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Text remedies for credit tokens based rental protoc ol section

David Grandblaise
Motorola

Overview

This contribution suggests remedies to action itédrom session #43's Working Group Review, namely
Comment 3 of [2] — Correction of terminology in tleedit token based rental protocol section. The te
changes are intended to be included in the setBdh2.2.6 of the working document [1].

Specific editorial changes
This section provides a list of changes to thetdtatument.

Blue textrepresents specific editorial additions.

Red-strikethrougtext is to be deleted.

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

Text proposal for section 15.6.2.2.6
Add the text below to update section 15.6.2.2.6

15.6.2.2.6 Negotiation between mastsystems (SY S$yWs

Spectrum sharing between sevesgstems (SY Shetworks{(NWW)can be achieved through the sharing of a
common MAC frame between the differeBY SNWs as exampled by Figure h4#h such a MAC frame
structure, dedicated portions (denoted as “maS¥®NW sub-frames”) of the frame are periodically and
exclusively allocated to 8YSNW (denoted as the “mast8iY SNWW”) respectively in the forward and reverse
link. The terminology used hereafter defines asBYSNW as aSYSNW that may operate during the other
masterSYS NWs-sub-frames. With respect to this definition, thavel SYSNW sub-frames are the time
intervals operating in parallel of the masfSNWs sub-frames.

Additional flexibility can be provided by such aafme structure if the length of each master subdram
(interference free sub-frame) can be dynamicaljysidd as a function of the spatial and tempogdfitrload
variations of eaclsYSNW as stated in section 15.2.1.1.1.

To achieve this, this section proposes the dynamardination of the frame structure sharing betwB&s
when several maste®Y Ss\W.s compete to share this common shared MAC frame.
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Figure h44Example of TDD based MAC frame sharing structure between MBY SSNWs

15.6.2.2.6.1 General principle

In order to solve contention access channel amliress scheduling issues betw&YiISNWs, the first step
consists in defining credit tokens and designingrapriatereserve—price—adetioning—andddingnegotiation
mechanisms. Then, on the basis of the credit tokers®d mechanisms usage, the second step comsists i
managing dynamically (temporally) the bandwidth uesfs and grants mechanisms for the sharing of the
master sub frames within the common MAC frame.

Based on the credit tokens transactiopsiifigassignmentpurchaseeleaseand awarding), these two steps
provide the mechanisms to enable spectrum effigieamzl a fair spectrum usage in a real time fashidnle

ensuring both the master and sl&s¥SINWs QoS. These two steps enable to manage spectrurmgha
between maste8Y S\ themselves. The result is the dynamic shapingp@fMAC frame structure sharing
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as a function of the space time traffic intensigyiations and the dynamic credit tokens portfobocunt of the
masterSYS3NWs. The transaction mechanisiau® detailed in the following sections.

15.6.2.2.6.2 Credit tokens assignment and usage meiples

EachSYSNW is initially allocated with a given credit tokeaseeunbudget

Negotiation for spectrum sharing betwegYiSN\Ws is based on credit tokens transactions.

Credit tokens transactions occur dynamically betwaeredit tokenssehlenfferor (masterSYSNW
owner of the radio resources during the active emastib-frame) and one or sevecaédit tokens
biddersequestergthe other maste3Y SNW.s).

The negotiation occurs dynamically between maS¥sNW/is to agree the length of each master sub-
frame as a function of the spatial and temporéfi¢rbpad variations need of each masFfSNW.

15.6.2.2.6.3 Negotiation between mast&yY SNWs

15.6.2.2.6.3.1 Definition and notation

BSy denotes the BS belonging to the mast&(SYS,.
BScdenotes the BS belonging to the sI&&/SYS..

Each B% can dynamicallymakeproposea bidnumber of credit tokenBS_CT", at the ff' iteration.
This bidproposalcorresponds to themeunhumberof credit tokens per time unit corresponding te th

BS. during the f iteration of theauctioningbiddingnegotiationphase.
Resource scheduling is carried out by an audtiemnspiredmechanism. Theuctiomegotiationtype

used for the scheduling is dynamic in time. Startirom thereserved-price—auctdRPA minimum
number of credit tokens requireRCTN ) by the master BS to its share radio resoyrtesgice-of
adetiorthe numberof credit tokenss suceesstulliteratively raisedncreasedat each iteration n) until

the winningbiddersrequestersemain.

