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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], the following tasks are relevant to the work of RAN1 WG on evaluation methodology:

· 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).
· 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. Wi-Fi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead).
· The possible impacts on existing operator services (e.g. voice calls) and operator resources should be investigated.
In this document, we focus on the evaluation methodology while our views on channel modeling are provided in the companion contribution [3].

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 proximity solutions with D2D solutions adopted in other technologies (e.g. Wi-Fi Direct, Bluetooth). The broad scope of the study item assumes that evaluation methodology should be designed to cover all mentioned scenarios.

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 [4]. Commercial proximity services typically assume urban scenarios with large user densities. 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 impact on cellular infrastructure and cellular UEs should be minimized.

For public safety use cases, the target performance metrics and system operation assumptions are substantially different. The main differentiating factor comparing with commercial services is that dedicated public safety spectrum is used for proximity services [4]. The reliability of D2D service plays crucial role in emergency situations. So, the system overhead of the proximity services 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 proximity services within a localized area. Additionally public safety proximity services may be sensitive to the discovery latency and minimum data rate for D2D communication. However, the exact D2D performance requirements values should be discussed by the RAN1 WG and aligned with 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 proximity services 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 proximity solutions may trade system overhead and impact on cellular infrastructure to satisfy target performance requirements.
Proposal 1:

· Further clarify requirements of proximity services 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 proximity 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. So in this contribution we mainly focus on the evaluation methodology for the scenario when D2D UEs are located within network coverage.

Observation 2:

· The main benefits of LTE based D2D proximity solutions are expected in scenarios within network coverage area.

For outside network coverage scenario, the RAN1 WG should study additional enhancements and control mechanisms required to enable discovery and communication outside of network coverage. This study is needed in application to this public safety use case and can be done once the benefits of synchronous LTE solutions are confirmed and more technical details on LTE based design options are available.

Proposal 2:
· Synchronous D2D solutions should be studied first and then outside network coverage area scenario can be considered.
2.3 Comparison of Different Solutions

The LTE D2D proximity services 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, define evaluation assumptions for each option and a common set of performance metrics for comparative analysis. It is also important to discuss performance targets derived from main use cases and applications such as commercial/social and public safety proximity services.
Beside LTE solutions, different other technologies may be used to enable D2D proximity services (e.g. Wi-Fi, Bluetooth, etc.). The fair comparative analysis of LTE based proximity 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 target of the study item. However, if it is decided by RAN1 WG evaluation of discovery and data communication for other technologies under an identical set of target scenarios should be done.
3 Deployment Scenarios

The D2D proximity solutions for commercial/social and public safety use cases should be investigated using different assumptions on the target deployment scenarios.

3.1 Commercial/Social Deployment Scenarios

D2D solutions for commercial/social applications will be used in typical cellular deployments. So we suggest using typical assumptions on the deployment scenarios. For instance 19-cell macro-cellular deployments with uniform UE distribution may be considered in application to commercial/social proximity services. 

With respect to UE location the following two scenarios may be considered:

· Outdoor deployment scenario. All UEs are located outdoors.
· Outdoor/Indoor mix deployment scenario. In this scenario a part of UEs are located outdoors and the other are located indoors. 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 stripes drop for the “Macro + Femtocell” deployments [5]. 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, number of buildings per cell and outdoor/indoor UE proportion should be further discussed and agreed. An example of such deployment is illustrated in Figure 1.

In addition to the homogeneous macro cellular deployments, heterogeneous scenarios may be also considered and the details of HetNet scenarios can be further discussed. In case of using outdoor only deployment scenario a Macro + outdoor Pico cell networks may be studied. For the outdoor/indoor mix deployment scenario, the HetNet scenario with Indoor RRHs may be considered.
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	Figure 1. Commercial/Social Deployments for D2D studies


3.2 Public Safety Deployment Scenarios

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 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 circle area of certain size. The parameters needed to specify the incident are: the circle area size (radius) 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, only a single or a few incident areas may be considered in one moment of time. Furthermore, a dedicated spectrum is used for public safety purposes [4] and thus the typical density of public safety UEs outside the incident area is much lower comparing with commercial use cases.

Similar to commercial/social use case the following sub-scenarios may be considered depending on the distribution of UE location type:

· Outdoor incident area. All UEs are located outdoors.
· Outdoor/Indoor mix incident area. In this case a part of UEs are located indoors and the other part is outdoors. Similar to the commercial/social deployments a building drop may be recommended. In this case the center of the incident area should be co-located with the center of the building.

The size of the incident area and the number of public safety officers in this area should be chosen based on realistic scenarios. In [6] 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 UEs is recommended.
Public safety deployment scenarios should be investigated for the cases of within and outside of network coverage. For the first case, a typical 19-cell macro cell homogeneous deployment may be considered as baseline and a number of incident areas should be randomly dropped in the network. In case of the “outside of network coverage” scenario, a more simplified approach may be used and a single incident area may be studied.

