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1 Introduction
At RAN1#76, the transmitting timing for D2D discovery signal was discussed. The following working assumptions were made [1].
· If D2D discovery is supported, both Type 1 and Type 2 discovery can be supported subject to investigation and positive resolving of open issues

· Note: Following open issues has not been considered in RAN1
· Contents of discovery message

· Impact on cellular traffic

· Impact on other operator spectrum

· Lawful interception impact on RAN if any
· Potential impact on inter-eNB interfaces
· For Type 2B discovery

· If RRC_Idle UEs are not able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is FFS between: 

· TA for FDD / 624Ts +TA for TDD: 

· HW, HiSi, Telecom Italia, ZTE, Orange, E///, Fujitsu, DT, 

· T2 = 0 for FDD, T2 = 624Ts for TDD: 

· ALU, ASB, E///, LGE, ITRI, GDB, IDC, Samsung, 

· If RRC_Idle UEs are able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is:

· T2 = 0 for FDD, T2 = 624Ts for TDD

This paper will first discuss the T2 value setting for type 2 discovery and mode 1 communication. This paper will then discuss the timing signaling to support the D2D discovery/communication signals which are transmitted by the D2D UE with TA.
2 T2 value for type 2 discovery and mode 1 communication
Type 2 discovery and mode 1 communication are scheduled by the eNodeB. The D2D UE will transmit the type 2 discovery signal and mode 1 communication when scheduled by the eNodeB. For type 2A discovery, the transmitter will transmit one discovery signal after eNodeB’s scheduling. For type 2B discovery, the transmitter will transmit the discovery signal several times in the resources scheduled by the eNodeB. The D2D UE should be in connected state to get the dynamic signaling from the eNodeB in order to trigger type 2 discovery and mode 1 communication. For the connected UE with a valid TA, the signal shall be transmitted with TA. If not, there will be ICI/ISI due to incorrect transmitting timing, which will degrade the performance of cellular channels.
Proposal 1: for type-2 discovery and mode 1 communication including SA and D2D data, T2 is set to TA for FDD system, T2 is set to 624Ts +TA for TDD system.

3 Timing advance for D2D communication/discovery receiving
If the discovery/communication signal is transmitted with TA, the arriving time at the receiving UE can be ahead of the downlink reference timing derived by the receiving UE from the synchronization signals from the synchronization source. The UE will have to figure out the receiving timing for the discovery/communication signal. 
One possible solution to address this timing problem is by timing tracking based on a preamble. This solution is not reliable to obtain receiving timing for discovery/communication. Different D2D UEs can transmit discovery/communication signals in different PRBs. From the discovery/communication receiving UE point of view, there is no prior information on which PRBs discovery/communication signals occupy. To derive the receiving timing from the transmitting UE’s perspective, the receiving UE will have to track the preamble in every possible PRB which can be used for discovery/communication signal transmitting. This will lead to extra power consumption and unnecessary complexity. Besides, the performance of the timing tracking with the preamble cannot be guaranteed, since the received powers on different PRBs can vary a lot, depending on the location of the transmitting UEs. 
Proposal 2: there is no preamble for D2D discovery/communication signals.

