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1 Introduction

In RAN1 meeting #73, two types of discovery procedure were defined as follows [1]:

· 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
Furthermore, following conclusions on Type 1 discovery were reached in RAN1 meeting #74 [2]:
· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM

In this contribution, we provide several resource allocation schemes for Type 1 and Type 2 discovery.
2 Discussion
2.1 Discovery resource region (DRR)
In Type 1 discovery, a group of resources for discovery signal is allocated to UE. On the other hand, a specific resource is allocated to UE in Type 2 discovery. Though it is FFS whether to support both or one of Type 1 and Type 2 discovery, it is necessary to define a group of resources for discovery signal at least for Type 1 discovery. Moreover, it may be beneficial to define the group of resources even for Type 2 discovery in order to reduce signaling overhead to allocate an UE specific resource.
DRR (Discovery Resource Region) refers to the group of resources for discovery signal. DRR comprises multiple subframes and PRB-pairs in time and frequency domains respectively.
Time domain
Time domain of DRR may be defined by a set of parameters, i.e. bitmap, offset, periodA, and periodB as shown in Figure 1. Bitmap indicates whether each subframe is included or not for DRR. Offset denotes starting time of bitmap from the reference time, e.g. SFN 0. PeriodA represent a time interval between two neighboring bitmaps. A discovery signal may be transmitted once in the periodA. The same bitmap is repeated several times over the time interval of periodB. 
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Figure 1: Time domain of DRR
Frequency domain
Frequency domain of DRR may be allocated by two methods as follows:
· Method 1: Bitmap over system bandwidth
· Method 2: Uplink resource allocation types 0 and 1

Method 1 gives full flexibility for resource allocation, but it costs high signaling overhead. Though Method 2 does not provide full flexibility, it may be acceptable given that D2D discovery signal is transmitted over PUSCH region. Furthermore, Method 2 requires less signaling overhead than Method 1. In order to give more flexibility, multiple sets of uplink resource allocation types may be considered.
Single or multiple DRR(s)
In order to support inter-cell discovery, UE needs to know the DRR of neighbor cells as well as serving cell. Multiple cells may share the same DRR or have different DRRs. DRR for open discovery and restricted discovery may be the same or different. Multiple DRRs may require more amounts of resources, but it may reduce discovery decoding complexity and be easier to manage inter-cell interference.
Observation 1: It may be beneficial to define discovery resource region for both Type 1 and Type 2 discovery
Observation 2: It may be useful to configure multiple discovery resource regions.
Proposal 1: Study on the structure of discovery resource region.
Proposal 2: Study on the multiple discovery resource regions.
2.2 Resource allocation methods
DRR
If it is adequate for all UEs in a cell to allocate the same DRR, SIB is enough to allocate the DRR. Moreover, UEs in RRC_IDLE or RRC_CONNECTED could receive the SIB. On the other hand, RRC signaling is necessary to allocate the DRR if the DRR is for group of UEs not all UEs. When eNB configures multiple DRRs, RRC signaling may be beneficial. RRC signaling does not support UEs in RRC_IDLE given that only UEs in RRC_CONNECTED could receive the RRC signaling. A combination of SIB and RRC signaling also could be considered to allocate DRR.
Proposal 3: Study on the signaling method for discovery resource region.
Resource selection in Type 1 discovery
For Type 1 discovery, the UE that transmits discovery signal (TX UE for short hereafter) is required to select an UE specific resource in the DRR. Following alternatives of resource selection may be considered: 

· Alt. 1: Random selection 

· Alt. 2: Resource selection based on physical sensing

Alt. 1 is that TX UE randomly selects a discovery resource in the DRR. For Alt. 2, TX UE physically measures each discovery resource in the DRR, and selects an discovery resource in the set of discovery resources that show low received power.
Since eNB does not know the discovery resource that TX UE selects, eNB cannot inform the UE that receives discovery signal (RX UE for short hereafter) of the discovery resource. RX UE may perform blind decoding for the DRR.
Proposal 4: Study on the method of resource selection for discovery signal.
Resource allocation in Type 2 discovery
For Type 2 discovery, eNB would inform TX UE of an UE-specific discovery resource in the DRR. There are implicit and explicit resource allocations. Hash function based resource allocation may be an example of implicit resource allocation. TX UE ID may be used as an input to the hash function. TX UE ID could be C-RNTI, IMSI, or other ID. Only UEs in RRC_CONNECTED could use C-RNTI. On the other hand, IMSI could be used to UEs in RRC_IDLE or RRC_CONNECTED. Physical/virtual cell ID also may be included as an input to the hash function. 
Two alternatives may be considered for explicit resource allocation:
· Alt. A: RRC only 
· Alt. B: RRC and MCE CE / (E)PDCCH
Alt. A is that an UE-specific discovery resource shall be informed by RRC signaling. Alt. B is that a set of UE-specific discovery resources is informed by RRC signaling and an UE-specific discovery resource of the set is informed by MAC CE or (E)PDCCH. Both explicit resource allocations may be applied only UEs in RRC_CONNECTED. eNB may use the same or different resource allocation method for TX UE and RX UE.

Proposal 5: Study on the method of resource allocation for discovery signal.
3 Conclusion

We have discussed resource allocation for D2D discovery. In summary we have the following observations and proposals:
· Observation 1: It may be beneficial to define discovery resource region for both Type 1 and Type 2 discovery
· Observation 2: It may be useful to configure multiple discovery resource regions.

· Proposal 1: Study on the structure of discovery resource region.
· Proposal 2: Study on the multiple discovery resource regions.
· Proposal 3: Study on the signaling method for discovery resource region.
· Proposal 4: Study on the method of resource selection for discovery signal.
· Proposal 5: Study on the method of resource allocation for discovery signal.
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