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1. Introduction
In RAN Plenary #66 meeting, a new WI of ProSe enhancement was agreed. In this WID, the following objective is included [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].


Although RAN1 is targeted as the WG to investigate the above objective, certain RAN2 aspects may be considered for the partial network coverage (PaC) and outside network coverage (OoC) discovery without inputs from RAN1.
2. Discussion
2.1. The necessity of the PaC and OoC discovery
The partial and outside network coverage discovery is an important feature for Public Safety use. For the partial network coverage case, discovery announcing is already agreed to be used for the detection of ProSe UE-to-Network Relay [2]. Introducing the ProSe UE-to-Network Relay operation is also within the scope of the WID [1], so the partial network coverage discovery scenario should be introduced at least for ProSe UE-to-Network Relay operation.
Additionally, some use cases which requires the outside network coverage discovery were discussed in SA [2], e.g, ProSe UE-to-UE Relay operation. Since the usage of outside network coverage discovery is similar to that of the partial network coverage discovery, it is preferable to create a universal design for both the outside and the partial network case. Therefore, RAN2 should discuss both the partial and the outside network coverage discovery scenarios should be introduced together in Rel.13.
Proposal 1: Both the partial and the outside network coverage discovery scenarios should be introduced together in Rel-13.
There are some proposals whereby the partial and outside network coverage ProSe Direct Discovery is designed based on Mode 2 Communication i.e., to use data signals to carry discovery message [3]. Since out of coverage ProSe Direct Communication is already supported in Rel-12, it would be straightforward to apply the same approach for the partial and out of coverage ProSe Direct Discovery to limit specification impacts. However, ProSe Direct Discovery has many aspects different from ProSe Direct Communication, e.g. authorized discovery range, and some enhancements will be needed for both RAN2 and RAN1 specifications [4]. Therefore, the proper approach for discovery needs to be further considered at least from RAN2’s perspective.

As a preliminary consideration, RAN2 should consider the necessity for the enhancements of the partial and out of coverage ProSe Direct Discovery based on Type 1 Discovery specified in Rel-12. In order to enhance the current type 1 discovery to partial and outside network coverage, essential parameters, e.g. discovery resource pool, transmission configuration, should be pre-configured just as in ProSe Direct Communication. Additionally, parameters used for the operation within network coverage should be modified for partial and outside network coverage.
2.2. Synchronization Procedure for Partial and Outside the Network Coverage Type 1 Discovery
2.2.1. Outside Network Coverage Scenario

The synchronization facilitates the reception and decoding of the discovery messages transmitted by other UEs. Rel-12 D2D already provides a synchronization procedure and signalling which are used for the OoC ProSe Direct Communication scenarios. The Rel-12 synchronization procedure may be reused by the OoC UEs for type 1 discovery scenarios. This is shown in the Fig. 1, whereby an OoC UE receives synchronization information from another independent Synchronization reference (SyncRef) UE transmitting synchronization signals using preconfigured resources.
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Fig. 1 - Synchronization information transmission for outside network coverage discovery
Reusing Rel-12’s sidelink synchronization allows a universal synchronization procedure for both the OoC ProSe communications and the discovery.

Observation 1: Rel-12 synchronization procedure may be reused for Rel-13 OoC ProSe Type 1 discovery.

2.2.2. Partial Network Coverage Scenario

Rel-12 synchronization procedure and signalling for the partial network coverage may also be reused for partial network coverage type 1 discovery scenarios. The existing Rel-12 method allows a SyncRef UE to derive its synchronization signals from the information it receives from its serving cell/PCell. These synchronization signals can be received by an OoC UE as shown in Fig. 2. UE2 may transmit the synchronization information it received from UE1 with an updated MIB-SL to the neighbouring ProSe UE (UE3 in Fig. 2). This would allow all the UEs located just outside the cell boundary to have the same synchronization information.
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Fig. 2 - Synchronization information transmission for partial network coverage discovery
Observation 2: Rel-12 synchronization procedure for ProSe Direct Communication may be reused for Rel-13 Partial Network Coverage ProSe Type 1 discovery scenarios.

Proposal 2: RAN2 should consider reusing the Rel-12 synchronization procedure for ProSe Direct Communication for the Type 1 discovery of both the partial and the outside network coverage scenarios in Rel-13.
RAN2 should also consider the synchronization for inter-cell discovery scenario as specified in Rel-12. According to the current specification, InC UE near the edge of coverage may perform discovery operation by transmitting only one-shot SLSS at the (nearest subframe from) beginning of discovery transmission resource pool. So InC UE near the edge of coverage should select the SLSS transmission method applicable for the type of operation (Public Safety discovery or Commercial discovery operation).
Proposal 3: ProSe UE should select the SLSS transmission method applicable for the type of operation (Public Safety discovery or Commercial discovery operation).
2.3. Type-1 Discovery Resource Pool for Partial and Outside the Network Coverage

2.3.1. Outside Network Coverage Scenario

In Rel-12 ProSe Direct Communication uses preconfigured resources when the UE is OoC. These preconfigured resources are indicated by the preConfigComm in SL-Preconfiguration. The OoC UE monitors and transmits data in the above resources in accordance with the timing of the selected SyncRef UE, and if the UE does not have a selected SyncRef UE, the synchronization is based on the UE’s own timing. In order to achieve a universal solution, a similar approach may be applied to Type 1 discovery monitoring and transmission. This would require the Type 1 discovery resource pool to be preconfigured in SL-Preconfiguration. 

