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1 Introduction

In RAN#72, the deployment scenarios and evaluation methodology of LTE device to device direct communication (D2D) were discussed.   The general working assumptions for the D2D study item were: 

· 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

Companies were also encouraged to:

· propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs
· try to provide a possibility to reuse existing 3GPP deployment scenarios.
The first task of the D2D SI is therefore to define the deployment scenarios for commercial and public safety systems,  evaluation methodology and the channel models in order to compare different technical options to realize proximal device discovery and communication.  
This paper analyzes the system requirements and operation scenarios for D2D communications.   The evaluation methodologies and channel models for discovery and direct communication are based on the reference system scenarios.  The proposed evaluation methodology and channel models are intended to be used for the cases when D2D direct communications are both within and outside LTE network coverage.  The proposed evaluation methodologies could be used for both Public Safety and commercial systems.  

2 General and Public Safety Scenarios

LTE device to device direct communication is different to traditional LTE system operation in which devices communicate via the E-UTRAN.   The deployment scenarios, system functions and operational procedures need to be specified first in order to outline the evaluation methodology for device discovery and D2D direct communication.   In [1], the deployment scenario includes D2D communication both within and outside network coverage as in Table 1.   Due to differences in system requirements, the LTE systems supporting D2D direct communication could be classed in two categories, namely public safety systems and commercial systems.   

	
	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


Table 1: D2D system deployment scenarios and system types
The study results of ProSe in [3] identify several use cases for device discovery and direct communication of proximity services for commercial LTE networks and public safety networks.   The SA work item on ProSe [4] has objectives in defining ProSe architecture requirements based on the Stage 1 normative requirements and developing solutions.  The objective of ProSe Discovery and Direct Communication include both within network coverage and outside network coverage, only for Public Safety.   Discovery and Communication within network coverage is limited to the cases under continuous operator network control. Continuous is intended to mean that any use of operator resources, including spectrum, from a specific UE needs to be authorized and fully controlled by the operator network at any time, based on operator choice. 

The use cases and deployment scenarios of ProSe in [3] are categorized into Generic use cases for commercial LTE networks and Public Safety use cases.   

· Generic use cases for commercial LTE network – 
· The restricted ProSe discovery, 
· Open ProSe discovery,
·  Discovery with subscribers from Different PLMNs, 
· Discovery with roaming users between Different PLMNs, 
· Network ProSe Discovery, 

· Service Continuity between Infrastructure and E-UTRA ProSe Communication paths, 
· Enhanced Location and Presence Services, 
· ProSe-assisted WLAN Direct Communications, 
· ProSe Application Provided by the Third-Party Application Developer
· Concurrent E-UTRAN Infrastructure and WLAN Proximity Communication
· Network Offloading via WLAN ProSe Communication
· Public Safety use cases –
· ProSe discovery within network coverage

· ProSe discovery out of network coverage

· Can Discover But Not Discoverable
· Basic ProSe One-to-One Direct User Traffic Initiation in Public Safety Spectrum Dedicated to ProSe
· UE with Multiple One-to-One Direct User Traffic Sessions in Public Safety Spectrum Dedicated to ProSe
· ProSe Group
· ProSe Broadcast

· ProSe Relay

· ProSe Hybrid and Range Extension
· ProSe Range
· Public Safety Implicit Discovery
· Co-existence of ProSe Communication and E-UTRAN communication
From these ProSe use cases, the common aspects of the deployment scenarios for general and public safety systems are as follows:
· Discovery - autonomous discovery with possible network assistance when devices are within network coverage.

· Direct communication – one-to-one direct communication through LTE radio channel or WiFi channel.   

Additional aspects for deployment scenarios for public safety systems when devices are outside LTE coverage are as follows:
· Discovery – autonomous discovery with pre-configured security policy for mutual identification and authentication

· Direct communication – one-to-many communication with direct link or multi-hop forwarding when devices are outside network coverage.   

The network should have full control of device discovery and direct communication whenever there is network coverage.  Network assistance including service discovery may be provided prior to device discovery. The network could control D2D discovery and direct communication through broadcast or dedicated control signaling when devices are within network coverage.   A secure control mechanism and security policy would be installed in each ProSe device for the scenario when devices are outside network coverage.   

