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1. Introduction

In this document, we provide an overview of LTE Device-to-Device (D2D) Proximity Services (ProSe) from [1], [2] and [3]. D2D comprises of two major components: D2D discovery enables a mobile device to discover other D2D-capable devices in its vicinity, while D2D communication allows mobile devices to communicate directly with each other. In Rel-12, D2D discovery can operate within network coverage while D2D communication can be operated within network coverage or outside network coverage, as shown in Figure 1. Further, in Rel-12, D2D communications is for Public safetly use only, while D2D discovery is for both PS and non-PS use cases.
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(a) Scenario 1A                                                             (b) Scenario 1B
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(c) Scenario 1C                                                            (d) Scenario 1D

Figure 1: D2D scenarios

	Scenarios
	UE1
	UE2

	1A: Out-of-Coverage
	Out-of-Coverage
	Out-of-Coverage

	1B: Partial-Coverage
	In-Coverage
	Out-of-Coverage

	1C: In-Coverage-Single-Cell
	In-Coverage
	In-Coverage

	1D: In-Coverage-Multi-Cell
	In-Coverage
	In-Coverage


2. General design
In RAN1 [1], it is assumed that D2D operates in uplink spectrum (in the case of FDD) or uplink sub-frames of the cell giving coverage. Like legacy LTE WAN uplink, all data carrying physical channels use SC-FDMA for D2D signalling. 
From an individual UE’s perspective, it is assumed that: a) D2D transmission/reception does not use full duplex on a given carrier; b) D2D signal reception and uplink WAN transmission do not use full duplex on a given carrier; c) For multiplexing of a D2D signal and WAN signal on a given carrier, FDM shall not be used and TDM can be used. 
From an individual UE’s perspective, if there is a time domain conflict between WAN and D2D transmission, then WAN transmission is prioritized by dropping D2D transmission.

For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D. For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D.
3. D2D discovery
Discovery signal design: a discovery transmissions consist of a MAC PDU which involves an expression of size ~224 bits (exact size is under discussion). For each MAC PDU, the legacy PUSCH structure is reused with the exception that a 1 symbol gap is used at the end of each D2D subframe. This includes using a 24 bit CRC, Rel-8 Turbo coding, PUSCH interleaver and RE mapping. Discovery transmissions do not use intra-subframe hopping.

Discovery resources: discovery resources can be allocated in a periodic manner with low duty cycle. The resources allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”, as shown in Figure 1. A discovery resource has a duration of not less than 1 ms and is used for a single transmission of a given discovery MAC PDU by a UE. Repetition of transmission of a given MAC PDU by a UE within a discovery period could be supported.
Discovery resource allocation: there are two types of D2D discovery resource allocation techniques: Type 1 and Type 2. For Type1 discovery, a resource pool is configured by eNodeB and the UE autonomously picks resource from the pool to transmit the discovery signal. For Type2 discovery, the UE-specific discovery resource is allocated by the eNodeB. For both Type 1 and Type 2, a D2D discovery resource pool may be provided by the eNodeB in SIB.  
Discovery transmission timing: For Type 1 discovery DL timing (T2 = 0 or 624Ts) is used for discovery signal transmission. For Type 2 discovery, the transmission timing is FFS between DL or UL timing.
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Figure 2: D2D discovery resources.
RRC state for Discovery: both RRC_IDLE and RRC_CONNECTED  UEs may transmit/receive discovery messages if allowed by the NW. The possible RRC states for a UE participating in D2D discovery are summarized in Table 1.

Table 1: RRC state of D2D discovery capable UE.
	
	Tx UE
	Rx UE

	Type 1
	Idle or Connected
	Idle or Connected

	Type 2
	Connected
	Idle or Connected 


4. D2D broadcast communication
D2D broadcast communication is one-way and there is no feedback on L1 or L2 feedback channel. Blind retransmission of D2D data transport blocks is supported.
D2D broadcast communication comprises of scheduling assignment (SA) and D2D data, as shown in Figure 3. The SA indicates theresources for reception of the associated physical channel that carries D2D data. The SA also includes an ID to enable the UE to reduce the probability of decoding of data packets the UE is not interested in.The SA further contains transmission parameters such as MCS that is used for the data.  
Communication signal design: similar to discovery, both SA and Data reuse PUSCH structure with 1 symbol gap at the end of a sub-frame. Both SA and Data do not use intra-subframe hopping. Further, MCS of SA is fixed to be QPSK and the size is 1 sub-frame in time and 1 or 2 (FFS) PRB-pairs in frequency.  For the data channel, MCS is either QPSK or 16-QAM. The bandwidth of data is FFS and possibly variable.  

Communication resources: resources for SA are allocated in a periodic manner. Receivers can monitor periodic SA resources to determine where they can receive data. Transmitters select resources for SA and Data based on the resource allocation techniques discussed next.
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Figure 3:  SA and D2D data.
Communication resource allocation: there are two modes of operation for D2D communication. For mode 1, the resources for SA and data transmission are allocated by the eNodeB. For mode 2, the resources for SA and data transmission are autonomously chosen by transmitting UE from a resource pool. Mode 1 can be used in-coverage while Mode 2 can be used both in-coverage and out-of-coverage. For in-coverage, a SA resource pool and Mode 2 data resource pool is sent by the eNodeB using SIB. For out-of-coverage, a pre-configured SA and (Mode 2) data resource pool can be used.  For Mode 1, SA and Data resources are allocated by the eNodeB using PDCCH and a D2D-RNTI. A D2D DCI of size same as DCI-0 is used for allocating SA and Data resources using a single grant. 
Communication transmission timing: DL timing is used for transmission of SA. For Mode 1, data timing uses UL Timing.
For Mode 2, data may use DL Timing or UL Timing (FFS). 
RRC state for communication: the possible RRC states of a UE participating in D2D communication is summarized in Table 2. 
Table 2: RRC state of D2D communication capable UE
	
	Tx UE
	Rx UE

	Mode 1 
	Connected
	Idle or Connected

	Mode 2
	Idle or Connected
	Idle or Connected


5. D2D synchronization
For D2D, the synchronization sources could be eNodeBs, UEs in-coverage and UEs out-of-coverage, as shown in Figure 4. Each D2D synchronization source has a physical layer identity known as PSSID and transmits at least a D2D synchronization signal (D2DSS). 
 Synchronization signal design: a D2DSS comprises of a primary D2D Synchronization Signal (PD2DSS) and a Secondary D2D Synchronization Signal (SD2DSS). PD2DSS is a Zadoff Chu sequence, whereas SD2DSS is a M sequence.  It is FFS whether PD2DSS and SD2DSS use SC-FDM or OFDM mapping. Further, it is FFS whether DFT precoding is used for SD2DSS. Depending on whether the transmission timing reference is an eNB, the set of D2DSS that can be transmitted by a UE is divided into two groups, i.e., D2DSSue_net and D2DSSue_oon.  A synchronization channel (PD2DSCH) is defined for carrying resource pool configuration or D2D sub-frame number.
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Figure 4:  D2D synchronizatoin.
Synchronization source selection: Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. If a D2D Synchronization Source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS. If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS. D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs. D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage; After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source could be based on received D2DSS quality.

Decision to become a synchronization source: For out-of-coverage UE, it may become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below a threshold. For in-coverage UE, it can become a D2D Synchronization Source at least if it is configured to do so by the eNB.
Synchronization resources: a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured). The D2DSS is transmitted periodically with the periodicity not smaller than 40ms. Further, for Type 1 discovery, first sub-frame of discovery resource pool can be used for transmission of D2DSS – this is to enable inter-cell D2D discovey for asynchronous networks.
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