mode, it is expected to wake up and listen to the PDCCH only on its paging occasions (PO) to receive paging message.  And on subframes other than the POs, UE can sleep and most of its circuitry is turned off for power saving. 
When it comes to the D2D UE, if the monitoring UE is in RRC IDLE mode, it is preferred that the monitoring UE can also only wake up to listen and receive discovery signalling on the its POs for power saving. In this case, it is unnecessary for the announcing UE to broadcast D2D discovery signalling at anytime. So it is recommended to keep the announcing UE’s discovery cycle aligned with the target D2D UE’s LTE DRX pattern. 
Observation5: Power efficient D2D discovery mechanism needs to be studied by RAN2.
According to the key issues discussed above, we can have the following proposal.
Proposal: RAN2 should investigate key issues for supporting D2D direct discovery, e.g.: discovery signalling, discovery resource, UE identity for discovery, support for UEs in RRC idle state, power consumption optimizations.
Conclusion
In this contribution, we analyzed the scenarios and the scope of D2D proximity discovery. And then we discussed some key issues related to RAN2 in D2D direct discovery in both non public safety and public safety scenarios. We have following observations:
Observation 1: The discovery procedure needs to be further studied by RAN2.
Observation2: It is necessary for RAN2 to study how to allocate the discovery resource and how to inform D2D UE about the allocation. 
Observation3: The necessity of D2D identity used for air interface needs to be carefully studied by RAN2. 
Observation4: RAN2 is recommended to investigate the D2D direct discovery procedure for idle UEs. 
Observation5: Power efficient D2D discovery mechanism needs to be studied by RAN2.
And we propose:
Proposal: RAN2 should investigate key issues for supporting D2D direct discovery, e.g.: discovery signalling, discovery resource, UE identity for discovery, support for UEs in RRC idle state, power consumption optimizations.
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