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Cumulative Minutes of the Ranging Subcommittee TG4a
1.0 Teleconference on 5 August 2004

Interim Chair: Rick Roberts

Recording Secretary: Colin Lanzl

1.1 Meeting Opens

Chair opens the meeting at 10:05AM EDT.  
1.2 Participants:

Walter Hirt

Erwin Noble

Matt Welborn

Juan Hsin-Hui

Chia-Chin Chong

Zafer Sahinoglu

Jay Bain

Denis Benoit

Fabrice Legrand

Phuong Huynh

Baozhi Chen

Angela Juan

Kannan Balakrishnan

1.3 Summary of Action Items:

1. Colin to coordinate presentation on time-of-arrival algorithm for next teleconference.

2. Zafer to coordinate presentations on angle-of-arrival and time-difference-of-arrival algorithms for next teleconference.

3. Chair will contact Fred Martin to see if he can provide signal-strength algorithm for next teleconference.

4. Chair will contact Kai Siwiak to see if his near-field presentation can be used at next teleconference.

5. Jay will provide a list of terms and reference diagrams for next teleconference.

6. Chair will provide time at next teleconference for presentation of descriptions of algorithms.

1.4 Agenda 
1. Roll Call 
2. Agenda Approval 
3. Discussion on the goals of the Ranging Sub-committee 
4. Work on an Outline of our work 

Agenda approved by unanimous consent.  No objections to Rick Roberts being the chair of the ranging subcommittee.
1.5 Chair provides a suggested work outline:

*************** Straw man Work Outline ******************** 

I. Summary Description of Possible Ranging Algorithms 


a. Time Of Arrival Algorithms 

b. Angle of Arrival Algorithms 

c. Signal Strength Algorithms 

c. Near Field Algorithms 

d. ... others ... 

II. Recommended SAP Modifications to support Ranging 

III. Recommended PIB Modifications to support Ranging 

IV. Recommended MAC Commands to support Ranging 

**************************************************************** 

1.6 Discussion

Chair asks for comment on work item I.

Matt: asks if there is precedent in other IEEE standards: ranging is new for communications;

Walter: in favor of list of possible ranging techniques; from the list, some properties of PHY and MAC may be needed, might be different for different algorithms;

Colin: location is called out in PAR; need to support in some manner;

Jay: should discuss algorithm info, but not necessarily part of eventual standard, need to ensure we provide support in MAC, PHY & PIB;

Chair: seems to be general agreement that algorithms are not in scope of the standard, but need to understand the impacts;

Matt: agrees that common definitions and ideas good, helps identifies requirements;

Chair: not aware of any prior IEEE use, anyone else?

Colin: only ANSI INCITS standard;

Chair: interesting to see how this may fit in the IEEE 802.15.4 protocol stack: perhaps latency impacts accuracy;

Colin:  for TOA to support location, at least need RANGE, maybe timestamp, to be passed at PHY-MAC interface;

Matt: real-time data should be passed through PHY SAP, mgt interface not real-time; comparable existing function is RSSI;

Chair: RSSI usually passed through PLME SAP, device manager can access and read;

Colin: ranging may need interrupt, or real-time service, depending on how it is done;

Chair: if time-of-arrival algorithm: either need interrupt, which doesn't fit protocol stack, or could measure in PHY or MAC and store to be read later;

Colin: data has time-scale different than calculation: for sensors, the application may require minutes between communications or range measurements;

Jay: on the topic of application space versus service space (piconet, maintenance); in support of node location (who needs to be in what piconet), service related-things show up in application space;

Chair: four work items seem to be in the right direction: any other items? {None}

Strawman work outline adopted as ranging subcommittee work outline by unanimous consent.

