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Geolocation

The Geolocation Process determines the location of a WRAN CPE.  The Geolocation Process must determine the location of the transmitting antenna of each associated CPE within a radius of 100 m for 67% of the cases and 300 m for 95% of the cases.  Until a CPE is located and its location is validated, that CPE shall not be authorized by the BS to transmit after network entry and initialization, as described in Section 6.15.
Figure 1 summarizes the Geolocation Process.
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Figure 1 –Geolocation Process

A CPE shall not be granted access to the network unless the Geolocation Process successfully locates the CPE according to the precision stated above.

The first step in the Geolocation Process is to determine if the CPE is equipped with a satellite-based geolocator.  If it is, the Geolocation Process makes use of this more accurate geolocator to determine the location of the CPE.
Otherwise, ranging is performed.  In order for the Geolocation Process to successfully determine the location of the CPE without a satellite-based geolocator, at least two additional found CPEs must “overhear” transmissions during the ranging process between the BS and the lost CPE.
After the ranging process is complete, the BS performs a request for “overheard” affirmation from the found CPEs.  If less than two found CPEs overhears the ranging transmissions between the BS and the lost CPE, geolocation fails and the lost CPE must not be allowed to associate.  However, if at least two found CPEs respond with overheard affirmation, the integral triangulation-based geolocator is used to determine the location of the lost CPE.
Satellite-Based Geolocation
A satellite-based geolocation is technology that can determine precise location with the help of a satellite uplink/downlink network, such as GPS or GLONASS.
Ranging
(For Ivan w/ agreement from Geolocation Tiger Team: Will Section 6.17 be sufficient for “overheard” affirmation?  What are the MAC/PHY requirements?)
Overheard Affirmation
After the BS performs the ranging process with the lost CPE, the BS must request overheard affirmation (OHA-REQ) from found CPEs.  At least two found CPEs must return an overheard affirmation response (OHA-RSP), signifying that the responding CPE overheard the ranging transmissions between the BS and the lost CPE.
(An attempt to develop the OHA-REQ/RSP is provided below.  Need to identify and agree to all that is necessary for proper affirmation.  What other IEs are needed beyond the Lost/Found CPE MAC addresses?  Is a ranging identifier necessary?)

1.1.1 OHA-REQ

The format of an OHA-REQ message is shown in Table 1. An OHA-REQ shall be broadcast by the BS after ranging to determine the number of found CPEs location that overheard the ranging tranmissions.
Table 1 —OHA-REQ message format

	Syntax
	Size
	Notes

	OHA-REQ_Message_Format() {
	
	

	Management Message Type = 4
	8 bits
	

	Information Elements (IEs)
	Variable
	Table 2

	}
	
	


Table 2 —Information elements

	Name
	Element ID

(1 byte)
	Length

(bytes)
	Value

	Found CPE MAC address
	1
	6
	

	Lost CPE MAC address
	2
	6
	


1.1.2 OHA-RSP

The format of an OHA-RSP message is shown in Table 3. An OHA-RSP shall be transmitted by the CPE in response to a received RNG-REQ but only if the CPE overheard the ranging transmissions between the BS and the CPE identified by the Lost CPE MAC address IE.
Table 3 —OHA-RSP message format

	Syntax
	Size
	Notes

	RNG-RSP_Message_Format() {
	
	

	Management Message Type = 5
	8 bits
	

	Information Elements (IEs)
	Variable
	Table 4

	}
	
	


Table 4 —Information elements

	Name
	Element ID

(1 byte)
	Length

(bytes)
	Value

	CPE MAC address
	1
	6
	

	Lost CPE MAC address
	2
	6
	


Triangulation-Based Geolocation
Triangulation-based geolocation is achieved in a two step process. First, the range between the CPEs and their BS shall be determined. Second, the distance between various CPEs within a cell can be determined to enhance geolocation resolution. The goal of this process is to allow the geolocator to build a graphic representaion of the set of CPEs that form a cell under the control of the BS.  An abstract entity, called the geolocator, shall send ranging requests (to the BS), recieve the responses (from the BS) and perform the calculus to derive this representation from a combination of ranging data and waypoints.

1.1.3 Geolocator
This entity requests and stores ranging information collected by a BS and its CPEs as well as waypoint information and computes the distance between the BS and each of its CPEs (1.1.4) as well as the distance between selected CPEs (1.1.5) within a cell.

1.1.4 BS and CPE

The superframe preambule will be used for CPE synchronisation in time and frequency. It shall be followed by a message containing information (as requested by the geolocator) to trigger the acquisition and storage at the CPE of the symbol transmitted by the BS as receievd by the CPE and returned to the BS by the CPE in the same (or a subsequent) superframe as scheduled by the BS. This « Timeout » message (see section 6.8.24 et 6.8.24.1) sent by the BS to the CPE to the exclusion of any other communcation with the BS in this interval. During this interval, the BS will retain the CPEs CID such as to allow it to reconnect to the BS without requiring a resynchronization at the end of this interval.

At the end of this interval the CPE, already having a scheduled reserved response timeslot, shall respond to the BS with a 'US PHY PDU'; the BCH shall contain the identification of both the BS and CPE entities and in the payload of the 'MAC PDU', said CPE shall transmit the symbol (formed of the set of previously acquired DS pilot measurements) to the BS and the BS shall relay these with a minimum resoltion of 3 ns, less the scheduling delays it introduced, back to the geolocator. The geolocator shall store this measured data and use it at a later time to compute the geographic location.

1.1.5 CPE to CPE
Inter-CPE communication is possible by the means provided by the “CBP packets”. These are used, amongst other things, for self-coexistence between WRAN systems. The superframe “sliding self-coexistence slots” are under the control of the BS. They shall allow a given CPE to transmit a « CBP packet » while precising that this packet is destined for geolocation ranging purposes.  A CPE to CPE ranging initiative shall come from a BS through a ‘BLM-REQ’ management message, shall request a CPE to communicate to another CPE within a cell. The BS shall specify the CPE response interval and the means to be used. The ‘BLM-REP’ is the means for the CPE to communicate its repsonse to the BS at the end of the sepcified delay interval.

The BS sends the premabule followed by the 'SCH' with the 'CT=1' field to indicate that the following transmission wil be a gelolcation ‘CBP MAC PDU’. To this effect, the ‘Beacon MAC Header’ shall contain the MAC address of the CPE transmitting the ‘Beacon MAC PDU’ as well as the Mac address of the destination CPE.  In contrast to the self coexistence where the beacon MAC header only contains the CPEs BS address, these messages shall be distinguished as geolocation messages by the fact that they contain MAC addresses of other CPEs. The 'Payload' shall contain scheduling information necessary to precisely determine the « Timeout » interval, interval after which the receieving CPE shall return the acquired measurements from the requesting CPE. The second CPE shall then forward its aquired measurements to the BS at the sepcified interval. The BS shall then deduct the scheduling intervals and report the flight times back to the geolocator. The gelocator may then exctract from the BS to CPE and inter-CPE reported flight times and channel responses the precise geographic location of each CPE.
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Abstract


This document presents normative text intended for insertion into the 802.22 standard.  This text is intended to describe the Geolocation Process which should be insterted into Section 9 of v0.2.  This text incorporates the Geolocation proposal presented by Ivan Reede.  This goal is to review and approve this text in the Geolocation Tiger Team and present the final document to the main group for insertion into the standard.
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