15.6.2.2.6.3.2 Dynamic credit tokens based schedhgjicycle

Fhe-—contribution-prepeseslhe dynamic scheduling cyclaims at coordinatingpetween one BSof master
NWSYS, and several BSof different slaveN\A/SYS.. For the sake of simplicity, the cycle is illused (Figure

h 45 and Figure h 46) for one B&nd one Bgof a given slavéNWSYS.. The cycle is composed of different
phases, and each phase can be composed of seprahses as follows.
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Figure 45:Dynamic (iterative) credit tokens based scheduling cycle — (seques (1) to (5))
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Figure 46:Dynamic (iterative) credit tokens based scheduling cycle — (seques (5) to (10))
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15.6.2.2.6.3.3 Negotiation mechanisms between massy SINWs

For each of the phase of the credit tokens badeztisting cycle presented in section 15.6.2.2.618i8,section
15.6.2.2.6.3.3 describes the details of the enftamEzhanisms.

: TI;e_mting :: TFrame =: : :
1 : : 1 1 1 1
W | = - ]
| o | | | |
TMsf :
Frame # L Frame # L+1 . Frame#L + K
TStart TEnd
I:I Master NW Subframe l:l Slave NW Subframe
Tt Master NW Subframe duration
Trenting  Master NW subframe duration for renting
Teame  Time frame duration
\ TRenting \ TFrame . \ \
! H ) I 1 1
1 : : 1 1 1 1
NW,, | |
;o : : :
. TMsf :
Frame # L Frame # L+1 . Frame #L + K
TStar‘( TEnd
|:| Master SYS Subframe l:] Slave SYS Subframe
Tust Master SYS Subframe duration

Trening Master SYS subframe duration for renting

Teame  Time frame duration

Figure h47Simplified MAC frame structure illustrating master SYSNW sub-frame renting principle and associated notations

Advertising/Awareness phase
This phase is composed of the single sequences (fb)laws:
= The masteMNWSYS, (selienfferor) advertises that its periodic assigned masterfiarbe is open for
renting (Figure h47) from starting tinBsa to ending timeTeng for a fraction Trenting/ Twst) Of its
master sub-frame duratidh/lsf- TRenting = TEnd Renting ~ TStart Renting-

= The masteMWSYS proposes aeserve-price-adetioRPA-minimum number of credit tokens required
(MRCTN) for this renting. Thé&RRPAMRCTN is expressed as a number of credit tokens peruiriie
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I nterest expressing phase

This phase is composed of the single sequences(2pllaws: each BSinforms the master BSabout its
willingness (or not) to participate to theéddingnegotiation If the B is interested, it communicates itk to
the master BG

Firstiteration (n = 1) of the dynamic credit tokens based auctioning/biddirgnegotiation phase
This phase is divided into 3 sequences as follows:
= In sequence (3), the master Bprovides the following information to the slave B8Shat have
expressed the interest to participate todiaelingnegotiation

0 T start siddingNegotiation: time from which thésiddingnegotiationphase will start,

0 Tend BiadingNegotiation: time at which thesiddingnegotiationphase will end Tend siddingNegotiation <
TStart),

Note For this first iteration (n = 1), the initialdi} is noted {id“}.
* |n sequence (4), each BProvides the following information to RSBIB-CTPY, = {BS_CTY, X,
Tstartk, Tendk} Where:

o CTPYWis the credit tokens proposal vector of B the first (n = 1) iteration of the negotiation
with the master Bg CTP®, is composed dBS_CTY, X, Tstartk and T end k.

o BS_CTY, is theameunhumberof bided credit tokens per time unit proposed by &S the first
iteration,

0 X is the fraction of geyingfor whichbid-BS_CT%, applies for,

0 [Tsatk Tenad is the time interval for whickid-BS_CT®, applies for. Tswrk, Tenak] O [Tstar,
TEnd]-

= In sequence (5), B$erforms the following action:

o Given the set of intervals {fswr k, Teng ]} received from differentsiddersequesterdid ™y},
BSy partitions {[Tstart, Teng]} into contiguous time segmentd §,,}. EachTS,, corresponds to a
time window (integer number OFgame) IN Which a subset of intervals of Kt k, Tend «]}
overlap.

o The differentbiddersequesters{id®} assigned to a giveS, are identified by Py m}.
{idYn} compete for eachTS,. Each involvedbidderequesterid®,, competes with his
respectiveBiD-CTPW,.

