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1
Introduction
The Device to Device Proximity service (ProSe) was proposed as a new feature for the next release of the LTE standard by some companies during the 3GPP RAN Workshop on Release 12 and onwards last summer. And the corresponding study item, “Study on LTE Device to Device Proximity Services” was approved at RAN#58. 
This contribution presents our views on the evaluation methodology for the initial work on D2D Proximity Service in the framework of this study item. The objectives of the study item are described in [1]:
“The objectives of this feasibility study are to evaluate LTE device-to-device proximity services, as follows

	
	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


In particular:

1) Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported). [RAN1]

2) Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]
3) to discover each other in proximity directly in a power-efficient manner 
a) to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications
4) Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:
a) to enable proximal device discovery among devices under continuous network management and control, 
b) to enable direct communication connection establishment between devices under continuous network management and control,  
c) to allow service continuity to/from the macro network

5) Consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4] 

6) Evaluate, for non-public safety use cases, the gains obtained by LTE device-to-device direct discovery with respect to existing device-to-device mechanisms (e.g. WiFi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead)  [RAN1, RAN2]

7) T The possible impacts on existing operator services (e.g. voice calls) and operator resources should be investigated [RAN1]
8) For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]
The identified options/enhancements should reuse the features of LTE as much as possible.
The study will cover: 

· Single and multi-operator scenarios, including the spectrum sharing case where a carrier is shared by multiple operators (subject to regional regulation and operator policy)
· LTE FDD and LTE TDD operations
In this study item, the study of direct communication shall address at least public safety requirements and use cases.
It is assumed that aspects related to service authorization, system level architecture, security, and lawful interception are covered in the SA Working Groups." 
2
Discussion of D2D ProSe related evaluation methodology
In line with the study item description [1], RAN1 should discuss the D2D evaluation methodologies for both peer discovery and direct communication. In addition, RAN1 should also consider the appropriate evaluation scenario where network coverage is not available. 
During the LTE-advanced study, various deployment scenarios have been discussed for the evaluation of the newly proposed features. The deployment scenarios were summarized in the corresponding TR 36.814 [4] with relevant evaluation parameters and channel models. For example, TR 36.814 includes an urban micro scenario, an urban macro scenario, a suburban macro scenario, and many other scenarios. However, all scenarios in [4] are for cellular links, i.e. link between a UE and an eNB. Therefore, some of the current evaluation methodologies may not be applicable for the evaluation of D2D links. This section discusses whether we can reuse the existing evaluation scenarios for D2D evaluation, what would be different from the previous methodologies, and what is additionally required for D2D evaluation work.
2.1 
Performance metrics
Before discussing the evaluation scenarios, we have to decide what to see or what to measure for the evaluation. To compare different technical schemes to realize device to device proximity services, appropriate performance metrics and relevant performance targets have to be defined. This section will discuss the possible performance metrics for ProSe Discovery and Direct communication as well.
For ProSe discovery
· Number of discoverable UEs: The number of UEs that can be discovered by a UE at a given target range is the most appropriate metric for the discovery category. The required amount of time-frequency resources and required time budget should be discussed together, since there would be a trade-off between number of discoverable UEs and required resources and delay. In addition to the average number of discoverable UEs, we also have to take into account the discovery outage probability. An Outage UE may be defined as a UE that is not able to discover enough UEs even when there are many UEs that are proximate to it. The CDF of the number of discovered UE may give insight into the number of Outage UEs for a given set of parameters. 
For ProSe direct communications
· Throughput: User throughput cdf has to be evaluated for ProSe direct communications. Throughput should be compared between non-D2D scenarios and the scenario with D2D direct communication for demonstrating the benefits of D2D over non-D2D, as well as between D2D proposals.
· Fairness index: Metrics that can produce a fairness index as a measure of fairness among UEs should be considered. For example, 5% percentile user throughput can be a good metric for the fairness.
For non-full-buffer case, we may reuse the existing metrics that have been used in TR 36.814. In addition to the quantitative evaluation metrics given above, we also have to analyze the impact of D2D discovery or communication on legacy UEs. D2D ProSe will be in essence a non-backward compatible feature. Therefore, UEs from previous releases will not be able to see any benefits from D2D services. However, legacy UEs will be present in the D2D enabled networks, so any degradation to their performance should be carefully understood. 
Proposal 

