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1 Introduction

In a companion contribution [1] we have discussed and proposed the format for the physical D2D channels, including discovery. Here, we discuss how to map discovery resources and how to signal them.
2 Type 1 and Type 2 Resource Allocation 

According to 36.843, the definition of discovery period is FFS. We assume here that the discovery period is a relatively long configurable period (typically in the order of 10s). Typically, each discoverable UE transmits exactly one discovery message per discovery period, but some exception may be considered for Type 2 discovery only (e.g., a train of retransmissions within the discovery period may be useful to reduce discovery latency for Type 2 allocation). On the other hand, there is no reason to allow retransmissions within the discovery period by UEs with Type 1 allocation (it would be equivalent to shortening the configurable period).

Proposal:

· Type 1 UEs transmit exactly one discovery message per discovery period.

· Some Type 2 UEs may perform retransmissions within the discovery period, according to the received configuration.
For Type 1 discovery, in each discovery period each UE selects a single discovery resource randomly in time and frequency. No resource pattern is defined for Type 1 discovery. Type 1 discovery is supported at least for in-coverage. FFS whether Type-1 should be even supported for edge-of-coverage.

 Proposal:
· For Type 1 discovery each UE selects a single discovery resource randomly in time and frequency for each discovery period.
· Type 1 discovery is supported in-coverage. FFS whether Type 1 discovery is supported in edge-of-coverage.

For Type 2 discovery, the eNB assigns a resource pattern in frequency and time domains as well as a certain number of retransmission. Possibly, the eNB may configure unlimited Type 2 (re)transmissions or a single transmission, similarly to configuration of one-shot P-SRS. It is FFS whether Type 2 discovery message transmission is allowed for edge-of-coverage and for RRC_Idle UEs.
One of the main advantages of Type-2 compared to Type-1 is the possibility to FDM Type-2 resources with cellular or even Type-1 discovery. However, in order to achieve the above advantage as well as provide frequency and interference diversity, a PUCCH-like frequency hopping scheme needs to be considered for Type-2 discovery. PUCCH-like frequency hopping was also proposed for communication for the same reason [2].
Proposal:
· For Type 2 discovery each UE is assigned a time/frequency resource pattern by the eNB.

· The eNB configures the number of (re)transmissions

· The resource pattern is PUCCH-like in the frequency domain to avoid resource fragmentation
· Type 2 discovery is supported in-coverage. FFS whether Type 2 discovery is supported in edge-of-coverage and by RRC_Idle UEs.
3 Type 1 and Type 2 Discovery Configuration

From a transmitter perspective Type 1 resources within the serving cell are broadcasted by SIB. The resource allocation comprises the set of periodic discovery subframes, the definition of discovery period and some bandwidth limitation.
In case of discovery Type 2 the UE-specific resources are provided by RRC or other signaling under discussion in RAN2 [3]. The resource allocation comprises the set of one or more (possibly periodic) discovery subframes within the discovery period and the associated resource pattern in frequency domain. At this point, we do not see strong enough motivations to support discovery Type 2A.

Proposal:
· For Type 2 the UE-specific resources are provided by RRC or other signaling under discussion in RAN2.
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 [4]. The PCID for cells in proximity and the associated PCIDs are obtained from SIB signaling in the serving cell [5]. UE ID-specific descrambling has large impact on UE complexity and should be avoided.
Proposal:
· Descrambling of discovery messages is based on the cell PCID
Different discovery messages (e.g., discovery messages by commercial or PS UEs) have different message format and need to be distinguished at L1 for correct decoding. This can be done by mapping the discovery message format to the cyclic shift of the discovery message DMRS, such that the receiver can apply the correct detection algorithm without blindly testing different discovery message formats.
Proposal:
· The discovery message format (PS, commercial) is indicated by the DMRS cyclic shift.
5 Discovery Pools Properties

Discovery subframes may be grouped in time, in order to increase possibilities for energy efficient implementations. For the same reason discovery subframes may be configured closed (but not overlapping) to paging subframes [5]. In order to reduce discovery latency, especially for Type-2 discovery, it is also beneficial to spread discovery subframes into multiple groups.
The periodicity of each group and the number of subframes are FFS and should be mostly left to eNB configuration.

The eNB assists its UEs by signaling the resource pools to be monitored. Such pools include at least the serving cell and may include proximal cells pools, too [5]. While UEs should monitor the union of the signaled pools, it is up to eNB implementation how to configure the pools and whether to allow for some overlap or not.
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Figure 1: Example resource allocation for D2D discovery. Note that UE 3 (Type-2 discovery) performs retransmissions during the discovery period. PUCCH-like resource allocation for Type-2 resources that allows for reduced subframe fragmentation. Type-1 subframes are reserved to discovery, while Type-2 subframes may be multiplexed with cellular UL. Discovery resources are grouped close to paging subframes (by eNB implementation).
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