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1   Introduction
At RAN#66 meeting, a new SI named “Enhanced LTE Device to Device Proximity Services” was agreed. One of the objectives is to enhance D2D discovery to support partial and outside network coverage scenarios targeting public safety use [1]. 
	1) Define enhancements (if needed) to D2D discovery to enable the following features: 

a) Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].


Meanwhile, RAN2 received a LS [2] related to public safety discovery from SA2, regarding transport of messages for public safety discovery:
	To TSG RAN, RAN WG1 and RAN WG2 group.

ACTION: 
SA2 asks RAN1 and RAN2 to provide input on the suitability of PC5 Signalling Protocol for public safety discovery, TMGI advertisement and Cell ID announcement procedures from RAN perspective taking into account the information provided above.


In order to support D2D discovery in partial and outside network coverage scenarios, two problems need to be addressed: how to configure the discovery resource pools for out of coverage UEs and how to design the transport approach for public safety direct discovery, as requested in the LS from SA2. In this paper, the resource configuration and design of the transport approach for public safety direct discovery are analyzed and tentative solutions are presented.
2   Discussion 
Background for public safety direct discovery
SA1 and SA2 have already started the standardization of public safety direct discovery. According to TR 23.713 [3], the following scenarios for public safety direct discovery have been documented:
· UE-to-Network Relay Discovery 

· Group Member Discovery 

· UE-to-UE Relay Discovery
According to the objectives in [1], UE-to-UE Relay scenario is not covered by R13. So it is suggested that we only pay attention to the UE-to-Network Relay discovery and Group Member discovery scenarios for the out of coverage and partial coverage ProSe discovery. The message parameters for these two scenarios are listed in Table 1.
Table 1. Parameters used for public safety direct discovery
	Use cases
	Parameters in discovery message

	UE-to-Network Relay Discovery
	Message type; Discovery type; ProSe Relay UE ID; PLMN ID; Connectivity Info; Status/maintenance flags; Group Info 

	Group Member Discovery
	Message type; Discovery type; ProSe UE ID; Announcer/Discoverer info;
Discoveree info (Model B) 


For the UE-to-Network Relay scenario, SA2 further discussed the eMBMS based Relay. In this scenario, in order to support the relay of eMBMS to Remote UEs served by the UE-to-Network Relay, the remote UE may request the relay to monitor a specific TMGI availability and to broadcast this TMGI when it detects it on the MCCH of the serving cell. Then Relay forwards the eMBMS traffic to remote UEs through group-cast. So the TMGI and Cell ID are also considered to be carried by the Rel-13 discovery message in SA2.
The contents of the Rel-13 discovery message (for public safety) are then quite different from the Rel-12 discovery message, as listed in Table 2. The length of the discovery message in Rel-12 is fixed to 232 bits. But the discovery message for the public safety discovery is of variable size and the exact length is not yet determined. 
Table 2: PC5_DISCOVERY message content [2] 

	Information Element
	Presence
	Length (bits)

	Message Type
	M
	8

	ProSe Application Code
	M
	184

	MIC
	M
	32

	UTC-based Counter LSB
	M
	8


Observation1: SA2 has defined three public safety discovery scenarios, such as UE-to-Network Relay discovery, Group member discovery and UE-to-UE Relay. 
Observation2: Discovery message for the public safety discovery is of variable size and the exact length is not yet determined. 
Proposal1: Since UE-to-UE Relay scenario is not covered by R13, it is suggested that we only pay attention to the UE-to-Network Relay discovery and Group Member discovery scenarios for the out of coverage and partial coverage ProSe discovery.
Resource configuration for public safety direct discovery
In this section, we focus on the discovery resource pools configuration for out of coverage UEs. We think it is natural that the out-of-coverage UE uses a pre-configured resource pool for public safety discovery. On the other hand, in order for the out of coverage ProSe UE to receive the ProSe discovery announcements from nearby out of coverage UEs and potential in coverage UEs at cell edge, it is recommended that all the public safety UEs (i.e. both in and out of coverage) should be configured with reception resource pools for ProSe discovery which are the union of the ProSe discovery transmission resource pools in the serving cell and neighbour cells and the ProSe discovery transmission resource pool for out of coverage.
Proposal2：Out-of-coverage UEs use a pre-configured resource pool for public safety discovery.
Proposal3：All the public safety UEs (i.e. both in and out of coverage) should be configured with reception resource pools for ProSe discovery which are the union of the ProSe discovery transmission resource pools in the serving cell and neighbour cells and the ProSe discovery transmission resource pool for out of coverage.
The transport approach for public safety direct discovery
In this section, we discuss whether the discovery message for public safety scenario should be delivered through ProSe direct discovery or ProSe direct communication. We compare the characteristic of Rel-12 direct discovery and Rel-12 direct communication and analyze which one is more appropriate. The comparison is listed in Table 3 below.
Table 3. Comparison of Rel-12 discovery and Rel-12 communication
	
