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1
Introduction
In this contribution we discuss synchronization for discovery. We study the performance of our scheme proposed in [1] that uses message based discovery. We first study link level performance of our scheme and show that at link level our scheme is fairly robust to timing and frequency errors. 

In [1] we have proposed the following with respect to timing at system level. (See Proposals 3a & 3b in [1].)
· Downlink timing should be used for discovery. For synchronous deployment UEs can use the earliest downlink timing.

· For asynchronous deployment UEs can use downlink timing of their associated macro for intra-cell discovery. For inter-cell discovery UEs can forward the timing of their associated macro on the first sub-frame of their allocation.
This contribution shows that our proposals for timing are robust and errors are within the cyclic prefix. Note that also our proposals do not require UEs participating in discovery to obtain timing advance from their associated eNodeB. Thus this contribution shows that RRC_IDLE UEs can participate in message based discovery without the need to timing advance.
More specifically in this contribution we show that for synchronous deployment using earliest downlink timing leads to discovery signal at a receiver being mostly delayed.  Furthermore we present some system level simulation results for synchronous deployment. The simulation results confirm our claim and further show that the maximum delay can be around 3us which is well within the normal cyclic prefix of 4.7us.
For asynchronous deployment we present some system level timing results. The simulation results show that even for asynchronous deployment timing error is mostly positive, i.e., discovery signal at a receiver are delayed. Furthermore results also show that the maximum delay is again around 3us.
This contribution is structured as follows:

· In Section 2 we present link level results
· Section 3 discusses system level timing for synchronous deployment
· Section 4 discusses system level timing for asynchronous deployment
· Section 5 concludes the contribution
2
Link Level Analysis
In [1] we propose that a discovery signal be similar to PUSCH signal. We further proposed that the size of discovery resource unit be 1RB pair. Based on this we simulated a discovery signal with 104bits of discovery information and 24 bit CRC. Figure 1 shows the link level simulation results. The link level simulations were performed using the SCM model as described in [2].
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Figure 1
The channel estimation algorithm used is the same as described in [1]. The two reference symbols were used for estimating the channel frequency offset. After de-rotation by the frequency offset the channel estimate given by the pilots was fit to a second-order polynomial. Figure 1 also contains simulation results at ±400Hz. Our results show that frequency offset leads to 0.2 dB loss in performance. This shows that discovery performance is robust to frequency errors.
Note that according to [3] the maximum frequency offset of a UE can be ±0.1ppm. For D2D this corresponds to a ±0.2ppm which at 2GHz corresponds to ±400Hz.
Observation 1: Discovery signalling using PUSCH is robust to frequency errors of 400Hz.

We next consider timing errors. In the simulation we consider only positive timing errors, i.e., the discovery signal is always delayed at the receiver. We simulated the cases with perfect timing and with a timing error of 3us. The results are shown in Figure 2.
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Figure 2

The results clearly show that loss due to timing error is small. This is expected because the timing error is within the cyclic prefix length.
Observation 2: Discovery signalling using PUSCH is robust to positive timing errors.

As will be discussed in later section discovery timing errors are likely to be mostly positive. However due to estimation errors and other issues sometimes timing errors can be negative, i.e., discovery signal can arrive earlier at a receiver. This issue can be easily resolved by biasing the receiver window that is used for FFT slightly into the cyclic prefix. This is illustrated in Figure 3 below.








Figure 3

The advantage of biasing the receiver window is that it absorbs the timing error into the cyclic prefix and link level performance is not affected.
 Observation 3: Advancing receiver FFT window can be used to deal with negative timing errors to prevent loss in link level performance.

3
Synchronous Deployment
We now show that under synchronous deployment using downlink timing for discovery leads to timing error being only positive. There are two cases to consider. The first case is where both the transmitter and receiver UEs are associated with the same macro. This is illustrated in Figure 4 below.




Figure 4
UEs A and B follow the downlink timing from eNodeB Z for their discovery transmissions. 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.
From triangular inequality it is easy to see that tAB > 0. Therefore B’s signal at A is always delayed compared to A’s timing. Similarly it can be shown that A’s signal at B is also always delayed compared to B’s timing.

We now consider the case where the two UEs are associated with different macro. This is illustrated in Figure 5 below.






Figure 5

Each UE is associated with macro with the earliest downlink timing. UE A follows the downlink timing from eNodeB Y and UE B follows the downlink timing from eNodeB Z. Let tY and tZ be eNodeB Y and Z’s timing respectively. Because the two macro’s are synchronized tY = tZ. Then UE A’s timing tA = tY + (dAY/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 - dAY)/c.
Now note that because a UE is associated with the earliest timing dAZ > dAY. Then (dBZ + dAB - dAY) > (dBZ + dAB - dAZ). Now from triangular inequality (dBZ + dAB - dAZ) > 0. Therefore B’s signal at A is always delayed compared to A’s timing. Similarly it can be shown that A’s signal at B is also always delayed compared to B’s timing.

Observation 4: For synchronized deployments if discovery transmissions follow downlink timing of the earliest downlink signal then the discovery signal always arrive late at the receiver. 

We now present some system level simulation results for timing. In our simulation we used Layout Option 1 and 3 described in [2][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 [1].) The timing error was calculated by taking into account UEs' distances from their associated eNodeBs and the timing difference between UEs. Figure 6 below plots the CDF of timing error. 
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Figure 6

The plot shows that the timing error is positive and the maximum timing error is mostly bounded by 3us in both cases. This is well within the cyclic prefix.

4
Asynchronous Deployment

We now present some simulation results for asynchronous deployment. Our design for relaying of timing signal is described in [1]. The timing signal used for forwarding timing is the same as PSS. Like in the previous section we plot the CDF of timing error between UEs that are within 140dB of each other. The results are shown in Figure 7.
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Figure 7
We again observe that the timing error between UEs is mostly positive and less than 3us. Again note that this is well within the cyclic prefix length of 4.7us.

To understand why the timing error is positive we need to consider two cases. The first case is when both transmitter and receiver UEs are associated with the same macro. This case is identical to the synchronous deployment case. 
The second case is where timing is coming via UEs forwarding timing of their associate macro. In this case the timing signal is dominated by the closest UE of the other cell. This is illustrated in Figure 8 below.


  





Figure 8
In the figure UE A will get timing signal relayed from all UEs associated with eNodeB Z. However because UE D is the closest to UE A, UE A will mostly learn its timing signal from UE D. Now note that A, D, & Z almost form a straight line. Therefore from triangle inequality it is likely that (dAB + dBZ) > (dAD + dDZ). In other words the timing signal from B will be delayed at A.
5
Conclusion

In this contribution we observed that discovery signals are robust to timing and frequency errors at link level. Furthermore we found that for both synchronous and asynchronous deployments the timing error is mostly positive and bounded by 3us. We also observed that negative timing errors can be easily remedied by shifting the receiver window.

This shows that our proposals for timing are robust and should be made part of discovery design. This in turn allows RRC_IDLE UEs to participate in message based discovery without the need for timing advance.
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Received symbol with early arrival 





Early arrival can lead to symbol being out of receive window.  However biasing receive window can resolve the problem.
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Received symbol with no timing error 
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Receiver window with negative bias
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