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1. Introduction
 In the RAN1#73 meeting, it was agreed that at least two types of discovery resource allocation exist [1]. The discovery types are defined as the following:

· 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
Further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.
In the consecutive RAN1#74 meeting, agreements for Type 1 discovery have been made [2]. However, no agreements for Type 2 discovery has been made in the online discussion. Type 1 is a simple resource-efficient scheme to realize discovery function. On the other hand, Type 2 discovery is more complicate scheme than Type 1, but it is possible for Type 2 to provide very short delay and highly reliable discovery performance to users, thanks to the UE specific resource allocation. In this contribution, we discuss some potential use cases for D2D discovery with consideration of both Type 1 and Type 2 discovery, and then discuss necessary functions for resource allocation to realize the use cases.
2. Use cases of D2D discovery

 In this section, we discuss the potential use cases of D2D discovery which require high reliability. Since Type 2 discovery allocates resources for discovery signal transmission on a UE specific basis, it enables for the discovery function to guarantee collision-less discovery signal transmission in synchronous systems. Therefore, to realize the use cases which require high reliability to discovery performance, it is expected that Type 2 discovery is more suitable than the one with non-UE specific resource allocation (Type 1 discovery). We explain some examples in the following: 
V2V (vehicle to vehicle) communication
Discovery services among vehicles are one of the potential applications of Type 2 discovery. In V2V communication, collision avoidance or detection are major purposes to use it. Therefore, it requires fast response and high reliability. Due to the high velocity of cars, frequent discovery resource allocation is needed to realize V2V communication. Moreover, depending on the situation, a large number of UEs might try to send D2D discovery signal simultaneously, especially in emergency situations such as traffic jam and car accident. In such cases, common resource allocation for discovery might cause burst collision of discovery signal transmission even if semi-static adjustment of discovery resources is performed. Since V2V communication is one of the services which require high reliability, such situation is not acceptable. Therefore, UE specific resource allocation is possible to be used for this use case.
As described above, LTE D2D discovery is possible to be applied for V2V communication. However, there has already been a standard IEEE 802.11p [3] whose target is Vehicular communication including V2V communication and it is needed to clarify the advantage of LTE V2V communication over IEEE 802.11p to develop it. One possible advantage of LTE V2V communication is its commonality in the world. It can be expected that LTE V2V communication is more cost-effective than IEEE 802.11p devices.
Priority and QoS control of discovery services
Depending on the use cases or types of users, the requirement for the discovery performance can be different. To manage such different types of service requirement, UE specific resource allocation can be suitable. For example, in the situation where a lot of social networking users exist, the assigned common resource is fully used by them. In addition to such users, we may have to serve urgent discovery services such as discovery among vehicles described above. In this situation, it is difficult to serve urgent users by the same common resources. Therefore, to realize such use cases, it is necessary to at least assign different radio resources depending on the service types. Such UE-specific or service-specific resource allocation is difficult in case of non-UE specific discovery. Therefore, Type 2 discovery is the essential technique to realize this use case. 
Another way to realize this use case is Type 1 group-specific resource allocation method. By allocating individual discovery resources for each service type, priority and QoS control can be realized. One of the key requirements is to keep discovery resources independent among different service types. In that way, collision avoidance among difference service types can be realized. In addition, by controlling the amount of discovery resources for each service type, operators may be able to reflect the QoS and priority among service types. 
As we explained in this section, in addition to the existing use cases for discovery, there are some potential use cases which require higher reliability than the conventional use cases. Hence, we consider both Type 1 (non-UE specific and group-specific) and Type 2 (UE-specific) resource allocation should be supported.

Observation 1
Type 2 discovery is necessary to realize some potential use cases, in which high reliability of the discovery performance is needed. 
Observation 2
Type 1 group-specific resource allocation is also necessary to realize some potential use cases.
Proposal 1
Both Type 1 and Type 2 discovery should be studied further as the candidate techniques for discovery.
3. Discussion on the resource allocation for discovery
 To realize the use cases described in section 2, UE-specific (Type 2) and/or group-specific (Type 1) discovery resource allocation should be further discussed. 
UE-specific resource allocation can be resource consuming as discussed in [4]. However, by controlling the number of UEs which perform UE-specific resource allocation, such resource consumption can be mitigated. In such scenarios, depending on the service requirement such as reliability and delay, UEs can be classified into multiple groups by network. UEs belonging to the urgent service groups can be served by UE-specific resource allocation. In [5], two options for such UE-specific resource allocation were proposed:
(a) Option 1: resources are allocated separately from Type 1 discovery

(b) Option 2: resources are allocated based on Type 1 discovery

In Option 1, Type 2 discovery resource can be allocated from the resources other than the one for Type 1 discovery. Therefore, flexible resource allocation is enabled in Option 1. On the other hand, in Option 2, a common resource pool for both Type 1 and 2 discovery is reserved. Then, according to a certain policy, it is divided into the resources for Type 1 and Type 2 discovery. The benefit of Option 2 is its simplicity of the resource structure between cellular communication and D2D communication. From the perspective of cellular communication, we don’t have to distinguish the resources for Type 1 and Type 2 discovery. However, in case of Option 2, there may be some constraints on the resource allocation for Type 2 discovery. It should be further studied how Option 2 restrict the resource allocation for Type 2 discovery, which also relates with the configuration of discovery resource pool.
Proposal 2
At least two resource allocation schemes for type 2 discovery should be studied further:
(a) Option 1: resources are allocated separately from Type 1 discovery

(b) Option 2: resources are allocated based on Type 1 discovery
As we discussed in the previous section, Type 1 group-specific resource allocation is another candidate technique to realize the use cases. One of the straightforward ways to realize it is to divide the type 1 discovery resources into multiple resource groups. The discovery resources can be divided in FDM and/or TDM manner. 
Observation 3
To realize group-specific Type 1 resource allocation, resource pool for Type 1 discovery should be divided into multiple groups.

4. Conclusion
In this contribution, we first discussed some potential discovery use cases, which need reliable service quality. Then, we discussed technical features which are necessary to realize such use cases. Proposals and Observations are summarized as follows:
Observation 1
Type 2 discovery is necessary to realize some potential use cases, in which high reliability of the discovery performance is needed. 
Observation 2
Type 1 group-specific resource allocation is also necessary to realize some potential use cases.
Proposal 1
Both Type 1 and Type 2 discovery should be studied further as the candidate techniques for discovery.
Proposal 2
At least two resource allocation schemes for type 2 discovery should be studied further:

(a) Option 1: resources are allocated separately from Type 1 discovery

(b) Option 2: resources are allocated based on Type 1 discovery
Observation 3
To realize group-specific Type 1 resource allocation, resource pool for Type 1 discovery should be divided into multiple groups.
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