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1 Introduction
This contribution addresses the evaluation methodology for D2D according to the SID [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]

During RAN1#72 in Malta, the following working assumption was agreed:

Working assumption:
· Define general and public safety specific scenarios

· 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

Observation:

· 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
This paper includes an overview of the aspects to be modelled as well as simulation scenarios definition. Details about D2D channel models and emission masks modelling can be found in [4][5].
2 Link Level Evaluations
Link level evaluations are better suited for assessing, e.g., control and data channels performance as well as the performance of any new signals introduced for D2D. Additionally, link level simulations may be used for evaluating specific interference scenarios. Channels performance can be evaluated in terms of BLER vs. SNR. EPA and ETU channel models are recommended. UEs are assumed to perform MMSE equalization with 2rx antennas and 1tx antenna.
Proposal: 
· Consider EPA and ETU models for link level simulations.
3 System Level Evaluations

System level evaluations are better suited for assessing, e.g., the impact of D2D on cellular operations. The comparison of strategies for clustering out of coverage UEs under control of a local “cluster head” also needs system level investigations. Other aspects for system level study may include the comparison of scheduling mechanisms for the NSPS communication phase (e.g., should UEs schedule each other directly or should they be scheduled by a control node such as the eNB or the “cluster head”?). Studies on discovery channel’s capacity as well as discovery latency may also be conducted at system level (e.g., should beacon signals for discovery be synchronized to a common reference?).

For the NSPS use case it is also essential to include group communication scenarios (i.e., multi-cast and broadcast) in the simulation cases. The proposed simulation scenarios are discussed in Section 4.
3.1 Discovery: Simulation Methodology (commercial and NSPS)
In order to make evaluations from different companies comparable, it is important to align the evaluation methodology. For the discovery evaluation, the following procedure is proposed:
1. Drop UEs according to the Scenario
2. For each UE, count number of UEs Nprox within range R
3. Perform discovery procedures over time window T
4. For each UE, evaluate number of successfully discovered UEs within range R (Ndisc,R)
5. For each UE, calculate the discovery success ratio ρ = Ndisc,R / Nprox
6. Generate the CDF of ρ (or its average) for a given value of R, for all UEs in the system.
7. The above procedure is repeated for various values of R and T
Metrics include:
· Impact of D2D discovery on cellular type of communication (spectral efficiency)

· Discovery maximum range
· Discovery latency CDF
· Average energy consumption for a discoverable UE

· This metric is more important for the commercial use case than for NSPS
3.2 Communication: Evaluation Methodology (NSPS only)
For the communication phase for NSPS, the following procedure is proposed:

1. Drop UEs according to the Scenario
2. Consider all UEs within distance R
3. For each proximity link, unidirectional full buffer
 traffic is generated with probability p
4. All UEs with traffic backlog attempt transmission
Metrics include:
· System level throughput and system spectral efficiency (separate for system and D2D)
· CDF of link throughput and link spectral efficiency (separate for system and D2D)
· Total UE energy consumption
· CDF of UE energy consumption
· Number of active data links (for reference)
Note that group and broadcast communication are also evaluated according to the above methods. It is also remarked that a discovery step is not necessarily assumed prior to a group communication phase.
Proposal:
· Consider the methodology in Sections 3.1 and 3.2 for respectively discovery and communication phases evaluation

· Do not assume discovery as a prerequisite for communication

· Include group communication in the evaluations

4 Simulation Scenarios

System level simulations should be performed for reference scenarios. As captured in the Chairman notes [2], it is desirable to reduce the number of scenarios as much as possible and to have common scenarios for the commercial and NSPS use case. It is also essential to carefully agree on what a “scenario” is in order to define a common ground for discussion.

Instead of producing a multitude of different scenarios that would increase the simulation effort, slow down progress and make conclusions unclear, we suggest focusing on two reference scenarios only, which are designed in order to challenge the D2D system design performance. The first scenario is a sparse Suburban Scenario (A) and the second one is a Hotspot Urban scenario (B)  (Table 1). While Scenario A is challenging in terms of coverage and energy efficiency, scenario B is challenging in terms of system capacity and spectral efficiency.
Another important aspect is that the commercial and the NSPS use cases are associated to different requirements. Nevertheless, this can be achieved by maximizing the reuse of scenarios for the commercial and NSPS use cases as follows:
· NSPS use case: for each scenario

· Consider the options of full network coverage, partial network coverage and lack of network coverage. 

· Consider only devices that are NSPS capable. 

· Both discovery and communication are simulated, and related performance metrics evaluated

· Commercial use case: for each scenario

· Consider only the option of full network coverage;

· Consider no NSPS capable devices; 

· Only discovery is simulated.

Table 1: Summary of scenarios definitions
	A: Suburban scenario
	B: Urban hotspot scenario

	Macro NW with 2 antennas/sector
	Macro NW with 2 antennas/sector

	UEs with 1tx/2rx
	UEs with 1tx/2rx

	Cellular network: deployed according to ITU Suburban Macro (1299m ISD, hexagonal grid, SMa model). 7 cells generated with wrap-around.
	Cellular network: deployed according to ITU Urban Macro (500m ISD, hexagonal grid, Uma model). 7 cells generated with wrap-around.