o Then, for eaclTS,, the master B$calculates the payof™® = BS_CTY * xi* T renting *N Frame
= for eachbidderequesterk, and searches the subseid i m}seiected) Of {idMm} such as
sumy) = 1 and sumP®,) is maximal.Ngame m iS the number of frames withiiSy (Nerame m =
TSm/ T Frame) .

o For eachTSny, BSy informs all {id® .} about P™ @ andP™ @ whereP™ @ is the
minimal payoff from §d® m}seieceaand P™ @ is the maximal payoff from i@y m}selected
during the first iteration. With this approach, k&S is directly informed whether it has been
selected or not, and has some information on hoit fa from P™ @ _ while still having some
information onP™ @ | This approach enables to keep the privacy of etimg {id® .} on
TSm.
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n" iteration of the dynamic credit tokens based auctioning/biddingnegotiation phase
This phase is composed of 2 sequences as follows:

* In sequence (6):
o If PP <pP™ @ this means that R®as not been selected for being granted the ressine

hasbidedequestedor during the first iteration n = 1. More gendyapeaking, for n>1, iPb,
< pMn (D this means that B$as not been selected for being granted the ressime has
bidedrequestedor during the (n-1Y iteration.

If PO, < pMin (D and if BSis still interest to be allocated with the additionesources he
initially requested for, it can propose a nB&_CT"™, for the " iteration. Then, BScomputes
the neVVP(n)k = BS_CT(n)k * Xk* T Renting *N Frame m Wherexk,TRenting a.nd NFrame m are flxed fOI’ a”

n onTSy.

If P> PO, andP®, > P (D BS, expresses its interest to keep on participatintpén
biddingnegotiationwith the newproposabid P™,. In that case, it informs BSwith its new
(update) value oBS_CT".. In caseP™, = P"Y, or PM, < pMn (D " BS leaves the
biddingnegotiationphase and will not be granted with the additioraburces he asked for.

In sequence (7), BSupdates id ™Y} into {id™, n}. Based on the new receivdsddingsproposals
{BS_CT",} for eachTS,, the master BS calculates the new payd®”, = BS_CT", * xi* T renting
*N rrame mfOr eachbidderequestek who still participates to theiddingnegotiation Then, for eaciA Sy,
BSy searches the subsefd{" m}seiecie) Of {id™im} such as sumg) = 1 and sumP™,) is maximal.
Next, BSy performs the same actions as in sequence (5gacnTSy,, BSy informs all {id™, n} about

m andP™@ ™ \whereP™™ ™ is the minimal payoff fromifl ™y m} seteces@nd P™ ™ is the

maximal payoff from {d ™ m} selectecduring the H iteration.

Final-pricingand-eredit-tokenstransaction-phase-Final negotiation results and credit tokens pricing

This phase is composed of two sequences as follows:

= In sequence (8):
0 As long asFend siading—T start g,-ddmgNegoﬁaﬂonhas not been reached (i.e. thebiddinrgnegotiation

phase duration has not yet elapsed), n is increaseédhe credit tokens baseiddingnegotiation
phase mechanisms of the prewous paragrafhiteration of the dynamic credit tokens based

auetioning/biddingnegotiation phase” are applied.

When Feag sidding— T start BidaingNegotiation NAS been reached), biddirgnegotiationphase is over.
None BS can propose a newidcredit tokens proposa{ld(n b, }selecteqis derived. At this
point, BS, derives thdinal credit tokens priceearing-price—auctioBS CPA (expressed as a
number of credit tokens per time unit) for ed®y, and each k fromi@® ", .} For each k
and m,BS_CPA can correspond to tH8S_CT"), or for example can follow another price
adetionderivationmethod.

In sequence (9), eack B® requested tprovidesay Pri = BS_CPA« * Xi* T renting *N Frame m Credit
tokens to BR to be allowed to use the resourcebas been assignedn after the negotiatiolon its
correspondind Sy. Provided thaPry does not exceed the credit tokerseunbudgetof BS,, thecredit
tokers transaction between R&nd each BSs performed.
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Credit tokens based bandwidth granting phase
This phase is composed of the single sequence@L@ng this phase, Brants the resource to eachB&o
has successfully performed the credit transactperation in sequence (9).

Resource usage phase
After BSc has been granted with the resourcesy &% use them during during * Trenting time unit of
NWSYS, and forNgame mframes from the beginning on its correspondiisy,.
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