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1. Introduction
In RAN1#73 meeting, timing of D2D transmission was discussed and some options were agreed for further study of discovery and communication. In RAN1#74bis meeting, some terminologies were further defined for D2D synchronization and timing, and the agreements on D2D transmission timing were copied as follows [1]:
A D2D synchronization source transmits a D2D synchronization signal (D2DSS) which may be used by a D2D UE to obtain time and frequency synchronization.  The D2DSS transmitted by a D2D synchronization source which is a eNB shall be the Rel-8 PSSS/SSS. The structure of D2DSS transmitted by D2D synchronization sources other than the eNB is TBD. In cases when at least one D2DSS is received by the D2D UE, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.

· T1 is the reception timing of the D2DSS

· T2 is an offset which is positive, negative, or zero.
· Option 1: The  reference point in time for the D2D signal transmission time is derived from D2DSS received from a cell (not precluding the possibility that different D2DSSs may be used at different times).

· In this option, the cell may or may not be the serving cell of the UE

· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).

· Option 2: Void.

· Option 3: The  reference point in time for the D2D signal transmission time is derived from a D2DSS received from UE(s) (not precluding the possibility that different D2DSSs may be used at different times)

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the UE(s) 

· Option 4: The  reference point in time for the D2D signal transmission time is derived from D2DSSs  received from more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 

· Option 5: The  reference point in time for the D2D signal transmission time is derived from an external source, e.g. GNSS

· Other options are not precluded. 

· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.

· For D2D discovery signal outside NW coverage, Options 3, 4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a D2DSS is not received. 
Note that a full definition of “within” and “outside” NW coverage is needed; revisit the relation between the above options and within/outside NW coverage after such a definition is clarified.

In RAN#74bis meeting, the value of T2 in the above options was also discussed with the working assumption:

Working Assumption:

· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

· FFS for UEs with an active timing advance value
In this contribution, we discuss the value of T2 for UE with an active timing advance value for discovery, and also discuss whether the value of T2 for discovery can be reused for D2D communication.
2. Discussion
2.1. Value of T2 for discovery
For RRC_CONNECTED UEs, T2=0 is still a candidate for transmission timing. Since timing advance (TA) can be obtained from eNB, T2=TA is another option. If T2=TA is adopted, the discovery signal is transmitted with the same transmission timing as cellular signal, and multiplexing between discovery and cellular signal (FDM or TDM) will be easier. However, since T2=0 was the working assumption for RRC_IDLE UEs, different values of T2 for D2D UEs in different RRC states will lead to some problems. The RRC_IDLE UEs cannot have the transmission timing of RRC_CONNECTED UEs, and the synchronization error to receive the discovery signal from RRC_CONNECTED and RRC_IDLE UEs will be larger even with the same synchronization source (eNB). In addition, the RRC_CONNECTED UE may need to use different timing to receive the discovery signal from RRC_CONNECTED and RRC_IDLE UE, leading to further UE complexity. Furthermore, TDM/FDM between D2D UEs with different RRC states may introduce additional interference. Therefore, it is proposed to reuse T2=0 for transmission timing of RRC_CONNECTED UEs to avoid these problems. Subframes only for discovery can be allocated to solve the interference issue from multiplexing with cellular signal.
Proposal 1: For RRC_CONNECTED UEs, T2=0 is for discovery.
2.2. Value of T2 for communication
For communication, whether T2=0can be used needs further discussion. Generally, the same transmission timing for discovery and communication is preferred, since it can avoid multiple timing for D2D transmission and better support TDM/FDM between discovery and communication signal. 

For out of coverage UE and RRC_IDLE UE in coverage if communication transmission is supported for such UE, no TA is available and T2=0 is a natural choice similar to discovery. For RRC_CONNECTED UE, it will be difficult to allocate subframes only for communication and perform pure TDM between communication signal and cellular signal. If FDM between communication signal and cellular signal is allowed, using T2=0 as proposed for discovery may lead to interference to the multiplexed uplink cellular signal, especially for the important PUCCH transmission. However, if T2=TA is used for RRC_CONNECTED UE, the communication and resource multiplexing between RRC_CONNECTED and RRC_IDLE UE (if communication is supported for such UE) will be difficult similar to that described in section 2.1. Some possible solutions for the two candidates are analyzed below.
· T2=0 for RRC_CONNECTED communication UE.
· Option 1: Broadcast communication is supported only in separate spectrum from cellular spectrum.
· Option 2: Subframes only for communication are allocated. (Note that communication may need significantly larger resource overhead than discovery with this option)
· T2=TA for RRC_CONNECTED communication UE.
· Option 1: Broadcast communication transmission is not supported for RRC_IDLE UE.
· Option 2: Separate resources for RRC_CONNECTED and RRC_IDLE UE, and asynchronized communication between RRC_CONNECTED and RRC_IDLE UE.
Which value of T2 is adopted should consider the application scenarios of broadcast communication. For example, whether broadcast communication is needed in cellular spectrum, and if needed, whether RRC_IDLE UEs should also support D2D communication.
Proposal 2: For communication UEs without an active TA value, T2=0.
Proposal 3: For communication UEs with an active TA value, T2=0 or TA can be further studied based on the application scenarios of broadcast communication.
3. Conclusion 

In this contribution, we discuss the value of T2 for transmission timing of discovery and communication. Both multiplexing of different D2D signal and multiplexing between D2D signal and cellular signal are considered to determine the value. The proposals are summarized as follows:
Proposal 1: For RRC_CONNECTED UEs, T2=0 for discovery.
Proposal 2: For communication UEs without an active TA value, T2=0.
Proposal 3: For communication UEs with an active TA value, T2=0 or TA can be further studied based on the application scenarios of broadcast communication.
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