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1 Introduction

In RAN1 #74bis, following working assumption was made for the purpose of further evaluation [1]:

· 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 parameters of period, length and 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 2. 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. 
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Figure 2: Multiplexing with uplink channels
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. 
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. Alt 1. shows good performance [3][4] and is simple.
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: Support random 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 MAC 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.
2.3 Random selection schemes
Basic random selection is that TX UE randomly selects a discovery resource from the DRR. Each TX UE transmits discovery signal once per every period. It is beneficial to support a lot of UEs with limited resources which is interference limited environment. In this case, long-term performance of random selection could be improved by UE and resource grouping at the cost of initial performance loss.
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Figure 3: UE and resource grouping for random selection
Figure 3 shows an example of UE and resource grouping for random selection where Ng = 3. There are Ng UE groups and each UE is randomly selected to belong to one of the Ng groups. Each DRR is divided by two resource groups. Resource group A which is used by one UE group occupies NsA subframes. The UE group which uses resource group A is changed for different periods. Resource group B is used by the other UE groups and it occupies NsB subframes which is equal to (Ns – NsA) subframes where Ns is the total number of subframes of the DRR per period. 
The basic scheme is random selection without UE and resource grouping and the modified schemes is random selection with UE and resource grouping. In basic scheme, all discovery signals have statistically the same level of interference irrespective of number of discovery periods. On the other hand, discovery signals have different interference level in the modified scheme depending on the number of discovery periods. Specifically, when NsA is small, discovery signals in resource group B have the lower interference level than that in resource group A.
The basic scheme and three modified schemes are evaluated. Layout is Option 1, Ns = 16 and the other SLS assumptions are described in the Annex. The evaluation results are shown in Figures 4-6.
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Figure 4: Average number of UE discovered as a function of time
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(a) Number of discovery period = 1
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(b) Number of discovery period = 5



Figure 5: CDF of number of UEs discovered
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(a) Number of discovery period = 1
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(b) Number of discovery period = 5




Figure 6: Probability of discovery vs. pathloss

The results show that there is a trade-off relationship between initial performance and long-term performance. At the initial discovery period, it turns out that the basic scheme provides the best performance. This result imply that it is desirable for a scheme to have similar interference level of discovery signal for the initial performance.
On the other hand, the basic scheme gives the worst performance when the discovery periods are larger than 3. For the long-term performance, the scheme which provides the lower the minimum interference level during the discovery periods shows the better performance. Discovery signals in the modified scheme 1 where Ng = 2 and NsA = 1, gives the lowest interference level compared to the other schemes. So the modified scheme 1 provides the best long-term performance.
The other modified schemes are between the basic scheme and modified scheme 1. Depending on the discovery application, required discovery performance could be different. In order to meet the requirement of the specific discovery application, it is necessary to control the parameters of the number of UE groups and the number of resources of resource group. So the modified scheme which configures these parameters would give full flexibility to network operator for handling various discovery applications.
Observation 4: There is a trade-off relationship between initial performance and long-term performance depending on the parameters of the number of UE groups and the number of resources of resource group.
Proposal 9: Include the parameters of the number of UE groups and the number of resources of resource group to be configured.
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: Support random selection for Type 1 discovery.
· Proposal 8: Study further on the method of resource allocation for Type 2 discovery.
· Observation 4: There is a trade-off relationship between initial performance and long-term performance depending on the parameters of the number of UE groups and the number of resources of resource group.
· Proposal 9: Include the parameters of the number of UE groups and the number of resources of resource group to be configured.
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Appendix
Table 1: System level simulation assumptions
	Parameter
	Assumption

	Layout
	Hexagonal grid, 3 sectors per macro site,19 macro sites with wrap around
Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network synchronization 
	All eNBs are synchronized

	Channel model
	According to TR 36.843 v1.0.0

	UE drop
	According to TR 36.843 v1.0.0

	UE RX parameters
	Max transmit power of 23dBm, 1 Tx, 2 Rx antenna, Antenna gain 0 dBi, 
Noise figure 9dB

	In-band emission
	According to TR 36.843 v1.0.0 with W,X,Y,Z = [3,6,3,3] dB

	Discovery bandwidth
	44 PRBs

	Number of discovery subbframes per period
	16 subframes

	Discovery signal format
	PUSCH of 1 PRB-pair, QPSK

	Message size
	104 bit

	UE mobility
	3 km/hr
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