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Radio Resources Sharing Opportunities Advertisement Discovery

David Grandblaise
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Overview

Dynamic cooperative radio resources sharing meshanbetween BSs have been proposed [1] and included
within the section 15.7.2.2.6 of the IEEE 802.16drking document [2]. The sharing is enabled by editr
tokens based negotiation protocol. This mechanisquires signaling messages between BSs during the
different phases of the negotiation cycle betwéennmaster and slave BSs. All the signaling messageeen

the master/slave BSs can already be exchanged®vitiased wired communications via the server andllo
databases proposed in [2]. Over the air signalangte first phase of the negotiation cycle woudddbso of
great support to facilitate urgent (critical tint@dio resources sharing opportunities discoverwéen I[EEE
802.16h systems themselves, but also betw®énelessMAN-CXHEEE—802-16h—systems and non
WirelessMAN-CX {EEE—802-16hsystems. This contribution proposes over the ajnaling discovery
procedures so that the slave BSs are aware of nwgk® offers and the slave cells can inform thaster cells

that they are looking for temporally some additioredio resources. The inter BS signalling messages
conveyed by the SSs that act as RF bridges bettheedifferent BSs. The text of this new contribatis
intended for being added in a new section (15.6252 of the IEEE 802.16h draft document [&]so new
associated MAC messages are proposed to be incladedtion 6.3.2.3.
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Text proposal for section 15.7.2.2.6.5
Add the text below to a new section (15.7.2.2.6.5).

Over the air signaling for the first phase (adwemnent) of the negotiation cycle would be alsorefgsupport
to facilitate urgent (critical time) radio resouscgharing opportunities discovery between |IEEE 1&a&EMAN-
CX systems themselves, but also between IEEE VgsBIAN-CX systems and non IEEE WirelessSMAN-CX
systems. This section describes signaling discopmgedures so that:
 Master BSs can advertise periodically to the neighing slave BSs about their offers of radio
resources for renting. This enables the slave B®g taware of master BSs’ offers.

» Slave BSs can inform periodically the surroundimfjscabout their search of radio resources sharing
opportunities for renting. This enables slave B&snform the master BSs that they are looking for
temporally some additional radio resources.

Specific master BS and slave BS downlink time waés (TBD) are used to support the over the air
advertisement discovery messages in support otrbit tokens based negotiation. These messagegeno
defined, are temporary called respectively MATI @#a Advertisement Time Interval) and SATI (Slave
Advertisement Time Interval).

Usage of the advertisement discovery MAC frame structure
The usage of MATI and SATI is described in thisgameph.

« The MATIs are dedicated to master BS transmissioaewnlink.

» Each MATI is used by a master BS in downlink foodmicasting. At a given time, each MATI can only
be used by a single BS among the co-existence b@ighood. However, a same MATI can be used by
different BSs at different times.

* [Each master BS can use any MATI provided it isalctady used by any other MATI BS of the co-
existence neighbourhood.

» MADD (Master Advertisement Discovery Descriptor) seage is sefAthe-infermation-heludedh-each
in MATI +s (Section 6.3.2.2.6Bable-h).-

oThe IP addressf the poxy of the masteBS (IPid M),
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 The MATIs are ranked in eadkdvertisement discovery sequence in such a way that the first MATI is
assigned to the master BS whose renting periodoadur first (i.e. min of the TStart_M), the second
MATI is assigned to the master BS whose rentingpgewill occur in second, and so on. Re-ranking is
updated dynamically each time a new master BSigrg. This mechanism avoids the SSs of the slave
cells (see paragrapidvertisement discovery from master cell by slave cell” below) to scan all MATIs
when the slave cells have to find very shortly s@avalable resources to rent. In this manner, trexe
directly knowledge of the next available resourttey canpropose credit tokerisd for.

» Each master cell releases the MATI it is using whemdetioning-periodegotiationstarting time has
elapsed. This enables new arriving master cellgs® this MATI (eventually after the re-ranking) to
advertisgutareincomingchannels reuse opportunities.

« The SATIs are dedicated to slave BS transmissioa®wnlink.

