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1. Introduction

At the last RAN Plenary meeting in Barcelona, Spain, a new study item was approved for Release 12 with the goal of evaluating the feasibility of device-to-device (D2D) proximity services for LTE. In order to establish a sound evaluation methodology with appropriate channel models on which grounds LTE device-to-device proximity services can be compared with existing peer-to-peer technologies, a suitable starting point seems to be a discussion on the scenarios and requirements which the study item shall address. A better understanding of the envisioned scenarios and resulting requirements will likewise streamline the discussion on potential technologies which can enable D2D proximity services in LTE. 
2. Scenarios and Requirements for Device to Device Proximity Services
For proximity indication to become a monetizable feature for network operators and third-party developers, on whose foundation novel services and applications can be offered to end-consumers, and to make it a valuable building block of LTE for public safety networks, a fundamental question is when and where LTE proximity services need to be provisioned. Consider the following three examples: context-aware applications, targeted advertisement, and social networking. Imagine a point-of-sale scenario where a ProSe-enabled UE at the entrance of a museum runs an application which charges the credit card account of each visitor who enters the museum with a ProSe-enabled UE participating in the service. The “geo-fence” for such an application would need to be very small as a pedestrian passing by must not be charged the entrance fee for the exhibition. She might, however, very well be interested in receiving a notification from the museum if her favorite artist is currently on display. For such a service, the corresponding geo-fence would have a perimeter corresponding to the city-limits for out-of-town visitors or, alternatively, corresponding to the downtown area for a visitor from the suburbs. Lastly, a visitor of the exhibition might want to know if any of his friends are currently at the museum as well. In other words, the proximity services provided to the applications running on the ProSe-enabled UE range from several meters, e.g., a room, to several kilometers, e.g., a quarter. Similar arguments can be made for the public safety domain where D2D proximity services could be used to establish a communication link between two or more ProSe-enabled UEs in the absence of a radio access network. Since the definition of proximity between two ProSe-enabled UEs depends on the specific application, we propose to first clarify the ranges for which D2D technologies ought to be designed.
Proposal 1:
Clarify the ranges of D2D proximity services for public safety and non-public safety use cases with and without concurrent macro coverage.
Secondly, D2D proximity services seem to be most beneficial if they can be provided irrespective of whether the ProSe-enabled UE is in RRC_IDLE or RRC_CONNECTED state. While the specific application might require the UE to transition from RRC_IDLE to RRC_CONNECTED, e.g., to send a notification to the discovered UE, the discovery itself should not require either UE to be in RRC_CONNECTED. Suppose one ProSe-enabled UE enters the geo-fence of another one and both have subscribed to a service which notifies them of such an event. Since RRC_IDLE mode procedures have been carefully designed for utmost energy efficiency it would be unfortunate to require ProSe-enabled UEs to be in RRC_CONNECTED mode when D2D proximity indication is activated.
Proposal 2:
Clarify if D2D proximity services are required in RRC_IDLE mode.

Another important aspect is the role of LTE-based D2D proximity indication as a prerequisite for direct D2D communication. Assume the direct D2D link uses existing peer-to-peer technologies such as Bluetooth or WiFi and requires some kind of pairing or hand-shaking before actual data can be transmitted. In this case, a ProSe-enabled UE would simply indicate that it is within range of another ProSe-enabled UE and the application layer could handle the connection establishment. Alternatively, ignoring the tremendous specification impact, the direct D2D link could be based on existing LTE air interfaces. Suppose two ProSe-enabled UEs are connected to the same eNodeB and are situated at the edge of the corresponding cell. For the purpose of load balancing and energy savings, one could argue that it would be more efficient if these UEs communicated with each other directly. One single D2D transmission could potentially replace the uplink and downlink transmissions required in a conventional cellular scenario where the eNodeB and the core network route the data from one UE to the other. In addition, the propagation losses could be significantly reduced due to the proximity of the two UEs. And lastly, the network could potentially increase the reuse of physical resources by scheduling D2D transmissions in the same spectrum as conventional ones. This, however, would require sophisticated interference avoidance or coordination techniques. If the network was to dynamically and seamlessly switch the traffic path between two such UEs depending on the traffic load and channel conditions, some kind of radio link monitoring procedures for the D2D link would be required. At the very least, the network would need to know the quality of the D2D link prior to establishing a direct LTE-based D2D connection. It is not clear if such functionality falls under D2D proximity services or D2D communications and such should be clarified.
Proposal 3:
Clarify if D2D proximity services need to indicate the link quality to a detected ProSe-enabled UE.

As mentioned in the study item description [1] LTE-based D2D discovery competes with existing technologies such as WiFi Direct and Bluetooth Low Energy in terms of spectrum and power efficiency. To evaluate the competitiveness of LTE-based solutions, target performance metrics should be in line with what is achievable today with technologies already on the market. A similar approach was taken in the low-cost MTC UE study where the spectral efficiency and coverage of the LTE solution had to be comparable with GSM/GPRS. In other words, the study on LTE D2D proximity services should at least target power and spectral efficiencies of WiFi or Bluetooth and corresponding numerical values should be captured as part of the study. 
Proposal 4: The study on LTE D2D proximity services should at least target power and spectral efficiencies of existing technologies such as WiFi or Bluetooth and corresponding numerical values should be captured as part of the study.

Use cases and scenarios for proximity services based on LTE have been clearly defined [2]. The resulting service and system requirements now need to be translated to the corresponding radio requirements. Only then can an evaluation methodology be established which allows to assess candidate technologies for D2D proximity services. 
Proposal 5:
The service and system requirements in [2] need to be translated to corresponding radio requirements.
3. Conclusion

We made the following proposals to commence work in RAN1 on LTE device-to-device proximity services:
Proposal 1:
Clarify the ranges of D2D proximity services for public safety and non-public safety use cases with and without concurrent macro coverage.

Proposal 2:
Clarify if D2D proximity services are required in RRC_IDLE mode.

Proposal 3:
Clarify if D2D proximity services need to indicate the link quality to a detected ProSe-enabled UE.

Proposal 4: The study on LTE D2D proximity services should at least target power and spectral efficiencies of existing technologies such as WiFi or Bluetooth and corresponding numerical values should be captured as part of the study.
Proposal 5:
The service and system requirements in [2] need to be translated to corresponding radio requirements.
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