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A.4 Inter-BS Dynamic Resource Sharing
Finding unoccupied channels to operate in a WRAN system requires intensive computation. Spectrum resource sharing among neighboring WRAN saves computation via cooperation among WRAN and facilitates the opportunistic usage of TV bands. 
As shown in Figure 1, four schemes are included for supporting dynamic resource sharing among neighboring cells. When an event for dynamic frequency selection is triggered either internal the cell or from neighboring cells, the cell first tries to address the issue locally following the procedure of spectrum etiquette. If the issue cannot be addressed locally, it proceeds with the dynamic resource renting/offering procedure. If the issue still cannot be addressed, it contends with its neighboring cells for dynamic channel sharing.

Such resource sharing is facilitated by the use of the CBP protocol. CBP allows 802.22 stations (BS and CPEs) to transmit beacons that provide its recipients information to achieve better self-coexistence and resource sharing among overlapping 802.22 cells. These beacons are intended for inter-cell communication and carry specific information about a CPEs association and downstream/upstream bandwidth allocations with the BS, while keeping interference levels to a minimum.
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Figure 1. Inter-BS dynamic resource sharing.

A.4.1 Spectrum Etiquette
The channel selection at a cell should obey the spectrum etiquette rule so that the chosen channel does not interfere, or interferes with a minimum number of channels to be used by its neighbour cells. Without cooperation, the frequency selection in a cell may prohibit neighbour cells from normal function. For example, the available channel sets at BS1 and BS2 are {1, 3}, and {1, 2, 3} respectively. If BS2 decides to use {1, 3}, BS1 would have no channel to use. The cooperation is also necessary for load balancing. Say BS1 is heavy loaded while BS2 is not. BS2 could use {2}, then BS1 can use {1, 3}.
The channel-selection decision of each cell should follow the flowchart in Figure 2. The terms of central cell and neighbour cells are relative concept. Beside the candidate and active sets, Fpool and Flocal are defined and used for describing the principles of spectrum etiquette.

· Fcandidate set, CellID := the frequencies that do not interfere incumbent uses.

· Factive set, CellID := the frequencies that the cell has picked up.

· Fpool := the frequencies that are usable in the central cell and are not used by neighbour cells := Fcandidate set, CellID \ (union of the candidate sets of all its neighbour cells)

· Flocal := Fpool \ {union of the active sets of all its neighbour cells} 

Note that: 

· symbols U, ∩, and \ are set operation of union, intersection, and exclude, respectively.

· CellID is cell ID. Note that Fpool and Flocal are local information, which are not shared with neighbour cells. That is why they do not need CellID.

The procedure of WRAN spectrum etiquette is as follows.

1. The central cell decides its Fcandidate set, and Fpool.

2. The central cell picks up frequencies from the Fpool according to the following etiquette principles.

i. Try to use the frequencies that cannot be used by neighbor cells at all. In other words, use first the frequencies in Flocal
ii. If the central cell has got enough frequencies, go to Step 3. Otherwise, try to pick up frequencies from the rest of Fpool with the consideration of avoid using those that will affect most of its neighbour cells. For example, Use first the frequencies that are not shared by more than one neighbour cells, then other frequencies that may affect more and more neighbour cells.

iii. If the central cell has got enough frequencies, go to Step 3. Otherwise, it should resorts to a contention scheme for sharing a channel with its neighbor.
3. Update neighbour cells of its Fcandidate set, and Factive set. Go back to Step 1.
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	 Figure 2 The flow chart of channel selection and update with neighbors.


Table 1 RS-SEM message format

	Syntax
	Size
	Notes

	RS-SEM_Message_Format() {
	
	

	Management Message Type = 60
	8 bits
	

	BS ID
	48 bits
	Unique identifier for this BS. 

	Channel Number (1st active channel)
	8 bits
	

	Channel Number (2nd active channel)
	8 bits
	

	Channel Number (3rd active channel)
	8 bits
	

	Channel Number (1st candidate channel)
	8 bits
	

	Channel Number (2nd candidate channel)
	8 bits
	

	Channel Number (3rd candidate channel)
	8 bits
	

	Channel Number (4th candidate channel)
	8 bits
	

	Channel Number (5th candidate channel)
	8 bits
	

	}
	
	


Add the following timer to Table 237.

Table 237 —General parameter setting

	Entity
	Name
	Time reference
	Minimum value
	Default value
	Maximum value

	BS
	Interval for spectrum etiquette (Tse)
	Time between transmission of the broadcast message of the active and candidate channel sets for the purpose of dynamic resource sharing.
	
	
	60 s


A.4.1.1 Illustration of the procedure of spectrum etiquette:

Spectrum etiquette operates no matter sectorization is used or not. The procedure is described above based on non-sectorization cells. To completely describe it, the following example is given for the case of sectorization, i.e., six sectors per cell, each sector with three neighboring sectors.