Chair: asks for discussion of how work will be done; first look at ranging algorithms - 5 possibilities:


Time Of Arrival (TOA)


Angle Of Arrival (AOA)


Signal Strength Indication (SSI)


Near-field Indication (NFI)


Time Difference Of Arrival (TDOA, also called Differential Time of Arrival DTOA)

Chair asks for volunteers to provide a summary description of each algorithm;

Colin: will work TOA with Joe Decuir; 

Chair will task Marilynn and Zafer for AOA;

Chair asks if anyone from Freescale can contribute for SSI; notes that Fred Martin presented something in TG4a;

Chair will contact Fred to see if he'll contribute something for SSI;

Kannan: question on AOA contribution: what will be done?

Chair suggests that presentations be made to spark discussions on telecons and reflector, with time provided on the next conference call to present;

Kannan: will coordinate work with Marilynn and Zafer on AOA;

Chair will ask Kai if he'll allow his presentation to be used in this discussion.

Jay will provide a list of terms and reference diagrams for algorithms by next conference call in the form of a submission.

Chair notes that 802.15.4, clause 6.2 has PHY SAP diagram, clause 7.1 has MAC SAP diagram;

Jay noted he's already got those.

Chair: cannot progress on work items II-IV until work on item I complete; have accomplished objectives for this meeting,  

1.7 Next Teleconference

Next telecon: 19th Aug at 10 EDT, objections? {None}

1.8 New Business

Chair: any new business? {None}

1.9 Adjourn

Meeting adjourned at 10:40 EDT.

2.0 Teleconference on 19 August 2004

Chair: Rick Roberts

Recording Secretary: Colin Lanzl

2.1 Meeting Opens

Chair opens the meeting at 10:03AM EDT.  
2.2 Participants:

Angela Juan

Chia-Chin Chong

Benoit Denis

Fabrice Legrand

Marilynn Green

Hans Schantz

Jay Bain

Phuong Huynh

Fred Martin

Matt Perkins

Tui Chi

Feng Miu

Don Lawrynuik

Neyaer Yercorreau

Joe Decuir

2.3 Summary of Action Items:

No actions from this meeting.

2.4 Agenda 
1. Roll Call 
2. Agenda Approval 
3. Presentation of 15-04/418r0 
4. Presentation of 15-04/438r0 

Agenda approved by unanimous consent.  

2.5 Discussion

2.5.1 Presentation of 15-04/418r0 by Benoit Denis.

Time-Of-Arrival

Two-way ranging:


Remote sync between two nodes;


Exchanging packets with knowledge of delays, estimate range;


Useful for distributed networks, no coordination between nodes;


Needs rough estimate of arrival time for correct positioning of ranging window;


Main limitations due to clock rate differences of nodes:



Can fix with drift estimation, cooperative transactions, time stamps;


Can use message ACK, request for BW, ACK as cooperative transactions;


Nodes can correct own time bases with respect to piconet coordinator (double two-way ranging). 

One-way ranging:


If two nodes isochronous, ranging easy;


Each node can estimate ranges during own time-slots;


Accuracy conditioned by uncertainty of reference clock.

Question: must need synchronizing mechanism in network to begin, so OWR is really TWR given the need to distribute clock.

Response: absolutely correct.

Positioning needs anchor nodes with known locations to enable unknown node location;

Need at least three anchors for 2-D positioning.

Time Difference Of Arrival & One-Way-Ranging

Estimation of time difference of arrival by measuring at synchronized reference nodes;

Each reference Node estimates range and relayed to control point for TDOA calculation and localization of unknown node;

Can be achieved with cross-correlation in reference nodes.

Synchronization:

References calibrate propagation delay out of time-base;

All reference nodes must know range from other nodes;

Nodes could be equipped with knowledge of external clock (GPS);

Only three reference nodes needed;

Only two calculations needed.

MSSI system:

Asynchronous tags with anchor tags;

Control unit centralizes tag location calculation.

Other techniques:


RSSI - requires very precise knowledge of channel attenuation;



Could indicate approach/departure;



Unlikely to provide precise range;


AOA - defer to another presentation;



Only two anchors needed;



Requires precise calibration at anchors.

