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1
Introduction
RAN1#74bis made the following working assumption related to transmission timing for discovery when the D2D UE is in-coverage [1]:

	Working Assumption:

· 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




Furthermore, RAN2#83bis made an agreement to allow D2D UEs to transmit discovery message in both IDLE and Connected mode [2]: 

	Agreements
1
Transmission of discovery messages should be supported in IDLE mode and in Connected mode. In both modes the UE needs to be allowed by the NW to transmit these messages. The NW needs to be in control of the resources and transmission mode (CONNECTED and/or IDLE) that the UEs may use to transmit Discovery signals. The details (Type 1 or Type2; SIB or dedicated) are FFS.


In this contribution we discuss about transmission timing for the Connected mode UEs that are having an active timing advance value.
2
Discussion
UE discovery resources are to be allocated on uplink resources in semi-static/periodic manner. Based on agreements in RAN1#74bis and RAN2#83bis both RRC_IDLE and RRC_CONNECTED mode UEs are able to transmit UE discovery messages. Transmit timing for RRC_IDLE mode UEs is determined by the received downlink signal (T2=0) whereas in RRC_CONNECTED mode there are different options, among others T2=0 and T2=TA/2. 
What makes multiplexing discovery resources with normal cellular communication in uplink problematic is the transmit timing difference between the two. While normal cellular uplink transmissions are transmitted in advance compared to eNB transmit timing the discovery transmissions from UEs not having an active timing advance value would be transmitted after the eNB transmit timing per working assumption stated above. That means that if the subframe following discovery subframe is a normal uplink subframe, the discovery transmission need to be over before the start of normal cellular uplink transmissions using the TA to avoid inter-TTI overlap between discovery and cellular transmissions, and thus full 1 ms TTI cannot be applied for discovery transmissions. 
For the UEs without an active TA, the earliest transmit timing within a discovery subframe would be determined by UEs close to cell center that would transmit almost with the same timing as eNB while UEs in cell edge would have later transmit timing. 

Without possibility to adjust the transmit timing in optimal way to each receiver such that transmissions from multiple transmitters would arrive at the same time at the receiver since there are multiple receivers and given that discovery transmissions from multiple transmitters are to be multiplexed in frequency domain in one subframe, the common transmit timing among the transmitters would be the optimal choice in order to minimize required cyclic prefix length. That can be seen with a simple analysis in which a receiver UE and one transmitter UE are located close to eNB while the other transmitter is in cell edge as illustrated in the following figure. The eNB is a synchronization reference for the UEs in discovery. 
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Figure 1 Illustration of setup leading to the largest timing difference between the transmitters. 
Further, following chart illustrates minimum required cyclic prefix as a function cell radius for the cases when T2=0 and T2=TA/2 for the scenario depicted above. It should also be noted that margin/guard for delay spread, UEs’ timing errors, etc. are not taken into account and thus the actual required cyclic prefix would be larger.
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Figure 2 Required cyclic prefix as a function of cell radius for T2=0 and T2=TA/2. 

To maximize the amount of UEs transmitting with the common timing it’s proposed that UEs having active TA would utilize TA/2 as their transmit timing in discovery subframes. 
Proposal 1: Connected mode UEs having an active TA apply T2=TA/2 as a transmit timing. 
3
Conclusions

In this contribution we discussed the ProSe UE discovery transmit timing aspects and propose the following for the Connected mode UEs having an active TA:
Proposal 1: Connected mode UEs having an active TA apply T2=TA/2 as a transmit timing.
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