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1. Introduction
As an underlay to cellular networks, D2D communication (or ProSe) is quite different compared to traditional LTE operations. Main application scenarios of D2D include social networking applications between UEs in proximity, network offloading, enabling direct communication when out of cellular network coverage, etc. In 3GPP, discussion of ProSe in RAN1 was start at RAN1 #72, mainly focus on deployment scenario and evaluation methodology.
In general deployment scenarios, two stages are involved: D2D Discovery and D2D Communication. Assuming discovery as a prerequisite to communication may be reasonable. In this paper, scenarios and requirements of D2D discovery will be discussed based on the conclusions addressed in previous RAN1 meetings; and preliminary considerations about issues of D2D discovery will also be discussed.
2. Scenarios and requirements
Requirements of D2D discovery were cited as follows according to RAN ProSe SID [1]:
· Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]

· to discover each other in proximity directly in a power-efficient manner 

· to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications

In RAN1 #72, following working assumption is concluded [2]:
· Define general and public safety specific scenarios
· General scenarios for in NW coverage
· Applicable for both public safety and non-public safety
· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases
In RAN1 #72bis, conclusions on D2D deployment scenarios and evaluation methodology are further addressed. 
In fact, requirements of D2D discovery is not totally clear at present from RAN1’s perspective. Nevertheless, it’s noted that 3GPP SA1 has already investigated scenario and requirement of D2D discovery and has summarized the potential use cases [3]. In SA1, scenarios and requirements are investigated form general deployment and public safety deployment respectively.
i)    Requirements for general use cases, consist of three main aspects:

· Restricted discovery: a D2D UE is able to discover other UE but not be discoverable, or a D2D UE is able to be discoverable but not be able to discover other UE;

· Open discovery: a D2D UE shall be discoverable by all other D2D UEs;
· Network discovery: network shall be able to determine proximity of two D2D UEs and inform them of their proximity.
ii) Requirements for public safety, consist of three main additional aspects:
· Discovery out of network: A public safety UE with D2D discovery enabled shall be able to discover other discoverable public safety UEs when some or all of the UEs involved in D2D discovery are out of network coverage;
· Discover but not discoverable: configuration of a public safety UE that allows the UE to discover other discoverable public safety UEs shall be independent from its configuration to allow or not to allow other ProSe-enabled public safety UEs to discover it;
· Implicit discovery: authorized public safety UEs shall be able to communicate with other authorized public safety UEs without explicit discovery.
It’s noticed that requirements for D2D discovery addressed in SA1 is very concrete, and these requirements may be interpreted differently from RAN1’s design prospective, for example, discovery authorization or discovery signal design. Therefore, we have the following proposal for discovery at the very beginning of RAN1 discussion,
Proposal 1: investigation of D2D discovery at RAN1 should be based on SA1’s D2D use cases requirements.
There are three options to conduct the standardization work: 
· Option1: consider in-network scenario as the baseline requirement and investigate various issues of D2D discovery for in-network firstly, then adapt the solutions to out-of-network scenarios; 
· Option 2: prioritize out-of-network scenario as urgent requirement and design D2D discovery solutions for out-of-network firstly, then scale back the solution to in-network scenarios;
· Option 3: design D2D discovery for in-network and out-of-network in parallel, according to each scenario’s characteristic and requirements.
LTE so far from Release 8 to Release 11 assumes in-network coverage. From this prospective, the design work for D2D discovery assuming in-network coverage may take off more easily. Hence Option1 and Option 3 may have higher priority. On the other hand, if the solution for out-of-network is finished, it may be easier to adapt to in-network scenario.
It is noted that in-network and out-of-network scenarios have very objectively different characteristics, which justifies separate designs for each, i.e., Option 3. A potential issue to be discussed of this option is workload of RAN1 and other working groups for their specifications.
Considering the impact on standardization progress, we have the following proposal: 
Proposal 2: RAN1 should discuss and decide the above options to conduct the standardization work for D2D discovery.
Physical layer design of D2D discovery may largely depend on the coverage situation. For example, for in-network scenario, due to the participation of network, D2D UE may be synchronized all the time, and hence there may be possibilities to perform efficient interference coordinating and/or contention resolving during the discovery process; while for out-of-network scenario, it operates in ad-hoc fashion. Therefore, the optimal solution for each scenario may have be very different by considering each scenario’s own characteristic.
Commercial UEs need not to care about public safety’s out-of-network requirement. The design principle of discovery for commercial UE is to maximum the efficiency with the assistance from the network. However, for public safety UEs, adopting common solution for in-network and out-of-network is beneficial for device implementation, even though the operation efficiency may be reduced. Therefore we propose:
Proposal 3: RAN1 should also discuss that if it is necessary to specify common solution for in-network and out-of-network, or specify solutions for each scenario separately.
In addition, out-of-network include two specific detail scenarios: UEs in D2D group are all out of network coverage as shown in Figure 1(a), and a portion of UEs in D2D group are out of network coverage, or named as partial out-of-network, shown in Figure 1(b). Infrastructure may be helpful for D2D discovery, e.g. maintain synchronization or obtain resource configuration, therefore the optimal discovery solutions for these two detail scenarios may be different. Of course scenario dependent design requires more standardization efforts.
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Figure 1 D2D deployment scenarios of out-of-network
Proposal 4: FFS whether D2D discovery solutions for out-of-network and partial out-of-network should be considered separately.
3. Consideration on discovery 
In this sector, basic issues of D2D discovery will be discussed.
The network assistance or participation includes resource management, interference coordination, contention resolution, authority, etc. However, the level of participation should be carefully investigated, since it may lead to excessive signaling overhead, long delay for discovery and less flexibility if the level is set inappropriately.
For out-of-network scenario, UEs cannot benefit from network-assistance. From this perspective, discovery in out-of-network should consider other mechanism such as resource pre-configuration or contention-based solution. The details need further studies. 
Observation 1: for in-network D2D discovery, the level of infrastructure participation should be carefully studied; for out-of-network, resource pre-configuration or contention based schemes may be considered. 
Another key aspect of D2D discovery is the discovery signal. The purpose of discovery signal is to declare a UE’s presence to other proximity UEs, therefore a key requirement for discovery signal is to carry the ID information of the transmitting UE. A few bits may be enough to identify UE when network-assistance can be used to resolve the contention. When an extremely large number of UEs are deployed more information bits may be needed to identify transmitting UEs, especially when discovery works in a UE-flexible manner.
Another aspect discovery signal is the synchronization requirement. For in-network scenario, when involved UEs are in the same cell and the discovery range is not so large, e.g. < 100 m, synchronized or quasi-synchronized between UEs may be assumed, as shown in Figure 2(a). The discovery signal can be used synchronization between UEs when they belong to different cells that are asynchronous as shown in Figure 2(b), or when the discovery range is large. For out-of-network scenario, asynchronous between UEs should be assumed before D2D discovery is done. Other characteristics such as orthogonality between different discovery signals should also be considered.
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Figure 2 Synchronization assumptions of D2D 
A few signals already specified in 3GPP, such as RACH preamble, synchronization signal (both primary and secondary), and reference signals, could be the candidate for discovery. Re-optimization may be needed. For example, when reusing synchronization signal, the confusion to legacy UEs should be avoided when they perform cell searching. When RACH preamble is reused, the circumstance is rather different from cellular since the preamble is now detected by UEs, the detection complexity and power consumption should be studied.
Using reference signals + data block as discovery signal could also be considered, or known as beacon. Reference signals here is for demodulation and synchronization purpose, while data block is used to carry identification or other information e.g. for discovery. This design approach allows discovery signal to carry more information, which may be useful in the scenario with extremely large UE numbers. Further evaluation is needed to estimate the discovery range, since bigger payload usually means smaller coverage.
In addition, considering the large difference between in-network and out-of-network, different signal design may be needed.
Table 1 shows the upper limit of discovery when PRACH and PSS/SSS are used for the discovery signal. AWGN channel is assumed in link-level evaluation and the threshold of false detection rate is 0.1%. The antenna configuration is 1 Tx and 1 Rx. The required SNR is for Pmiss = 1%. No interference is considered, nor the shadow fading. The UE max TxPwr of general scenario and PS scenario is 23 dBm and 31 dBm, respectively.
Table 1 Upper limit of discovery range when PRACH and PSS/SSS is used for discovery signal  
	Signal type

