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1 Introduction

At the RAN#58 plenary meeting it was agreed to start work on evaluation methodology for device-to-device studies to be conducted by the RAN1 WG [1]. According to the D2D study item description document [2], one of the tasks relevant to the work of RAN1 WG has been listed as:

· 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).
At the RAN1 #72 meeting it was agreed as working assumption to define general and public safety specific scenarios listed below [3]:
· 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 focus on the evaluation methodology for studies on D2D discovery while our views on deployment scenarios, channel modeling, and evaluation methodology for studies on D2D data communication are provided in the companion contributions [4], [5], and [6] respectively.

2 D2D Discovery Evaluation Methodology

2.1 LTE-Based Discovery Solutions
The LTE based D2D discovery solutions may be categorized as:

· Network based device discovery. This class of techniques assumes that network keeps track of all UEs in different cells and does not require from UEs direct actions to discover each other. Instead, network fully controls UE operation, discovers its neighborhood and informs about available proximity services. This category includes some sort of location techniques based on different technical solutions, e.g. assisted GPS, network-based location methods (using cell ID, TDOA, RSSI, etc.). Note that these solutions are applicable for scenarios within network coverage only.
· Terminal based device discovery. The terminal based device discovery techniques typically assume that UEs can listen and/or transmit signals that can be processed by other UEs located in proximity range. In terminal based device discovery, UE actions are performed under network control. The network may provide assistance information to help terminals discover each other. Up to date there are no terminal based discovery mechanisms defined in the LTE specification. However only such methods can be applied outside network coverage area (i.e. when there is no support from network side).
2.2 Discovery Requirements

Although detailed functional requirements are listed in the ProSe TR [7], translating them to technical requirements for RAN1 ProSe discovery solutions is subject to different interpretations, and consequently, it can be very difficult to compare various ProSe discovery solutions unless certain basic assumptions on the technical requirements are not decided by RAN1 WG. While it could be argued that some of these technical requirements, especially those relating to commercial/social use cases, may be part of the output of the RAN1 study item, it is necessary to have a common understanding on the design targets for ProSe discovery for both commercial and public safety applications. 
Some of these technical requirements include maximum desirable impact on system overhead, maximum discovery ranges corresponding to the different range classes specified in [7] (see related discussions on D2D use cases presented in our companion contribution [4]), power consumption requirements that impact the achievable discovery range as well as standby time for battery-powered D2D devices. Note that many of these technical requirements may be significantly different for commercial and public safety D2D devices as different performance aspects may have different levels of priority for commercial and public safety use cases. In this regard, we propose that these technical are discussed and agreed in RAN1 WG to facilitate effective evaluations of different ProSe discovery solutions.
2.3 Evaluation Assumptions
For discovery performance analysis of different technical options, it is desirable to define a common set of parameters. The proposed set of parameters and assumptions may include the following items:
· User density: For commercial/social proximity services high user density should be assumed. To come up with the initial numbers we suggest to take as a baseline the population density of London city which is approximately equal to D = 5,200 UEs/km2 (0.0052 UEs/m2) [5]. According to this number for urban macro-cellular environment with 500m ISD there are 375 UEs located in each cell sector area. To cover scenarios with other user densities a set of different density values may be analyzed (e.g. {D/2, D, 2D}). For public safety proximity services, the 60 terminals per circle incident area with 80m radius is recommended.
· Channel modeling: 
· For system level analysis: For eNB-UE links modeling, we suggest using the existing 3GPP models defined in the TR 36.814 [8]. Recommendations for UE-UE channel modeling are as listed in Appendix A. For more details on propagation assumptions for UE-UE links please refer to the companion contribution [5]. Initial analysis of discovery performance characteristics can be done using large scale channel propagation properties: shadow fading, pathloss and antenna gains. At later stages, once more details on discovery solution and architecture are decided by the RAN1 WG, the small scale fading characteristics can be considered to further optimize the system design.
· For link level analysis: Only UE-UE links are relevant for link level analysis and as presented in [5], we propose use of EPA-5Hz and ETU-30Hz link level channel models.
· UE mobility: Low mobility scenario with UE speed equal to 3 km/h is recommended as the baseline assumption. Other speed values may be optionally considered.
· Synchronization: As discussed in [4], for the initial phase of studies, the synchronization among all UEs should be assumed to validate the maximum achievable gains from synchronous LTE-based D2D ProSe discovery solutions.
In summary, the following set of parameters is proposed for D2D discovery evaluations:

