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Introduction
This document provides normative text related to inter BSs adaptive on demand channel contention (AODCC) for IEEE 802.22 WRAN self coexistence in the case there is one contention source BS (requestor) and multiple contention destination BSs (offerors). The proposed text provides inter BSs adaptive on demand channel algorithms and procedures to handle jointly channel on demand between BSs belonging to a same operator (intra operator situation) and channel on demand between BSs belonging to different operators (inter operators situation) as depicted in Figure 1.
This contribution proposes to include this normative text (sections 1, 2 and 3 below) in the MAC section of the draft.
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Figure 1: Adaptive On Demand Channel Contention (AODCC) handling both intra (a) and inter (b) operators situations (R : requestor/O : offeror)
1. Inter BSs Adaptive on Demand Channel Contention for Intra and Inter Operators 802.22 WRAN Self Coexistence
1.1 Introduction 
This section is related to inter BSs adaptive on demand channel contention (AODCC) for IEEE 802.22 WRAN self coexistence in the case there is one contention source BS (requestor) and multiple contention destination BSs (offerors). The proposed text provides inter BSs adaptive on demand channel contention algorithms and procedures to handle jointly channel contention on demand between BSs belonging to a same operator (intra operator situation) and channel contention on demand between BSs belonging to different operators (inter operators situation) as depicted in Figure 1.

Figure 2 illustrates the unified Adaptive On-Demand Channel Contention (AODCC) algorithm.
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Figure 2—Adaptive On-demand Channel Contention (AODCC) Algorithm

Starting with system initializations, a ready-to-operate WRAN system first performs channel evaluation and channel selection to detect and select incumbent-free channels. Operations of channel evaluation include channel sensing, measurement evaluations, measurement reporting, report processing, which are described in detail throughout Section 6.

Then the WRAN system verifies whether non-exclusive sharing of the selected channels is feasible. Non-exclusive sharing of a selected channel is to share the selected channel through TPC (Transmit Power Control) such that WRAN systems sharing the same channel do not cause harmful interference to one another. Non-exclusive channel sharing method is feasible as long as the maximum achievable signal-to-interference-ratio (SIR) on the selected channel is higher than the required SIR of the WRAN for the supported services. 

If non-exclusive sharing of the selected channels is feasible, the WRAN system then makes a channel switch decision and schedules data transmissions on the selected channels with appropriate TPC settings. The channel switch announcement and collision avoidance (specified in 6.8.21 and 6.21.4) are performed on the selected channels.

On the other hand if non-exclusive sharing is not feasible, exclusive sharing of the selected channels is performed. When a channel is shared exclusively by multiple WRAN systems, only one WRAN system can operate on the channel at any time instance. The exclusive channel sharing is performed through channel contentions which are facilitated by inter-system coordination. By using CBP and inter base station control connections, an 802.22 system can effectively communicate with other 802.22 systems for coordinating channel sharing of the selected incumbent-free channel without interrupting normal data transmissions.

If the selected incumbent-free channel is not occupied by another 802.22 system (or a licensed exempt system that the WRAN can communicate with), the WRAN ceases the effort of channel sharing on the selected channel. Otherwise, the WRAN system initiates the channel contention procedure to contend for the selected channel with the WRAN system that is occupying the channel. A WRAN would have to initialize the contention process with multiple neighboring BSs if they operate on the same selected channel.

The basic components of the channel contention procedure include:

· Contention request 
· Contention resolution and response

· Contention acknowledgment

The details of the channel contention procedure are specified in section 2 

After the channel contention procedure completes, the WRAN system winning the contention schedules data transmissions on the contended channel. If the WRAN system winning the contention is not the current occupier of the contended channel (i.e. the WRAN system occupying the contended channel lost), it performs channel switching to the contended channel at the time agreed by both contending systems (more details later). If channel switching is to be performed, channel switch announcement and collision avoidance process take place before data transmissions are performed on the contended channels. The WRAN system that fails the contention shall not perform data transmissions on the contended channels. If the WRAN system losing the contention is the current occupier of the contended channel, the channel is released by such system at the time agreed by both contending systems. 

