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1 Introduction

At the last RAN1 meeting (RAN1#73) progress was made in the D2D SI. Interested companies presented a number of contributions discussing their views on ProSe discovery considerations for RAN. Furthermore, in the June 2013 RAN plenary (RAN#60) a way forward on the time budget for the RAN SI on proximity service was agreed [1]. In particular it was agreed that RAN working groups would continue to focus on D2D discovery for both in-network (general and public safety use cases) as well as out-of-network deployments (public safety only).

In order to make progress in this study item, RAN2 must first identify the probable impact of Proximity Discovery to RAN2 related protocols. In this contribution we discuss the different proximity discovery scenarios, and their requirements from a RAN2 perspective. We further explore specific areas of impact to RRC in particular, for both direct and eNB-directed discovery use cases [2]. 
2 Proximity discovery requirements and scenarios:
References [3] identifies potential architectural enhancement to support proximity discovery. In [4] and previous contributions Huawei put forward a proposal for proximity discovery, based on an announcing/monitoring model. In this model, one UE announces a discovery signal, and one or more UEs monitor for discovery signals from other UEs of interest. Reception of a discovery signal from a UE of interest triggers the monitoring UE to report this event to CN entity responsible for providing proximity services to registered users and applications, the PDCF. The PDCF in turn will validate the authorization of the monitoring UE, and which applications are registered and authorized to receive proximity discovery information for the reported proximate device. Finally, the PDCF provides the proximity information to these authorized applications.

There are several conditions that must be met for a given UE to execute a discovery procedure:

a) The UE must know which time/frequency resources have been assigned for discovery signal transmission. This is equally important for a monitoring UE, as it is for an announcing UE.
b) An announcing UE must know when to transmit its discovery signal, and which specific time/frequency resource it should use.

c) The monitoring UE must achieve synchronization with announcing UEs in order to correctly receive the discovery signal.

Each of these conditions may be achieved using different mechanisms. Furthermore the specific mechanism may depend on the discovery scenario. 

2.1 Proximity discovery in network coverage

In this scenario, both announcing and monitoring UE attached to, and can communicate with the LTE network. This is the most prevalent scenario, and is the only valid scenario for consumer/general ProSe use case, for the time being. Reference [5] defines some use cases for public safety devices that may not fall under this scenario. Yet even for public safety devices, the in-network-coverage scenario will be dominant, as public safety devices will operate within network coverage an overwhelming majority of the time. 
Observation 1: Proximity discovery in network coverage is the only valid scenario for consumer/general ProSe use cases, and the overwhelmingly dominate scenario for public safety devices.

Proposal 1: The in-network-coverage proximity discovery scenario is the baseline scenario for RAN2’s design.
As both UEs are attached to the network in this scenario, an obvious approach is for the RAN (eNB) to assign resources for discovery. Furthermore, both announcing and monitoring UEs are synchronized to the RAN. Hence, the eNB can both manage radio resource allocation for discovery, and serve as the source of synchronization reference between announcing and monitoring UEs.

Proposal 2: For the in-network-coverage scenario, the eNB will both manage radio resource allocation for discovery, as well as serve as the source of synchronization reference for the announcing and monitoring UEs.
Resource allocation for discovery can be dynamic, semi-static, or static (predefined in the standard). As discussed in section 3 below, resource allocation for both direct discovery and eNB-directed discovery may be done via RRC signaling. Synchronization is primarily a physical layer function, but may also involve the MAC layer (e.g. to control the UE’s timing advance). Figure 1 illustrates the in-network-coverage discovery scenario.
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Figure 1. In-network-coverage discovery
2.2 Proximity discovery out-of-network coverage

