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1 Introduction

The study item description sheet [1] for the study on LTE Device to Device Proximity Services has an objective to identify appropriate performance metrics and targets for device discovery and communications.  An identified unique requirement for PS missions is the ability to communicate between devices without network support.  For public safety narrow band communications that commonly use conventional FM, P25, or TETRA the expectations for this direct communications are well established by common practice.  In North America P25 CAI is the accepted standard for direct communication.  Its common usage establishes a precedent for direct mode communications in other technologies.  In other parts of the world TETRA is the accepted standard for direct communications.  Each of these standards sets expectations primarily for voice communications using Voicegroups that work, by necessity or policy on direct airlinks.
2 Proposals
This document proposes that existing use of Direct Mode by PS officials establishes expectations and performance criteria that should be matched or exceeded for new PS airlinks.  Data applications depending on their demands may require more or less link margin depending on their necessary GOS.  Voice service establishes a baseline service to move moderate data rates with minimum latency and consequently provides a basis for out of coverage discovery and communications requirements.
Public safety off network direct communications is limited in range by the low height associated with both the transmitting and receiving devices.  It uses narrow band direct mode, commonly referred to as Talkaround, in two example cases.

· In highly critical situations where the goal is to ensure the highest reliability of the communication channel for a particular working group.  Talkaround is commonly used by fire companies for in-building personnel addressing a fire or other dangerous situation.  In this use case, the user group moves to a Talkaround channel that provides exclusive access by the group though its use of a dedicated channel. It is also commonly presumed although certainly not always true, that building penetration is improved by virtue of physically short communication distances that allow greater building losses while maintaining reliable communications.  Even more important is the immediacy and aid permitted by direct communication.  Voicegroup members in imminent danger are not dependent on network communications that must penetrate a building.  Instead their most crucial needs are for communication with Voicegroup members nearby, frequently, to warn of impending danger or to seek help and to communicate with the incident commander about building conditions and fire fighter safety.  
· Broadband communications can include more effective measures to manage contention including pre-emption mechanisms and priority schemes.  Consequently, the prioritizing capabilities of broadband may largely prevent reliability loss associated with channel contention for highly critical communications.
· However, network based communications can not address the natural benefit of direct communication where the most reliable communications is to physically immediate Voicegroup members.  In this instance, network communications requires simultaneous building penetration for both the originating caller and for successful reception.  Direct mode only requires overcoming the intervening obstacles between originator and receiver.  Communication with the closest co-worker is most important to coordinate tasks and to summon help when necessary.
· A second common use of narrowband direct mode is for communications when infrastructure based communications is too weak to support reliable communications.  This case is generally associated with PS operation in rural environments were infrastructure coverage is poor or non-existent.  It can also be associated with major incidents severe enough to interrupt cellular service over a wide area.  
A common aspect of both examples is coverage.  For broadband public safety mode to gain acceptance as an effective tool, it must at least maintain the current link margin of narrowband direct mode radios and preferably extend this range.

A simplified radio port to radio port link margin for P25 public safety direct mode is shown in Table 1.  It is designed to enable a comparison with LTE and presumes that antenna efficiency, clutter losses, and reliability margins are similar.  It also makes no presumptions about MIMO processing that might be applied in an LTE signal.  The faded performance threshold for P25 is then used to calculate the required C/I+N required for LTE to match the link margin provided by P25.  The 8 dB link margin provided by the class 1 device is clearly shown as important to maintain a reasonable SNR. 
Table 1, P25 Link Margin
	P25 Simplified Port to Port Link Margin

	Nominal Tx Power (dBm)
	35

	Rx Effective IF Bandwidth (kHz)
	6

	Rx Noise Figure (dB)
	6

	Faded Performance Threshold DAQ3.4 (dB)
	17.7

	Port to Port Link Margin (dB)
	147.5

	LTE Faded Performance Requirement

	
	Class 1 Device
	Class 3 Device

	Nominal Tx Power (dBm)
	31
	23

	Rx Effective IF Bandwidth (kHz)
	180
	180

	Rx Noise Figure (dB)
	7
	7

	Port to Port Link Margin (dB)
	147.5
	147.5

	Faded Performance Threshold DAQ3.4 (dB)
	-2
	-10


Relay capability envisioned for partial network and off network coverage plays a supplementary role in extending range for some devices and thereby improving coverage statistics, however the sparse UE deployment in many real world scenarios preclude it from acting as a coverage extension mechanism for designing critical communication systems.
Proposal 1: Public Safety off network direct mode communications should meet or exceed the link margin currently provided by narrow band systems.

