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Introduction
At RAN Plenary #58, a study item (SI) for LTE Proximity Services (ProSe) was agreed and described in [1].  Following the work accomplished by SA1, a feasibility study on the radio aspects of D2D ProSe services has been proposed in [2].
For RAN2’s perspective, the main objectives of this study may be summarized as follows:
· Identify the enhancements to the LTE RAN protocol to enable discovery, D2D connection establishment and service continuity to/from the macro network
· Evaluate the performance gains which may be obtained by LTE discovery over competing technologies such as WIFI Direct or Bluetooth
· Identify specific enhancement required for out-of-network coverage/public safety cases
This contribution provides a high-level overview of the key impacts of LTE based D2D discovery in RAN2. 
Background
Summary of key SA1/SA2 agreements:
D2D discovery is required to work in a number of scenarios, including among others cellular networks where the cells are not time-synchronized, inter-PLMN discovery, partial NW coverage scenarios where only some UEs are under NW coverage, and out of NW coverage UEs. Several use cases for device discovery and direct communication of proximity services have also been identified [3]. 

· Restricted ProSe discovery: 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. 
· Open ProSe discovery: UEs discover other UEs without explicit permission by the discoverable UEs.
· EPC-assisted discovery vs. Direct Discovery: EPC-assisted discovery may be initiated by a core network entity either over the control plane (via the MME/NAS signaling) or the user plane. Direct discovery may be triggered by user using an application in the UE. 

The following high-level architecture was approved for ProSe in SA2 [4]. A new entity, called ProSe Function is defined which may provide services to enable ProSe discovery, including discovery triggering, authorization, resource configuration in case the UE is out of coverage, handling of ProSe identifiers, etc. It may also provide an interface to a third-party ProSe Application Server and support for charging. The ProSe function may interface with the UE over the PC3 interface, which may be either control plane (via NAS) or user plane.


Figure 1  ProSe Reference Architecture [4]
Summary of key RAN1 agreements:
The initial discussions in RAN1 were mainly focused on evaluation methodology, channel models and scenarios for D2D discovery and communication.  It was agreed that D2D operation would use UL spectrum (in the case of FDD) or UL sub-frames of the cell giving coverage (in the case of TDD except when out of coverage). It was also agreed that D2D transmission/reception will operate in half-duplex manner on a given carrier, i.e. uplink and downlink is time multiplexed on the D2D link in a single UE. 

In terms of solutions, discussions have been started on resource allocation procedures and 2 main types of resource allocation have been highlighted for evaluation:
	1) Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
· Note: Resources can be for all UEs or group of UEs
2) Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission



Design Considerations for Discovery
Control Plane Aspects for Discovery of Proximity Services 
Resource allocation for discovery procedure
The discovery message could either be a signal or a transmission with a payload. In terms of discovery signal, RAN1 is evaluating the design of the signal to be similar to PSS/SSS or RACH preamble. 

The resources for the discovery payload message may be either contention based (Type 1) or dedicated (Type 2).  Additionally, the resources may be valid for a fixed duration (semi-persistent allocation) or dynamically assigned for each discovery transmission. RAN2 should study the pros/cons of these options taking into consideration the system requirements for discovery, including expected frequency of triggers, expected duration of discovery procedure and system tolerance to contention among multiple transmitters, and provide input to RAN1, to help the RAN1 evaluation.
 
Observation 1:  RAN2 should evaluate the benefit, need and feasibility to use contention-based resources for discovery. RAN2 should determine if it is acceptable that a UE is allowed to transmit autonomously on a set of semi-static resources. (Type 1)
Observation 2: 	If autonomous transmission is allowed, RAN2 should determine how to fulfill the ProSe requirement described in [3]: ‘The operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe E-UTRA Communication’
Observation 3:  RAN2 needs to evaluate the scalability and signaling overhead for Type 2A and 2B.
One aspect being evaluated in RAN1 is the reservation of D2D transmission opportunities. An entire sub-frame may be reserved for D2D discovery, and  in the normal UL sub-frame, cellular UE’s will as before transmit UL signals / channels (PUCCH, PUSCH, SRS) to the eNB, i.e. TDM between cellular UL and D2D transmissions is being considered. If the UL sub-frames are completely reserved for discovery, this implies the reservation of contiguous discovery sub-frames will create a gap in the uplink. RAN2 would need to evaluate the impact of this, in particular to handle the interactions with normal UE-network communications.
Observation 4:  RAN2 should determine the impact having a gap in uplink, and means to mitigate potential impacts to the normal UE-network communication. 
Another aspect that impacts discovery resource allocation is the support for inter-eNB and inter-PLMN (roaming) discovery use-cases [3]. This implies the resources for discovery messaging may need to be centrally allocated and/or coordinated across network entities. 
Observation 5:  RAN2/RAN3 needs to discuss mechanisms to coordinate resource allocation across eNBs and PLMNs.
Functional split between Core Network and RAN Access Stratum
Protocol Architecture:
Based on SA2 discussions, the UE needs to communicate with the ProSe function to obtain configuration, triggers, authorization for ProSe discovery and communication [4]. There are two alternatives discussed for the interaction between UE and the ProSe Function: (a) Communication over Control Plane (e.g. via NAS) and (b) Communication over IP (e.g. ProSe function communicates over data RBs – no impact to EPC).  