» [Each SATI is used by a slave BS in downlink fordatcasting. Each SATI can only be used by a single
BS among the co-existence neighbourhood. Howevsange SATI can be used by different slave BSs
at different times.

* Each slave BS can use any SATI provided it is rietady used by any other slave BS of the co-
existence neighbourhood.

= SADD (Slave Advertisement Discovery Descriptor)ssege is senthe-information-included-ineagh
SATI is-(Section 6.3.2.2.6Eable-h).:

oThe P aldressof the proxy-of the slaBs (1Bd—S);
e
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 A"master” SSis a SS belonging to a master celislAve” SS is a SS belonging to a slave cell.
* The MATI and SATI time positions are known by thedster” and “slave” SSs.

e There are no direct RF communications between thsten and slave BSs. The master-slave BS

communications are performed via master and slaéye Bhich act as RF bridges to convey the
information as follows:

o0 A “slave” SS performs the RF bridge between ityesIBS and the master BS (provided the
coverage of the master cell overlaps with the stalkarea, and this slave SS is located in the
overlapping area).

o0 A “master” SS performs the RF bridge between itsteraBS and the slave BS (provided the
coverage of the slave cell overlaps with the mastéirarea, and this master SS is located in the
overlapping area).

» Slave SSs in the overlapped (master/slave) cedl bsten to the MATIs. Master SSs in the overlapped
(master/slave) cell area listen to the SATIs.
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Mechanisms enabling the discovery and the exploitation of the master cells originated advertisement discovery
messages by the slave cells

This paragraph describes the mechanisms enablegligtovery and the exploitation of the masterscell
originated advertisement discovery messages bgléive cells. The terminology used in the followisg

|:| Master cell (offeror) A} « Master » SS (SS belonging to the master cell)
: Slave cell (renter)

« Slave » SS (SS belonging to the slave cell)
|:| Master cell (offeror) 3

I:I Slave cell (renter) ? « Master » SS (SS belonging to the master cell)

% « Slave » SS (SS belonging to the slave cell)

These mechanisms are described by the differgos asallustratedin the followingas-fellews

1- Policy instructions to the slave SSs by theesB8

Figure 12: Policy instructions to the slaalve SSs by the slave BSs

* During this step, the slave BS initially instrudisy broadcasting) its SSs (in red) about the
behaviours they have to adopt when some of thesg&3he messages from the different MATIS.

* The behaviour is instructed by the ADPD (AdvertisatnDiscovery Policy Descriptor) message
(section 6.3.2.2.66) specifies when some SSs @dcatthe overlapped area between this slave cell
and surrounding master cells and getting MADD mgsdaom master BS) associated to this slave
BS have to report the MADD information conveyedATI towards this slave BS.
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H-{a)ard{(b)are-checkedThe slave SSs that can hear the MAdsl meeting the requirements
sent in ADPDare the only SSs that are allowed to make the Rigérbetween the master and
slave cells. This means, the policy rules the trassions from any slave SS towards the slave
BS when these SSs are mandated to get feedback thRoOMATIs proposals. This mechanism
avoids having incessant transmissions from thees&®s towards the slave BS when the MATIs
are not aligned with the slave BSs strategy. Ténes bandwidth. Any policy can be established.
Moreover, the policy can be adapted dynamicallyme by the slave BS.

Tl e POl e s cmoe ool
S RSS! beles
e e IR
FstarS 16-bits Starting—time—from—which-the-slave-BS
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2- Detection and identification of the MATIs contday the slave SSs

Figure 23: Detection and identification of the MATIs content by the slave SSs

* During this step, the slave SSs in the overlappirea between the master cell and their slave cell
listen to the different MATIs sequentially. For bamaster cell, these slave SSs can get the
fellewing-informationsent in the MADD message (Section 6.3.2.2:88)d—M;-BSid—M-TsiaM;

T M-RPAMand1C.

e Provided theMADD messageinformation{Fsi—M—Fene—M—RPAM) received and théDAP

message received about the policy (section 6.8@)2peliey—(about—TEwurS—Fepa—S—and
7
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RPAmax-S) established by the slave BS, the slave SS istalnlecide whether it has to transmit this
information to the slave BS or not.

