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Text remedies for the credit token based co-existen  ce protocol
section

David Grandblaise
Motorola

Overview

Follow up the session #44 meeting observations,dbntribution provides some editorial text remsdia
the credit token co-existence rental protocol secéind related sections. The text remedies areopeapfor
sections 15.4.2.5 and 15.5.2 of the working docurfign

Specific editorial changes
This section provides a list of changes to thetdta€ument.

Blue textrepresents specific editorial additions.

Red-strikethrouglext is to be deleted.

Black text is text already in the draft.
Bold italic text is editorial instructions to the editor.

Editorial text remedies for sections 15.4.2.5
Replace the text of section 15.4.2.5 by the amend&tibelow

15.4.2.5 Credit token based coexistence protocol

Spectrum sharing between several systeB%¢YE9 can be achieved by the sharing a common MAC frameng different
systems(operated by different operatoray exampled hy Figure h 44 such a MAC frame structure, dedicated portions
(denoted as “master system sub-frames”) of the drame periodically and exclusively allocated toyatem (denoted as the
“master system”) respectively in the forward angerse link. The terminology used hereafter defmeatave system as a system
that may operate during the other master systeimdrames. With respect to this definition, the slaystem sub-frames are the
time intervals operating in parallel of the masigstems sub-frames.

Additional flexibility can be provided by such aafme structure if the length of each master sub<drénierference free sub-
frame) can be dynamically adjusted as a functiothefspatial and temporal traffic load variatiofissach system as stated in
section 15.1.4.

To achieve this, this section proposes the dynawmicdination of the frame structure sharing betwB&s when several master
systems compete to share this common shared MAkfra
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Figure h44—Example of TDD based MAC frame sharing structure betwe en M SYSs

15.4.2.5.1 General principle

In order to resolve contention in accessing thewshhand resources scheduling issues between systieenfirst step consists of
defining credit tokens and designing appropriatgotiation mechanisms. Then, on the basis of thgeusd the credit tokens
based mechanisms, the second step consists of mgrggamically(temporally) the bandwidth requests and grants amgisims
for the sharing of the master sub frames withincdti®@mon MAC frame.

Based on the credit tokens transactions (assignmelefise and awarding), these two steps proviglentichanisms to enable
spectrum efficiency and a fair spectrum usagergahtime fashion, while ensuring both the mastel slave systems QoS. These
two steps enable to manage spectrum sharing betwaster systems themselves. The result is the dgreraping of the MAC
frame structure sharing as a function of the traffiensity variations, and the dynamic credit tukeortfelio-accouriudgetof
the master systems. The transaction mechanismaiéed in the following sections.
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15.4.2.5.2 Credit tokens assignment and usage principles

— Each system is initially allocated with a given dtéokens budget.
— Negotiation for spectrum sharing between systerbased on credit tokens transactions.

— Credit tokens transactions occur dynamically betweeeredit tokens offeror (master system ownehefradio resources
during the active master sub-frame) and one orratgeedit tokens requesters (the other masteesyst

— The negotiation occurs dynamically between maststesys to agree the length of each master sub-framefasction
of the spatial and temporal traffic load variatioweed of each master system.

15.4.2.5.3 Negotiation between master systems
15.4.2.5.3.1 Definition and notation

— BSy denotes the BS belonging to the maStgs,.
— BS denotes the BS belonging to the sI&S,.

— Each B$ can dynamically propose a number of credit tokeBsCT", at the ' iteration. This proposal corresponds to
the number of credit tokens per time unit corresiimmto the B§during the i iteration of the negotiation phase.

— Resource scheduling is carried out by an auctigpiiad mechanism. The negotiation type used forsteduling is
dynamic in time. Starting from minimum number oédit tokens required (MRCTN) by the master BShareits share
radio resourceghenthe number of credit tokens is iteratively increh&s each iteration n) until the winning requester
remain.

