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1. Introduction
According to the agenda for RAN2 #85 meeting, radio resource allocation for discovery signal is planned to be discussed in detail.
This contribution intends to provide a signalling flow of Type 1 resource allocation and further discuss additional aspects which need to be taken into account to improve the efficiency of D2D discovery.
2. Discussion
2.1. Type 1 Discovery Resource Allocation
It was agreed in 3GPP RAN2 #83bis that both RRC_IDLE and RRC_CONNECTED UEs are allowed to transmit and receive the D2D discovery signal. According to the agreement in RAN1 #73 meeting, Type 1 resources are allocated on a non UE specific basis. Type 2a resources are allocated for each specific transmission instance. And Type 2b resources are semi-persistently allocated for discovery signal transmission. It seems obvious that signal overhead is large for Type 2a to support idle UE to transmit the discovery signal. If Type 2b resources are desired to support both idle UE and connected UE, some changes may be needed. E.g. when to start and/or stop the discovery signal transmission? Therefore, compared to Type 2a and Type 2b, Type 1 resource are more suitable to support both idle UE and connected UE to transmit and receive the discovery signal.
From signalling overhead point of view, if idle UE wants to transmit discovery signal using Type 2 resources, the idle UE needs to setup RRC connection firstly, and then request network side to allocate the discovery resources with dedicated signalling. If further considering handover case or the case with inter-eNB discovery, more signalling is required in Type 2 mechanism. However, Type 1 resource can be allocated in broadcast channel received by both idle UE and connected UE periodically. Compared to Type 2a and Type 2b, signalling overhead of Type 1 is less. Therefore, we propose that type 1 discovery resource allocation should be baseline. Additionally, Type 2 may be efficient for special cases. The cases include a situation where an eNodeB configures Type 2a resource to know whether two certain RRC_CONNECTED UEs communicating to each other in a cellular mode and connecting to the eNodeB are in proximity of each other and determines whether the proximity is enough for device-to-device direct communication.
Proposal 1: Type 1 discovery resource allocation should be baseline for Rel-12.
2.2. Flow Signalling for Type 1

This section will introduce the discovery procedure for Type 1 resource allocation. The related signalling and function for each step is summarized as follows:
Step 1: eNB broadcasts resource allocation information.
Normally, the parameters for resource pool, such as discovery resource period and available resource location within one period, are included in SIB. Furthermore, some other parameters, such as maximum times for discovery signal transmission within one period, may also be included in SIB to reduce collision and save power.
D2D UE needs to register in D2D server to get the authorization. According to the RAN2 #84 meeting, ProSe UE Identities and ProSe Application Identities are assigned/re-assigned/allocated in upper layers that are included in discovery message. The ProSe UE Identity and ProSe application Identity may be assigned to D2D UE in the registration procedure. In the restricted case, the permission to correctly detect the discovery signal from UE1 may be assigned to UE2 in this step.

Step 2: UE1 and UE2 receive discovery allocation information by broadcast channel

D2D UE needs to register in D2D server to get the authorization firstly. Then, D2D UE receives resource allocation information and configures itself.
Step 3: UE1 and UE2 start to monitor discovery signal.
Once configuring the parameter of resource pool, UE1 and UE2 can start to monitor discovery signal to discover other D2D UE in the proximity.
Step 4: UE1 is triggered by upper layer to select discovery resource.
If UE1 is triggered by upper layer to transmit the discovery signal, UE starts to select the resource from the resource pool based on the principle that may be provided by network side.
Step 5: UE1 announces discovery signal
UE1 sends the discovery signal in the selected resource in step 4.
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Figure 1 Type 1 resource allocation procedure
Proposal 2: RAN2 is asked to capture the Type1 resource allocation procedure in Figure 1 into TR36.843
3. Potential issues
In this section, we discuss additional aspects which need to be taken into account to improve the efficiency of D2D discovery.
3.1. Issue for Resource Selection
In the Type1 approach, resource collisions are inevitable if the resource selection is completely left to UE. The higher the number of D2D discovery UEs, the higher the rate of collisions. The monitoring UEs may fail to detect the discovery signal correctly in the collided resource. Furthermore, the collision probability will be increased sharply if some greedy UEs transmit the discovery signal too frequently for increasing the probability to be discoverable themselves. The resource collisions will increase the D2D discovery delay, waste the UE’s power, and reduce the utilization rate of the discovery resources. 

The collision probability can be reduced to a tolerable level by assigning more number of resources. However, it will degrade the capacity of cellular communication. In addition, from the UE point of view, the complexity is also increased because more discovery resources need to be detected.
Observation 1: The mechanism to limit the times of discovery signal transmission within one period is necessary.

Observation 2: The mechanism to reduce or avoid the resource collisions is necessary in Type 1 resource allocation.
The following solutions can be applied to resolve the above-mentioned issues.
· Option 1: Random Selection

UEs randomly select individual discovery resources from one resource pool and transmit discovery message on the selected resource. The selected probability for each available subframe can be broadcasted by serving cell.

· Option 2: Selection with limited times

The number of discovery resources from resource pool selected by UE must be less than configured maximum times within one period.

· Option 3: Selection with minimum time interval 
The time interval between two selected discovery resources should be greater than the minimum time interval configured by network.

· Option 4: Selection with exact calculation
In order to reduce power consumption, idle UE only detects the exact resource position to receive the paging message using the calculation. Similarly, one mechanism can be designed to exactly position the discovery resource in order to reduce the resource collisions. 
For example, assuming m subframes are assigned to transmit discovery signal within one period and n discovery resources are available for each subframe, it means there are m*n discovery resources for discovery signal within one period. With the help of the following equation: q=UE ID mod m*n, the UE can select one discovery resource, namely the qth discovery resource among m*n discovery resources.
Considering that both idle UE and connected UE are supported to transmit the discovery signal, IMSI, ProSe UE ID and ProSe application ID can be used to exactly calculate the position of discovery resource.
Proposal 3: We prefer option 4 that can reduce the collision and power consumption.
3.2. Issue for Resource Utilization
Once the resource pool is decided by network side, the resource pool should be updated according to the discovery load. Otherwise, if too many resources are allocated for discovery signal transmission, the utilization rate of discovery resources is low and the performance of cellular communications is degraded. On the contrary, if the discovery resources are assigned too little, many/a lot of collisions will happen. And then the discovery efficiency will be decreased. Therefore, it is necessary that some assistant information should be provisioned to the eNB for configuring a suitable resource pool, such as the number of ProSe UE.
Observation 3: Discovery resource pool need to be adjusted based on the load of discovery signal transmission.
Proposal 4: RAN2 is asked to discuss what assistant information can be provided to the network side for configuring a suitable resource pool.
4. Conclusions
In this paper, we provide a signalling flow of Type 1 resource allocation and further discuss additional aspects which need to be taken into account to improve the efficiency of D2D discovery. The related observations and proposals are as follows:
Observation 1: The mechanism to limit the times of discovery signal transmission within one period is necessary.
Observation 2: The mechanism to reduce or avoid the resource collisions is necessary in Type 1 resource allocation.
Observation 3: Discovery resource pool need to be adjusted based on the load of discovery signal transmission.
Proposal 1: Type 1 discovery resource allocation should be baseline for Rel-12.

Proposal 2: RAN2 is asked to capture the Type1 resource allocation procedure in Figure 1 into TR36.843 
Proposal 3: We prefer option 4 that can reduce the collision and power consumption.

Proposal 4: RAN2 is asked to discuss what assistant information can be provided to the network side for configuring a suitable resource pool.
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