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1. Introduction

In RAN#72bis, the topic of D2D was discussed intensively, focusing on the deployment scenarios and requirements, the evaluation methodology and the performance metrics. Performance metrics for device discovery and direct communication were agreed [1]. 
Resource allocation and interference management are critical for both device discovery and direct communication. For any D2D discovery or communication proposal, these issues need to be taken into account. Power control is an effective method for interference management and energy efficiency improvement, and should be further studied for the D2D links.   In this contribution, we discussresource configuration and power setting for D2D communication. 
2. Discussion
2.1. Scenarios of D2D communications
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Figure 1. Potential scenarios of D2D communications

As shown in Fig.1, there are three scenarios for D2D deployment:

·  In network coverage

· The configuration of radio resource and control of the radio links for D2D could be directed and monitored by the network

· The network could perform the radio resource configuration and co-channel interference management for D2D communication.
· Impact of D2D links on legacy cellular links should be considered.
· Out-of network coverage

· Radio resource configuration and radio link/interference control should be implemented in an autonomous way.

· Partial network coverage

· Radio resource configuration and radio link control could be implemented using the same way as in or out-of NW coverage.

· The difference may be the signalling procedure and overhead.
2.2. Resource configuration and potential interference
Resource configuration is crucial for D2D UEs in cellular network coverage since it is closely related to interference management, power control and other possible technical solutions. There are several resource configuration options for D2D, namely dedicated resource configuration, half duplex with UL or DL resource reuse, and full duplex i.e. simultaneous transmission and reception using the same resource.
As shown in Fig.2 (b), for dedicated resource configuration, the interference between cellular links and D2D links could be mitigated. As shown in Fig.2 (c) and (d), if UL and/or DL resources are configured for D2D, there will be interference between cellular links and D2D links. Certainly, if the configured resources are reused among different D2D links, interference will occur between different D2D links. 
For full duplex D2D communication, self-interference will occur besides the interference mentioned above. In order to solve the self-interference problem, implementation complexity and filter cost will increase accordingly. Therefore, it is undesirable to use full duplex communication for D2D UEs.
.
As shown in Fig.2 (c), if UL resources are used for the D2D link, the eNB may receive interference from the D2D Tx UE and the D2D Rx UE would suffer interference from cellular UEs. In this case, cellular UEs are the victim receivers of cellular links. As shown in Fig.2 (d), if DL resources are configured for the D2D link, D2D Tx UEs will induce severe interference to cellular UEs and D2D Rx UE will suffer interference from the cellular DL. In this case, the eNB is the victim receiver of cellular links. Generally, the path-loss or channel gain between the D2D Tx UE and the victim receiver of cellular link should be estimated for interference management between a D2D link and a cellular link. Considering the mobility of UEs and the variation of their transmit power, it is more difficult to estimate the path-loss or channel gain between the D2D Tx UE and the victim cellular UE. Moreover, in current LTE networks, the traffic load is lower in the DL than the UL, and most of the important control signals are transmitted by DL. Based on these considerations, UL resources are desirable for D2D communication.
Proposal 1: We propose to use half-duplex D2D communication using UL resources.
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(a) Out-of network coverage                         (b) Use dedicated resource different from cellular link
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(c) Use UL resource of cellular link                                 (d)Use DL resource of cellular link
Figure 2. Potential interference caused by D2D for different scenarios
2.3. Proposed power control solutions
Supporting D2D communication must not degrade the quality of cellular communication.  . The interference from the D2D link to the victim cellular links should be considered when calculating a D2D UE’s transmit power. 
.Three candidate solutions could be considered for the power control of D2D UEs considering the worst-case interference induced to the victim cellular link.
·  Solution 1: Penalty function based power control

·  Subtract a penalty function from the specified power control formula.
·  The penalty function is a monotonic decreasing function of the path loss of the interference link, which implies that the larger the path loss of the interference link, the larger the D2D Tx power, and vice versa.  

·  Solution 2: Loosely network-controlled power control

·  The D2D UE calculates its Tx power autonomously.
·  When necessary, the network sends a back-off value to the D2D UE.
·  The D2D UE adjusts its Tx power according to the back-off.
·  Solution 3: Tightly network-controlled power control

·  Firstly, the D2D UE calculates a Tx power value using the specified scheme

·  Secondly, the D2D UE calculates another Tx power value considering the potential interference induced to the severest victim cellular UE.

·  Finally, the D2D UE selects the minimum value from the maximum available transmit power, the value calculated using specified formula and the value calculated considering interference. 
Further study of such solutions is needed.

2.4. Other issues about D2D power control
Besides the issues discussed above, there are still other aspects that would need to be resolved for the power control of D2D communications, including the power control of the discovery signal and discovery channel for D2D device discovery, the power control of control channels, the power control considering the interference between different D2D links, or even the power control considering the worst-cast interference to the victim cellular UEs in the neighboring cell(s). 
Proposal 2:  Autonomous and network directed power control should be studied for interference management when D2D communication is supported in an LTE network. 
3. Conclusions

This contribution discussed the resource allocation  and power control for D2D. Resource configuration and power control solutions for D2D were proposed. Our proposalsare given as follows:

Proposal 1: We propose to use half-duplex D2D communication using  UL resources.

Proposal 2: Autonomous and network direct power control should be studied for interference management when D2D communication is supported in an LTE network.RAN1 is.
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