Another solution to address the timing problem is by sending the receiving timing adjustment to the discovery receiving UE through signalling, which is discussed in the following sections.
3.1 Intra-site case
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Figure 1. Timing analysis of intra-site case
In Figure 1, let T_eNB_reference be the time of eNodeB transmitting time reference, T_eNB_receiving be the time of eNodeB receiving PUSCH, LeNB_UE1 be the propagation distance between eNodeB and UE1, LeNB_UE2 be the propagation distance between eNodeB and UE2, and LUE1_UE2 be the propagation distance between UE1 and UE2.
The time when UE1 receives downlink timing reference is (T_eNB_reference+LeNB_UE1/c). The time when UE1 transmits signals with TA is (T_eNB_receiving‑LeNB_UE1/c). So UE1’s transmitting timing advance is (T_eNB_reference‑T_eNB_receiving+2×LeNB_UE1/c).
The time when UE2 receives downlink timing reference is (T_eNB_reference+LeNB_UE2/c). The time when UE2 receives UE1’s signal is (T_eNB_receiving‑LeNB_UE1/c+LUE1_UE2/c). So UE2’s receiving timing adjustment is (T_eNB_reference‑T_eNB_receiving+LeNB_UE2/c+LeNB_UE1/c‑LUE1_UE2/c). The minimum value is (T_eNB_reference‑T_eNB_receiving) while the maximum value is (T_eNB_reference‑T_eNB_receiving+2×min (LeNB_UE2/c, LeNB_UE1/c).
Observation 1: for intra-site case, the timing advance for D2D communication/discovery reception depends on both the eNodeB Tx/Rx timing difference and the propagation distances among eNodeB and the D2D peers.
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Figure 2. Timing analysis of intra-site case
D2D signals can be multiplexed in the frequency domain. These signals may have different timing advances. Only knowing one timing advance among all timing advance values cannot avoid ICI/ISI problem. One example is shown in Figure 2. UE3 is receiving UE1’s D2D signal, UE2’s D2D signal is FDM with UE1’s D2D signal. UE2 has larger timing advance than UE1 because of UE2 is farther from the eNodeB than UE1. If the receiver UE3 only has the timing advance value of UE1 and only adjust its receiving window according this timing advance value, the D2D signal from UE2 will bring ICI/ISI and degrade the receiving performance of UE1’s D2D signal.
Observation 2: per UE based timing signaling will bring ICI/ISI because of the timing error among discovery/communication signals.
In order to cover all the D2D communication/discovery peers, the eNodeB can broadcasts the maximum timing advance for uplink cellular transmission of the UEs served by this eNodeB as the timing advance for D2D signal receiving. As an example, for an ISD of 500m, the timing advance value can be T_eNB_reference‑T_eNB_receiving + 3.33 µs.
Proposal 3: the eNB broadcasts the maximum timing advance for receiving the D2D communication/discovery signals transmitted by the UEs in this cell.
3.2 Inter-site case
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Figure 3. Timing analysis for inter-site case
In Figure 3, let T_eNB1_reference be the time of eNodeB1 transmitting time reference, T_eNB1_receiving be the time of eNodeB receiving PUSCH, LeNB_UE1 be the propagation distance between eNodeB1 and UE1, T_eNB2_reference be the time of eNodeB2 transmitting time reference, T_eNB2_receiving be the time of eNodeB2 receiving PUSCH, LeNB_UE2 be the propagation distance between eNodeB2 and UE2, LUE1_UE2 be the propagation distance between UE1 and UE2, and T_eNB2_eNB1 be the timing difference between eNodeB1 and eNodeB2.
The time when UE1 receives downlink timing reference is (T_eNB1_reference + LeNB_UE1/c). The time when UE1 transmits signals with TA is (T_eNB1_receiving‑LeNB_UE1/c). So UE1’s transmitting timing advance is (T_eNB1_reference‑T_eNB1_receiving + 2×LeNB_UE1/c).

The time when UE2 receives downlink timing reference is (T_eNB2_reference + LeNB_UE2/c). The time when UE2 receives UE1’s signal is (T_eNB1_receiving‑LeNB_UE1/c + LUE1_UE2/c‑T_eNB2_eNB1). So UE2’s receiving timing adjustment is (T_eNB2_eNB1 + T_eNB2_reference‑T_eNB1_receiving + LeNB_UE2/c + LeNB_UE1/c‑LUE1_UE2/c).

Observation 3: for inter-site case, the timing advance for D2D communication/discovery reception depends on the timing difference between eNodeBs, the eNodeB Tx/Rx timing difference, the propagation distances among eNodeB and the D2D peers.

For synchronized network deployment as shown in Figure 4, the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas shall be less than 3 (s [2]. A similar synchronization requirement of the maximum absolute deviation in the uplink frame receiving timing can be met between the cells by implementation. If so, the downlink frame timing deviation and the uplink frame timing deviation can be covered by the timing advance signaling send by the cell to the UE.
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Figure 4. Timing signaling for synchronized network
Proposal 4: for synchronized network deployment, the eNB may broadcast the maximum timing advance for receiving the D2D communication/discovery signals transmitted from the UEs served by the neighbour cells.

For asynchronous network deployment as shown in Figure 5, the eNB may broadcast the timing advances for receiving the D2D communication/discovery signals transmitted from the UEs served by the neighbor cells, assuming that the eNB has such information available. The receiving UE can derive other cell’s downlink timing reference from a D2D UE who is acting as a synchronization source and is relaying this D2D UE’s serving cell’s synchronization signals, as described in [3]. 
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Figure 5. Timing signaling for asynchronous network

4 Conclusions

This paper discussed the timing signaling to support the D2D discovery/communication signals which are transmitted by the D2D UE with TA. The following observations were made:
Observation 1: for intra-site case, the timing advance for D2D communication/discovery reception depends on both the eNodeB Tx/Rx timing difference and the propagation distances among eNodeB and the D2D peers.

Observation 2: per UE based timing signaling will bring ICI/ISI because of the timing error among discovery/communication signals.

Observation 3: for inter-site case, the timing advance for D2D communication/discovery reception depends on the timing difference between eNodeBs, the eNodeB Tx/Rx timing difference and the propagation distances among eNodeB and the D2D peers.

The following proposals are made:

Proposal 1: for type-2 discovery and mode 1 communication including SA and D2D data, T2 is set to TA for FDD system, T2 is set to 624Ts +TA for TDD system.
Proposal 2: there is no preamble for D2D discovery/communication signals.

Proposal 3: the eNB broadcasts the maximum timing advance for receiving the D2D communication/discovery signals transmitted by the UEs in this cell.

Proposal 4: for synchronized network deployment, the eNB may broadcast the maximum timing advance for receiving the D2D communication/discovery signals transmitted from the UEs served by the neighbour cells.
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