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 Minutes for IEEE TG 802.15 IG LPWA Berlin Plenary Meeting

10-13 July, 2017
Chair – Jörg Robert
Objectives (all meetings in room Lyon):

· Monday PM1: Agenda / Status Review / Liaison with ETSI LN 

· Tuesday PM1: ETSI LTN / Review of discussion about IG LPWA at IETF 98 / Contributions
· Wednesday PM1 : Contributions: Evaluations for Modulations, FEC
· Thursday PM1: Contributions: Evaluations / IG Report / AoB / Next Steps
Monday PM1 (July 10) – Agenda / Status Review / BATS /Liaison with ETSI LTN
· Open

· Agenda
· Open

· IEEE-SA Stds. Board Bylaws on Patents in Std's. & Guidelines
· Approval of the Agenda (DCN 15-17-0380-00-lpwa)
· Approval of Daejeon Minutes (DCN 15-17-0229-00-lpwa)
· Update on Literature List
· Outcome of Last IG LPWA Telco
· BATS (DCN 15-17-0383-00-lpwa)
· ETSI LTN
· IETF 98 summary
· Recess
· IEEE-SA Stds. Board Bylaws on Patents in Std's. & Guidelines

· No relevant IPR noted

· Approval of the Agenda (DCN 15-17-0380-00-lpwa)
· Approved without objection

· Summary from January interim meeting

· Minutes are available (DCN 15-17-0229-00-lpwa)

· Approved without objection

· Update on Literature List (DCN 15-16-0749-01-lpwa)

· 7 contributions planned during plenary meeting

· Contributions to literature list welcome (DCN 15-16-0749-01-lpwa)

· Outcome of IG LPWA telephone conferences from Feb 22

· Minutes are available (DCN 15-17-0347-00-lpwa)

· No discussion / objections
· BATS

· 2g bat transmitter affixed to 15 bats: must be limited to 10% of animal’s weight

· Wake-up receivers

· Inner base stations for localization, LPWAN for telemetry

· Forney Interleaver Reed-Solomon, Convolutional: Final bitrate = 4 bits/second

· Error rate of 10% with no coding at 0db noise, with coding 10% at -4 dB

· Max pathloss of L=150dB

· Graph for predicted media loss for different antenna configurations

· 2 TB disk collects data and last for a week

· 2016 Field Trial: communication works

· Shows received signals must stronger than bat signals – strong interference

· Later this year will repeat experiment in Panama, but 950 MHz instead

· ETSI LTN (“low throughput networks”)
· See presentation in (DCN 15-17-0373-00-lpwa)

· Access to ETSI LTN documents is only granted to ETSI members

· SIGFOX, Sony, Fraunhofer, Telensa
· No “beauty contest” between thr profiles

· Discussion about whether ETSI publications can attain the force of law
· IG LPWA Liaison to ETSI LTN

· MoU between IEEE and ETSI exists, can extend it to IG LPWA

· Review of the ETSI document, which is quite extensive
Recess at 3:25pm
Minutes for LP-WA Tuesday (July 11 PM1)
Meeting called to order at 1:35.  Attendance: 26
Agenda for PM1 session:

· Open

· Contributions / IG Report

· Recess
Discussion about ETSI LTN
· TS 103 357 has the 4 different proposals
· Spectrum regulation in TR 103 526, which is NOT a document from LTN
· Document will be published by ERM TG28
· TS 103 435 v1.1.1 has answers for questions from Monday in document in 15-17-0204-00-lpwa
Pat Kinney: IEEE Std 802.15.4 - low power wide area network (15-17-0248-00-lpwa)

· LECIM == 802.15.4k was intended to be LPWAN, considering to change the name
· Fragmentation done at PHY layer; description about details

· If done at the MAC layer or above, would be 20 bytes or more overhead

· Fragment acknowledgement, policy variations

· Priority channel access
· TRLE – repeater by using PAN

· Use cases: pipelines, soil monitoring, water leak, inventory control, bridge stress monitor
Joerg Robert: Suitabiity analysis of IEEE Std 802.15.4 (15-17-0346-00-lpwa)

· Existing IEEE 802.15.4 technologies fulfill many LPWAN requirements

· PHY treats each fragment as a separate PSDU

· Compression techniques are used to minimize overhead

· Reassembly is achieved on a “high PHY” sublayer (not MAC layer)

· Low rate O.K. for rare messages

· Fragmentation makes it worse than competitors (15-16-0486-00)

· But much better than 6lowpan fragmentation, which requires MAC header per fragment

· Adding FEC at a lower PHY fragmentation is beneficial (Long long discussion about results.)
Joerg Robert: Packet Splitting for Improved Robustness (15-17-0344-00-lpwa)

· Interference in License-Exempt Bands

Recess at 3:05pm

Minutes for LP-WA Wednesday (July 12 PM1)

Meeting called to order at 1:35

Attendance: 25

Agenda for PM1 session:

· Open

· Contributions / IG Report

· Recess

Continued Discussion about Packet Splitting for Improved Robustness from University of Erlangen-Nuernberg (DCN 15-17-0355-00)

· More complex receiver

· On-air data rate 100bit/s

Discussion about IETF LPWAN WG [Pascal Thubert from Cisco Systems] (DCN 15-17-0417-01)

· Overview document describing four technologies is about to be finished (includes previous LoRa version due to timeline)

· What is still needed? Where are gaps in the existing technologies?

· (flooding the network with a lot of messages. Bit Map split up in Groups and Bitmap)

· SCHC: Whole header is compressed by using a book of all possible messages of a device. The dictionary will have to be provided by the manufacture. 

