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Credit token based coexistence protocol primitives

David Grandblaise
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Mariana Goldhamer
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Introduction
In response to comments addressing the existence of the IP messages in the 802.16h Draft P802.16h/D4, are proposed a number of changes to enforce the primitives approach. The changes are based on the approach in P802.16Rev2/D4, which includes the 802.16g solutions. Here, primitives remedy is proposed for credit token based coexistence protocol (CT-CXP). Over the air messages related to CT-CXP are removed from subclause 15.6. Additionally, primitives related to the backhaul based CT-CXP messages of subclause 15.6 are created.
Specific editorial changes 

This section provides a list of changes to the draft document. 

Blue text represents specific editorial additions. 

Red strikethrough text is to be deleted. 

Black text is text already in the draft. 

Bold italic text is editorial instructions to the editor. 

Proposed text
[Update the text of subclause 15.6.1 as indicate:]

15.6.1.x C-CX-REQ (Action_Type = Token based resource sharing advertisement)
[This an update of the former message CT-CXP Advertisement Request (CT-CX-ADV-REQ) – subclause 15.6.1.23 in P802.16h/D5]

Function:

This primitive is used by an 802.16 entity (offering BS) or NCMS to advertise the surrounding future potential requester BS candidates that this 802.16 entity (offering BS) offers temporally resource for renting.
Semantics of the service primitive:

The parameters of the primitive are as follow:

C-CX-REQ

(

Operation_Type: Action,

Action_Type: Resource sharing advertisement,

Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,

Renting_out_start_time,
Renting_out_end_time,

T_renting_sub-frame,

Minimum number of Credit Token (MNCT),

List of channels (LC),
Negotiation_Mode_Bit_Flag (NMBF),

Start_negotiation_time,

End_negotiation_time,

Pricing_Bit_Flag (PBF)
)
	Attribute
	Contents

	BSID of the source BS
	BSID of the offeror

	Renting_out_start_time
	The starting time of the renting out period proposed by the offeror on that channel

Absolute time based on UTC time stamp following the format HH:MM:SS:ms

	Renting_out_end_time
	The ending time of the renting out period proposed by the offeror on that channel. Absolute time based on UTC time stamp following the format HH:MM:SS:ms

	T_renting_sub-frame
	Total amount of time per master sub-frame rented out by the offer or

	Minimum number of Credit Token (MNCT)
	Minimum number of credit tokens per RRU required per requester’s bid.

	List of channels (LC) 
	List of other channels (frequency domain) proposed by the offeror BS for renting

	Negotiation_Mode_Bit_Flag (NMBF)
	This flag indicates which of negotiation mode of CT-CXP is used:

0 - non-negotiation mode is active

1 - negotiation mode is active

	Start_negotiation_time
	If NMBF == 1, this field specifies the starting time of the negotiation between the offerer and the competing requesters.

	End_negotiation_time
	If NMBF == 1, this field specifies the ending time of the negotiation between the offerer and the competing requesters.

	Pricing_Bit_Flag (PBF)
	If NMBF == 1, PBF specifies the CT-CXP pricing method applicable to the negotiation mode for the selected requesters:

0 – CTs are transferred from the requester’s ownership to the offeror’s one

1 – No CTs transfer ownership from the requester to offeror. However, selected requester’s CTs are not usable by this requester for a given time period (the freezing time period) before reuse.


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (BS) to request the NCMS to advertise the surrounding future potential requester BS candidates that this 802.16 entity (offering BS) offers temporally resource for renting.
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to advertise the surrounding future potential BS candidates that this requesting 802.16 entity (offering BS) offers temporally resource for renting, while NCMS is requested by the requesting BS.
Effect of receipt:

•NCMS:

The NCMS perform the action to advertise the surrounding future potential requester BS candidates that this 802.about temporally resource for renting opportunities.
•802.16 entity (BS):

The requested BS performs the coexistence procedure and responses to the requesting BS accordingly.

