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 Minutes for IEEE TG 802.15 IG LPWA Waikoloa Interim Meeting

10-13 September, 2017
Chair – Jörg Robert
Minutes – Charles Perkins/Hendrikus de Ruijter
Objectives (all meetings in room Kohala 2):

· Timeline
· Contributions on qualitative evaluation
· Contributions on quantitative evaluation
· Discussion of future work
· Work on IG Report
Agenda Review:

· Monday PM1 
· Open
· IEEE-SA Stds. Board Bylaws on Patents in Std's. & Guidelines
· Approval of the Agenda
· Approval of Berlin Minutes
· Contributions
· Recess
· Tuesday PM1 
· Open
· Contributions 
· Discussion of future work
· IG Report
· Recess
· Wednesday PM1
· Open
· IG Report
· Recess
· Thursday PM1 
· Open
· IG Report
· AoB
· Adjourn
Monday PM1 (September 11) – Agenda / Timeline review / Contributions -- Charlie Perkins
Open at 1:30pm
Timeline review:

· September 2016 Interim (Warsaw)
· Discussion on IG objectives
· Call for contributions
· November 2016 Plenary (San Antonio)
· Fixed IG objectives
· Presentation of contributions (focus usage scenarios)
· Initial discussion on IG report
· January 2017 Interim (Atlanta)
· Fixed usage scenarios and channel models

· Presentation of contributions with focus on evaluation criteria

· March 2017 Plenary (Vancouver)
· Fixed evaluation criteria
· Presentation of contributions with focus technology options for LPWA
· May 2017 Daejeon 
· July 2017 Plenary (Berlin)
· Presentation of contributions with focus technology options for LPWA
· Sept 2017 Interim (Waikoloa)
· Qualitative and Quantitative Evaluation
· Final discussion on IG report
Latest News from ETSI LTN:

· No important updates since last meeting
· Stable draft expected in November 2017
· Final publication expected in mid 2018
· Potential Interest from ETSI LTN to contribute to IEEE
Simulation Results for Interfered Channels:

· 15-17-0478-01-lpwa-simulation-results-for-interfered-channels
· Motivation
· Simulation for parameter configurations in interference channels with and without coding
· Only consider the interference of other systems
· Definition of Interference Model
· based on interference model defined in 15-17/37r1
· Mean arrival rate of is 1 interferer per second per km² per MHz
· Based on 802.11ah

· Classes: non, low [A=1], medium[A=10], dense[A=50]
· Dense is 50 signals per second per km2 per MHz

· Field strength of the each signal depends on the distance receiver (( interferer
· Example Playgrounds of Interference
· Comments on the Interference Class
· # of relevant interferers depends on the density of the potential interference AND the propagation conditions
· “Outdoor Urban 140m” defines a base-station antenna mounted on a high tower in a height of 140m; the base station collects many interferers due to exposed antenna
· For indoor and point-to-point transmission, significantly lower interference is expected
· Simulation Results: AWGN
· performance of un-coded data in the AWGN channel (no interference)
· packet error rate (PER) as a function of the received signal level PRX [dBm]
· According to 15-17/36 a noise figure of 3 dB is assumed
· The modulation uses coherently demodulated MSK (minimum shift keying)
· Perfect synchronization is assumed
· The payload data length is 128 bits
· The bit-rate varies between 200 bit/s and 100 kbit/s
· 10000 snapshots (playgrounds) have been used for the simulations
· The simulation results match the performance presented in  15-17/346r1
· A reduction of the payload bit-rate by a factor of 10 increases the robustness by 10 dB
· The curves a not very steep due to the missing FEC
· The 200 bit/s is almost able to reach the -140dBm criterion with a PER of 1%

· Simulation Results with Interference

· Identical assumptions compared to AWGN results

· Interference classes dense (A=50) and medium (A=10) with propagation model outdoor urban with 140m antenna height
· Significantly reduced performance in case of interference for both interference classes

· Loss of more than 40 dB for 200 bit/s

· Loss of approx. 20 dB for 100 kbit/s

· The improved robustness of low bit-rates in the AWGN channel does not hold in the interference channel

