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1 Introduction
At the December 2012 RAN plenary meeting, it was agreed to start a SI on LTE device-to-device (D2D) proximity services [1]. The RAN guidance was also to focus on evaluation methodology and channel model only in RAN1#72.

Proximity services (ProSe) were previously investigated as a SI with SA1, and their conclusions on use cases were summarized in TR 22.803 [2]. Based on the use cases defined by SA1, we define a set of scenarios of interest for RAN1 studies in Section 2, and determine guidelines and baseline assumptions for the evaluation methodology.

D2D technology is expected to be characterized by a very different channel propagation model than classical cellular technology, where the base station usually is located in a good radio environment to guarantee good coverage and reasonable propagation conditions. In addition, the devices engaged in a D2D link are located at random locations, creating a more challenging environment. In Section 4, look at existing channel models and investigate their applicability for D2D.
2 Evaluation scenarios

2.1 Use cases defined by SA1

2.1.1 For proximity discovery

Proximity discovery can be used with the purpose of establishing a link between devices. However, discovery can also be of intrinsic value and an enabler for yet-to-be defined social networking services of the future. Note that applications such as Bump already emulate a D2D link. In Table 1, we list the use cases determined by SA1 that are likely to have an impact on physical layer aspects [2]. 
Table 1. Proximity discovery use cases

	Use Case
	Description

	Restricted ProSe Discovery
	Basic scenario that can be used for any application where one device discovers another. In this use case, the user of one device should be explicitly authorized to discover the proximity of the user of the other device, for the particular application.

	Open ProSe Discovery
	One device discovers another without explicit permission of the discovered device (i.e., the discovered device implicitly allows discovery by any other device). This case is expected to be applied in local advertisement.

	Service Continuity between Infrastructure and E-UTRA ProSe Communication paths
	The LTE network should control the use of proximity communication paths between two different devices. It should also guarantee that traffic flows initiated over a proximity communication path can be seamlessly switched to traditional infrastructure path, or vice versa.

	Enhanced Location and Presence Services
	ProSe may be used to enhance presence and location information for a device. The ability of ProSe to provide such information may be limited; however, there may be some enhancements enabled by ProSe. For example, traditional sources of device location (e.g., GNSS) may drain significant power if used constantly. Proximity discovery may be used to trigger the use of GNSS only when in proximity to some other device. In another application, proximity measurements of some fixed devices may be used to enhance location information indoors or in enclosed spaces, such as malls, parking garages, and large campuses. It may also be used for energy savings. Note also that other use cases rely on range determination, hence distance determination

	ProSe for Large Numbers of UEs
	This use case describes a scenario involving a large number of devices, and proposes ProSe requirements for such dense environments.


It is necessary to identify scenarios that cover these five cases. Note in particular that restricted discovery has to be given high priority: for commercial LTE services using licensed spectrum, particular attention has to be given to efficient management of interference due to D2D transmissions, and to ensure that the spectrum is utilized in the most efficient manner. Consequently, it appears natural to have the eNB retaining a large degree of control over D2D links. Note also that distance determination is an important factor for several of the SA1 use cases: in addition to the location services listed in Table 1, distance determination is important for other potential requirements identified by SA1: range (hence distance) is mentioned in at least 4 potential requirements: [PR4], which indicates range determination, [PR5] where the D2D subscription is range-dependent, [PR6] where the application can be linked to range, and [PR16] where billing can be dependent on the range.
2.1.2 For public safety

The public safety use cases are quite different in nature than for commercial LTE operation. In particular, instead of putting the focus on capacity, one important factor is to ensure that Public Safety (PS) D2D links can be reliably established. Data rate might not be such an important factor since the PS data requirements are usually lower than for commercial LTEs. Also, the density of PS devices is generally relatively low.

Use cases for PS identified by SA1 are listed in Table 2 [2]. Similarly than for commercial operations, only the use cases that have them most impact of physical layer are listed.
Table 2. Public safety use cases.

	Use Case
	Description

	ProSe Discovery Within Network Coverage 
	Describes the scenario where a given PS device discovers one or more PS devices while in network coverage and under control of the PS network.

	ProSe Discovery Out of Network Coverage
	Describes the scenario where a given PS device discovers one or more PS devices while out of network coverage and without the benefit of assistance from the PS network.

	ProSe Group
	Describes the scenario where a user wants to communicate the same information concurrently to two or more other users using ProSe Group Communications. The PS devices of all users in this scenario belong to a common communications group.