Proposal 2: The RF loss model should provide suitable predictions for losses that exceed the P25 link margin by 10 dB to insure accurate modelling.

Discovery – Discovery as envisioned provides a mechanism for direct mode devices to find each other as a first step toward establishing communication.  However, it is also envisioned as an unnecessary step for devices that are suitably configured and such devices simply transmit a point to point message with the hope of a response or may be using point to multipoint communication where acknowledgement is not required.  While there are applications in which discovery range may be purposefully limited, there are PS requirements to discover and establish communications with devices out to the full communications range.   

Proposal 3: Discovery should have a range consistent with the communication link margin.

Co-existence – Direct mode communications that use an in-band allocation or adjacent bandwidth to network communications benefit by coordinating transmissions to minimize interference.  Even devices that are beyond the communications range of a network cause interference to network devices.  Relaying enables coordination to extend beyond the range of direct communication.

Clusters of direct mode users likewise can interfere with each other when disparate communications are required.

Proposal 4: Devices acting as relays in partial network coverage situation should provide timing synchronization and coordination information to off network devices to reduce interference.

Proposal 5: Off network direct mode devices should share timing and coordination information to reduce interference between disparate communication bursts. 

Proposal 6: Relay devices may use co-existence mechanisms such as DRX to manage their off network and on network traffic.
Proposal 7: In band simulation of direct mode should include evaluation of the size and frequency of zones where the network and direct mode operation cause harmful interference.

Alternate Direct Mode Band Allocation – In band operation of direct mode clients and network clients has the potential for significant interference.  Use of guard bands for direct mode operation would reduce this interference and should be studied.
Proposal 8: Operation of direct mode in the guard bands of PS allocations reduces interference between network and off network communications.  These benefits should be evaluated as a potential use for the guard bands.
Modelling of direct mode RF losses can be expected to have much higher error variances compared with typical base station – device links.  In a typical wireless network, base station antennas are deployed in open areas that can be accurately modelled and the signal frequently traverse much of the path between station and device in relatively unimpeded space.  Near the device local clutter creates uncertainty in the losses.  Many RF models effectively add a clutter loss based on the device environment.  These clutter losses model median losses associated with the environment type.  For direct links, clutter is generally associated with both ends of the link and further uncertainty may be associated with the link due to its profile that may statistically encounter more reflection and diffraction to reach its intended target.

While direct links are more challenging to model the primary goal of the RF model is to compare differing technical approaches to direct communications.  A single model is believed to be sufficient to demonstrate differences between competing approaches.
Proposal 9: A single RF loss model is sufficient to allow comparisons between differing direct mode technologies.

The PS scenario should consider how PS officials work particularly when they make use of direct communications; how their work practices may evolve over time to address new requirements, and to take advantages of new services provided by LTE.   While a random statistically uniform drop of devices is a common overall model.  It is common for public safety users to form clusters of activity.   

Examples include:

· a fire scene where Police, EMS, and Fire companies outside the fire are in close proximity.  The IAFF (International Association of Fire Fighters) student training manual stresses the importance of “radio discipline” to keep the radio channel clear and make efficient use of the wireless resource.  It goes further to say, “Keeping radio frequencies open requires personnel to use face to face communications as much as possible.”  The natural effect of this training is to bring supervisors of disparate teams together for coordination which must be relayed to their respective teams.  This critical communication is likely to occur from a tight cluster of supervisors.  Consequently, the direct mode RF model should allow for a low MCL (minimum coupling loss) between devices to allow assessment of the impact of tightly spaced users that communicate on separate groups.  Similar models of clustered users occur at major incidents, entertainment events, and natural disasters.

