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Credit token based coexistence protocol text update to consider inter-
system communication MAC messages encapsulation cha nges

David Grandblaise
Motorola

Introduction

Contribution IEEE C802.16h-07/077 has provided tertedy on inter-system communication MAC messages
encapsulation. These changes on the messagesradajting consequently some additional text orctbeit
token based coexistence protocol (CT-CXP) withictiea 15.4.2.4 and 15.6.2.

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

Blue textrepresents specific editorial additions.

Redstrikethroughtext is to be deleted.

Black text is text already in the draft.

Bold italic text is editorial instructions to the editor.

Proposed text
[Update text of section 15.4.2.4 asindicate:]
15.4.2.4 Credit token based coexistence protocol T&CXP)

In some traffic conditions circumstances, some erastibframes are temporally under-used by some BS
(offering BS, namely offeror) due to some low trafdctivity while some of its neighboring BSs (regting
BS, namely requester) require temporally some @it master sub frame capacity to face someidraff
increase. With respect to this, master sub franagirslp between neigbhouring systems contributesédter
spectrum efficiency. The typically operation of shg is illustrated inFigure h65 and Figure h66 where
system S1 proposes to rent out its assigned laBtMD§ymbols (for a time duration T_ renting_subfraper
master subframe over several consecutive CX fravhastal time duration T_ renting_epoch) to systethand
S3. This master sub frame sharing is supportedéyctedit token based coexistence protocol (CT-CXH)
CXP provides the means for an offeror to rent eatgorally some of its master sub frame capacityoime
competing requester(s) willing to rent in simultansly this proposed additional resource. CT-CXPrauizes
exclusive access of the offeror’'s unused masteframe resource to the requester(s) for an agress pieriod
between the offeror and the requester. During dlgieed period, the requester is granted with teeuree
during which the offeror will not use the resourédso, CT-CXP ensures over time a fair access ef th
offeror’'s master subframe available resource beatveeenpeting requesters.
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15.4.2.4.1 CT-CXP Procedures
15.4.2.4.1.1 Whole CT-CXP Procedure

CT-CXP can be instantiated either in a non-negadiahode or in a negotiated mode. This allows CT-GXP
be flexibly executed as a function of the contexg(time constraints for negotiation, regulatory sp&ct
sharing policies and so forth). The followed appioé& flexible in that it is scalable and it allo@svendor
differentiated implementation of non-negotiatedhegotiated (of any types) based CT-CXP.

The non-negotiated mode requires the minimum messagchange to support CT-CXP between the offeror
and requester(s). This mode requires no negoti@ioation between the offeror and requester. Tiosle can

be applied when time availability is very limitedl handle several iterations for the negotiationd/@nwhen

the CT-CXP is executed over the air (safe modeuitin over the air inter-BSs communications.

The negotiated mode is used when time availabBitgnough to handle several iterations for the tiation.
This mode is operated through IP network based-Bi&s communications.

CT-CXP is composed of several consecutive proced(oéering advertisement, renting request, itemti

negotiation, and resource allocation) as showfigure h67. For the sake of simplicity, this figure is only
depicted for one (among multiple) requesters. Owwer air based instantiation of CT-CXP for the non
negotiated mode is depicted on the left hand sidegure h67. The over IP network based instantiation of CT-
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CXP for the negotiation or non negotiated modeegicted on the right hand side leiigure h67. Inter system
over the air messages are encapsuldé&—messagesvithin CX-REQ-MAC and CX-RSP-MAC messages
(section 6.3.2.3)elated-to-the-overthe-air-instantiation-are-dptin-sectiors-3:2.3: Inter system over the air
communications mechanisms are described in suliEus. CXP messages related to IP network based
instantiation are specified in secti@b.5.1. The offering advertisement messa@d {CX-ADV-REQCF-CXP
Advertisement-Regudsspecifies which negotiation mode is used by tie@XP. The iterative neggation
procedure is executed only with the negotiated naoaknot with the non-negotiated mode.