Table 1. Evaluation Assumptions for D2D Discovery Studies.
	Parameter
	Within network coverage
	Outside (and partial) network coverage

	Deployment
	D2D ProSe Scenario 1: Homogeneous network with outdoor UEs
	D2D ProSe Scenario 3: Public safety specific scenario

	
	· Hexagonal macro-cellular deployment (two-tiers, ISD = 500m, wrap around is on)
· For public safety specific use cases within network coverage, the following may be additionally considered:
· One incident area (Several incident areas may be used to reduce the amount of simulation trials. The amount of incident areas should be much less than the amount of Macro cells (e.g. 5 incident areas)).
· Incident area radius of 80m
	· One incident area

· Incident area radius is 80m

· One building

· Building size is 120x50m
· Center of incident area is co-located with the building

· For modeling of partial network coverage scenario, it is recommended to reuse the above with the assumption that at least one public safety device is within network coverage. Exact number of such public safety devices within network coverage to be provided by companies.



	
	D2D ProSe Scenario 2: Heterogeneous network, similar as defined in small cell Scenario 2b (sparse) with mix of outdoor and indoor UEs
	

	
	· Hexagonal macro-cellular deployment (two-tiers, ISD = 500m, wrap around is on).

· Two buildings per macro cell

· Building size is 120x50 m
· For public safety specific use cases within network coverage, the following may be additionally considered:
· One incident area (Several incident areas may be used to reduce the amount of simulation trials. The amount of incident areas should be less than the amount of Macro cells (e.g. 5 incident areas)).
· Incident area radius of 80m
· Center of incident area co-located with center of one of the building
	

	User drop
	· Uniform over deployment area

· For public safety specific use cases within network coverage, the following may be additionally considered:

· Uniform drop of users inside incident areas

· No UEs outside incident areas
	Uniform drop of users inside incident areas

No UEs outside incident areas

	User density
	· D = 5,200 UEs/km2 (0.0052 UEs/m2) with 375 UEs per macro cell sector for ISD = 500m. To cover scenarios with other user densities it is proposed to analyze the following density values {D/2, D, 2D}.
· For public safety specific use cases within network coverage, the following may be additionally considered:

· Number of UEs per incident area ~60
	Number of users per incident area ~ 60

	Channel modeling
	eNB-UE: Models defined TR 36.814 (Sections A.2.1.1.2 and A2.1.1.5) are reused.
UE to UE: See Appendix A and the companion contribution [5] for more details.
System level: Initial studies may be focused on large scale analysis. Final evaluations consider small scale channel modeling effects.
Link level: Small scale fading based on EPA-5Hz and ETU-30Hz

	UE mobility
	Low mobility scenario. UE speed = 3km/h

	Synchronization
	All UEs are synchronized
	 FFS in RAN1 WG

	Carrier Frequency
	2GHz
	700MHz


In addition to common assumptions discussed in the table above, it is also important to agree on the discovery criteria. For instance it should be agreed whether successful link discovery procedure assumes that nodes from both ends of the link discovered each other or discovery at one end of the link is agreeable. Unidirectional discovery assumption is proposed. As for discovery criteria, it may be considered as a design specific assumption and may be proposed jointly with discovery design option.
2.4 Performance Metrics

The following performance metrics can be used in D2D discovery studies:

· Average number of discovered UEs: The main metric for device discovery is the average amount of terminals that UE can discover per unit of time. Obviously, this metric is a function of multiple arguments such as for example user densities, discovery protocol, system overhead on discovery resources, UE transmit power, propagation characteristics, discovery criteria, etc. Different dependencies should be investigated. In addition, CDF of number of discovered UEs can be plotted.
· Discovery range: Link budget and system level definitions may be proposed:
· Link budget analysis (radio range): Discovery range is derived from the link budget analysis, assuming a given propagation loss, maximum transmit power and receiver sensitivity.
· System level analysis: Discovery range can be defined as the radius of a circle area where 90% of UEs located inside circle area are discovered. Other definitions may be also considered.
· Discovery overhead: The relative amount of spectrum resources (e.g. the number of PRBs in a frame) used for discovery purposes. For terminal based discovery, the overhead takes into account amount of frame physical resources allocated for discovery purpose. For network based discovery solutions, the overhead is calculated by taking into account cellular resources used for transmission of control and payload messages.
· Energy consumption metrics: Relative metrics are recommended to compare different solutions. For instance, it can be estimated as a fraction of time required for transmit/receive discovery processing.