	ProSe direct discovery
	ProSe direct communication

	Payload size
	Fixed, 2PRB, 232bits
	Configurable to various size

	Payload content 
	Usually do not change 
	Change packet by packet

	Period 
	Period configurable between {320, 640,1280, 2560, 5120, 10240} ms
	Period configurable between {40, 80, 160, 320} ms

	Resource allocation
	Support scheduled resource allocation and UE autonomous resource selection. 
Scheduled resource allocation for discovery is similar to SPS. The resource is assigned through RRC signalling. 
	Support scheduled resource allocation and UE autonomous resource selection. 
For scheduled resource allocation the UE needs to send the ProSe BSR to the eNB and receive the SL grant from the eNB. 

	outside network coverage
	NA
	Pre-configuration


Based on the comparison between R12 ProSe discovery and communication, we can assess the feasibility of using R12 ProSe discovery and communication to deliver the discovery message for the public safety use case. 320ms is the minimum period supported by R12 ProSe discovery and 40ms is the minimum period supported by R12 ProSe communication. In addition, 232 bits is the maximum size supported for R12 ProSe discovery. The different requirements for period and payload size are then categorized in Table 4 below, together with the suggested R12 transport approach. 
Table 4. Suggested transport approach for different message size and period
	Categories
	period  >= 320ms
	40ms < period  <320 ms
	period  <40 ms

	Message size <=232 bits
	direct discovery 
	direct communication
	NA

	Message size >232 bits
	direct communication 
	direct communication
	NA


As it can be seen, only considering the message size and period, R12 ProSe communication would be a better approach in a higher number of cases. However, ProSe discovery could be enhanced to support the requirements for public safety discovery:
· Adding some new period configurations. For example, if the period requirement is 160ms, then 160ms should be added as a new period configuration for Rel-13 ProSe discovery.
· Re-designing the discovery message size to allocate more PRBs for ProSe discovery.
In this way, ProSe discovery can meet the requirement of a smaller period and larger payload size for the public safety use case.
On the other hand, ProSe communication also has its drawbacks when delivering the ProSe discovery message. In case of scheduled resource allocation, the UE needs to send the ProSe BSR to eNB and receive the SL grant from eNB. Considering the message size is very likely fixed, the scheduled resource allocation mechanism of direct discovery - which is similar to SPS - seems more reasonable. If R12 direct communication is selected as transport approach for PS discovery, some scheduling optimization schemes probably need to be considered.
Proposal4：If message size (232 bits) and minimum period (320ms) are acceptable, using Rel-12 direct discovery as transport approach may be an appropriate solution. Otherwise, improved direct discovery – allowing bigger message size and shorter period - or Rel-12 direct communication should be considered as the transport approach.
Proposal5: If Rel-12 direct communication is selected to transport the PS discovery message, some scheduling optimization schemes need to be considered.
3   Conclusion
In this contribution the resource configuration and design of the transport approach for public safety direct discovery were analyzed and tentative solutions were presented.  Several observations and proposals could be derived:
Observation1: SA2 has defined three public safety discovery scenarios, such as UE-to-Network Relay discovery, Group member discovery and UE-to-UE Relay. 
Observation2: Discovery message for the public safety discovery is of variable size and the exact length is not yet determined. 
Proposal1: Since UE-to-UE Relay scenario is not covered by R13, it is suggested that we only pay attention to the UE-to-Network Relay discovery and Group Member discovery scenarios for the out of coverage and partial coverage ProSe discovery.
Proposal2：Out-of-coverage UEs use a pre-configured resource pool for public safety discovery.
Proposal3：All the public safety UEs (i.e. both in and out of coverage) should be configured with reception resource pools for ProSe discovery which are the union of the ProSe discovery transmission resource pools in the serving cell and neighbour cells and the ProSe discovery transmission resource pool for out of coverage.
Proposal4：If message size (232 bits) and minimum period (320ms) are acceptable, using Rel-12 direct discovery as transport approach may be an appropriate solution. Otherwise, improved direct discovery – allowing bigger message size and shorter period - or Rel-12 direct communication should be considered as the transport approach.
Proposal5: If Rel-12 direct communication is selected to transport the PS discovery message, some scheduling optimization schemes need to be considered.
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