2.5.2 Presentation of 15-04/438r0 by Hans Schantz.

Near field ranging:

E-field and H-field are 90 degrees out of phase in near field;

They are in-phase at far field;

The phase change is predictable.

Tag sends un-modulated sine wave;

Near-field locator compares phase of E- and H-fields to determine range;

No custom chips needed;

Dipole antenna sufficient;

Part 15.219 (unlicensed) allows 100mW Tx power with <3m antenna close to AM broadcast band; 

High accuracy / low complexity / narrowband emission;

<1 sec update rate, 1.3MHz, range ~70m, accuracy ~30cm;

Discussion of theory:

Use zero-crossings for phase determination;

Look-up table driven; useful between 0.05 lambda to 0.4 lambda;

Range accuracy derived from phase accuracy, which follows SNR.

Issues:


Wavelengths longer than propagation environment;


Phase offsets depend on gross structural features (wiring, frames);


Phase offsets gradual, can be dealt with by cal or “fingerprinting”;

Low frequency provide superior penetration.

Phase differences preserved by downconversion;

Measuring ½ degree phase difference:


At 1kHz, about 1.5usec timing accuracy required, compared to 1nsec accuracy for microwave solutions.

Because emission is narrowband, can have many simultaneous nodes coexisting: thousands of nodes possible.

Easily coexists with AM Broadcast band, does not interfere with microwave services;

Low complexity.

Question: given signal processing needed, given 802.15.4 protocol stack, where will calculations be done, what information needs to be passed?

Response: probably want to do measurement at PHY, just compare phase (mix: DC voltage proportional to phase delta), pass that phase difference up to higher layers.

Comment: or could calculate range directly at PHY. 

Response: prefer to pass phase delta, but could do range calculation in PHY.

Question: lambda about 230 meters, size of antenna?

Response: 2 foot whip; personnel tracking would use thin-wire in badge lanyard; Rx antennas about 30cm.

Question: what is efficiency of antenna?

Response: very low; gains about –40dBi to –80dBi; make up for it because signal strengths larger due to frequency and near-field conditions.

Question: Part 15 allows 100mW: what transmit power used?

Response: 100mW power applied to final Tx amp stage; Tx power into antenna typically 120-150mW.

Question: eirp –50 to-80dBm? What’s the range?

Response: @1.3MHz, 70m or so w/ 20dB SNR.

Question: didn’t understand Tx power into antenna: is this RF power into the antenna input port?

Response: 15.219 specifies DC power into final amp, not RF output power; that is determined by amp efficiency.

Question: slide 5: what are dimensions of Rx module?

Response: about size of cigar box; antenna a few feet long, working with loop sticks, may get antenna down under 30cm.

Question: what happens to accuracy as get very close to antennas: deriviatives tend to zero close-in?

Response: with channel model included, power getting larger and phase estimate getting more accurate, overcomes derivatives; eventually lose accuracy because subtracting large numbers; practically, only works to about 10 feet from antennas for 1.3MHz.

Question: indicate that antennas are E-field whip and H-field loop or stick: how sensitive is orientation of antennas: suppose man-mounted: variation in SNR or location performance due to orientation?

Response: keep tilt to 45-60 degrees, good results, get shift in position, exaggerated version of antenna tilt, can get 5-10 foot error; generally less sensitive to orientation; however at 90 degrees, can completely lose phase information due to signal inversion.

2.6 Next Teleconference

Next telecon:  2 September 2004, same time, same call-in number with different access code. 

Agenda: presentations on ranging via RSSI and ranging via AoA.

New Business

Chair: any presentations for Berlin, contact TG4a chair / vice-chair for presentation slots.

Adjourn

Meeting adjourned at 10:59 EDT.

3.0 Teleconference on 30 Sept 2004

A Ranging Committee of 802.15.4a conference call was hosted by HARRIS at 10 AM EDT on September 30, 2004.

Rick Roberts chaired the call.  Vern Brethour confessed to squatting on the call and was immediately assigned by Rick to take notes given that Collin was not with us.