3 Reference System Scenarios for D2D direct communication 
Device to device communication includes two stages: discovery and direct communication.   Device discovery procedures include detection of a target device that can potentially offer the desired service, identification of detected device, cross verification of device identities, and authentication and secure connection establishment for direct communication.  Direct communication includes the radio resource allocation, the control of the radio link for reliable communication, interference management, and possibly device mobility support.  

The generic aspects of system operation for device to device communication are the triggering, the viability analysis, the configuration and resource management, and radio link and QoS control.  

· Triggering – Since devices can communicate with other devices via E-UTRAN if the network is available, the possible scenarios and motivations for triggering of D2D communication are as follows,

· Specific ProSe service is requested by a UE or LTE network   

· Devices are outside LTE network coverage 

· Devices are within network coverage but are close enough to each other to have better radio links for efficient communication compared to communication via E-UTRAN. 

· Viability Analysis – Devices can directly communicate with another device only when they can discover each other and have a reliable radio channel for communication.  If two devices are too far apart, one device would not be able to discover the target device.  D2D direct communication would not be possible if devices could not discover each other.  When both devices are under the coverage of the LTE network, the network could provide a preliminary viability analysis to assist the discovery of other devices; this may include service availability information.    It is critical to identify criteria by which it can be determined whether D2D direct communication would be viable.   If devices are outside network coverage, autonomous discovery mode will be triggered.    The discovered devices would be identified and verified for direct communication through the pre-configured authentication policy.   

· Configuration and Resource Allocation – After the devices are discovered, and it has been established that communication between them could be viable, the communication channel for the direct device to device link needs to be established.  The radio channels for bi-directional communication could be a pair of full duplex DL/UL channels, a half duplex UL channel only, or a half duplex DL channel; in the case of full duplex communication, it needs to be studied whether FDD or TDD or both are appropriate.   The resource allocation for the D2D direct link could be semi-static or dynamic.   
· Radio link and QoS Control – Once the radio resources are allocated for a D2D direct link, the radio resources for the direct link and the reliability of the direct communication need to be tightly controlled in order to ensure the quality of service.  In particular, we need to design the function to control the direct link with device mobility.   If the D2D direct link is within network coverage, the control function of the D2D direct link should be managed at the E-UTRAN rather than being controlled by the devices.   If the D2D direct link is outside network coverage, the network-less distributed peer-to-peer control mechanism needs to be specified to ensure reliable and secure communication in the D2D direct link.    
3.1 Reference System Scenarios for D2D direct communication within network coverage

UEs will first connect and access LTE network when they turn on the power and detect the LTE network coverage.  The LTE network would identify and authorize the devices after the initial access.  The trigger of device discovery and the viability analysis of D2D direct communication should be commanded from the LTE network as long as coverage is available.  As long as devices are under LTE network control, the configuration of radio resources and control of the radio link for D2D direct communication will be guided and monitored by the network throughout the life of the connection.   In particular, the LTE network needs to perform the radio resource and co-channel interference management for D2D direct communication and UEs served by eNBs as shown in Figure 1.   
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Figure 1: D2D direct communication within LTE network coverage
3.1.1 Device Discovery

If both devices have connected to the LTE network, D2D communication could be considered as a special service request to establish a direct link between devices for direct communication.  This may take into account information on services known to be available via ProSe devices in the vicinity. The LTE network would perform the analysis of D2D communication viability.  The device discovery procedure could then be simply the detection of a beacon of a target device which could be indicated by the LTE network.  Another possible operation scenario is that all devices would transmit a beacon periodically in a configured resource.   The devices would detect all beacons in the vicinity if they were configured to do so by the network.  If the number of devices in the system is large and the beacons were not controlled by the network, the overhead of radio resources for beacons could be very large.   However, if devices have connected to the LTE network, they are locked to the LTE network timing and hence the detection of target devices can be synchronous using the reference timing from the LTE network.  