In this scenario, both announcing and monitoring UE can not communicate with the LTE network. This scenario only applies to public safety, and although rare, is still an important scenario to be addressed by RAN. Since the network is by definition not available to the UEs in this scenario, alternative solutions are required for discovery resource allocation and synchronization. 
Reference [6] introduces the concept of a soft controller. The soft controller is a public safety UE that when out of network coverage, can emulate some functionality of the eNB. The soft controller provides services to other out-of-coverage UEs normally provided by the RAN. In particular, a soft controller can support the synchronization of other UEs, and control resource allocation for proximity discovery and D2D communications. This approach enables the in-network-coverage solution to be directly extended to address the out-of-coverage scenario. Figure 2 illustrates the out-of-network-coverage discovery scenario.
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Figure 2. Out-of-network-coverage discovery
2.3 Proximity discovery with partial network coverage 

In this scenario, one public safety device is within the network’s coverage, and attached to the network. A second public safety device is out of the coverage of the network, but in proximity to the in-coverage device. This scenario may occur for example, when a first responder enters a basement, tunnel or other structure, while another first responder is outside the structure. 

In this scenario, the in-network-coverage public safety device is synchronized to the network, and hence can provide a synchronization reference to out-of-coverage UEs. Furthermore, the in-coverage public safety device can relay discovery resource allocation from the eNB, or act as a soft controller to provide discovery resources in coordination with the eNB. Figure 3 illustrates the partial-coverage discovery scenario.
[image: image3.emf]Synchronization

Discovery resource 

allocation

Discovery Signal

Soft 

Controller


Figure 3. Partial coverage discovery
Proposal 3: RAN2 should study the impact of discovery resource allocation and synchronization on RRC and the L2 protocol stack, for each of: in-network coverage discovery, out-of-network coverage discovery, and partial network coverage discovery scenarios.
3 RAN2 impact of proximity discovery

Proximity discovery may impact RAN2 protocols in 2 key areas:
a) RRC signalling

b) L2 protocol stack

The discovery signal itself is a short PHY level signal, conveying a limited set of ProSe identification information. Inclusion of additional L2 headers in the discovery signal would simply reduce efficiency, and is unlikely to provide any value to the discovery process. As such the L2 protocols stack may not be involved in either the announcing or monitoring processes. 

Proposal 4: Announcing and monitoring are PHY level functions. L2 protocols do not need to be involved in transmission or reception of discovery signals.
RRC on the other hand will be impacted by proximity discovery in several areas. The potential impact to RRC include: allocation of discovery resources, assignment/selection of  specific resources by an announcing UE, configuration of the UE to perform announcing and/or monitoring, and reporting of monitoring results to the network. Hence we propose that RAN2 focus its study on the RRC impacts of the proximity discovery process.

Proposal 5: RAN2 should focus its study on the RRC impacts of the proximity discovery process.
4 Discovery Options
Reference [2] defined several possible options for ProSe discovery including:

1. Direct discovery

2. eNB-directed discovery

In this section we explore the potential impact of each of these options on RRC signaling. Each of these solutions has a different impact to RRC, and in particular needs different information to be signaled from the eNB or the soft controller to a UE configured for proximity services. The main impacts involve resource allocation for proximity discovery, as well as information needed for the construction of the discovery signal/message itself (ProSe Identifiers).
4.1 Resource Allocation for Direct Discovery
As discussed in [2] direct device discovery must be supported for both connected and idle UEs. The RAN has a context for each connected UE, and hence could assign specific resources to a connected UE to transmit its discovery signal.   However, the RAN does not maintain a context for idle UEs, and hence it would be impractical to assign specific discovery resources to idle UEs. Therefore, we assume that the eNB assigns a pool of UL resources that different UEs can share in transmitting their respective discovery signals. For out-of-coverage and partial coverage discovery scenarios, the soft controller UE would assign the direct discovery resource pool.
Furthermore, as idle UEs have no dedicated signaling link to the eNB, we assume that the eNB must broadcast information about resources dedicated for direct discovery on the system information. A new SIB type may be introduced in RRC to convey information about the direct discovery resource pool. How exactly this and other system information is sent from a soft controller UE to out-of-coverage UEs is FFS.   
Proposal 6: The eNB will allocate a pool of UL resources for direct discovery.
Proposal 7: The direct discovery resource pool will be defined in the system information, and can be updated by on a semi-static basis. 