· Small devices will not work on the uncompressed packets and do not need to know the dictionary. A short message may only need e.g. 3 bytes in compressed form. 

· Not yet designed how the IP address is assigned to a device.

· Without return path, is there a need for more redundancy to compensate for losses of fragments?

· Jörg will upload Rev. 2 with typo corrections.

Suitability Evaluation of Modulation Schemes (DCN 15-17-0374-00-lpwa)
· Meaning of entries in the tables

· Qualitative Evaluation:

· Red: “Don’t do it”

· Yellow: “Possible but maybe not optimal”

· Green: “Good” 

· Active Interfering Users are from the same systems, interference model covers interference from other systems.

· OFDM (Orthogonal Frequency Division Multiplexing) splits the data into multiple parallel sub-carriers

· Discussion if evaluation is too simple because the performance depends on chosen parameters/implementation. E.g. higher data rate with lesser on-time for better power performance.

· CDMA (Code Division Multiple Access) spreads the data using orthogonal sequences

· Bad interference situation with a lot of users because power control is needed. Same situation with large cell areas.

· DSSS (Direct Sequence Spread Spectrum) spreads the data using defined sequences (similar to CDMA without orthogonal codes)

· Comparable to CDMA

· FCSS (Frequency Chirp Spread Spectrum) spreads the data using frequency chirps (typically frequency ramp)

· Comparable to DSSS but not very wideband, localization worse.

· FHSS (Frequency Hopping Spread Spectrum) spreads narrow-band signals onto different frequencies using frequency hopping
· Table represents the transmitter. Receiver is more power consuming (FEC) and cannot run on CR2025 battery.

· Use of narrow-band modulation (e.g. FSK, MSK, ...) with non-coherent decoding
· Without frequency hopping very sensitive to interference (small bandwidth, long transmission time). Cell radius restricted.

· Localization difficult small band.

· For low power transmission time very long, conflict with FCC.

· High velocity, channel changes too quickly for demodulation

· Use of narrow-band modulation (e.g. FSK, MSK, ...) with coherent decoding
· Comparable to the non-coherent ones. But channel estimation is required.
Suitability Evaluation of FEC Schemes (DCN 15-17-0375-00-lpwa)
· Qualitative Evaluation:

· Red: “Don’t do it”

· Yellow: “Possible but maybe not optimal”

· Green: “Good” 

· No FEC:  Simple transmission of the data without forward error-correcting codes
· Discussion: loss of coding gain no problem if the link margin is high enough

· Majority of SC transmissions in IEEE 802.15.4 do not use FEC in order to decrease collision risk.

· Reed Solomon / BCH

· Efficient for high rate codes but not low rates.

· Convolutional Code: Encode the data using convolutional encoder, decoding typically based on Viterbi algorithm
· Turbo Codes are based on concatenated convolutional codes with iterative decoding
· For short data lengths the iterative part of the codes does not improve the quality very much.

· Low Density Parity Check (LDPC) Code are based on block codes with spare code matrices
· Polar Codes: New code class for short codes that is currently discussed for 5G for protecting signaling information
Recess at 3:25pm

Minutes for LP-WA Thursday (July 13 PM1)
Agenda for Thursday PM1 session:
· Open

· Contributions / IG Report
· Review of Time Line
· AoB
· Adjourn
Open Session at 1:37pm
Discussion about performance of coding schemes; TMO paper from 1998  <Jörg Robert>
· Imperfectness (Fig. 13) measured in dB-SNR
· Pointer will be provided in literature contribution for our reference, but not on mentor
· Question about IPR for the various coding schemes
Suitability Evaluation of Connectivity  (DCN 15-17-0376-01-lpwa) Jörg Robert
· Gateway / Transparent [Transmission of the data without IP]
· IP w/o Header Compression
· IP w/ Header Compression [Static Context Header Compression (SCHC)]
· Note: higher level protocols work unchanged because header is restored
· Discussion whether SCHC suitable for multi-hop
· Discussion about IP header compression
Suitability Evaluation of Network Topologies  (DCN 15-17-0379-00-lpwa) Jörg Robert
· Star (single hop)
· Extended Star (single hop)
· Device to Device
· Base-Station Assisted Network (single hop) <Jussi Haapola>

· Mesh
Suitability Evaluation of MAC Schemes (DCN 15-17-0378-00-lpwa) Jörg Robert

· ALOHA

· Slotted ALOHA

· CSMA

· CSMA/CA
· Actually there are several different kinds of CSMA, CSMA/CA
· Fully Synchronized Network

Suitability Evaluation of Encryption Schemes (DCN 15-17-0377-00-lpwa) Jörg Robert

· Symmetric Key: Transmitter and receiver know the same key which has to be kept secret
· Public Key: Decryption with private key that is only known to receiver
· AES-128/256: Symmetric key
· RSA: Public Key System based on prime numbers as trap-door function
· Elliptic Curves: Public Key System based on algebraic structure of elliptic curves
· Over the Air Key Update
Next Steps

· Copy discussed items to report document

· Agree on 802.15.4k suitability

· Indicate use-cases (defined in 16/770r5) that are currently not supported and are highly suitable for LPWAN

· Finalize IG report

· Agree on recommendations to IEEE
Timeline review
· 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
· Final discussion on IG report
August 2017 Telephone Conference 
· Proposed date: 3rd August (Thursday), 17:00 CEST, 8:00AM PDT
· Discussion on IG report draft
Adjourned at 3:22pm
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