Roll call was conducted:

Rick Roberts (Chair)

Vern Brethour (temporary note taker)

Neiyer Correal (1st presenter)

Marilynn Green (2nd presenter)

Jay Bain

Fred Martin

Erwin Nobel

Philippe Rouzet

Chiara Cattaneo (from ST)

Qicai Shi (Motorola)

Joe Decure

Patrick Kinney 

The first presentation was 04-0564-00 presented by Neiyer Correal.  This was a very good discussion of ranging using received signal strength.   After the presentation, Vern Brethour asked about the effect of more walls in the propagation environment.  Rick Roberts asked about how all the {signal strength} data collected by the nodes of was going to get passed to the right computational node(s).

The second presentation was 04-0563-00 presented by Marilynn Green.  This was a very good discussion of positioning using angle of arrival.  After the presentation, someone (I didn’t catch the name) asked about Marilynn about cell carriers using AOA for e911 service. Rick Roberts asked about errors at short ranges and anticipating Marilynn’s answer, Rick pointed out the irony that other techniques get better accuracy at close ranges and struggle at long ranges, but that with AOA, the struggle was at close ranges. 

Rick announced that the next call would be next week (7 October) at 10 AM EDT using the same call numbers and access codes.  The next call will be a presentation of time of arrival techniques by Joe Decure.  Rick asked for a volunteer to present Time Difference of Arrival and no one spoke up.

By way of new business, Phllippe Rouzet noted that the ranging group had been assigned some task by the Selection Criterion Group.  Philippe wanted ranging to complete this assignment in “2 or 3 weeks maximum” to allow the Selection Criterion Group to be ready for San Antonio.  Rick already knew about this and said he wanted to handle it via e-mail.

The call was concluded at 11:15 AM EDT.

4.0 Teleconference on 7 Oct 2004


802.15 TG4a Ranging Subcommittee Minutes - 7 October 2004 - Conference Call

1.1  MEETING CALLED TO ORDER by Rick Roberts at 10:00am EST.

Asked for volunteer to act as secretary.  Patrick Houghton volunteered to act as secretary for the duration of the meeting.

Roll Call:  Patrick Houghton

Attendees who responded on the call:

*       Jay Bain                Fearn Consulting
*       Joe Decuir              MCCI
*       Patrick Houghton        patrick@aetherwire.com
*       Pat Kinney              Kinney Consulting
*       Rick Roberts            rrober14@harris.com
*       Marilynn Green          Nokia
*       Erwin Noble
*       Neiyer Correal
*       Phuong Huynh            Freescale
*       Mike Buehrer            VPI
*       Ben Denif

2.1  REVIEW OF Ranging Subcommittee tasks:  Rick Roberts

RIck R:  Have an action item on the new release of the SCD. Document 0232r11 dated October 6th, in section 3.5.2.  Will be working this issue on the reflector over the next week.  Will also take as a personal action item to write a draft of the final report of the ranging subcommittee over the next week.  We will have a conference call on October 21st, but none on October 14th.  Pass the floor to Joe Decuir for technical presentation.

3.1  TECHNICAL PRESENTATION: Doc 573r0

Joe Decuir: Presented document 573r0 on ranging time measurements.  asked for questions.

Rick R: Question on slide 13.  Looking at an activity that is kicked off by device management -- is this a higher layer function?

Joe:  This is kicked off by a higher layer -- the MAC.  There is more detail in the complete design.

Rick R: Looks like this is new territory for 802 MAC commands.

Joe:  This is a simple state machine based on ACK.  There is a slot in the MBOA MAC that reserves for a media access slot.

Pat K:  Looking at the commands, don't any changes in the MAC for 802 as long as it allows ACK.

Joe: This was the intention to do as much as possible without MAC changes.

Pat K: State machine recording times is one thing we don't have in the 802 MAC.

Rick R: Only difference is can't do CCA.

Pat K: There are a number of frames that don't do CCA including beacon and ACK, so this could be done.

Joe: Passed the floor back to Rick.