3.1.2 Direct Communication
The resource allocation and interference management for D2D direct communication should be managed and coordinated by the LTE network if coverage is available.  One example is shown in Figure 1, where two devices that may be candidates for D2D device communication are proximate but under the coverage of different cells.   The system operation for D2D direct communication has some similarities with heterogeneous network operation, with the small cell being replaced by another UE.  Thus, the evaluation of D2D direct communication would need system level simulation similar to heterogeneous network deployment scenarios, but with the additional consideration of mobility for both devices.    

3.2 Reference System Scenarios for D2D direct communication outside network coverage

Devices will not have any connection and reference timing when they are outside LTE network coverage.  Devices would need to transmit a beacon periodically in order for other devices to be able to discover them after they have failed to access any network.  At least one default beacon configuration would have to be stored in each device supporting D2D direct communication.   The initial device discovery procedure would be triggered autonomously for each device when it could not connect to any network, as shown in Figure 2.     

Since devices are not under the control of any LTE network, the methods for configuration of radio resources and control of the radio link for D2D direct communication need to be specified.   Multi-user radio resource access control and peer-to-peer co-channel interference management for D2D direct communication needs to be defined to ensure reliable D2D direct communication.   
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Figure 2: D2D communication outside LTE network coverage for Public Safety
3.2.1 Device Discovery 

Device discovery in the scenario of devices outside network coverage is similar to LTE cell search to detect any device in the vicinity when the device could not connect to any network.   Each device will transmit a beacon and the discovery procedure will search for all beacons in the vicinity.  The detected beacons will be sent to higher layers, and the device will also continue to search for further beacons and update the list of identified beacons to higher layers.    

3.2.2 Direct Communication
Since the LTE network is not available, distributed resource allocation and interference management algorithms need to be specified for each device to allocate the resources and control the link quality for D2D direct communication.  System level simulations need to include a realistic distributed resource allocation algorithm, including multi-user distributed resource access and collision avoidance. System level simulations also need to address the interference management algorithm for QoS control of D2D direct communication.    

4 Evaluation Methodology and Channel Model

The evaluation methodology and channel model needs to be defined for deployment scenarios for D2D direct communication both within and outside network coverage.   The device discovery and direct communication parts would be evaluated separately.  Modeling of device discovery focuses on the detection of designed beacon signals in the reference system scenarios.  Modeling of direct communication would assume the receiving device has already been successfully discovered and verified.  

4.1 Device Discovery

Modeling of device discovery in the evaluation would involve hypothesis testing of beacon signal detection.    The beacon signal detection would be performed in the link level simulation.   The link level simulation parameters for device discovery includes

· Device dropping - Random dropping of two devices with distance m meters apart, where m is uniformly distributed between 3 and [2000] meters.  Beacon of the target device is one of a known set.  

· Beacon signal selection – random selection for the pool of designed beacon signals for all devices.   

· Beacon transmission timing  -

· In the scenario of devices being within LTE network coverage – Tx time at a given subframe is derived from LTE network time as the reference time 

· In the scenario of devices being outside LTE network coverage – Tx time is random for each device within the interval [0, 5ms] with uniform distribution.  

· Interference -  N devices transmit beacons with each device ni meters away from the receiving UE, where ni  is uniformly distributed between 2 and [2000] meters.   The distance will reflect on the interference strength.    If the resource allocation is not dedicated for beacon transmission, a random interference source from DL or UL shared channel (PDSCH or PUSCH) should be injected.   The transmitted power of the shared channel should be set according to whether it uses DL or UL spectrum.   

· Antenna configuration – one Tx antenna and two receive antennas.  

· Channel models – ETU and EPA with mobility up to 3 km/hr.   

· Beacon transmit power – Maximum power of 23 dBm.  Power control method needs to be specified if maximum power is not used.      

· Beacon resource allocation – bandwidth and spectrum allocation of the transmitted beacon need to be specified. 6 PRB bandwidth seems a reasonable choice, consistent with existing PSS/SSS and RACH and enabling timing estimation accuracy within the CP length. 

· Collision handling – if the designed beacon signal is used by more than one device, collision handling procedure needs to be specified.  

· Performance requirements – detection probability and detection time with condition of 0.1% false alarm probability (as currently required for PRACH).  

System level simulations would be needed to get the systematic performance of beacon detection probability and latency and number of detected beacons per device.   The system level simulation parameters should be same as those defined for direct communication in Section 3.2.  