	ProSe Hybrid and Range Extension
	Describes the scenario where a given PS device communicates using the network infrastructure and using ProSe Communications concurrently. This use case also describes the scenario where a given PS device acts as a communication relay for one or more PS devices so that the latter device(s) can communicate towards the PS network.

	Co-existence of ProSe Communication and E-UTRAN communication
	In this use case, a pair of devices communicating using DMC while out of network coverage, may continue to use DMC even after entering network coverage again.


Note that to some extent, some of these use cases are quite similar as for commercial LTE operation. For instance, ProSe discovery in network coverage may not need to be different for PS and commercial operation. The main difference is for out-of-coverage devices, where communication between two devices is listed for some use cases. Note, however, that this mode of operation, while important, may not be that frequent due to the near-ubiquitous cellular coverage in most populated areas. In normal circumstances it would most likely be used in the wilderness, with very few devices communicating.
2.2 Defined evaluation scenarios for D2D

Based on the use cases identified by SA1, it is useful to define evaluation scenarios for this SI. It is also important to consider the cases covered by the SI document, shown in Table 3. Also, minimizing the number of scenarios is important in order to limit the workload in RAN1.
Table 3. Cases covered by the RAN1 SI.

	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


Since for within network coverage, commercial and PS requirements and use cases appear to be quite similar, we define two scenarios:

· Scenario 1: in-network coverage, high density of users. For this scenario, the emphasis is the ability to discover devices in a very dense environment (e.g., a stadium). Each device has a very large number of neighbors (several thousands). Note however, that it does not necessarily mean that all the devices have to be discovered, but that the device must have the ability to discover any of its neighbors. This scenario is more tailored towards commercial LTE operation. However, it is also applicable to PS in case of catastrophic scenarios (e.g., a Sept 11 type event, where the number of first responders is large within a small area). For such a scenario, range is not the most important issue and could be limited to e.g., 100 m.

· Scenario 2. In-network coverage, low density of devices. This would correspond to a rural or low density suburban scenario for commercial LTE. For public safety, this is likely to be the main deployment scenario for everyday operation. The UE density is limited (e.g., up to 100). Range is more an issue, and could be higher (e.g., up to 500 m).
These two scenarios can be used for both discovery and direct communications. Given that there are PS cases for both of them, we recommend evaluating both direct communications and discovery for Scenario 1 and Scenario 2. Note also for both of these scenarios, location capability can, and should be evaluated. 

For PS, the out-of-coverage performance is also listed in the SI description. This leads to the definition of a third scenario:
· Scenario 3: out-of-coverage, very low density of devices. Such a scenario could possibly be long range since interference is not an issue. Device density could be low (e.g., less than 10/km2) since in higher densities, it is very likely that LTE coverage will be available.

Given that scenario 3 appears to be a fringe case (albeit an important one), it might not be necessary to optimize for such a scenario. It might also be costly to develop a completely new solution for a case that is rarely used. Further, an in-coverage solution might simply be adapted to make sure scenario 3 is covered (e.g. by having one of the devices emulating an eNB). Regardless, evaluating this scenario might not be necessary since it has no impact on cellular operation, and the emphasis might simply be on providing a solution that works, but is not necessarily optimized in terms of throughput or spectral efficiency. 

Table 4 summarizes the three scenarios. Note that, as stated earlier, only scenarios 1 and 2 need to be evaluated.
Table 4. Parameters for each scenario

	Parameters
	Scenario 1
	Scenario 2
	Scenario 3

	Range
	100 m
	500 m
	2 km

	Device density
	10,000/km2
	100/km2
	10/km2

	UE power 
	Up to 20 dBm (100 mW)
	Up to 23 dBm
	Up to 30 dBm

	Evaluation
	Discovery (direct communications optional)
	Discovery and direct communications
	Direct communications


3 Evaluation methodology

There are several aspects to evaluate for potentially each scenario:
· The probability of detecting a given device
· The time to discover a device

· The number of devices that can be discovered

· The distance resolution: if D2D is used for location service, what is the accuracy?

· The power consumption

This evaluation requires both link-level and system-level simulations. Link-level simulations are needed for:

· Evaluating the required SINR to detect a neighboring UE. This can be done by generating the well-known “waterfall” curve, and by evaluating the required SINR to accurately decode a discovery signal with a given probability (e.g., 99%).

· Evaluating the distance resolution by e.g., evaluating the delay (in terms of multiple of Ts) of an incoming signal.