15.4.2.5.3.2 Dynamic credit tokens based scheduling cycle

The dynamic scheduling cycle aims at coordinatingeen one Bgof mastelS¥Sy and several BSf different slaves¥S,. For
the sake of simplicity, the cycle is illustratedgire h 45 and Figure h 46) for one \B&d one BSof a given slavé&sYS,. The
cycle is composed of different phases, and eacheptan be composed of several sequences as follows.
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Figure h45—Dynamic (iterative) credit tokens based scheduling cy cle (sequences (1) to (5))
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A proposition to update the Figure h45 has been read contribution IEEE C802.16h-06/080r1. If the edribution IEEE
C802.16h-06/080r1 is accepted during session #4Bage replace the above Figure h45 by the one psmgbin IEEE
C802.16h-06/080r1.
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Figure h46—Dynamic (iterative) credit tokens based scheduling cy cle (sequences (5) to (10))

15.4.2.5.3.3 Negotiation mechanisms between master systems

For each of the phase of the credit tokens baskeddsting cycle presented in section 15.4.2.5.3i2 slkction 15.4.2.5.3.3,
describes the details of the enhanced mechanisms.
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Figure h47—Simplified MAC frame structure illustrating master system sub-frame renting principle and
associated notations

Advertisementing/Awar eness phase

This phase is composed of the single sequences (fb)laws:

— The masteSY¥YS, (offeror) advertises that its periodic assignedterasub-frame is open for renting (Figure h 4@)rir
starting time T to ending time &4 for a fraction (Renind Tmst) Of its master sub-frame duratiofst. Trening= Tend

Renting ~ TStart Renting

— The masteliSYSy proposes a minimum number of credit tokens requfdRCTN) for this renting. The MRCTN is
expressed as a number of credit tokens per tinte uni

I nterest expressing phase

This phase is composed of the single sequence @)lews: each Bginforms the master BSabout its willingness (or not) to
participate to the negotiation. If the BiS interested, it communicates itg td the master BS

A proposition to insert here a new paragraph “Coistence Conflicts Identification phase” has been d®in the contribution
IEEE C802.16h-06/080r1. If the contribution IEEE Q&2.16h-06/080r1 is accepted during session #45agdeinset this new
paragraph here.

First iteration (n = 1) of the dynamic credit tokens based negotiation phase

This phase is divided into 3 sequences as follows:

— In sequence (3), the master \B8ovides the following information to the slave B8%hat have expressed the interest to
participate to the negotiation:

0 Tstart Negotiation time from which the negotiation phase will start,
0 Tend Negotiation time at which the negotiation phase will endq(Regotiatio< Tstar)
o Note For this first iteration (n = 1), the initial {i§lis noted {id®}.
— In sequence (4), each B@rovides the following information to RSCTPY, = {BS_CTY,, xfrac, Tswrtk Tend it Where:

o CTPYis the credit tokens proposal vector of B the first (n = 1) iteration of the negotiatiaith the master
BSy. CTPY, is composed of BS_CH;, xfrac, Tswrkand Tenak

o BS_CTis the number of credit tokens per time unit psgzbby B$for the first iteration,

5
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0 xracis the fraction o gening for which BS_C1, applies for,
0 [Tswartw Tenad is the time interval for which BS_CH applies for. [Euartk Tenad = [Tstars Tend-
— In sequence (5), B$®erforms the following action:

0 Given the set of intervals {Eh Tena J} received from different requesters {ii}, BSy partitions {[Tstwr
Tend} into contiguous time segments {f.$ Each TS, corresponds to a time window (integer number ©f,§
in which a subset of intervals of {§& Tena J} OVerlap.