	D2D channel model from [4]
	D2D channel model from [4]

	Uniform UE density (50% indoors, 50% vehicle)
	Hotspot UE density (indoor/outdoor and floor assignment follow model in Section 4.1))

	UE speed: indoor UEs 3km/h, vehicle UEs 90km/h
	UE speed: 3km/h

	In-band D2D Operation
	In-band D2D Operation

	UE Emission model from [5]
	UE Emission model from [5]

	Options:

	A1:full NW coverage

A2: partial NW coverage (a subset of the macros is enabled)

A3: no NW coverage
	A1:full NW coverage

A2: partial NW coverage (a subset of the macros is enabled)

A3: no NW coverage

	Carrier frequency: 700 MHz (NSPS), 2 GHz
	Carrier frequency: 700 MHz (NSPS), 2GHz


While the scenario defines the main parameters related to the deployment, a number of “options” may be added to each scenario. Examples of options may include the number of antenna elements at network and UE sides, the traffic model for cellular and D2D traffic, the level of inter-cell synchronization of the overlaid network, the carrier frequency and the system BW. 
For unicast communication in NSPS it is recommended to employ random scheduling among the UEs in proximity, as described in Section 3.2. The same scheduling assumption is recommended for the network, too. No scheduling optimization should be assumed in the evaluations, since such an optimization would be an implementation aspect and cannot be assumed by the network.
The cases of full, partial and no network coverage are captured as options of each of the two scenarios. For partial and no network coverage only metrics relevant for NSPS need to be logged and considered.
Partial network coverage may be simulated by disabling a number of eNBs in the deployment, such that some areas are lacking cellular coverage. E.g., only one eNB can be enabled over the 7 simulated cells in the deployment. Note that in-band D2D within UL spectrum (or UL subframes in TDD) is suggested as baseline, as this case appears to be the most interesting both from a spectral efficiency and commercial point of view.
A summary of the network coverage options for the scenarios is shown in Table 1.

Table 1: Mapping of scenarios in Table 1 to use cases
	Common (NSPS and commercial)
	NSPS only

	A1, B1
	A2, A3, B2, B3


Proposal:
· Limit simulations to two scenarios: Suburban (A) and Urban Hotspot (B)

· Each scenario is available in different options in terms of, e.g., network coverage

· Consider a subset of the scenario options (e.g.., the full network coverage cases) for the commercial use case evaluations

· Metrics related to the communication phase are evaluated only for the NSPS use case
· Adopt the UE Emission model from [5]
4.1 User Dropping for Suburban and Urban Hotspot Scenario

An important parameter for scenario definition is the user dropping methodology. 

For the suburban scenario A, a uniform UE distribution where each UE is randomly assigned to an indoor or vehicular UE is proposed.

For the urban hotspot scenario B, it is proposed to define a buildings distribution based, e.g., on Manhattan grid. UEs are dropped according to a hotspot distribution, where the hotspots may model areas of UEs concentration such as malls and offices (commercial use case) or incident spots (NSPS use case). UEs that happen to be dropped outside a building area are classified as outdoors UEs in the channel modeling. UEs that are dropped over buildings are classified as indoor UEs and a floor needs to be assigned to each of such indoor UEs. Each building in the Manhattan model is assigned a height according to an agreed distribution (e.g., uniform distribution between Fmin and Fmax floors). Once a UE is dropped on a certain building, it is assigned a random floor number which is uniformly distributed between 0 and the number of floors of the associated building.

Proposal:
· Drop UEs uniformly for the suburban scenario (A)
· 50% vehicular UEs, 50% indoor (ground floor) UEs

· Drop UEs with hotspot distribution for the urban hotspot scenario

· Define a geometric Manhattan grid of buildings

· Define building-specific height according to a building height distribution

· UEs dropped on streets are outdoor

· UEs dropped on buildings are associated a random floor uniformly distributed between 0 and the number of floors of the building
5 Conclusions
In this contribution we discussed evaluation methodology and simulation scenarios for D2D. We thus propose the following
· Consider EPA and ETU models for link level simulations.

· Consider the methodology in Sections 3.1 and 3.2 for respectively discovery and communication phases evaluation

· Do not assume discovery as a prerequisite for communication

· Include group communication in the evaluations

· Limit simulations to two scenarios: Suburban (A) and Urban Hotspot (B)

· Each scenario is available in different options in terms of, e.g., network coverage

· Consider a subset of the scenario options (e.g.., the full network coverage cases) for the commercial use case evaluations

· Metrics related to the communication phase are evaluated only for the NSPS use case

· Adopt the UE Emission model from [5]
· Drop UEs uniformly for the suburban scenario (A)

· 50% vehicular UEs, 50% indoor (ground floor) UEs

· Drop UEs with hotspot distribution for the urban hotspot scenario

· Define a geometric Manhattan grid of buildings

· Define building-specific height according to a building height distribution

· UEs dropped on streets are outdoor

· UEs dropped on buildings are associated a random floor uniformly distributed between 0 and the number of floors of the building
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� In case also non full buffer traffic is considered, the VoIP traffic model proposed, e.g., in [3] should be supported.
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