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1 Introduction

In this paper we address some of the outstanding issues for discovery in Rel-12.
2 Design Principles for Discovery Pools and Patterns 

We identified some desirable design principles for the discovery resource allocation:
1. Periodic time shift of pools based on the PLMN-ID: discovery resources may collide in time across cells of different PLMNs [1]. Due to the capabilities limitation, UEs are unable to perform inter-PLMN D2D in case of collision. In order to randomize inter-PLMN collisions we support PLMN-specific periodic shifts of the discovery pools. The shift may be updated, e.g., every SFN period according to a rule.
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Figure 1: Example discovery pools shift based on PLMN-ID.
2. All UEs use the same (configurable) number of discovery transmissions within a pool: this assumption simplifies patterns design and allows receivers to easily combine the retransmissions of a given TB.
3. Resource patterns within a discovery period and a cell are orthogonal: this design is useful for Type-2, at least for intra-cell discovery.
4. Clustering of retransmissions: In case that resource patterns provide M>1 transmission resources for each TB within a discovery period, the N cell specific resources in time are clustered into M resource clusters in time. Each cluster includes K=N/M time resources. Each pattern assigns at most one (re)transmission of a certain TB in each cluster. The clusters may be spaced in time for ensuring diversity between retransmissions and reduce discovery latency. 
5. At least for Type-2, patterns span at most two frequency resources: such frequency resources may be symmetrical with respect to the DC. This property allows the best performance and minimization of spectrum fragmentation when a subframe is shared by discovery and cellular.
6. Patterns are designed for optimization of duplex constraints within a discovery period: this can be particularly beneficial in case of long discovery periods, which seems to be the preferred setting for discovery.
Proposals:

· Introduce periodic time shifts of patterns and pools based on cell-ID and PLMN ID

· All patterns within a pool are orthogonal, use the same number of retransmissions and span symmetrical frequency resources

· Retransmissions for all patterns are clustered in time; the clusters may be contiguous or spaced.

· The resource patterns for discovery ensure that the set of inband interferers for a given discovery message is different across retransmissions.
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Figure 1: Example discovery patterns. The number indicates the pattern index p and the “prime” indicates retransmission of the packet.
3 Details of Discovery Resource Selection

For Type 2 discovery, the eNB assigns a resource pattern in frequency and time domains as well as a certain number of discovery periods. Possibly, the eNB may configure unlimited Type 2 periods or a single period, similarly to configuration of one-shot P-SRS. 
For Type 1 discovery, the UE selects a resource with equal probability from the available resources for the first transmission of Type 1 discovery, for each discovery period.
Proposal:
· For Type 1 discovery, the UE selects a resource with equal probability from the available resources for the first transmission of Type 1 discovery, for each discovery period
· For Type 2 discovery each UE is assigned a time/frequency resource pattern by the eNB.

· The eNB configures the number of discovery periods to be transmitted
4 Receiver behaviour

From a receiver perspective, a UE is reported as discovered to higher layers when its discovery message is correctly detected (CRC check) at least once within a discovery period. Multiple detections of the same discovery message within the same discovery period are reported only once to higher layers. During each discovery period, L1 reports the set of discovered messages to L2, independently of the discovery messages at previous discovery period. Together with the discovery message, L1 reports a quality indication (e.g., energy measurement) for each discovered message.

Proposal:
· During each discovery period, L1 reports to higher layers the set of discovered messages and an energy measurement per each message

· Multiple detections of the same discovery message within the same discovery period are reported only once to higher layers
The receiver attempts descrambling in a given discovery subframe based on PCID. The PCID for cells in proximity and the associated PCIDs are obtained from SIB signaling in the serving cell. Different discovery messages (e.g., discovery messages by commercial or PS UEs) have different message format and need to be distinguished at L1/2 for correct decoding. This can be done by providing a commercial/PS flag in the pool configuration.
Proposal:
· The discovery pools are assigned to PS or commercial discovery by a flag during RRC configuration.
5 Conclusions

This paper discusses resource allocation for D2D Discovery. The following is proposed:

Proposals:

· Introduce periodic time shifts of patterns and pools based on cell-ID and PLMN ID

· All patterns within a pool are orthogonal, use the same number of retransmissions and span symmetrical frequency resources

· Retransmissions for all patterns are clustered in time; the clusters may be contiguous or spaced.

· The resource patterns for discovery ensure that the set of inband interferers for a given discovery message is different across retransmissions.

· For Type 1 discovery, the UE selects a resource with equal probability from the available resources for the first transmission of Type 1 discovery, for each discovery period
· For Type 2 discovery each UE is assigned a time/frequency resource pattern by the eNB.

· The eNB configures the number of discovery periods to be transmitted

· During each discovery period, L1 reports to higher layers the set of discovered messages and an energy measurement per each message

· Multiple detections of the same discovery message within the same discovery period are reported only once to higher layers
· The discovery pools are assigned to PS or commercial discovery by a flag during RRC configuration.
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