· fire fighters within a small building frequently operate on a common direct mode voice group.  However larger fires may include multiple companies entering a building.  These users may operate in close RF proximity but have separate voice groups.
· the US Department of Homeland Security report on the I-35W Bridge (Minneapolis, MN, USA) collapse and response lists the following as its first lessons learned: “The Fire and Police did not initially operate from a Unified Command Post, but managed their operations from separate Command Posts (CPs).”  It explains how the lack of a centralized organization created confusion for First Responders.  

·  essentially any incident where First Responders from multiple jurisdictions or different specialties like Police, Fire, and EMS come together to address an incident, there is a likelihood of high density clusters of users associated with incident coordination or the unplanned mixing of different specialties to address specific issues.
Figure 1 illustrates a typical incident where direct communications might be used in conjunction with network communications.  As illustrated it’s clear that the median RF loss of direct paths between communicating devices can be much greater than the median loss between devices that may compete for RF resources.
Many PS agencies operate with a strict chain of command that reinforces the use of direct mode.  By protocol, PS personnel communicate directly with their supervisor who relays pertinent information to other groups or to the network. The PS scenario should consider device distribution that is consistent with how devices are used in the field.

A potential model for PS direct modes deployments is to overlay statistically uniform drops of device clusters and individual devices.  For simulation purposes a device cluster is defined to be n devices at the same location whose RF loss is set to the MCL and whose communications are at least primarily outside the cluster.  [image: image1.png]Building Cluster
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Figure 1, Public Safety Incident Communications
Proposal 10: For PS simulations the devices should be dropped as statistically uniform distributions of device clusters and devices. 
Initial frequency acquisition for direct mode has a worst case frequency error that is roughly twice network based frequency error.  Wide area LTE base stations have a frequency tolerance of +/- 0.05 PPM, while device tolerances can be 5 PPM at power up without synchronization to a base station.  Consequently, direct mode devices could be offset by as much as 10 PPM during initial acquisition.  A network of devices should use a weighted averaging mechanism to improve their estimate of the correct frequency.  Presumably devices with network coverage would be heavily weighted above devices that were off network. 
Proposal 11: PS direct mode initial frequency acquisition should account for initial frequency errors that are double network based acquisitions.
Direct mode links have the potential for twice the Doppler frequency offset of network links due to the potential relative motion of UE’s.  However, direct mode uses are primarily users on foot.  A possible exception may be air support for remote locations with inadequate network coverage.    
Proposal 12: Direct mode operation is likely to be primarily pedestrian traffic; however the airlink should operate in situations that are provided with air support.  
3 Conclusion 

Direct mode simulation for PS off network operations should capture the way in which direct mode links are used today.  This paper proposes new metrics and simulation requirements to ensure that a direct mode airlink will meet the requirements of current and future PS operations.

Two proposals standout as core requirement to meet PS expectations:

· Proposal 1: Public Safety off network direct mode communications should meet or exceed the link margin currently provided by narrow band systems.

· Proposal 10: For PS simulations the devices should be dropped as statistically uniform distributions of device clusters and devices. 

Both of these proposals identify requirements that are unique to PS off network direct mode.  Proposal 1 addresses the coverage range requirement.  While many commercial uses of direct mode are to off load backhaul traffic or identify proximity of a user to a location, PS use of direct mode is associated with the most critical communication requirements.  Sufficient range is critical to adoption of direct mode services. Proposal 10 identifies trained behaviours that create additional challenges for radios systems.  Centralized coordination and chain of command procedures create clusters of users that coordinate locally by voice and share information.  These clusters of supervisors then communicate wirelessly with their groups through typically disparate Voice groups or data exchanges.  The clusters create potential contention and interference between the supervisors’ devices. 





















































































































































