The central sector of Figure 3 has three neighbor sectors (N1, N2, and N3). Neighbor sector N1 has candidate channel set {1, 2, and 3}, with channel 2 being used. The similar messages for N2 and N3 are shown in the table. The pool of available channels (i.e., Fpool) of the central sector are {1, 3, 4, 6, 7}. If the central sector needs only one channel, it would pick up channel 7 which is the best candidate according to Spectrum Etiquette principles because that channel is not usable for any neighbors. If the central sector needs one more channel, it would pick up one randomly from channel set {3, 4, 6}. In the example, channel 4 is chosen. Finally, if totally three channels are needed by the central sector, it would pick up the third channel randomly from the set {3, 6}, and finishes the channel selection procedure.
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Figure 3 The illustration of spectrum etiquette operation.

A.4.2 Overall Spectrum Renting/Offering 
And inter-BS dynamic resource sharing is especially useful when a BS does not acquire the enough resources by itself and in the other hands a neighbor BS has enough resources to share with its neighbor BSs. WRAN systems may log the channel transactions and the settlement will be made afterward. Or, we may ask the WRAN systems to be supportive of each other and share the resources they have acquired for free.

Offerors can share active channel sets with potential renters. Offerors can broadcast their available amount of resources per each active channel.

Renters decide the amount of required resources and the required rental time from the neighbor offeror’s broadcasts.  And inform them to the selected neighbor offerors.

The channel selection at the renting base station should obey the spectrum etiquette rule. If the current channel utilization of the active channels is lower than the predetermined threshold that is maintained by network operator, the offeror BS can share the resource with other BSs. 
If the current channel utilization of the active channels is higher than the predetermined threshold that is maintained by network operator and the BS expects that user’s traffic demands exceed the current available capability including candidate or backup channels, then the BS can initiate renting procedure from other offeror BSs.
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Figure 4 - Scenario for the Dynamic Resource Sharing.
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Figure 5- Spectrum Renting/Offering Procedure
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Figure 6- The Whole Procedure
A.4.2.1  Dynamic Resource Offering procedure 
In offering, the offeror initiates offering procedure to share its resource by broadcasting the resource advertisement message. The message contains the channel set information such as offering channel set, each offering channel’s available resource amount. The renter in need of resource makes a renting request on a specific channel in the offeror’s active channels. The renting request includes the amount of required resources and renting time. Finally, the offeror finishes the procedure by sending acknowledgement to the renter BS.
On sharing resource with renters, Collecting and Returning procedure can be implemented.
* Returning Procedure: when the renters don’t need some of all of borrowed resource from offeror anymore, it can return the borrowed resources to offeror.
* Collecting Procedure: when the offeror needs more resources it can collect (withdraw) lending resources from renter. Collecting should be agreed by the renter.
The procedure in detail:
1). 
The offeror initiates offering to share its resource by broadcasting the Resource Advertisement using SCH (add RS field to SCH, RS=1)
2). 
When the offeror BS receives Rent Request which contains information about desired resource and the renting time through CBP packet (in self-coexistence), it sends Resource Allocation (RA-RSP) message in self-coexistence of the renter.


Resource Allocation message includes Resource Allocation bit flag and information of the channel set which is possible for sharing. 


If offeror can support the channel requested by the renter, Resource Allocation bit flag is 1, else Resource Allocation bit flag is 0. 

3). 
The offeror shares the resources with the renter BS by receiving acknowledgement.
4) 
The renter may return the borrowed resources before finishing the original rental time.

5) 
The offeror may collect the resource before finishing the rental time.


[image: image4]
Figure 7– The Flow Chart of Offeror Procedure

A.4.2.2  Dynamic resource renting procedure 
When a base station needs more resources and it is not able to get the desired resources form the current active and candidate channels, it can start dynamic resource renting procedure. The renter BS will scan neighbor BS’s active channel and wait to hear Resource Advertisement message from the neighbor BS’s SCH. If the renter BS finds out the offeror that can support the renter BS’s demands, then it sends Rent Request with the desired amount of resources and rental time. Upon reception of successful Resource Allocation message from the offeror, it replies with ACK.

The renter BS may actively initiate resource returning procedure when it does not need some of all of the borrowed resources. When the renter BS receives the resource collection request from the offeror BS, it should let the offeror know that the collection request is accepted or rejected by the renter BS.

The procedure in detail:
1). 
When the renter BS hears the Resource Advertisement message through the SCH (RS=1), the renter BS tries contention for Rent Request (RR-REQ) in self-coexistence of the offeror. Then renter BS sends Rent Request message which contains information about desired resources and the renting time through the CBP packet (in self-coexistence).

