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1. Introduction
In RAN1#74, the D2D signal transmission timing options were updated as follows:

· 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
This contribution discusses the signal transmission timing for D2D communications.
2. Discussion on D2D communication signal transmission timing
Communication signal transmission timing 

It was agreed that PUSCH timing is supported within network coverage. Using PUSCH timing has several advantages as follows: 

1) Frequency multiplexing with WAN: Due to having same timing between WAN and D2D, frequency multiplexing can be easier than using different timing for D2D communication. This leads to the increased resource allocation flexibility.   
2) Guard period: There was a working assumption that PUSCH structure is reused for D2D data communication physical channel. Also, it was agreed that TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective. In multiplexing WAN and D2D, some guard period including at least for Tx-Rx switching period is needed. The size of guard period is dependent with the timing difference between WAN and D2D signal transmission. It is desirable that the placement of the guard period is in D2D subframe to minimize WAN impact. To minimize the size of guard period, in other words, to maximize the available REs for D2D data mapping, PUSCH timing is beneficial. 
However, for receiver UE perspective, as pointed out in [1], [2], using PUSCH timing of transmitter UE for D2D communication without any transmit timing indication to D2D receiver UEs can be problematic if RRC idle UEs should be able to receive D2D communication signals. This is because there may exist large timing difference between RRC idle UE (e.g. D2D receiver UEs) and RRC connected UE (e.g. D2D transmitter UE). To resolve the excessive timing difference between D2D transmitter and D2D receiver UEs especially with RRC-idle mode, eNB can indicate an offset to guide the receivable timing of D2D receiver UE(s) with RRC-idle state. As proposed in [3], eNB transmits msg 2 signal that conveys the TA value of the D2D transmitter UE to D2D receiver UEs even with RRC idle state. For another example, eNB can inform the maximum TA in the cell to RRC-idle UEs. The maximum TA value can be used for assuming the earliest timing of D2D signal reception in the cell, then the receiver UE can start to search D2D signal from that point. If SRS is transmitted in the first symbol in D2D subframe as proposed in [4], the receiver UE starts to search the transmitted SRS from the eNB indicated point, and then the residual timing error can be adjusted by receiver UE. Figure 1 illustrates an example for D2D receiver timing setting for D2D communication signal reception.  
If there are multiple UEs in a cell to transmit D2D communication signal and there is large difference between the TAs in a cell, receiver UEs suffer from different timing from multiple transmitters. When the TA difference is too large, using extended CP can absorb the timing difference within CP duration.
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Figure 1 D2D receiver timing setting for D2D communication signal reception
Observation 1: Using PUSCH timing for D2D communication without any transmit timing indication to D2D receiver UEs can be problematic since there exists large timing difference between RRC idle UE (e.g. D2D receiver UEs) and RRC connected UE (e.g. D2D transmitter UE).
Observation 2: It can be beneficial that eNB indicates an offset to guide the receivable timing of D2D receiver UE(s) with RRC-idle state.

Observation 3: When the TA difference is too large, using extended CP can absorb the timing difference within CP duration.
Proposal 1: For D2D communication signal reception, eNB should indicate an offset to D2D receiver UEs. The offset value is FFS. 
Relation to discovery timing 

As discussed earlier, taking PUSCH timing for D2D communication in network coverage can be beneficial but the PUSCH timing is different with the discovery signal transmission timing. One way to notify the (exact or coarse) transmit timing of communication signal to D2D receiver UEs is eNB signalling as mentioned above. The timing reference is common to communication and discovery in this method, for example a single D2DSS is used for both purposes. Assuming that the timing reference provided by D2DSS is transmitted at the DL RX timing of the transmitter, when a UE receives D2D communication signal, the UE can adjust receiver circuit to the eNB indicated offset. When a UE receives or transmits discovery signal, the UE can set a pre-defined T2 value (e.g., T2=0 in FDD) [5]. Another way is to have separated timing reference for discovery and communication. In this case, there can be two kinds of D2DSSs and each UE should track two different timings. In this method, different D2DSS format for D2D communication to distinguish it can be designed or an indicator for distinguishing the purpose can be inserted in PD2DSCH. Note that this is in order that receiver UE does not average out the timing between D2DSSs with different purposes. 
Observation 4: If D2DSS for D2D communication is transmitted, the D2DSS should be distinguished with the D2DSS for D2D discovery.  
Transmit timing other than PUSCH timing
It may be feasible to support another D2D communication transmit timing other than the agreed Option 1.3. As an example, a method following the transmit timing of type 1 discovery may be considered for the communication case as well, e.g., in order to allow the in-coverage D2D communication without having connections to the eNB. 
We can observe some commonality between such a communication method with type 1 discovery in terms of timing (use of DL reception timing) and resource allocation method (resource selection by each transmitter). One difference would be the resource period and pattern. The discovery resource can be configured in a bursty way with a long period, for example several seconds, as the discovery latency is not a big concern. On the other hand, the period of the D2D communication resource cannot be such a long period due to the packet delay constraint of D2D communication. In discovery, the guard period due to the timing difference between WAN and D2D signals can be placed only in the last subframe among one discovery period, so the available resource reduction is marginal. However, since the resource pool configuration cannot be burst similar with discovery, the available resource reduction ratio due to the guard period is not negligible. Also frequency multiplexing with WAN is not feasible, so much more impact is expected on WAN UL because D2D communication is generally expected to consume more resources than discovery. 
Observation 5: In network coverage, using DL timing for D2D communication leads to available resource reduction due to the guard period to handle timing misalignment between D2D and WAN transmission timing. Thus, further study is needed whether to allow DL timing for D2D communication or not.
3. Conclusion
This contribution discussed D2D communication signal transmission timing. Following observations and proposal were made: 
Observation 1: Using PUSCH timing for D2D communication without any transmit timing indication to D2D receiver UEs can be problematic since there exists large timing difference between RRC idle UE (e.g. D2D receiver UEs) and RRC connected UE (e.g. D2D transmitter UE).
Observation 2: It can be beneficial that eNB indicates an offset to guide the receivable timing of D2D receiver UE(s) with RRC-idle state.

Observation 3: When the TA difference is too large, using extended CP can absorb the timing difference within CP duration.
Observation 4: If D2DSS for D2D communication is transmitted, the D2DSS should be distinguished with the D2DSS for D2D discovery.  
Observation 5: In network coverage, using DL timing for D2D communication leads to available resource reduction due to the guard period to handle timing misalignment between D2D and WAN transmission timing. Thus, further study is needed whether to allow DL timing for D2D communication or not.
Proposal 1: For D2D communication signal reception, eNB should indicate an offset to D2D receiver UEs. The offset value is FFS. 
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