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1
Introduction
During RAN1#74bis the following working assumption was agreed to [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 contribution we discuss discovery transmission timing for RRC_CONNECTED UEs. We propose that within coverage if RRC_IDLE UEs (i.e. UEs with no active timing advance) are participating in discovery then RRC_CONNECTED UEs (i.e. UEs with active timing advance) should also use T2=0 for transmission and reception. 

· In Section 2 we discus various options for transmission timing of RRC_CONNECTED UEs
· Section 3 presents some system level simulation results for synchronous deployment
· Section 4 concludes the contribution
2
Transmission Timing Options

A RRC_CONNECTED UE has access to both downlink and uplink timing. It can either transmit using downlink or uplink timing or with a combination of downlink and uplink timing. In this contribution we consider three options.

· Downlink timing, i.e., set T2 = 0

· Uplink timing, i.e., set T2 = timing advance

· Average of  downlink and uplink timing, i.e., set T2 = timing advance/2 

Setting transmission time to downlink timing has been discussed in our previous contribution [2]. It was shown that if all UEs use downlink timing for transmission of discovery signal timing difference between any two UEs is ideally positive. In other words a UE will mostly receive a transmission that is delayed.
If RRC_CONNECTED UEs transmit discovery signal using uplink timing and RRC_IDLE UEs are participating in discovery then UEs can receive a signal that arrives earlier than its own timing. We illustrate this with an example shown in Figure 1.



Figure 1
Let A be a RRC_IDLE UE and B be a RRC_CONNECTED UE. UE A follows downlink timing of eNodeB Z, while UE B follows uplink timing of eNodeB Z for discovery transmission and reception. Let tZ be eNodeB Z’s timing and c denote the speed of light. Then UE A’s timing tA = tZ + (dAZ/c) and UE B’s timing tB = tZ - (dBZ/c). Now B’s signal arrival at A will be delayed by  

tAB = tB + (dAB/c)– tA = (-dBZ + dAB - dAZ)/c.

By the triangular inequality dBZ + dAZ >= dAB. Therefore tAB is not positive, i.e., B’s signal generally arrives earlier than A’s timing. In other words, the discovery signal received by a RRC_IDLE UE from a RRC_CONNECTED UE associated with the same eNodeB will be earlier. 
Now let us consider A’s signal arrive at B. Here A’s signal at B will be delayed by  

tBA = tA + (dAB/c)– tB = (dAZ + dAB + dBZ)/c.
This delay is higher than the case when both A and B use downlink timing for transmission and reception. In that case
tBA' = tA + (dAB/c)– tB = (dAZ + dAB - dBZ)/c. 
Note that the increase in delay is not dependent on distance between A and B but on the distance between B and eNodeB Z. So even if A and B are in close proximity, the timing difference between them can still be high.
Similar observations can be made for the case when a RRC_CONNECTED UE uses an average of downlink and uplink timing, i.e., the delays will increase compared to the case where all UEs use downlink timing. 
Observation 1: Not using downlink timing for transmission and reception of discovery by RRC_CONNECTED UEs leads to larger spread in the timing of discovery signal at a receiver.

In the case where discovery signals are frequency multiplexed (FDM), the larger spread of timing difference can impact performance of discovery. This is because a UE can receive signals from UEs in close proximity that are not within the cyclic prefix window of the UE. This can significantly leak into other frequencies which in turn can impact the reception of discovery signals from other UEs that are far away.

Observation 2:  The additional delay spread can impact reception of discovery signals from UEs that are far away.

These observations are consistent with those made in [3]. Note that [3] also quantifies the loss due to not using downlink timing.
3
System Level Simulation Results

We now present some system level simulation results for time difference. In our simulation we used Layout Option 1 and 3 with synchronous deployment as described in [4]. For each UE we looked at all UEs within 140 dB of the UE and calculated the timing error. (The link budget of discovery is less than 140dB, see [5].)  Each cell had a total of 150 UEs out of which 25 UEs were in RRC_CONNECTED state and the remaining were in RRC_IDLE state. We simulated all the three options for discovery timings of RRC_CONNECTED UEs.
The time difference was calculated by taking into account UEs' distances from their associated eNodeBs and the distance between UEs. Figures 2 and 3 below plot the CDF of timing difference.
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Figure 2
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Figure 3
The plots show that the time difference spread is lowest when RRC_CONNECTD UEs use downlink timing. As expected other transmission timings have higher time difference in both positive and negative directions. Furthermore additional delay spread is around 1-2us. This is a significant portion of the normal cyclic prefix length (4.7us) and will leave much smaller margin for filter and delay spread timing budget.

Observation 3: The additional increase in timing difference due to not using downlink timing for transmission and reception of discovery by RRC_CONNECTED UEs can be 1-2us.

4
Conclusion

In this contribution we studied different options for timing of discovery signal of RRC_CONNECTED UEs. We made the following observations.
Observation 1:  Not using downlink timing for transmission and reception of discovery by RRC_CONNECTED UEs leads to larger spread in the timing of discovery signal at a receiver.

Observation 2:  The additional delay spread can impact reception of discovery signals from UEs that are far away.
Observation 3: The additional increase in timing difference due to not using downlink timing for transmission and reception of discovery by RRC_CONNECTED UEs can be 1-2us.
Based on these observations we propose the following.

Proposal: RRC_CONNECTED UEs should use downlink timing for transmission of discovery signals.
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