Performance      
	PRACH Format 0
	PRACH Format 4
	PSS/SSS

	Required SNR (dB) for Pmiss=1% and Pfa=0.1%
	-15
	-6.2
	-2.8

	Discovery upper limit (meters) assuming ITU-1411 pathloss
	General scenario (2 GHz band)
	279
	168
	138

	
	Public safety (700 MHz band)
	1440
	868
	714


Observation 2: Reusing legacy signals specified in LTE should has higher priority for discovery signal design; while new design methodology should also be considered if needed.
Deployment of small cell in future network may become more and more popular, while small cell has very limited coverage. Considering the cell radius and D2D discovery range, discovery between UEs locate in adjacent cells may be very common.
Observation 3: Investigation on D2D discovery should not be limited to UEs  belonging to the same cell.
4. Summary
In this article, we discussed the scenarios and requirements for D2D discovery and provided our considerations on discovery issues. Proposals about scenarios and requirements are listed as follows.
Proposal 1: investigation of D2D discovery at RAN1 should be based on SA1’s D2D use cases requirements.
Proposal 2: RAN1 should discuss and decide the different options to conduct the standardization work for D2D discovery.
Proposal 3: RAN1 should also discuss that if it is necessary to specify common solution for in-network and out-of-network, or specify solutions for each scenario separately.
Proposal 4: FFS whether D2D discovery solutions for out-of-network and partial out-of-network should be considered separately.
Observations on discovery study are summarized as follows.
Observation 1: for in-network D2D discovery, the level of infrastructure participation should be carefully studied; for out-of-network, resource pre-configuration or contention based schemes may be considered. 
Observation 2: Reusing legacy signals specified in LTE should has higher priority for discovery signal design; while new design methodology should also be considered if needed.
Observation 3: Investigation on D2D discovery should not be limited to UEs  belonging to the same cell
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