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1 Introduction

 At 3GPPP TSG RAN Meeting#58, the SI for “Study on LTE Device to Device Proximity Services” was approved to evaluate the feasibility of enabling device-to-device Proximity Services (ProSe) capability in LTE [1]. The first step in the evaluation process is defined in [1] 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)”
In RAN1#72, D2D deployment scenario and evaluation methodology were discussed and following agreement was made [2]:

· 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.
In this paper, we provide proposals for D2D scenarios that should be evaluated in RAN1.
2 Discussion
The emerging trend of high data rate local area access through cellular networks provided the motivation for enabling direct device-to-device (D2D) communication as an underlay to the IMT-Advanced cellular networks. In current cellular networks, when two user equipments (UEs) in close proximity communicate with each other, their data path goes through the operator network (eNBs and GWs). The idea of D2D communication is to allow direct communication between UEs in close proximity, there by offloading the data traffic of the operator network [3]. In addition, enabling D2D communication in LTE provides the means to implement LTE based public safety communication systems. 
In 3GPP, SA1 has already investigated the proximity services (ProSe) and has summarised the potential use cases under two categories; general and public safety, in TR 22.803 [3]. Based on the use cases identified in SA1 for general and public safety domains, Section 2.1 identifies link topologies applicable for D2D communications. Then, in Section 2.2, we define a set of scenarios and their parameters for D2D evaluation in RAN1. 
2.1 D2D Link Topologies

Based on the D2D use cases defined in SA1, we could identify three baseline link topologies for D2D communication as:

· Single-link topology
This is a one-to-one topology as illustrated in Figure 1. This topology may exist in D2D communications with or without network coverage.   When it is operated under network coverage, LTE based D2D device#1 and LTE based D2D device#2 may belong to either same operator or different operators.
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Figure 1: Single link topology

· Multiple-links topology

This is a one-to-many topology that can form Ad-Hoc networks or Wireless Local Area network as shown in Figure 2. This link topology can be applied for one-to-many/unicast or one-to-many/multicast or broadcast traffic. This may exist with or without network coverage. When operated under network coverage, LTE D2D device’s ability to form connections with multiple users, acting as Wireless Local Area Network server, should be restricted to manage interference caused to its overlayed network while maintaining its required coverage. This requires new LTE-based D2D UE classes.
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Figure 2: Multiple-links topology
· Concurrent topology
This topology supports single-hop relay functionality as illustrated in Figure 3. In this topology, both LTE based D2D device#1 and LTE based D2D device#2 belong to either same operator or different operators and the D2D communication link (i.e. D2D#1 - D2D#2 link) occurs concurrently with the legacy LTE communication (i.e. D2D capable UE-D2D#2 – eNB link). 
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Figure 3: Concurrent topology
Table 1 categorises the D2D use cases defined in SA1 into above three topologies.
Table 1: Categorisation of D2D use cases into topologies

	
	Single-link topology
	Multiple-links topology
	Concurrent topology

	General use cases
	· Restricted ProSe discovery use case

· Open ProSe discovery use case

· Discovery Use Case with subscribers from different PLMNs

· Discovery Use Case with roaming subscribers

· Service continuity between infrastructure and ProSe communication paths

· Enhanced location and presence services


	· ProSe for large number of UEs
· Infrastructure and WLAN proximity communication
	

	Public safety use cases
	· Discovery within network coverage

· Discovery out of network coverage

· Can discover but not discoverable

· One-to-one direct user traffic initiation in public safety network
	· Multiple one-to-one direct user traffic sessions in public safety network

· ProSe group

· ProSe broadcast
· ProSe Relay

	· ProSe hybrid and range extension


Proposal 1:  To adopt three baseline link topologies for LTE D2D communication as:

· Single-link topology
· Multiple-links topology (forming Ad-Hoc networks)

· Concurrent topology (to support LTE UE based relaying)

2.2 D2D Evaluation Scenarios

Evaluation scenarios for D2D communication can be defined based on different criteria as:

· D2D use cases ( general, public safety

· Link topologies ( single link, multiple link, concurrent

· Network coverage availability (In network coverage, out of network coverage, partial network coverage 
· Operating environment (outdoor, indoor, I2O and O2I / urban micro, urban macro, indoor hotspots

· User density (high user density/low user density

It is possible to define many scenarios based on different combinations of above criteria. However, in order to simplify evaluation process we prioritise these criteria as shown in Table 2.

Table 2: Prioritisation of D2D evaluation scenarios

	Criteria
	Evaluation Priority

	Environment
	Outdoor
	High

	
	Indoor
	High

	
	O2I/I2O
	Low

	Use case
	General
	High

	
	Public Safety
	High

	Network Coverage
	In Network
	High

	
	Out-of-network
	Low

	User density
	High user density
	High

	
	Low user density
	High

	Topology
	Single link
	High

	
	Multiple link
	Medium

	
	Concurrent
	Low


Based on the above prioritisation, we propose four evaluation scenarios as below. 
· Scenario 1: In network coverage, high user density, outdoor scenario
· Objective is to evaluate the ability to perform network-assisted device discovery and direct communication in a very dense outdoor environment such as outdoor carnival/bazaar, busy streets etc. 

