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PHY & MAC Aspects of Location Services
Avi Freedman, Moshe Levin, Asi Assayag

Hexagon System Engineering, Petach Tikva, Israel
1 Introduction

The SRD [1] requires that 802.16m system "shall provide support for high resolution location determination".  The only performance criteria that the SRD specifies are for the emergency services, for which the location accuracy and latency are given in section 7.6.  However, terminal location can be used for a variety of location based services, law enforcement and emergency services needs as well as for network maintenance, operation and optimization.  Implementation of terminal location capability may require computational and communication resources, which should be traded off with the requirements for other system functionalities. Each of the required services, in conjunction with a specific technique constitutes a different set of requirements.  
In this document we list the needs, give a short summary of available location techniques and their requirements and propose the SDD text, which follows the implementation principles detailed in this document.
2 Location Service Applications
It is all about location, as people say, but location, and the impact it has on the handset and network, differs according to the application using the location service and its particular needs.
We can distinguish between two types of applications, according to the point where the location information is needed:
a. End User Applications

This is a family of applications designed to serve the end user. For these applications, the location information should be presented at the terminal itself. 

Such applications can be: 
· General Orientation, in which the user requests, infrequently, location updates on a general (neighborhood) level. 
· Pedestrian Navigation. In this application a relatively accurate location is needed, although the update rate may be small. Some location methods enable pinpointing the location to known buildings, which reduces the requirement on the location accuracy.
· Mobile Navigation.  This application may relieve the requirement on the location accuracy, as it may use maps to pinpoint the user location to roads, and track the terminal along its trajectory. This application on the other hand does require high update rate. 
The applications may use handset installed maps, or network downloaded maps, which would impact network load. 
b. Centrally Oriented Applications

This type of applications requires the user location to be present at a central entity. Such applications can be:

· Emergency Services, with accuracy and latency requirements as specified in the SRD. An update rate requirement is not relevant in this case.
· Law enforcement and lawful interception, with accuracy and latency requirements similar to the above. These applications may need an update rate of the location determination, depending on the terminal speed. 
· Location Aware Social Networking: This is an emerging application, by which the locations of members of a group are conveyed to each other, to meet, exchange content, for games etc. Accuracy, latency and update rate for some of the applications can be regarded as "best effort".  Others, such as games- may have higher demands.
· Added value applications, which, based on the user location, download information such as local maps (see above) traffic congestion, location based commercials, public transportation information, or user requested information (location of close by services, shops etc.).  This kind of information, requested by a number of users can be transmitted by unicast, multicast or even broadcast transmissions. The latter cases could be considered as part of the EMBS - Extended Multicast and Broadcast Services. The accuracy requirements for such applications are generally not as demanding as above and the latency ad update rate are not crucial.
· Parcel Tracking or Vehicle Tracking 
· Network monitoring and optimization. This is an important feature which enables the network operator to pinpoint problems, such as communication drops, coverage holes, interference etc. This application requires frequent updates of all the terminals' locations, with the best achievable accuracy. This information is typically recorded for a short period of time and saved only if a predefined event (such as a dropped call) has occurred.  The information is used for network optimization.
3 Location Determination Methods