o The different requesters {it}} assigned to a given TSare identified by {i’, .}. {id @} compete for each
TS, Each involved requesters'id,, competes with his respective C¥p

o Then, for each T$the master B$calculates the payoff® = BS_CT% * xfrac* Trenting* Nrrame rfOr €ach
requesters k, and searches the subsét{{iglsciected) Of {id®s n} such as sum@@ = 1 and sum(®,) is maximal.
NErame miS the number of frames within [F8Neame m= TS/ Trrame-

o For each TS, BS, informs all {id%, .} about Fnin®,;;®- and Pnax",...; -, where Pnin®,,; - is the
minimal payoff from {id% .} setecea@nd Pnax®, .. ®-, is the maximal payoff from {i& .} seleceaduring the
first iteration. With this approach, each BS directly informed whether it has been seleaedot, and has
some information on how far it is frommin®,;,; - while still having some information o, -
This approach enables to keep the privacy of comgéiil®, .} on TS,

n'" iteration of the credit dynamic tokens based negotiation phase

This phase is composed of 2 sequences as follows:
— In sequence (6):

o If PYy < Pming, -, this means that R®as not been selected for being granted the resetie has requested
for during the first iteration n = 1. More geneyadipeaking, for n>1, if 5, < Pmin™ 1. this means that
BS, has not been selected for being granted the resotiehas requested for during the (hiteration.

o If P™ < Pmin™ 1 and if BS is still interest to be allocated with the additiomakources he initially
requested for, it can propose a new BS"for the 1" iteration. Then, BScomputes the new® = BS_CT";
* xfrac* Trenting® Nerame mwWherexfrac, Trenting@Nd Nyame mare fixed for all n on Tg

o If P> P"Y and B > Pmin™ ™. BS expresses its interest to keep on participatinthénnegotiation
with the new proposal®. In that case, it informs BSwith its new (update) value of BS_€[. In case P, =
P or BY < Pmin™("_ " BS leaves the negotiation phase and will not be gchmith the additional
resources he asked for.

— In sequence (7), BSupdates {id"™, .} into {id ™, .}. Based on the new received proposals {BS"{JTfor each TS,
the master BS calculates the new payoff™® = BS_CT" * xfrac* Trenting* Nrrame mfOr €ach requester k who still
participates to the negotiation. Then, for each, TBS, searches the subset ((d.}seicce) Of {id™y .} such as
sumfrag) = 1 and sum(®,) is maximal. Next, B$ performs the same actions as in sequence (5gafch TS, BSy
informs all {id™, .} about Ain™*™_ " and Pnax™*"_ where Pnin™* " is the minimal payoff from {it’ .} selected
and AnaxX™ . is the maximal payoff from {i, .} selecteaduring the f iteration.

Final negotiation resultsand credit tokens pricing

This phase is composed of two sequences as follows:
— In sequence (8):

0 As long as T negotiaioN@S Not been reached (i.e. the negotiation phassiolu has not yet elapsed), n is
increased and the credit tokens based negotiatiasepmechanisms of the previous paragraftitémation of
the dynamic credit tokens based negotiation phaseapplied.

0 When Tsuar negotiaionN@s been reached, negotiation phase is over. B&ean propose a new credit token
proposal. {id" ", ) ceceais derived. At this point, BSderives the final credit tokens price BS_GPA
(expressed as a number of credit tokens per tirifefoneach TS and each k from {it1 "), 1. For each k and
m, BS_CPAcan correspond to the BS_&%,, or for example can follow another price derivatinethod.

6
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— In sequence (9), eack BB requested to provide P¥ BS_CPA * xfrac* Trenting* Nrrame nCredit tokens to Bgto be
allowed to use the resources it has been assidtedize negotiation on its corresponding,,T 8rovided that Rrdoes
not exceed the credit tokens budget of,BSe credit tokens transaction between B8d each BSs performed.

Credit tokens based bandwidth granting phase

This phase is composed of the single sequence@long this phase, BJrants the resource to eachB$o has successfully
performed the credit transaction operation in seqe&9).

Resour ce usage phase

After BS has been granted with the resources,dd8 use them during durindrac, * Treningtime unit ofS¥Sy and for Nyame m
frames from the beginning on its corresponding,.TS

15.4.2.5.4 Inter BSs communication

The credit tokens mechanisms (section Inter BSs aamgation)require inter BSs communication between differgrstesms.
This inter BS communications is necessary to exahdmg parameters related to the credit tokens basgatiation cycle.