An example of the considered Public Safety deployment for the D2D studies is illustrated in Figure 2.
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	Figure 2. Public Safety Deployments for D2D studies


4 D2D Discovery Evaluation Methodology

4.1 LTE-Based Discovery Solutions
The LTE based D2D discovery solutions may be broadly divided into two categories:

· Network based device discovery. This class of techniques assumes that network keeps track of all UEs operating in cells and does not require from UEs to discover each other. Instead, network fully controls UE operation, discovers its neighborhood and informs about available proximity services. For instance, 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 under network control, UEs can listen and/or transmit signals that can be detected or decoded by UEs located in proximity range. In addition different types of network assistance may be assumed. Up to date there are no terminal based discovery mechanisms 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).
4.2 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) [3]. 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 eNB-UE links modeling, we suggest using the existing 3GPP models defined in the TR 36.814 [5]. For more details on propagation assumptions for UE-UE links please refer to the companion contribution [3]. 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 are decided by the RAN1 WG, the small scale fading characteristics can be added.
· 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: For LTE based discovery solutions, the synchronization among all UEs should be assumed.
In summary the following set of parameters is proposed for D2D discovery evaluations:

Table 1. Evaluation Assumptions for D2D Discovery Studies.
	Parameter
	Commercial/Social Scenarios
	Public Safety Scenarios

	
	
	Within network coverage
	Out network coverage

	Deployment
	Scenario 1: Homogeneous network with outdoor UEs

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

· Single incident area per network

· Incident area radius is 80m
	· One incident area

· Incident area radius is 80m

	
	Scenario 2: Homogeneous network with mix of outdoor and indoor UEs

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

· One building per macro cell

· Building size is 120x50 m

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

· One building per macro cell

· Building size is 120x50m
· One incident area

· Incident area radius is X m

· Center of incident area is co-located with one building
	· One incident area

· Incident area radius is 80m
· One building

· Center of incident area is co-located with the building

· Building size is 120x50m


	
	Scenario 3: Heterogeneous network.
	NA

	
	Macro + Outdoor or Indoor RRHs. Details FFS.
	

	User drop
	Uniform over deployment area
	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}
	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 the companion contribution [3] for more details
System level: Large scale analysis only
Link level: Small scale fading

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

	Synchronization
	All UEs are synchronized
	All UEs are synchronized
	Non-synchronized UEs

	Carrier Frequency
	2GHz
	700MHz


In addition to common assumptions discussed in 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 enough. 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.
4.3 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.
· 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 as discovery resources. 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 discovery transmit/receive processing.

· Discovery Time: Time to discover an UE within the radio range. Average time or CDF may be shown.
· Other metrics can be introduced depending on the selected solution.
5 D2D Data Communication Evaluation Methodology

5.1 Modeling of D2D Communication Links
It is natural to assume that discovery procedure may trigger the D2D traffic. This fact has implication on the D2D evaluation methodology for communication on D2D direct links. First of all, discovery assumes large density of dropped UEs. To simplify analysis it is reasonable to assume that only a part of dropped UEs has D2D traffic and that those UEs are combined into UE pairs (or UE groups in a more general case). For the sake of simplification, the dropping of D2D UE pairs may be considered instead. However in the latter case it is important to discuss the distribution of the distance between UEs in a D2D pair. This distribution depends on multiple factors: discovery protocol, stochastic channel propagation models, protocol to decide whether D2D or cellular mode should be used to transmit data, etc.

Based on the observations above, two general approaches for modeling of D2D data communication may be considered:

Approach 1: Discovery based D2D pairing/grouping
In this approach an explicit discovery procedure is used to create links for direct D2D communication. The approach consists of the following steps:

· Step 1: Perform D2D discovery procedure to get the list of possible D2D links/pairs;

· Step 2: Make random selection of UEs that have traffic on D2D links (D2D sources);
· Step 3: For each D2D source randomly select destination nodes from the discovery list (random pairing or grouping);
· Step 4: Select D2D traffic transmission mode: cellular or direct mode;
· Step 5: Perform transmission of the D2D traffic.
The advantage of this procedure is that multiple D2D use cases may be covered and evaluated. For instance such a model does not exclude different link types (disjoint, unicast with common TX or RX node, unicast chains, multicast, etc.). It is also fair in terms of evaluation methodology aspects. On the other hand, it has quite high complexity in terms of modeling, analysis and control of simulation parameters. In addition, unless specific use case is considered the probability of simultaneously having traffic from one UE to multiple UEs or from multiple UEs to single UE is low and thus disjoint D2D links may be a valid assumption for initial analysis.
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Figure 3. Possible Combinations of Direct Links
Proposal 4:
· Focus on the analysis of disjoint links for direct D2D communication.
Approach 2: Direct drop of D2D pairs/groups
Alternative approach that can be considered is the direct drop of D2D user pairs (or groups) over deployment area. This is the simplified model, that aims to emulate pairing (grouping) procedure of the discovery based approach for creation of D2D direct links (see step 3 of Approach 1). Assuming realistic distribution of the distance between D2D UEs in pairs it may be considered as simplified alternative for analysis of the efficiency of D2D communication.
Proposal 5:
· For creation of D2D links, consider to use simplified approach based on direct dropping of user pairs (user groups). 
· Continue discussion on distribution of the distance between D2D UEs in one pair if simplified approach is agreeable.

