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The synchronization of the Listening Window 
Giwon Park, Kiseon Ryu, Youngsoo Yuk and Jin Sam Kwak

LG Electronics
Motivation
· Synchronization of Listening Window of AMSs in sleep mode
In the IEEE 802.16e sleep mode, when the MS receives the positive traffic indication during the Listening Window, MS terminates the sleep mode. Moreover, BS can assign the sleep cycle parameters (i.e., Start frame number, Listening Window size, Initial sleep window size) when the MS re-initiate the sleep mode via MOB-SLP-REQ/RSP message. Thus, the synchronization of Listening Window of sleep mode MSs can be adjusted to reduce the number of transmission of the MOB_TRF-IND message. However, in the IEEE 802.16m sleep mode, when the AMS receives the positive traffic indication, it can’t terminate the sleep mode. Moreover, when the AMS receives the positive traffic indication, the current Sleep Cycle (i.e., which contains the Listening Window) is reset to the value corresponding to the NSCF (i.e., Initial Sleep Cycle, New Initial Sleep cycle, or doubles of previous Sleep Cycle). Therefore, if this process (i.e., sleep cycle reset) is repeated over a long time with sleep mode AMSs, the synchronization of Listening Window of the sleep mode AMSs may b e wrecked. This occurs that ABS sends a larger number of AAI_TRF-IND messages to the sleep mode AMSs. 
Figure 1 shows the problem of LW synchronization of AMSs in sleep mode. As shown in figure 1, the ABS sends the numerous AAI_TRF-IND messages to AMSs in sleep mode because the Listening Window of AMSs in sleep mode is not synchronized.
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Figure 1. The problem of synchronization of Listening Window in sleep mode AMSs

Thus, we propose the method to adjust the sleep cycle of sleep mode AMSs via explicit signaling same as IEEE 802.16e sleep mode.
· Solution
The ABS sends the Sleep Control Header including Start Frame Number and New Initial Sleep Cycle for next sleep cycle to synchronize the Listening Window of AMSs in sleep mode. 

Figure 2 shows ABS synchronizes the Listening Window of the AMSs in sleep mode via SCH when the AMS receives the positive AAI_TRF-IND message and data transmission is completed. As shown in figure 2(AMS N), the ABS sends the SCH including the starting frame number and New Initial Sleep Cycle for next sleep cycle to synchronize the Listening Window of AMSs in sleep mode. 
Moreover, the ABS sends the AAI_TRF_IND-RSP message including Start Frame Number and New Initial Sleep Cycle for next sleep cycle to synchronize the Listening Window of AMSs in sleep mode.
Through this solution, the number of AAI_TRF-IND message that ABS transmits can be reduced because the Listening Window of AMSs in sleep mode is synchronized. 
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Figure 2. Sleep cycle adjustment via SCH
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Figure 3. Sleep cycle adjustment via AAI_TRF_IND-RSP

Text proposal for inclusion in the P802.16m/D9
========================== Start of Proposed Text ==============================

[Editor’s Note: Add the following text in “16.2.17.2.3.1Traffic indication” in line 34, page 471]
For reducing the transmission of a large number of AAI_TRF-IND messages, when the ABS transmits the positive traffic indication and DL unicast data to the AMS, the ABS may send the Sleep Control Header including Start Frame Number and new initial sleep cycle for next sleep cycle with last DL unicast data to synchronize the Listening Window of AMSs in sleep mode.
[Editor’s Note: Modify the field descriptions in “16.2.2.1.3.4 Sleep Control Header” in page 66]
16.2.2.1.3.4 Sleep Control Header (SCH)
Table 660 – Sleep Control Header Format
	Syntax
	Size (bit)
	Notes

	Sleep Control Header Format () {
	
	

	FID
	4
	Flow Identifier. Set to 0010.