Within CT-CXP, a renting resource unit (RRU) isidefl as the minimum time x frequency unit (e.g. ®D
symbol, or a minimum number of symbols and subeesrin OFDMA) that can be rented in/out between the
offeror and a requester. RRU time duration is dethd®RU_duration. A master sub-frame is composed of
fixed amount of RRUs. The part of the offeror’s italsle master sub-frame to be rented out is nareated
resource. Consequently, an offeror’s rented resoigrdefined as an amount of RRUs. A credit tokeéh)(is

the pseudo monetary unit used by CT-CXP allowirgy rdquester to rent in a RRU to the offeror. A RRU
charged as a number of CTs. Each BS isallly assigned with a CT budget, i.e. a maximum nemdd CTs.
This maximum number can be normalized to the tatahber of RRUs per master sub-frame. Also, thislyam
can be dynamically spea#d by policy issued by the RAIS via the BSIS (sabsEl5.8).

[Replace Figure h67 with the following updated one as indicate: ]
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Figure h67: Whole CT-CXP Procedure

The details of these procedures are specifiedbsesttions hereafter.
15.4.2.4.1.2 CT-CXP Offering Procedure

The over the air and IP network based CT-CXP aftgprocedures are respectively depicteBigure h68 and
Figure h69.

a) The procedure describedRigure h68 is as follows:

* A BS identifies that a part of its master subframgoing to be under-used and can be rented ouh Wi
respect to this, this BS becomes an offeror BSialtidtes the renting advertisement by broadcasting
the CT-CX-ADV-REQSTFCXP-ADVV-REQ message. In particular, this message includesnvétion
related to the available resource (T_renting_suidraRenting_out_start_time, Renting_out_end_time)
as well as the renting conditions (MNCT: Minimumnmzer of credit tokens per resource unit required
per requester’s bid), and also a list (LC: List @hannels) of other channels (frequency domain)
proposed by the offeror BS for renting.

» If the offeror BS receives one singi-CX-ADV-RSPCFCXP-ABV-RSP message, then the offeror
BS grants the renting resource to the singkuester by setting the Resource Granting Bit Flag
(RGBF) to 1 in the€CT-CX-RA-REQET—CEXP-RA—REQmMessage. The granted requester is not charged
with credit token since it is not competing witmsmother requesters.

» |If the offeror BS receives more than ofd-CX-ADV-RSPCT—CXP-ADVV-RSP message, then it
assesses whether he can supply each requestdr or no

o If it can supply, the offeror BS grants the rentiresource to all requesters by setting the
Resource Granting Bit Flag (RGBF) to 1 in B&-CX-RA-REQEFCXP-RA-REOQmMessage.
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o If it cannot, the offeror BS derives and selectquesters with higher bids based on the
information received from competing requesters. Differor BS grants the resource to the
selected requesters by setting the Resource GgaBtinFlag (RGBF) to 1 in th€T-CX-RA-
REQST—CXPRAREQ message. These selected requesters can accebegirtaeiguested
resource Rented_resource_amount from Renting_sneéfrstart_time to
Rentlng_subframe_end_tlme during the guaranteed uestgd time period
(Renting_in_start_time, and Renting_in_end_timelBR is set to O for the non selected
requesters.

* TheCT-CX-RA-REQCTFCXPRA-REOQmMessage includes the clearing price (Clearingepri@erived
from the selection process, the clearing prlceem;mnnds to the number of credit tokens per RRU that
has to bdrozen to acquwe the granted resoures withH

e

[Replace Figure h68 with the following updated one as indicate: ]
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Figure h68: Over the air based CT-CXP offering pthae

b) The procedure describedRigure h69 is as follows:

* A BS identifies that a part of its master subframgoing to be under-used and can be rented ouh Wi
respect to this, this BS becomes an offeror BSiaitidtes the renting advertisement by broadcasting
the CT-CX-ADV-RE message. In particular, this message includes
information related to:

o0 The available resource (T_renting_subframe, Renting start_time, Renting_out_end_time),