3- Relaying of the MATIs content to the slave ¢Bllthe slave SSs

Figure 34: Relaying of the MATIs content to the slave cell by the slave SSs

* In case the policy requirements are met, the in&ion collected by the slave SS is conveyed to the
slave BS. The information the slave SS setwdgs BSis the content of the MADD message.

* In order to ensure this information is appropriateceived by the slave BS, the information is sent
by several slave SSs (e.g. 2 slave SSs circuleténfiormation to the slave BS Figure Figure4d).
This ensures both reliability and security check.

Note In case the policies requiremers@nt in ADAPare not met, the slave SSs do not transmit the
information. However, it would be possible for tlave SS to convey the information about the ISt L
(message included in MADDp its slave BS since it will provide it some fugthinformation about
other radio resources renting opportunities onrothannel (frequency domain). This decision to send
the LC informatiorcareeuld be ruled by the policy.

4- Master BS — Slave BS communication through thekbaul

— (=

Backhaul

8



2006-05-11 IEEE C802.16h-06/038r4

Figure 45: Master-Slave BS communication through the backhaul

After step 3, the slave BS knows thH® Proxy address M (Section 6.3.2.2.84)d—M-and-BSid—M
associated wf the master cell. Accordingly, the communicatioesAeen master and slave cells (BSs)
is performed through the backhaul to make the nagon (Figure 4~igure5) with the co-existence
protocol (CP). The remaining phases of the cremkemns basecucticring/bidding—eyelaegotiation
cycleis performed via this backhaul with IP based comications using server(s) and database(s).

Mechanisms enabling the discovery and the exploitation of the slave cells originated requests discovery
messages by the master cells

This paragraph describes the mechanisms enabliegdigcovery and the exploitation of the slave cells
originated request discovery messages by the meaiter The terminology used in the following i ttame as
in the previous paragraph.

These mechanisms are described by the differeps dtestrated as follows:

1- Detection and identification of the SATIs coritbg the master SSs

Figure 56: Detection and identification of the SATIs content by the master SSs

HDuring this steg{Figure 5) the master SSs in the overlapping area betweeméster cell and their slave cell
listen to the different SATIs sequentially. For leaslave cell, these master SSs can get ftilewing

informationcontained in the SADD messagéRid—S, BSid-—S;-diaS—TFeneS
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2- Relaying of the SATIs content to the master belthe master SSs

Figure 6: Relaying of the SATIs content to the master cell by the master SSs
The SADD message information is reported by theten&sS to its master cell (Figure 6).

In order to ensure this information is appropriatelceived by the master BS, the information ig sen
by several masters (e.g. 2 master SSs conveyntugmation to the master BS in Figure 6). This

ensures both reliability and security check.

32- Master BS — Slave BS communication through thekbaul

\ 5
1

L . & e
: Server Database;

Backhaul

Figure 7#: Master BS — Slave BS communication through the backhaul

After step23, the master BS knows thié_Proxy address_S (Section 6.3.2.2 6%)—-S-and-BSid—6f
the slave cell. Accordingly, the communicationswestn master and slave cells (BSs) is performed
through the backhaul to make the negotiatibigre Figure#) with the co-existence protocol (CP).

The remaining phases of the credit tokens basedioning/biddingegotiationcycle is performed via
this backhaul with IP based communications usiegraer and database.

10
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Text proposal for Section 6.

[Insert the following rows into Table-14. MAC Management messages of section 6.3.2.3]

Type Message Name Message Descriptjon Connection

69 MADD Master AdvertisemerntBroadcast
Discovery Descriptor

70 SADD Slave AdvertisementBroadcast
Discovery Descriptor

71 ADPD Advertisement Broadcast
Discovery Policy
Descriptor

[Insert the following text in section 6.3.2.3.64]
6.3.2.2.64 Master Advertisement Discovery DescriftdADD) message
The Master Advertisement Discovery Descriptor (MADMDessage specifies the advertisement discovery
information sent by the master BS towards the $8atéd in the overlapped area of this master ¢l the
surrounding slave cells. This information is seytibe master BS in MATI in downlink (section 15.23.5)
on a given channel (frequency domain). This infdramais sent every Jar in the advertisement discovery
period Ts, and the advertisement discovery sequence occemg Vap. MADD provides the necessary
information to the SSs of the surrounding slavdsct inform the slave BSs about possibilities aflio
resources sharing with this master cell.
A MADD message shall include the following paramgte

BSID_M: ID of the master BS.