The problem of determination of terminal location has been addressed by many equipment manufacturers, researchers and other entities as well.  The list below lists a set of methods devised for this purpose.  The list is by no means complete.  A list of such methods is given in [2], which is a high level description of some of the methods. 
· Stand alone GPS: This is currently the most accurate method (3-50m), and may be the only method that complies with the SRD definition of a handset based method. It has many drawbacks, though:  Additional equipment/ antenna at the terminal level, lack of coverage indoors, high latency in initialization (40-50s or even more), due to the need to download ephemeris and almanac data, inaccuracy resulting from inaccuracies in the ephemeris data, clock drifts and ionospheric effects.  A major drawback, from the point of view of the Emergency Service, Law Enforcement and Network Operation applications, is that it can be deactivated by the user.
· Assisted GPS: This term includes a set of techniques designed to improve the performance of a stand alone GPS, and overcome some of its handicaps described above. Such techniques include transmissions of almanac and ephemeris data to the mobiles, transmission of DGPS corrections to improve the accuracy and more.  The impact of those techniques is the need to transmit the information, either as unicast, multicast or broadcast, to the users. 
· BS ID: This is a simple technique, with very low impact on the terminal or the network. By this method, the terminal position is determined by the BSID, which can be translated by the BS to the base station coverage area centroid coordinates. Basically this is a network based method, however, there are specific applications which are downloaded to the handset, and, in order to extract the coordinates, connect to a centralized server. This server builds up a conversion table based on averaging the BS ID readings of other GPS equipped terminals or by scanning done by the service provider. Similar techniques exist today using WiFi signals. Such applications can make this method handset based, as it does not require information from the network. It does require connection to the server. The BS ID method is simple, but its accuracy is limited to the cell size, which may be a few kilometers in rural and suburban environments. In urban environments the accuracy is about 250m.
· Range based methods: This family of methods uses the time delay information, to determine the range to the base station. This method, in conjunction with the BSID method improves the positioning accuracy which can be made by a single BS.  The accuracy can be greatly improved by using range measurements to a set of BSs, a set of measurements performed by the MS for handover purposes. With those measurements, using either TOA or DTOA techniques, the location can be determined with an accuracy that ranges between 40 to 400m.   The accuracy of range based methods is limited due to the resolution of ranging signals, and multipath effects, and is considered to be in the order of 40-150m.
· Angle of Arrival methods: This type of techniques is based on measurements of the angles of arrival measured by one or several BS's.  While the requirement of an antenna array to provide the angle measurement was considered prohibitive in the past, now that antenna arrays will definitely be the standard for both BS's and MS's, using this method will certainly be more common, with AoA measurements extended to include channel measurements, sounding results etc.  The AoA measured can be used by a single BS to provide a location, together with a range measurement, or, when a group of BSs performs the measurements, the location can be determined by intersecting the relevant directions.  The angle measurement accuracy is limited by the array resolution, and by multipath. Another disadvantage is that the measurement is done in one dimension, azimuth, only. This could be a limitation in dense urban areas where elevation can make a big difference. The accuracy of AoA method is between 50-150m.  
· Signal Strength (RSS) methods: The signal strength measurement can provide quite a good indication of range. A set of signal strength measurements from a set of base stations, when compared to predicted or measured coverage information can provide good accuracy (around 100m), without a major impact on the terminal or network. The accuracy of such methods is considered to be in the range of 100m-250m. 
· Geographical Information assisted methods: The accuracy provided by any measurement scheme can be greatly enhanced by using geographical information.  GPS readings can be enhanced by attaching them to roads, AoA, Range and RSS measurements can be enhanced by relating various multipath components to reflections or diffraction from physical obstacles. The geographical information can be stored within the BS (e.g. the Sentinel method, described in [3]) or the measurements can be processed by a central entity. 
· Finger Printing: Another powerful method, which can be used to provide accurate location, is by correlating a set of measurements results (RSS, range, AoA to a single or a number of base stations) with sets of those measurements measured or predicted for each point in the coverage area. This is a pattern recognition technique, which can yield good results even in case where a direct measurement is not available. For example, a set of (Range, AoA, RSS) measurements from a single base station can be used to distinguish between terminals in different floors of a building. Accuracy of such methods is 50-150m. 
Each of the methods can be combined with the other for better accuracy, complement capabilities etc.
4 Impact on 802.16m System

By the SRD, 802.16m is required to support LBS services, with location determination accuracy defined per E911 requirements. 
The techniques presented above are very different from each other and complement each other. Various techniques can be selected for different applications, according to the requirements of a specific application and the performance of each technique. 
We suggest defining the LBS as follows:

In this document, Location Based Services are services provided by the NSP to the individual user, based on the geographical location of its mobile station (MS). 
And, further we suggest interpreting the SRD requirement as follows:
802.16m will provide resources which can be used for LBS applications.  
Such resources include:
1. Set of measurements that can be used for location determination. The measurements will be as defined for other purposes and include:

a.  Range measurements of the located MS to the serving and neighbor BS, as performed for Handover.

b.  Signal strength measurements to the serving and neighbor BS, as performed during neighbor scanning process.

c. Spatial channel information, in any of the forms it is conveyed.
Those measurements can be performed by the MS, the serving BS, non-serving BS or RS.

2. Multicast and broadcast channels that can provide LBS related information (geographical maps, geographical information, data for assisted GPS etc.) to a group of users. 
3. Unicast channels between the located MS to the LBS application. 

4. Access to the appropriate databases where the physical measurements described above are stored. 
5. The ability to allocate physical resources to perform the necessary measurements.