RAN2 should also evaluate the pros/cons of the different approaches of communicating with ProSe Function and provide input to SA2. For example, if the UE needs to communicate with the ProSe Function over User plane, it implies the UE would need to be attached and configured with at least a default bearer to allow user-plane communication, whenever communication with ProSe function is necessary. In this case, it may be desirable to minimize communication events with the ProSe function e.g. configuration, key re-fresh, triggering, etc.
Observation 6: RAN2 would need to evaluate the pros/cons of the different functional split alternatives and provide input to SA2.
To initiate the discovery procedure, the UE would need to be configured with certain discovery configuration, which could include network configuration parameters (e.g. type of discovery, identifiers, range etc) and RAN configuration parameters (e.g. resource allocation, timing, etc.).
Additionally, RAN2 would need to discuss mechanisms that may be used to trigger the start and stop of discovery procedure.  
· UE autonomous: A ProSe registered UE may autonomously trigger a discovery event (eUTRA is not informed about the discovery event)
· Based on UE request: An application may trigger the UE to transmit a discovery request to eUTRA to initiate a discovery event
· EPC based: A ProSe function may trigger a discovery event e.g. based on a location report or application server request to ProSe function.

Observation 7: RAN2 would need to discuss the impacts of the available options for configuring and triggering discovery procedure, and provide input to SA2.
Management of Identities
SA2 has discussed the use of identifiers in the ProSe discovery procedure. From the RAN2 viewpoint, there could be different types of identifiers of interest [4]– 
(1) ProSe Identifier that may be viewed as subscription parameter identifying the ProSe subscriber and the ProSe options for the specific ProSe user 
(2) Expression/Announcing Code that is transmitted by the announcing UE and received by the monitoring UE.
Additionally, the discovery message may be either RF identity (for e.g. PSS/SSS or SRS or RACH preamble) or a Service Discovery Message (e.g. transmission with a payload), which may be either sent separately or combined in a single transmission. The mapping between SA2 defined identifiers and RF identity may be provided to the UE before or after the discovery event, i.e.
· Dedicated discovery signal decoding: The UE tries to decode a known RF identity. The mapping between application identity and RF identity is provided to the UE before the discovery event.
· Blind discovery signal decoding: The UE tries to decode any RF identity. The mapping between application identity and RF identity is provided to the UE after the discovery event (during service discovery).
Observation 8: The service discovery may be transparent to the access stratum, i.e. the access stratum may not need to be aware of the SA2 defined identifiers if it only performs blind decoding of signal.
Observation 9: A ProSe identity may enable paging by EUTRA for a given UE, but may possibly also only refer to a service identity i.e. the identity of the participating UEs may be unknown to eUTRA for a given discovery event.
Measurement Configuration & Reporting
RAN2 would also need to discuss the need of measurements and reporting for the discovery procedure. For example, the UE may report the following for an ongoing discovery procedure:
1. Successful detection may trigger a measurement report to the eNB (RRC signaling). The report may provide measurements for the purpose of reporting estimation of channel quality ahead of establishing a D2D communication channel.
2. In case discovery is not successful for a pre-determined time-frame, a report of failure may also be required to inform the eNB (for e.g. to release the resources).
Observation 10: RAN2 needs further input from RAN1 on discovery channel design, before evaluating what kinds of measurements may be supported during discovery procedure between ProSe-enabled UEs.
Security 
SA1 has requirements for maintaining the confidentiality of the subscriber, UE and user’s permanent identities when ProSe discovery is used, and authenticity of the ProSe discovery information [3]. Furthermore, the EPS should be able to restrict ProSe Discovery information to the ProSe-enabled UEs and applications that have been authorised by the users and operator. 
RAN2 would need to discuss the mechanisms to satisfy these security requirements for discovery. The main questions for RAN2 to discuss include what keys are used to encrypt the discovery message, the procedure to generate the keys, and how the mapping between ProSe and UE/user identities in the RAN/EPC is maintained.