· Mainly for general/commercial use cases, but can be applied for public safety use cases operated under network coverage
· Single-link topology is evaluated with high priority, while multiple-link and concurrent topologies are evaluated with low priority. 
· Heterogeneous network deployment scenario defined in [4] can be assumed for underlying network coverage

· D2D direct communication range could be limited to 200m

· Pedestrian users could be focused in this scenario

· User density is around 100 users/cell

 [image: image4.png]——» Datapath

— — —» Signalling path




Figure 4: Scenario 1

· Scenario 2: In network coverage, high user density, indoor scenario
· Objective is to evaluate the ability to perform network-assisted device discovery and direct communication in a dense indoor environment such as shopping malls, indoor stadiums and high-rise office buildings etc. 

· Mainly applicable for general/commercial use cases

· Single-link and multiple-link topologies can be evaluated initially because both topologies are most likely in this environment.

· Indoor RRH/Hotzone scenario defined in [4] can be assumed for underlying network coverage

· D2D direct communication range could be limited to 100m

· Stationary and Pedestrian users could be focused in this scenario

· User density is around 100 users/cell

· Scenario 3: In network coverage, low user density, outdoor scenario
· Objective is to evaluate the ability to perform network-assisted device discovery and direct communication  in a low user density, suburban environment 

· This is also useful for general/commercial use cases. In addition, this would be the most likely scenario for public safety operation under network coverage. 

· Single-link and multiple-link topologies are evaluated

· Homogeneous cell deployments  [4] with suburban macro cell environment can be considered as the underlying network coverage

· D2D direct communication range could be in 500m range.
· Pedestrian (commercial and public safety use) and high speed (only for public safety) users could be focused

· User density is around 10 users/cell
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Figure 5: Scenario 3

· Scenario 4: Out-of-coverage, High user density, outdoor scenario
· Objective is to evaluate the ability to discover devices and communicate directly when the network coverage is not available/partially available

· This scenario mainly focuses on the public safety use cases

· Multiple-link and concurrent topologies can be evaluated. Note that the concurrent topology is important in partial network coverage to support ProSe hybrid and range extension use cases

· D2D direct communication range could be as high as up to 2 km

· Pedestrian (low/high mobility) and high speed in vehicle users can be evaluated

· User density is around 10 users/Km2
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Figure 6: Scenario 4

Parameters that characterise above four scenarios are listed in Table 3.
Table 3: Parameters for D2D evaluation scenarios
	Parameter
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Underlying cell coverage
	Heterogeneous network deployment
	Indoor RRH/Hotzone
	Homogeneous cell deployments with suburban macro cells
	N/A

	User density for discovery
	100 users/cell
	100 users/cell
	10 users/cell
	10 users/km2

	User density for direct communication
	Cellular: 30 users/cell

D2D: 10 users/cell
	Cellular: 30 users/cell

D2D: 10 users/cell
	Cellular: 6 users/cell

D2D: 4 users/cell
	D2D: 10 users/Km2

	Range for direct communication
	200m
	100m
	500 m
	2 km

	User speed
	3 km/h
	0 km/h, 3 km/h
	3 km/h, 120 km/h
	0 km/h, 3 km/h, 120 km/h

	Link topology for direct communication
	Single link
	Single link, multiple link
	Single link, multiple link
	Multiple link and concurrent

	Maximum UE Tx power
	20 dBm 
	20 dBm
	23 dBm
	Up to 31 dBm [5]


	Evaluation
	Discovery / direct communication / Interference management
	Discovery / direct communication
	Discovery / direct communication
	Discovery / direct communication


Proposal 2:  Four scenarios for D2D performance evaluation are proposed as:

· Scenario 1: In network coverage, high user density, outdoor scenario

· Scenario 2: In network coverage, high user density, indoor scenario

· Scenario 3: In network coverage, low user density, outdoor scenario

· Scenario 4: Out-of-coverage, high user density, outdoor scenario.
Parameters for each scenario can be chosen as shown in Table 3.

Proposal 3: A new LTE based D2D UE class should be defined to enable Ad-Hoc and WLAN group owner capabilities including the ability to manage transmit power and interference, and also to make direct connections with multiple UEs.
3 Conclusion

In this contribution, we proposed D2D link topologies and scenarios for D2D evaluation in RAN1 as follows:
Proposal 1:  To adopt three baseline link topologies for LTE D2D communication as:

· Single-link topology

· Multiple-links topology (forming Ad-Hoc networks)

· Concurrent topology (to support LTE UE based relaying)

Proposal 2:  Four scenarios for D2D performance evaluation are proposed as:

· Scenario 1: In network coverage, high user density, outdoor scenario

· Scenario 2: In network coverage, high user density, indoor scenario

· Scenario 3: In network coverage, low user density, outdoor scenario

· Scenario 4: Out-of-coverage, High user density, outdoor scenario.

Parameters for each scenario can be chosen as shown in Table 3.
Proposal 3: A new LTE based D2D UE class should be defined to enable Ad-Hoc and WLAN group owner capabilities including the ability to manage transmit power and interference, and also to make direct connections with multiple UEs.
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