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1. Introduction
The feasibility study results of ProSe in [1] identify several use cases for device discovery and direct communication of proximity services for commercial LTE networks and public safety networks. The use cases of ProSe discovery in [1] are as follows: 
· Restricted ProSe discovery - This use case describes a basic scenario for ProSe Discovery that can be used for any application. A social networking application is used as an example to illustrate this use case.
· Open ProSe discovery - This use case describes a case in which UEs discover other UEs without permission by the discoverable UEs.
· Subscribers from Different PLMNs - This use case describes discovery between UEs camped on different PLMNs
· Roaming between Different PLMNs - This use case describes discovery between UEs in different PLMNs under roaming conditions
· Network ProSe Discovery - In this use case, the 3GPP network provides ProSe Discovery for ProSe-enabled UEs
In RAN1 #72bis meeting, performance metrics for discovery and communication were agreed. Table 1 summarizes the performance metrics for discovery.  
Table 1. Metrics for discovery
	Aspect
	Metrics*

	Performance target
	Open discovery:

· Number of UEs discovered as a function of time (system)

· CDF of number of UEs discovered as a function of  time (system)

Closed discovery (i.e. knowing the UEs to be discovered):

· Probability of discovery as a function of time (assume zero time penalty for each false alarm)

(Time measured from start of simulation without prior synchronisation)

	Range & reliability
	Prob. of discovery vs pathloss (link & system) 

Prob. of false alarm (link & system)

	Impact on WAN
	Amount of resource used (system) (per cell if in network coverage)

FFS metrics related to throughput loss and/or interference

	Power
	Power consumption modeled through ON time or equivalent power consumed (transmit power should be captured differently than received power --detailed model FFS)


From UE perspective, there is no doubt that all of them want to be discovered fast by more neighbors with low energy consumption. From network perspective, the additional interference and usable resource degradation caused by D2D discovery should be minimized. In this contribution, we discuss device discovery in network coverage scenarios. The discovery signal transmission/reception of UE in network coverage can be under the eNB control. 
2. Discovery signal design overlaying LTE network
2.1. Advantages of network assisted device discovery
Compared with Bluetooth and Wi-Fi Direct, network assisted device discovery can benefit from the cellular network. In LTE network coverage, all UE can be synchronized with the synchronization signal of eNB. This may assume synchronous device discovery. The network assisted device discovery has several advantages over distributed device discovery without network aid; 

· Faster device discovery: Although the device discovery in the absence of network assistance could be still feasible, each device should pay the time for synchronization and contention resolution. Network assisted device discovery could reduce the redundant time for synchronization and contention resolution.
· Lower energy consumption: Duty cycle (on time of device) could be significantly reduced by eNB control.
· Higher discovery capacity: If UEs are synchronized, CDM/FDM is possible, and then network is able to properly schedule discovery signal transmission/reception and discovery capacity will increase.
2.2. Asynchronous situation of device discovery in network coverage
Synchronous discovery with the aid of eNBs is advantageous to enhance the efficiency of discovery. However, we may not assume UE-UE synchronization even in network coverage. For example, 
· Inter-cell device discovery: If UL resource is used for discovery signal transmission/reception and there are two UEs which are connected to different eNB, then the two UEs have different UL/DL subframe boundary due to difference cell coverage or imperfect network synchronization.
· Inter-operator device discovery: If two UEs are subscribers from different operators, two UE may not know the subframe boundary of another UE without inter-operator coordination. 
· Device discovery between RRC connected UE and RRC idle UE: RRC idle UE may not know the UL transmission timing of RRC connected UE. 
· Large distance D2D: If there are two UEs in same cell, they are willing to discover and directly communicate each other, and the distance between the UEs is large, then the two UEs may have different subframe boundary even in same cell. 
Therefore, we should take into account these practical issues when designing efficient device discovery algorithm in network coverage scenario. When it comes to at least this synchronization issue, one possible solution could be that extended CP for discovery signal to absorb the network timing difference and ensure wide discovery range could be preferable.
Observation 1: Even in network coverage, asynchronous situation even between proximate UEs could be happened 
Proposal 1: Even in network coverage, we should not assume perfect UE-to-UE synchronization.
2.3. Resource used for D2D discovery 