For example, if the service discovery message is transmitted with payload which carries ProSe identifiers, the simplest option will be to assume the necessary security procedures are managed by higher layers (e.g. NAS), and access stratum transparently sends/receives discovery payload message to/from the NAS. 
However, this would imply a dependency to NAS security configuration, and that the payload information will be completely transparent to the access stratum. 
Observation 11: RAN2 needs to agree on resource allocation and identity management before discussing the security requirements.
User Plane Aspects for Discovery of Proximity Services 
Handling of Discovery Messaging
Depending on the channel design and type of discovery message, in the access stratum, the discovery channel may need to be modeled using new channel or an existing channel. For example, the discovery message may be modeled as transparent to the access stratum, using existing transport/logical channel to send/receive over a DRB. Alternatively, the discovery message may be partially or fully decoded in the access stratum, and a new transport channel/logical channel may need to be defined to handle discovery messaging. 
Observation 12: RAN2 should discuss the modeling of discovery channel in the access stratum.
Timing of Discovery Transmissions
From RAN1 discussions, it is not clear if UL timing alignment is needed for discovery transmissions, and if so, how it may be derived (e.g. from DL timing directly or with the use of a timing advance). Furthermore, even though discovery sub-frames are uplink frames, the UE participating in discovery may be in RRC_IDLE state, and may not have access to timing advance from the eNB. 
If timing alignment is necessary, another aspect that needs to be discussed is if TAT is applicable, and if so, whether it is only applicable to the transmitter (i.e. to avoid interference), or also for the receivers (to minimize need for large reception window).
This issue might be lower priority compared to other problems raised, and further agreements from RAN1 are required before we can discuss this issue in detail.
Observation 13: RAN2 needs further input from RAN1 to discuss timing related issues for discovery transmissions.
Conclusion
This contribution discussed the key RAN2 impacts of supporting D2D discovery under network coverage. We analyzed some of the discussions/agreements from SA1, SA2 and RAN1 groups which may be relevant to RAN2 work. 
It is proposed that RAN2 prioritizes the following aspects when further discussing D2D discovery in RAN2:
Observation 1:  RAN2 should evaluate the benefit, need and feasibility to use contention-based resources for discovery. RAN2 should determine if it is acceptable that a UE is allowed to transmit autonomously on a set of semi-static resources. (Type 1)
Observation 2: 	If autonomous transmission is allowed, RAN2 should determine how to fulfill the ProSe requirement described in [3]: ‘The operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe E-UTRA Communication’
Observation 3:  RAN2 needs to evaluate the scalability and signaling overhead for Type 2A and 2B.
Observation 4:  RAN2 should determine the impact having a gap in uplink, and means to mitigate potential impacts to the normal UE-network communication. 
Observation 5:  RAN2/RAN3 needs to discuss mechanisms to coordinate resource allocation across eNBs and PLMNs.
Observation 6:  RAN2 would need to discuss the mechanism for UE to communicate with ProSe Function., and evaluate the pros/cons of the different functional split alternatives and provide input to SA2.
Observation 7:  RAN2 would need to discuss the impacts of the available options for configuring and triggering discovery procedure, and provide input to SA2.
Observation 8:  The service discovery may be transparent to the access stratum, i.e. the access stratum may not need to be aware of the SA2 defined identifiers if it only performs blind decoding of signal.
Observation 9:  A ProSe identity may enable paging by EUTRA for a given UE, but may possibly also only refer to a service identity i.e. the identity of the participating UEs may be unknown to eUTRA for a given discovery event.
Observation 11:  RAN2 needs to agree on resource allocation and identity management before discussing the security requirements.
Observation 12:  RAN2 should discuss the modeling of discovery channel in the access stratum.

It is also proposed that RAN2 await further input from RAN1 to progress on the following issues: 
Observation 10:  RAN2 needs further input from RAN1 on discovery channel design, before evaluating what kinds of measurements may be supported during discovery procedure between ProSe-enabled UEs.
Observation 13: RAN2 needs further input from RAN1 to discuss timing related issues for discovery transmissions.
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