In the data transmissions state of a WRAN system, as shown in Figure 2, two types of channel contention demands can initiate a new iteration of the channel sharing process: 

· Inter WRAN system demands, (which include intra-operator inter-system demands and inter-operator inter-system demands).
· Intra WRAN system demands. 
Intra-WRAN-system demands are the consequences of the channel condition and workload condition analysis performed by a WRAN system. When the current channel condition (channel occupancy and channel quality) is not able to support the QoS of the given admitted service workloads, a WRAN system generates the intra-system demand, which initiates an iteration of the full channel sharing process so that a better channel or more channels can be acquired to satisfy the QoS requirements of the given workloads. If exclusive channel sharing (channel contention) is necessary, the WRAN system driven by intra-system demand would generate the inter-system demand that initiates channel contention processes with coexisting WRAN systems.
The inter-WRAN-system demands are channel contention requests coming from other WRAN systems, which can belong to either the same operator (in the intra-operator situation) or different operators (in the inter-operator situation). The inter-WRAN-system demands are generated by a WRAN system called the channel contention source and received by another WRAN system called channel contention destination (more detail afterwards). When an inter-WRAN-system demand is received, a WRAN system (channel contention destination) initiates the channel contention procedure. In the intra operator situation, contention is resolved using CCN (Channel Contention Number, more details afterwards). In the inter operators situation, contention is resolved with CCNCT (Channel Contention Number of Credit Token, more details afterwards).

1.2 Channel Contention Procedure

In order to support adaptive on-demand channel contention, three messages are defined: channel contention request (CC_REQ), channel contention reply (CC_REP), channel contention acknowledgement (CC_ACK). The formats of these messages can be found in section 1.3. These messages are carried by CBP or inter base station control connections.

Contention source is defined as the WRAN that requests to contend for the selected channel. Contention destination is defined as the WRAN that occupies the requested channel and receives the contention request. Depending on the situation, either the contention source and contention destination belong to the same operator (intra operator situation), or the contention source and contention destination belong to different operators (inter operators situation)
Figure 3 illustrates the flow of the channel contention procedure and Figure 5 provides the details of the procedure.
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Figure 3: The Flow of the Channel Contention Procedure

After selecting the contended channel, the contention source sends CC_REQ to all its neighboring WRAN (contention destinations) that are operating on the requested channel. Whenever a new channel contention request is proposed, the sequence number of channel request is incremented by 1 (module 256). To guarantee that the contention destinations receive the channel contention request, the contention source may send out CC_REQ more than one times. The repeated CC_REQs shall have the same sequence number.

If the contention source receives any CC_REP with REJECT indication from the contention destination, the contention source shall cancel the request by sending message CC_ACK with GIVEUP indication so as to allow the contention destinations continue to use the original working channels. 

After receiving CC_REP messages with SUCCESS indication from all the contention destinations, the contention source shall acknowledge the CC_REPs by sending messages CC_ACK with OCCUPY indication notifying the contention destinations to release the original working channels at the given time as indicated in the CC_ACK messages. The message CC_ACK with OCCUPY indication also includes the start time of the quiet period (The quiet period is defined to be the time period in which a WRAN system, including the BS and the associated CPEs, cease its transmission and performs spectrum sensing). The contention source shall use the requested channel as the working channel at the time indicated in the CC_ACK message. To guarantee that the contention destinations receive the CC_ACK, the contention source may send out CC_ACKs more than one times. The repeated CC_ACKs shall have the same sequence number. The CC_ACK messages select the same sequence number as the related CC_REQ. The contention source shall silently discard the repeatedly received CC_REPs.
After receiving a new CC_REQ, each contention destination runs a contention resolution algorithm to decide who will win the contention. The following figure (Figure 4) gives the contention resolution algorithm.

