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1 Introduction

The work item [1] was approved in RAN#66, one of the objectives of this WI is following: 
	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 
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].


In this contribution, we will analyze the possible discovery mechanism for partial and outside network coverage scenarios and give our proposal.
2 Discussion
In Rel-12, the ProSe Direct Discovery is supported only when the UE is served by E-UTRAN, the ProSe Direct Communication is supported when the UE is served by E-UTRAN and when the UE is outside of E-UTRA coverage
For Rel-13, the ProSe Direct Discovery for partial and outside network coverage scenarios as showed in the Figure1 need to be supported.
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 (a) Scenario 1A                                 (b) Scenario 1B
Figure 1: Scenario for ProSe Direct Discovery
Based on the Rel-12 ProSe Direct Discovery/Communication design, two possible solutions may be considered as the candidate mechanism to perform ProSe Direct Discovery for the above scenarios.
Alt1: Enhanced ProSe Direct Discovery mechanism
According to the TS23.303 [2], the overall procedure for the Rel-12 ProSe Direct Discovery is showed in the Figure 2, the upper layer handles authorization for announcement and monitoring of discovery message and the content of discovery message is transparent to AS layer.
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Figure 2: Overall procedure for ProSe Direct Discovery

According to the above the figure, the D2D UE exchanges the control information with ProSe Function to perform the ProSe Direct Discovery. 
Step1: The Service Authorization procedure allows Prose Function to obtain authorization to use direct discovery in the various PLMNs.
Step2: The Discovery Request procedure allows an announcing or a monitoring UE to obtain the necessary configuration information to be able to announce a ProSe Application code or monitor for ProSe Application codes in a particular PLMN. 
Step3: The ProSe App Code is announced by the announcing UE and received by the monitoring UE.
Step4: The Match Report procedure allows a ProSe App Code received by the monitoring UE to be checked and confirmed by the network.

For partial and outside network coverage case, the UE has no connection with the network, the interaction with ProSe Function can’t be provided, therefore, it’s difficult to reuse Rel-12 discovery mechanism, following enhancement need to be considered.
1) Security aspect

For in-coverage case, the integrity protection via the Message Integrity Check (MIC) furthermore enables the ProSe Function to verify that the announcing UE was indeed authorized to announce this ProSe App Code at that time instance. 

For out-of-coverage case, since the UE is outside network coverage, in order to avoid fake UE announce the ProSe App Code, the new mechanism for integrity protection and validation of the ProSe App Code may need to be designed, whether the new security mechanism is needed will be decided by SA3. 
2) Discovery message aspect

For in-coverage case, ProSe Application Codes is used in the discovery message over the PC5 interface.
For out-of-coverage case, if the ProSe Application Codes is contained in the PC5 discovery message, the monitoring UE needs to manage the mapping of ProSe Applications IDs and ProSe Application Codes to obtain the corresponding ProSe Applications ID. Another possibility is to directly include the ProSe Applications ID in the discovery message. 
According to the SA2 TR23.713 [3], following parameters may be provided in the discovery message for UE-to-Network Relay Discovery case:
· message type: 8 bits

· Discovery type: 2bits
· ProSe Relay UE ID: 24bits
-
PLMN ID: 24 bits.

-
Connectivity Info: Parameter identifying connectivity the ProSe UE-to-Network Relay provides (e.g. including APN information). The length of this IE is TBD, according to the 23.003[4], maybe 100 octets. 
-
Status/maintenance: 2~4bits.
-
Group Info: contains information about the group(s) that the UE-to-Network Relay is currently relaying. The length of this IE is TBD.
If the size of these parameters exceed Rel-12 discovery message (232bits), RAN1 needs to evaluate the practicability.
3) Synchronisation aspect

For in-coverage case, the UE participating in announcing of discovery messages may act as a synchronisation source by transmitting a synchronisation signal based on the resource information for synchronisation signals provided in SIB19.
For out-of-coverage case, if both UEs are out-of-coverage (scenario 1A), the Rel-12 discovery synchronisation mechanism can be reused in case the same resource information is pre-configured in the UEs. However, if one UE is served by the E-UTRAN (scenario 1B), the ProSe transmission resource allocated by the eNB may be different from the pre-configured resource. In this case, besides the SLSS, the UE acting as a synchronisation source may also need to send the SBCCH and a synchronisation signal, the content of SBCCH can be derived from the received SBCCH or pre-configured in the UE.
Furthermore, the in-coverage discovery may operate on multiple frequencies. The out of coverage discovery UEs may need to monitor the synchronization signals on multiple frequencies, which may drain the UE’s battery. Notice the synchronization signal transmitting of discovery capable UE depends on the transmitting of discovery message in Rel-12. To support the partial scenario, some UEs may need to transmit the synchronization signalling all the time to make the out of coverage UE synchronized when it wants to transmit discovery message.
Observation1: If Alt1 is used for partial and outside network coverage ProSe discovery, a number of enhancements to R12 discovery need to be considered.
Alt2: ProSe Direct Communication mechanism
According to the SA2 TS23.303 [2], the overall procedure for the ProSe Direct Communication is showed in the Figure3. 
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Figure3: One-to-many ProSe Direct Communication transmission
Step1: The UE could be pre-configured with the related information for one-to-many ProSe Direct Communication.
Step2: The originating UE finds the appropriate radio resource to conduct one-to-many ProSe Direct Communication.
Step3: The originating UE sends the IP data to the IP multicast address using the ProSe Layer-2 Group ID as Destination Layer-2 ID.
Since the Rel-12 ProSe Direct Communication naturally supports the partial and outside network coverage scenarios, it’s easier to reuse this mechanism to perform the Prose Direct Discovery when UE is out-of-coverage.
For security aspect, the authorisation policy, ProSe Direct Communication policy/parameters and radio parameters can be pre-configured in the UE. For synchronisation aspect, the UE out-of-coverage acting as a synchronisation source can transmit SBCCH and a synchronisation signal. For discovery message aspect, the receiving UE can filter out the received frames based on the ProSe Layer-2 Group ID contained in the Destination Layer-2 ID.
If we choose this mechanism to perform ProSe direct discovery for partial and outside network coverage ProSe discovery, the backward compatibility issue for UE behaviour needs to be considered. For out-of-coverage UE, the Communication mechanism is the only method to perform discovery. However, for in-coverage UE (Scenario 1B), both Communication and Rel-12 Discovery mechanism may be used discovery purpose. 
Observation2: Alt2 can support partial and outside network coverage ProSe discovery with less standard impact.

According to the above analysis, Alt2 can support ProSe direct discovery with less standard impact, the Alt1 may involve SA3 and RAN1 work and introduce more standard effort. Therefore, the following proposal is proposed:
Proposal1: It’s proposed to select the ProSe communication mechanism for partial and outside network coverage ProSe discovery.
3 Conclusion
Based on the discussion in section 2 the following is proposed:

Observation1: If Alt1 is used for partial and outside network coverage ProSe discovery, a number of enhancements to R12 discovery need to be considered.
Observation2: Alt2 can support partial and outside network coverage ProSe discovery with less standard impact.
Proposal1: It’s proposed to select the ProSe communication mechanism for partial and outside network coverage ProSe discovery.
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