January 2015		                       IEEE P802.15-15-0065-00-0008
IEEE P802.15
Wireless Personal Area Networks

	Project
	IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANs)

	Title
	[bookmark: _GoBack]Text for Relative Positioning

	Date Submitted
	January 2015

	Source
	Igor Dotlić (NICT) 
Huan-Bang Li (NICT)
Marco Hernandez (NICT)
Ryu Miura (NICT)
Billy Verso (DecaWave), 
Michael McLaughlin (DecaWave)


	dotlic @ nict.go.jp
lee @ nict.go.jp
marco @ nict.go.jp
ryu @ nict.go.jp
billy.verso @ decawave.com
michael.mclaughlin @ decawave.com


	Re:
	draft text of UWB PHY for 802.15.8

	Abstract
	This is the work in progress text of the Relative Positioning for IEEE 802.15.8 group for PAC.

	Purpose
	This document provides the details of the PHY proposal to IEEE 802.15.8
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1. [bookmark: __RefHeading__81_189307052][bookmark: __RefHeading__665_511739119][bookmark: __RefHeading__667_511739119][bookmark: __RefHeading__83_189307052][bookmark: __RefHeading__95_189307052][bookmark: _Toc403103348]Relative positioning
Symmetrical double-sided two-way ranging
This sub-clause describes principles of relative positioning between two devices in PAC networks. Regarding positioning the standard specifies only the time units used for ranging timestamps in clause 10.4.1 and SAP for relative positioning that is defined in previous sub-clause). Since the positioning calculation is done by higher layers, and the standard specifies only PHY and MAC, this clause only gives recommendation for the positioning methodology. 
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[bookmark: _Ref408885537][bookmark: _Ref408885521]Figure 1: Principle of symmetrical double-sided two-way ranging.
The positioning method recommended is called symmetrical double-sided two-way ranging.
As Figure 1 shows, symmetrical double-sided two-way ranging is achieved by measuring two round trip times: round trip time from device 1 to device 2 denoted  and round trip time from device 2 to device 1 denoted .  denotes propagation time that is being estimated, while  and  represent reply times of device 1 and 2 respectively. The time of sending a certain frame is defined as time of beginning of SFD. In order to measure  device 1 sends frame P11. After receiving P11 and time period  device 2 sends frame P21 which device 1 receives. After that the same procedure is repeated with device 1 and device 2 switching places. Hence, the second part of the procedure is initiated by device 2 which sends frame P22. After receiving P22 and time  device 1 sends frame P12. 
At the end,  estimate should be calculated as follows
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If relative errors of timing at device 1 and 2 are denoted  and  it follows that
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Thus error of  estimation is:
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Hence, relative error of the range estimation is also in the same order of magnitude as  and , which for crystal oscillators are usually in tenths of ppm.  
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