4.2 Direct Communication 

Modeling of D2D direct communication is to emulate the reference system behaviour in the system level simulation.   System modeling of D2D direct communication is similar to the system scenario of UE to RRH/Hotzone.  Thus, we could largely reuse the channel models for UE to outdoor macro and UE to RRH/Hotzone channel model defined in [2] for D2D outdoor and D2D indoor modeling, with modification of fast fading of ITU UMi as shown in Table 2.  Due to the different antenna heights, some modifications may also be needed for the channel models.  The simulation assumptions would mostly reuse the system simulation assumptions in [2] as shown in Table 3.   Modeling of D2D direct communication would consider the homogeneous cell deployment scenario with additional devices in the cell for D2D direct communication.
	
	Cases
	Path Loss (dB)
	Shadowing standard deviation
	Penetration Loss
	Fast Fading

	Tx Device is outdoor
	Rx Device is outdoor
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.


	10dB
	0dB
	ITU UMi

	
	Rx Device is indoor 
	
	
	20dB
	

	Tx Device is indoor 
	Rx Device is indoor in a different building from the Tx Device
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
For 2GHz, R in km

	10dB
	40dB
	ITU InH (NLOS)

	
	Rx Device is outdoor
	
	
	20dB
	

	
	Rx Device is indoor in the same building as Tx Device
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km

	LOS: 3dB

NLOS: 4dB
	0dB
	ITU InH


Table 2: Channel models for D2D direct communication in the system level simulation
	LTE network layout 
	Heterogeneous Network with Hexagonal grid, 3 sectors per site, case 1 and 3

7 Macro sites with wrap around and 4 pico cells per macro cell.

	Antenna pattern  (horizontal)
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 dB (omnidirectional)

	Carrier Frequency
	2GHz 

	System BW
	10 MHz

	Resource for D2D direct communication
	Full duplex (Tx on DL spectrum (FDD)/subframes(TDD) and Rx on UL spectrum (FDD)/subframes (TDD)

Half duplex on UL spectrum (FDD)/subframes (TDD)

	Device speeds of interest
	Up to 3 km/hr

	UE power class
	23dBm (200mW) for commercial; 23 and 33 dBm (2W) for Public Safety
This corresponds to the sum of PA powers in multiple Tx antenna case

	 Interference Modelling
	UL: Explicit modelling (all cells occupied by the numbers of devices given below), 

DL: Explicit modelling else cell power = Ptotal

	Antenna configuration for D2D direct communication
	1 Tx , 2 Rx 

	Antenna gain + connector loss 
	5dBi

	Placing of UEs served by eNB
	Uniform 10 UEs/per cell when D2D direct communication is within network coverage

UE distribution 20% outdoor and 80% indoor

	Placing of UEs for D2D direct communication
	Uniform 10 UEs/per cell for D2D within network coverage

Uniform 25 UEs/per cell area for D2D outside network coverage

UE distribution 20% outdoor and 80% indoor

	UE pairing for D2D direct communication
	Random pairing with devices within 200 m for case 1 and 1 km for case 3

	Minimum distance between UE and eNB
	>=35m

	Minimum distance between UEs
	>= 2m

	Traffic model
	Full Buffer

	Performance matric
	Mean, 5%/50%/95% throughput for both D2D and UEs served by E-UTRAN. 


Table 3: System level simulation parameters for D2D direct communication
5 Conclusions

In this paper, we discuss the deployment scenarios from SA ProSe study results and outline a common scenario for both public safety and commerfcial systems.   We also propose additional scenarios specific for public safety systems based on the possible public safety requirements.  The evaluation methodologies and channel models for both device discovery and direct communication, both within and outside network coverage are derived from the LTE-A evalution methodology.  

Link and system level assumptions are proposed in Section 4.1 for evaluation of device discovery.   

System level assumptions are proposed for evaluation of direct communication in Section 4.2, reusing channel models from UE to macro and UE to RRH/hotzone from TR 36.814 [2].   The proposed simulation parameters do not take into account the particular requirements for Public Safety.   Additional parameters for Public Safety systems need to be added.  

We propose that the evaluation methodology and assumptions given in Sections 4.1 and 4.2 be adopted. 
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