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Final Draft for SDD text on Location Based Services from LBS RG 
Peter Wang, Paul Cheng, Robert Novak

LBS RG Chairs 

I. Introduction
The final Draft for SDD text on Location Based Services is proposed in this document based on discussion and comments on LBS RG. The section number is based on the content of P802.16m SDD [1]. This document is the consensus results from the LBS RG, and is proposed to be accepted to the SDD.
II. Text Proposal
---------------------------------------------------------Start of the Text-----------------------------------------------------------
2.
References

[10]
WiMAX Forum: WiMAX Network Protocols and Architecture for Location Based Services Full Reference to be complete
3.1 Definitions

11. Location-Based Service (LBS): A service provided to a subscriber based on the current geographic location of the MS.

12. LBS Application: The virtual entity that controls and runs the location based service, including location determination, and information presentation to the users.

13. Location Server (LS): A server which determines and distributes the location of the MS in the WiMAX network. It may reside in the WiMAX network CSN, as defined by [10].

14. Location Controller (LC): A controller which is responsible for coordinating the location measurements of the MS. It may reside in the WiMAX network ASN, as defined by [10].

15. Location Agent (LA): An agent which is responsible for the making measurements or optionally collecting and reporting of location related data to LC. LA function could reside entirely in the BS, in the MS or both, as defined by [10].

16. LBS Zone: A configurable amount of consecutive resource units which are reserved for LBS purposes.

17. LBS Pilots: A set of pilots which are periodically broadcasted by involved BSs for LBS purposes.
18. Downlink Silence Period: A downlink transmission period in which the transmission power is specially controlled. 

19. Location Reference Signal Unit (LRSU): Any equipment which periodically or constantly broadcast pilot signals for positioning purposes.
20. Time difference of arrival (TDOA): The measurement of the difference in arrival time of received signals.

21. Time of arrival (TOA) : The time of arrival of a signal received by an MS or BS
22. Angle of arrival (AOA): The angle of arrival of a received signal relative to the boresight of the antenna.

23. Spatial Channel Information: Generalized set of measurements from the antennas (spatial channel estimation or a set of AOA's, which can be used for location estimation
24. Round trip delay (RTD): The time required for a signal or packet to transfer from a MS to a BS and back again.
25. Relative delay (RD): The delay of neighbor DL signals relative to the serving/attached BS.

13.x.1  Support for Location Based Services (LBS)
The 802.16m system supports MAC and PHY features needed for accurate and fast estimation and reporting of MS location. Such location capabilities defined in 802.16m when combined with appropriate network level support allows enhanced location based services as well as emergency location services, such as E911calls.

In addition to native location capabilities the system also supports additional timing and frequency parameters needed to assist GPS or similar satellite based location solutions. 

This section described enhancements to MAC and PHY features to support Location Based Service.
13.x.1.1 Location Based Services Overview
IEEE 802.16m shall support Location Based Services. LBS include all services that make use of the MS location.

Location determination can be made by either:

· MS managed location, in which the mobile measures, calculates and uses the location information with minimal interaction with the network
· Network managed location, in which the location is determined by the network and the network reports the location to requesting entities. The location process may be triggered by the network or the application on the MS.
802.16m supports basic MAC and PHY features to support both use cases, with or without use of GPS or equivalent satellite based location solution.

. The service can be provided to:

· The end user providing the MS with value added services

· External emergency or lawful interception services.
· The network operator using the location information for network operation and optimization

IEEE 802.16m system entities will support LBS applications by providing them with:

· Relevant measurements, periodic or event driven

· Resources (time and frequency slots) to perform the relevant measurements

· Communication channels (unicast and broadcast), as allocated to higher layer applications of any type.