Proposal 8: RAN2 should study how the direct discovery resource pool is defined in system information.
An announcing UE must know how often to transmit a discovery signal, and which specific resources from the direct discovery pool it should use to transmit this signal. Specific time/frequency resource may be assigned to an announcing UE as part of the announcement configuration procedure [4], or the UE may select which resources to use based on a randomized seed or other mechanism. Furthermore, the network may restrict a particular UE to select from a limited subset of the direct discovery pool resources. 

Proposal 9: RAN2 should study how to configure a UE to announce its discovery signal on resources from the direct discovery resource pool.
4.2 Direct discovery procedures 
SA2 working group has been studying the architectural and service requirements for proximity services, and have identified a number of different solutions for discovery [3]. As of yet there is no consensus on exactly which and how many identifiers will be needed to support proximity services. However, Annex C of [3] identified the following assumption for ProSe Identities:

-
In order to satisfy the needs for open, restricted discovery and direct communication, it will include at least a "ProSe UE Identity" and/or one or more "ProSe Application Identities". The ProSe enabled UE can use the "ProSe UE Identity", and/or one or more "Prose Application Identities" for discovery depending on operator configuration, user settings, application settings etc.

ProSe UE Identity and ProSe Application Identity are defined as follows [3]:
ProSe UE Identity: 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.

ProSe Application Identity: An identity identifying application related information for the ProSe enabled UE. There can exist more than one ProSe Application Identity per UE.
Thus the ProSe UE Identity is allocated by the EPS, and is assigned or re-assigned to the announcing UE by the network. ProSe Application Identities identify different applications that are authorized to use proximity services. As such appropriate signalling needs to be defined to provide these ProSe identities to the UE. RAN2 should study how the network can signal these ProSe identities to the UE, and what RRC procedures would be impacted by the assignment, update, and deletion of these identities.
Proposal 10: RAN2 should study how the network can signal ProSe identities (e.g. ProSe UE Identity, ProSe Application Identity) to the UE, and which RRC procedures would be impacted by the assignment, update, and deletion of these identities.
One of the key requirements for proximity discovery is protection of user identity and privacy [7]:
The EPS shall protect the confidentiality of the subscriber’s, UE’s, and user’s permanent identities used in the EPS when ProSe Discovery and/or ProSe E-UTRA Communication are used. This requirement applies to any ProSe E-UTRA Communication between two ProSe-enabled UEs, ProSe Group Communication and ProSe Broadcast Communication. The EPS shall have confidentiality features that enable the subscriber’s, UE’s, and user’s permanent identities to be protected when ProSe-assisted WLAN direct communication is used.

ProSe shall:

· Allow a ProSe-enabled UE to selectively discover ProSe-enabled UEs of interest;

· Ensure that 3GPP UE/subscriber identifiers are not disclosed to unauthorised parties when ProSe is used;

· Allow both granting and revocation of discovery permissions;

Because of these requirements, any information that may expose the identity of (or allow one to guess at) the subscriber may not be transmitted as part of the discovery signal. 

Observation 2: ProSe identifiers, such as ProSe UE Identity serve as a means for a UE to identify another UE of interest for discovery, but may not disclose any information that can be correlated to the user’s permanent identities.
Furthermore, the operator has the responsibility to ensure that only authorized applications have access to ProSe discovery information. Therefore it is also vital that the authenticity of the discovery information be validated before providing this discovery information to an authorized application:
The system shall ensure the authenticity of the ProSe Discovery information used by an application that is authorised by the operator and the user.

The EPS shall be able to restrict ProSe Discovery information to the ProSe-enabled UEs and applications that have been authorised by the users and operator.

