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1 Introduction

In RAN1 #74bis, working assumption was made on discovery signal design as follows [1]:

· Discovery uses a sequence plus message
· It is FFS whether the sequence may be the demodulation RS of the message
· For the message:
· PUSCH structure is reused, with:
· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes

· Rate matching is used for bit size matching and possibly for generating multiple transmissions

· Scrambling is to be used for interference randomization
· FFS whether UE-specific or not
· PUSCH DMRS is transmitted
· Possible additional RS is FFS
· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding
Additionally, for the purpose of further evaluation, following working assumption was made:
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs
· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage
· Individual discovery message transmission resources are not CDM
· All individual discovery message transmission resources are the same size
· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery
In this contribution, we provide several aspects of discovery resource region and resource allocation methods 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. The group of resources for discovery signal is referred to as discovery resource region (DRR for short hereafter). Though it is FFS whether to support Type 2 discovery, it may be beneficial to define DRR even for Type 2 discovery in order to reduce signaling overhead to allocate a UE specific resource.

Observation 1: It may be beneficial to define discovery resource region for both Type 1 and Type 2 discovery.
Time domain
In RAN1 #74bis, working assumption was made on DRR which consists of a number of subframes and a discovery period, and FFS a number of PRBs.

Time domain of DRR may be defined by a set of parameters, i.e. length, period and offset as shown in Figure 1. Considering power consumption of RRC_IDLE UEs, it is not desirable to have sparse allocation of discovery subframes over the period. Basically the allocation of discovery subframes could be indicated by length in the assumption that contiguous allocation is sufficient for discovery subframe. Instead of length, bitmap may be used to indicate discovery subframes in order to give more flexibility to the allocation. Period represents a time interval between two neighboring sets of discovery subframes. It is assumed that a discovery signal is transmitted once in the period. Offset indicates starting time of period from the reference time, e.g. SFN 0. Offset may be useful to multiplex multiple DRRs in the TDM manner.
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Figure 1: Time domain of DRR
Proposal 1: Study on the contiguous or non-contiguous allocation of discovery subframes.
Proposal 2: Include the parameter of offset in the configuration 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.
Proposal 3: Support UL resource allocation types for the resource allocation of DRR in frequency domain.
Multiplexing with uplink channels
It is desirable to multiplex the DRR with PUCCH in the FDM manner in order to support periodic transmission of uplink control channel as shown in Figure 1. It is easy to handle the collision between discovery signal and PUSCH, when the DRR is multiplexed with PUSCH in the TDM manner. The resources of PRACH are shared by all UEs in a cell, so the resources of PRACH shall not be used for discovery signals. Basically it is desirable to avoid the resources of PRACH when the eNB informs UEs of the DRR. This constraint, however, may not be guaranteed depending on the resource allocation method of DRR. When the DRR overlaps with the resources of PRACH, it is preferable for UEs to exclude the overlapped resources from the DRR. 
Observation 2: The resource of PRACH shall not be used for discovery signals.
Proposal 4: When the DRR overlaps with the resources of PRACH, UEs shall exclude the overlapped resources from the DRR. 
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Figure 2: Multiplexing with uplink channels
Inter-cell discovery
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. For synchronous network, the same DRR may be used over all cells. In addition, when different DRRs are used for different cells, those DRRs may be multiplexed in the TDM and/or FDM manner for inter-cell interference management. For asynchronous network, different DRRs may be used for different cells. In this case, those DRRs may be multiplexed in the TDM manner due to timing misalignment.
Observation 3: At least for asynchronous network, multiple DRRs would be required to support inter-cell discovery.
Proposal 5: Study further on the DRR multiplexing for inter-cell discovery.
Signaling method
The DRR should be known to UEs in RRC_IDLE as well as RRC_CONNECTED. The DRR is basically common to all UEs in a cell. Thus SIB may be enough to inform UEs of the DRR. UE-specific RRC signaling may be considered if there is a need for a group-specific DRR.
Proposal 6: Support SIB to inform UEs of the DRR.
2.2 Resource allocation methods
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 a 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. 3: Resource selection base on hash function

Alt. 1 is that TX UE randomly selects a discovery resource from the DRR. TX UE in RRC_CONNECTED may transmit PUSCH, PUCCH, or PRACH in the subframes where the DRR is allocated, so it would be beneficial for the TX UE to randomly select a discovery resource from the DRR except the subframes where uplink transmission may happen.
For Alt. 2, TX UE physically measures each discovery resource in the DRR, and selects a discovery resource from the set of discovery resources that show low received power [2]. 
For Alt 3, TX UE selects a discovery resource from the output of hash function. TX UE ID may be used as an input to the hash function. TX UE ID could be C-RNTI, IMSI, S-TMSI, or other IDs. Only UEs in RRC_CONNECTED could use C-RNTI. On the other hand, IMSI or S-TMSI 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. Moreover index of period for DRR may be included as an input.
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. Thus RX UE needs to perform blind decoding over the DRR.

Proposal 7: Study further on the method of resource selection for Type 1 discovery.
Resource allocation in Type 2 discovery
For Type 2 discovery, eNB would inform TX UE of a UE-specific discovery resource in the DRR. Two options may be considered for resource allocation:
· Option A: RRC only 
· Option B: RRC and MCE CE / (E)PDCCH
Option A is that a UE-specific discovery resource shall be informed by RRC signaling. Option B is that a set of UE-specific discovery resources is informed by RRC signaling and a UE-specific discovery resource of the set is informed by MAC CE or (E)PDCCH. These resource allocations is applied only UEs in RRC_CONNECTED. eNB may or may not inform the RX UE of the discovery resource. If the eNB does not inform the RX UE, the RX UE needs to perform blind decoding over the DRR.
Proposal 8: Study further on the method of resource allocation for Type 2 discovery.
3 Conclusion

We have discussed several aspects of discovery resource region and resource allocation methods for Type 1 and Type 2 discovery. In summary we have the following observations and proposals:
· Observation 1: It may be beneficial to define discovery resource region (DRR) for both Type 1 and Type 2 discovery
· Proposal 1: Study on the contiguous or non-contiguous allocation of discovery subframes.

· Proposal 2: Include the parameter of offset in the configuration of DRR.

· Proposal 3: Support UL resource allocation types for the resource allocation of DRR in frequency domain.
· Observation 2: The resource of PRACH shall not be used for discovery signals.

· Proposal 4: When the DRR overlaps with the resources of PRACH, UEs shall exclude the overlapped resources from the DRR. 

· Observation 3: At least for asynchronous network, multiple DRRs would be required to support inter-cell discovery.

· Proposal 5: Study further on the DRR multiplexing for inter-cell discovery.
· Proposal 6: Support SIB to inform UEs of the DRR.
· Proposal 7: Study further on the method of resource selection for Type 1 discovery.
· Proposal 8: Study further on the method of resource allocation for Type 2 discovery.
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