The primitive paramEterS inCIUdeét;;ty Tend TEnd_Renting TStart_Renting TMsf, MRCTN: id<= BS_C-Ién)ka xfrack,, TStart_k TEnd_k-
The derived parameters include: FEHd ™} selected PMIN™" M- Pmax™@ ™

These parameters are stored into the regional LE DBrda the local database of each LE BS of the shdistributed system
architecture (section 15.15).

The information exchange about these parametersebatthese databases and the RADIUS/BSIS serveerfermed by IP
based wired using the co-existence protocol (CH} ilter BS communication is supported by the intestesyn messages defined
in the shared distributed system architecture ieed5.15).

The inter BS communications to support-tignaling messages related to the awareness/advertisenprenee of the credit
tokens based co-existence protocol can also beeimgited by secured over the air mechanisms dedéntsection 15.4.2.5.5.

15.4.2.5.5 Radio Resources Sharing Opportunities Advertisement Discovery

Over the air signaling for the first phase (adwsemient) of the negotiation cycle would be alsorefysupport to facilitate urgent
(critical time) radio resources sharing opport@sitdiscovery between IEEE WirelessMAN-CX systems tledras, but also
between IEEE WirelessMAN-CX systems and non IEEE W8sMBAN-CX systems. This section descrilsggialingdiscovery
messages arfocedures so that:

- Master BSs can advertise periodically to the higayiring slave BSs about their offers of radio veses for renting. This
enables the slave BSs to be aware of master B$gs of

- Slave BSs can inform periodically the surroundagdls about their search of radio resources spaspportunities for
renting. This enables slave BSs to inform the md%ar that they are looking for temporally some tddal radio resources.

Specific master BS and slave BS downlink time waér (TBD) are used to support the over the air dibeanent discovery
messages in support of the credit tokens basediaggo. Thesdime intervalsressagesnot yet defined, are temporary called
respectively MATI (Master Advertisement Time Intejvahd SATI (Slave Advertisement Time Interval).

Usage of the advertisement discovery MAC frame structure

The usage of MATI and SATI is described in this paapbr
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- The MATIs are dedicated to master BS transmisdioa®wnlink.

- Each MATI is used by a master BS in downlink fooddcasting. At a given time, each MATI can onlyused by a single
BS among the co-existence neighbourhood. Howegaiee MATI can be used by different BSs at diffetegngs.

- Each master BS can use any MATI provided it is albeady used by any other MATI BS of the co-existen
neighbourhood.

- MADD (Master Advertisement Discovery Descriptamessage is sent in MATI (Section 6.3.2.3.64).

- The MATIs are ranked in eaduvertisement discovery sequence in such a way that the first MATI is assigned te thaster
BS whose renting period will occur first (i.e. nohthe T_Start_ M), the second MATI is assigned torttester BS whose
renting period will occur in second, and so on.rReking is updated dynamically each time a new eneéB§ is arriving.
This mechanism avoids the SSs of the slave celésjaeagraphAdvertisement discovery from master cell by slave cell”
below) to scan all MATIs when the slave cells hawdind very shortly some available resources t@.r&n this manner,
they have directly knowledge of the next availalegources they can propose credit tokérs

- Each master cell releases the MATI it is using whemegotiation starting time has elapsed. Thiksanew arriving
master cells to use this MATI (eventually after theanking) to advertise incoming channels reyg®dunities.

- The SATIs are dedicated to slave BS transmissiodswnlink.

- Each SATI is used by a slave BS in downlink fordatwasting. Each SATI can only be used by a singleB8ng the co-
existence neighbourhood. However, a same SATI eamsbd by different slave BSs at different times.

- Each slave BS can use any SATI provided it isafr@iady used by any other slave BS of the co-exist@eighbourhood.
--SADD (Slave Advertisement Discovery Descriptor) sagge is sent in SATI (Section 6.3.2.3.65).

- A "master" SS is a SS belonging to a master Aélklave" SS is a SS belonging to a slave cell.