4.1  TECHNICAL PRESENTATION: Doc 572r0

Rick R: Presented document 572r0.  Asked for comments or questions.

Patrick: TOA requires a very accurate master, like cesium.

Rick R: still need a reference.

Ben: Straight synchronization is required between the time bases.

Rick R: We had reflector traffic to discuss some of these issues.  We want to avoid atomic clocks!

Joe D: Both TOA and TDOA will use the same resources and same methods.

Rick R: Would this be something done by the Zigbee alliance?

Pat K: Agree that location should happen in the layer above the MAC.  An industry alliance is the best way to do this.

Joe D: Not sure how to arrange for carriers to be phase aligned initially.

Rick R: May need an out of band channel that does alignment.

Joe D: At Microsoft dealing with Bluetooth, we could have gotten alot of utility out of range information.  We really didn't need 3D location awareness.

Patrick: Regarding out of band channel alignment, this is not a trivial problem to solve inexpensively.  Before GPS, this was done by flying atomic clocks around on 707s.


5.1  Close of Meeting

Rick R:  Will start working on a draft of the final report of the ranging subcommittee and SCD comments.  Any old or new business?  Hearing none, the meeting is recessed until the next conference call.

Rick R:  Next meeting on October 21st at 10am EST.  Closed meeting at 11:04am EST.

 

5.0 Teleconference on 21 Oct 2004


802.15 TG4a Ranging Subcommittee Minutes - 21 October 2004 - Conference Call

1.1  MEETING CALLED TO ORDER by Rick Roberts at 10:00am EST.
 
Attendees who responded on the call:

*       Jay Bain                Fearn Consulting
*       Joe Decuir              MCCI
*       Patrick Houghton        patrick@aetherwire.com
*       Pat Kinney              Kinney Consulting
*       Rick Roberts            rrober14@harris.com
*       Marilynn Green          Nokia
*       Erwin Noble

*       Patricia Martigne
France Telecom

*       Vern Brethour

(minutes taken by Rick Roberts)

All discussion was in regards to document 0581r2 (Ranging Subcommittee final report)

Opening discussion was on Figure 18.  Figure 18 shows the lower layers of the IEEE802 reference protocol stack.

Included in Figure 18 is reference to a DME (device management entity).  This term was borrowed from TG3a and was not used in TG4.

We agreed to use this term in TG4a but it needs formal introduction to the committee.  Rick Roberts took an action item to write a short contribution for presentation in San Antonio.

Joe and Jay both pointed out that the DME is part of a control plane and the introduction of this control plane was appropriate for ranging activity.

An informative section could be added to the TG4a draft text that discussions the DME control plane concept.

The next discussion was concerning the concept of anchor synchronization during TOA activity.  Vern indicated that in UWB this synchronization was implicit, being a by-product of normal UWB activity.  

The group talked about how this synchronization may have to be initiated explicitly depending upon the nature of the PHY.  It was agreed that we would wait to see what was proposed before pursuing this any farther.

Discussions then shifted to discussing section 8 of 0581r2.  We substituted the text of email from Rick Roberts, dated 10 Oct for the text in section 8 of 0581r2.  That text is shown below in these minutes.

================== start email =========================================

I thought I'd start the discussion of section 8 by considering several candidate ranging possibilities (I've lumped TOA and TDOA together since I believe the PHY interface will look basically the same as shown in figure 19 of 0581r2 - comments?).  You may want to refer to figure 18 of document 0581r2 during the following discussion.