0 The negotiation mode (NMBF == 0: non negotiated enagl active, NMBF == 1: negotiated
mode is active ),

o0 The renting conditions (Start_negotiation_time, Emeotiation_time, MNCT, LC),

o0 The pricing method in case NMBF ==

» If the offeror BS receives one singleT-CX-ADV-RSP-CT-CXP-Advertisement-Bguest’ message,
then the offeror BS grants the renting resourceh¢osingle requester by setting the Resource @Giganti

Bit Flag (RGBF) to 1 in th&€T-CX-RA-REQ-CF-CXP-ResourceAllocation-Reguest’message. The

granted requester is not charged with credit taeee it is not competing with some other requester
» If the offeror BS receives more than o@&T-CX-ADV-REQ'CF-CXP—Advertisement—Bguest”
message, then it assesses whether he can supblyeg@ester or not:

o If it can supply, the offeror BS grants the rentiresource to all requesters by setting the
Resource Granting Bit Flag (RGBF) to 1 in D&-CX-RA-REQ'CT-CXP-ResourceHocation
Reguest'message.

o Ifit cannot, the offeror BS follows the negotiatedde under consideration:

= If NMBF == 0, same procedure as a) is executed. dfferor BS derives and selects
requesters with higher bids based on the informatceived from competing requesters.
The offeror BS grants the resource to the selemtgdesters by setting the Resource
Granting Bit Flag (RGBF) to 1 in thET-CX-RA-REQ-CF-CXP-Resourceocation

Reguest’message. These selected requesters can accelsirtaeguested resource
7
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Rented_resource_amount from Renting_subframe_tiaet to
Renting_subframe_end _time during the guaranteed uestgd time period
(Renting_in_start_time, and Renting_in_end_timé&BH is set to O for the non selected
requesters.

If NMBF == 1, iterative negotiation occurs betwettie offeror BS and each requester
BS. Based on the infomation received within tRE-CX-ADV-RSP-CT-CXP
Advertisement-lgphy” message, the offeror BS calculates respectivetyimmum and
maximum payoff (Minimal_payoff and Maximal_payo#) each iteration. These payoffs
allow selecting the remaining requesters at eaehatibn. An example of payoff
calculation is given in sectiorl5.4.2.4.2. At each iteration, Minimal_payoff and
Maximal_payoff are sent within theT-CX-NEG-REQ-CF-CXP-Negetiation-Reguest”
message. The iterative negotiation occurs until niegotiation period (bounded by
End_negotiation_time) is elapsed. At the end ofrtegotiation, the final requesters are
selected by the offeror BS. The offeror BS grahtsresource to the selected requesters
by setting the Resource Granting Bit Flag (RGBF) 1o theCT-CX-RA-REQ'CF-CXP
Resource—MocationReguest’'message. These selected requesters can accdssirto t
requested resource Rented _resource_amount frominBesbframe_start_time to
Renting_subframe_end_time during the guaranteediestgd bounded time period
(Renting_in_start_time, and Renting_in_end_timé&BH is set to O for the non selected
requesters.




[Replace Figure h69 with the following updated one as indicate: ]
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Figure h69: IP network based CT-CXP offering pchoe

15.4.2.4.1.3 CT-CXP Requesting Procedure

The over the air and IP network based CT-CXP remggrocedures are respectively depictedrigure h70
andFigure h71.

a) The procedure describedrigure h70 is as follows:
« IfaBSis in need of additional resource and caetMNCT requirements, he can make a requ&st (
CX-ADV-RSPCTCXP-ADV-—RSP message) upon the reception ofCT-CX-ADV-

REQEH-GXPADBV_REQ.
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e Within CT-CX-ADV-RSPCT-CXP-ADV-RSP, the requester informs about the amount of reduire
resource (Rented_resoure_amount), the rented int stad end time (Renting_in_start _time,
Renting_in_end_time) and the requester's bid (Retguebid) in term of number of credit tokens
bidded per RRU.

