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Mechanisms for Multi-Mode Operation
Liru Lu (Alina), Ming-Tuo Zhou, Xin Zhang, Hoang Vinh Dien, Masayuki Oodo, Hiroshi Harada

NICT

Introduction

Document IEEE 802.16n-10/0048 specifies the function requirements of HR-Network. Section 6.1.1 defines the requirements for multi-mode operation.

In this file, we propose the mechanisms for multi-mode operation to address the following topics.

· Relay Function for HR-BS
· Relay Function for HR-MS (Relay Mode)

· Base Station Function for HR-MS (BS Mode)

Proposed Text

----------------------------------------------------- Start of Proposed Text -----------------------------------------------------
[Insert new sections after 17.3.1 as follows:]
17.3.1 Multi-mode operation
17.3.1.1 Relay Function for HR-BS

An HR-BS (affected HR-BS) may operate as a relay station to communicate with another HR-BS (serving HR-BS) that has connection to backhaul. HR-BS shall maintain its BS functionality such as central scheduling even when it is operating its relay function. 

17.3.1.2 Relay Function for HR-MS (Relay Mode)

Relay function shall be supported by HR-MS. HR-MS may initialize its relay mode by the following two schemes:
(1) Centralized scheme (Initialized by HR-BS)
In centralized scheme, relay mode operation of HR-MS is initiated by HR-BS. HR-BS shall maintain a network topology table of its subordinate stations.
Initialization of Relay Mode 

The origin node transmits the request message REQ_RS to HR-BS indicating relay support is required for the data communication to the destination node. According to the network topology information, HR-BS will send an ENQ_RS message to a designated HR-MS (D-HR-MS) for relaying task from origin node to destination node. A RSP_RS message will be replied to HR-BS to confirm the acceptation of request or deny the request. HR-BS will send out a CM_RS message with CM_RS.ID parameter upon receiving confirmation to complete the initialization of the relay operation.
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Figure 2. Centralized scheme for Relay Mode
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Figure 3. Messages for Initialization of Relay Operation in Centralized Scheme

In the case when HR-MS denies the request from HR-BS, HR-BS will search for another candidate HR-MS for relaying duty from its next available candidate in its network topology table.

Exit from Relay Mode

The origin node shall transmit a RS_STP message to D-HR-MS after the completion of data. D-HR-MS shall transmit RS_STP message to HR-BS. Upon receiving ACK_STP from HR-BS, D-HR-MS will exit from its relay mode operation and become a normal HR-MS.

In the case when D-HR-MS needs to exit from relay mode (for example, when D-HR-MS is moving away from the communication range of origin node and destination node), a REQ_RS_STP message will be sent to HR-BS. An  ACK_RS_STP message will be responded by HR-BS to acknowledge it. HR-BS shall find the alternative HR-MS for relaying function and inform origin node by a new CM_RS.ID message to continue the relaying service.

 (2) Distributed scheme (Initialized by HR-MS)
Distributed scheme for initialization of relay mode shall be used when HR-BS is unavailable to some of the nodes within the cell.

The use case for distributed scheme is illustrated in Figure 4. 

Initialization of Relay Mode 

In the case when HR-BS is unavailable, origin node (HR-MS) will broadcast the ENQ_RS message for relay support. According to its availability and the destination node in the route table maintained in HR-MS, available HR-MS will respond with RSP_RS message to origin node. If there are more than one responses received by the origin node, a CM_RS message will be sent to selected HR-MS by unicast based on the received power or other evaluation metrics. Upon receiving CM_RS, designated HR-MS will start its relay mode and become D-HR-MS. 

Exit from Relay Mode

When origin node completes the transmission, a RS_STP message will be sent to D-HR-MS to inform the completion of transmission. D-HR-MS will exit from Relay Mode after receiving this message. 

In the case when D-HR-MS needs to exit from relay mode (for example, when D-HR-MS is moving away from the communication range of origin node and destination node), a REQ_RS_STP message will be sent to origin node. An   ACK_RS_STP message will be responded by origin node to acknowledge it and the origin node shall find its alternative path to the destination node.

