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1. Introduction
 In the RAN#58 plenary meeting, a study item (SI) for LTE device-to-device (D2D) proximity services was approved [1]. In this SI, communication function is classified into three classes: unicast, multicast and broadcast. Since the requirement from public safety community is urgent, discussion of broadcast feature is prioritized. For public safety use cases, broadcast should be able to work both within the coverage of eNBs and outside coverage of eNBs. In the coverage of eNBs, broadcast function can work effectively by the help from eNBs. On the other hand, outside coverage of eNBs, UEs must work in a distributed manner without help from eNBs. In such cases, the impact on the existing cellular network should be studied.
 In this contribution, our views on the D2D communication function is explained. Especially, we focus on the impact of broadcast within/outside coverage of eNBs on the existing operator services and show our preference on the deployment of proximity communication function.
2. Discussions

2.1. Deployment of D2D communication function
 In the communication function, dynamic change of offered D2D traffic is expected. Therefore, the radio resource for communication should be assigned in a dynamic manner. Such radio resource management can be done in either centralized approach, distributed approach, or hybrid approach[2]: 

· Centralized approach
All of the control information necessary for D2D communication are signaled from eNBs via non-UE-specific signaling and the UE-dedicated signaling. Therefore, radio resources are completely managed by eNBs.
· Hybrid approach
Only essential parameters for D2D communication are signaled by eNBs to D2D UEs. Based on the signaled information, D2D UEs work in a distributed manner. Control signaling among D2D UEs might be necessary for optimized communication.

· Distributed approach
No information is provided by eNBs to D2D UEs. D2D UEs can work in a completely self-organizing manner. Resource collision among D2D and cellular UEs is caused depending on the resource allocation schemes. This approach is mainly applicable for the use cases outside the coverage of the eNBs.

In the centralized approach, an eNB fully controls the D2D communications within its coverage. Therefore, the eNB can control the service quality as strictly as in cellular communications. However, it is expected that the overhead of control signaling for D2D UEs significantly increases in the centralized approach. On the other hand, in the distributed approach and the hybrid approach, D2D UEs can perform their physical layer procedure without explicit signaling of control information from eNBs. Therefore, it requires less amount of control information than that in centralized approach. Instead, in these approaches, there might be collisions of the usage of radio resources among cellular and D2D communications, or misalignment of the transmission timing among D2D UEs. Therefore, interference mitigation and collision avoidance techniques are necessary in these approaches. 
Proposal1
It is preferable to discuss hybrid or distributed approach with application of interference mitigation or collision avoidance techniques.

 In Japan, due to the restriction of domestic law, it is preferable to use uplink radio resource in FDD systems as well as discovery function. Hereafter, we refer such usage of radio resource as uplink resource sharing. In case of uplink resource sharing, the interference among cellular and D2D communications can be depicted as in Figure 1. As shown in Figure 1, D2D communication can interfere with cellular communication at eNBs. Therefore, cellular communication might be affected by D2D communication especially when D2D Tx UEs exist near the eNBs. In that sense, the deployment scenarios for HetNet deployment: option 1 (Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell) and 4 (Urban macro (500m ISD) + {3} RRH/Indoor Hotzone per cell) are the appropriate evaluation scenarios for the worst case evaluation. In order to validate the candidate schemes for D2D communication, the worst case evaluation is one of the most important tasks. Therefore, it is preferable to evaluate the option 1 or 4 as well as public safety specific scenarios.
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Figure 1 Interference link of D2D communication (uplink resource is shared between cellular and D2D communications)

Proposal 2
It is preferable to use uplink radio resources for D2D communication at least in FDD systems. 
Proposal 3
It is preferable to evaluate general scenarios in addition to public safety scenarios for the evaluation of communication function in order to investigate the worst case impact on the existing cellular services. Specifically, it is preferable to evaluate either option 1  (Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell, which is the first priority option for the general scenario) or 4 (Urban macro (500m ISD) + {3} RRH/Indoor Hotzone per cell) as the worst case scenarios.
2.2. The impact of broadcast and relay functions on the existing cellular services
 In the broadcast communication, the transmit power setting of D2D Tx UEs is one of the most important open issues from the viewpoint of interference management. The possible ways to control the transmit power are mainly:
· Fixed transmit power
Regardless of the positions of D2D Rx UEs, D2D Tx UEs maintain a fixed transmit power. D2D Tx UEs might acquire necessary information to set D2D Tx power from the discovery phase. There is no interaction among D2D Tx UEs and D2D Rx UEs.