It should be emphasized that the actual implementation of the LBS application or method of location determination is out of the scope of IEEE 802.16m.
In order to enhance location based service, MS should send report location-related information which includes the location information or the measurement for determining location in response to the request of BS or according to the location information report condition to measure its location. In addition, LBS is supported for MS in connected state as well as idle state. For the connected state, MS can report location information when it is needed. For the idle state, MS should perform location information reporting when it is paged, and report location information when it is needed.
The MS positioning is performed by using measurements methods, such as TDOA, TOA, AOA, and etc., whose relevant location-related parameters may includes cell-ID, RSSI, CINR, RD, RTD, angle, and Spatial Chanel Information. These parameters are exchanged between the MS and its serving/attached and neighboring BSs/RSs. These measurements of these parameters are extracted by processing DL and/or UL signals at the MS and BSs, respectively. Positioning algorithms that depend on such measurements have certain performance tradeoffs in terms of positioning accuracy, latency, and signaling overhead. Two or more measurements can be utilized to provide higher accuracy estimate of the MS position. 
13.x.1.1.1 LBS Network Reference Model

LBS architecture is a functional model consistent with the WiMAX network reference model (NRM) [10]. LBS architecture is shown in figure 1. The architecture has support for 

· Both periodic and event based location information services

· Both user initiated and network initiated location procedure with the same functional decomposition

· Basic cell/sector based location information services

· Enhanced sub-sector location based on mobile based or network based calculation

· GPS capability detection and utilization when supported by the MS

The end to end LBS system architecture is out of the scope of 802.16m. However the standard supports underlying MAC and PHY features to allow location related measurement and signaling both in the control plane and in the user plane.
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Figure 13.x LBS Network Reference Model


13.x.1.1.2 LBS Applications
 A user is subscribed to a set of LBS applications. Applications differ by the type of service they provide, the location determination technique they use, and where the LBS system elements reside. 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 broadcast)

4. QoS requirement (priority, data rate, latency) for each requested uplink and downlink channel.

13.x.1.2
Location Determination methods for LBS

13.x.1.2.1 GPS-Based Method
An MS, which is equipped with GPS capability can utilize 802.16m MAC and PHY features to estimate its location when GPS is not available, e.g. indoors, or be able to faster and more accurately acquire GPS signals for location determination. 

The network shall make the GPS assistance data, including GPS Almanac data and Ephemeris data, available through broadcast and/or unicast air interface messages to MS’s. The delivery of GPS assistance data from the network to MS’s can be realized by enhanced GPS broadcast and/or unicast messages and enhanced LBS management messages.

Enhanced GPS broadcast and/or unicast messages, containing GPS Ephemeris data and GPS Almanac data, are the messages assisting MS’s to do GPS based positioning.

 Assisted GPS (A-GPS) Method
Assisted GPS (A-GPS), consisting of the integrated GPS receiver and network components, assists a GPS device to speed up GPS receiver “cold startup” procedure. In order to achieve this goal, the 16m BS shall provide the 16m MS with the GPS Almanac and Ephemeris information downloaded from the GPS satellites. By having accurate, surveyed coordinates for the cell site towers, the 16m BS can also provide better knowledge of ionospheric conditions and other errors affecting the GPS signal than the device alone, enabling more precise calculation of position.

13.x.1.2.2 Non-GPS-Based Method
Non-GPS-Based methods rely on the role of the serving and neighboring BSs/RSs. LBS related measurements may be supported in the DL and UL as follows.

a) Location Measurements in Downlink

In DL, the MS receives signals which are existing signals (e.g. preamble sequence) or new signals designed specifically for the LBS measurements, if it is needed to meet the requirement from the serving/attached BS and multiple neighboring BSs/RSs. The BSs/RSs are able to coordinate transmission of their sequences using different time slots or different OFDM sub-carriers. The MS accurately calculates the required measurements, even in the presence of multi-path channel and heavy interference environment, and then estimates its location accordingly.  

b) Location Measurements in Uplink

Various approaches can be utilized at the serving/attached BS/RS to locate the MS such as TOA and AOA. These measurements are supported via existing UL transmissions (e.g. ranging sequence) or new signals designed specifically for the LBS measurements. 
The IEEE 802.16m RSs support a set of PHY and MAC features to assist serving BS in LBS and may be used in cooperation with serving BS and other RS to make LBS measurements. In addition to TDOA measurements the RSs support Round Trip Delay(RTD)/Time of arrival (TOA) measurements using DL and UL frame resources, which may be designated for to LBS purposes. Optionally RSs may perform AOA measurements.

