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1. Introduction

Connection-based inter base station communications mechanism is to facilitate efficient, reliable and secure over-the-air inter-system communications accommodating the collaborative self-coexistence among WRAN systems.
Connection-based inter base station communications are established based on the Coexistence Beaconing Protocol.

This clause specifies the mechanism and scheduling methods for the connection-based over-the-air Inter-BS communications.
2. Connection-based Inter Base Station Communications
An 802.22 MAC connection defines a mapping between transmission-reception processes for deterministic scheduling of communications. Connection based communication provides a mechanism for requesting bandwidth, associating QoS and traffic parameters, and security functions.
Connection based inter base station communication is established and maintained through Coexistence Control Connections, which are composed of 802.22 MAC management connections. 

The key components of the Coexistence Control Connection mechanism are:

•
Bridge Customer Premier Device (Bridge CPE)

•
Coexistence Connections
2.1 Bridge Customer Premier Device (B-CPE)

As shown in figure 1, a Bridge CPE (B-CPE) is located in the overlapping coverage areas of two/multiple WRAN systems, for which co-existence is required. 

A B-CPE, as a regular CPE, associates with one of the base station and establishes connections for data transmission services, which we refer to as Service Connections. The associated base station for data transmissions is called Service Base Station (S-BS) and the association is called Service Association. 

A Bridge CPE is selected by its service BS for co-existence communications. Requested by its service BS, a bridge CPE associates with another interfering base station, called Coexistence Base Station (C-BS), with which the service BS requires establishing coexistence communications. The association between the Bridge CPE and the Coexistence BS is referred to as a coexistence association. After associated with the Coexistence BS, the Bridge CPE establishes connections with the Coexistence BS, and the established connections are called Coexistence Connections and are used only for coexistence communications. 

A Coexistence Control Connection is established between the service BS and the coexistence BS over the service connection and the coexistence connection, with the Bridge CPE as the relay. 
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Figure 1 Bridge CPE and Coexistence Connections

2.2 Coexistence Connections

A coexistence connection, defined as an 802.22 MAC management connection, is a connection-based logical control channel that only carries communications for inter-system self-coexistence.

A Coexistence Connections is established and maintained between a bridge CPE and a coexistence BS, when requested by the service BS of the bridge CPE. 

A Coexistence Connection can also be established and maintained between two base stations when they are within arranges of each other, as shown in figure 2. In this case, one of the base stations behaves as a CPE of the other base station.  

A coexistence connection is established and maintained on physical RF channels that are occupied by the coexistence BS. No extra physical RF channel is consumed for coexistence connections.

The establishment and maintenances of a coexistence connection is performed along with data transmissions of the bridge CPE (or service BS, in the case of figure 2) controlled by the service BS. The procedures of establishment and maintenances for coexistence connections are the same as those for other MAC management connections. 

The service BS shall guarantee that the establishment and maintenance operations of coexistence connections are not co-scheduled with service data transmissions on the bridge CPE. The high level scheme for co-scheduling resolutions is described in the next section.
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Figure 2 Coexistence Connections between two Base Stations

2.3 Inter Base Station Coexistence Control Connections
An Inter-BS Coexistence Control Connection is established between the service BS and the coexistence BS over the service connection and the coexistence connection, with the Bridge CPE as the relay. 

Functionalities of Inter-BS Coexistence Control Connection are for coexistence purpose only, and include messaging for co-existence protocols, sensing measurement sharing, transmission parameters (such as frequencies, transmission power), etc.

3. Scheduling of Connection Based Inter-BS Communications

3.1 Overview

For a Bridge CPE with a single TX/RX front end, it shall be guaranteed that service data transmissions are not co-scheduled (collided) with coexistence operations (i.e. connection establishment and maintenance, control message exchange, etc.) on the Bridge CPE. For this matter, the Service BS shall control and schedule the coexistence operations between the Bridge CPE and the Coexistence BS. The scheduling scheme for service data transmissions and coexistence operations are depicted in figure 3. 

Without being scheduled for coexistence operations by the Service BS, the Bridge CPE only maintains communications with the Service BS for service data transmissions. Any coexistence messages or scheduling transmitted from the Coexistence BS is ignored by the Bridge CPE. When being scheduled for coexistence operations by the service BS, the Bridge CPE requests for and establishes communications with the Coexistence BS for coexistence operations. The coexistence operations can be performed up to the Coexistence Operation Period scheduled by the service BS. After the Coexistence Operation Period expired, the Bridge CPE resumes communications with the service BS and terminates communications with the coexistence BS.
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Figure 3 Scheduling of service data transmissions and coexistence operations for a Bridge CPE

3.2 Basic Scenarios and Basic Assumptions

Procedures for two scenarios are specified: 

1)
Two (multiple) WRAN systems sharing a singe channel, which can only be occupied by one WRAN system at a time;

2)
Two (multiple) WRAN systems sharing two (multiple) channels or sub-channels of the same channel at the same time.

