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1 Introduction

In order to meet increasing interest on proximity-based service, a study item on LTE device to device (D2D) proximity service has been initiated [1]. As identified in the SID [1], it would be necessary to identify solutions and enhancements to the LTE RAN protocols to enable device discovery among devices for public safety as well as general use cases. 
In this document, we summarize the current SA2 and RAN1 work in section 2, share our understanding on the scope of RAN2 in section 3, and provide our initial view on RAN2 aspects on D2D discovery design in section 4.   
2 SA2 and RAN work

SA2 and RAN discussion on D2D discovery can be summarized as follows: 
· SA2 has been working on identifying the 3GPP architecture enhancements needed to support the ProSe feature. Based on TR 23.703 [2], the followings are summarized as main points for ProSe discovery. ProSe discovery is subject to user and operator settings. Therefore, the UE needs to be configured with certain parameters to enable ProSe service. The UE and the application(s) on the UE are authorized to utilize the ProSe service per UE’s subscription and/or per applications. The network is responsible for authorization the ProSe features for a UE to be able to discover/be discoverable or to perform ProSe communication. There are two types of ProSe discovery: open and restricted. ProSe discovery can happen within infrastructural network coverage and out of coverage. Out of coverage is only applicable to Public safety. For ProSe discovery, until now, 11 possible solutions are captured in TR 23.703. 
· SA2 agreed working assumption of ProSe identities. ProSe identities include at least a “ProSe UE Identity” and/or one or more “ProSe Applicatio n Identities”.  ProSe UE Identity value is allocated from an entity in operator’s network. It implies that ProSe UE Identity is unique UE identity over the network. ProSe Application Identity is allocated from D2D server or application server and it can be different depending on application.      
· In RAN plenary, due to the limited time within Rel-12 time frame, some use cases and scenarios are prioritized. Within network coverage, non-public safety and public safety use cases are considered, while outside network coverage, public safety only is considered. 

· In RAN1 #73 meeting, initial discussion was held for D2D discovery [4]. It is assumed that D2D operates in UL spectrum in case of FDD or UL subframes of the cell providing coverage in case of TDD except when out of coverage. Two types of discovery procedure are defined for further discussion. In type1, resources for discovery signal are allocated on a non-UE specific basis. Resources can be allocated for all UEs or group of UEs. In type2, resources for discovery signal are allocated on a per UE specific basis. Resources are allocated for each specific transmission or allocated semi-persistently. 

3 Potential RAN2 scope
Based on identified key issues and solutions in TR23.703 [2], the following functionalities are expected in RAN for proximity service discovery. 

· Radio resource allocation: many solutions in TR23.703 [2] mention that radio resource allocation should be designed in RAN for announcement for discovery. Some of solutions provide more detailed view: 

· Solution #D1: Resource is allocated via SIB within network coverage and provisioned from the local DPF (Direct server Provisioning Functions). 

· Solution #D8: In out-of-network coverage, resource is allocated from static configuration, while in network coverage the resource is allocated by the network.
· Solution #D9: Two options are considered. In option A), resource is indicated as the available radio resources (contention based). In option B), the network allocates resource based on UE request (contention-free).    

· Authorization for resource allocation: in solution #D9 in TR 23.703, radio resource is allocated after ProSe announcement request is authorized by PDCF (Proximity Discovery and Communication control Functionality). This is may be required to ensure that only authorized UEs and/or authorized ProSe Application are allocated with discovery resource. 
· Transmission/reception of information for discovery: a discovery signal is transmitted by the physical layer. In transmission, ProSe UE sends ProSe UE Identity and/or ProSe Application Identity to be detected by other ProSe UE.  In reception, ProSe UE monitors/detects other UE’s ProSe UE Identity and/or ProSe Application Identity and delivers detected identities to the application layer. This should be mainly discussed in RAN1. 
Proposal 1. RAN2 should focus on procedure and signaling support for radio resource allocation and authorization for ProSe discovery.

