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1 Introduction
Transmit timing of discovery signals was discussed in RAN1#74 meeting [1] and RAN1#74b meeting [2] . In this contribution, we further discuss transmit timing, receive timing and subframe design for D2D communication/discovery.
2 Discussion
2.1 Tx/Rx Timing and cyclic prefix length for D2D communication and discovery

Compared to the reference timing achieved by monitoring reference synchronization signals, D2D UEs need to have some timing advance for transmitting D2D signals, like the case of DL synchronization and UL transmission timing in traditional cellular transmission. For the sake of simplicity, we label a ProSe UE which achieves a valid timing advance to compensate the propagation delay between itself and timing reference (serving eNB or group master) as an ‘active-like’ UE, while a ProSe UE which does not have a valid timing advance as a ‘idle-like’ UE. 
For the D2D transmission timing, it is natural for an ‘active-like’ UE to keep the same behavior as the normal UEs transmitting uplink signals using the timing reference from eNodeB or group master and the corresponding timing advance. The ‘idle-like’ UE has been agreed to have the receiving timing reference as the timing reference for D2D transmission [3].
Proposal 1: the ‘active-like’ UE’s D2D Tx timing is adjusted by the timing advance to the timing reference from eNodeB or group master.
Each UE has a different UL Tx timing. Figure 1 is an example when the UEs within one eNodeB coverage have different timing advances to this eNodeB. The eNodeB will adjust both UE1’s and UE2’s timing advances to align UE1’s and UE2’s signals received by the eNodeB. In a typical network configuration, the timing advance can be the free space propagation delay of the round trip between eNodeB and the UE. Such a UL transmission timing advance can be also applied to D2D transmission. 
For receiving D2D data, UE may have two alternative timing references. One is the downlink timing reference derived from cellular signal reception. The other one is to use the cellular uplink transmission timing as the D2D data reception timing, which takes into account the timing advance. The first alternative may result in that the arrival time of OFDM symbol is ahead of the reception window, while second alternative can guarantee the receiver will get whole OFDM symbols given the length of the cyclic prefix is larger than the propagation delay for the maximum round trip. In a regular hexagon networks, the maximum round trip would be 2309m for 1732m ISD and 667m for 500m ISD, which corresponds to 7.7µs CP length and 2.2µs CP length, respectively.
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Figure 1. UE’s different timing advances

Another scenario in which RX timing should be carefully investigated is the co-existence of “active-like” and “idle-like” UEs. 
Case 1: ‘active-like’ UEs transmit and receive D2D signals but ‘idle-like’ UEs can only receive D2D signals
In this case, the ‘active-like’ UE uses uplink timing as the receiving reference. For a ‘idle-like’ UE, the D2D receiving timing can reuse downlink receiving timing with the timing advance of cyclic prefix to overcome the possible worst case (transmitting UE and receiving UE are both located in cell edge). By this way, whole OFDM symbols could be successfully covered by reception window if the length of the cyclic prefix is larger than the propagation delay for the maximum round trip. 

Case 2: If both ‘active-like’ UEs and ‘idle-like’ UEs can transmit and receive D2D signals
As in case 1, the ‘idle-like’ UE adjust the receiving timing by advance downlink timing with 0.5 cyclic prefix to ensure whole OFDM symbols could be successfully covered by reception window if the length of the cyclic prefix is larger than the twice of the propagation delay for the maximum round trip. In a regular hexagon networks, the maximum round trip would be 2309m for 1732m ISD and 667m for 500m ISD, which reflects into 15.4µs CP length and 4.4µs CP length, respectively.

A summary of the length of the cyclic prefix under different condition is listed in Table 1.
Table 1. CP length in different conditions

	UE behaviors
	‘Active-like’ UE: Tx/Rx
	‘Active-like’ UE: Tx/Rx

‘Idle-like’ UE: Rx
	‘Active-like’ UE: Tx/Rx

‘Idle-like’ UE: Tx/Rx
	 ‘Idle-like’ UE: Tx/Rx

	CP length
	Larger than maximum round trip
	Larger than maximum round trip
	Larger than double of maximum round trip
	Larger than maximum round trip


The downlink tracking error for the UE could as large as ±0.5 µs[4], which means a maximum 1 µs timing ambiguity for downlink timing. In addition, the UEs may also be served by different eNodeBs. In synchronized networks, the maximum timing difference between eNodeBs can be 3 µs. These time misalignments should be also compensated by the cyclic prefix, which means additional 4µs redundancy should be reserved in CP. 
Proposal 2: for D2D communication and discovery, the ‘idle-like’ UE’s Rx timing is adjusted by cyclic prefix length to the downlink timing reference; the ‘active-like’ UE’s Rx timing is adjusted by the uplink timing advance to the downlink timing reference.

Proposal 3: the length of cyclic prefix for D2D discovery and communication should be larger than 6.22µs (2.22µs + 1µs+3µs).
2.2 Switch time between D2D transmitting and reception
Similar to a TDD system, a switch time for the D2D Tx-Rx transition is needed. A straightforward scheme is to reserve a fixed switch time in each D2D subframe either in the head or the tail of each D2D subframe. Taking into consideration of the CP length requirements discussed in 2.1, Figure 2 (a), (b) and (c) are three options of subframe structure in which one OFDM symbol per D2D subframe is removed and the saved time was added to gap and extend CP. In these options, the gap is 768Ts which is larger than the requirement 624Ts, and the CP length is 8.33µs which also meet the requirement by proposal 3.
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Figure 2. Subframe configuration for D2D discovery/communication, with gap
Figure 3 provides another alternative. In this design, no specific gap is reserved, but  the CP length of the first OFDM symbol is extended to be 14.58µs, which can provide extra benefits for AGC tuning and synchronization between D2D UEs.  The CP length for other OFDM symbols is 9.90µs, which also meet the CP length requirements.
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Figure 3. Subframe configuration for D2D discovery/communication, without gap
Proposal 4: Subframe structure in Figure 3 is adopted for D2D communication/discovery.
3 Conclusions
This paper discussed the timing, the CP length design and the subframe design for D2D communication/discovery. We propose:
Proposal 1: the ‘active-like’ UE’s Tx timing is adjusted by the timing advance to the timing reference from eNodeB or group master.
Proposal 2: for D2D communication and discovery, the ‘idle-like’ UE’s Rx timing is adjusted by cyclic prefix length to the downlink timing reference; the ‘active-like’ UE’s Rx timing is adjusted by the uplink timing advance to the downlink timing reference..

Proposal 3: the length of cyclic prefix for D2D discovery and communication should be larger than 6.22µs (2.22µs + 1µs+3µs).

Proposal 4: Subframe structure in the following is adopted for D2D communication/discovery.
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