* Upon reception oCT-CX-RA-REQCFCXP-RA-REOQ message, the requester BS knows whether it
has been selected or not. If RGBF is set to 1réhaester BS is selected, otherwise (RGBF set theD)
requester is rejected.

* The requester decides to accept (Acceptation Big ABF set to 1) or to reject (ABF set to 0) the
resource granting based on the Clearing_price nmdtion. This information is sent within ti@&r-CX-
RA-RSFECTF—CXPRA—RSPmessage.

e« If ABF is set to 1, a number of credit tokens equab Clearing_price*
Rented_resource_amount*T_renting_subframe *[(Rgnim_end_time -
Renting_in_start_time)/CX_Frame_duration]/RRU_diaratvill not be usable (for some further renting
requests by this same requester) for a time duratequal to [Renting_in_start time;
Renting_in_end_time ®] whered is a frozen period margin. This ensures fairness ime between
competing requester BSs to access to some othergerifers.

[Replace Figure h70 with the following updated one as indicate:]

&)

Receive
CT_CXP_ADV_REQ

s the BS interested
torentin ?

Yes

Send
CT_CXP_ADV_RSP

v

Receive /
CT_CXP_RA_REQ

Is RGBF ==17?

Yes

Requester is

not selected 21

Set ABF as 1o0r0

v

Send
CT_CXP_RA RSP

End



IEEE C802.16h-07/081r1
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Figure h70: Over the air based CT-CXP requestingguture

b) The procedure described in Figure h71 is asvidl

If a BS is in need of additional resource, meetsQMNrequirements, and agrees with the proposed
negotiation mode (NMBF) and pricing method (PBFR3afied within theCT-CX-ADV-REQ-CT-CXP
Advertisanent—Regquest” message , he can submit a bid (with@T-CX-ADV-RSP-CF-CXP
Advertisementgply” message) upon the reception of GIE-CX-ADV-REQ'CTF-CXP-Advertisement
Reguest’message.

Within the CT-CX-ADV-RSP.CT-CXP-AdvertisementBply” message, the requester informs about the
amount of required resource (Rented resoure_amouh® rented in start and end time
(Renting_in_start_time, Renting_in_end_time) aisdbid (Requester_bid) in term of number of credit
tokens bidded per RRU.

o If the non negotiation mode is active (NMBF == 8ame procedure as a) is executed. If the
offorer BS can supply to the requester BS, theroff8S grants the renting resource by setting
the Resource Granting Bit Flag (RGBF) to 1 in 8&-CX-RA-REQ'CT-CXPResource
Allecation-Reguestinessage.

o If the negotiation mode is active (NMBF == 1), @&Bve negotiation occurs between the offeror
BS and each requester BS. At each iteration, basethe information Minimum_payoff and

Maximal_payoff received from th€T-CX-NEG-REQCF-CXP-Negotiation-Rgues- message,
the requester decides to submit a new bid (Requéste update) or not. Requester_bid_update

1
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is sent within theCT-CX-NEG-RSPCT-CXP—Negeotiation—ephy” message. The iterative

negotiation occurs until the negotiation perioduibded by End_negotiation_time) is elapsed.
Upon reception of th€T-CX-RA-REQ'CT-CXP-Resource ocation-Requestinessage, the requester
BS knows whether it has been selected or not. IBRGs set to 1, the requester BS is selected,
otherwise (RGBF set to 0) the requester is rejected
The requester decides to accept (Acceptation Big ABF set to 1) or to reject (ABF set to 0) the
resource granting based on the Clearing_price nmdtion. This information is sent within ti@&r-CX-
RA-RSPCT-CXP-ResourceHocationReply’ message. The method to derive the clearing psce i
open for the implementation.
If ABF is set to 1:

o If PBF == 0, a number of CTs equal to Clearing épﬂ’IC
Rented_resource_amount*T_renting_subframe *[(Rgnim_end_time
Renting_in_start_time)/CX_Frame_duration]/RRU_dioratis transferred from the requester’s
ownership to the offeror’s one. This calculatiomimsexample and it is open for implementation.

o If PBF == 1, the CT are not transferred but remdmshe requester ownership. However, a
number of credit tokens equal to the previous nuni@e calculated in the previous bullet point)
will not be usable (for some further renting redadsy this same requester) for a time duration
equal to [Renting_in_start_time; Renting_in_endetiimd] whered is a frozen period margin.
This ensures fairness over time between compegiggester BSs to access to some other renting
offers.