5.2 Data Transmission Scenarios
One of the scopes of study item is to examine impact on existing operator services and operator resources. The impact on operator services as well as benefits of D2D data operation can be evaluated assuming both cellular only UEs and D2D UEs. The D2D UEs may select either direct mode or cellular mode for data transmission. Two scenarios should be evaluated to analyze the impact of cellular traffic on direct D2D traffic and vice versa.
Scenario 1: Cellular only transmissions (Reference). The reference scenario should be the case when the whole D2D traffic goes over cellular infrastructure (UE1 => UL => eNodeB => DL => UE2). In this case D2D traffic consumes spectrum resources used by UEs with cellular traffic. The both DL and UL resources are allocated for D2D traffic.
Scenario 2: Cellular and D2D transmissions. This scenario should assume that D2D traffic may be transmitted over direct links or cellular infrastructure. Cellular resources used for D2D transmission may be shared with cellular only UEs or dedicated resources may be without interference from cellular UEs may be assumed.
The proportion of D2D and cellular traffic should be fixed and identical for comparative analysis of both scenarios. The full buffer and non-full buffer traffic models defined in [5] may be used for analysis. Initial studies should focus on full buffer scenarios.
5.3 Evaluation Assumptions
The main evaluation assumptions for D2D data communication studies are provided in Table 2. The remaining details on modeling parameters should follow the standard 3GPP assumptions defined in TR 36.814 and should be further discussed. 
Table 2. Evaluation Assumptions for D2D Direct Communication Studies.
	Parameter
	Commercial/Social Scenarios
	Public Safety Scenarios

	
	
	Within network coverage
	Out network coverage

	Deployment
	Scenario 1: Homogeneous network with outdoor UEs

	
	Same as for discovery

	
	Scenario 2: Homogeneous network with mix of outdoor and indoor UEs

	
	Same as for discovery

	
	Scenario 3: Heterogeneous network. 

	
	Macro + Outdoor or Indoor RRHs. Details FFS
	NA

	User drop
	D2D UE: Uniform drop of UE pairs over deployment area

Cellular UE: Uniform drop of cellular UEs
	D2D UEs: Uniform drop of users inside incident areas and random pairing for unicast (optional - grouping for multicast transmissions)


	User density
	D2D UE: Number of pairs per Macro cell sector: variable parameter.

UE-UE distance distribution is FFS
Cellular UE: 10 (Homogeneous)
	Number of public safety D2D UEs per incident area: FFS

	Channel modeling
	eNB-UE: Models defined TR 36.814 (Sections A.2.1.1.2 and A2.1.1.5)

UE to UE: See the companion contribution [3] for more details
System level: Large scale and small scale channel propagation properties

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

	Synchronization
	All UEs are synchronized
	All UEs are synchronized
	Initially 
Non-synchronized UEs

	Traffic
	Full Buffer, FTP
	VoIP

	Carrier frequency
	2GHz
	700 MHz


5.4 Performance Metrics

All performance metrics valid for typical cellular transmission can be reused for the case of LTE system operation with D2D direct communication. The performance characteristics should be analyzed separately for direct and cellular links. For fair comparison, the D2D traffic routed over cellular infrastructure should be accounted in both uplink and downlink transmission direction to estimate impact on cellular UEs.
6 Conclusions

In this contribution we have presented our views on evaluation methodology for D2D 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. For data communication analysis, we propose to use simplified approach with direct dropping of D2D pairs or groups for modeling direct links and further discuss the reasonable distribution of the distances between D2D UEs, which in general case may be an output metric of the data communication analysis. In summary we have the following list of proposals:
Proposal 1: 
Further clarify requirements of proximity services for public safety use cases (e.g. discovery range, data rate requirements, etc.).
Proposal 2:
Synchronous D2D solutions should be studied first and then outside network coverage area scenario can be considered.
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: 
Focus on the analysis of disjoint links for direct D2D communication.
Proposal 5:
For creation of D2D links, consider to use simplified approach based on direct dropping of user pairs (user groups). 
Continue discussion on distribution of the distance between D2D UEs in one pair if simplified approach is agreeable.
Proposal 6:
Use assumptions/parameters proposed in Table 1-2 for D2D discovery and data communication studies.
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