However, probably most of the work has to be done at the system-level to evaluate the probability of detection, the detection time, and the number of devices that can be discovered. The evaluation methodology we propose is simple, and reuses most of the “traditional” system-level evaluation methodology. First, a 19-cell, 3 sectors layout is generated. Both active and idle devices are uniformly drawn within the simulation area. Both cellular and D2D links/discovery signals are generated, with interference between cellular and D2D devices being considered, if applicable. 
It is also necessary to limit the number of performance evaluation metrics. We propose two metrics:

· The fraction of discovered devices vs. time
· The radius at which a given fraction of devices (e.g., 95%) is being discovered

For direct communications, in addition, the cellular throughput and the direct communications throughput need to be computed, and compared with the cellular throughput in the absence of direct communications links. It involves:

· Setting a number of direct communications links in a given cell (e.g., 1, 2, 5)

· Assign a percentage of resources to the direct communications links (e.g., 25%, 50%, 75%)

· Compute interference between all devices (direct communications and cellular)

· Compute throughput for all direct communications and cellular links

The performance metrics could be to show both cellular and direct communications throughputs vs. the percentage of resources for direct communications.
Proposal 1: Use the following scenarios for D2D evaluation

	Parameters
	Scenario 1
	Scenario 2

	Range
	100 m
	500 m

	Device density
	10,000/km2
	100/km2

	UE power 
	Up to 20 dBm (100 mW)
	Up to 23 dBm

	Evaluation
	Discovery (DMC optional)
	Discovery and DMC


4 Channel model and propagation parameters
The devices of a D2D link can be located anywhere. This randomness creates a challenging propagation environment. We believe that the fast fading modeling is not a big problem and some existing model (e.g., TU6) can be reused without change since such a channel model already captures the fast fading characteristics around a device. 
On the other hand, it seems not such a straightforward task to derive the large-scale fading model of a D2D link. For outdoor scenarios, at least 2 large-scale fading channels have been investigated, including the model used in eIMTA study phase [3] and the so-called Xia model [4][5] which is broadly used in academic research. However, several branches of Xia model have different assumptions on some key parameters, e.g., minimum distance between terminals. So far, it is unclear which model is more appropriate and what modifications are necessary.

The situation is even more challenging for indoor scenarios. So far, no indoor UE-to-UE channel model can provide a basic reference as all existing indoor channel models only cover eNB-UE link. We think one should be careful to directly reuse such models in D2D evaluation due to following considerations:

1) Even for indoor eNB, the height is still much higher than a typical UE, e.g., 3~6m in [6] vs. 1.5m. Such a difference will impact (at least) the ratio of LOS and NLOS.

2) Indoor eNB is usually located in an open area within a building, thus resulting into relatively low possibility of large penetration loss to UEs. However, for a D2D link, such assumption seems not accurate. 
3) It is needed to consider UEs within same room and UEs within different building. Both cases are not considered in existing indoor case. 
Sme general factors need to be taken into account:
1) The range of transmitter-receiver distance: [4] clearly limits the range of Tx-Rx distance up to 3 km. This is more than enough for the two scenarios we propose to use for the evaluation.
2) UE sensitivity: this parameter is usually omitted in traditional evaluation of eNB-UE link as the received signal power of UE (even for cell-edge UE) is usually strong enough to reach the minimum required power level. Even in the small cell scenario, this issue is not serious considering the small coverage of a cell. However, things may be different in D2D discovery phase, especially for Scenario 2. Considering the potentially large range of discovery and low transmission power of D2D link, this parameter should be examined.
In general, the following observation and proposal can be given by above analysis:

Proposal 2: Further studies are needed before adopting existing large-scale fading models in D2D evaluation. 

Proposal 3: Fast-fading channel model used in eIMTA is reused in D2D evaluation.
5 Conclusion
An evaluation methodology was proposed. It is recommended to study two scenarios, covering both commercial LTE and public safety services. One of these scenarios should be a high device density environment; the other one a low device density environment. These two scenarios are summarized in the following table:

	Parameters
	Scenario 1
	Scenario 2

	Range
	100 m
	500 m

	Device density
	10,000/km2
	100/km2

	UE power 
	Up to 20 dBm (100 mW)
	Up to 23 dBm

	Evaluation
	Discovery (direct communications optional)
	Discovery and direct communications


Regarding the channel model, the following is proposed:
· Further studies are needed before adopting existing large-scale fading models in D2D evaluation. 

· Fast-fading channel model used in eIMTA is reused in D2D evaluation.
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