13.x.1.2.3 Hybrid Methods
Hybrid method combines at least two kinds of measurement methods to perform location estimation. 
To improve the LBS performance, different types of downlink and uplink measurements such as RSSI, TDOA, TOA, and AOA can be combined. A combination metric needs to be considered, which takes into consideration the contributions from the utilized methods. Details of the considered DL/UL LBS measurements methods along with the combining metrics are FFS. 

The specific location algorithms or how 802.16m based metrics can be combined with GPS to improve location is outside the scope of this standard. 

. For the combination methods, measurement-based scheme, such as TDOA and TOA, can be consolidated to estimate MS’s position. 
13.x.1.2.3.1 MS assisted positioning
Hybrid method may be implemented by combination of measurement-based methods or MS assisted positioning method.

For MS assisted positioning method, the GPS (if capable) and ranging signal measurements reported from assisting MSs, and ranging signal measurements at BSs (such as TDOA and AOA) are utilized to determine the location of a positioned MS. MS assisted positioning is optional for MS. The possibility of a GPS capable MS assisting BS to locate the non-GPS MS’s is FFS. 
If MS is aware of its current location and has received ranging signal from positioned MS above a quality threshold, then the MS should report to BS with information related to the signal received from the positioned MS, and its own GPS location.
13.x.1.3
Reporting methods for LBS
For E911 services, the MS location can be reported to BS through UL inband signaling. Other reporting methods are FFS.


13.x.1.3.1 Reporting Types

According to the measurement methods of LBS, some location information or some LBS measurement parameters such as CINR/RSSI/RD/RTD/Angle is transmitted to the BS to measure the location.

13.x.1.3.2 Reporting Mode
An MS supported LBS shall report location information if any of following location information reporting condition is met.

-Timer based location information reporting

-Threshold based location information reporting
An LBS-capable MS should support the following reporting modes: per-request, periodic, and event-triggered reporting modes. The event-triggered reporting mode is a variation of the periodic reporting mode with reporting criteria, such as a moving distance threshold and updated timer expiration. For example, the MS will report the location when the distance between the current location and the last reported location beyond the “moving distance threshold”.

13.x.1.4
LBS operation
16m utilizes protocols carried in user plane for transferring location information (e.g. GPS assistance, position information, WiMAX measurements) between an MS and the location server. 16m may utilize a service flow, with needed QoS, for transferring location information.

13.x.1.4.1
Connected State
The system should be able to locate the mobile when in connected state.

For connected state, LBS can be initiated by the BS or the MS. LBS message contains some LBS information, which may include identifier of the MS, and indicator of LBS measurement method. Other associated parameters for LBS measurement are FFS. Indicator of LBS measurement is used to instruct the BS and/or the MS to perform LBS measurement and report location information.
13.x.1.4.2
Idle State
The system should be able to locate the mobile when in idle state. In some use cases the MS may not need to enter the connected state to be located. The BS may use paging or other network initiated multicast signaling to initiate a location process on the MS.
The MS in idle mode can receive a paging message which may include identifier of the MS and indicator for LBS measurement method; other associated parameters for LBS measurement are FFS. MS should perform LBS measurement with attached BS and neighbor BSs in terms of LBS measurement method that indicated by paging message for the MS. When MS gets LBS measurement parameters, MS may report them as location information to attached BS.

-----------------------------------------------------------End of the Text---------------------------------------------------------
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