2). 
Upon reception of the Resource Allocation (RA-RSP) message including Resource Allocation bit flag and information of the channel set which is possible for sharing, the renter BS confirms Resource Allocation bit flag. 

3)
If Resource Allocation bit flag is 1, the renter BS sends the RA-ACK in self-coexistence of the offeror. Else if Resource Allocation bit flag is 0, the renter BS adjusts Resource to request and retries to sending the RR

4). 
If the renter BS does not receive the RA message until timeout, it will retry resource sharing to another BS.  

5). 
The renter BS may return the borrowed resource before finishing the rental time.


The renter BS sends Returning Request (RE-REQ) message including information of channel to return in self-coexistence of the offeror. 

6). 
Offeror may collect the resource before finishing the rental time.


If the offeror BS requests Resource Collection (RC-REQ), the renter BS decides acceptance or rejection, then it sends RC response. 

▪ RC response bit flag = 1 : tt indicates “Accept”.
▪ RC response bit flag = 0 : tt indicates “ Reject”.

[image: image5]
Figure 8– The Flow Chart of Renter Procedure
Message Definitions

· SCH RS : Resource Sharing field in Superframe Control Header.

 If RS is 1, it Indicates the resource advertisement.

· RR-REQ : Rent Request Management message. 

· RA-RSP : Resource Allocation Management message.

· Includes Resource Allocation bit flag and information of the channel set (Active Set or Candidate/Backup Set) which is possible for sharing.

· Allocation bit flag : indicates whether offeror BS supplies the channel requested by Renter or not.

0 =dissatisfaction , 1=satisfaction 
· RA-ACK : Resource Allocation Acknowledge Management message.
· RC-REQ : Resource Collection Request Management message.

· RC-RSP : Resource Collection Response Management message.

· Includes RC response bit flag : indicates Accept or  Reject

0 = Reject, 1= Accept
· RC-ACK : Resource Collection Response Acknowledge Management message.
· RE-REQ : Returning Request Management message.

· RE-RSP : Returning Response Management message.

· RE-ACK : Returning Response Acknowledge Management message.

Message Transmission
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Figure 9– message transmission position
Table 2 —Superframe control header format

	Syntax
	Size
	Notes

	Superframe_Control_Header_Format() {
	
	1 OFDM symbol long and transmitted with well-known modulation/coding (e.g., QPSK rate ½)

	ST = 0
	6 bits
	System Type

Indicates the type of the system using this band.
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CT
	1 bits
	Content Type

Indicates the type of the content following the transmission of the SCH.

Superframe = 0

CBP Beacon = 1

	RS
	1 bits
	Resource Sharing field 
Indicates the resource advertisement 
resource advertisement =1

normal =0

	Superframe Number
	8 bits
	Positive integer that represents the superframe number (modulo 255). This field shall be incremented by 1 upon every new superframe.

	FS
	4 bits
	Frames per Superframe

Indicates the number of frames within a superframe. Frames within a superframe have a fixed size which shall not change across superframes.

	FDC
	8 bits
	Frame Duration Code

	TTQP
	16 bits
	Time To Quiet Period

The amount of time it will take for the next scheduled quiet period. This serves to synchronize the quiet period of overlapping BSs., the TTQP is divided into two subfields: Time Scale and Time. The Time Scale subfield defines the scale for the Time subfield. The Time subfield consists of a 15 bit unsigned integer number.

	DQP
	16 bits
	Duration of Quiet Period

The estimated duration of the next scheduled quiet period. This is specified similar to the TTQP field.

	PP
	1 bit
	Preamble Present

Indicates whether the preamble of the following frame is present or not. For example, a frame preamble may not be needed when the cell is operating in a single physical (i.e., TV) channel

	Tx ID
	48 bits
	Address that uniquely identifies the transmitter of the SCH (CPE or BS)

	CN
	8 bits
	Channel Number

Indicates the starting physical (i.e., TV) channel number used by the BS.

	NC
	2 bits
	Number of Channels

In case channel bonding is used, this field indicates the number of additional consecutive physical (i.e., TV) channels used by the BS.

In the basic mode, NC = 2 (i.e., two additional TV channels). This translates into a total of 3 physical channels being bonded.

	AW Present
	1 bit
	Alert Window (AW) present

Determines whether the AW is present in the superframe structure as part of the first frame.