The contention resolution algorithm in the contention destination BS works as follows. Upon CC_REQ message reception from the contention source BS, the contention destination BS checks whether the source BS and destination BS belong to the same operator by comparing the operator id field. The contention destination BS chooses accordingly the appropriate field in CC_REQ for the contention resolution. In the intra operator situation, the contention resolution is achieved with the usage of CCN (Channel Contention Number). In the inter operators situation, the contention resolution is achieved with the usage of CCNCT (Channel Contention Number of Credit token). Purpose of using CCN and CCNCT is to ensure fair access to incumbents-free channels by WRANs operated by the same or different operators respectively.
In the intra-operator situation, the channel contention numbers (CCN) can be generated randomly. The contention source and destination WRAN systems compare their CCNs to resolve the contention for the channel occupancy.
In the inter operator situation, the credit token based contention resolution algorithm works as follows:
- Each contention source BS has a pre-defined budget of credit token, i.e. a prefined number max of credit tokens.
- In CC_REQ, the contention source BS specifies the start time and the time duration it is willing to use the requested channel.
- In CC_REQ, the contention source BS specifies the number (CCNCT) of credit token per resource unit (time*frequency) it is willing to use from its budget to acquire the channel during the requested period.
- The contention destination BS compares the contention source’s proposed CCNCT and its own CCNCT it is proposing to keep the usage of the original requested channel. If the contention destination BS’s CCNCT is smaller than the contention source BS’s CCNCT, the contention destination BS has to release the channel for the agreed period between the contention destination and source BSs.
- If the contention resolution algorithm is successful for the contention source BS, the proposed CCNCT used to win the channel access will be not be usable (for some other contention resolution) by this same contention source BS’s from the time the contention source BS receives the CC_REP message (and confirms with CC_ACK message) till the end of the channel operations + margin period. 
The contention destination shall silently discard the repeatedly received CC_REQs.

After running the contention resolution algorithm, a contention destination replies with CC_REP to the contention source to indicate if the request is accepted. If the request is rejected, the reason is given in the reason field in the CC_REP message. If the CC_REQ is accepted, the contention destinations shall reject any other CC_REQ from any other contention sources until a CC_ACK is received. The CC_REP sent out with SUCCESS indication shall indicate the contention destination’s quiet period start time (TTQP). To guarantee the contention source receive the CC_REP, the contention destination may sends out CC_REPs more than one times. The repeated CC_REPs shall have the same sequence number. 

After the contention destination sends out CC_REP, the contention destination shall wait for CC_ACK. If the contention destination does not receive any CC_ACK at the given time (timer Txx times out), the contention destination continues to use the original working channel. If CC_ACK with GIVEUP indication is received, the contention destination continues to use the original working channel. If CC_ACK with OCCUPY indication is received, the contention destination shall release the original working channels at the given time being indicated by the CC_ACK message. The contention destination shall silently discard the repeatedly received CC_ACKs.
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Figure 4: Channel Contention Resolution Algorithm in the Contention Destination
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Figure 5: Channel Contention Procedure
1.3 Channel Contention Messages
1.3.1  Contention Request (CC_REQ)

This message (Table xxx) is sent by the contention source in order to contend the working channels with the contention destinations. This would be transmitted by the contention source once it has data transmission requirement and occupies no channel. If the current working channel can not satisfy the QOS requirement, the contention source can also send out this message.

Table xxx—CC_REQ

	Syntax
	Size
	Notes

	CC_REQ_Message_format() {
	
	

	    Management Message Type=XX
	8bits
	

	    Source Operator Id
	16 bits
	Operator identity of the contention source (operator making the sharing request).

	    Destination Operator Id
	16 bits
	Operator identity of the contention destination (operator receiving the sharing request).

	    Source BS Id
	48bits
	The MAC address of the contention source

	    Destination BS Id
	48bits
	The MAC address of the contention destination

	    Sequence number
	8bits
	Incremented by 1 by the source whenever any of the following three fields change. The contention destinations shall discard the repeated CC_REQ being receveid

	    Channel contention number (CCN)
	32bits
	A random number to show the priority to contend for the channel. CCN is dedicated to the contention resolution in the intra system operator situation.

	    Channel Contention Number of Credit Tokens (CCNCT)
	16 bits
	Number of credit token per BIN proposed for the contention resolution. CCNCT is dedicated to the contention resolution in the inter operators situation. 

