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1. Introduction
In RAN1#77, the transmission timing of D2D communication channel were agreed as follows,
· For in-coverage UEs

· SA uses DL Timing
· For Mode 1, Data timing uses UL Timing
· For Mode 2, FFS: Data uses DL Timing or UL Timing

· DL timing := T2 = 0 (FDD) and T2 = 624TS (TDD)

· UL Timing  := TA + DL timing

· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither
D2D distributed operation requires specific rules for the reference for the setting of the transmission timing, such as DL/UL timing based on eNB coverage.   If the wireless network is not synchronized, additional rules need to be specified in order to have flawless D2D operation.  For the out-of-coverage scenario, it is also important to lay a few rules for the setting of transmission time of different D2D channels.  This paper discusses the system control and transmission timing setting for D2D communication.

2. Discussion on System Control and Transmission Timing for D2D Operation
D2D operates in a distributed architecture and in both in-network and out-of-network scenarios.   D2D system control is a distributed control system, where system control of D2D discovery and communication are pre-configured at each D2D device or signalled from the LTE network to each D2D device for in-network scenario.    Distributed D2D system control specifies the control elements, which include essential operational functions and procedures, at each UE for the operation of direct communication with other UE(s).   
In a distributed control system, common references need to be specified for handshaking between the transmitter and receiver.  When UEs are within LTE network coverage, the DL transmission time and system frame number (SFN) from the LTE network could be used as the reference for the operation of D2D control procedures, such as synchronization and SA transmission.   In order to support D2D discovery and communication for UEs across multiple cells in the LTE network coverage area, the DL transmission time and SFN of all cells would need to be aligned to provide common references between transmitting and receiving D2D UEs.  This would require a fully synchronized LTE network to support D2D operation across cells.  If the LTE network is not synchronized, the SFN timing offset between two cells need to be coordinated and provided by the network in order for D2D UEs to align the DFN setting.   
For the out-of-coverage scenario, there are no references of DL transmission time and system frame number from an LTE network.  Thus, a common reference time would need to be pre-configured and stored in the device for the operation of the distributed control functions.   The pre-configured common references, such as common reference time and D2D frame number (DFN), could be used for both in-coverage and out-of-coverage scenarios.   The pre-configured common reference time should be an absolute time known by all UEs, such as GPS time or UTC time.   The preconfigured common reference time could also be derived from DL transmission time of each cell or retrieved from LTE system information, e.g., SIB16.  The DFN is derived from the common reference time and can also be correlated to the SFN of each cell.   The LTE network does not need to be fully synchronized (SFN and time aligned) when the common reference time and DFN are preconfigured and stored in the device.  

Proposal 1: Common reference time and D2D frame number (DFN) are pre-configured and stored in the D2D UEs for the operation of D2D control functions in-coverage and out-of-coverage.    
3. Distributed System Control Procedures for D2D Transmission Time
D2D distributed system control will be performed in three different stages; they are initial activation, system update, and general system control during the D2D communication and discovery.
3.2. Initial System Control Configuration and the setting of transmission time during Device Activation
The activation procedure of device for D2D communication includes

· Synchronization of reference time (e.g. UPC) for the operation of control functions and the setting of transmission time 
· The reference time should be an absolute time

· The reference time could be obtained directly from UE receiver (e.g., GPS receiver), derived from LTE network system timing (e.g., SFN), or retrieved from LTE system information (.e.g., SIB 16 or new SIB).  

· A D2D UE will use the reference time to discipline the timing information generated from UE local oscillator. 

· A D2D UE will periodically re-tune its timing from the reference time.

· A D2D UE will use the reference time for D2D physical channel transmission and reception
· Synchronization of D2D reference frame number (DFN) for running the control procedures .  

· Reference frame number and its associated reference time for D2D control function will be stored at the device as the default frame counter mechanism

· Reference frame number and its associated reference time for D2D control function would be universal within a LTE network for D2D operation in-network and out-of-network.  

· Different LTE networks do not require to have same reference frame number setting.   

· A roaming D2D UE needs to re-synchronize with the reference frame number and reference time of visiting PLMN to obtain the new crypto-sync information of visiting PLMN.  

· D2D Reference Number (DFN) is used as the default frame counter to derive the Tx time of D2D physical channels, such as PD2DSS/SD2DSS, and SA.   DFN ranges from 0, …….., (DFNmax – 1)
· For PD2DSS/SD2DSS with transmission period Psync and transmission offset Syncoffset at each subframei,  PDSDSS/SD2DSS  is transmitted when the following condition is met,
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· Similarly, for SA with period period PSA and transmission offset SAoffset at subframei,  SA is transmitted when the following condition is met
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The reference frame number and its associated reference time will continue running after activation.  If a device is in the OFF (either power turned off or DRX), the reference time would have to be retrieved after it is turned ON before D2D operation could commence.   The reference frame number and counter could then be derived accordingly.   The reference frame number DFN and its associated reference time is used as the default for the operation of all D2D physical channels and as the crypto-sync function for security algorithm running in the upper layer.  
3.3. D2D Transmission Time Updates

When a D2D UE is under coverage, the network could update the default parameters and functions specified during the initial activation.  The update could be classified into two categories; they are permanent and temporary updates.  

· Permanent update – the parameters, such as Syncoffset, are reconfigured by the LTE network.  The transmission time of the synchronization channel in relation to LTE network system frame number (SFN) is changed for good.  The system will update the parameters whenever any D2D UE in connection to the LTE network.  If the LTE network is not SFN synchronized, the SFN offset of each cell needs to provide to D2D UEs in order to align the DFN.   
· Temporary update – the system parameters, such as RAoffset and PSA , for D2D operation might change temporarily due to changes in system load for D2D communication.   The UE will use temporary system parameters for D2D communication.   

Proposal 2: If the network is not SFN synchronized, the SFN offset of each cell needs to be provided for the UE to align the DFN cross the LTE network. 

4. Conclusions
This paper discusses distributed system control and security for the operation of D2D communication and discovery for both in-coverage and out-of-coverage scenarios.  
We propose:
· Proposal 1: Common reference time and D2D frame number (DFN) are pre-configured and stored in the D2D UEs for the operation of D2D control functions in-coverage and out-of-coverage.
· Proposal 2: If the network is not SFN synchronized, the SFN offset of each cell needs to be provided for the UE to align the DFN cross the LTE network.  
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