· The worst pathloss based power control
A D2D Tx UE controls its transmit power level so that the severest D2D Rx UE can receive broadcast message. Some interactions among D2D Tx UEs and D2D Rx UEs are needed. D2D Tx UEs must have already found the D2D Rx UEs in order to apply this scheme.
In the fixed transmit power, the transmit power should be set to appropriate value according to the required communication distances. The impact of such configuration on the existing cellular services depends on the configured transmit power level.
In the worst pathloss based power control, the transmit power level is controlled according to the distance within which D2D Rx UEs exist. Such power control of D2D Tx UEs is also possible to cause severe interference to the eNBs nearby. In Figure 2, the overview of such interference is depicted. The power control for broadcast is forced to increase UE’s transmit power level so that the UE with the largest pathloss is able to receive the broadcast signal. However, such increase of transmit power increases interference to the neighbor eNBs at the same time. When the D2D Tx UEs are within the coverage of the eNB, the eNB can control the transmit power of the D2D Tx UEs according to the received interference. However, when the D2D Tx UEs are outside the coverage of the eNB, the eNB is not able to notify such interference to D2D Tx UEs. Therefore, in such cases, the system performance of cellular communication might be severely affected by D2D communication. 
One of the possible ways to avoid such interference is to utilize relay function in order for the D2D Tx UE to obtain the control information from the neighbor eNB. As shown in Figure 3, if there is a cellular UE which can transmit/receive messages toward/from the D2D Tx UE, the D2D Tx UE can receive control message from eNB, which indicates reduction of transmit power level, by utilizing relay of the message at the cellular UE. 
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Figure 2 Interference from Broadcast (BC)
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Figure 3 Control information from a relay UEs

Proposal 4
For the control of the broadcast outside the coverage, relay function can be utilized in order to signal control information to the Tx UEs of broadcast outside coverage.
As for the relay function, it should be discussed how to select such UEs which are appropriate as the relay node. As shown in Figure 4, the relay D2D UE are also possible to cause interference toward eNBs. Our initial idea on this point is to select UEs which are as in short distance with the D2D receivers as possible and select UEs in the cell-edge area. The first condition relaxes the required level of transmit power and the second condition reduces the received power level of the relay signal at the eNBs. Therefore, these two conditions can help the reduction of interference on cellular uplink communications. 
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Figure 4 Interference from relay D2D UEs
Proposal 5
The UEs which involve in D2D communication as relay nodes should be in the neighborhood of D2D Rx UEs. It is preferable to select cell edge UEs as the relay nodes in order to reduce impact on the cellular network. The exact way to select a relay node needs further study.
3. Conclusion
 In this contribution, we focused on the impact of broadcast within/outside coverage of eNBs on the existing operator services and discussed possible deployments for D2D broadcast function. We also mentioned that relay function may be useful for the configuration of broadcast UEs outside the coverage of eNBs. The main proposals are the followings:
Proposal1
It is preferable to discuss hybrid or distributed approach with application of interference mitigation or collision avoidance techniques.

Proposal 2
It is preferable to use uplink radio resources for D2D communication in FDD systems.
Proposal 3
In order to consider impact on the existing cellular services, it is preferable to evaluate either option 1  (Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell) or 4 (Urban macro (500m ISD) + {3} RRH/Indoor Hotzone per cell) as the worst case scenarios of interference even for public safety scenarios.

Proposal 4
For the control of the broadcast outside the coverage, relay function can be utilized in order to signal control information to the Tx UEs of broadcast outside coverage.

Proposal 5
The UEs which involve in D2D communication as a relay node should be in the neighborhood of D2D Rx UEs. It is also preferable to select cell edge UEs as the relay nodes in order to reduce impact on the cellular network.
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