	Type
	5
	MAC Signaling Header Type = 0b00011

	SCH sub-type
	3
	0b000 =Listening Window control

0b001= Resume Sleep Cycle Indication

0b010=Multi-Carrier Listening Window control 
0b011= Listening Window Synchronization
0b0110b100~0b111 = reserved

	Response Indication
	1
	0: This indicates the request 

1: This indicates the response (i.e., acknowledgment) to the request

	if (SCH sub-type == Listening Window Control) {
	-
	-

	Start Frame Number
	6
	Least Significant 6 bits of Frame Number
0~63

	Listening Window End or Extension
	1
	0=Listening Window End Indication

1=Listening Window Extension Indication

	if (Listening Window End or Extension ==1) {
	-
	-

	Last frame of Extended Listening Window
	7
	LSB of frame sequence.

Indicate the frame that extended listening window is terminated;

	} 
	-
	-

	} else if (SCH sub-type == Resume Sleep Cycle Indication) {
	-
	-

	Scheduled Sleep Cycle Interruption included 
	1
	0=no scheduled Sleep Cycle interruption is included with the Resume Sleep Cycle Indication

1=scheduled Sleep Cycle interruption is included with the Resume Sleep Cycle Indication

	if (Scheduled Sleep Cycle Interruption

included == 1) {
	-
	-

	Start Frame Offset for Scheduled Sleep Cycle Interruption
	7
	Number of frames in the future from the frame containing this SCH at which the scheduled Sleep Cycle interruption will occur. Frame offset is value of this field plus one (i.e., range is 1 to 128).

	}
	-
	-

	}
	-
	-

	else if (SCH sub-type == Multi-Carrier Listening Window control) {
	
	

	Num_Target Carrier
	4
	

	for(i=0; i< Num_Target Carrier; i++) {
	
	

	Target Carrier Index
	6
	Indicates that DL data transmission on the secondary carrier of physical carrier index ends.

	}
	
	

	else if (SCH sub-type == Listening Window Synchronization) {
	
	

	Start Frame Number
	6
	Least Significant 6 bits of Frame Number
0~63

Start frame number for next sleep cycle 

	New Initial Sleep Cycle
	5
	The next Sleep Cycle shall be reset to this value to synchronize the Listening Window of AMSs in sleep mode.

Value: 0~31

New Initial Sleep Cycle = Value + 1

	}
	
	

	}
	
	

	Padding 
	variable
	For byte alignment

	}
	-
	-


[Editor’s Note: Add the following text in “16.2.17.2.3.1Traffic indication” in line 53, page 471]
The ABS shall respond to the AMS by unicasting an AAI-TRF_IND-RSP message containing the starting frame number and the length of next Sleep Cycle. On receiving the AAI-TRF_IND-RSP message, the AMS shall be synchronized with the next Sleep Cycle. For reducing the transmission of a large number of AAI_TRF-IND messages and synchronizing the Listening Window of AMSs in sleep mode, the ABS adjusts the Start Frame Number and the length of next Sleep Cycle of AMS.
[Editor’s Note: Modify the field descriptions in “16.2.3.29 AAI_TRF_IND-RSP” in page 181]
	Table 706—AAI-TRF_IND-RSP Message Field Description

	Field
	Size
(bits)
	Value/Description
	Condition

	AAI-TRF_IND-RSP message_format() {
	—
	—
	

	Frame_Number
	10
	The least significant 10 bits of the frame number in which incoming LW will start
0~1023
	

	Sleep Cycle Length
	10
	The length of Sleep Cycle which contains the next scheduled Listening Window. If the AMS receives the negative traffic indication during the next scheduled Listening Window, the (current) Sleep Cycle shall be set to this value at that time.
The next Sleep Cycle shall be reset to this value to synchronize the Listening Window of AMSs in sleep mode.
Value: 0~1023
Sleep Cycle Length = Value + 1
	

	}
	—
	—
	


Parameters shall be as follows


Frame_Number



This indicates the least significant 10 bits of frame number in which the next scheduled Listening Window will start.


Sleep Cycle Length


This indicates the length of Sleep Cycle which contains the next scheduled Listening Window when the Sleep Cycle is doubled because of negative traffic indication during the next scheduled Listening Window. The next Sleep Cycle shall be reset to this value to synchronize the Listening Window of AMSs in sleep mode.
========================== End of Proposed Text ====================================================[image: image4.png]
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