BS IP_Proxy address M: The Coexistence Proxy IP address of the master BS

T_START_M: The Starting time of the period opened for remtiy the master cell on that channel.

T _End_M: The Ending time of the period opened for rentigghis master cell on that channel.

MRCTN: Minimum number of credit tokens required by thaster BS to its share radio resources.

11
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L C: List of other channels (frequency domain) of raastll opened for renting.

Table hl: MADD message format
Syntax Size Notes
MADD_Message Format () {
Management Message Type = 69

BSID M 48 bits

IP_Proxy _address M variable TLV specific

T START_M 16 bits Starting time of the period opened |[for
renting by the master cell (in
microseconds)

T _End_M 16 bits Ending time of the period opened for

renting by the master cell (in
microseconds)

MRCTN TBD Minimum number of credit tokens
required by the master BS

LC TBD List of other channels (frequency domain)
of master cell opened for renting

[Insert the following text in section 6.3.2.3.65]

6.3.2.2.65 Slave Advertisement Discovery DescrifDD) message

The Slave Advertisement Discovery Descriptor (SADDessage specifies the advertisement discovery
information sent by the slave BS towards the S$atéal in the overlapped area of this slave celh \thie
surrounding master cells. This information is d@nthe slave BS in SATI in downlink (section 15.2.8.5) on

a given channel (frequency domain). This informai®sent every dat in the advertisement discovery period
Ts, and the advertisement discovery sequence ocaunysTygp. SADD provides the necessary information to

the SSs of the surrounding master cells to infdrenrhaster BSs about possibilities of radio resaustering
with this master cell.

A SADD message shall include the following paramsete
BSID_S: ID of the slave BS.

BS IP_Proxy address S: The Coexistence Proxy IP address of the slave BS.

12
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T _START_S: Starting time from which the slave BS would b&erested to rent a period opened for
renting (in microseconds).

T_End_S: Ending time of the period the slave BS woulditerested to rent (in microseconds).

Table h2: SADD message format

Syntax Size Notes
SADD_Message_Format () {
Management Message Type = 7(

BSID_S 48 bits
IP_Proxy_address S variable TLV specific
T_START_S 16 bits
T End_S 16 bits

[Insert the following text in section 6.3.2.3.66]
6.3.2.2.66 Advertisement Discovery Policy DescrigaDPD) message

The Advertisement Discovery Policy Descriptor (ADRDessage is sent by the slave BS in SATI in davinli
(section 15.7.2.2.6.5) on a given channel (frequatmmain). ADPD specifies when some SSs (locateithen
overlapped area between this slave cell and sudingmmaster cells and getting MADD message fromtenas
BS) associated to this slave BS have to repotABD conveyed in MATI towards this BS.

ADPD message shall include the following parameters
T _START_S: Starting time from which the slave BS would b&erested to rent a period opened for

renting (in microseconds). Below this value, thes $Ssociated to that slave BS are not allowed to
report MADD content to their BS.

T _End_S: Ending time of the period the slave BS would heerested to rent (in microseconds).
Beyond this value, the SSs associated to that 88vare not allowed to report MADD content to their
BS.

13
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RCTN_MAX: Maximum admissible number of credit tokens pa&ioaesource unit the slave BS will
provide to get the radio resources rented by theten®Ss. Beyond this value, the SSs associatéto

slave BS are not allowed to report MADD contenthi®ir BS.

Table h3: ADPD message format

Syntax Size Notes

ADPD_Message Format () {
Management Message Type = 71

T_START_S 16 bits

T End_S 16 bits

RCTN_MAX 16 bits
}
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