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1. Introduction

In RAN1#73, D2D-related topics were discussed intensively, focusing on operation scenarios and use cases, discovery procedure, channel model, evaluation parameters, transmission timing and modelling of power consumptions etc. [1]. Several contributions discussed the importance of interference management, resource allocation and power control for D2D communication [2~8]. In [2], we discussed resource configuration and power setting for D2D communication, where some power setting schemes were proposed for unicast communication of in-network coverage scenario considering the interference from D2D link to legacy cellular links.
Interference mitigation is one of the most important issues to be further studied for different use cases and different scenarios.
In this contribution, we analyze the potential interference induced by D2D links with UL resource configuration, and investigate potential solutions for interference mitigation based on power control, mode selection and resource allocation etc.
2. Discussion
2.1. Operation and use cases for D2D communication
In RAN1#73, the following agreements were made for D2D operation 
For D2D operation, the following agreements were approved:

· D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further
· D2D transmission/reception does not use full duplex on a given carrier
For D2D use cases, the following four cases were outlined:

· Unicast: A given UE performs direct one-to-one communication with another UE.
· Group-cast: A given UE sends the same information simultaneously to multiple other UEs with the same D2D membership, i.e. it is unidirectional communication from a first UE to all other UEs in the group.
· Broadcast: A given UE broadcast the same information to all UEs within a certain range regardless of group membership, i.e. it is unidirectional communication from a first UE to all other UEs within a certain range.

· Relay: A given UE acts as a relay for one or multiple UEs so that they can be connected with the eNB or with each other.

The co-channel interference in D2D communication includes mutual interference between D2D links and cellular uplinks interference between different D2D links. Detail analysis of the D2D co-channel interference are shown  in the following subsection.  
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Figure 1. Co-channel interference generated by D2D communication 
2.2. Potential interference induced by D2D with UL resources
Co-channel interference depends on the resource allocation strategy. For orthogonal resource allocation, the interference would be much less comparing to non-orthogonal resource allocation. On one hand, if orthogonal resource for D2D and WAN traffic are allocated, the co-channel interference between D2D link and cellular link could be minimized. Similarly, orthogonal resource allocated for different D2D links would reduce the interference between different D2D links.
Fig.1 shows co-channel interference  from D2D link to the LTE UL access due to  non-orthogonal UL resource allocation. From this figure, we can observe that the D2D communication might generate intra- and inter-cell interference not only to the cellular uplinks but also to other D2D links when radio resources are reused.   
2.3. Potential Mechanisms for Interference Mitigation
Interference mitigation for D2D communications is much more complicated due to possible mobility of both devices. Potential interference mitigation schemes for D2D communication  include mode selection, resource allocation, power control, multi-antenna transmission techniques and advanced network coding schemes etc. 
2.3.1 Mode selection

Mode selection is to selection of communication path when a service request is trigger from an UE to the network when UE is within e network coverage.   Mode selection is a multi-dimensional joint optimization problem with objective of maximizing system throughput and minimizing the co-channel interference.  A simplified optimization for mode selection is to consider the cost of each link based on its link quality.   The channel quality is one variable considered in the optimization.    
2.3.2 Resource allocation
Resource allocation could be used to mitigate interference and optimize the spectrum efficiency.  Spectrum efficiency can be increased with resource reuse if only the interference between different links could be mitigated effectively. The objective of D2D resource allocation is to maximize the sum rate by assigning available resources appropriately, which could be formulated as follows.
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Obviously, the co-channel interference should be considered if any reuse is performed between D2D and/or WAN. Considering the fact that the interference is difficult to be obtained, the SINR is approximately calculated based on the RSRP of desired link and interference link(s). In this way, the sum rate of 
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 links with non-orthogonal resource allocation can be calculated as:
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where 
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 is the RSRP received by receiver 
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 can be obtained by measuring the corresponding reference signal over the desired link and the interference link respectively. In this way, the suboptimal solution of (1) can be obtained as follows; The sum rate of the resource block with and without this link should be calculated respectively using (2). If the sum rate increases with resource reuse, the resource block could be allocated to this link accordingly.
2.3.3 Power control
Power control is an important mechanism of mitigating the interference between different links which reusing the same resources. Here, we focus on the power control of D2D links. The objective of D2D power control is to maximize the SINR of desired D2D link(s) while keeping acceptable impact on other links at the same time. This problem can be described as follows:
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where 
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 are the interference induced by the D2D Tx UE to the receivers of 
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 is a predefined threshold. The constraint is to  minimize interference induced by the D2D Tx UE to other links.. The optimal solution of (4) is difficult to be obtained since 
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 is generally unavailable at the D2D Tx UE. We propose a D2D power control scheme based on close-loop FPC. If the scheme specified for cellular uplink is directly used for D2D link power control, the formula could be written as 
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where,    

· 
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 is the maximum transmit power available for D2D UE.

· 
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 are open loop power control parameters configured by the network.
· 
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 is the number of allocated resource blocks (RBs). 
· 
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 is the estimated path loss between the two paired D2D UEs.
· 
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 is the offset with respect to the transport format.
· 
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 is the closed loop PC command.

The power control scheme described by (4) has the following shortcomings:

· First, it is difficult to derive the D2D path loss since a UE is generally in mobile state and its transmit power is power controlled. 
· Second, it is designed for unicast communication and need to be enhanced for other use cases, e.g. group-cast communication etc.

· Moreover, it does not consider the potential intra-/inter-cell interference caused to cellular links and other D2D links.

Based on the above analysis, we propose a generalized scheme for D2D power control considering both the desired D2D link(s) and the interference link(s). The proposed power control solution is described as below.
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where:
· 
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 is an open loop power control parameter configured by the network considering the desired D2D link(s).
· 
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 is an open loop power control parameter configured by the network considering the   interference induced to macro and small cell link(s).
· 
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 is an open loop power control parameter configured by the network considering the interference induced to other D2D link(s) using the same resources.
· 
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 is a parameter which represents effective path loss of multiple D2D links corresponding to a certain D2D Tx UE. For group-cast use case, there are multiple D2D links for a certain D2D Tx UE. In this case, an effective metric should be used for D2D power control. By selecting 
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 appropriately, better tradeoff between D2D links quality and power efficiency could be obtained. For example, the maximum value, the harmonic mean or the linear combination of the metrics for multiple desired D2D links could be used according to different requirements.
· 
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 is a parameter which represents effective path loss of multiple interference links to other D2D links. The minimum value, the harmonic mean or the linear combination of the metrics for multiple interference links to other D2D receivers could be used according to different requirements.
· 
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 denotes the effective path loss of multiple interference links to macro and small cell links. Considering the interference to a cellular link or small cell link, the interference link is from the D2D Tx UE to the macro eNB or the small cell eNB. In this case, the interference path loss can be obtained by CRS measurement since the macro eNB(s) and the small cell eNB(s) are static and their CRS Tx power is fixed. When there are multiple victim eNBs around a D2D Tx UE, multiple interference links will be generated by this UE. In this case, an effective path loss of multiple interference links should be used for D2D power control. By selecting 
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 appropriately, better tradeoff between the power efficiency and the interference induced to macro and small cell links could be obtained. The minimum value, the harmonic mean or the linear combination of the path loss for multiple interference links could be selected according to different requirements.
Power control is a distributed interference mitigation mechanism. When some resources are reused by different links, interference could be mitigated by appropriate power control. 
3. Conclusions

This contribution discussed the interference mitigation for D2D communication. Potential Interference mitigation schemes, such as dynamic resource allocation, mode selection, and power control are discussed for D2D interference mitigation.  A generalized power control solution was proposed with detail for further study. 
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