· Discovery Time: Time to discover an UE within the radio range. Average time or CDF may be shown.
· Link level analysis metrics: Probability of detection vs. SINR for a target false alarm probability of 1%. Realistic assumptions with regard to number of interfering D2D UEs, depending on ProSe discovery protocol design, should be considered. Details to be provided by respective companies while reporting results.
· Other metrics can be introduced depending on the selected solution.
3 Conclusions

In this contribution we have presented our views on evaluation methodology for studies on D2D discovery. The main aspects that should be taken into account for D2D is the increased number of users for analysis of ProSe discovery solutions. In addition, from system design perspective it is important to consider scenarios with outdoor and indoor users. In summary, we have the following list of proposals:
Proposal 1:
Further discuss and clarify technical requirements of ProSe discovery for commercial and public safety use cases regarding maximum impact on system overhead, discovery ranges corresponding to different range classes, coexistence of different range classes, and power consumption.
Proposal 2:
Use assumptions/parameters proposed in Table 1 for D2D discovery studies.
Proposal 3:    It is proposed to consider unidirectional discovery assumption as the ProSe discovery criterion.

Proposal 4:    Adopt performance metrics proposed in Section 2.3 for D2D discovery studies.
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Appendix A
This appendix summarizes the proposed modeling for UE-UE links for use in system level simulations. The main proposals are listed below with further details on the parameters summarized in Table 2:
· Use ITU-R P.1411-6 pathloss and shadow fading models to characterize UE-UE links for outdoor-to-outdoor urban environments.

· Use Winner+ UMi O2I pathloss and shadow fading models to characterize UE-UE links in outdoor-to-indoor propagation environments. 
· Use ITU-R InH pathloss and shadow fading models to characterize UE-UE links in indoor-to-indoor propagation environments.

· Further study shadow fading cross-correlation properties for UE-UE links.
· Consider to use modified probabilistic equation to differentiate LOS and NLOS propagation. The LOS probability models exponentially decaying at large distances are recommended for urban environments.
Table 2. Recommended UE-UE channel characteristics for D2D studies
	O2O
UE-UE link 
	General description
	Pathloss, shadow fading based on ITU-R P.1411-6, [9].

Large scale parameters (except for shadowing standard deviation) and their cross-correlation values as in [8] for UMi LOS and NLOS.

Small scale channel modelling (except those listed below) based on SCM model for UMi LOS and NLOS [8].
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	Shadowing standard deviation
	LOS: 
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	Shadowing correlation
	FFS

	
	LOS Probability
	Modified model exponentially decaying at large distances

	
	Fast fading channel model
	Modified ITU-R IMT UMi channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· LOS:
μ = 1.75, σ = 0.19;

· NLOS: μ = 1.84, σ = 0.15.
· Doppler Spread
· Low mobility scenario, UE speed is 3km/h

	O2I
UE-UE link
	General description
	Pathloss, shadow fading, based on WINNER+ O2Ia channel model [10]. 

Large scale parameters (except for shadowing standard deviation) and their cross-correlation values as in [8] for UMi O2I.

Small scale channel modelling (except those listed below) based on SCM model for ITU UMi O2I [8].

	
	Distance dependent path-loss
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Distances are given in m, frequency f in GHz. Remaining parameters defined in Appendix A.

	
	Shadowing standard deviation
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	Shadowing correlation
	FFS

	
	LOS Probability
	Modified model exponentially decaying at large distances

	
	Fast fading channel model
	Modified ITU-R IMT UMi O2I channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· O2I:
μ = 1.76, σ = 0.16.
· Doppler Spread
· Low mobility scenario, UE speed is 3km/h

	I2I 
UE-UE link
	General description
	Pathloss, and large scale parameters and their cross-correlation values as in [8] for IMT UMi InH.

Small scale channel modelling based on SCM model for ITU InH [8].

	
	Distance dependent path-loss
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Distances are given in m, frequency f in GHz.

	
	Shadowing standard deviation
	LOS: 
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	Shadowing correlation
	FFS

	
	LOS Probability
	Modified model exponentially decaying at large distances

	
	Penetration Loss
	40dB if UEs are located in different buildings

	
	Fast fading channel model
	Modified ITU-R IMT UMi InH channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· LOS:
μ = 1.62, σ = 0.22.
· NLOS:
μ = 1.77, σ = 0.16.
· Doppler Spread
· Low mobility scenario, UE speed is 3km/h
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