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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document defines scope of the D2D study item.
The Feasibility Study on Proximity-based Services (FS_ProSe, TR 22.803 [2]) has identified services that could be provided by the 3GPP system based on UEs being in proximity to each other. The identified areas include services related to commercial services and Public Safety that would be of interest to operators and users. 

The objectives of this feasibility study are to evaluate LTE device-to-device proximity services, as follows

	
	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


In particular:

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]
2. Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]
· to discover each other in proximity directly in a power-efficient manner 
· to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications. 
3. Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:

· to enable proximal device discovery among devices under continuous network management and control, 
· to enable direct communication connection establishment between devices under continuous network management and control,  
· to allow service continuity to/from the macro network
4. Consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4] 
5. 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. WiFi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead)  [RAN1, RAN2]

6. The possible impacts on existing operator services (e.g. voice calls) and operator resources should be investigated [RAN1]

7. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]

The identified options/enhancements should reuse the features of LTE as much as possible.

The study will cover: 
· Single and multi-operator scenarios, including the spectrum sharing case where a carrier is shared by multiple operators (subject to regional regulation and operator policy)

· LTE FDD and LTE TDD operations
In this study item, the study of direct communication shall address at least public safety requirements and use cases..

It is assumed that aspects related to service authorization, system level architecture, security, and lawful interception are covered in the SA Working Groups.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 22.803: “Feasibility study for Proximity Services (ProSe)”
[3]
3GPP TS 36.814 V9.0.0, “Further advancements for E-UTRA physical layer aspects (Release 11)”
[4]
R4-092042, “Simulation assumptions and parameters for FDD HeNB RF requirements”, Alcatel-Lucent, picoChip Designs, Vodafone
3
Definitions, symbols and abbreviations

3.1
Definitions

Void
3.2
Symbols

Void
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 

D2D
Device to device 
ProSe
Proximity based services

Annex A: Simulation model

A.1 

Link simulation Scenarios
A.2 

System simulation Scenarios

A.2.1 

System simulation assumptions
A.2.1.1 
Reference system deployments
Two classes of scenarios are defined: General Scenarios & Public Safety Scenarios.

The layout for the scenarios shall be a hexagonal grid. There shall be 3 sectors per macro site. There shall be either with 19 or 7 macro sites in the layout.
Following are the layout options that shall be used. 

Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

Option 2: Urban macro (500m ISD) + 1 Dual stripe per cell

Option 3: Urban macro (500m ISD) (all UEs outdoor) 

Option 4: Urban macro (500m ISD) + 3 RRH/Indoor Hotzone per cell

Option 5: Urban macro (1732m ISD) 

Option 6: Urban micro (100m ISD)
Options 1, 2, 3, 4 and 6 layout shall use parameters specified for 3GPP case 1 defined in Table A.2.1.1.1 of [3] unless specified otherwise. 

Options 5 layout shall use parameters specified for 3GPP case 3 defined in Table A.2.1.1.1 of [3] unless specified otherwise.

See A.2.1.1.5 in [3] for details on RRH/Indoor Hotzone.
See 4.2.1 in [4] for details on Dual Stripe model.

Table A.2.1.1: Details of Deployment Scenarios
	
	General Scenarios
	Public Safety Scenarios

	LTE Layout
	Option 1 shall be mandatory

Others layouts are optional in order of decreasing priority:

Option 2 / Option 3

Option 4

Option 6
	Option 5 shall be mandatory

Others layouts are optional in order of decreasing priority: 

Option 3

Option 1

	Carrier Frequency

(Note: The performance at 2GHz is expected to be different from the performance at 700MHz.)
	2GHz
	700 MHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD
	FFS

	Network operation
	100% eNodeBs enabled
	{0, x (FFS)}%  eNodeBs enabled
(Note that x may be 100%)

FFS whether disabled eNodeBs are selected randomly or deterministically

	UE out of coverage criterion
	N/A
	Average SINR < {-x} dB over system bandwidth. 

	Network synchronization
	All cases shall be treated with equal priority: 

· all eNodeBs synchronized

· eNodeBs on different carriers not synchronized

· eNodeBs on a given carrier not synchronized
	

	UE mobility
	{3,X} km/hr
	120 km/hr for {X} fraction of outdoor UEs

{3,X} km/hr for other UEs

	UE RF parameters
	Max transmit power of  23 dBm for non public safety, 23 dBm, 31 dBm for public safety
1 Tx (2 Tx optional for public safety only), 2 Rx antenna, Antenna gain 0 dBi, Noise figure 9 dB

	eNodeB RF parameters
	As specified in 3GPP Case 1, except for Option 5 which uses parameters as specified in 3GPP Case 3 (Table A.2.1.1.1 of [3])

	Non D2D traffic
	With probability {X}, a D2D UE has non D2D (downlink & uplink) traffic.

WAN traffic source shall be FTP2.

	Number of D2D UEs for discovery
	FFS

	Number of D2D UEs for communication
	FFS

	UE drop for all UEs, for both discovery and communication evaluations
	For layout options 1,2, 4:

· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).

· Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
· 20% UEs are outdoor, and 80% UEs are indoor.
For layout option 3, 5, 6: 
· Uniform drop : all UEs are randomly and uniformly dropped throughout the macro geographical area
· Hotspot drop : 
· Randomly select an area within each macro geographical area.

· Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.
· Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell.
Additionally for layout option 5:

· Drop 2 RRH buildings (without RRHs) in each macro geographical area. (See A.2.1.1.5 in [3])

· All UEs randomly and uniformly dropped throughout the macro geographical area such that 20% UEs are outdoor, and 80% UEs are indoor. 


	UE association for unicast D2D communication
	Random pairing: First UE is randomly selected from all UEs within entire 19/7 macro sites and 2nd UE is randomly selected from the remaining UEs within entire 19/7 macro sites.

If random pairing does not lead to target number of unicast D2D  link 2nd UE shall be re-selected with constraint of minimum RSRP between two UEs if RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -
[image: image3.wmf]¥

)  when UE is transmitted at maximum power.

	UE association for groupcast D2D communication 
	N/A
	Random pairing: First UE is randomly selected as the UE for group cast from all UEs within entire 19/7 macro sites. All Y number of receiving UEs are randomly selected from the remaining UEs within entire 19/7 macro sites. If random pairing does not lead to target number groupcast groups then UEs shall be re-selected  with constraint of minimum RSRP between two UEs if the RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -
[image: image4.wmf]¥

) when UEs are transmitted at maximum power.
The number of receiver UEs ‘Y’ is FFS.


	UE association for broadcast D2D communication  
	N/A
	Random pairing: First UE is randomly selected as the UE for broadcast from all UEs within entire 19/7 macro sites. All Y number of receiver UEs are randomly selected from the remaining UEs within entire 19/7 macro sites. If random pairing does not lead to target number groupcast groups then UE shall be re-selected  with constraint of minimum RSRP between two UEs if the RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -
[image: image5.wmf]¥

) when UE is transmitted at maximum power.

The number of receiver UEs ‘Y’ is FFS.


	UE association for Relay D2D communication 
	N/A
	First UE is randomly selected from all UEs without eNodeB coverage and 2nd UE is selected from the UEs within eNodeB coverage 



	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m


A.2.1.2 

Channel models

A.2.1.3 

Traffic models
User full buffer, VoIP and FTP2 from [3].
A.2.1.4
Performance evaluation metrics


A.2.1.4.1
Metrics for discovery

For evaluation of proposed discovery schemes the following metrics shall be considered.

· The metrics related to performance targets aspect of Open ProSe discovery are

·  Number of UEs discovered as a function of time. This shall be a system level metric.
· CDF of number of UEs discovered as a function of time. This shall be a system level metric.
· The metric related to performance targets aspect of  Restricted ProSe discovery is

· Probability of discovery as a function of time. Zero time penalty shall be assumed for each false alarm. This shall be a system level metric.

· The metrics related to range and reliability aspects of discovery are

· Probability of discovery vs. pathloss. This shall be both a link & system level metric.
· Probability of false alarm. This shall be both a link & system level metric.
· The metrics related to impact on WAN aspect of discovery are

· Amount of resource used for discovery per cell if in network coverage. This shall be a system level metric.
· FFS metrics related to throughput loss and/or interference.
· The metrics related to power consumption aspect of discovery is
· Power consumption modeled through ON time or equivalent power consumed. Transmit power should be captured differently than received power. Detailed model FFS.
Points to note:

· Time shall be measured from start of simulation without prior synchronisation.
· Unless explicitly stated same metrics shall be used for in-network, partial network and out of network coverage scenarios with possibly different emphasis.
· Same metrics shall be used for public safety and non-public safety cases with possibly different emphasis.
A.2.1.4.2
Metrics for communication

For evaluation of proposed communication schemes the following metrics shall be considered.

· The metrics related to D2D throughput aspects of communication are

· For full buffer traffic model; mean, 5%, and CDF of user throughput. This shall be a system level metric.

· For FTP2 traffic model; mean, 5%, and CDF of perceived user throughput. This shall be a system level metric.

· For VOIP traffic model; VOIP system capacity. The VOIP delay requirement shall be {X} ms. This shall be a system level metric.

· The metrics related to range and reliability aspects of communication are

· Performance versus pathloss or distance. Performance shall be in terms of either user throughput, perceived user throughput, or probability of satisfied VOIP user depending on traffic model. This shall be both a link and system level metric. For link level performance use only full buffer.

· The metrics related to call setup latency aspect of communication is

· Physical layer latency for call setup for out of coverage only. This should only model L1 related aspects; higher layer aspects should be considered in RAN2. This shall be both a link and system metric.
· The metrics related to impact on WAN aspects of communication are

· Change in cell throughput/cell spectral efficiency for full buffer traffic model. This shall be a system level metric.

· CDFs of perceived per-user throughput for FTP2 with and without D2D. This shall be a system level metric.
· The metrics related to power aspect of communication is

· Power consumption should be modeled; detailed model is FFS.
Points to note:

· Same metrics shall be used for in-network, partial network and out of network coverage scenarios.
· Same metrics shall be used for public safety and non-public safety cases with possibly different emphasis.

Same metrics shall be used for unicast, groupcast and broadcast with each receiver counted separately.
A.2.2 
System level simulator calibration
A.3
Detailed simulation results
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