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1.  Introduction
D2D (device-to-device communication) specification work has been kicked off in RAN2 [1]. In D2D communication, RAN2 is now discussing the radio resource usage of D2D i.e. mode switching between Mode 1 and Mode 2. Similar to this discussion, in D2D discovery, details of the radio resource usage of Type 1 and Type 2 resources should be clarified. This contribution looks at this issue.
	Agreements in RAN2#85bis meeting
For UEs in CONNECTED…
2c
the eNB may configure the UE to use a Type 1 transmission resource pool or dedicated Type 2B transmission resources via dedicated signalling (or no resource).


2. Discussions
2.1. Issue to be solved
The D2D discovery performance is affected by the half-duplex restriction and resource collision. Regarding the half-duplex restriction, if the number of multiplexed discovery signal in a subframe increases and the time duration for discovery trial through subframes is short, the discovery performance is degraded. Regarding the collision, if the size of resource pool is small and the time duration for discovery trial is short, the discovery performance is also degraded.
This example is shown in Fig.1. In each subframe, each UE that would transmit the discovery signal randomly selects the Type 1 discovery resource. The transmitting UE of the discovery signal can’t receive the discovery of other UEs due to the half-duplex restriction. The discovery procedure is continued for some time. At some point of time, the discovery procedure is completed. The discovered round-trip path is depicted in red line and the non-discovered single path is depicted in black line.
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Fig.1: An example of Type 1 discovery
In Fig.1, at 2nd trial, UE3 sends the discovery signal to the UE1 and the UE1 can detect the discovery signal. However, the discovery signal from UE1 can’t be received by the UE3 at 3rd and 5th trials because the UE3 was not able to receive it due to the half-duplex restriction. Finally, only single path is detected among them. 

In addition, the round-trip path establish failure also occurs due to the reason that Type 1 resource for D2D discovery is not enough to discover all paths in the cell in a limited time.

Considering these cases, either enlarging the Type 1 resource pool size or switching from Type 1 resource allocation to Type 2 resource allocation can improve the discovery probability. By using Type 2 resource assignment, the eNB can directly control both the half-duplex issue and collision issue, and then is able to reduce the discovery time.
Observation: It is needed that some mechanisms for discovery resource switching from Type 1 to Type 2 and Type 1 resource-size reconfiguration.
2.2. Assistance information
The key issue here is how the eNB detects the problem with D2D discovery using Type 1 resource. Based on the detection, the eNB can select whether Type 1 resource is reconfigured or Type 1 resource is switched to Type 2 resource. For this purpose, we think that some assistance information should be provided by the UE to the eNB. In the following we list useful assistance information (AI).
Proposal 1: The UE should provide the eNB with assistance information based on which the eNB should take proper actions to the discovery resource usage.
	AI
	Possible assistance information
	Description

	#1
	IDs of transmitting UEs
	UE behaviour
When the receiving UE detects the identifiers of the transmitting UEs, the receiving UE reports the detected identities to the eNB.
eNB behaviour

If the eNB detects that some UEs are frequently detected, the UE has no problem with using Type 1 resource. On the other hand, if some other UEs are not detected, there are some problem with using Type 1 resource so that the eNB assigns Type 2 resource to such UEs or enlarges the resource pool.

	#2
	The number of the detected UEs who are transmitting discovery signal
	UE behaviour

This AI is a simplified version of the AI#1. In AI#, the data size of the report may be large. For the size reduction, the receiving UE simply reports the number of detected transmitting UEs.
eNB behaviour

If the eNB is reported that the number of detected UEs is large, there is no problem with Type 1 resource. On the other hand, if the eNB is reported that the number of detected UEs is small, there is some problem with Type 1 resource, resulting in the resource reconfiguration.
Typically, this assistance information can be used for the decision whether Type 1 resource is to be enlarged or not. In addition, this assistance information may be used to perform the resource type switching from Type 1 to Type 2 with further assistance information (e.g. AI#3 – AI#4 below).

	#3
	Type 1 resource usage
	UE behaviour

The receiving UE receives the subframes and detects each discovery instance (e.g. one PRB pair). If the power of one discovery instance is more than some pre-configured threshold, this discovery instance is used for discovery. So the UE can know Type 1 resource usage and reports this information to the eNB.
eNB behaviour

If the eNB is reported Type 1resource usage, the eNB deduces the resource usage rate.

Typically, this assistance information can be used for the decision whether Type 1 resource is to be enlarged or not. In addition, this assistance information may be used to perform the resource type switching from Type 1 to Type 2, where e.g. the eNB randomly selects the UEs that should switch Type 1 resource to Type 2 resource.

	#4
	Type 1 collision probability
	UE behaviour

This AI is similar to AI#3, if the power of one discovery instance is more than some pre-configured threshold, this discovery instance is considered as a collision instance. So the UE can know the collision probability of Type 1 resource.
eNB behaviour

If the eNB is reported the collision probability, the eNB deduces the resource collision probability.

Typically, this assistance information can be used for the decision whether Type 1 resource is to be enlarged or not. In addition, this assistance information may be used to perform the resource type switching from Type 1 to Type 2, where e.g. the eNB randomly selects the UEs that should switch Type 1 resource to Type 2 resource.


There may be some other useful assistance information. So RAN2 should study on them.
Proposal 2: Details of assistance information should be studied further.
3. Conclusion

This contribution looks at the efficient radio resource usage of Type 1 and Type 2. For properly operation resources, we propose to introduce resource reconfiguration mechanism and the assistance information.
Proposal 1: The UE should provide the eNB with assistance information based on which the eNB should take proper actions to the discovery resource usage.

Proposal 2: Details of assistance information should be studied further.
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