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ComNets Team Inventions

Since start of school for communication networks (ComNets) 1990, our
wireless and cellular radio networks research resulted in Twenty-one
inventions,

some of which are revolutionary in that they changed the wireless
world, e.q.

beamforming for cellular, GPRS protocol stack, packet voice in cellular,
vehicle-to-X in cellular, QoS support and mesh for IEEE 802.11, MAC
protocol and multi-hop relaying for LTE, dedicated short range radio
protocols for road transport, software defined protocol stack, mobile
Web service.

Most inventions are now part of international telco standards for

- cellular radio 2.5G (GPRS), 3G(UMTS), 4G (LTE), 4.5G (LTE-A), 5G,
- WLAN IEEE 802.11,
- WiMAX IEEE 802.16,

- Dedicated Short-Range Communications (DSRC), e.g. electronic fee
collection

- Vehicle-to-anything (V2X) communications.




Invention #1:

Local Cellular Radio Network (LCRN) on mm-waves (1985)

LCRN: a template for cellular 2.5 to 5G networks. It comprises:

« Mobile Broadband transmission (then, 3 MHz IF bandwidth)

« S-Aloha; FDMA/TDMA for both, control and data channels

« Channel-specific spreading code (spreading factor 54)

« Channel- and Packet-Switching; (short address of virtual connection carried
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Invention #1, Cont'd

Analysis of Beam Sweeping in LCRN (1995)

- Continuously rotating transmit antenna beam (beam sweeping) for packet
transmission (since stations are peers, there is no uplink/downlink relationship)

- Interference from other beam sweeping stations taken into account

- Parameters:
- Slot-angle as,
- time slot duration,
- rotation speed Mu,
- density W of beam sweeping stations  Figure 3: Relationship between slot angle, trans-

mit distance and beamwidth

- one-hop throughput and delay calculated
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J. Dost, B. Walke: Multi-Hop Packet Radio Networks with Cyclically Rotating, Directive Antennas, Proc. 9th ITC Specialist Seminar on
Teletraffic Modelling and Analysis ITC‘95, Leidschendamm, Sept. 1995, NL




Invention #2

Use of GSM for packet switched V2X communications (1991/1993)

First ever proposal to use cellular radio (GSM in this case) for packet-switched vehicle-to-
anything (V2X) communication. It was the starting point for GPRS specification:

B. Walke, W. Mende, G. Hatziliadis: CELLPAC: A packet radio protocol applied to the cellular GSM mobile radio network. Proc. 41th IEEE
Vehic.Techn. Conf.(VTC), May 19-22, 1991, 408-413. https://www.comnets.rwth-aachen.de/downloads/publications/1991WaMeHacellpac.pdf ,

Packet Radio Scenario:

Direct link between vehicles was not covered.

P But DCAP was proposed in same year for
M 2 Co—o diredt link (see invention #9).
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Source of figure: P. Decker, B. Walke: A general packet radio service proposed for GSM http://www.comnets.rwth-
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http://www.comnets.rwth-aachen.de/downloads/publications/DeWaETSIHelsinki93.pdf

Invention #3 [1, 2, 3]

Detailed Specification of GPRS (1991)

1. ETSI GPRS key concepts proposed as the first [1], also used in EDGE, UMTS
and LTE (GPRS Standard is dated 1996/7); roll-out was in 2000.

° GPRS Packet Data Channel omprlsm a combination of [dynamic] packet
control and packet data traffic channe s) realized on a GSM time slot.

LCommon control channel | interworking functions
MT QD\ [[Common traffic channel ]

,EI:I]:I:-] 1 ____]IWFl

MT |--- L.Common traffic channel |

Iy |
o Fast radio link establishment, specific to UL or DL, if data ready, with
reference to virtual call identifier of virtual connection established, earlier.

o “Uplink State Information (USI?” transmitted in DL control blocks to signal
access rights to MTs for the following UL slot to be either user data or RACH

slot. (USI in GPRS is called Uplink State Flag)
Shortened receiver address carried in DL data block
J Transmission of user data in four consecutive time slots (Radio Block)

[1] P. Decker, B. Walke: “A General Packet Radio Service Proposed for the GSM System”, In: GSM in a Future
Compet/t/ve environment, ETSI/SMG Workshop, Helsinki, Finland, 10/1993 http: //www comnets.rwth-
aachen. de/downloads/pu|5||cat|ons/DeWaETSIHeIsmk|93 pdf