· Long packets (e.g. 0.64 s for 200 bit/s) lead to a significant foot-print, and hence, a high probability that the signal is hit by an interferer

· Short packets (e.g. high bit-rates) have a significantly smaller foot-print, and hence, a lower probability to be hit by an interferer
· Simulation Results with Interference and Coding – 200 bit/s
· 50db improvement

· Simulation Results with Interference and Coding

· Coding is able to provide a really significant gain in case of interference

· However: The coding is not able to remove the long tail in case of stronger interference

· ... with one exception: For the low bit-rates the long tail is removed. This is caused by the long duration of the coded data (e.g. 1.28s for 200 bit/s) which is much longer than the longest interferer defined in the interference model (100ms)

· Potentially unrealistic and does not consider self-interference

· Interleaving should be stimulated also for higher rates ( hopping
· Simulation Results with Additional Hopping
· Similar assumptions as previous slides

· Additional hopping is used: Packets are split into 16 fragments of identical length with are then transmitted with frequency hopping ( decorrelation of the interferers

· Requirement: All fragments have to be FEC encoded jointly!

· No-Hopping and 16 Hops gives similar results in AWGN channel
· The use of frequency hopping de-correlates the interference
· Losses of some fragments are compensated by means of the used Reed Solomon Code
· Hopping almost approaches the performance of the AWGN channel even in dense interference scenarios with simple codes
· Significant improvement achievable using convolutional codes and further optimization

· Conclusions
· Coding improved the performance in the AWGN channel

· Interference degrades the reception quality, especially for un-coded transmission and ultra-low payload bit-rates

· The use of coding only shows limited improvement in case of interfered channels

· Combined channel hopping and coding significantly improves the performance and almost reaches the AWGN performance, even in highly interfered channels
Candidate Technologies vs. Use-case Evaluation
· Motivation

· Coding improved the performance in the AWGN channel

· Modulation Schemes 
· OFDM, CDMA, DSSS, FCSS, FHSS, NB-Modulation

· 15-17-0495-00-lpwa-use-case-evaluation-of-modulation-schemes.xlsx
· Forward Error Correction
· 15-17-0497-00-lpwa-use-case-evaluation-of-fec-schemes.xlsx

· MAC Schemes
· Aloha, Slotted Aloha, CSMA, Full Coordination

· 15-17-0496-00-lpwa-use-case-evaluation-of-mac-schemes.xlsx

· Existing IEEE Standards

· IEEE 802.11ah, IEEE 802.15.4

· 15-17-0499-01-lpwa-use-case-evaluation-of-ieee-standards.xlsx
Review of General Evaluation Procedure
· Analyze the general suitability of a candidate technology
· pros and cons, and dependency on other technologies
· Quantitative Evaluation: exact performance (only for selected technologies)
Industrial: Industrial Plant Condition Monitoring

· Modulation:
· Precise localization requires broadband signal 

· No interference (licensed spectrum) and low number of users

· spreading modulation
· Coding:

· Long distance requires good coding
· Data length <= 16 bytes
· convolutional code
· MAC:
· Low number of users
· Latency < 10s
· fully synchronized network
· Connectivity
· Use of IPv6 with header compression or transparent
· Network topology

· Medium number of active users
· Latency < 10s
· Fully synchronized network
· All requirements are already fulfilled by 802.15.4
Infrastructure: Pipeline Monitoring – Terrestrial

· Modulation:

· Precise localization requires broadband signal 
· No interference (licensed spectrum) and low number of users 
· spreading modulation 

· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· Low number of users
· Latency < 10s
· fully synchronized network
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Low number of active users with interference

· Latency < 1min

· Extended star
· All requirements are already fulfilled by 802.15.4
Infrastructure: Smart Grid - Fault Monitoring

· Modulation:

· Localization precision <100m 

· Strong interference and many users

· FHSS 

· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· High number of users, strong interference

· Uplink only

· Latency < 1min
· only ALOHA may work
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· High number of active users with interference

· Latency < 1min

· Extended star
· Not covered by existing standards

· Discussion/disagreement ensues: example of TSCH as possibility
Recess at 3:25pm
Tuesday PM1 (September 12) – Contributions / Discussion of future work / IG Report  -- Charlie Perkins
· Open at 1:33pm; attendance 16
· Agenda
· Open