We assume that coexisting WRANs systems synchronize MAC frames by sharing a common clock.

3.3 MAC Frame Structure
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Figure 4 MAC Frame Structure
The Self Coexistence Window (SCW) is a contention window shared by all WRAN systems for transmitting/receiving coexistence messages using CBP.
3.4 Scheduling method for Scenario I

We specify in this section the procedure of connection based inter-system (inter Base Stations) communications for the scenario in which two WRAN systems are sharing a single channel (coexistence channel) that can only be occupied by one WRAN system at a time. The procedure described below can be generalized to multiple WRAN systems sharing single channel scenarios.

a) Initial Condition

Figure 5 depicts the initial condition of Scenario I: service connections have been established between the service base station (S-BS) and the bridge CPE (B-CPE) on channel A (the coexistence channel) as indicated as solid line in Figure 5; the coexistence BS (C-BS) is just about to start service provisions; CPE1 and CPE2 have not yet associated with any base station.
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Figure 5 – The Initial Condition of Scenario I 

b) Announcement and Detection of the coexistence scenario

See Figure 6. Steps are as follows.

i) C-BS announces its existence through CBP in Self Coexistence Window (SCW). 

ii) B-CPE captures C-BS’s announcements and reports to S-BS.

iii) S-BS instructs B-CPE to notify S-BS’s existence to C-BS through SCW.
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Figure 6 – Announcement and Detection of a C-BS in Scenario I

c) Initial Coexistence Resolution

i) C-BS sends coexistence (e.g. spectrum contention, CTRP) requests to S-BS (via B-CPE) through SCW.

ii) S-BS responds to C-BS’s requests via B-CPE through SCW.

iii) If C-BS acquires partial of the coexistence channel, follow the procedure for scenario II.

iv) Else if C-BS fails to acquire the coexistence channel go back to step i) to repeat the coexistence resolution process.

v) Else if C-BS acquires the coexistence channel 

1) S-BS instructs B-CPE to setup Coexistence Connection(s) with C-BS after the channel is released.

2) S-BS instructs B-CPE to request “Reserved Time Slots” (RTS) for B-CPE to S-BS communications on the channel after the channel is release.

3) S-BS provides B-CPE parameters (e.g. spectrum contention numbers, or CTRP related) and strategies for coexistence with C-BS.

4) S-BS releases the channel at the time both S-BS and C-BS agree upon. 

d) Coexistence Connection Establishment

i) B-CPE, as instructed by S-BS, sets up coexistence connection(s) with C-BS on the coexistence channel as indicated as dot-line in Figure 7.

ii) B-CPE requests for “Reserved Time Slots” (RTS) for B-CPE to S-BS communications on the coexistence channel. During RTS, C-BS ceases all interfering communications in its own system so that interference-free communications between S-BS and B-CPE are allowed.
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Figure 7 – Interference-free Operations in Scenario I

e) Inter Base Station Communications (when C-BS occupies the channel)

When S-BS has released the coexistence channel, the following steps describe S-BS to C-BS communication procedure.

i) RTS Monitoring

S-BS shall periodically monitors in the Reserved Time Slots (RTS) feedback messages from B-CPE. RTS monitoring is scheduled in the Uplink Sub-frame.

ii) B-CPE to C-BS communications

B-CPE communicates with C-BS through assigned transmission opportunities granted by the C-BS MAP  on the coexistence channel. 
iii) Coexistence Bandwidth Allocation 

B-CPE sends RTS requests to C-BS through assigned transmission opportunities granted by C-BS for interference-free B-CPE to S-BS communications. C-BS grants RTS to B-CPE if possible. 

Note that C-BS and the associated CPEs will not transmit during the B-CPE to S-BS allocation.
iv) Feedback of Coexistence Bandwidth Allocation

B-CPE feeds back to S-BS the coexistence BW Allocation (RTS allocation) in RTS, in which S-BS periodically monitors for BW allocation feedback.

v) B-CPE to S-BS communications

S-BS communicates with B-CPE in RTS. 

vi) B-CPE to C-BS communications

B-CPE communicates with C-BS through assigned transmission opportunities granted by the C-BS MAP on the coexistence channel.

See figure 7 and figure 8.
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Figure 8 – S-BS to C-BS Communications via B-CPE after S-BS has released the channel

f) Coexistence Resolution

Co-existence information (e.g. credit tokens or spectrum contention numbers) is exchanged between base stations (S-BS and C-BS) via the service connection and the co-existence connection. The winner of the resource negotiation will operate on the channel and the loser will give up the channel. 

RTS Request information of the losing base station shall be sent to the winning base station for the next phase of inter-BS communications. 