0 = AW not present

1 = AW present

	BFB
	16 bits
	Bonded Frame Bitmap

In case the BS is operating under bonding mode but single channel CPEs have to be supported, this field indicates frame-by-frame in the superframe which ones are bonded and which ones are single channel 

Bit = 0: the corresponding frame is bonded

Bit = 1: the corresponding frame per TV channel

	GIF
	1 bit
	Guard Interval Factor

Specifies the GIF used by the PHY in the frame transmissions of this superframe. Pre-determined values are:

4 = Default mode used for superframe transmission

	Length
	8 bits
	The length of the information following the SCH

	IEs
	Variable
	Optional Information Elements which could be transmitted with the SCH. They are:

MAC version 

Current transmit power

Part 74 acknowledgement 

Location configuration information 

	HCS
	8 bits
	Header Check Sequence

	}
	
	


Table 3 —RR-REQ message format

	Syntax
	Size
	Notes

	RR-REQ_Message_Format() {
	
	

	Management Message Type = 61
	8 bits
	

	BS ID
	48 bits
	Unique identifier for this Renter BS. Offeror BS can distinguish message from different collocated BSs. 

	Number of Channels
	8 bits
	The number of channels which Renter BS wants to share

	Renting Time 


	8 bits
	The time that Renter BS want to borrow resource.

	}
	
	


Table 4 —RA-RSP message format

	Syntax
	Size
	Notes

	RA-RSP_Message_Format() {
	
	

	Management Message Type =62
	8 bits
	

	BS ID
	48 bits
	Offeror Base Station ID

	Allocation bit flag 
	1 bits
	Indicates whether offeror BS supplies the channel requested by Renter or not.
0 =dissatisfaction 
1=satisfaction 

	Number of Channels
	8 bits
	The number of channel which is possible for sharing.

	}
	
	


Table 5 —RA-ACK message format

	Syntax
	Size
	Notes

	RA-ACK_Message_Format() {
	
	

	Management Message Type = 63
	8 bits
	

	BS ID
	48 bits
	Renter Base Station ID

	Confirmation Code
	8 bits
	Table 82

	}
	
	


Table 6 —RC-REQ message format

	Syntax
	Size
	Notes

	RC-REQ_Message_Format() {
	
	

	Management Message Type = 64
	8 bits
	

	BS ID
	48 bits
	Offeror Base Station ID

	Number of Channels
	8 bits
	The number of channel that offeror BS wants to collect. 

	}
	
	


Table 7 —RC-RSP message format

	Syntax
	Size
	Notes

	RC-RSP_Message_Format() {
	
	

	Management Message Type = 65
	8 bits
	

	BS ID
	48 bits
	Renter Base Station ID

	RCR bit flag 
	1 bits
	Resource Collection Response bit flag
Indicates Accept or Reject

0 = Reject
1= Accept

	}
	
	


Table 8 —RC-ACK message format

	Syntax
	Size
	Notes

	RC-ACK_Message_Format() {
	
	

	Management Message Type =66
	8 bits
	

	BS ID
	48 bits
	Offeror Base Station ID

	Confirmation Code
	8 bits
	Table 82

	}
	
	


Table 9 —RE-REQ message format

	Syntax
	Size
	Notes

	RE-REQ_Message_Format() {
	
	

	Management Message Type = 67
	8 bits
	

	BS ID
	48 bits
	Renter Base Station ID

	Number of Channels
	8 bits
	The number of channel that Renter BS wants to return.

	}
	
	


Table 10 —RE-RSP message format

	Syntax
	Size
	Notes

	RE-RSP_Message_Format() {
	
	

	Management Message Type = 68
	8 bits
	

	BS ID
	48 bits
	Offeror Base Station ID

	Confirmation Code
	8 bits
	Table 82

	}
	
	


Table 11 —RE-ACK message format

	Syntax
	Size
	Notes

	RE-ACK_Message_Format() {
	
	

	Management Message Type = 69
	8 bits
	

	BS ID
	48 bits
	Renter Base Station ID

	Confirmation Code
	8 bits
	Table 82

	}
	
	


Table 82—Confirmation Code (CC) values

	CC
	Status

	0
	OK/success

	1
	reject-other

	2
	reject-unrecognized-configuration-setting

	3
	reject-temporary / reject-resource

	4
	reject-permanent / reject-admin

	5
	reject-not-owner

	6
	reject-service-flow-not-found

	7
	reject-service-flow-exists

	8
	reject-required-parameter-not-present

	9
	reject-header-suppression

	10
	reject-unknown-transaction-id

	11
	reject-authentication-failure

	12
	reject-add-aborted

	13
	reject-exceed-dynamic-service-limit

	14
	reject-not-authorized-for-the-request-SAID

	15
	reject-fail-to-establish-the-requested-SA

	16
	reject-not-supported-parameter

	17
	reject-not-supported-parameter-value


Abstract


This document provides normative text related to Inter-BS Dynamic Resource Sharing for IEEE 802.22 WRAN self coexistence, including both spectrum etiquette and dynamic resource renting and offering, which are optional features in the MAC. 





This contribution proposes to include this normative text in the draft.
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