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1. Introduction
In RAN1#73 meeting, the following was agreed.
	At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 

· 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

Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.


The agreement reached was for convenience in further discussion/study. Which one is to be finally agreed has been an open issue. In this contribution we share our views on the two types of resource allocation for discovery signal.
2. Discussion
RRC_IDLE UE as well as RRC_CONNECTED UE will be allowed to transmit and receive discovery signals. To reduce the standardization effort, and to increase the resource utilization, it is better to designate a common resource pool for discovery signal transmitted by both types of UEs. An eNodeB cannot learn whether a certain RRC_IDLE UE is in any of its cells, while a RRC_IDLE UE parked in its cell and listens to the DL signals from the cell. Therefore Type-1 Resource Allocation, non-UE-specific allocation, is suitable to resource allocation for RRC_IDLE UEs. Type-2 Resource Allocation wastes more radio resource for more ProSe-enabled UE. And it requires RRC_IDLE UE to move to RRC_CONNECTED mode. Therefore, Type-2 Resource Allocation is disadvantage over Type-1 allocation.

Proposal 1: Type-1 allocation is applicable to both RRC_IDLE and RRC_CONNECTED UEs and is the baseline for Rel-12 Discovery Signal resource allocation.

In RAN1#74 meeting, it was agreed for Type-1 resource allocation that “Periodic uplink resources are allocated for discovery in a semi-static manner” and “For in network, allocation can be performed using RRC signaling.” 
RRC_IDLE UE is not expected to receive and decode RRC signaling, but needs to receive information of the Discovery Signal resource configuration. For RRC_IDLE UE, the information needs be sent through SIBx. This makes transmission of discovery resource pool information through RRC signaling redundant, because RRC_CONNECTED UEs receive the same information from SIBx. Therefore we propose that for in network ProSe, the eNB transmit the configuration of the discovery signal resource pool to all the ProSe-capable UEs in the cell via SIBx.

Proposal 2: Within the network coverage, eNB transmits the configuration of the discovery resource pool to all ProSe-capable UEs via SIBx.

One resource pool duration is composed of N subframes where each subframe has M pairs of discovery signal resource blocks. A ProSe UE selects one from MxN resources in one resource pool duration. The UE will select one resource in the next resource pool duration and continue to select resource in its following durations. If a ProSE UE always transmits in the same resource in every resource pool duration, two UEs choosing the same resource will have persistent collisions. This should be avoided and can be addressed by the adoption of time/frequency hopping across resource pool durations. The hopping pattern can be determined using a pre-defined formula. The formula applied to the resource-selection hopping for a ProSe UE can have the C-RNTI or ProSeUE-specific ID of the UE as parameters. The use of UE-specific parameters in the formula can make hopping patterns for different UEs pseudo-orthogonal, reducing collisions between UEs in resource selection.

Proposal 3: Time/Frequency hopping should be applied to discovery-signal resource selection over multiple resource pool durations. The formula determining the resource-selection hopping pattern for a ProSe UE can have variable parameters associated with C-RNTI or ProSeUE-specific ID of the UE.

Type-2, especially Type-2a, may bring a benefit in some situations. An example scenario would be envisioned where the eNB needs to instigate D2D transmission between two close by UEs both in its cell. By changing the communication mode of the two UEs from cellular mode to D2D direct mode, eNB can increase its total cell capacity. ProSe requirement includes the following one:
An operator offers a service which makes use of the ProSe feature, in which:

-
The operator is able to establish a new user traffic session using E-UTRA ProSe communication;

-
The operator is able to switch user traffic from an infrastructure communication path to an E-UTRA ProSe communication path.

This required operation could be implemented using Type-1. However, to use Type-1 resource for 

Discovery between two designated UEs in a cell is subjected to contention with other UEs. This is both a waste of resources due to the contention overhead and is a source of unnecessary delay. To perform the switch between cellular mode and D2D mode as quickly as possible, it is better to use designated resources for the discovery between these two UEs. By using dedicated resource, resource allocation Type-2a is more efficient than Type-1.
Proposal 4: Type-2A resource allocation should be supported in addition to Type-1. 
3. Conclusion
We make the following four proposals:
Proposal 1: Type-1 allocation is applicable to both RRC_IDLE and RRC_CONNECTED UEs and is the baseline for Rel-12 Discovery Signal resource allocation.

Proposal 2: Within the network coverage, eNB transmits the configuration of the discovery resource pool to all ProSe-capable UEs via SIBx.

Proposal 3: Time/Frequency hopping should be applied to discovery-signal resource selection over multiple resource pool durations. The formula determining the resource-selection hopping pattern for a ProSe UE can have variable parameters associated with C-RNTI or ProSeUE-specific ID of the UE.
Proposal 4: Type-2A resource allocation should be supported in addition to Type-1.
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