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1 Introduction

At the RAN1 #72 meeting it was agreed as working assumption to define general and public safety specific scenarios listed below [1]:
· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases
Further, it was suggested that:

· Encourage companies to the next meeting 
· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs
· to try to provide a possibility to reuse existing 3GPP deployment scenarios
In this document, we present our views on deployment scenarios that should be considered for studies on D2D proximity services (ProSe) in RAN1 WG. Details on the evaluation methodology and performance metrics for studies on D2D discovery and D2D data communications are provided in the companion contributions [2]
 and [3] respectively.

2 Discussion on D2D Scenarios and Analysis Methodology

The scope of D2D studies includes the device discovery and communication for commercial and public safety use cases. In addition, it is proposed to investigate cases within and outside of network coverage and perform comparative analysis of LTE based D2D ProSe solutions with D2D solutions adopted in other technologies (e.g. Wi-Fi Direct, Bluetooth) [4].
2.1 D2D Use Cases
According to the study item description both commercial and public safety services should be considered. These services may have different scenarios, performance metrics and requirements for discovery and communication.

The major use cases for commercial/social proximity-based services are discovery, traffic switching from cellular infrastructure to direct path, and offloading to WLAN [5]. Commercial ProSe typically assume urban scenarios with large user densities. While [5] states that ProSe discovery should support a minimum of three range classes, the interpretation of these range classes (short, medium, and maximum ranges) is not clear and should be further clarified. For instance, it is necessary to define the maximum requirements for each class. Further clarification as to whether these range classes should be interpreted in terms of distance or maximum coupling loss (considering different deployment scenarios [6]) is also required. In addition, it is not clear, whether it is supposed that network should simultaneously offer all three classes for different kind of applications. However, it is quite natural to expect that for social proximity applications it is important to have the capability to discover terminals in the UE neighborhood within the walking distance. These applications should operate in outdoor, indoor and outdoor-to-indoor scenarios. The main requirements for commercial applications are the service availability over large urban deployment areas and the service support across multiple operators. Additionally, the requirement that impact on cellular infrastructure and cellular UEs should be minimized seems to be straightforward but may be left up to operator’s decision. Further guidance from operators is desirable from that perspective.
For public safety use cases, the target performance metrics and system operation assumptions are substantially different. Some of the main differentiating factors comparing with commercial services are that dedicated public safety spectrum may be used for ProSe and that public safety UEs be able to discover and communicate with other discoverable public safety UEs when these UEs are either all within or outside network coverage or when some of them are outside network coverage (also, termed as the “partial network coverage” case) [5]. Further, the reliability of D2D service plays crucial role in emergency situations. So, the system overhead efficiency of the ProSe may be compromised in favor of public safety requirements and service reliability. The other specific aspect of public safety is the possibility of fast deployment of ProSe within a localized area. Additionally, public safety ProSe may be sensitive to the discovery latency and minimum data rate for D2D communication. Beside that public safety services may require support of group communication and push-to-talk applications. Therefore we suggest that RAN1 WG further discuss and prioritize the D2D scenarios and performance requirements for practical public safety needs.

In terms of deployment scenarios, outdoor-to-outdoor, outdoor-to-indoor and indoor-to-indoor are of interest. The main use cases for public safety ProSe are the discovery within and outside of network coverage, one-to-one traffic initiation, multiple one-to-one traffic initiation, as well as group multicasting, broadcasting, relaying, etc.

Observation 1:

· In application to public safety, the ProSe solutions may trade system overhead and impact on cellular infrastructure to satisfy target performance requirements.
Proposal 1:

· Further discuss and clarify technical requirements of ProSe for public safety use cases (e.g. discovery range, data rate requirements, etc.).
2.2 Network Coverage Scenarios

The main technical advantages of LTE-based ProSe solutions may be achieved in case when UEs are located within network coverage area and the network operates synchronously. In this case, the UEs may exploit the network synchronization to improve the discovery performance characteristics. Even for outside network coverage scenario, synchronous D2D ProSe can be feasible if the public safety UEs are equipped with GPS functionality.
Observation 2:

· The main benefits of LTE based D2D ProSe solutions are expected in scenarios within network coverage area with synchronous D2D operation.

For those outside network coverage or under network coverage use cases that demand special synchronization mechanisms for efficient D2D operations, the RAN1 WG should study additional enhancements and control mechanisms required to enable discovery and communication. While evaluations with assumptions on the need for additional synchronization mechanisms are important, especially for public safety use cases outside network coverage, they can be done once the benefits of LTE-based ProSe solutions with synchronized assumption are confirmed and more technical details on LTE based design options are available.

