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1. Introduction
In RAN1#75 meeting, RAN1 had discussion on D2D transmission timing and agreed to make working assumption if the impact on cellular system is found to be insignificant while RRC_CONNECTED D2D UEs transmitting discovery signal based on DL reference timing [1].
Agreed way forward:

· Impact on cellular system of RRC_Connected D2D UEs transmitting discovery signal based on DL reference timing is to be evaluated
· If the impact on cellular system is found to be insignificant, then the following working assumption will be made:

· For type 1 discovery

· In FDD

· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). 

· In TDD 

· RRC_Connected D2D UEs transmit discovery signal based on one fixed value of T2
· If the value is not 0, the working assumption for RRC_idle TDD UEs will be revisited for consistency
The contribution addresses the benefits of using T2 = 0 by several examples and present potential impact on D2D signal design. 

2. Transmission timing
While considering D2D transmission timing, three types of UE status should be taken into account, including: 

· RRC_CONNECTED UEs (i.e. UEs having active timing advance as UL timing to eNB), 
· RRC_IDLE UEs (i.e. UEs having only DL timing), and 
· Out-of-coverage UEs (i.e. UEs having neither DL nor UL timing)  
In RAN1#74bis, working assumption has been agreed that at least for discovery, any UEs that do not have an active timing value, including RRC_IDLE UEs and Out-of-coverage UEs, use T2 = 0 as D2D transmission timing [2]. Then the issue remained is at which timing RRC_CONNECTED UEs transmits, DL timing (T2 = 0), UL timing (T2 = Timing Advance), or an averaged timing (e.g. T2 = TA/2) [3]-[5]. 
Fig. 1 illustrates an example of DL timing for UEs located at different distance from eNB. UE#1, #2, and #3 have distances subsequently from close to far from eNB. Due to propagation delay, three UEs detect and obtain differently DL timing, T_DL_1, T_DL_2, and T_DL_3, respectively. UE#4 is located at the same distance of UE#1 from eNB, so UE#4 will obtain T_DL_1 as its DL timing. 
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Fig. 1 An example of DL timing for D2D UEs

If DL timing (T2 = 0) is adopted for RRC_CONNECTED UEs, D2D transmission from these UEs will cause varied time advanced or delayed arrival at the rest D2D UEs. 
When UE#1 performs D2D transmission, UE#4, having the same DL timing as UE#1, will receive the transmission with a propagation delay between UE#1 and UE#4. UE#2 and UE#3, having late-started DL timing as compared UE#1, will receive the transmission at from the beginning of their own DL timing to an extra propagation delay, determined by distance between UE#1 and UE#2 or UE#1 and UE#3, respectively. 

When UE#2 performs D2D transmission, UE#1, UE#4, having the advanced DL timing, will receive the transmission with a delay due to DL timing (UE#1 and UE#4 have started to count their timing before UE#2 transmits) and a propagation delay between UE#2 and UE#1, between UE#2 and UE#4, respectively. UE#3, having late-started DL timing as compared UE#2, will receive the transmission at from the beginning of its own DL timing to an extra propagation delay, determined by distance between UE#2 and UE#3. 
Accordingly, if DL timing (T2 = 0) is adopted for RRC_CONNECTED UEs, it could help simplify timing issue of D2D transmission as a propagation delay issue. Moreover, it could also align with previously agreed working assumption for RRC_IDLE UEs and Out-of-coverage UEs. Therefore, working assumption should be made for all UEs. 
Proposal#1: DL timing (T2 = 0) is used as D2D transmission timing for all UEs.

In case RRC_CONNECTED UEs do not apply timing advance on UL spectrum, it will cause certain overlap between D2D transmission and cellular UL transmission. Potential overlap demands a guard time at the end of the D2D transmission signal to avoid inter-subframe interference between D2D and cellular signals. Furthermore, half-duplex D2D transmission also demands certain time for switching between transmission and reception. 
Fig. 2 shows preliminary design of D2D transmission signal according to above discussion. Time gap is required to handle propagation delay and transmission/reception switching. Whether timing buffer is required or not might need further investigation after DL timing (T2 = 0) is confirmed as working assumption of D2D transmission timing for all UEs. 
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Fig. 2 D2D transmission signal

3. Conclusions

The contribution addresses the benefits of using T2 = 0 by several examples and present potential impact on D2D signal design. It is proposed to confirm working assumption of using DL timing (T2 = 0) as D2D transmission timing for all UEs.
Proposal#1: DL timing (T2 = 0) is used as D2D transmission timing for all UEs.
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