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1 Introduction
In this paper we discuss the
· Various requirements/observations for configuring resources for D2D direct discovery
· Approaches for configuring & signaling discovery resources 
· Approaches for resource selection for transmitting discovery information
2 Discussion
2.1 D2D Discovery [1] [2]
D2D Discovery is a process which determines that a D2D-enabled UE is in proximity of another D2D-enabled UE. A discovering D2D-enabled UE determines whether or not another D2D-enabled UE is of interest to it using D2D Discovery. A D2D-enabled UE is of interest to a discovering D2D-enabled UE if its proximity needs to be known by one or more authorised applications on the discovering D2D-enabled UE. 
For e.g. a social networking application can be enabled to use D2D discovery feature. The D2D discovery enables the D2D-enabled UE of a given user of a social networking application to discovery and be discoverable by the D2D-enabled UEs of his/her friends. In another example the D2D discovery can enable the D2D-enabled UE of a given user of a search application to discover stores/restaurants etc of its interest in its proximity.

D2D-enabled UE can discover other D2D-enabled UEs in its proximity by using direct UE-to-UE signalling with E-UTRA technology. This is also referred as D2D Direct Discovery. Alternately the EPC determines the proximity of two D2D-enabled UEs and informs them of their proximity. This is also referred as EPC Level D2D Discovery. This paper is focused on the D2D Direct Discovery.

2.2 Working assumption in RAN1 for D2D Direct Discovery [3]

During RAN#73 contributions from companies on discovery were discussed. The following conclusion was agreed upon:
1. It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)
· Use of DL subframes in the case of TDD can be studied further
2.  It is assumed that D2D transmission/reception does not use full duplex on a given carrier
2.3  Resource Configuration for D2D Direct Discovery
2.3.1 Requirements/Observations on Resource Configuration for D2D Direct Discovery
1. There is no one to one communication between the D2D-enabled UE transmitting the discovery information and the D2D-enabled UE receiving the discovery information. The discovery information transmitted by the D2D-enabled UE can be received and processed by multiple D2D-enabled UEs. 
2. During the D2D Direct Discovery the D2D-enabled UE monitoring the discovery information needs to know the time frequency resources used by the D2D-enabled UE transmitting the discovery information.
3. The discovery information is periodically transmitted by a D2D-enabled UE. The period of transmission may be in order of seconds.

4. The operator network shall be able to continuously control the use of E-UTRAN resources for D2D Discovery, if the D2D-enabled UEs are under E-UTRAN coverage and using operator’s spectrum [2]. The time and frequency resources for D2D Discovery may need to be adjusted considering the direct discovery load (i.e. number of D2D-enabled UEs that will transmit the discovery information). The network should be able to determine the direct discovery load and adjust the allocation of time and frequency resources for D2D Discovery.
5. The time frequency resources configured for discovery should minimise impact to legacy UEs.
a. E.g. Latency sensitive applications of legacy UEs should not be impacted
b. E.g. Synchronous HARQ operation in UL should not be impacted
6. Legacy UE(s) are not aware of time frequency resources configured for D2D direct discovery

7. D2D discovery is a continuous process performed by the D2D-enabled UEs. The D2D-enabled UEs should be able to perform D2D discovery irrespective of their RRC states.

a. The power consumption in D2D-enabled UE because of D2D discovery should be minimised.

Proposal 1: The requirements/observations mentioned in this section should be considered for discovery resource configuration
2.3.2 Periodic Allocation of Discovery Resources for D2D-enabled UEs

Based on the requirements/observations periodic allocation of resources for D2D direct discovery can be considered. Discovery resources (i.e. subframes) can be reserved for D2D direct discovery on a periodic basis. As illustrated in Figure 1, Discovery resources (i.e. subframes) are reserved in Discovery Resource Interval (DRI) every Discovery Resource Cycle (DRC). The DRC & DRI is common for all D2D-enabled UEs. The discovery resource configuration is broadcasted to D2D-enabled UEs. The discovery information can be broadcasted using new System Information Block (SIB) in system information (SI) message.

All subframes in DRI can be reserved for discovery. But this may impact the latency sensitive traffic and UL HARQ operation of legacy UEs. So, selective subframes in DRI can be reserved for discovery to minimize the impact to latency sensitive traffic and UL HARQ operation of legacy UEs. The pattern of discovery and non discovery subframes in DRI should be discussed further. 