Proposal 2:
· For simplicity of evaluations and for validation of the maximum achievable gains from LTE-based ProSe solutions, D2D solutions under assumption of synchronization availability should be studied first. The scenarios that may require additional synchronization mechanisms for efficient D2D operation need further study.
2.3 Comparison of Different Solutions

The LTE D2D ProSe may be realized using different technical options. For D2D study it is important to define a set of solutions that can be used for D2D discovery and communication. Further, evaluation assumptions for each option and appropriate sets of performance metrics need to be clearly defined for comparative analysis. Such details on evaluation methodology and performance metrics are presented in our companion contributions [2] and [3] for D2D discovery and D2D data communications respectively. It is also important to discuss performance targets derived from main use cases and applications such as commercial/social and public safety ProSe.
Beside LTE solutions, other technologies may be used to enable D2D ProSe (e.g. Wi-Fi, Bluetooth, etc.). The fair comparative analysis of LTE based ProSe solutions with other technologies is not a trivial task, since for example discovery procedures in other technologies were designed for other usage scenarios, have other application requirements and different initial conditions/assumptions. However, we do not exclude the simplified analysis to compare performance of LTE based D2D designs with solutions adopted in other technologies.

Proposal 3:

· Performance comparison with D2D services defined by other technologies should be simplified and limited to the basic set of performance metrics (e.g. maximum discovery range, potential number of UEs that can be discovered, etc.).
The more sophisticated technical analysis should not be the main target of the study item. However, if it is decided by RAN1 WG, the evaluation of discovery and data communication for other technologies under an identical set of target scenarios and assumptions may be done.
3 Deployment Scenarios

The D2D ProSe solutions for commercial/social and public safety use cases should be investigated using different assumptions on the target deployment scenarios. We categorize the deployment scenarios into general scenarios for under network coverage cases and a public safety specific scenario for outside network coverage (including partial network coverage) cases.
3.1 General Deployment Scenarios for Under Network Coverage Cases
These general deployment scenarios are applicable for studies of both commercial/social as well as public safety use cases. Typical cellular deployments are an obvious choice towards this. Hence, we suggest considering typical assumptions on the deployment scenarios so as to be able to reuse existing 3GPP deployment scenarios to the maximum extent.
With respect to UE location the following two general scenarios for under network coverage should be considered:

· Outdoor deployment scenario. All UEs are located outdoors. For this case, we propose to use 19-site homogeneous hexagonal macro-cellular deployment uniform UE distribution.
· Outdoor/Indoor mixed deployment scenario. In this scenario, some of the UEs are located outdoors and the others are located indoors. Towards this and also to accurately evaluate the performance of network assisted D2D ProSe solutions under network coverage, heterogeneous network (HetNet) scenarios with indoor RRH/Hotzone should be considered. In the D2D SI the cross UE links should be analyzed and the important aspect that needs to be considered in this scenario is that propagation properties of neighboring UEs should be correlated at least in terms of propagation type (i.e. outdoor or indoor). One simple approach to resolve this is to define a building drop procedure. The 3GPP has already adopted methodologies for urban environment modeling which take into account the presence of buildings. The examples of such approaches are single floor buildings drop for the “Macro + Indoor RRH/Hotzone” scenario and Femto dual-strip drop for the “Macro + Femtocell” deployments [7]. In our view, the building modeling and drop procedure for the “Macro + Indoor RRH/Hotzone” scenario has higher relevance to studies on D2D ProSe given that Indoor RRH/Hotzones typify deployments in shopping malls, theaters, etc., that relate highly to commercial/social use cases of D2D ProSe compared to dual-strip Femtocell deployments that are more relevant to residential apartments. In the scope of the D2D SI, a simplified building structure may be assumed with a single floor building block drop (similar to the one used for the Indoor Hotspot modeling). To proceed with this scenario the building dimensions can be as recommended in TR36.814, Section A.2.1.1.5, with two buildings dropped per macro-cell area. An example of such deployment with one building is illustrated in Figure 1. Considering the latest agreements in the SI on physical layer aspects of small cell enhancements, we propose to adopt small cell Scenario 2b (sparse) [9] to model this D2D ProSe scenario with the number of buildings per cell area equal to two.
Detailed discussion and our proposals on the modeling of the UE-UE channels are presented in our companion contribution [8]. Furthermore, additional details on the exact evaluation assumptions are provided in [2] and [3] for studies on D2D discovery and D2D data communications respectively.
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	Figure 1. D2D ProSe Scenario 2: Outdoor/indoor mixed deployment scenario

	Proposal 4:

· The following two general deployment scenarios for under network coverage use cases are recommended:

· D2D ProSe Scenario 1: Hexagonal macro-cellular homogeneous deployments with all outdoor UEs;
· D2D ProSe Scenario 2: HetNet deployment as in small cell Scenario 2b (sparse) with two buildings dropped per macro-cell area with a mix of outdoor/indoor UEs.