15.6.1.x C-CX-RSP (Action_Type = Token based resource sharing advertisement)

[This an update of the former message CT-CXP Advertisement Response (CT-CX-ADV-RSP) – subclause 15.6.1.24 in P802.16h/D5]

Function:

This primitive is used by an 802.16 entity (BS) or NCMS to respond the request of resource sharing advertisement to the requesting BS. In response to C-CX-REQ (Token based resource sharing) message, each interested 802.1- entity can respond to the offeror with an C-CX-RSP (Token based resource sharing advertisement) message mentioning its interest to rent totally or a fraction of the resource offered by the offeror for the total or a portion of the proposed renting out period [Renting_out_start_time, Renting_out_end_time].

Semantics of the service primitive:

The parameters of the primitive are as follow:

C-CX-RSP

(

Operation_Type: Action,

Action_Type: Express resource sharing interest,

Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,

BSID of the destination BS,

Requester_bid,

Rented_resource_amount,

Renting_in_start_time

)
	Attribute
	Contents

	BSID of the source BS
	BSID of the requester

	BSID of the destination BS
	BSID of the offeror

	Requester_bid
	Number of credit tokens per RRU bidded by the requester in response to the offeror advertisement

	Rented_resource_amount
	Fraction (scalar) of T_renting_sub-frame the requester is interested in and bidding for

	Renting_in_start_time
	Starting time of the period from which the requester is interested to rent in within [Renting_out_start_time, Renting_out_end_time], and for which the requester’s bid applies for. Absolute time based on UTC time stamp following the format HH:MM:SS:ms. 

	Renting_in_end_time
	Ending time of the period the requester is interested to rent in within [Renting_out_start_time, Renting_out_end_time], and for which the requester’s bid applies for. Absolute time based on UTC time stamp following the format HH:MM:SS:ms


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (BS) to respond the request of resource sharing advertisement to the requesting BS.
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to inform the requesting BS of the response from the requested BS.
Effect of receipt:

•NCMS:

The NCMS performs the action to inform the requesting BS of the response from the requested BS.

•802.16 entity (BS):

The requested BS performs the coexistence procedure and responses to the requesting BS accordingly.

15.6.x.x C-CX-REQ (Action_Type = Token based negotiation)

[This an update of the former message CT-CXP Negotiation Request (CT-CX-NEG-REQ) – subclause 15.6.1.25 in P802.16h/D5]

Function:

This primitive is used by an 802.16 entity (offering BS) or NCMS only if NMBF= 1 (i.e. when the negotiation mode is active). At each iteration of the negotiation, the decision making algorithm applied by the offeror derives a minimum and maximal payoff based on the requesters' bids. At each of these iterations, updated values of these payoffs are provided by the offeror to the requesters still bidding for the renting.

Semantics of the service primitive:

The parameters of the primitive are as follows:

C-CX-REQ

(

Operation_Type: Action,

Action_Type: token based negotiation,

Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,
BSID of the destination BS,

Minimal_payoff,

Maximal_payoff
)
	Attribute
	Contents

	BSID of the source BS
	BSID of the offeror

	BSID of the destination BS
	BSID of the requester

	Minimal_payoff
	Minimal derived payoff corresponding to the lower selected bid at the nth iteration of the negotiation

	Maximal_payoff
	Maximal derived payoff corresponding to the higher selected bid at the nth iteration of the negotiation


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (BS) to request the NCMS to inform the 802.16 entity (willing to acquire resource by renting) about the minimal and maximal payoff corresponding to the bids status. 
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to inform the 802.16 entity (willing to acquire resource by renting) about the minimal and maximal payoff corresponding to the bids status, while NCMS is requested by the requesting BS.
Effect of receipt:

•NCMS:

The NCMS performs the action to inform the 802.16 entity (willing to acquire resource by renting) about the minimal and maximal payoff corresponding to the bids status
•802.16 entity (BS):

The requested BS performs the credit token based coexistence procedure and response to the requesting BS accordingly.