Proposal 4: RAN2 should consider using the Rel-12 preconfiguration as a means to provide the discovery resource pool information to the OoC UEs in Rel-13. 
2.3.2. Partial Network Coverage Scenario

In the network coverage case, Type 1 discovery resource pool information is provided by the serving cell/PCell through SIB messaging or dedicated signalling. ProSe capable UEs select resources from Type 1 discovery resource pool for their discovery signal transmissions. However, OoC UEs do not have access to the discovery resource pool information transmitted by the neighboring cell(s).
One possible approach is to allow the cell-edge ProSe UEs to broadcast the discovery resource pool information received from their own serving cell/PCell. These cell-edge ProSe UEs would use the existing or a new signalling to deliver the resource pool information. Another approach is for the cell-edge ProSe UEs to use a set of preconfigured resources assigned specifically for the PaC UEs similar to the current ProSe Communication mechanism in partial network coverage (Fig. 3). The drawback of latter approach is that more resources must be shared between InC and OoC compared to the Rel.12 OoC Communication since Sidelink Control (SC) pool is not available for discovery. If this approach is reused without changes, serving cell/PCell can’t use those resources to serve the other InC UEs. One of the possible solutions is for RAN2 to specify another smaller preconfigured resource pool that may be used specifically for the PaC scenario. However, further study is needed to determine if the interference from OoC UEs due to discovery announcement using the allocated resource for OoC UEs will affect the operation of InC UEs.
Both of the approaches (the resource pool information forwarding and assignment of specific preconfigured resource pool) should be considered as potential solutions to support partial network coverage discovery.
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Fig. 3 - OoC Direct Discovery based on Rel.12 OoC Direct Communication
Proposal 5: The resource pool information forwarding and assignment of specific preconfigured resource pool should be considered as potential solutions to support partial network coverage discovery.
2.3.3. Other enhancements
· Pool Selection
For the inside network coverage operation, serving cell/PCell may configure multiple transmission resource pools and the selection of these pools may be based on random selection or based on RSRP measurements. On the other hand, for outside network coverage operation, there’s no pool selection scheme in the preconfigured parameters for Communication, and there may not be any need to reuse the pool selection scheme for inside network coverage. However, in consideration of the aspects of discovery range, new pool selection scheme based on the discovery range may be useful.
Proposal 6: RAN2 should discuss whether pool selection scheme based on the discovery range is necessary.
· Discovery message load control (txProbability)

Serving cell/PCell may configure the txProbability to control the load of discovery message generated by Type 1 discovery announcing. Serving cell/PCell configures txProbability via dedicated/broadcast signalling; therefore, txProbability may be modified based on the Type 1 discovery resource pool condition (determined by eNB’s implementation). However, for the outside network coverage scenario, if txProbability is reused, it needs to be pre-configured to ProSe UE, so it can’t be modified based on the resource pool condition. If load control mechanism is necessary for outside network coverage, a suitable value of txProbability needs to be determined, e.g. based on the number of discovery message in resource pool or based on the reception power of discovery resource pool.
Proposal 7: RAN2 should discuss whether load control mechanism for outside network coverage is necessary.
3. Conclusion 
This contribution addresses the use of synchronization based on existing Rel-12 mechanism. The allocation and selection of discovery pools are also addressed for both the in-coverage and out-of-coverage scenarios. We have one observation and six proposals as follows: 
Proposal 1:
Both the partial and the outside network coverage discovery scenarios should be introduced together in Rel-13.
Observation 1:
Rel-12 synchronization procedure may be reused for Rel-13 OoC ProSe Type 1 discovery.
Observation 2:
Rel-12 synchronization procedure for ProSe Direct Communication may be reused for Rel-13 Partial Network Coverage ProSe Type 1 discovery scenarios.
Proposal 2:
RAN2 should consider reusing the Rel-12 synchronization procedure for ProSe Direct Communication for the Type 1 discovery of both the partial and the outside network coverage scenarios in Rel-13.
Proposal 3:
ProSe UE should select the SLSS transmission method applicable for the type of operation (Public Safety discovery or Commercial discovery operation).
Proposal 4:
RAN2 should consider using the Rel-12 preconfiguration as a means to provide the discovery resource pool information to the OoC UEs in Rel-13.
Proposal 5:
The resource pool information forwarding and assignment of specific preconfigured resource pool should be considered as potential solutions to support partial network coverage discovery. 
Proposal 6:
RAN2 should discuss whether pool selection scheme based on the discovery range is necessary.
Proposal 7:
RAN2 should discuss whether load control mechanism for outside network coverage is necessary.
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