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1 Introduction

At the RAN1#74bis, the synchronization aspects for support of D2D operation in LTE technology were discussed for multiple deployment scenarios (within/partial/out of network coverage). One of the questions that relates to synchronization is the TX timing for D2D communication. Up to date, RAN1 WG identified several options and has made the following agreements with respect to D2D transmit timing:
· 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.
2 Discussion on D2D Transmit Timing
For D2D operation, within network coverage it is important to decide which timing is used by D2D transmitters for communication within network coverage. In this section, we assume that T1 is the reception time of the eNodeB/PRH reference signals at the UE side and T2 is the offset to this reference. There are at least three options that need to be considered and further analyzed at the link and system levels:

· Option A. DL TX/UL RX timing (T1-T2, where T2 is propagation delay (RTT/2) between eNodeB and UE).
· Option B. UL TX timing (cellular operation, T1-T2, where T2 is RTT between eNodeB and UE)

· Option C. DL RX timing (time of arrival of eNodeB sync signal, as transmit timing reference T1, T2 = 0)

It should be noted that Option B, when D2D transmitters use UL TX timing is already supported by cellular UE terminals. Clearly that this option is more preferable from eNodeB side perspective, since D2D transmission will be time aligned at the eNodeB side with cellular transmissions and thus reduced interference can be expected. On the other hand for reception of the D2D signals from multiple transmitters the Option A (when all D2D terminals transmit synchronously) is more preferable from D2D signal reception perspective since it substantially reduces variance of time of arrival difference from multiple transmitters. The effect of different strategies for D2D transmit timing is illustrated in Figure 1 where difference of time of arrival for two strongest broadcast transmitters is considered at the eNodeB and D2D receiver side respectively. The uniform user drop scenario of layout Option 5 was used to illustrate the effect of different strategies for D2D timing.
	Option A. (DL TX/UL RX Timing)
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(a) UE RX side
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(d) eNodeB RX side

	Option B. (UL TX timing)
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(b) UE RX side
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(e) eNodeB RX side

	Option C. (DL RX timing)
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(c) UE RX side
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(f) eNodeB RX side

	Figure 1: On D2D transmit timing and time of arrival/pathgain difference for two strongest TXs


Observation 1
· From the eNodeB/network perspective, the UL TX timing is advantageous since D2D transmissions are aligned in time with cellular transmissions in majority of cases.
· On the other hand, the usage of UL TX timing increases the difference of signal TOA from multiple D2D transmitters comparing to the case when all D2D transmitters operate synchronously (DL TX timing).
· The both UL TX Timing (Option B) and DL RX timing (DL RX timing) increase difference in time of arrival of signals from multiple D2D transmitters. The latter complicates processing of signals from multiple D2D transmitters operating in FDM mode and may require the usage of the extended CP.
Based on the above discussion, we believe that option 1 and option 3 should be considered for D2D transmit timing. For D2D communication within network coverage, it is advantageous that all D2D transmitters use the same transmit timing, e.g. the DL TX timing. In this case the value of T2 should be set to half of the timing advance TA/2. Additional UE common offset Toffset may need to be introduced to accommodate TX/RX switching in TDD or to reduce the impact of inter-symbol interference at the eNodeB receiver which may need to be further analyzed.
Proposal 1
· Option 1 and Option 3 are further considered for D2D transmit timing.

· Synchronous transmission of D2D signals is considered.
· The T2 value equal to TA/2 is used to align D2D transmit timing.

3 Conclusions
In this contribution, we have discussed the transmit timing for D2D communication within network coverage scenario. We have shown that from the UE terminal perspective it is more advantageous to use DL TX timing for D2D communication due to reduced variation in time of arrival of received signal from multiple transmitters. Based on current analysis we have the following observations and proposals:
Observation 1
· From the eNodeB/network perspective, the UL TX timing is advantageous since D2D transmissions are aligned in time with cellular transmissions in majority of cases.

· On the other hand, the usage of UL TX timing increases the difference of signal TOA from multiple D2D transmitters comparing to the case when all D2D transmitters operate synchronously (DL TX timing).

· The both UL TX Timing (Option B) and DL RX timing (DL RX timing) increase difference in time of arrival of signals from multiple D2D transmitters. The latter complicates processing of signals from multiple D2D transmitters operating in FDM mode and may require the usage of the extended CP.
Proposal 1
· Option 1 and Option 3 are further considered for D2D transmit timing.

· Synchronous transmission of D2D signals is considered.

· The T2 value equal to TA/2 is used to align D2D transmit timing.
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