15.6.x.x C-CX-RSP (Action_Type = Token based negotiation)

 [This an update of the former message CT-CXP Negotiation Response (CT-CX-NEG-RSP) – subclause 15.6.1.26 in P802.16h/D5]

Function:

Based on the minimal and maximal payoff information, this primitive message is used by the requester in response to CT-CX-REQ (Token based negotiation) message in case the requester is willing to make a new bid proposal to keep part of the selected requesters.

Semantics of the service primitive:

The parameters of the primitive are as follow:

C-CX-RSP
(

Operation_Type: Action,

Action_Type: token based negotiation,

Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,
BSID of the destination BS,

Requester_bid_update
)
	Attribute
	Contents

	BSID of the source BS
	BSID of the requester

	BSID of the destination BS
	BSID of the offeror

	Requester_bid_update
	Updated number of credit tokens per RRU bidded by the requester in response to CT-CX-REQ (Token based negotiation) message


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (BS) to request the NCMS to inform the 802.16 entity (willing to acquire resource by renting) about making a new bid proposal to keep part of the selected requesters.
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to inform the 802.16 entity (willing to acquire resource by renting) about making a new bid proposal to keep part of the selected requesters, while NCMS is requested by the requesting BS.
Effect of receipt:

•NCMS:

The NCMS performs the action to inform the 802.16 entity (willing to acquire resource by renting) about making a new bid proposal to keep part of the selected requesters.
•802.16 entity (BS):

The requested BS updates its bid to keep part of the selected requesters in response to the requesting BS.

15.6.x.x C-CX-REQ (Action_Type = Token based resource allocation)
[This an update of the former message CT-CXP Resource Allocation Request (CT-CX-RA-REQ) – subclause 15.6.1.27 in P802.16h/D5]

Function:

After the negotiation is complete, this primitive is used by an 802.16 entity (offering BS) or NCMS to inform each requester whether he is granted with the resource he bidded for. Each granted requester is informed about the credit token clearing price necessary to complete the CT-CX operations. Derived from the selection process, the clearing price corresponds to the number of credit tokens per RRU that has to be considered by the selected renter to derive the total number of credit tokens to be considered in the pricing method specified within PBF flag of CT-CX-REQ (Token based resource sharing advertisement) message. 

Semantics of the service primitive:

The parameters of the primitive are as follow:

C-CX-REQ

(

Operation_Type: Action,

Action_Type: token based resource allocation,

Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,
BSID of the destination BS,

Resource_Granting_Bit_Flag (RGBF),
Renting_sub-frame_start_time,
Renting_sub-frame_end_time,

Clearing_price,

Coexistence_community_BSID
)
	Attribute
	Contents

	BSID of the source BS
	BSID of the offeror

	BSID of the destination BS
	BSID of the requester

	Resource_Granting_Bit_Flag (RGBF)
	This flag indicates whether the offeror supplies the resource requested by the requester or not:

1 – resource allocation is granted

0 – resource allocation is rejected

	Renting_sub-frame_start_time
	This field is useful only when RGBF == 1. This field specifies the starting time of transmission of the selected requester within T_renting_sub-frame.

	Renting_sub-frame_end_time
	This field is useful only when RGBF == 1. This field specifies the ending time of transmission of the selected requester within T_renting_sub-frame.

	Clearing_price
	This field is useful only when RGBF == 1. 

I: Derived from the selection process, the clearing price corresponds to the number of credit tokens per RRU that has to be considered by the selected renter to derive the total number of credit tokens to be considered in the pricing method specified within PBF flag of CT-CX-REQ (Token based resource sharing advertisement) message.

	Coexistence_community_BSID
	This field is useful only when RGBF = 1. This field specifies the BSIDs of the BS belonging to the community of the offeror. This information is transmitted to the requester so that the requester can inform these systems about the master usage change within this specific time [Renting_sub-frame_start_time, Renting_sub-frame_end_time] of the frame and for a period starting at Renting_in_start_time and ending at Renting_in_end_time.


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (BS) to request the NCMS to inform each 802.16 entity involved in the bidding to about their grant (or not) with the resource he bidded for.
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to inform the 802.16 entity involved in the bidding about their grant (or not) with the resource he bidded for. 
Effect of receipt:

•NCMS:

The NCMS performs the action to inform the 802.16 entity (willing to acquire resource by renting) about the grant.
•802.16 entity (BS):

The requested BS performs the credit token based coexistence procedure and response to the requesting BS accordingly.