[Replace Figure h71 with the following updated one as indicate: ]
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Figure h71: IP network based CT-CXP requestinggaare

15.4.2.4.2 Payoff calculation

This section provides an example on how the papdasection15.4.2.4.1.2 can be calculated. This method is an
example and the implementation is vendor specific.

At each iteration:

) The offeror BS calculates the payoff (Payoff redqegscorresponding to each remaining
requester as follows:
i) Payoff_requester = Requester_bid_update* Rentedures amount*[T_renting_subframe

*(Renting_in_end_time - Renting_in_start_time)/CXame_duration]/RRU_duration.
1
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iii) The offeror selects the requesters that maximisélycsum(Rented_resource_amount) and
sum(Payoff_requester) over all the remaining retguss

iv) The offeror BS derives the Minimal_payoff and Maaginpayoff from the selected requesters
and sends this information to all initial remainiegjuesters.

V) Based on this information, each requester knowslvenat has been selected or not by
comparing its own Payoff requester with Minimal_pfiy

Vi) Based on this comparison, the non selected requiestales to make a new bid
(Requester_bid_update) or not for the next iteratibthe negotiation.

15.4.2.4.3 Inter BSs communications for CT-CXP

CT-CXP requires inter BSs communication betweeffedht systems. These inter BS communications are
necessary to exchange the paramet&abl¢ h10) related to the CT-CXP procedures described iri@ec
15.4.2.4.1.

The parameters related to CT-CXPalfle h10) are stored into the BSIS and into the databaseagh
WirelessMAN-CX BS of the shared distributed systmchitecture (sectiob5.1.6).

The exchange of these parameters between BSspsrseg through IP network inter-BS communicatioos f
the negotiated and non-negotiated modes. The de@X® messages are defined in secliss.1.

The exchange of these parametansl related CXP messages (sectlbrb.1) between BSs is also supported
with over the air MAC messagdsr the non-negotiated mode. These CXP messagesnaapsulated within

the CX-REQ and CX-RSP MAC messagelefined in sectiorb.3.2.3)fer-the-nonnegotiated—meodelnter

system over the air communications mechanismseteeled within clausés.6.

[Update text of section 15.6 asindicate:]
15.6 Inter-system over the air communications

15.6.2 CT-CXP

Figure h74 describes the over the air communications mesdagfesen the offeror and requester for CT-CXP
operations. The messages between the offeror BSeapester BSs are conveyed through SS(s) acting as
forwarder between the offeror and requester BSsh E@warding SS is associated to the requestear8Ss in

the overlapping coverage of the offeror and resque8Es. The forwarding SS can receive and decodsages
from both its serving BS (requester BS) and theitpr BS (offeror BS), and can send transmit mesgageth

offer or and requester BS.



| Offeror BS l [

[Replace Figure h74 with the following updated one as indicate:]

Forwarding SS
(associated to requester BS

CT_CXP_ADPD ———
le— (multicast message)
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| Requester BSI

l Offeror BS l

CT_CXP_ADV_REQ
(broadcast message) —— CT_CXP_Relayed message
(dedicated message = —
CT_CXP_Notification —
l«— (dedicated message)
CT_CXP_ADV_RSP — |
——

(dedicated message)

— CT_CXP_RA_REQ
(dedicated messagey}——»

—

CT_CXP_RA_RSP
(dedicated message)
| —— CT_CXP_ACK

(dedicated message) ]

