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1
Introduction
In this contribution we discuss reference signal design for Type 1 discovery. For Type 1 discovery network performs resource allocation on a non-UE specific basis [1]. 
In our earlier contribution [2] and our companion contribution [3] we propose that a discovery transmission should be similar to a PUSCH transmission and DMRS should be used for reference signal transmission. If two UEs that have selected the same resource transmit the same DMRS signal then DMRS collision can cause severe loss in accuracy of channel estimation. This in turn can cause potentially significant system level loss in performance. In this contribution we try to quantify this loss and propose a solution to ameliorate the loss. (Please note that this issue and the proposed solutions have also been discussed in [4].)
· Section 2 describes link level results for DMRS collision
· Section 3 describes our proposed solution
· Section 4 presents system level simulation results
· Section 5 concludes the contribution
2
Link Level Results
To understand the loss of same reference signals colliding we simulated a three UE system.  This is illustrated in Figure 1 below. 


Figure 1
Here B and C select the same resource and DMRS pattern for transmission of their discovery signal.  A is trying to decode the stronger received discovery signal of the two which in this case because of proximity is C. 

We simulated the decoding of C’s signal at A in presence of B’s signal for different values of signal to noise plus interference ratio (SINR).  The value of B’s signal to noise ratio (SNR) at A was also varied from 0dB to 10dB. Figure 2 shows the result.
The transmitted signal was a PUSCH like signal that was transmitted over 2 RB pairs. The exact discovery signal structure is described in [3] (the last symbol is used as a gap). In the signal 128 information bits were coded into a block length of 528 bits. The fading model used was the dual mobility link level NLOS UMi SCM [1] model. Both the transmitter and receiver use a single antenna.
[image: image1.emf]-4 -2 0 2 4 6 8

10

-4

10

-3

10

-2

10

-1

10

0

Instantaneous SINR (dB)

BLER

Code Rate= 128/576; Identical Cyclic Shifts

 

 

Block Error, only C transmits

Block Error, B&C transmit, SNR

B

 = 0dB

Block Error,  B&C transmit, SNR

B

 = 5dB

Block Error, B&C transmit, SNR

B

 = 10dB


Figure 2
The plot shows the block error rate versus instantaneous SINR of C at A. We plot the performance for fixed but different values of SNR at A of B. We also plot the performance in absence of B. 
We observe that the decoding of C at A suffers a loss in presence of B. For example if B is at an SNR of 0dB the loss in decoding of C is around 3dB at 1% block error rate (compared to the case where B is absent). It can also be observed that the loss increases if SNR of B increases. At 10dB SNR for B the loss is around 6dB at 1% block error rate.

The loss is expected because the presence of B can severely impact the channel estimation of C at A.
Observation 1: Collision of identical DMRS can lead to significant loss at link level.

We also simulated the case where B and C use the same discovery resource but use DMRS signals that are cyclic shifted versions of each other. Under ideal conditions the DMRS signals will be orthogonal. It is assumed that the cyclic shift of C is known at A. The simulation results are shown in Figure 3.
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Figure 3
We observe that there is a significant gain in performance compared to Figure 2. For example at an SNR of 10dB the loss has gone down from 6dB to 2dB at 1% block error rate.
Observation 2: Collision of DMRS that are cyclic shifted versions of each other can reduce the amount of loss at link level.

3
Proposed Solution

To resolve this issue of identical DMRS collision we propose that the cyclic shift of DMRS transmitted by a UE vary across discovery periods. Furthermore we propose that the variation of cyclic shift should be pseudo random and depend on UE identity. This will ensure that identical DMRS collision on a discovery resource does not occur across all discovery periods.

Proposal: Cyclic shift of DMRS transmitted by a UE should vary across discovery periods in a pseudo-random manner that is dependent on the identity of the UE. 

One issue with our proposal is that because the cyclic shifts of DMRS vary across discovery period in a pseudo random pattern, a UE receiving a discovery signal does not know the cyclic shift of the DMRS received. This can be resolved by performing a blind detection search over multiple cyclic shifts and selecting the shift that gives the strongest correlation.

 We simulated this for the three UE system described in Figure 1. A performs blind detection search over 8 cyclic shifts and selects the shift that has the strongest correlation. Other simulation parameters remain the same as described in Section 2. The results are plotted in Figure 4.
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Figure 4
Compared with Figure 3, Figure 4 illustrates that the DMRS blind detection does not cause any performance degradation. This is because blind detection algorithm selected the correct cyclic shift almost always for high SINR.

Observations 3: Blind detection of cyclic shift of DMRS does not impact decoding performance of discovery signal. 
4
System Simulation Results

We now present some system level simulation results.  We simulated the Layout Option 1 and 3 as described in [1]. Our simulated discovery scheme remains the same as described in our previous contributions [2] [5] with some signal level changes. A discovery signal consists of two RB pairs and the last symbol of discovery sub-frame is used as a gap [3].

 We simulated three schemes:
· No loss occurs due to DMRS collision. This is the ideal case

· All UEs transmit the identical DMRS.

· Our proposed scheme of randomization of cyclic shifts of DMRS across discovery periods.

The result for Layout Option 1 is shown in Figure 5. Our results show that there is a significant loss of the average number of devices discovered when all UEs transmit identical DMRS (compared to the ideal case). After 40 discovery periods, the loss is more than 25%. However for our proposed scheme the loss in average number of devices discovered after 40 discovery period is less than 4%. Hence our proposed scheme can greatly reduce the loss due to identical DMRS collision. 
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Figure 5
The result for Layout Option 3 is shown in Figure 6. The results again show that there is a significant loss of the average number of devices discovered when all UEs transmit identical DMRS (compared to the ideal case). After 40 discovery periods, the loss is more than 17%. However for our proposed scheme the loss in average number of devices discovered after 40 discovery period is less than 4%. Hence our proposed scheme can greatly reduce the loss due to identical DMRS collision. 
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Figure 6
Observations 4: Proposed scheme reduces the loss due to identical DMRS collision substantially
5
Conclusion

In this contribution we studied the issue of identical DMRS collision for discovery. We made the following observations.
Observation 1: Collision of identical DMRS can lead to significant loss at link level.

Observation 2: Collision of DMRS that are cyclic shifted versions of each other can reduce the amount of loss at link level.

Based on these observations we made the following proposal.

Proposal: Cyclic shift of DMRS transmitted by a UE should vary across discovery periods in a pseudo-random manner that is dependent on the identity of the UE. 

One implication of the proposed solution is that the blind detection of DMRS cyclic shift needs to be done at a UE receiving a discovery signal.  However we observed that
Observations 3: Blind detection of cyclic shift of DMRS does not impact decoding performance of discovery signal. 
Finally we performed system level simulations of our proposed scheme. The results showed that
Observations 4: Proposed scheme reduces the loss due to identical DMRS collision substantially
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