15.6.x.x C-CX-RSP (Action_Type = Token based resource allocation)
[This an update of the former message CT-CXP Resource Allocation Response (CT-CX-RA-RSP) – subclause 15.6.1.28 in P802.16h/D5]

Function:

This primitive is used by an 802.16 entity (winner) or NCMS to indicate whether he accepts the granting at the proposed clearing price.
Semantics of the service primitive:

The parameters of the primitive are as follow:

C-CX-RSP
(

Operation_Type: Action,

Action_Type: token based resource allocation,
Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,
BSID of the destination BS,
Acceptation_Bit_Flag (ABF)
)
	Attribute
	Contents

	BSID of the source BS
	BSID of the requester

	BSID of the destination BS
	BSID of the offeror

	Acceptation_Bit_Flag (ABF)
	. In case RGBF == 1, this flag indicates whether the requester accepts the granting at the proposed clearing price:

1 - acceptation

0 – rejection


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (BS) to request the NCMS to indicate whether he accepts the granting at the proposed clearing price.
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to iform the offeror whether the 802.16 entity winning the bidding accepts the granted of the resource he bidded for.
Effect of receipt:

•NCMS:

The NCMS performs the action to inform the 802.16 entity (offeror) about the winner’s acceptation or not of the resources granting at the proposed clearing price.
•802.16 entity (BS):

The requested BS performs the credit token based coexistence procedure and response to the requesting BS accordingly.

15.6.x.x M-CX-IND (Action_Type = Token based Frame Status Update)

[This an update of the former message CT-CX Frame Status Update (CT-CX-FRSU) – subclause 15.6.1.32 in P802.16h/D5]

Function:

Once the 802.16 entity has been granted with the rented resources, it informs the other system members of its community and the members of the offeror BS's community about its identity, and when he will use the granted resources.
This primitive is used by an 802.16 entity (winner) or NCMS to update respectively the granted requester BS's community status, and the corresponding offeror BS's (who has rented out) community status. The requester BS informs about the following information: its identity (its BSID), the period it will use this granted part of the sub-frame as master, the specific starting and ending time of the master frame it will use within this period.
Semantics of the service primitive:

The parameters of the primitive are as follow:

M-CX-IND
(

Event_Type: Token based Frame status update
Destination: BS, NCMS,

Attribute_List:

BSID of the source BS,
BSID of the destination BS,
Renting_in_start_time,
Renting_in_end_time,

Renting_sub-frame_start_time,

Renting_sub-frame_end_time
)
	Attribute
	Contents

	BSID of the source BS
	BSID of the requester

	BSID of the destination BS 
	BSID of BSs belonging to the same community as the requester, and those belonging to the offeror’s community

	Renting_in_start_time
	Starting time of the granted part of the frame the requester will use. Absolute time based on UTC time stamp following the format HH:MM:SS:ms. 

	Renting_in_end_time
	Ending time of the granted part of the frame the requester will use. Absolute time based on UTC time stamp following the format HH:MM:SS:ms

	Renting_sub-frame_start_time
	Starting time of the part of the frame the requester will use

	Renting_sub-frame_end_time
	Ending time of the part of the frame the requester will use


When generated:

• 802.16 entity (BS) to NCMS:

This primitive is used by the 802.16 entity (winning BS) to request the NCMS to inform the other system members of its community and the members of the offeror BS's community about its identity, and when he will use the granted resources.
•NCMS to 802.16 entity (BS):
This primitive is used by the NCMS to inform the other system members of its community and the members of the offeror BS's community about its identity, and when he will use the granted resources.
Effect of receipt:

•NCMS:

The NCMS performs the action to inform the other system members of its community and the members of the offeror BS's community about its identity, and when he will use the granted resources.
•802.16 entity (BS):

The requested BS performs the credit token based coexistence procedure.
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