The permission to be discoverable is given by the user and shall be executed by the EPS, subject to operator control, on a per-application basis.
Thus a monitoring UE may discover an announcing UE of interest, based on the instruction of the network. However, the monitoring UE has no information about the real identity of the announcing UE’s subscriber, and hence cannot provide any useful information to the ProSe enabled applications without further oversight and assistance by the network.. 
The monitoring UE must therefore report the received ProSe identifier to the network, which protects the real identity of the discovered subscriber. The network should in turn validate if the user of the monitoring UE is authorized to discover the proximity of the announcing UE’s end user, before providing the discovery information to the authorized applications of the monitoring UE. Limiting knowledge of the real identity of the announcing UE and its end user to the network is a key requirement to insure the protection of user privacy
Proposal 11: RAN2 should study the impact of discovery reporting to the network, and how the network can signal a successful discovery to authorized applications. 
4.3 eNB-directed discovery

In eNB-assisted discovery the eNB or soft controller guides the discovery process by allocating a specific resource for the announcing UE to send its discovery signal, and commanding the monitoring UE to measure the announcing UE and report the results. The advantage of eNB-assisted discovery is its reliability and speed. The dedicated resources allocated for the transmission of the discovery signal, insure interference-free discovery. Furthermore, discovery can be executed immediately. In particular, eNB-directed discovery can serve as a precursor to establishing a D2D communication link.
There are two options for implementing eNB-directed discovery:

Option 1: Reuse the discovery signal and discovery resource definition from direct discovery.

a) The eNB or soft controller assigns a specific time/frequency resource to the announcing UE. These resources do not form part of the direct discovery resource pool.
b) The eNB or soft controller informs one or more UEs to monitor the assigned resource for the announcing UE’s discovery signal.
c) One or more of the monitoring UEs, detect and decode the discovery signal transmitted by the announcing UE, and report back to the eNB or soft controller. 
Option 2: Measurement of existing PHY reference signals, for example SRS, by proximate UEs.
a) The eNB or soft controller configures the announcing UE to transmit SRS, or another reference signal.

b) The eNB or soft controller configures one or more monitoring UEs to measure the announcing UE’s reference signal.

c) One or more monitoring UEs, measures and reports the signal quality of the announcing UE’s reference signal to the eNB or soft controller.
The signaling exchange for Option 2 is shown in Figure 4, for the in-network-coverage discovery scenario. The impact of option 2 on RRC can be summarized as defining new measurement and reporting procedures for the monitoring UE.
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Figure 4. Signaling exchange for eNB-assisted D2D discovery
Proposal 12: RAN2 should study and define measurement and reporting procedures needed to support Option 1 and Option 2. 
5 Conclusion

Our proposals are summarized as follows:
Proximity discovery requirements and scenarios
Proposal 1: The in-network-coverage proximity discovery scenario is the baseline scenario for RAN2’s design.
Proposal 2: For the in-network-coverage scenario, the eNB will both manage radio resource allocation for discovery, as well as serve as the source of synchronization reference for the announcing and monitoring UEs.

Proposal 3: RAN2 should study the impact of discovery resource allocation and synchronization on RRC and the L2 protocol stack, for each of: in-network coverage discovery, out-of-network coverage discovery, and partial network coverage discovery scenarios.

RAN2 impact of proximity discovery 
Proposal 4: Announcing and monitoring are PHY level functions. L2 protocols do not need to be involved in transmission or reception of discovery signals.
Proposal 5: RAN2 should focus its study on the RRC impacts of the proximity discovery process.
Direct discovery
Proposal 6: The eNB will allocate a pool of UL resources for direct discovery.

Proposal 7: The direct discovery resource pool will be defined in the system information, and can be updated by on a semi-static basis. 

Proposal 8: RAN2 should study how the direct discovery resource pool is defined in system information.

Proposal 9: RAN2 should study how to configure a UE to announce its discovery signal on resources from the direct discovery resource pool.

Proposal 10: RAN2 should study how the network can signal ProSe identities (e.g. ProSe UE Identity, ProSe Application Identity) to the UE, and which RRC procedures would be impacted by the assignment, update, and deletion of these identities.

Proposal 11: RAN2 should study the impact of discovery reporting to the network, and how the network can signal a successful discovery to authorized applications. 
eNB-directed discovery

Option 1: Reuse the discovery signal and discovery resource definition from direct discovery.

Option 2: Measurement of existing PHY reference signals, for example SRS, by proximate UEs.
Proposal 12: RAN2 should study and define measurement and reporting procedures needed to support Option 1 and Option 2. 
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