In network coverage scenario, it is preferable to reuse UL resources for discovery signal with considering both the impact on an additional RF chain of UEs and potential interference due to the D2D operation. In FDD mode, reusing UL resources requires implementing a new receiver circuit that could be easier than implementing transmission circuit. In addition, new receiver RF requirements are required when reusing UL resource for device discovery, but reusing DL resources for discovery signal resource requires new transmitter RF requirement. In general, transmitter RF requirements would be more strict than receiver ones, since loose transmitter RF requirements would cause interference to other systems. Furthermore, in case of coexisting cellular communication with discovery signal, reusing UL resources makes smaller potential interference on WAN communication since the UE-to-eNB distance is usually greater than the UE-to-UE distance. The details of discussion refer to our companion paper in [2]. 
Proposal 2: It is preferable to use UL resource for discovery signal transmission/reception. 
2.4. Discovery signal transmission timing
Consider device discovery between RRC idle UE and RRC connected UE as briefly mentioned in section 2.1. DL reception timing or UL transmission timing could be considered as discovery signal transmission timing. If UL transmission timing is used for discovery signal transmission timing, RRC idle UE should wake up from idle mode and get timing advance (TA) from eNB to know UL SF boundary. We may assume two UEs have similar TA value in case of the proximate location. Getting UL timing requires paging delay and random access delay. If DL reception timing is used for discovery signal transmission timing, the wakeup delay including paging and random access could be avoided. Therefore, DL reception timing is preferable to UL transmission timing. 
If DL reception timing is used for discovery signal transmission timing, the DL reception timing could be different for inter-cell device discovery. In this case, inter-cell UEs may assume a common eNB’s timing as a reference of discovery signal transmission to align DL reception timing between inter-cell UEs. In case of no reference timing, special design of discovery signal to overcome different timing references, similar to PRACH preamble formats, may be needed to support successful reception.
Proposal 3: It is preferable to use DL reception timing to transmit D2D discovery signal. 
2.5. Discovery signal format
When we design discovery signal, it is desirable to reuse or have commonality of current specified signal formats in 3GPP RAN1 spec as much as possible. For simplicity, legacy physical layer signals such as PRACH, SRS, PSS/SSS, and etc could be reused. However, the conventional signal formats were designed for eNB-to-UE link, so it may be inefficient for device discovery purpose. If the conventional signal format is modified for D2D discovery, the D2D requirement (coverage, UE transmission power, and etc.) should be taken into account. 
If new signal format is introduced for discovery signal format, two types of discovery signal format could be considered. The first one is predetermined signature type and the second one is codeword type. For predetermined signature type discovery signal, UE ID can be a role of seed for sequence generation (e.g. M sequence). PSS/SSS or short length PRACH could be a good candidate. A merit of the predetermined signature type of discovery signal makes non-coherent detection possible, but the adaptiveness for channel condition could be worse than that of the codeword type discovery signal. 
As a different approach, codeword type discovery signal like EPDCCH could be considered. Generically, the codeword type requires reference signal for coherent detection, the details should be optimized for D2D discovery requirement. The codeword type discovery signal has better adaptiveness over channel condition and contains not only UE ID but also addition information to be aid in physical layer operation, for example TPC, buffer status, and etc. 
Proposal 4: It is desirable to reuse or have commonality of current specified signal formats in 3GPP RAN1 spec as much as possible. 
2.6. Control of discovery signal transmission and reception
Device discovery could be classified into two categories; eNB controlled and UE autonomous. In the eNB controlled device discovery, before starting device discovery, the eNB would provide the UE identity and indicate discovery signal format, and the eNB indication could be explicit to the discovery UEs. This type of device discovery may require too much signaling overhead at high density of D2D UEs, but eNB controlled device discovery could minimize network impact. For eNB controlled device discovery, efficient signal mechanism should be devised. 

For autonomous discovery, a UE would search for other UE with any known beacon signals in the vicinity autonomously and the discovery signal resource region for autonomous discovery could be semi-statistically configured to UEs. Periodic beacon signals transmission and periodic beacon signal search could occur for autonomous discovery. 
2.7. Additional information included in discovery signal
Including additional information in discovery signal could be helpful for physical layer operation. For example, buffer status for D2D traffic could determine the action after device discovery. If a UE detects a discovery signal with nonzero buffer status, then the UE will try to make a connection with the discovery signal transmission UE. As the opposite case, if a UE detects a discovery signal with zero buffer status, then the UE could change its state to idle mode for the battery saving. In addition, in/out-of network information could be helpful for partial network coverage scenario. 
Proposal 5: The additional information included in discovery signal is further investigated for supporting different use cases and different discovery signal formats. 
2.8. Impact on WAN

As mentioned in section 2.3, to reduce impact on WAN reusing UL resource for discovery signal is suggested. If a simultaneous transmission of discovery signal and PUSCH/PUCCH for cellular communication is not allowed at single UE perspective, or if network configures whole system bandwidth for device discovery, uplink Ack/Nack (A/N) could not be reported to eNB. Therefore, A/N handling in the corresponding resources is needed. 

Proposal 6: Discovery signal impact on WAN should be minimized. 

3. Conclusion
In this contribution, we have discussed design considerations. Our observation and proposals are summarized as follows: 
Observation 1: Even in network coverage, asynchronous situation even between proximate UEs could be happened 
Proposal 1: Even in network coverage, we should not assume perfect UE-to-UE synchronization.

Proposal 2: It is preferable to use UL resource for discovery signal transmission/reception. 

Proposal 3: It is preferable to use DL reception timing to transmit D2D discovery signal.

Proposal 4: It is desirable to reuse or have commonality of current specified signal formats in 3GPP RAN1 spec as much as possible. 

Proposal 5: The additional information included in discovery signal is further investigated for supporting different use cases and different discovery signal formats. 
Proposal 6: Discovery signal impact on WAN should be minimized. 
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