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Propose
Replace subclause 8.4.2.2. as followings;
8.4.2.2 Algorithm based on operating channel selection

Coexistence problems among WSOs might occur due to the disparity between the number of allocable TV channels and the number of required TV channels for WSOs over a given area. To mitigate coexistence problems, it is important that maintaining channel availability information for WSOs operation over TV white space. 
The CM shall maintain the status of the TV channels which is available for WSOs operation at their location according to the policies and rules established by regulation. The CM shall obtain information on the TV channel status with respect to the presence of incumbents and WSOs at their location and it shall use this information as input parameters for coexistence decisions such as channel selection, channel management, and so on.

To maintain the status of the channels available for operation, the CM shall be able to collect and combine information from the following sources:

· TVWS database

· CDIS

· Neighbor CMs

·  Measurement report from CE (originated with WSOs)

The channel availability information shall be defined during the initialization of CM and it shall be periodically updated during the operation of CM.

In order to start operation of WSOs, CM shall select and assign a proper operating channel for WSO to solve coexistence problems among WSOs. A proper operating channel shall be selected from one of allowed channels at locations of WSOs.

Status of given allowed channels is dynamically changed based on incumbent activities, activities of other WSOs, relocation of WSOs, etc. To facilitate coexistence between WSOs, the CM shall know status of TV channels at locations WSOs, including, for example:

· channels available for WSOs, 

· channels disallowed by regulation, or by the request of incumbents,

· channels that should be protected due to current incumbent activity,

· channels that should be restricted with limitations in order to use by tvbd networks or devices, and

· channels that are already being used by other WSO networks or devices.

The channel availability information shall be maintained based on TV channel classification. All TV channels are classified in the following sets:

· disallowed channels,

· allowed channels,

· available channels,

· protected channels,

· restricted channels,

· unclassified channels,

· operating channels, and

· coexistent channels.

The disallowed set is a set of channels disallowed for any WSOs by regulation, or by the request of incumbents. It should be provided by TV bands database and is updated if necessary. For example, in the U.S. TV channel 3, 4, and 37 are disallowed by regulation. Also a TV channel registered at TV bands database by a licensed wireless microphone is disallowed for any WSOs.

The allowed set is a set of channels allowed for WSOs. It should be provided by TVWS database and is updated if necessary. All WSOs should first obtain a list of the allowed channels before their operating over TV channels.

The available set is a set of free channels available for WSOs. 

The restricted set is a set of channels restricted to use with limitations due to regulation. It can be used by WSOs under limited conditions predefined by regulation. For example, in the U.S. a portable/personal TVBD can use “the first adjacent channel of the incumbent activating channel” with limited transmit power (≤ 40 mW EIRP) by FCC regulation.

The protected set is a set of channels to be protected due to incumbent activity. It cannot be used by any WSOs.

The unclassified set is a set of channels has not been classified as one of the protected set, restricted set or available set.

The operating set is a set of operating channels being used by each WSO. If each WSO has different operating channel, spectrum etiquette, i.e., FDM (frequency division multiplexing), among WSOs is achievable.

The coexistent set is a set of channels being shared by two or more WSOs as an operating channel. WSOs might need a coexistence mechanism to resolve co-channel interference among them.

The transition diagram for each channel set consists of the states and events illustrated in Figure 1. The disallowed and allowed channels are omitted in this transition diagram because those channels are classified by TVWS database and the sum of available, restricted, protected, unclassified, operating, and coexistent channels is equal to the allowed channels. Possible events for each state transition are defined as follows:

· Event 1: If the channel already being used by one WSO is assigned to other WSO so that two or more WSOs use the same channel as an operating channel

· Event 2: If the channel is released by other WSOs so that the channel is being used by only one WSO

· Event 3: If the channel is released and not be used by any WSO due to the completion of its usage

