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1 Introduction
The following has been so far agreed on the transmit timing for D2D [1].
In cases when at least one D2DSS is received by a UE, which is always the case at least in-coverage:

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

· T1 is the reception timing of the D2DSS transmitted by the D2D Synchronization Source that the UE uses as the timing reference
· T2 is an offset which is positive, negative, or zero.

The value of T2 can be one of the following options.

· Option 1: The selected D2D Synchronization Source used as the timing reference for transmission of its D2D signal is an eNodeB (not precluding the possibility that different D2D Synchronization Sources may be used as the timing reference at different times).

· In this option, the eNodeB may or may not be the serving eNodeB 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 selected D2D Synchronization Source used as the timing reference for transmission of its D2D signal is a UE (not precluding the possibility that different D2D Synchronization Sources may be used as the timing reference at different times). 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE

NOTE: 
The D2DSS received from a D2D Synchronization Source might in practice in some situations be comprised of SFN transmissions from multiple D2D Synchronization Sources (although, of course this is not visible to the receiver). 

· Option 4: Void 

· Option 5: The selected D2D Synchronization Source used as the timing reference for transmission of its D2D signal is an external source, for example GNSS.

For D2D discovery signal within network coverage, Options 1 and 5 are considered for further study. For D2D discovery signal outside network coverage, Options 3 and 5 are considered for further study.

For D2D communication signal, Options 1, 3, and 5 are considered for further study. At least option 1.3 is supported for within network coverage.
Further study is required for the transmission timing in cases when a D2DSS is not received. 
2 Transmit Timing of D2D UEs and Impact on Cellular UL
Two modes of D2D transmitter UEs were agreed in RAN1#76 [2]: Mode 1 and Mode 2. The two modes differ in how the resources for D2D transmission are allocated to the UE. Also, the information available in the UEs and the possibility for resource coordination are different, depending on the mode. Namely, due to the lack of network assistance, Mode 2 UEs have to act more autonomously and therefore may cause a severe impact on the cellular network performance and also on the D2D performance. To partly address the issue, quard periods and/or extended CP might be required when D2D service is used in the network, which would however be at a cost of less available radio resources and reduced capacity.
Agreements [2]:
· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage
2.1 D2D Communication
For communication, the UE transmits SAs and D2D data. Next, we analyse transmit timing for Mode 1 UEs for both SAs and D2D data, more specifically using TA for deriving the transmit timing offset T2 (T1 would be based on DL synchronization signals in this case).

· Observation: UEs using its TA for transmit timing for D2D transmissions in the UL spectrum do not cause interference issues for cellular operation which otherwise would occur due to time misalignment at the eNodeB receiver.
2.1.1 Transmit Timing for Mode 1 UEs

According to the agreements in [2], Mode 1 UEs are allocated the exact resources for D2D by the network. It is therefore reasonable to assume that the following are valid for Mode 1 UEs:

· Mode 1 UEs are in RRC_CONNECTED state,

· Mode 1 UEs have an active TA (through receiving TA commands from the network).

With the TA information available, the receiving D2D UE can properly adjust its receive time window for receiving the D2D data, as clarified next. An example is illustrated in Figure 1, where UE3 uses its cellular UL TA for D2D transmissions, and UE1 & UE2 are receiving the D2D data. In this example, when the transmit timing is based on TA the maximum receive time window at UE1 & UE2 is y, which is determined by the D2D range. For example, y=300 m, which is equivalent to 1 µs. Thus, normal CP may be used for D2D data transmissions with TA-based transmit timing. Extended CP might otherwise be required without using TA for the transmit timing of D2D data. From Figure 1, it can also be observed that the DL-based transmit timing (i.e., T2=0) would create ICI for UE1.
For transmitting SAs by Mode 1 UEs, to avoid the interference impact on cellular performance due to time misalignment, the transmit timing could also based on TA. However, if Mode 1 and Mode 2 UEs can happen to transmit SA in the same subframe which is to be the subframe with D2DSS, a more generic solution would be to have T2=0 for any SA transmission for both Mode 1 and Mode 2 UEs. In this case, the maximum receive time window is larger than for receiving the D2D data but still within the normal CP when the delay spread is not large.
· Proposal 1: TA is included in the SA transmitted by Mode 1UEs to facilitate reception of D2D data at D2D receivers (as also suggested in [3]).