4 RAN2 aspects on D2D discovery

4.1 Restricted and open discovery
According to the stage-1 requirements in TS 22.278 [3], the two types of D2D discovery, Restricted discovery and Open discovery, shall be supported for ProSe discovery. 
· Restricted discovery: a UE shall be discoverable only by other ProSe-enabled UEs in proximity that are explicitly permitted by the discoverable ProSe-enabled UE, i.e.UEs which are not allowed to discover this UE shall not be able to discover it, even if they are in proximity. 
· Open discovery: a UE shall be able to be discoverable by all other ProSe-enabled UEs in proximity without explicit permission. Therefore, the announcing UE can be detected by any monitoring UEs in proximity.  The announcing and monitoring UEs can be served by the same PLMN or a different PLMN. 
Naturally, following SA requirement, RAN2 should support both types of D2D discovery. In open discovery, the UE does not need to get explicit permission or to derive explicit information about discovery signal e.g. because this is pre-configured for open discovery. Therefore, the UE can enable D2D discovery after it is authorized.  On the contrary, in order to support restricted discovery, the discovering UE should be able to determine a set of UEs that it is interested to discover whether they are within its proximity. This determination is not based on the discovery signal. E.g. the user wants to know whether there is a friend in proximity. Therefore the UE acquires permissions for each member of his “friends list”. This could be done anytime prior the actual discovery attempt and will result in reception of information about identity (ProSe application identity) by each requested member (if they accept the request). In our understanding, there is ProSe server that is responsible for authorization of ProSe UE or ProSe application. ProSe server acquires permission upon the request of the discovering UE. The procedure for the permission would be performed over IP or over NAS signaling. From the procedure point of view, the restricted discovery is transparent in Uu interface.  However, if the discovering UE physical layer knows the set of UEs to detect and the associated resource, the UE could detect discovery signal on the specific discovery resource associated to the friends. This approach may be beneficial in terms of UE power saving because the UE does not need to monitor other discovery resource but it may result in large signaling overhead when the allocated discovery resource to those UEs changes over time. It is more significant especially when the discovery resource is cell specific and the UE moves across different cells.   
Proposal 2. Restricted discovery and open discovery should be supported according to SA requirement. RAN2 should discuss how to support both restricted and open discovery and whether special handling is required for restricted discovery compared to open discovery. 
4.2 Resource allocation

A set of frequency and time resources denoted as ‘discovery zone’ should be allocated for D2D discovery of multiple UEs. 
Discovery zone can be statically predefined or configured by the network within network coverage or by a centralized node in out-of-network coverage case. 