· IEEE-SA Stds. Board Bylaws on Patents in Std's. & Guidelines

· Contributions; continuing discussion from Monday
· Discussion of future work
· IG Report
· Recess
Review: Industrial: Industrial Plant Condition Monitoring

· Modulation:
· spreading modulation
· Coding:

· convolutional code
· MAC:

· fully synchronized network
· Connectivity

· Use of IPv6 with header compression or transparent
· Network topology

· Fully synchronized network
· All requirements are already fulfilled by 802.15.4
Review: Infrastructure: Pipeline Monitoring – Terrestrial

· Modulation:

· spreading modulation 

· Coding:

· convolutional code

· MAC:

· fully synchronized network
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Extended star
· All requirements are already fulfilled by 802.15.4
Review: Infrastructure: Smart Grid - Fault Monitoring

· Modulation:

· FHSS 

· Coding:

· convolutional code

· MAC:

· only ALOHA may work
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Extended star
· Not covered by existing standards?

· Claim: covered by 802.15.4g
Infrastructure: Smart Grid - Load Control
· Modulation:

· Localization precision <100m
· No interference 

· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· High number of users, no interference 

· Uplink and downlink

· Latency < 1s

· fully synchronized network
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· High number of active users no interference

· Latency < 1min

· Star or extended star
· All requirements are already fulfilled by 802.15.4
Infrastructure: Smart Metering
· Modulation:

· Localization not required an high interference
· High interference and many users
· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· Very high number of users, strong interference 

· Uplink and broadcast downlink

· Latency < 1day
· Not covered yet
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Latency < 1day
· Star or extended star
· Not covered by existing standard
· Discussion: is covered if also use a mesh
Infrastructure: Structural Health Monitoring
· Modulation:

· Localization not required and high interference

· High interference and many users

· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· Very high number of users, strong interference 

· Uplink and broadcast downlink

· Latency < 1min
· Not covered yet
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Latency < 1min
· Star or extended star
· Not covered by existing standard
Logistics: Global Tracking
· Modulation:

· High interference and many users

· Localization < 100m
· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· Very high number of users, strong interference 

· Uplink only
· Latency < 10min
· Only ALOHA may work
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Latency < 10min
· Extended star
· Not covered by existing standard
· Disagree: Claim 802.15.4f does do this
Logistics: Fast Asset Tracking

· Modulation:

· High interference and many users

· Localization < 10m

· Spreading modulation, but only if many base stations are used
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· High number of users, strong interference 

· Uplink only

· Latency < 1min

· Only ALOHA may work
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Precise localization
· Latency < 1min

· Extended star

· Potentially covered by 802.15.4
Smart City: Smart Parking

· Modulation:

· High interference and many users

· Localization not required
· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· High number of users, strong interference 

· Uplink only

· Latency < 1min

· Only ALOHA may work
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Latency < 1min

· Star or extended star

· Not covered by existing standards
Smart City: Waste Management
· Modulation:

· High interference and many users

· Localization not required
· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 16 bytes

· convolutional code

· MAC:

· High number of users, strong interference 

· Uplink only

· Latency < 1hour
· Only ALOHA may work
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Latency < 60min

· Star or extended star

· Not covered by existing standards
· Claim: is already covered, and should be removed from list of uncovered use cases
Consumer/Medical: Pet Tracking

· Modulation:

· High interference and many users

· Localization <100m required
· FHSS
· Coding:

· Long distance requires good coding

· Data length <= 64 bytes

· convolutional code or Turbo or Polar code

· MAC:

· High number of users, strong interference 

· Uplink only

· Latency < 1min

· Fully synchronized
· Connectivity 

· Use of IPv6 with header compression or transparent

· Network topology

· Very high number of active users and dense interference

· Latency < 60min
· Multiple stations for localization
· Star or extended star

· Really useful to employ LPWAN localization
Communalities of Uncovered Use-Cases
· Mainly focusing on uplink communication with limited downlink traffic