· Proposal 2: For D2D data transmissions, Mode 1 UE should determine T2 based on TA. More specifically, T2=TA for FDD and T2=624 Ts +TA for TDD, and

· Option 1.3 [1] is preferred, whenever possible, i.e., T2 is derived from the PUSCH transmit timing associated with the cell, provided the UE knows the PUSCH timing;

· Option 1.2 [1] may also be considered, i.e., eNodeB either includes the TA information in D2D resource grant or provides TA through the legacy means when it knows that the UE is in D2D mode, e.g., upon  receiving a D2D resource request from the UE.
· Proposal 3: For SA transmissions, Mode 1 UE should use T2=0 for FDD and T2=624 Ts for TDD.
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Figure 1. TA-based transmit timing for Mode 1 UEs.
2.1.2 Transmit Timing for Mode 2 UEs
It is the assumption in this section that Mode 2 UEs are out-of-coverage UEs and coverage-edge UEs, which would typically not receive the TA information from the network and would not have an active TA.
· Proposal 4: For D2D communication, including SA and D2D data transmissions, Mode 2 UEs, which are out of coverage or at the edge of coverage, should use T2=0 for FDD and T2=624 Ts for TDD.
2.2 D2D Discovery
Some further agreements have been made on transmit timing offset for D2D discovery [1].

Working assumption: Any UEs that do not have an active timing advance value use T2=0 for FDD and T2 = 624Ts for TDD. Such UEs include: 

· RRC_IDLE UEs in-coverage (if transmission of discovery signal is supported for such UEs)
· Out-of-coverage and edge-of-coverage UEs that do not have an active timing advance (TA) value.
Working assumption: For Type 1 discovery: 
· For FDD, RRC_CONNECTED UEs transmit their discovery signal using T2 = 0.

· For TDD, RRC_CONNECTED UEs transmit their discovery signal using T2 = 624Ts.

· FFS possible solutions to address overlap between uplink WAN and discovery signals.

Working assumption: For RRC_CONNECTED UEs that transmit Type 2B discovery:

· If RRC_IDLE UEs are not able to transmit Type 2B discovery, the value of T2 is FFS between: 

· T2 = TA for FDD and T2 = 624Ts +TA for TDD.

· T2 = 0 for FDD and T2 = 624Ts for TDD.

· If RRC_IDLE UEs are able to transmit Type 2B discovery, the value of T2 is T2 = 0 for FDD and T2 = 624Ts for TDD.

In the above, the remaining open issue is for RRC_CONNECTED UEs transmitting Type 2B discovery particularly if RRC_IDLE UEs are not able to transmit Type 2B discovery. Similar to D2D communication, TA may be not available for Mode 2 UEs, therefore, to have a generic solution for all UEs it is proposed to adopt the same approach as for SA transmissions.
· Proposal 5: For RRC_CONNECTED UEs that transmit Type 2B discovery:
If RRC_IDLE UEs are not able to transmit Type 2B discovery, the value of T2 is: 

T2 = 0 for FDD and T2 = 624 Ts for TDD.

3 Summary

The following have been proposed in this contribution:
· Proposal 1: TA is included in the SA transmitted by Mode 1UEs to facilitate reception of D2D data at D2D receivers (as also suggested in [3]).

· Proposal 2: For D2D data transmissions, Mode 1 UE should determine T2 based on TA. More specifically, T2=TA for FDD and T2=624 Ts +TA for TDD, and

· Option 1.3 [1] is preferred, whenever possible, i.e., T2 is derived from the PUSCH transmit timing associated with the cell, provided the UE knows the PUSCH timing;

· Option 1.2 [1] may also be considered, i.e., eNodeB either includes the TA information in D2D resource grant or provides TA through the legacy means when it knows that the UE is in D2D mode, e.g., upon  receiving a D2D resource request from the UE.
· Proposal 3: For SA transmissions, Mode 1 UE shoulduse T2=0 for FDD and T2=624 Ts for TDD.
· Proposal 4: For D2D communication, including SA and D2D data transmissions, Mode 2 UEs, which are out of coverage or at the edge of coverage, should use T2=0 for FDD and T2=624 Ts for TDD.
· Proposal 5: For RRC_CONNECTED UEs that transmit Type 2B discovery:
If RRC_IDLE UEs are not able to transmit Type 2B discovery, the value of T2 is: 

T2 = 0 for FDD and T2 = 624 Ts for TDD.
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