· Event 4: If the channel is assigned to one WSO and not shared by any WSO

· Event 5: If the channel is assigned to two or more WSOs at the same time

· Event 6: If an incumbent activity has been informed on the channel

· Event 7: If the channel temporarily satisfies the condition that requires its usage with limitations due to regulation, e.g., in the U.S. if an incumbent activity has been informed on the channel (N), the first adjacent channel (N±1) can be used by only a portable/personal TVBD with limited transmit power, say 100 mW EIRP

· Event 8: If the channel is released by an incumbent due to the completion of its usage

· Event 9: If the channel is exempted from its temporary restriction and free to use without limitation, e.g., in the U.S. if the channel is released by the incumbent on the channel (N) due to the completion of its usage, the first adjacent channel (N±1) can be used by any WSOs

· Event 10: If the channel is not occupied by an incumbent or any WSOs

· Event 11: If the channel is not classified or updated within the predefined time expiration 


[image: image1.emf]6 11

7 11 9 7

Unclassified 

Set

Protected 

Set

Protected 

Set

Available 

Set

8 6

10

11

7 6 6 11

7 11

Protected 

Set

Restricted Set

7 6 4 3

5 3

Operating Set

Coexistent Set

1 2

5

7

6

11

11

6

7

4


Figure 1 —Channel set transition diagram

Based on channel classification and channel set transition diagram, the channel set transition matrix is defined in Table 1. Each row specifies the state transition due to each event. Each column specifies state transition due to the events in each row for a particular current state. A blank cell within the transition matrix implies that either the specific event cannot or should not occur within that state. And if the event does occur, the CM shall ignore it. For example, the protected channel cannot directly transit to operating channel. Therefore, there is no operating channel in the first column (i.e., operating column).
Table 1 —Channel set transition matrix

	Event
	State

	
	Operating
	Coexistent
	Available
	Protected
	Restricted
	Unclassified

	1
	Coexistent
	
	
	
	
	

	2
	
	Operating
	
	
	
	

	3
	Available
	Available
	
	
	
	

	4
	
	
	Operating
	
	Operating
	

	5
	
	
	Coexistent
	
	Coexistent
	

	6
	Protected
	Protected
	Protected
	
	Protected
	Protected

	7
	Restricted
	Restricted
	Restricted
	Restricted
	
	Restricted

	8
	
	
	
	Available
	
	

	9
	
	
	
	
	Available
	

	10
	
	
	
	
	
	Available

	11
	Unclassified
	Unclassified
	Unclassified
	Unclassified
	Unclassified
	


Regarding channel availability information, the channel allocation methods for operating channel selection by the CM are depicted in Figure 2.
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Figure 2 —Channel allocation methods

In the individual TV channel allocation, TV channels are dynamically assigned to each WSO which use different TV channels. So it is possible that non-overlapped TV channels are allocated to WSOs. This guarantee co-channel-interference-free TV channel use and coexistence problem can be eliminated through a proper TV channel allocation.

In shared TV channel allocation, two or more WSOs share the same TV channel. There could be a number of TV channels that are being shared.

If a TV channel is shared by the WSOs of the same/similar type, self-coexistence mechanisms shall be applied to mitigate co-channel interference. For example, two or more 802.22 systems can share the same TV channel using their self-coexistence mechanism, call on-demand frame contention (ODFC).

If a TV channel is shared by WSOs of the dissimilar type, inter-system coexistence mechanisms shall be applied to mitigate co-channel interference.

Operating channel selection is done by a CM with interacting between CE/CDIS. Operating channel selection mechanism mainly consists of two parts: Channel classification and channel allocation. The detailed procedure of the decision making of operating channel selection by a CM is as follows:

Step 1: Perform channel classification to prepare channel allocation to the registered CEs. Update channel classification and registration information of the corresponding registered WSOs

· Channel classification is triggered if flag ‘Initiate_Channel_Classification’ is set to be 1. This flag is set to one if the CM has been initialized after power on or TVWS channels from TVWS DB have been updated.