· Require large cells

· Are operated outdoors 

· Have to support many users

· Suffer from interference

· Typically require LPWAN localization < 100m

· Require data length <= 16 bytes

· Have a latency requirement <1min
Discussion of Future Work
· IEEE 802.15.4 standards address areas of LPWANs
· However: significant performance gains are possible in case of strong interference with minor improvements
· Furthermore: the interference in sub-GHz bands will significantly increase over time due to new standards (e.g., IEEE 802.11ah)

· Proposal: Formation of Study Group
Potential Time-Line
· September: Agreement to create new SG
· November: IG starts working on SG contents
· Approval to create SG in November

· March 2018: Final submission of PAR and CSD

· Could present a tutorial on PAR and CSD in March

Discussion about IG Report
· Outlines what would be possible for follow-on work
· Discussion about comparison to 802.11ah

· Only detection down to -90db in 802.11ah
· Discussion about 802.11ba – “wake-up” means for power savings

· First part of the IG Report will be uploaded tonight
Recess at 2:39pm
Minutes for LP-WA Wednesday (September 12  PM1) -- Charlie Perkins
Meeting called to order at 1:36.  Attendance: 15
Agenda for PM1 session:

· Open

· Contributions / IG Report

· Recess
Discussion about Qualitative Use-Case Evaluation: [Jörg Robert]
· 15-17-0515-01-lpwa-qualitative-use-case-evaluation.pptx

· Industrial Plant Condition Monitoring
· Fault Monitoring in the Medium Voltage Distribution Network

· in case of a major network failure many devices may report an error at the same time   (  dense traffic
· The large spacing between different measurement nodes requires low payload bit-rates

· Smart Grid - Load Control
· Question about why homes would not simply use Internet

· Example LPWAN link for remote users

· Smart Metering (Water / Gas)
· Structural Health Monitoring [for example, bridges, etc]

· Very high == 50 active devices/second

· Smart City: Public Lighting
· perfectly met by existing standards (e.g. IEEE 802.15.4g)
· Smart City: Smart Parking 
· 
[image: image1]
· Smart City: Vending Machines - Point of Sale

· Too much downlink traffic is required (e.g. certificates, etc.) ( No use-case for LPWAN
· Smart City: Waste Management: very similar to water/gas metering
· Consumer/Medial: Pet Tracking
· Potential use-case for LPWAN if GPS localization is used

· Potentially Relevant Use-Cases
· Mainly focusing on uplink communication with highly limited downlink traffic

· Require large cells

· Are operated outdoors 

· Have to support many users

· Suffer from interference

· Typically require LPWAN localization < 100m

· Require data length <= 16 bytes

· Have a latency requirement <1min
· Discussion about correctness of assumptions for meter reading

· Example of netricity

· 16 bytes is not enough
Discussion about IG Report: [Jörg Robert]
· 15-17-0528-00-lpwa-draft-ig-lpwa-report
· Question about purpose of reading the FCC regulation
Recess at 3:15pm

Minutes 802.15 IG-LPWA (Minutes by Hendricus de Ruijter)
Date: 9/14/2017, session: PM1
Meeting called to order at 1:35.   Attendance: 8
Agenda for PM1 session:

· Open

· Contributions / IG Report
· Timeline / Next Steps

· AoB
· Adjourn
1:36pm Chair presents document IEEE_802.15.17_0542-00: [Jörg Robert]
· 30dB gain shown by applying FHSS

· Interleaving over multiple channels is missing in 802.15.4

· Can be solved by changing the position of the FEC encoder

· Discussion:

· Matt Gillmore: which FEC are you proposing to change:

· Chair: Changing 15.4k

· Matt Gillmore: How would a device know this method is used

· Chair: Use signaling fields

· Ruben Salazar: Is this being proposed as a new PHY or an amendment on a PHY

· Chair: Needs to be seen.

· Ruben Salazar: You mentioned low bit rate and narrow modulation multiple channel for multiple packets or multiple channels transmitting a single message

· Chair: Transmit a packet using multiple channels, e.g. 16 bits on one channel, hop to next and transmit next 16 bits etc.. while keep the convolutional code running.

· Chair asks if there are any objections against this proposal



· Matt Gillmore: I Like what you trying to do. But need signaling to indicate FEC modification.

· Chair will summarize the discussion and send an email to the reflector

· 1:57pm Chair Adjourns
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