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1. Overview

1.1 Scope

The standard specifies radio technology independent methods for coexistence among dissimilar or independently operated TV Band Device (TVBD) networks and dissimilar TV Band Devices.
1.2 Purpose

The purpose of the standard is to enable the family of IEEE 802 Wireless Standards to most effectively use TV White Space by providing standard coexistence methods among dissimilar or independently operated TVBD networks and dissimilar TVBDs. This standard addresses coexistence for IEEE 802 networks and devices and will also be useful for non IEEE 802 networks and TVBDs.
1.3 Sample application areas

TBD
1.4 Conformance
TBD
2. Normative references

TBD
3. Definitions, acronyms and abbreviations

3.1 Definitions

TBD
3.2 Acronyms and abbreviations
TBD
6. Procedures and Protocols
6.1 General
After the interface setup as defined in section 4.4 has been made between entities, each entity starts its operating stage. Each entity at operating stage is described by a number of designated procedures and events that triggers them. There are mainly three entities needed to be considered:

· Coexistence manger
· Coexistence enabler
· Coexistence discovery and information server
The CM at operating stage exchanges information with CE, CDIS, and TVWS DB. The CE at operating stage exchanges information with CM and TVBD. The CDIS at operating stage exchanges information with CM and TVWS DB.
Protocols are described by message exchange sequences between two entities, and a number of processes that handle messages.
6.2 Generic procedures
6.2.1 Coexistence manager procedures 
Figure 1 describes a coexistence manger operating flow that defines a specific event and designated procedure triggered by it. At first The CM shall conduct channel classification to prepare channel allocation to its registered CEs. After that, the CM shall perform channel allocation based on channel classification and other aspects such as TVWS DB update, registered CE discovery update, neighbor CM discovery update, and registered CE’s channel move request. Main procedure of the CM consists of two parts: Channel classification and channel allocation. Procedures of coexistence manager are as follows:
· CM_Channel_Classification

· CM_Channel_Allocation

· CM_TVWS_DB_Update

· CM_Registered_CM_Discovery

· CM_Registered_CE_Discovery_Update

· CM_Neighbor_CM_Discovery

· CM_Neighbor_CM_Discovery_Update

· CM_Initiate_Registered_CE_Channel_Move

· CM_Initiate_Channel_Reallocation

· CM_Channel_Identification

The procedure CM_Channel_Classification is triggered if flag ‘Initiate_Channel_Classification’ is set to be 1. This flag is set to be 1 if TVWS channel notified from TVWS DB has been changed or registered CE discovery has been updated. As depicted in figure 1, the CM firstly executes the procedure CM_Registered_CE_Discovery in order to find out context information of registered CEs belong to the CM. After getting context information from registered CEs, the CM access TVWS DB to get TVWS such as the available channel and the restricted channel lists that can be used by TVBD networks and devices. To do that, the CM might need to send FCC identifier of each TVBD as required by FCC regulation. In case, TVWS DB is not available, the CM notify shutdown of all operating channels to all of CEs, and request each registered CE to send disconnection request to the CM.
After getting available or restricted channel lists from TVWS DB, the CM executes CM_Neighbor_CM_Discovery procedure to get context information of neighbor CMs from the CDIS.
Once neighbor CM discovery is accomplished, the CM executes the procedure CM_Channel_Identification. Through this procedure, the CM shall know list of each channel set such as the available channel, the restricted channel, the operating channel taken by the registered CM of the neighbor CM. The CM finally sets flag ‘Initiate_Channel_Allocation’ to be 1, in order to trigger the procedure CM_Channel_Allocation.
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Figure 1 ─ Coexistence manager operating flow
TBD
Figure 2 ─ Procedure channel classification
As depicted in figure 3, the procedure CM_Channel_Allocation firstly checks if Timer TRefresh_TVWS_DB is expired. If it is expired, the CM executes the procedure CM_TVWS_Channel_Update. If not, the CM enters the channel allocation process.

The CM checks if neighbor CM discovery has been updated or not. If it is updated, the CM updates context information on neighbor CMs. After that, the CM checks if registered CE discovery has been updated or not. If it is updated, the CM updates context information on registered CEs. 
After gathering all context information from TVBD DB, CDIS, registered CEs, 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 sets flag ‘Initiate_Registered_CM_Channel_Classification_Discovery’ to be 1, Finally the CM sends context Information to CDIS.

If individual channel assignment mode is not possible, the CM enters co-channel sharing mode and shall apply a proper channel selection and co-channel sharing method to each registered CE. Negotiation might be needed if a negotiation with its neighbor CM is needed.
The procedure CM_TVWS_Channel_Update is periodically executed during the CM operation. If TVWS DB is updated, the CM executes procedure CM_Initiate_Channel_Reallocation and goes back to procedure CM_Channel_Classification. 
The procedure CM_Registered_CE_Discovery_Update is triggered if registered CE list of the CM has been changed. Similarly, the procedure CM_Neighbor_CM_Discovery_Update is triggered if neighbor CM list has been changed.

