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Introduction
In WiMAX MR networks, the RS may use two types of scheduling. Centralized Scheduling, where MR-BS controls all the radio resource scheduling and MAP allocation. Distributed Scheduling, where some functionality of radio resource scheduling and MAP allocation are distributed to RS. This contribution proposes text to optimize the MS sleep mode for distributed scheduling.
This contribution proposes two messages, RS_SLP-RSP and RS_SLP-REQ. In IEEE 802.16j/D1, both MOB_SLP-REQ and MOB_SLP-RSP messages are relayed by one or several RSs between MS and MR-BS, meanwhile, MR_SLP-INFO and MR_Generic-ACK message are exchanged between MR-BS and RS before MR-BS send MOB_SLP-RSP message. It may take much time for exchanging the control messages. If the MS keeps waiting for MOB_SLP-RSP message then it will be in normal operation while there is no traffic data to transmit. This is power inefficient. In distributed scheduling, RS may also want to activate MS sleep mode when there is no traffic buffer for the MS. If RS could confirm the sleep operation of MS before reception of MOB_SLP-RSP message then more power could be saved during the sleep mode operation.
The proposed RS_SLP-RSP message is power efficient and has exactly the same format as MOB_SLP-RSP sent by MR-BS, so it supports all the functionality of MS as defined in IEEE 802.16e.

RS_SLP-REQ message is introduced to initiate MS sleep mode by RS. In the basic mechanism BS could put an MS into sleep by sending unsolicited MOB_SLP-RSP message. As described above, it is power inefficient since the time delay caused by exchanging messages on the relay link. If RS could initiate sleep mode by sending RS_SLP-REQ message to MR-BS and RS_SLP-RSP message to MS simultaneously then it is power efficient.

Pre-sleep Operations
For definition and/or activation of one or several Power Saving Classes the MS shall send MOB_SLP-REQ or Bandwidth request and uplink sleep control header (for activation only); the RS shall transmit the MOB_SLP-REQ message to MR-BS and respond with an RS_SLP-RSP message. The RS shall transmit MOB_SLP-RSP message to the MS when the message is received from MR-BS.

RS may send unsolicited RS_SLP-RSP message to initial the MS sleep mode, meanwhile RS_SLP-REQ message is sent to MR-BS on the relay link. The RS may retransmit RS_SLP-REQ message if it does not receive the MOB_SLP-RSP message within the T56 timer.
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Fig. 1 The pre-sleep operations
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Fig. 2 RS initiates the sleep mode
Proposed Text Change
[Insert the following text after the second paragraph of subclause 6.3.2.1.7.2:]

For definition and/or activation of one or several Power Saving Classes the MS shall send MOB_SLP-REQ or Bandwidth request and uplink sleep control header (for activation only); the RS shall relay the MOB_SLP-REQ message to MR-BS and respond with an RS_SLP-RSP message. The RS shall transmit MOB_SLP-RSP message to the MS when the message is received from MR-BS.

RS may send unsolicited RS_SLP-RSP message to initial the MS sleep mode, meanwhile RS_SLP-REQ message is sent to MR-BS on the relay link. The RS may retransmit RS_SLP-REQ message if it does not receive the MOB_SLP-RSP message within the T56 timer.

6.3.2.3 MAC management messages

[Change Table 14(.16e)/Table 38(D1) as indicated:]
	Type
	Message name
	Message description
	Connection

	97-255
	
	Reserved
	

	97
	RS_SLP-REQ
	MS sleep mode information by RS
	Basic

	98
	RS_SLP-RSP
	MS Sleep mode acknowledge by RS
	Basic

	99-255
	-
	Reserved
	-


6.3.2.3.62 MS sleep mode information message (RS_SLP-REQ)

[Insert a new subclause after 6.3.2.3.89:]
6.3.2.3.90 RS_SLP-REQ message
An RS sends the RS_SLP-REQ message to BS to initiate sleep mode operation for its subordinate MS. This message conveys sleep mode information for the MSs attached through the RS.
Sleep-Request (RS_SLP-REQ) message format
	Syntax
	Size
	Notes

	MOB_SLP-REQ_Message_format() {
	-
	-

	Management message type = 97
	8 bits
	-

	Number of Classes
	8 bits
	Number of power saving classes.

	for (i=0; i< Number of Classes; i++) {
	-
	-

	Definition
	1 bit
	-

	Operation
	1 bit
	-

	Power_Saving_Class_ID
	6 bits
	-

	if (Operation = 1) {
	-
	-

	Start_frame_number
	6 bits
	-

	Reserved
	2 bits
	-

	}
	-
	-

	if (Definition = 1) {
	-
	-

	Power_Saving_Class_Type
	2 bits
	-

	Direction
	2 bits
	-

	Traffic_triggered_wakening_flag
	1 bit
	-

	Reserved
	3 bits
	-

	initial-sleep window
	8 bits
	-

	listening-window
	8 bits
	-

	final-sleep window base
	10 bits
	-

	final-sleep window exponent
	3 bits
	-

	Number_of_Sleep_CIDs
	3 bits
	-

	for (i=0; i<Number_of_Sleep_CIDs; i++ {
	-
	-

	CID
	16 bits
	-

	}
	-
	-

	}
	-
	-

	TLV encoded information
	variable
	-

	}
	-
	-


The following parameters shall be included in the message:

Definition

0 = Definition of Power Saving Class absent; in this case the message shall request activation or deactivation of Power Saving Class identified by Power_Saving_Class_ID.