Some of the information related to discovery configuration may be semi static in nature. For example, the Discovery resource interval may have to be updated in the discovery resource cycle to take care of the discovery load (number of UEs participating in discovery and discovery signals transmitted by them). We can avoid updating the DRI if the DRI is configured corresponding to the worst case discovery load in a cell. But this will lead to wastage of resources if discovery load is low in the cell. The subframes in DRI designated as discovery subframes may need to be updated based on the usage of resources by legacy UEs? How often the discovery resource configuration needs to be updated and which parameter (DRC or DRI or discovery sub frame in DRI) needs to be updated should be discussed further?
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Figure 1 Periodic allocation of Discovery Resources
Proposal 2: Periodic Allocation of Common Discovery Resources (i.e. Discovery sub frames) 

Proposal 3: Broadcasting the Discovery Resource Configuration (i.e. Discovery resource cycle and discovery resource interval) using SI message

Proposal 4: Discovery sub frames should be staggered in the discovery resource interval to minimize the impact to latency sensitive traffic and UL HARQ operation of legacy UEs.
Proposal 5: The pattern of discovery and non discovery subframes in discovery resource interval should be discussed
Proposal 6: The need for updating the discovery resource configuration and method to signal the updated discovery resource configuration should be discussed
2.4 Resource Selection by D2D-enabled UE for transmitting discovery information

The D2D-enabled UE transmitting the discovery information need to know the time frequency resources it needs to use for transmitting the discovery information. The following options can be considered for the selection of resources for transmitting discovery information:

1. Contention based resource selection amongst the configured discovery resources: In order to receive the dedicated resource assignment the D2D-enabled UE has to send request to camped cell. The D2D enabled UE transmitting the discovery information may be mobile in nature.  Because of mobility D2D-enabled UEs camped cell will change often and D2D enabled UE will have to send request to new cell almost every discovery resource cycle. This will lead to significant amount signaling overhead in the system. So a contention based resource selection protocol is preferred for mobile D2D enabled UEs.

2. Dedicated resource assignment: All the D2D-enabled UEs may not be mobile. For example, the D2D enabled UEs installed by the commercial establishments (e.g. stores, restaurants, etc which uses open discovery) are static in nature. Dedicated time frequency resource from the allocated time frequency resources for D2D direct discovery can be assigned to these D2D-enabled UE(s).
Proposal 7: Both contention based resource selection and dedicated resource assignment should be considered for transmitting discovery information.
2.5 Resource Selection by D2D-enabled UE for receiving discovery information

The D2D enabled UE monitoring the discovery information does not know the resources selected by D2D-enabled UE for transmitting the discovery information if the contention based resource selection protocol is used. So the D2D-enabled UE monitoring the discovery information monitors all the discovery resources configured for D2D direct discovery.
If the dedicated resource is used by the D2D-enabled UE for transmitting the discovery information then the one or more D2D-enabled UE monitoring the discovery information can know the discovery resources used via the network (e.g. D2D server). 

For a simple and efficient design it is preferred that the D2D-enabled UE monitoring the discovery information monitors all the discovery resources configured for D2D direct discovery. The optimizations to reduce monitoring overhead in the D2D-enabled should be discussed further.

Proposal 8: D2D-enabled UE monitoring the discovery information should monitors all the discovery resources configured for D2D direct discovery. 
3 Conclusion

In this paper we discuss the various requirements/observations for configuring resources for D2D direct discovery, approaches for configuring & signaling discovery resources, approaches for resource selection for transmitting discovery information and discovery Information Monitoring using configured discovery resources.

Proposal 1: The requirements/observations mentioned in this section 2.3.1 should be considered for discovery resource configuration

Proposal 2: Periodic Allocation of Common Discovery Resources (i.e. Discovery sub frames) 

Proposal 3: Broadcasting the Discovery Resource Configuration (i.e. Discovery resource cycle and discovery resource interval) using SI message

Proposal 4: Discovery sub frames should be staggered in the discovery resource interval to minimize the impact to latency sensitive traffic and UL HARQ operation of legacy UEs
Proposal 5: The pattern of discovery and non discovery subframes in discovery resource interval should be discussed
Proposal 6: The need for updating the discovery resource configuration and method to signal the updated discovery resource configuration should be discussed
Proposal 7: Both contention based resource selection and dedicated resource assignment should be considered for transmitting discovery information
Proposal 8: D2D-enabled UE monitoring the discovery information should monitors all the discovery resources configured for D2D direct discovery. 
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