	    Channel number
	8bits
	The channel being requested by the contention source

	    Start time
	16bits
	Starting from the next frame, the number of frames after which the contention source requires to start operation on the requested channel.

	}
	
	


1.3.2 Channel Contention Reply (CC_REP)
This message (Table xxx) is sent by the contention destination in order to tell the contention source if the request is accepted. Typically this would be transmitted by the contention destination once it has receives a CC_REQ and runs the contention resolution algorithm.

Table xxx—CC_REP

	Syntax
	Size
	Notes

	CC_REP_Message_format() {
	
	

	    Management Message Type=XX
	8bits
	

	    Source Operator Id
	16 bits
	Operator identity of the contention source (operator making the sharing request).

	    Destination Operator Id
	16 bits
	Operator identity of the contention destination (operator receiving the sharing request).

	    Source BS Id
	48bits
	Copy from the CC_REQ

	    Destination BS Id
	48bits
	Copy from the CC_REQ

	    Sequence number
	8bits
	Copy from the CC_REQ. The contention source shall discard the repeated CC_REP being receveid

	    Channel number
	8bits
	The channel requested by the source BS

	    Result indication
	2bits
	00….SUCCESS (accept the request)

01….REJECT (reject the request)

10—11….reserved

	    Reason of Rejection
	6bits
	The reason to reject the CC_REQ. This field can only be used when result==01

000000 - the current working period of the contention destination is too short (applicable in the intra operator and inter operators situation).

000001 - the contention destination has smaller channel contention number (CCN) than the contention source (applicable in the intra operator situation).

000010 - the contention source proposes a smaller CCNCT than the contention destination (applicable in the inter operators situation).

000011 - The remaining time to the quiet period is too short (applicable in the intra operator and inter operators situation).

000100—111111 – reserved

	    Channel Release Time
	16 bits
	Starting from the next frame, the number frames after which the channel can be released.

	    Time To Quiet Period (TTQP)
	16bits
	If the contention destination accepts the request, this field indicates the start time of the following quiet period

	}
	
	


1.3.3 Channel Contention Acknowledgment (CC_ACK)
This message (Table xxx) is sent by the contention source in order to notify the contention destinations that the contention source will occupy the working channels or give up the request. Typically the contention source shall notify the contention destinations that it will occupy the channel if it receives CC_REP with a SUCCESS indication from all the contention destinations. Otherwise the contention source shall notify the contention destinations that it will give up the channel request if it receives CC_REP with a REJECT indication from anyone of the contention destinations.

Table xxx—CC_ACK

	Syntax
	Size
	Notes

	CC_ACK_Message_format() {
	
	

	    Management Message Type=XX
	8bits
	

	    Source Operator Id
	16 bits
	Operator identity of the contention source (operator making the sharing request).

	    Destination Operator Id
	16 bits
	Operator identity of the contention destination (operator receiving the sharing request).

	    Source Id
	48bits
	The MAC address of the contention source

	    Destination Id
	48bits
	The MAC address of the contention destination

	    Sequence number
	8bits
	Same as the corresponding CC_REQ. The contention destinations shall discard the repeated CC_ACK being receveid

	    Channel number
	8bits
	The channel being requested by the contention source

	    Start time
	16bits
	Starting from the next frame, the number frames after which the contention source will start operation on the requested channel.

	    Occupation code
	2bits
	00….Occupy the channel

01….Give up the request

10—11….Reserved

	    Reserved
	6bits
	The field shall be set to 0

	    Time to quiet period (TTQP)
	16bits
	If the contention source occupies the channel, this field indicates the start time of the following quiet period

	}
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Abstract


This document provides normative text related to inter BSs adaptive on demand channel contention (AODCC) for IEEE 802.22 WRAN self coexistence, which is an optional feature in the MAC. The proposed text provides inter BSs adaptive on demand channel algorithms and procedures to handle jointly channel on demand between BSs belonging to a same operator (intra operator situation) and channel on demand between BSs belonging to different operators (inter operators situation).





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