— CT_CXP_Relayed message

(dedicated message |

Forwarding SS
(associated to requester BS
CT-CX-ADPD  ——
le— (multicast message)
) CT-CX-ADV-REQ
(broadcast message) ~—*— CT-CX-ADV-REQ
(dedicated message = —)]
CT-CX-NOT —
le— (dedicated message)
CT-CX-ADV-RSP  — |
[«— (dedicated message)
— CT-CX-RA-REQ
(dedicated messagey———
CT-CX-RA-RSP |
(dedicated message)
[ —  CT-CX-ACK _
(dedicated message)\b‘ CT-CX-ACK (dedicated
message —

l Requester BSI
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Figure h74: Inter system over the air communicatio ns messages for CT-CXP operations

CT-CX-ADPDCFCXP-APPD messagdCT-CxXP-AdvertisemeniDiscoveryPolicy-Deseriptors sent from

the home requester BS to its associated forwar8Bgas a regular multicast data message. Purp&Se 6K-
ADPDET—CXP-ABPD is to instruct the attitude of each forwarding #8en it receivesCT-CX-ADV-
REQST—CXP-ADV-REQ messageCT-CX-ADPDEF—CXP-ABPD specifies whether the forwarding SS has
to forward CT-CX-ADV-REQST—CXP-ADVV-REQ message towasdit serving BS (requester BS). If the
content of CT-CX-ADV-REQECT-CXP-ADV-REQ message meets the requirements instructe@TirCX-
ADPDCT—CXP-ABPD, the forwarding SS actually forward€T-CX-ADV-REQCTF-CXP-ABV-REQ
message content from the offeror BS to its ser88g(requester BS). Otherwise, it does not. That, Ay
CX-ADPDET—CXP-ADPD rules the transmissions from any forwarding SSatols its serving BS. This
mechanism avoids havingnecessalyeessant transmissions from the forwarding SS towards évisg BS
when renting conditions proposal specified GT-CX-ADV-REQET—CXP-ADV—REQ does not meet the
requester BS's need. Any policy can be establianddcan be adapted dynamically in time by the retgue

The CT-CX-ADV-REQST—CXP-ADV-REQ message is sent by the offeror BS within the timerval
specified in subclausgs.6.115:1.5:3. If the CT-CX-ADV-REQST—CXP-ADV-REQ content meets thET-
CX-ADPDEFCXP-ABPD  requirements, the forwarding SS forwards th&€T-CX-ADV-
REQST—CXP-ADV—REQ message towards its serving BS followed up theha@isms specified in subclause
15.6.115:253. In order to ensure th€T-CX-ADV-REQCTF-CXP-ABV-REQ message is appropriately
received by the requester BST-CX-ADV-REQCT-CXP-ABVREQ message can be sent out by several
forwarding SSs. If multipleCT-CX-ADV-REQCT-CXP-ADV-REQ messages are received from different
forwarding SSs, the offeror BS selects only onevéoding SS to complete the remaining CT-CXP openasti
(CT-CX-ADV-RSPCF—CXP-ABV-RSP, CT-CX-RA-REQET—CXPRAREQ CT-CX-RA-
RSPRET—CXP-RA-RSH. For that, the offeror BS notifiesvith CT-CX-NOTthreugh-the-netification message)
each of the forwarding SS whether or not it showddhplete the remaining CT-CXP operations. Once the
selected forwarding SS has received @e CX-ACKET—CXP-ACK message from the offeror BS, it forwards
this message to its serving BS (requester) to oarthat the requester BS can actually use the deetsurces
for the agreed renting period with the offeror BS.

During the initial phase, as previously mentioned, case the renting conditions sent @T-CX-
ADPDCTCXP-ADAR message are not met, the forwarding SS does nwtafd the CT-CX-ADV-

REQCTCXP-ADV-REQ message to its serving BS (requester). Howeveronupequester BS
recommendation (policypase)l, even if the renting conditions are not met, thquester BS can allow the

forwarding SS to convey the information about tis¢ &f channel LC (parameter included @T-CX-ADV-
REQEF—CEXP-ABV-REQ). This information will provide the serving BS serfurther information about other
radio resources renting opportunities on other obhfrequency domain).

Whole CT-CXP procedures are detailed in clalsé.2.4.
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