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1. Introduction
RAN1, RAN2 and RAN4 are studying radio aspects of Device to Device proximity services. In this document status of different RAN WGs are highlighted for convenience of SA WGs. The objectives of this feasibility study are to evaluate LTE device-to-device proximity services, as follows [TR36.843]

	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & 
public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


In particular:

1. Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported). [RAN1]

2. Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]
· to discover each other in proximity directly in a power-efficient manner 

· to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications. 
3. Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:

· to enable proximal device discovery among devices under continuous network management and control, 

· to enable direct communication connection establishment between devices under continuous network management and control,  

· to allow service continuity to/from the macro network
4. Consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4] 
5. Evaluate, for non public safety use cases, the gains obtained by LTE device-to-device direct discovery with respect to existing device-to-device mechanisms (e.g. WiFi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead)  [RAN1, RAN2]

6. The possible impacts on existing operator services (e.g. voice calls) and operator resources should be investigated [RAN1]

7. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]

The identified options/enhancements should reuse the features of  LTE as much as possible.

The study will cover: 
· Single and multi-operator scenarios, including the spectrum sharing case where a carrier is shared by multiple operators (subject to regional regulation and operator policy)
· LTE FDD and LTE TDD operations 
2. Overall RAN1 Status
2.1 General

1. RAN1 assumes that D2D operates in uplink spectrum (in the case of FDD) or uplink sub-frames of the cell giving coverage (in case of TDD except when out of coverage) -- use of downlink sub-frames in the case of TDD can be studied further in RAN1.
2. RAN1 has made a working assumption that all data carrying physical channels use SC-FDMA 

   2.2 Discovery

1. Synchronous and asynchronous cells deployments are being studied in RAN1. 

2. The following two types of discovery procedures have been identified in RAN1:

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
· 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

3. For Type 1 discovery the following is agreed to in RAN1
· Periodic uplink resources are allocated for discovery in a semi-static manner
· Discovery resources within one period of the allocation are divided into equal sized time-frequency resources
4. RAN1 has made a working assumption that discovery transmissions use sequence plus message
· It is FFS whether the sequence may be the demodulation reference signal (DMRS) of the message

5. RAN1 assumes that for the transmission of the message PUSCH structure is reused with some possible modifications. 
· A working assumption of 104 bits is made for simulation purposes for the size of the message

2.3 Communication

1. RAN1 does not assume discovery as a required step for groupcast and broadcast communication.

2. For groupcast and broadcast, RAN1 does not assume that all receiving UEs in the group are in proximity of each other.

3. For transmission of control signalling on D2D link, RAN1 is discussing the following two options:

· Separate physical channel for control signalling, e.g. similar to PUCCH
· Multiplex control signalling into data channel 

4. RAN1 has made a working assumption that for D2D data communication physical channel PUSCH will be reused with some possible modifications.

5. RAN1 has made a working assumption that the baseline for broadcast communication is that no closed loop physical layer feedback is to be used. This can be revisited if significant benefits of introducing some such feedback are shown.
3. Overall RAN2 Status

3.1 Discovery

1. According to the RAN plenary prioritization, RAN2 will focus on a D2D ProSe discovery mechanism for in-coverage. 
2. RAN2 should focus on the study of direct discovery (no need to look into discovery solutions using EPC in RAN2).

3. RAN2 does not distinguish open and restricted discovery on access stratum level. 

4. No need to distinguish PUSH and PULL model on Access Stratum. 

5. UE needs to be allowed by the NW to transmit discovery messages in both RRC_IDLE and RRC_CONNECTED modes. 

· The NW needs to be in control of the resources mode (RRC_CONNECTED and/or RRC_IDLE) that the UEs may use to transmit Discovery signals.

6. It is possible for UEs to transmit and receive D2D discovery message while being RRC_IDLE and RRC_CONNECTED.

3.2 Communication

1. Public Safety 1: M D2D broadcast communication should be possible irrespective of availability of infrastructure coverage. 

2. RAN2 assume that 1: M D2D broadcast communication should be supported both on a dedicated carrier and on the same carrier as regular LTE. 

3. As baseline we assume that from L2 point of view, 1:M D2D broadcast communication is one-way and there is no feedback on L2 (MAC/RLC/PDCP)

4. RRC/ Connection Handling:

· A D2D Prose UE does not establish and maintain a logical connection to receiving D2D Prose UEs prior to a 1: M D2D broadcast communication. 

5. PDCP: 

· 1: M D2D broadcast communication data (i.e. IP packets) should be handled as the normal user-plane data.

· Header-compression/decompression in PDCP is applicable for 1: M D2D broadcast communication.

· U-Mode is used for header compression in PDCP for D2D broadcast operation for public safety.

· Security support will be addressed based on input by SA3.

6. RLC:

· RLC UM is used for 1: M D2D broadcast communication.

· So far no need has been identified for RLC AM or RLC TM for D2D communication for user plane data transmission. 

7. MAC:

· No HARQ feedback is assumed for 1: M D2D broadcast communication

4. Overall RAN4 Status

RAN4 recently started discussions on RF aspects of D2D, and is currently working on coming up with appropriate modelling assumptions for RAN1 simulations.  
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