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1. Introduction 
3GPP RAN2 #83 made some agreements for D2D discovery as follows[1]:
	Agreements

1
According to the RAN plenary prioritization, we will focus on a D2D Discovery mechanism for in-coverage (Scenario 1C and 1D). 

2
RAN2 should focus on the study of direct discovery (no need to look into EPC based discovery in RAN2).

3
Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity.  Need for additional security/authentication/authorization mechanisms in AS level for restricted discovery may be discussed.


It was agreed in RAN1 #73 that at least the two types of discovery (Type 1 and Type 2(A and B)) procedure are defined[2].  In-coverage D2D discovery mechanism should work in both Scenario 1C (single-cell) and 1D (multi-cell).  In this paper, we discuss on the D2D discovery mainly focusing on multi-cell deployment scenario and propose some solutions for Type 1 and Type 2 Inter-Cell discovery.
2. Discussion
Several D2D deployment scenarios are defined in R2-133699 (RAN2 text proposal to RAN1 TR 36.843 after RAN2 #83bis)[3].  As shown in Figure 1, Scenario 1A is “out of coverage” and Scenario 1B is “partial coverage”.  Scenario 1C and 1D are “in-coverage” deployment cases.  Especially, Scenario 1C is a single-cell case in which two UEs are located in the same cell and Scenario 1D is a multi-cell case in which two UEs are located in different cells.  RAN2 will focus on D2D discovery for Scenario 1C and 1D. 
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Figure 1. D2D Scenario (in TR 36.843)
In RAN1 #73, it was agreed that at least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies[2]. 
	· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission


As the resources of Type 1 discovery are non-UE specific and allocated for all UEs or groups of UEs in the cell, the network can allocate resources in a semi-static manner.  In order to perform the resource allocation, RRC signaling or SIB signaling can be considered.  But, SIB signaling is more appropriate to the semi-static allocation for all or group of UEs in the cell. 
Proposal 1: The resource allocation for Type 1 discovery is performed using SIB signaling.
The Type 2 discovery resources are allocated on a per-UE specific basis.  It means that each UE can have different resource allocation.  Moreover, in case of Type 2A, the resources can be allocated for each transmission instance of discovery signals.  RRC signaling is, therefore, more appropriate to the resource allocation for Type 2A and 2B. 

Proposal 2: The resource allocation for Type 2 discovery is performed using RRC signaling.
D2D discovery is the process of identifying UEs in proximity by transmitting and receiving a discovery signal between the UEs over the radio resources allocated by the network.  In Scenario 1C, the resources are allocated by an eNodeB and the UEs can obtain the allocation information by SIB or RRC signaling.  However, the UEs cannot share the resource allocation in Scenario 1D, since they are located in different cells as shown in Figure 2.  Thus, we need to come up with a solution for Inter-Cell D2D discovery. 
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Figure 2. Intra-Cell (Scenario 1C) and Inter-Cell (Scenario 1D) D2D discovery
For Type 1 Inter-Cell discovery, two options can be considered. 
· Option A : SIB contains a system-wide common resource allocated across deployment.

In this option, a system-wide common resource is pre-defined in advance.  Each eNodeB inserts the common resource information into SIB and broadcasts it periodically. 
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· Option B : SIB contains the allocated resource information of neighbouring cells.
In this option, each eNodeB may have different resource allocation for D2D discovery.  The allocated resource information should be shared with neighbouring eNodeBs.  Each eNodeB broadcasts SIB containing the allocated resource information of neighbouring cells as well as the serving cell. 
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Proposal 3: Two options can be considered for Type 1 Inter-Cell discovery. 
· Option A : SIB contains a system-wide common resource allocated across deployment.

· Option B : SIB contains the allocated resource information of neighbouring cells.

For Type 2 Inter-Cell discovery, two options can be considered also. 

· Option C : RRC Signaling contains the allocated resource information of neighbouring cells.
As with Option B, each eNodeB may have different resource allocation for D2D discovery.  The allocated resource information should be shared with neighbouring eNodeBs.  Each eNodeB informs the UEs of the allocated resource information of neighbouring cells as well as the serving cell using RRC Signaling. 
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· Option D : RRC Signaling contains a pre-configured common resource information for cell boundary area.

In order to alleviate the overhead of exchanging the allocated resource information between the eNodeBs and downsize the RRC Signaling message, this option introduces a common resource for cell boundary area.  The adjacent eNodeBs pre-configure a common D2D discovery resource for cell boundary area.  When allocating a D2D discovery resource to a UE in the boundary area, the eNodeB assigns the pre-configured resource.  Once a common resource is configured between the eNodeBs, the periodic exchange of resource information is not required and moreover the size of RRC message can be reduced compared to Option C. 
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Proposal 4: Two options can be considered for Type 2 Inter-Cell discovery. 

· Option C : RRC Signaling contains the allocated resource information of neighbouring cells.

· Option D : RRC Signaling contains a pre-configured common resource information for cell boundary area.

Proposal 5: RAN2 is asked to discuss the Inter-Cell D2D discovery.
3. Conclusion

In this contribution, we discuss Inter-Cell D2D discovery and provide some proposals as follows:
Proposal 1: The resource allocation for Type 1 discovery is performed using SIB signaling.
Proposal 2: The resource allocation for Type 2 discovery is performed using RRC signaling.

Proposal 3: Two options can be considered for Type 1 Inter-Cell discovery. 

· Option A : SIB contains a system-wide common resource allocated across deployment.

· Option B : SIB contains the allocated resource information of neighbouring cells.

Proposal 4: Two options can be considered for Type 2 Inter-Cell discovery. 

· Option C : RRC Signaling contains the allocated resource information of neighbouring cells.

· Option D : RRC Signaling contains a pre-configured common resource information for cell boundary area.

Proposal 5: RAN2 is asked to discuss the Inter-Cell D2D discovery as well as Intra-Cell scenario.
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