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1 Introduction
In RAN1 #74bis, the following working assumption on type-1 discovery timing was agreed [1]. 
· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

· FFS for UEs with an active timing advance value
In this paper, we provide some further discussion about the timing control, together with some observations and proposals. 
2 Timing control for UEs with active timing advance value
For UEs with an active timing advance (TA) value, the conventional TA method (i.e., timing advance by round trip delay) could be used in principle, such that some potential cross-interference with cellular signals may be alleviated. However, with this timing control method,  UEs with an active timing advance value (i.e., RRC_Connected UEs whose TAT has not expired) are not time aligned with UEs without an active timing advance value and may therefore have negative impacts on the D2D discovery and communication . Therefore, we discuss two questions in this section: 
1) What are the negative impacts of inconsistent timing control for UEs with and without active TA 
2) If the UEs with active TA use the same timing control method as UEs without active TA (i.e., T2=0), could the potential interference with cellular signals be avoided? 
Negative impacts of inconsistent timing control: 

Here, we compare the use of T2=TA for active-TA UEs with the use of T2=0 for these UEs, and see whether using T2=TA negatively impacts the D2D discovery performance. 
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Figure 1: an example scenario for timing analysis
Taking the scenario shown in Figure 1 as an example, UE1 and UE2 are both discovery signal transmitters and respectively have and do not have active TA. UE3 is the discovery signal receiver. We consider two positions for the receiver UE3, that is, position 1 at the cell center and position 2 at the cell edge. Assuming that the transmitters are within the discovery range of the receiver, we can easily derive that:
· If UE1 uses T2=TA

At position 1, UE3 receives UE2’s signal with positive timing delay equal to the round trip delay (compared with the DL reception timing reference), while it receives UE1’s signal with zero timing delay. 

At position 2, UE3 receives UE2’s signal with zero timing delay, while it receives UE1’s signal with negative timing delay equal to the round trip delay. 
It is assumed that position 1 is close to the eNB and position 2 is close to UE1 and UE2 and the distance in between is ignored. 

· If UE1 uses T2=0

At position 1, UE3 receives both UE1’s and UE2’s signals with positive timing delay equal to the round trip delay.
At position 2, UE3 receives both UE1’s and UE2’s signals with zero timing delay.

Observation-1: With T2=TA for active-TA UEs and T2=0 for UEs without active TA, the potential timing offset range of the received discovery signals at the discovery receiver is larger than (about double) the timing offset range with uniform timing control. 

Observation-2: With uniform timing control (i.e., T2=0 for all discovery UEs), all the received intra-cell discovery signals at the discovery receiver have positive time delay compared with the DL receiving timing reference. 
Interference avoidance with consistent timing control: 
If the timing control (T2=0) is used for all UEs regardless of whether they have active TA, the received discovery subframes at eNBs are not time-aligned with the received ordinary cellular subframes and thus, cross interference will emerge (at inter-subframe boundaries). In addition, at each discovery receiver, the received discovery subframe signals are also not aligned with each other (with timing offsets as mentioned above). The potential interference issue would need to be addressed to enable D2D discovery to work effectively and coexist with cellular networks. 
In fact, the potential interference mentioned here can be easily avoided by reserving  a guard time within the discovery subframe. Note that with the timing control method of T2=0, the received discovery signals are always positively delayed at the eNB compared with the received cellular subframes (which use conventional TA), and, as described in observation-2, at the discovery receiver all the received intra-cell discovery signals also have positive time delays. Thus, we have the following proposals:
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Figure 2: inter-subframe interference avoidance with guard time

Proposal-1: All discovery UEs, whether they have active timing advance values or not, use T2=0. 

Proposal-2: A guard time is used at the end of the discovery subframe to avoid inter-subframe interference and at the same time enable TX/RX switching. 
3 Conclusions
In this paper, we discussed the timing control methods for discovery UEs. The following observations and proposals are made:. 
Observation-1: With T2=TA for active-TA UEs and T2=0 for UEs without active TA, the potential timing offset range of the received discovery signals at the discovery receiver is larger than (about double) the timing offset range with uniform timing control. 

Observation-2: With uniform timing control (i.e., T2=0 for all discovery UEs), all the received intra-cell discovery signals at the discovery receiver have positive time delay compared with the DL receiving timing reference. 
Proposal-1: All discovery UEs, whether they have active timing advance values or not, use T2=0. 

Proposal-2: A guard time is used at the end of the discovery subframe to avoid inter-subframe interference and at the same time enable TX/RX switching.
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