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1 Introduction
In this paper we discuss how the discovery resources should be signaled for Direct Discovery.
2 Discussion
RAN1 Agreements [1]: As per the RAN1 agreements D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage. RAN1 also has agreed that periodic uplink resources (non UE specific) for discovery are allocated in a semi static manner. The allocation can be signalled using RRC signalling.
RAN2 should discuss how the periodic allocation is signaled to D2D UEs? What should be the duration of discovery resource allocation and periodicity of the discovery resource allocation?
2.1 Discovery Resource Configuration & Signaling
2.1.1 Discovery Resource Period and Duration

As illustrated in Figure 1, Discovery resources (i.e. subframes) can be reserved for Discovery Resource Duration every Discovery Resource Cycle. The discovery subframes are not used for transmitting data from UE to eNB. The Discovery Resource Cycle & Discovery Resource Duration is common for all D2D-enabled UEs. The discovery resource configuration is broadcasted to D2D UEs. The discovery resource configuration is broadcasted using System Information Block (SIB) in system information (SI) message.  
The discovery resource periodicity impact D2D UEs power saving. It also impacts the time required for successful discovery. Smaller discovery resource periodicity leads to more wake ups but faster discovery. Longer discovery resource periodicity reduces wake ups but increases the discovery time. There is a tradeoff between the UEs power saving and time required for successful discovery.
Observation 1: There is a tradeoff between the UEs power saving and time required for successful discovery.
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Figure 1 Periodic allocation of Discovery Resources
Proposal 1: Discovery Resource Configuration is broadcasted using SI message. Discovery resource configuration indicates the periodicity of discovery resources (i.e. Discovery Resource Cycle) and the duration of discovery resources in a discovery resource cycle.

All subframes in Discovery Resource Duration can be reserved for discovery. But this may impact the latency sensitive traffic of UEs on Uplink. So, selective subframes in Discovery Resource Duration can be reserved for discovery to minimize the impact to latency sensitive traffic of UEs communicating with eNB. The non discovery subframes during the discovery resource duration and the corresponding subframes (based on uplink HARQ retransmission interval) can be used by eNB to schedule the UL HARQ packets of latency sensitive traffic. 

Observation 2: Continuous discovery subframes may impact the latency sensitive traffic of UEs communicating with eNB.
Proposal 2: Consecutive discovery subframes impacts the latency sensitive traffic of UEs communicating with eNB. Discovery sub frames should be staggered in the discovery resource duration to minimize this impact.

2.1.2 Discovery Resource Configuration Update

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 Discovery Resource Duration if the Discovery Resource Duration 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 Discovery Resource Duration 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 (Discovery Resource Cycle or Discovery Resource Duration or discovery sub frame in Discovery Resource Duration) needs to be updated should be discussed further?

Observation 3: Discovery resources may need to be updated based on discovery load. 

2.1.3 Co-existence of Type 1 and Type 2 Discovery Resources
During the RAN 2 meeting #84 several contributions ([2] to [8]) proposed to support both Type 1 and Type 2B resource allocation mechanisms. If both Type 1 and Type 2B resource allocation mechanisms are supported then the discovery resource duration consists of both Type 1 and Type 2B discovery resources. 
The discovery resource configuration signalling should enable the D2D TX UE to differentiate between the Type 1 and Type 2B discovery resources as the D2D TX UE which has not been assigned dedicated discovery resource has to transmit discovery information using only Type 1 discovery resources. The discovery resource configuration indicates a discovery resource pool 1 comprising of Type 1 discovery resources and a discovery resource pool 2 comprising of both Type 1 and Type 2B or only Type 2B discovery resources.
Dedicated discovery resource from the Type 2B discovery resources is assigned to the D2D TX UE using RRC signalling (i.e. Discovery resource request and discovery resource response are RRC messages). D2D TX UE enters the RRC Connected state if not already in the RRC Connected state for requesting the dedicated discovery resource. The D2D TX UE transmits the discovery resource request message to eNB. The information about the number of discovery resources needed can be included in the discovery resource request message. The eNB responds with a discovery response message carrying the information about the assigned discovery resources.

A D2D RX UE monitors all the discovery resources i.e. both Type 1 and Type 2B discovery resources. Dedicated resources from the Type 2B discovery resources are not assigned to the D2D RX UE for monitoring the discovery information.
Observation 4: Differentiation between the Type 1 and Type 2B discovery resources is required only for D2D TX UE

Proposal 3: Discovery resource duration consist of both Type 1 and Type 2B discovery resources. The discovery resource configuration indicates a discovery resource pool 1 comprising of Type 1 discovery resources and a discovery resource pool 2 comprising of Type 1 and Type 2B discovery resources or only Type 2B discovery resources.  
Proposal 4: D2D RX UE monitors all the discovery resources i.e. both Type 1 and Type 2B discovery resources
Proposal 5: A D2D TX UE which has not been assigned dedicated discovery resource transmits discovery information using Type 1 discovery resources
Proposal 6: Dedicated discovery resource is assigned to the D2D TX UE using RRC signalling

3 Conclusion

In this paper we have discussed how discovery resources should be signaled for Direct Discovery. 
Observation 1: There is a tradeoff between the UEs power saving and time required for successful discovery.
Observation 2: Continuous discovery subframes may impact the latency sensitive traffic of UEs communicating with eNB.
Observation 3: Discovery resources may need to be updated based on discovery load. 

Observation 4: Differentiation between the Type 1 and Type 2B discovery resources is required only for D2D TX UE

Proposal 1: Discovery Resource Configuration is broadcasted using SI message. Discovery resource configuration indicates the periodicity of discovery resources (i.e. Discovery Resource Cycle) and the duration of discovery resources in a discovery resource cycle.

Proposal 2: Consecutive discovery subframes impacts the latency sensitive traffic of UEs communicating with eNB. Discovery sub frames should be staggered in the discovery resource duration to minimize this impact.

Proposal 3: Discovery resource duration consist of both Type 1 and Type 2B discovery resources. The discovery resource configuration indicates a discovery resource pool 1 comprising of Type 1 discovery resources and a discovery resource pool 2 comprising of Type 1 and Type 2B discovery resources or only Type 2B discovery resources.
Proposal 4: D2D RX UE monitors all the discovery resources i.e. both Type 1 and Type 2B discovery resources.
Proposal 5: A D2D TX UE which has not been assigned dedicated discovery resource transmits discovery information using Type 1 discovery resources.
Proposal 6: Dedicated discovery resource is assigned to the D2D TX UE using RRC signalling.
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