The following messages shall be used for supporting of Relay Mode operation.
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Figure 4. Distributed scheme for Relay Mode

ENQ_RS -- Request for relay support, broadcast by origin node when HR-BS is unavailable

RSP_RS -- Response from candidate HR-MS to origin node for Relay support

CM_RS -- Acknowledge the relay mode to be operated at selected HR-MS by unicast from origin node

RS_STP -- Sent from origin node to D-HR-MS to indicate the completion of data transmission via relaying support

REQ_RS_STP -- sent from D-HR-MS to origin node to request for the termination of relay mode operation

ACK_RS_STP -- Sent by origin node A to confirm the Relay Mode termination request from D-HR-MS

17.3.1.3 Base Station Function for HR-MS (BS Mode)

HR-MS shall only start its BS mode when its superordinate HR-BS is unavailable in the HR network. There are two options for HR-MS to be enabled as an HR-BS: Proactive mode and Reactive mode. In proactive mode, the mode switch to HR-BS is directed by the superordinate HR-BS of the HR-MS; In reactive mode, the mode switch is initiated by the HR-MS itself.
For simplicity of presentation, we use HR-MS (1) to represent HR-MSs which are 1-hop neighbors of HR-BS

Proactive Mode Operation

In proactive mode, HR-BS needs to keep a candidate table of its 1-hop HR-MS neighbors. The candidates are ranked according to the measured signal power at HR-BS. The first priority will be given to the HR-MS with highest power received at HR-BS. HR-BS shall update this table periodically by broadcasting STN_REQ and receiving STN_ACK messages as defined in 17.2.4.1 and 17.3.4.1 (Doc IEEE C802.16n-dc-11/0011). When the HR-BS fails, the HR-MS at the first place of candidate table will start to operate at HR-BS mode.

Reactive Mode Operation

For reactive mode operation, the following messages are defined.

ENG_BS: send by HR-MS which is not 1-hop neighbor of HR-BS and detects the failure of HR-BS

REQ_BS: request to operate in BS mode; Sent by 1-hop neighbor of HR-BS when HR-BS fails.

REQ_BS.list: store the ID of HR-MS(1) which loses the connection with HR-BS

REQ_BS.number: a randomly generated number for selection of candidate HR-BS.

CM_BS: approval of request to operate in BS mode. Send by HR-MS which received REQ_BS also detects the failure of HR-BS.

CM_BS.ID: indicate ID number of preferred HR_MS(1) for replacing HR_BS.

CM_BS.counter: number count of HR_MS(1) who loses the connection with HR-BS

NK_BS: inform the availability of HR_BS

HR-BS shall periodically broadcast network information. HR-MS(1) are the potential candidates of HR-BS. A HR-MS(1) will broadcast REQ_BS once it lost the connection with HR-BS. The REQ_BS message includes REQ_BS.list and REQ_BS.number. REQ_BS.list will store the ID of HR-MS(1) which claims that HR-BS is unavailable. REQ_BS.number is randomly generated. If the HR-MS(1) fails to detect HR-BS, it broadcasts a REQ_BS and also receive REQ_BS from other HR-MS(1). It compares received REQ_BS.number with locally generated REQ_BS.number and transmit out CM_BS.ID using the ID number of HR-MS(1) which has greater REQ_BS.number. A local CM_BS.counter with initial value 1 will be accumulated at each HR-MS(1). When a HR-MS(1) receive CM_BS.ID from a new HR-MS(1) which is not in the REQ_BS.list, CM_BS.counter inceases. A HR-MS(1) will start to operate as HR-BS if its CM_BS.counter equals to the total number of HR-MS(1) in the cell. 
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Figure 5. Flow Chart for HR-MS to start BS mode operation

If any of HR-MS(1) or HR-MS upon receiving ENQ_BS or REQ_BS still maintain the connection with original HR-BS, a NK_BS message shall be transmitted to the HR-MSs to inform the availability of HR-BS. 

----------------------------------------------------- End of Proposed Text -----------------------------------------------------
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