- The MATI and SATI time positions are known by timeaster" and "slave" SSs.

- There are no direct RF communications betweennthster and slave BSs. The master-slave BS comntiomisaare
performed via master and slave SSs which act dsrid§es to convey the information as follows:

o A "slave" SS performs the RF bridge betweenlégesBS and the master BS (provided the coveragieeofnaster cell
overlaps with the slave cell area, and this slé&vyésSocated in the overlapping area).

o A "master" SS performs the RF bridge betweemadster BS and the slave BS (provided the coverhtieeslave cell
overlaps with the master cell area, and this m&seis located in the overlapping area).

- Slave SSs in the overlapped (master/slave) cedl hsten to the MATIs. Master SSs in the over&@apfmaster/slave) cell
area listen to the SATIs.

15.4.2.5.5.1 Mechanisms enabling the discovery and the exploitat ion of the master cells originated
advertisement discovery messages by the slave cells

This paragraph describes the mechanisms enablindjgbevery and the exploitation of the master callginated advertisement
discovery messages by the slave cells. The terpgyalsed in the following is:

whiaster » 55 (55 belonging tothe master cell)
|:| M azter cell (offerar]

L | Slave czll (renter) ? % 5lave » 55055 belongingto the slawe =)
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' « Master » SS (SS belonging to the master cell)
|:| Master cell (offeror)

[ ] Slave cell (renter) « Slave » SS (SS belonging to the slave cell)

These mechanisms are described by the differerd ageplustrated in the following:

1- Policy instructionsto the slave SSs by the slave BS

N
=
==

é.
Vitsiie
AY

Figure h48—Policy instructions to the slave SSs by the slave B Ss

- During this step, the slave BS initially instrei¢by broadcasting) its SSs (in red) about the Viehes they have to adopt
when some of these SSs get the messages fronfférenli MATIs.

- The behaviour is instructed by the ADPD (Adventient Discovery Policy Descriptor) message (sectidh2.3.66)
specifies when some SSs (located in the overlappea between this slave cell and surrounding master and getting

MADD message from master BS) associated to thieesBS have to report the MADD information conveyedVATI
towards this slave BS.

- The slave SSs that can hear the MATIs and me¢tiegequirements sent in ADPD are the only SSsatmallowed to
make the RF bridge between the master and slale This means, the policy rules the transmissfom® any slave SS
towards the slave BS when these SSs are mandatgst feedback about the MATIs proposals. This meisha avoids
having incessant transmissions from the slave @8arts the slave BS when the MATIs are not alignild the slave BSs

strategy. This saves bandwidth. Any policy can lialbdished. Moreover, the policy can be adapted ahycally in time by
the slave BS.

2- Detection and identification of the MATI s content by the slave SSs

Figure h49—Detection and identification of the MATIs content by the s lave SSs

- During this step, the slave SSs in the overlap@irea between the master cell and their slavelisglh to the different

MATIs sequentially. For each master cell, theseesl&®s can get the information sent in the MADD mgsgSection
6.3.2.3.64).

- Provided the MADD message information received e ADAP message received about the policy @edi3.2.3.66)
established by the slave BS, the slave SS is aldledide whether it has to transmit this infornmatio the slave BS or not.

9
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3- Relaying of the MAT I s content to the slave cell by the slave SSs

&=
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Figure h50—Relaying of the MATIs content to the slave cell by the slave SSs

- In case the policy requirements are met, therin&ion collected by the slave SS is conveyed & dlave BS. The
information the slave SS sends to its BS is theesdrof the MADD message.

- In order to ensure this information is appromiiatreceived by the slave BS, the information istd®/ several slave SSs
(e.g. 2 slave SSs circulate this information togtave BS in Relaying of the MATIs content to theve cell by the slave

SSs). This ensures both reliability and securitgogh

Note: In case the policies requirements sent in ADAP are not met, the slave SSs do not transmit the information. However, it
would be possible for the slave SSto convey the information about the list LC (message included in MADD) to its slave BSsince it
will provide it some further information about other radio resources renting opportunities on other channel (frequency domain).
This decision to send the LC information can be ruled by the policy.