[2] B.Walke: The roots of GPRS: the first system for mobile packet-based global Internet access http://www.comnets.rwth-
aachen.de/downloads/publications/Roots of GPRS final.pdf IEEE Wireless Communications Mai 2013, 12-23

[3] B. Walke G. Brasche' Concepts, Services, and Protocols of the new GSM Phase 2+ Gerneral Packet Radio Service, IEEE
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Invention #3 cont'd

Logical channels and GPRS protocol stack (1993)

Basic functions of GPRS
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P Decker, B. Walke: A general packet radio service proposed for GSM, ETSI SMG Workshop "GSMin a Future Competmve Environment", Helsinki,
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Invention #4

Packet voice proposed for GSM (1993)

Trunked Radio Applications (First Simulation Results)

Assumptions:

e no silence descriptors
e no interference/fading
¢ infinite queue
e mean access delay
< 500 ms
e voice activity: 100%
e station activity: A [mErl]
e call interarrival time:
neg. exp. distributed

Packet Voice GSM

Assumptions:

Number of | Number of Mobile Sta-
Channels tions (HR coding)
(HR-TCH) A=50 mErl | A=10 mErl
2 10 50
4 35 190
8 105 520
16 240 1300

e call duration:
Erlang distributed
mean value = 10s,

variance = 10s2

voice activity: 40%
silence descriptors
(transmitted relative to
the end of a talkspurt)
SACCH

on separate channel
Rayleigh Fading Channel
with BER = [0..2%)]

16 Half Rate TCH

Total loss (%]

0. - i i i
16 A.Lgtive g\?bscri%érs pe%qcarri

Packet Loss

Since LTE-A, voice and data are
transmitted packet switched.

P. Decker, B. Walke: A general packet radio service proposed for GSM
http://www.comnets.rwth-aachen.de/downloads/publications/DeWaETSIHelsinki93.pdf ETSI SMG Workshop "GSM in a Future

Competitive Environment", Helsinki, Finland, October 13, 1993, 1-20
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Inventions towards Wireless LAN 1IEEE 802.11e¢, k, s.

Short overview on WLAN standards

IEEE 802.11-1997 (legacy mode), clarified in 1999, is now obsolete. It specified 1 or 2 Mbit/s bit rate based on
frequency hopping to operate in the 2.4 GHz band.

802.11a-1999, uses the same data link layer protocol and frame format as the original standard, but an OFDM
based physical layer. Operation is in the 5 GHz band with a gross data rate of up to 54 Mbit/s. It was the first
ever standard for a wireless broadband system based on OFDM.

IEEE 802.11b-1999 introduced cck modulation operation at 2.4 GHz, with a gross data rate of up to 11 Mbps.

IEEE 802.11g-2003 introduced OFDM in the 2.4 GHz band using the legacy mode protocols based wireless
broadband Internet access came in use.

IEEE 802.11e-2005 defines quality of service (QoS) enhancements for WLAN applications through modifications
to the medium access control (MAC) layer. The standard is of critical importance for delay-sensitive applications,
such as voice over WLAN and streaming multimedia.

IEEE 802.11k-2008 covers radio resource management: It defines and exposes radio and network information to
facilitate the management and maintenance of a mobile WLAN.

IEEE 802.11n-2009 introduced MIMO-OFDM transmission and packet aggregation on 2.4/5 GHz for up to 600
Mbit/s in a 40 MHz wide band. Later amendments see https://en.wikipedia.org/wiki/IEEE_802.11#802.11-2007

IEEE 802.11s-2012 extends legacy MAC by defining an architecture and protocol that supports both broadcast /
multicast and unicast delivery using "radio-aware metrics over self-configuring multi-hop topologies."



https://en.wikipedia.org/wiki/Media_access_control

Invention #5

Wireless LAN IEEE 802.11e

ComNets proposed introducing QoS to standard IEEE 802.11 and presented
results of their investigations to Project IEEE 802.11. Priority specific arbitrary
interframe space AIFS was accepted.

S. Mangold, S. Choi, G.R. Hiertz, O. Klein, B. Walke: Analysis of IEEE 802.11e for QoS Support in Wireless LANs. Dez.
2003, IEEE Wireless Communications, 40-50

B. Walke, S. Mangold, L. Berlemann: IEEE 802 wireless systems: Protocols, Multi-hop Mesh/relaying, Performance and
Spectrum Coexistence. J. Wiley & Sons, 2007

Standard IEEE 802.11e-2005 is based on Comets work.