3.2 Public Safety Specific Deployment Scenario for Outside Network Coverage
The public safety operation may be classified depending on the type of the considered situation: normal operation (e.g. day-by-day operation of public safety officers) and operation in case of incidents (e.g. fires, floods). The D2D operation for public safety needs outside network coverage areas should focus on incident scenarios. The public safety deployment scenarios may be described by following incident scenes: concentration around a point (car accident), front line (fire in forest), ring (urban fires), and uniform distribution (earthquake). For the D2D SI, we suggest studying an incident area topology, where a number of public safety officers are located inside a predefined area of certain size (e.g. circle of given radius). The parameters that need to be further specified for the incident area are: incident area shape (e.g. the circle area) incident area dimension (e.g. circle area) and the number of UEs in the incident area. The terminals may be assumed to be uniformly distributed over the incident area. Assuming that the probability of an incident event is rather low, considering only a single incident area may be sufficient at one moment of time. Furthermore, a dedicated spectrum is used for public safety purposes for outside network coverage use cases [5] and thus, the typical density of public safety UEs outside the incident area is much lower comparing with commercial use cases.

The public safety specific scenario for outside network coverage area can be represented by considering outdoor/indoor mix incident areas, as it is also aligned with the use cases in [5]. In this case, some of the UEs are located indoors and the others are outdoors. Similar to the building drop configuration described in Section 3.1, it is recommended that a single building is dropped within the incident area, with the center of the incident area co-located with the center of the building. Note that this would be very similar to one of the adopted deployment scenarios for studies on physical layer aspects of small cell enhancements [9], and thus, aligned with the philosophy of maximizing the reuse of already adopted deployment scenarios as agreed during the RAN1 #72 meeting.
The size of the incident area and the number of public safety officers in this area should be chosen based on realistic scenarios. In [10], a typical public safety incident scene is described: 62 public safety officers in two square city blocks (around 100m by 200m). We suggest using similar assumptions in terms of the area and UE density. In particular a circle incident area with 80m radius and 60 public safety UEs may be recommended.
An example of the considered public safety specific deployment scenario for the D2D studies considering outside network coverage is illustrated in Figure 2.
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	Figure 2. Public safety specific deployment scenario for outside network coverage use cases
Proposal 5:

· The following public safety specific deployment scenario for outside network coverage use cases is recommended:

· D2D ProSe Scenario 3: Single outdoor/indoor mix incident area with circular radius and centered about the center of the dropped building in the incident area.
Next, it should be noted that the primary difference between the within and outside network coverage scenarios in terms of design of D2D ProSe solutions is in the absence of synchronization information and LTE system information from the network side. Furthermore, any D2D ProSe solution applicable for outside network coverage scenario would be applicable for partial network coverage scenario as well.

Consequently, a straightforward approach towards considering partial network coverage scenarios would be to consider D2D ProSe Scenario 3 and modify it by assuming that at least one of the outdoor public safety devices is under LTE network coverage or can perform cell functions that in typical scenario performed by the eNodeB. This allows one of the simplest possible modeling for partial network coverage use case while still capturing the essential distinction from the outside network coverage use case.
Proposal 6:

· For partial network coverage scenario, it is recommended to reuse D2D ProSe Scenario 3 with the assumption that at least one of the outdoor public safety devices is under network coverage. The exact number (or fraction of total dropped UEs) that are under network coverage to be indicated by companies while presenting results.


4 Conclusions

In this contribution, we presented our views on deployment scenarios for D2D ProSe discovery and data communication. The main aspects that should be taken into account for D2D is the increased number of users for analysis of discovery and direct communication. In addition, from system design perspective it is important to consider scenarios with outdoor and indoor users. Also, we believe that public safety scenarios may have different target requirements that should be further clarified. We proposed two general deployment scenarios applicable to both commercial/social and public safety use cases for under network coverage and one public safety specific deployment scenario for outside network coverage. In summary, we have the following list of proposals:
Proposal 1: 
Further clarify requirements of ProSe for public safety use cases (e.g. discovery range, data rate requirements, etc.).
Proposal 2:
For simplicity of evaluations and for validation of the maximum achievable gains from LTE-based ProSe solutions, D2D solutions under assumption of synchronization availability should be studied first. The scenarios that may require additional synchronization mechanisms for efficient D2D operation need further study.
Proposal 3:
Performance comparison with D2D services defined by other technologies should be simplified and limited to the basic set of performance metrics (e.g. maximum discovery range, potential number of UEs that can be discovered, etc.).
Proposal 4:
The following two general deployment scenarios for under network coverage use cases are recommended:

· D2D ProSe Scenario 1: Hexagonal macro-cellular homogeneous deployments with all outdoor UEs;

· D2D ProSe Scenario 2: HetNet deployment as in small cell Scenario 2b (sparse) with two buildings dropped per macro-cell area with a mix of outdoor/indoor UEs.
Proposal 5:
The following public safety specific deployment scenario for outside network coverage use cases is recommended:
· D2D ProSe Scenario 3: Single outdoor/indoor mix incident area with circular radius and centered about the center of the dropped building in the incident area.
Proposal 6:
For partial network coverage scenario, it is recommended to reuse D2D ProSe Scenario 3 with the assumption that at least one of the outdoor public safety device is under network coverage. The exact number (or fraction of total dropped UEs) that are under network coverage to be indicated by companies while presenting results.
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