· The following are the main evaluation metrics for D2D ProSe:
· For discovery: Number of discoverable UEs within a certain distance range
· For direct communication: User throughput and fairness index
· The impact on the legacy UE performance should be taken into account as a part of the evaluation.
2.2
D2D deployment scenarios
D2D ProSe enables a UE to discover other UEs in the same proximity and to perform direct communication between two UEs to enable various proximity based services. Proximity based services may be most beneficial for the high user density urban scenario. Therefore, RAN1 should focus on this scenario with high priority. Among existing scenarios in TR 36.814, we may reuse the indoor hotspot (InH) and urban micro cell (UMi) for the D2D evaluation layout. We can also consider the urban macro-cell scenario (UMa) as well. Table 1 summarizes possible layouts for the D2D evaluation scenarios. 
However, unlike non-D2D scenarios, many different kinds of radio links between different UEs are possible in the D2D scenarios. For example, in the urban micro cell scenario, we can only need to consider LOS, NLOS, and outdoor-to-indoor cases for non-D2D evaluation. But for the D2D scenario, we may need to have more radio link models as shown in the last row of Table 1. This means that many different kinds of D2D links should be well-defined and we also need to have appropriate channel models for each D2D link.
Therefore, a realistic D2D scenario would seem to require including many kinds of links in the evaluation, e.g. links between UEs in different buildings, different floors, and etc. Directly considering such scenarios will introduce serious complexities to the evaluation methodology. Instead, a step-by-step evaluation approach would be a good way to proceed, i.e. from a simple reference scenario to a realistic scenario. For an initial evaluation, we may define a simple deployment scenario with limited number of D2D link models. After that, the scenarios can be made more realistic by including additional D2D radio link types and various channel models. The proposed initial evaluation setup assumes the urban micro scenario with all outdoor UEs. There are only two kinds of channel models required for this scenario, NLOS and LOS.
Proposal
· D2D deployment scenarios should include Urban micro-cell, Urban macro-cell, and Indoor hotspots
· Initial evaluation should start by focusing on a simple urban micro scenario with all outdoor UEs
	Deployment scenario for the evaluation
	Indoor hotspot (InH)
	Urban micro-cell (UMi)
	Urban macro-cell (UMa)

	Layout
	Indoor floor
	Hexagonal grid
	Hexagonal grid

	Inter-site distance
	60 m
	200 m
	500 m

	Non-D2D link model
	NLOS, LOS
	NLOS, LOS, 
outdoor to indoor
	LOS, NLOS 
(w/wo penetration loss)

	D2D link model
	Indoor to indoor
(NLOS, LOS)
	Outdoor to outdoor
Indoor to outdoor
Indoor A to indoor A
Indoor A to indoor B
(NLOS, LOS)
	outdoor to outdoor
vehicular to outdoor
vehicular A to vehicular A
vehicular A to vehicular B
(NLOS, LOS)