It defines quality of service (QoS) enhancements for WLAN
applications through modifications to the media access control (MAC)
layer.

The standard is of critical importance for delay-sensitive applications,
such as voice over WLAN and streaming multimedia.



https://en.wikipedia.org/wiki/Media_access_control

Invention #7

Wireless LAN IEEE 802.11k

Various types of measurements of radio parameters in the IEEE 802.11k
draft standard are defined by ComNets in 2004 that enable 802.11 stations to
request measurements from other stations, e.g., in order to measure how
occupied a frequency channel is. The measurement results are reported back
to the requesting station in standardized frames.

S. Mangold, Z. Zhong, G.R. Hiertz, B. Walke: IEEE 802.11e/802.11k wireless LAN: spectrum awareness
for distributed resource sharing, Wireless Networks and Mobile Computing, Wiley, Nov. 2004

B. Walke, S. Mangold, L. Berlemann: IEEE 802 wireless systems: Protocols, Multi-hop Mesh/relaying, Performance and
Spectrum Coexistence. J. Wiley & Sons, 2007

An algorithm is introduced permitting radio stations to estimate its achievable
saturation throughput in presence of other stations and other WLAN networks.

The algorithm is spectrum aware in that it only relies on medium sensing
information.

IEEE 802.11k-2008 covers radio resource management: It defines and exposes radio

and network information to facilitate the management and maintenance of a mobile
WLAN.




Invention #8

Wireless LAN IEEE 802.11s

IEEE 802.11s (Mesh) WLAN MAC refinements MP G operales a5 RoolMP asi

provides connection to the Internet. ‘

ComNets since invention of LCRN (slide 3) in 1985

continuously researched on how to provide QoS in
wireless LANSs, e.g.

R. Zhao, B. Walke, G.R. Hiertz: An efficient IEEE 802.11s mesh network
supporting QoS, IEEE Journal on Selected Areas in Communications,
Vol. 24, Issue 11, 2005-2017, Nov. 2006

STA D associates
with AP K that is
collocated with MP
K. STA D sends a
frame to MP J.

G. Hiertz/ComNets chaired Task Group 11s. .
IEEE 802.11s-2012 extends the legacy MAC by rencearesper
defining an architecture and protocol that supports

both broadcast/multicast and unicast delivery

daress | o amss e
MPD | MPF |MPC |MPK | MPJ |STAD

US|ng "rad|0'awa re metrlcs Over Self'Conflgurlng Here, HWMP has been configured to operate in tree-mode. Thus, frames
. . are sent via the root MP. To relay frames via the root MP, six address fields
mu|t|-h0p to polog|es n are needed. The example address fields show the settings on the link

between MPs F and D.
G. Hiertz, et. al.: IEEE 802.11s: WLAN Mesh Standardization and High Performance Extensions. IEEE
Network Vol. 22, No. 3, 12-19, 05/2008

GR Hiertz, et.al. IEEE 802.11 s: The WLAN Mesh Standard, IEEE Wireless Communications 17 (1)

B. Walke, S. Mangold, L. Berlemann: IEEE 802 wireless systems: Protocols, Multi-hop Mesh/relaying, Performance and
Spectrum Coexistence. J. Wiley, 2007




Invention #9

Decentral Channel Access Protocol (DCAP) for V2V comms. (1991)

DCAP [2.1] is a template for LTE-A V2X (2017/18).

DCAP applies

- TDMA to an FDMA radio channel (sidelink shared channel in V2X).

- carrier sensing.

- agreement between neighbor nodes for time-slot (channel) allocation.

- broadcast transmission on reserved channels (semi-persistent in LTE V2X)
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Figure 9: Collision probability (F3) for uni- and bidirectional mobility
models
[2.1] B. Walke et.al.. DCAP: A Decentral Channel Access Control Protocol: Performance Analysis. Proc. IEEE Vehicular Technology

Conf. St. Louis, Missouri, USA, May 1991, 463-467




End of Part |

Part Il will be presented at
FFV Workshop March 8, 2019

Aachen, Germany




Thank you for your interest in
ComNets research.

www.comnets.rwth-aachen.de




