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1
Introduction
This contribution discusses signal design for D2D discovery. 

Following two types of discovery applications were identified in RAN1 [1]
· Open discovery: receiving UE doesn’t know the identity of the UE to be discovered

· Restricted discovery: receiving UE knows the identity of the UE to be discovered :
Additionally, two types of discovery resource allocation techniques were identified in [2]:

· Type 1 discovery where discovery resources are allocated on a non UE specific basis 
· Type 2 discovery where resources are allocated on a per UE specific basis.
At a high level, the following two alternatives have been proposed for discovery signal design 

· Message based – transmitted signal is coded/modulated signal using a certain number of bits

· Sequence based – transmitted signal is selected from a set of possible sequences (see for example [3-7])
In this contribution, we argue that message based signals provide a simplified and unified signal design for D2D discovery for both open and Restricted discovery applications as well as Type 1 and Type 2 discovery resource allocation techniques.  We argue that this solution while simplifying system architecture and minimizing overhead also achieves close to the optimal performance. 
2  
Proposed Design 

We propose message based signal design reusing PUSCH for discovery signal transmission. This is shown in Figure 1 which shows both transmit and receive side design for open and restricted discovery.
Proposal 1: use message based signal design that reuses PUSCH for both open and restricted discovery. 

Based on the proposal and the Figure 1, we make the following three observations:
Observation 1: for restricted discovery, the message based technique is reused by mapping “UE identity” to a message. Given the large size of the message (~ 128 bits), this provides a signal that uniquely corresponds to a “UE identity” providing the benefit of reduced signalling at a system level. 

This is discussed further in Section 3. 

Observation 2: for restricted discovery, the receiver knows UE identity of the transmitting UE, and hence can treat it as a known sequence (e.g. a sequence of QPSK symbols) 
Observation 3: for restricted discovery, the receiver can detect instead of decode the signal even for message based transmissions. This provides a significantly increased link budget and comparable performance with other link level schemes that sequence based. 
These two observations are further discussed further in Section 4. 
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Figure 1 Common Signal Design for Open and Restricted Discovery
Note that both Sections 3 and 4 are focused on comparison for restricted discovery between message based and sequence based signal design.
3  
System Level Comparison
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Figure 2 Architecture for Two design options for Restricted Discovery
The Figure 2 shows the high level architecture for restricted discovery (similar to the one proposed in [3]). Overall steps involved for D2D discovery are 
1. Resource allocation 

2. Discovery signal detection

3. UE identity determination 

We argue that step 1 can be common for both solutions whereas for message based discovery steps 2 and 3 can be combined into one step as the discovery signal uniquely identifies a UE. On the other hand, for sequence based discovery an additional step is needed to get information regarding UE identity of the detected signal. This will require the UE to go to RRC_CONNETED state and obtaining information from the network regarding the UE identity – this needs to be done for every instance of detecting another sequence, and will incur a heavy overhead.  Therefore, we make the following observation:

Observation 4: sequence based discovery requires UEs to be in RRC_CONNECTED state for completing the discovery procedure for every instance of detecting a sequence, and hence will involve significant system overhead.

4  
Link Level Comparison
In this section, we compare message based discovery and sequence based discovery at a link level. 

We argue that for restricted discovery, the receiver can detect or match with the expected signal instead of decoding the signal even for message based discovery. This assumes that the receiving UE is aware of the transmitting UEs identity (i.e. restricted discovery). We argue that this provides significant link budget benefit, and can overcome the loss in performance reported in [3] [7] for message based discovery. 
So, the link level problem is posed as follows:

Given the received signal on a set of physical resources, determine if a given signal was transmitted on these resources.

We consider the following options for transmitted signal for comparison:
1. The transmitted signal was a PUSCH signal

2. The transmitted signal was a PRACH sequence

3. The transmitted signal was a SRS sequence 

The metrics for comparison are:
1. False alarm probability – detecting a signal, when one doesn’t exist (i.e. confusing noise as a signal)
a. We target a fixed 10-6 false alarm rate for all the schemes. Note that the low target false alarm rate is designed makes sense for discovery to avoid incorrect alerts to the user of the UE.

2. Spurious detection – detecting another signal than the one that is present

3. Missed detection – probability of detection vs. SNR of the received signal 

For the link level comparison, we assume that (i) resource allocation is known at both transmitters UE and receiver UE and (ii) transmitter and receiver UE are time and frequency synchronized to each other (e.g. by synchronizing to an eNodeB).
Receiver algorithm -- we use simple correlation detection with a change to deal with non-orthogonality of PUSCH sequence which is described below.  The detection threshold is determined based on the normalized false alarm rate (to 10-6). We compared missed detection and spurious detection at a link level based on this target false alarm rate.  
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Figure 3 Missed Detection for AWGN Channel
We see that PUSCH is about 1.2 dB worse than PRACH/SRS (when normalized for total signal energy – note SRS is just one symbol long and hence will see much worse performance when not normalized by signal energy). 
The loss in performance for PUSCH of 1.2 dB is caused by:

1. PUSCH is composed of two DMRS symbols which we do not use for detection of a particular signal

a. This amounts to 0.66 dB loss

b. Note that this loss can be partially regained by matching with DMRS as well, but this needs to be done carefully in order to avoid spurious detection as the sequence space for DMRS is limited

2.  PUSCH detection algorithm needs to be changed to deal with spurious detection as different PUSCH sequences are not orthogonal with each other. We deal with non-orthogonality by normalizing the received sequence by received energy before correlating with the expected sequence – this leads to a changed threshold (appropriately tuend to maintain 10-6 false alarm). The spurious detection result is comparable across the schemes – plotted below. 

a. This leads to about 0.6 dB loss
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Figure 4 Spurious Detection Performance for AWGN
Based on these, we make the following observation:

Observation 5: message based discovery has performance similar to sequence based discovery under the detection algorithm.

5 
Conclusion

In this contribution, we make the following proposal 

Proposal 1: use message based signal design that reuses PUSCH for both open and restricted discovery. 

The proposal is supported by the following observations

Observation 1: for restricted discovery, the message based technique is reused by mapping UE identity to a message. Given the large size of the message (128 bits), this provides a uniquely identifiable UE signal transmission providing the benefit of reduced signalling at a system level. 

Observation 2: for restricted discovery, the receiver knows UE identity of the transmitting UE, and hence can treat it as a known sequence (e.g. a sequence of QPSK symbols) 
Observation 3: for restricted discovery, the receiver can detect instead of decode the signal even for message based transmissions. This provides a significantly increased link budget and comparable performance with other link level schemes that sequence based. 

Observation 4: sequence based discovery requires UEs to be in RRC_CONNECTED state for completing the discovery procedure for every instance of discovering a UE, and hence will involve significant system overhead.
Observation 5: message based discovery has performance similar to sequence based discovery under a detection algorithm.
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