1 = Definition of Power Saving Class present.

Operation

0 = Deactivation of Power Saving Class (for types 1 and 2 only).

1 = Activation of Power Saving Class.

Power_Saving_Class_ID

Assigned Power Saving Class identifier. The ID shall be unique within the group of Power Saving Classes associated with the MS. This ID may be used in further MOB_SLP-REQ/RSP messages for activation / deactivation of Power Saving Class.

Start_frame_number

Start frame number for first sleep window.

Direction

Defined the directions of the class’s CIDs.

0b00 = Unspecified. Each CID has its own direction assign in its connection creation. Can be DL, UL, or both (in the case of management connections).

0b01 = Downlink direction only.

0b10 = Uplink direction only.

0b11 = Reserved.

Traffic_triggered_wakening_flag (for Type I only)

0 = Power Saving Class shall not be deactivated if traffic appears at the connection as described

in 6.3.19.2. 1 = Power Saving Class shall be deactivated if traffic appears at the connection as described in 6.3.19.2.

Listening window

Assigned Duration of MS listening window (measured in frames). For Power Saving Class type III, it is not relevant and shall be encoded as 0.

Initial-sleep window

Assigned initial duration for the sleep window (measured in frames). For Power Saving Class type III, it is not relevant and shall be encoded as 0.

Final-sleep window base

Assigned final value for the sleep interval (measured in frames). For Power Saving Class type II, it is not relevant and must be encoded as 0. For Power Saving Class type III, it is the base for duration of single sleep window requested by the message.

Final-sleep window exponent

Assigned factor by which the final-sleep window base is multiplied in order to calculate the final-sleep window. The following formula is used:

final-sleep window = final-sleep window base × 2(final-sleep window exponent)
For Power Saving Class type III, it is the exponent for the duration of single sleep window requested by the message.

Number_of_CIDs

If Number_of_CIDs = 0, it means that all unicast CIDs associated with the MS are requested for addition to the class.

CID

CIDs of unicast connections comprising the Power Saving Class. CID = 0 denotes set of all management connections associated with the MS.

The following TLV parameter may be included in MOB_SLP-REQ message transmitted when requesting an activation of Power Saving Class. This TLV indicates the enabled action that MS performs upon reaching trigger condition in sleep mode.

Enabled-Action-Triggered

Indicates possible action upon reaching trigger condition.

The MOB_SLP-REQ shall include the following parameters encoded as TLV tuples:

HMAC/CMAC Tuple (see 11.1.2)

The HMAC/CMAC Tuple shall be the last attribute in the message.

6.3.2.3.91 RS_SLP-RSP message
An RS sends the RS_SLP-REQ message to RS to admit sleep mode operation for its subordinate MS.
Sleep-Response (RS_SLP-RSP) message format
	Syntax
	Size
	Notes

	RS_SLP-RSP_Message_format() {
	-
	-

	Management message type = 98
	8 bits
	-

	Number of Classes
	8 bits
	Number of power saving classes.

	for (i=0; i< Number of Classes; i++) {
	-
	-

	Length of Data
	7 bits
	-

	Sleep Approved
	1 bit
	-

	Definition
	1 bit
	-

	Operation
	1 bit
	-

	Power_Saving_Class_ID
	6 bits
	-

	if (Sleep Approved == 1) {
	-
	-

	if (Operation = 1) {
	-
	-

	Start_frame_number
	6 bits
	-

	Reserved
	2 bits
	-

	}
	-
	-

	if (Definition = 1) {
	-
	-

	Power_Saving_Class_Type
	2 bits
	-

	Direction
	2 bits
	-

	initial-sleep window
	8 bits
	-

	listening-window
	8 bits
	-

	final-sleep window base
	10 bits
	-

	final-sleep window exponent
	3 bits
	-

	TRF-IND required
	1 bit
	-

	Reserved
	2 bits
	-

	if (TRF-IND required) {
	-
	-

	SLPID
	10 bits
	-

	Reserved
	2 bits
	-

	}
	-
	-

	Number_of_CIDs
	4 bits
	-

	for (i=0; i<Number_of_Sleep_CIDs; i++ {
	-
	-

	CID
	16 bits
	-

	}
	-
	-

	if (MDHO or FBSS capability enabled) {
	-
	If MDHO or FBSS capability is enabled in the REG-REQ/RSP message exchange.