TOA Two Way Ranging - single packet exchange

- DME entry point into MAC is MLME-SAP

- MAC peer-to-peer commands

  - ranging request, ranging ack response

    - TX & RX synchronize PHY clocks (seems hard to do)

  - ranging token sent, ranging token received

- MAC/PHY communications via PD-SAP

  - MAC constructs ranging packet

  - TX PHY emits / RX PHY measures time of arrival

- RX PHY stores timer count in PHY PIB

- RX DME retrieves count from PHY PIB and calculates range

TOA Two Way Ranging - double packet exchange

- DME entry point into MAC is MLME-SAP

- MAC peer-to-peer commands

  - ranging request, ranging ack response

- 1st ranging token sent, ranging token received, held t and returned

- 2nd ranging token sent, ranging token received, held 2t and returned

- MAC/PHY communications via PD-SAP

  - MAC constructs 1st ranging packet

- Sender PHY emits

  - RX measures 1st time of arrival, holds for t seconds, sends back

  - sender measure 1st time of return

  - RX measures 2nd time of arrival, holds for 2t seconds, sends back

  - sender measures 2nd time of return

- Sender PHY stores all timer count in PHY PIB

- Sender DME retrieves count from PHY PIB and calculates range

TOA One Way Ranging - Active

- DME entry point into MAC is MLME-SAP

- MAC peer-to-peer commands

  - ranging request, ranging ack response

    - RX anchors synchronize PHY clocks (via out of channel network)

  - ranging token sent, ranging token received

- MAC/PHY communications via PD-SAP

  - MAC constructs ranging packet

  - TX PHY emits / RX PHY measures time of arrival

- RX PHY stores timer count in PHY PIB

- RX DME retrieves count from PHY PIB 

- DME then forwards count to calculator station for processing

TOA One Way Ranging - Passive

- DME entry point into MAC is MLME-SAP

- MAC peer-to-peer commands

  - ranging request, ranging ack response (do each anchor serially)

    - TX anchors synchronize PHY clocks (via out of channel network)

  - ranging token sent, ranging token received

- MAC/PHY communications via PD-SAP

  - MAC constructs ranging packet

  - TX PHY emits / RX PHY measures time of arrival

- RX PHY stores all timer counts in PHY PIB (one for each TX anchor)

- RX DME retrieves counts from PHY PIB and calculates range

SSR (signal strength ranging)

- DME/MAC identifies unit being received 

- RX measure RSSI (receive signal strength)

- Store results in PHY PIB (I'm surprised, no RSSI in 802.15.4)

- DME retrieve RSSI reading from PHY PIB

AOA

- DME/MAC identifies unit being received 

- PHY measures AOA during normal packet traffic (can this be done?)

  (Marilynn Green indicated we may need special measure frames)

- Store results in PHY PIB 

- DME retrieves RSSI reading from PHY PIB

- DME applies calibration parameters, calculates AOA

NFER (Q-Track)

TBD - I need help here.  How does the NFER approach fit into the PHY/MAC protocol stack concept?

===================== stop email =====================================

We verbally walked through each of the ranging types and discussed conceptually how ranging information was cooperatively obtained between to paired devices.

On the discussion concerning Signal Strength Based Ranging, we had additional discussion concerning would the current ED function with the TG4 standard suffice for the RSSI reading needed to implement signal strength based ranging.  Pat Kinney took an action item to check the TG4 standard and make a comment over the reflector.

Rick brought up an issue regarding AOA.  AOA is a localization technique and not a ranging technique (you don’t get range information between a pair of units … just angle of arrival information).  Does the wording of the PAR cause a problem for AOA proposals?  Pat Kinney indicated that he hoped not because that was not the intent of the PAR wording.  Pat indicated we’ll have to work this issue if it arises during proposal presentations.

An issue was discussed concerning the storing and fetching of the measured ranging parameters.  Do we store them in the PHY PIB and fetch them via the PLME – or – do we add fetch commands to the MLME and/or PLME.  It could be done either way and we decided to worry about that after down selection is complete.

We closed out the teleconference call with a discussion about the high level ranging algorithms.   All agreed they are outside the scope of the standard.  Would they reside in a forum like ZigBee?  Who knows?  Would the TG4a standard contain information text describing the higher level ranging calculations and algorithms?  How about synchronization?  These are all issues that will have to be worked in the future.

Phone call ended at 11 AM EDT.  Next call is November 4 when we will review the draft that will be submitted to the San Antonio meeting.
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