Table 1. D2D ProSe deployment example scenario (within the network coverage)
2.3
Assumptions relating to channel models
As discussed in the previous section, there are many different D2D links in each scenario and each link has a corresponding channel model. Channel models also have been aggressively discussed during the development of LTE-Advanced [4]. However, the main issue for D2D channel models is that they cannot be identical to the ones that have been previously utilized for links between a UE and an eNB, since a D2D link is between different UEs. Therefore, we need to deliberately consider which models can be suitable for modeling D2D links.
The easiest way to accomplish this is to reuse the LTE-advanced models for D2D links for the same deployment scenario as given in [6]. In this case, we may need to adjust some parameters in order for them to be applicable to D2D scenarios. For example, the LOS probability of a D2D link should be lower than that of a non-D2D link since the D2D transmitter and the D2D receiver are assumed to be at the same antenna height, which is not the case for the non-D2D scenario.
The other way is to find other channel models. The WINNER model (WINNER II and WINNER +) is one of the most widely used channel models for wireless communication systems [7, 8]. Having lots of measurement data and different scenarios, the WINNER model would serve as a sufficiently reliable spatial channel model. Considering that the D2D link is between UEs, ITU-R recommendation P.1411 given in [9] or the channel model used for Terrestrial trunked radio (TETRA) direct mode operation [10] could be considered as alternative solutions. 
Detailed discussions and comparisons of the above channel models are discussed in a separate document [11]. 
Observation: There are some candidates for the channel models for D2D links
· Channel models defined for LTE-advanced (based on Rec. ITU-R M.2135 [6]) 
· Channel models based on IST-WINNER II (and WINNER +) [7, 8]
· Channel models based on Rec. ITU-R P.1411 [9]
· Channel models based on TETRA system [10]
2.4
Other evaluation assumptions
· Simulation layout: Until now, we have used two-tier models with 19 cells and wrap around method for the system level simulation. However, depending on the range of the D2D ProSe discovery or communication links, a two-tier model might not be enough. For the simulation layout, we may need to check whether a two-tier model is enough or if we need additional tiers of cells.
· Number of UEs per cell: For a past system level simulation for measuring cell throughput, 10 or 30 UEs are enough to be dropped for each cell. However, for the evaluation of the D2D peer discovery, the main target for the simulation is to measure the number of discoverable UEs within a certain time or range. For this evaluation, we may need to drop more UEs in a cell, e.g. 100 UEs per cell.
· User topology: Uniformly random user dropping should be considered as it has been used in previous LTE and LTE-Advanced evaluations, as well as clustered user dropping for both in-network and out-of-network coverage scenarios. In the case of clustered user dropping, the user locations may be confined within circular areas of fixed size with uniform dropping of users within the clusters. The placement of the clusters may be constrained to lie within a single cell, or may cross the boundaries of multiple cells. The same set of configurations defined in [4] may be reused to define the number of hotspots and the proportion of users dropped within them, or a new configuration may be defined to with values specific for D2D evaluations. 

· Network Synchronization: Whether cells are synchronized or not is an important issue for the D2D discovery. This issue should be discussed further, but at least for the purpose of evaluation, we prefer to assume that the network is synchronized. The unsynchronized network scenario might be considered later if needed.
· Required D2D Resources: In FDD, there are three options for D2D resources: UL resources, DL resources, or mixed UL/DL resources. Which resources are used for D2D may have some impacts on the performance evaluations of the D2D schemes. 
· Number of Tx/Rx antennas at the UE: For simplicity, we can have the 1 Tx x 2 Rx case as a baseline of the D2D link. Whether to consider 2 Tx x 2 Rx is FFS.
· There still are many open issues left for the evaluation methodologies. We may study those further after the discussion of the main scenarios.
3   Conclusion
This contribution considered possible amendments to the simulation methodologies for the D2D ProSe study item. Based on the discussion above, we propose the following:

· The following are the main evaluation metrics for the D2D ProSe
· For discovery: Number of discoverable UEs within a certain distance range
· For direct communication: User throughput and fairness index
· The impact on legacy UE performance should be taken into account as a part of the evaluation
· D2D deployment scenarios should include Urban micro-cell, Urban macro-cell, and Indoor hotspots
· Initial evaluation should start by focusing on a simple urban micro scenario with all outdoor UEs
· There are some candidates for the channel models for D2D links
· Channel models defined for LTE-advanced (based on Rec. ITU-R M.2135 [6]) 
· Channel models based on IST-WINNER II (and WINNER +) [7, 8]
· Channel models based on Rec. ITU-R P.1411 [9]) 
· Channel models based on TETRA system [10]
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