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1 Introduction
At RAN#66 meeting,  it was agreed to enhance the existing D2D feature in LTE. The following was agreed [1]:
The work item will cover enhancements to LTE device to device communications and discovery meeting requirements for public safety for: 

· in network coverage (intra-cell and inter-cell), 

· partial network coverage, and 

· outside network coverage scenarios 

For public safety discovery in outside network coverage scenario, two candidate solutions were proposed in the LS [4]: 

· reuse the existing in-coverage discovery for out-of-coverage discovery.
· Use communication for performing discovery, also known as ‘discovery through communication’ (DtC). 
According to 3GPP TS 23.713[2], the following use cases for public safety discovery are of interest:
· UE-to-Network Relay discovery.

· Group Member Discovery.

In this contribution, we discuss how to support of public safety discovery, with a particular emphasis on UE-to-Network relay discovery.
2 D2D discovery types
The existing ProSe device to device discovery in network coverage is designed for commercial use. In Rel-13, device to device discovery will be extended to partial and out of coverage scenario for public safety. Both UE-to-network relay discovery and Group Member Discovery should be supported, as explained in [3]. 

Discovery can be performed for vastly different purposes. For instance, a typical scenario of in coverage commercial discovery is advertisement. UE-to-network relay discovery is used to discover a UE that can serve as a relay and forward the data received from other UEs to network, or vice versa in order to extend cellular coverage. Group Member Discovery is for a UE performing ProSe communication so that it can discover other UEs in proximity either in or out of coverage. 
These very different services have different requirements in terms of reliability, periodicity, etc. A UE could attempt to perform all types of discovery, regardless if it is interested in them or not. This would however be inefficient and may lead to inefficiencies (increased power consumption, increased collision). Therefore, RAN1 should ensure that the UE can differentiate the different types of discovery. 

Observation 1: UE needs to distinguish the different type of discovery
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Figure 1 illustration of different D2D discovery 
2.1 UE-to-network relay discovery

UE-to-network relay discovery needs to be supported so that UE can discover relays. This type of discovery may require low discovery latency in order to avoid service interruption.  
Having the discovery type carried in the discovery message [2] can be used to differentiate UE-to-network relay discovery and Group Member Discovery. If discovery differentiation is done by higher layers, that will cause processing complexity, energy inefficiency, and larger delay[ 3] because the UE will attempt to perform all types of discovery, regardless if it is interested in them or not. 
If UE-to-network relay discovery can be differentiated at physical layer, latency is reduced. In addition, the UE can only attempt to decode the messages it is interested in and may discard all other messages. This can lead to reductions in power consumption. 
Observation 2: It is beneficial to differentiate the discovery type at the physical layer.
3 Methods to differentiate D2D discovery at physical layer
In Rel-12, discovery was only standardized for in coverage scenario. It needs to be extended for out-of-coverage per the WID. Two candidate solutions for public safety discovery are proposed in [4]:
· Discovery through Discovery (DtD): if message size (232 bits), and minimum supported one-way latency (320ms) for public safety discovery are acceptable, then using same discovery scheme as standardized in Rel-12 for out of coverage discovery is a possibility. 
· Discovery through Communication(DtC): If lower latency or a larger message size are needed, then discovery over communication may be a more appropriate solution
For DtD, discovery and communication would be supported for out of coverage through the use of different channels. Different resource pools could be pre-configured for discovery and communication. The UE could then differentiate discovery from communication based on the resource pool. 
For DtC, the same message would be used for communication and discovery.  The UE would need to somehow differentiate discovery from communication.

3.1 D2D discovery differentiation in DtD scheme
In Rel-12, the PUSCH structure is used for D2D discovery. The scrambling of D2D discovery messages, the DMRS base sequence and the DMRS CS are fixed in the specifications. 
In order to differentiate UE-to-network relay discovery at the physical layer, different parameters for discovery can be used: for instance, different scrambling sequences or DMRS base sequences could be used for different kinds of discovery. 
3.2 D2D discovery differentiation in DtC scheme
For communication, SA is used to schedule the transmission of the data packets. If DtC is used, it is beneficial to indicate that this SA corresponds to a discovery message, and possibly the discovery type. There are three possible solutions:
· Solution 1: differentiate discovery through scrambling by using different Cell ID, RNTI, CS or OCC. The parameters used for SA are listed in Table 1. Parameters setting should be such so that  differentiating UE-to-network relay discovery from communication and other kinds of discovery is possible. For instance, a different Cell ID value could be used.
· Table 1  parameters used for SA

	
	Scrambling
	DMRS base sequence
	DMRS

	
	Cell ID
	RNTI
	Slot number
	Codeword index
	Group hopping
	Sequence hopping
	Delta shift
	Cell ID
	CS
	OCC

	SA
	510
	Independent of UE ID

Fixed to 0
	Independent of the slot number

Fixed to 0
	Fixed to 0
	Disabled
	Disabled
	0
	510
	0
	Fixed to [1 1]
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Figure 2 One-stage D2D discovery differentiation
· Solution 2: two-stage differentiation. First, discovery is differentiated from communication by the use of different scrambling sequence and/or DMRS as for solution 1. Then, if it is determined that the message is a discovery message, some field, such as the TA field, which is not necessary for discovery can be used to further differentiate the type of discovery for this discovery message.
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Figure 3 Two-stage D2D discovery differentiation
· Solution 3: a new type of SCI can be defined to differentiate discovery from communication. The legacy SCI (SCI0) is used for communication, and a new type SCI (SCI1) is used for discovery through communication. Discovery type can be differentiated by the field carried in SCI1. 
Proposal : Physical layer parameters are used to differentiate discovery.

4 Conclusions
In this contribution, support of UE-to-network relay discovery is discussed. The following observations proposals are given.

Observation 1: UE needs to distinguish the different type of discovery

Observation 2: It is beneficial to differentiate the discovery type at the physical layer.
Proposal : Physical layer parameters are used to differentiate discovery.
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