The procedure CM_Initiate_Registered_CE_Channel_Move is triggered if a registered CE of the CM requests channel move due to failure of required quality of service (QoS) with allocated operating channel from the CM.
TBD
Figure 3 ─ Procedure channel allocation
6.2.2 Coexistence enabler procedures
Figure 4 describes a coexistence enabler operating flow that defines a specific event and designated procedure triggered by it. Procedures of coexistence manager are as follows:

· CE_Inform_Context_Information

· CE_Inform_Event

· CE_TVBD_Reconfiguration

· CE_Request_Channel_Move
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Figure 4 ─ Coexistence enabler operating flow
6.2.3 Coexistence discovery and information server procedures 
Figure 5 describes a coexistence enabler operating flow that defines a specific event and designated procedure triggered by it. Procedures of coexistence manager are as follows:

· CDIS_Neighbor_CM_Discovery

· CDIS_Registered_CM_Channel_Classification_Discovery
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Figure 5 ─ Coexistence discovery and information server operating flow
6.3 Protocols
6.3.1 General
The logical entities in the 802.19.1 system communicate with each other using the transmission control protocol/internet protocol (TCP/IP) over internet. This clause specifically defines a protocol message format and protocol messages for data transfers between 802.19.1 entities, or between 802.19.1 entity and TVWS DB.

6.3.2 Protocol message format
TBD

6.3.3 Protocol messages
The following sub-clauses specify different protocol messages and contents for interface between entities in the 802.19.1 system. All messages convey a source identifier followed by a destination identifier as the first two of the protocol payload part of the message.

Any message received that does not contain the source and destination identifiers, or has an unrecognizable or invalid message shall be discarded without sending any indication to the source entity.

The message used in the 802.19.1 entity is defined by three kinds of messages; context information message, event message and reconfiguration message. 

Context information message conveys fundamental information of the corresponding entity for decision making on radio resource usage optimization within this standard to be possible. The context information message in the 802.19.1 system is defined for interface between CM-CE, CM-CDIS, TVWS DB-CM and TVWS DB-CDIS respectively. 

Event message is used for a means of notifying a change of the entity status that triggers specific procedures for maintaining system performance. The event message in the 802.19.1 system is defined for interface between CM-CE and CM-CDIS respectively. 

Reconfiguration message provides the information for setting hardware and/or software of TVBD in order to properly change its operating parameters in the physical and MAC layers, such as operating channel, transmitting power and communicating coverage. The reconfiguration message in the 802.19.1 system is defined for interface between CM and CE.

Brief descriptions of all messages defined in the 802.19.1 system are given bellow

	Category
	Name
	Description

	Context information message
	TVBD-CI-REQ
	Request context information of TVBD used by CM

	
	TVBD-CI-RSP
	Send context information of TVBD to CM used by CE

	
	CDIS-CI-REQ
	Request context information of CDIS used by CM

	
	CDIS-CI-RSP
	Send context information of CDIS to CM

	
	CM-CI-REQ
	Request context information of CM used by CDIS

	
	CM-CI-RSP
	Send context information of CM to CDIS

	
	TVWSDB-CI-REQ
	Request context information of TVWS DB used by CM

	
	TVWSDB-CI-RSP
	Send context information of TVWS DB to CM

	
	TVWS-DB-REQ
	Request context information of TVWS DB used by CDIS

	
	TVWS-DB-RSP
	Send context information of TVWS DB to CDIS

	Event message
	TVBD-EV-REQ
	Request event notification of TVBD used by CM

	
	TVBD-EV-IND
	Confirm receipt of event request message used by CE

	
	TVBD-EV-RSP
	Notify the detected event of TVBD to CM

	
	CDIS-EV-REQ
	Request event notification of CDIS used by CM

	
	CDIS-EV-IND
	Confirm receipt of event request message

	
	CDIS-EV-RSP
	Notify the detected event of CDIS to CM

	
	CM-EV-RSQ
	Request event notification of CM used by CDIS

	
	CM-EV-IND
	Confirm receipt of event request message

	
	CM-EV-RSP
	Notify the detected event of CM to CDIS

	Reconfiguration message
	TVBD-RC-REQ
	Request reconfiguration of TVBD used by CM

	
	TVBD-RC-RSP
	Send reconfiguration results of TVBD to CM


More specific description of each message for interface between entities in the 802.19.1 system is given in following sub-clause

6.3.3.1 Message lists and contents between CM and CE 
TBD

6.3.3.2 Message lists and contents between CM and CDIS 
TBD

6.3.3.3 Message lists and contents between TVWS DB and CM/CDIS
TBD

7. Coexistence mechanisms and algorithms
7.1 General 

Coexistence mechanisms and algorithms shall mitigate coexistence among dissimilar or independently operated TVBD networks and dissimilar TVBDs. There might be two different coexistence problems to be solved. One is how to allocate a proper operating channel to each TVBD network (or device) regarding its neighbor TVBD network (or device). The other is how to share the same channel if two or more TVBD networks (or devices) have the same operating channel.
7.2 Channel assignment algorithms
TBD
7.3 Co-channel sharing mechanisms
TBD
Annex A: Use cases

TBD

Annex B: Evaluation methodology

TBD

Annex C: Coexistence Enabler (CE) Software reference design

TBD

Abstract


This document is a procedures and protocols, and coexistence mechanisms and algorithms proposal of 802.19 Task Group 1. The document contains generic procedures for information exchange, protocols, coexistence mechanisms and algorithms of the draft of 802.19.1 standard. 
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