· As depicted in Figure 3, the CM firstly performs registered CE discovery in order to find out context information of registered CEs belong to the CM.

· After getting context information from the registered CEs, the CM accesses TVWS DB to get the list of allowed channels, and find out the available channel and the restricted channel that can be used by WSOs. To do that, the CM might send an identifier of each TVBD as required by regulation.

· In case, TVWS DB is not available within a certain time limit, the CM requests each registered CE to send disconnection request to the CM.

· After getting allowed lists from TVWS DB, the CM performs neighbor CM discovery to get context information of neighbor CMs from the CDIS, and get channel classification information from its neighbor CMs.

· Once neighbor CM discovery is accomplished, the CM performs channel identification as depicted in Figure 4. Through this, the CM identifies the available channel, the restricted channel, the operating channel already taken by the registered CE of the neighbor CM among allowed channels from TVWS DB.

· The CM finally sets flag ‘Initiate_Channel_Allocation’ to be 1, in order to trigger channel allocation.
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Figure 3 —Flowchart of channel classification
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Figure 4 —Flowchart of channel identification

Step 2: Perform channel allocation based on channel classification and other aspects such as TVWS DB update, registered CE discovery update, neighbor CM discovery update, neighbor CM channel classification update and registered CE’s channel move request.

· Channel allocation is triggered if flag ‘Initiate_Channel_Allocation’ is set to be 1. This flag is set to one if the following occurs:

1) If the CM has done channel classification

2) If the neighbor CM discovery has been updated

3) If the neighbor CM channel classification has been updated

4) If the registered CE discovery has been updated

5) If the registered CE requests channel move and there are no available channels or restricted channels to allocate

· As shown in Figure 5, the CM firstly checks if Timer TRefresh_TVWS_DB is expired. If it is expired, the CM performs TVWS channel update. If not, the CM continues channel allocation process and checks current channel classification.

· Based on current channel classification, the CM decides if individual channel assignment is possible for all registered CEs considering its neighbor CM. If possible, i.e., in individual channel assignment mode, the CM allocates an exclusive operating channel to each registered CE and sends reconfiguration request to registered CEs. If a registered CE does not accept the CM’s reconfiguration request, the CM discards that registered CEs. The CM updates channel classification again to reflect channel allocation, and finally the CM sends updated channel classification information to its neighbor CMs.

· If individual channel assignment mode is not possible, the CM enters co-channel sharing mode and shall apply a proper operating channel selection algorithm and/or a co-channel sharing mechanism to each registered CE. Negotiation might be needed if a negotiation with its neighbor CM is needed. Flowchart of operating channel selection for the CM is shown in Figure 6.
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Figure 5 —Flowchart of channel allocation

TVWS channel update is periodically checked during the CM operation. If TVWS DB is updated, the CM notifies channel shutdown to all registered CEs, and goes back to channel classification step 1. In case, TVWS DB is not available within a certain time limit, the CM notifies shutdown of all operating channels to all registered CEs, and requests each registered CE to send disconnection request to the CM.

Registered CE discovery update is triggered if registered CE list of the CM has been changed. Through this, the CM perform registered CE discovery and channel allocation one by one.

Neighbor CM discovery update is triggered if neighbor CM list has been changed. The CM performs neighbor CM discovery and channel allocation by turns.

CM performs a registered CE channel move if the registered CE of the CM requests channel move due to failure of required quality of service (QoS) with allocated operating channel from the CM. As depicted in Figure 7 the CM allocates a new operating channel to the CE requesting channel move if there are available channels or restricted channels. After that the CM updates channel classification, and announces it to its neighbor CMs. If there are no available channels or restricted channels to allocate, the CM set flag ’Initiate_Channel_Allocation’ to be one and performs channel allocation.
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Figure 6 —Flowchart of operating channel selection
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Figure 7 —Flowchart of channel move

Abstract





This document provides algorithm based on operating channel selection to update Draft P802.19.1/DF3.03. 
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