We suggest treating an LBS application, like any other higher layer application and prioritizing the measurements and communication resources it requires the same as any other.  On the other hand, this is not a regular application in the sense that it may require performing measurements that involve several entities and it may use a set of channels rather than a single one.
5 Proposed SDD text

………………………………………………………………………………………………………

14 Support for Location Based Services
14.1
General

In this document, Location Based Services are services provided by the NSP to the individual user, based on the geographical location of its mobile station (MS). Those applications may be end user applications, such as navigation, or network based applications such as emergency services. The location determination needed for those applications may be made by the MS itself (e.g. using built-in GPS) or by an external entity using measurements performed by 802.16m MS BS or RS. 
IEEE 802.16m shall support Location Based Services. The support will be given according to the following principles:
1. The LBS application will be handled, like any other upper layer applications. Namely it will be given uplink and downlink service flows, with the relevant set of QoS parameters according to priorities and available resources as determined by the BS. 

2. An LBS application will be able to make use of all relevant measurements (e.g. time delay, received signal strength, antenna channel measurements etc.) made by any of the PHY layers of all of the 802.16m entities, at an update rate as required by that application.  The measurements will use the same formats, units etc. as defined by the specific PHY function. In addition any location oriented parameters (such as BS or RS coordinates) shall also be available to the LBS application.  
3. LBS applications will be able to use local broadcast or multicast capabilities.

4. The actual implementation of the LBS application or method of location determination is out of scope of IEEE 802.16m. 
14.2
LBS Support System Architecture

A generic system that supports LBS may contain all or part of the following elements:
Physical Measurement Element. Those are the elements performing the measurement of physical entities, such as time delay/ range, received signal strengths, antenna and channel responses etc.  
Location Determination Unit.  This unit performs the location determination of a specific MS. This unit may physically reside within the MS, within the BS or at the NSP but it is a function external to the 802.16m system. The relevant measurements performed by the measurement elements should be transferred to the Location Determination Unit to perform the location determination.  The location determination should be transferred to the Location Presentation Unit. The measurement element and location determination may also be integrated to a single physical entity (e.g. GPS).
Location Application Server.  This is a server (centralized or distributed) that runs the specific application. It can reside within the MS and run individually or it can reside outside the 802.16 system and operated by the NSP. 
Location Application Clients. Those are the users of the application.  The MS itself can be a client of the application, but clients external to the 802.16m system should also be considered.

Location Based Service Channels.  These are the set of channels used to convey and exchange information among the system elements described above.  
A 802.16m system will provide a LBS application with measurement elements and LBS service unicast, multicast or broadcast channels.  The other elements are outside of the scope of 802.16

14.3
Characteristics of LBS Applications

A 802.16m LBS application is defined as an application which makes use of the MS location information in order to serve the 802.16m user. A user is subscribed to a set of LBS applications. Applications differ by the type of service they provide, the location determination technique they are using, and where the LBS system elements reside. Examples of such applications are:
1. GPS navigation:  For this application the PME and LDU are a GPS receiver all residing at the MS. The location is displayed to the user on map on the MS unit display, which would mean that the LPU resides at the MS as well as the LAS that runs the display. As all the elements are unified to the same physical unit, this application does not need any LBSCH. In fact such an application does not require any 802.16 resources.
2. Assisted GPS navigation:  This is a similar application, for the same type of service as above, but in this case the LAS is distributed, part of the LAS resides at the NSP and provides additional information, such as local maps or assisted GPS information to the application server that runs on the MS.  The location information of the MS is presented at the MS, but it should also be sent to the NSP LAS, which in turn provides the relevant information based on the location. As the LAS is distributed, LBSCH should be used. In this case they can be a unicast uplink service conveying location information to the NSP LAS, and a unicast or multicast channels at the downlink conveying the relevant information. 
3. Emergency Services: This application presents the location of an MS to the E911/E112 dispatch, whenever a user makes an emergency call. In this case the PME's can be GPS receivers in MS's that are equipped with ones, the MS or BS performing range/ RSS/ AoA measurements. The LPU and LAS reside at the NSP. Such an application may require that any time a user is making an emergency call, all the relevant measurements performed by all network entities be sent to the LDU and forwarded, together with the emergency call to the dispatch.  
An LBS application shall be defined by the following:

1. List of MS's subscribed to it.

2. Type of 802.16m PHY measurements it needs, by which update rate and as a response to which event.
3. What kind of communication channels it needs (unicast downlink and/or uplink, multicast or broadcat)
4. QoS requirement (priority, data rate, latency) for each requested uplink and downlink channel.

5. Addresses of LAS and LDU.  
14.4
Location Based Service Performance
As the location determination method is outside the scope of 802.16m systems. The performance requirement is for a LBS application that uses only 802.16m based measurements, without any external measures.
The basic measurements provided by an 801.16m system are: range, angle and signal strength measurements. 

The performance of each of those measures is FFS. 
……………………………………………………………………………………………………
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