For example, if S-BS acquires the channel, C-BS ceases operation on the coexistence channel. Before the terminating its operation, C-BS sends RTS request to S-BS via B-CPE. B-CPE maintains the co-existence connection with C-BS. See Figure 9.
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Figure 9 – Interference-free Operations and Coexistence Connection Maintenance

g) Inter Base Station Communications (when S-BS occupies the channel)

When C-BS has released the coexistence channel, the following steps describe S-BS to C-BS communication procedure.

i) RTS Monitoring

C-BS shall periodically monitors in the Reserved Time Slots (RTS) feedback messages from B-CPE. RTS monitoring is scheduled in the Uplink Sub-frame.

ii) B-CPE to S-BS Communications

B-CPE communicates with S-BS through assigned transmission opportunities granted by the S-BS MAP on the channel.

iii) Coexistence Bandwidth Allocation

Based on the RTS requests sent by C-BS, S-BS grants RTS to C-CPE if possible. 

iv) Feedback of Coexistence Bandwidth Allocation

B-CPE feeds back to C-BS the coexistence BW Allocation (RTS allocation) in RTS, in which C-BS periodically monitors for BW allocation feedback. 

v) B-CPE to C-BS Communications

C-BS communicates with B-CPE in RTS.

vi) B-CPE to S-BS communications

B-CPE communicates with S-BS through assigned transmission opportunities granted by the S-BS MAP on the channel.

See figure 9 and figure 10.
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Figure 10 – S-BS to C-BS Communications via B-CPE after C-BS has released the channel

h) Iterative Coexistence Communication and Resolution

1) Repeat step f) for Coexistence Resolutions. 

2) Repeat step e) or g) for inter-BS communications.  

3.4 Scheduling method for Scenario II

We specify in this section the procedure of inter-system (BS) communications for the scenario in which two (multiple) WRAN systems sharing two (multiple) channels or sub-channels of the same channel at the same time.

a) Initial Condition

Figure 11 depicts the initial condition in scenario II: S-BS/B-CPE are using channel A, and C-BS/CPE1/CPE2 are using channel B.
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Figure 11 – Initial Condition in Scenario II

b) Announcement and Detection of the coexistence scenario

See Figure 12. The procedure is as follows.

1. S-BS and C-BS announce their existence in Self Coexistence Window (SCW). Announcements can be done by base stations themselves or via bridge CPEs.
2. S-BS and C-BS capture the existences and channel usages of each other. 
In the example scenario in Figure12, S-BS detects C-BS is using channel B and C-BS detects S-BS is using channel A.
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Figure 12 – Announcement and Detection of a C-BS in Scenario II

c) Coexistence Connection Establishment and Maintenance

S-BS instructs B-CPE to establish and maintain coexistence connections with C-BS in channel B; Similarly, C-BS could instruct CPE1 to establish and maintain coexistence connections with S-BS in channel A. 

See Figure 13.
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Figure 13 - Coexistence Connection Establishment and Inter-BS Communications in Scenario II

d) Inter Base Station Communications

The following steps specify the procedure for communications between S-BS and C-BS via B-CPE (initialized by S-BS), as illustrated in Figure 14:

i) Periodic Coexistence Polling Slots (CPS)

After coexistence connection(s) has been established with B-CPE, C-BS periodically schedules Coexistence Polling Slots (CPS) for asynchronized B-CPE to C-BS communications. 

S-BS also schedules periodic CPS to reestablish communications with B-CPE after coexistence communications between B-CPE and C-BS has completed.

CPS could be used for coexistence message transmissions if the size of the coexistence message fits in the CPS.

ii) B-CPE to C-BS Communications

S-BS schedules B-CPE to communicate with C-BS through the coexistence connections for a Coexistence Operation Period (e.g. 2-frame duration). 

During a coexistence operation period:

a. B-CPE switches to channel B and decodes the MAP of C-BS;

b. B-CPE sends BW requests via the scheduled CPS;

c. C-BS grants BW to B-CPE for communicating with B-CPE.

d. C-BS and B-CPE communicate with each other using the allocated BW.

Note that during B-CPE to C-BS communication period, C-BS does not schedule CPS for B-CPE. However, C-BS resumes CPS scheduling for B-CPE after the communications with B-CPE is completed.

iii) B-CPE to S-BS Communications

a. After the Coexistence Operation Period, S-BS periodically schedules Coexistence Polling Slots for asynchronizaed B-CPE to S-BS communications, until B-CPE to S-BS communications are reestablished.

b. After B-CPE to C-BS communications, B-CPE switches back to channel A, and decodes the MAP of S-BS, in search of CPS of the S-BS.

c. B-CPE sends BW requests to S-BS via the scheduled CPS.

d. S-BS grants BW to B-CPE for communicating with B-CPE.

e. C-BS and B-CPE communicate with each other using the allocated BW.
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Figure 14 – Inter-BS Communications via B-CPE on Two Channels

Communications between S-BS and C-BS via CPE1 follow the same procedure as specified above.
4. Coexistence Control Messages

To be defined.
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This document describes the Mechanism and Scheduling methods of connection based over-the-air inter base station communications for IEEE 802.22 WRAN self coexistence.
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