4- Master BS - Slave BS communication through the backhaul
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Badkhaul
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Figure h51—Master-Slave BS communication through the backhaul

After step 3, the slave BS knows the IP_Proxy_askirel (Section 6.3.2.3.64) associated to the masterAccordingly, the

communications between master and slave cells (BSsmrformed through the backhaul to make the teiggn (Master-Slave
BS communication through the backhaul) with thesgstence protocol (CP). The remaining phases efctiedit tokens based
negotiation cycle is performed via this backhauhv# based communications using server(s) anddsé4s).
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15.4.2.5.5.2 Mechanisms enabling the discovery and the exploitat ion of the slave cells originated requests
discovery messages by the master cells

This paragraph describes the mechanisms enablinglitftevery and the exploitation of the slave celigyinated request
discovery messages by the master cells. The telogpaised in the following is the same as in thevjwus paragraph.

These mechanisms are described by the differerd gtegtrated as follows:

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

X/ 7777
AN

X
WX

Figure h52—Detection and identification of the SATIs content by the m aster SSs

During this step (Detection and identification b&tSATIs content by the master SSs), the masterrS®® overlapping area
between the master cell and their slave cell listethe different SATIs sequentially. For each slaell, these master SSs can get

the information contained in the SADD message.

2- Relaying of the SATIs content to the master loglthe master SSs

Figure h53—Relaying of the SATIs content to the master cell by the master SSs

- The SADD message information is reported by tlaster SS to its master cell (Relaying of the SACDistent to the master
cell by the master SSs).

- In order to ensure this information is appromlateceived by the master BS, the informatioreist §y several masters (e.g.
2 master SSs convey this information to the ma3&in Relaying of the SATIs content to the mastdt loy the master

SSs). This ensures both reliability and securigokh

3- Master BS - Slave BS communication through thekbaul

11
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Figure h54—Master BS - Slave BS communication through the backha ul

After step 2, the master BS knows the IP_Proxy estdrS (Section 6.3.2.3.65) of the slave cell. Adiogty, the
communications between master and slave cells (BSsrformed through the backhaul to make the tetimn (Master BS -
Slave BS communication through the backhaul) whth ¢o-existence protocol (CP). The remaining phaééise credit tokens
based negotiation cycle is performed via this bagkkvith IP based communications using a serverdatabase.

Editorial text remedies for sections 15.5.2
Update the text of Table h11 with the amended testow

Table h11—TLV types for CP payload

Type Parameter Description Lengt Comment
h
(bits)
35 Tstar[ NOtes: For Credit Token till 49] 16 | In microsecond
36 Tend 16 | In microsecond
37 Tstart Renting 16 |In microsecond
38 Tend Renting 16 | In microsecond
39 MRCTN 16 | In number of credit token
40 Tstart Negotiation 16 |In microsecond
41 TEnd Negotiation 16 |In microsecond
42 BS_CT 16 | In number of credit token
43  [|xfrac 16 |[Scalar
44 Tstart proposal 16 |In microsecond
45 | Tend proposal 16 |In microsecond
46 | Rmin™ 16 | In number of credit token
45 PAmax™ 16 |In number of credit token

12



IEEE C802.16h-06/079r1

2006-09-22
46 Pr 16 |In number of credit token
a7 Credit token transaction confirmation 1
48 Resource usage confirmation 1
49 Resource usage confirmation notificafion 1

Editorial text remedies for sections 15.5.2.38
Update the text of Table h37 with the amended testow

Table h37—Negotiation Process Reply message attributes

Attribute Contents
BS_CT Number of credit tokens per time unit
Xfrac Fraction of [Tsiartrenting Tend Rentind fOr Which
BS_CT applies for.
Tstart proposal Starting time from which BS_CT applies for.

TENQEnd proposal

Ending time from which BS_CT applies for.

Editorial text remedies for sections 15.5.2.39
Update the text of Table h38 with the amended testow
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