	Maintain Diversity Set and Anchor BS
	1 bit
	-

	if (Maintain Diversity Set and Anchor BS) {
	-
	-

	MDHO/FBSS duration (s)
	3 bits
	-

	}
	-
	-

	}
	-
	-

	}
	-
	-

	Padding
	Variable
	If needed for alignment to byte boundary

	if (Operation = 1) {
	-
	-

	Power Saving Class TLV encoded information
	variable
	-

	}
	-
	-

	} else {
	-
	In case Sleep Approved == 0

	REQ-duration
	8 bits
	-

	}
	-
	-

	TLV encoded information
	variable
	-

	}
	-
	-


The following parameters shall be included in the message:
Length_of_Data

Number of bytes in following specification of Power Saving Class.

Sleep_Approved

1 = Indicates that RS approves the MS’s Activation/Deactivation Request of the Power Saving Class.

0 = Indicates that RS disapproves the MS’s Activation/Deactivation Request of the Power Saving Class.

For a RS_SLP-RSP transmitted in an unsolicited manner including Definition of one or more Power Saving Class IDs, the RS shall set Sleep Approved = 0 for each Power Saving Class ID defined in the message.

In case of the RS_SLP-RSP transmitted from the RS in an unsolicited manner, the RS shall set “Sleep approved” = 1 for each Power Saving Class ID that is not defined in the message.

Definition

1 = Definition of Power Saving Class present.

Operation

1 = Activation of Power Saving Class.

Power_Saving_Class_ID

Assigned Power Saving Class identifier. The ID shall be unique within the group of Power Saving Classes associated with the MS. This ID may be used in further MOB_SLP-REQ/RSP messages for activation/deactivation of Power Saving Class.

Start_frame_number

Start frame number for first sleep window.

REQ-duration

Waiting value for the MOB_SLP-REQ message re-transmission (measured in MAC frames): the MS may retransmit the MOB_SLP-REQ message after the time duration (REQ-duration) provided in the message.

Power_Saving_Class_Type

Requested Power Saving Class type

Direction

Defined the directions of the class’s connections:

0b00 = Unspecified. Each connection has its own direction assigned during connection creation.

Can be DL or UL.

0b10 = Uplink direction (for management connections only).

0b01 = Downlink direction (for management connections only).

0b11 = Reserved.

Listening interval

It is not relevant and is encoded as 0.

Initial-sleep window

It is not relevant and is encoded as 0.

Final-sleep window base

The base for duration of single sleep window requested by the message.

Final-sleep window exponent

The exponent for the duration of single sleep window requested by the message.

TRF-IND_Required

This bit is set to 0.

SLPID

This is a number assigned temporarily by the RS when an MS is instructed to enter sleep mode without receiving MOB_SLP-RSP from MR-BS. This number shall be unique in the sense that it is assigned to a single MS that is instructed to enter sleep mode. No other MS shall be assigned the same number while the first MS is still in sleep mode.

Number_of_CIDs

In case the message is sent on Basic connection of certain MS, Number_of_CIDs = 0 means that all CIDs associated with the MS are included into the class.

CID

CIDs of all connections comprising the Power Saving Class. This list shall contain either unicast connections or multicast connections or management connections, but not combination of connections of different types. If Basic CID is encoded, it means that all MS connections are included in a single class. CID = 0 is reserved for management operations. In case the message is sent on Basic connection of certain MS, CID = 0 denotes set of all management connections associated with the MS.

Maintain Diversity Set and Anchor BS

1: Diversity set and Anchor BS shall be maintained while in sleep mode for MDHO/FBSS duration.

0: Diversity set and Anchor BS shall not be maintained while in sleep mode.

MDHO/FBSS duration (s)

Diversity set and Anchor BS shall be maintained for 10x2exp(s) frames after the Power Saving Class is activated.

Power Saving Class TLV encoded information

May contain the following TLVs:

Next Periodic Ranging

This value indicates the offset of frame in which MS shall be ready to perform a periodic ranging with respect to the frame where MOB_SLP-RSP is transmitted.

The following TLV parameter may be included in RS_SLP-RSP message transmitted the RS permits an activation of Power Saving Class. This TLV indicates the enabled action that MS performs upon reaching trigger condition in sleep mode.

Enabled-Action-Triggered

Indicates possible action upon reaching trigger condition.

The RS_SLP-RSP shall include the following parameter encoded as TLV tuples:

HMAC/CMAC Tuple (see 11.1.2)

The HMAC/CMAC Tuple shall be the last attribute in the message.

10.1 Global values
[Change Table 342(.16e)/Table 583(D1) as indicated:]
	System 
	Name 
	Time Reference 
	Minimum value 
	Default value 
	Maximum value 

	RS 
	T56 
	Time the RS waits for MOB_SLP-RSP from MR-BS
	TBD 
	TBD 
	TBD 
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