· Static allocation: in this approach, the discovery zone is predefined and does not change. For example, for support of D2D discovery for national security and public safety (NSPS) use cases in outside or partial network coverage scenarios, certain periodic time-frequency resources may be pre-configured for the public safety (PS) ProSe-enabled UEs as D2D discovery resources. Such resources could be configured to have a low duty cycle. The UEs would choose one of discovery resources in the preconfigured discovery zone in a random manner or based on a predefined algorithm. The static allocation is imperative if a special node allocating resource configuration does not exist. However, this design approach leads to inefficiency in provision of discovery zone size because it cannot be controlled based on the number of D2D UEs or system loading. 
· Non-static allocation: discovery zone can be configured by the network within network coverage or by a centralized node in out-of-network coverage. In this case, the network can control discovery zone based on the number of UEs performing proximity discovery or load situation in a cell. Additionally, the UE can be configured to use a certain discovery resource.  In order to support non-static allocation, signalling and resource allocation procedure should be defined in the specification. 
Proposal 3. RAN2 should study both static and non-static resource allocation of discovery zone. 
Two possible options can be considered regarding resource allocation for discovery zone. In both options, it is assumed that the resource configuration is signalled by the network (mainly eNB) within network coverage and by a centralized node in out-of-network coverage. 
· Network common discovery zone: for this type of discovery zone configuration, a common set of time-frequency resources are reserved for D2D discovery across the entire network. The configuration could be different between different Public Land Mobile Networks (PLMNs) to enable the respective operators a certain degree of flexibility in resource provisioning. The advantage of this approach is that the discovering UE may not need to receive the discovery zone information when the UE moves to another cell. Furthermore it naturally supports inter-cell discovery because UEs in the neighbouring cells also uses the same discovery zone. However, it is necessary that the neighbouring cells maintain tight time-synchronization (e.g. subframe boundary or SFN) to enable a common D2D discovery zone. 
· Cell specific discovery zone: according to this resource configuration approach, each eNB determines the its own resource configuration for the cell-specific discovery zones using information such as the current number of active ProSe-enabled UEs and the interference situation. To enable inter-cell discovery, a certain level of coordination between neighboring cells would be necessary. This can be achieved via exchange of information on the configuration of discovery zones between neighboring eNBs over the X2 interface. 
Proposal 4. RAN2 should study both network common discovery zone and cell specific discovery zone as a method to provision overall discovery zone. 
As summarized in Section 2, two types of discovery procedures defined for use in further discussions/studies in RAN1 depending on whether resources are allocated on UE specific manner or not. 
· Type1:  a common set of resources for discovery signal transmission are allocated to all UEs or group of UEs. The UE would select one of the resources by itself based on the predefined mechanism e.g. random selection. Similar to contention based random access, the common resource can be broadcasted via SIB or via dedicated RRC signaling. This type of procedure would be beneficial if the UE is in idle mode because it is not necessary for the UE to establish RRC connection for discovery resource allocation purpose. However, collision degrades the performance of D2D discovery and thus the network needs to carefully provision the overall amount of discovery resources. Given that the eNB cannot measure or detect collision correctly on D2D link, UE assistance information may be required.      
· Type2: dedicated resource is allocated to each UE. The resource is allocated for each transmission or semi-statically. Similar to contention-free random access, the network can avoid collision by allocating unique resource to each UE. In order to be allocated, the UE should send a request to the network, which may cause additional signaling overhead because the UE should be in RRC connected mode to send the request. In addition, the discovery resource may be reconfigured whenever the UE moves to another cell if the discovery zone is cell specific or to avoid collision in case of network common discovery zone. This type is beneficial if the UE is in RRC connected mode, however additional signaling overhead is expected if the UE is in idle mode, and scalability of discovery resource provisioning across cells may be a challenge.     
Proposal 5. RAN2 should study both common resource and dedicated resource allocation and provide RAN2 aspects to RAN1 if any.
4.3  Authorization for resource allocation
According to SA requirement, only the authorized UEs can enable ProSe discovery. In CN, the UE sends a request for authorization when the UE wants to enable D2D discovery. Furthermore, we should consider whether RAN needs to be involved in the authorization. The main motivation is to allocate discovery resource  only to authorized UE. As described in Solution #D9, one way would be that discovery resource is allocated when the UE get authorized by the network (i.e. authorization procedure is through eNB and/or MME. However, this approach requires additional signaling between D2D/ProSe server or application server and eNB (or MME). Furthermore, resource allocation and authorization procedure needs to be decoupled because the resource allocation can be reconfigured more frequently than authorization e.g. when UE moves to another cell in case of cell specific discovery resource. Therefore, in our view, it is desirable that if discovery resource should be allocated to the authorized UE only, it is the RAN which needs to validate D2D UE for resource allocation separated from authorization procedure.  The UE could send a request for discovery resource allocation and the eNB allocates the resource after checking with MME if the UE and/or the application of this UE are authorized for D2D discovery. 
Proposal 6. RAN2 should discuss whether RAN needs to be involved in authorisation and if needed, how to ensure that discovery resource is allocated only to authorised UE.  
4.4 Interaction with existing UE modes
In LTE, the UE is in either RRC idle mode or RRC connected mode depending on whether RRC connection is established. UE must establish RRC connection setup before transferring any application data, or completing any signalling. Since the ProSe-enabled UE requires to be authorized by the network to enable D2D discovery, the UE should be in connected mode when D2D discovery is enabled. However, once the UE is authorized, it would be questionable whether the UE keeps RRC connection when the UE performs D2D discovery but there is no data or signalling message to the eNB. In this case, the UE may not need to keep RRC connection with the eNB to save radio resource in the network and to save UE battery power. Therefore, it would be worthwhile to discuss how to support D2D discovery in both idle mode and RRC connected mode. This topic may be related to resource allocation mechanism for D2D discovery. In RRC connected mode, the eNB can allocate discovery resource upon the UE’s request. On the contrary, in idle mode, discovery resources needs to be allocated without RRC connection or to be kept even after RRC connection is released once it is configured in RRC connected mode. However, in idle mode, it should be considered how to release the resource when the UE reselects to another cell. Simply, we can introduce contention based discovery resource allocation similar to PRACH. However, this may not be desirable because the eNB cannot validate whether only authorized UE utilizes the discovery resource if the contention based resource region is advertised by the eNB through broadcast signaling. 
Proposal 7. RAN2 should discuss how to support D2D discovery in both RRC idle mode and connected mode. 

5 Conclusion

In this document, we provided our view on D2D discovery and identified topics to be discussed in RAN2 as follows. 
· Proposal 1: RAN2 should focus on procedure and signaling support for radio resource allocation and authorization for ProSe discovery.
· Proposal 2: Restricted discovery and open discovery should be supported according to SA requirement. RAN2 should discuss how to support both restricted and open discovery and whether special handling is required for restricted discovery compared to open discovery.
· Proposal 3: RAN2 should study both static and non-static resource allocation of discovery zone.
· Proposal 4: RAN2 should study both network common discovery zone and cell specific discovery zone as a method to provision overall discovery zone.
· Proposal 5: RAN2 should study both common resource and dedicated resource allocation and provide RAN2 aspects to RAN1 if any.
· Proposal 6: RAN2 should discuss whether RAN needs to be involved in authorisation and if needed, how to ensure that discovery resource is allocated only to authorised UE. 
· Proposal 7: RAN2 should discuss how to support D2D discovery in both RRC idle mode and connected mode.
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