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1. Instruction
P802.16m/D1 contains texts for low-duty mode (LDM) operation of Femto BS[2]. Its description is too simple to define the full scenario of LDM operation. This contribution includes proposed changes to provide default LDM pattern in support of LDM operation.
2. Low-Duty Mode Operation

According to the IEEE 802.16m-09/0034 [1], Femto BS may operate in a low-duty mode not only when no AMS is in the connected state but also when all AMSs are in idle and/or sleep mode. To support idle mode and sleep mode operations, there are two-types of listening intervals: 1) paging listening interval in idle mode operation and 2) listening window in sleep mode operation. Those two-types of listening intervals are known to AMSs by the following operations. 1) ABSs broadcast paging cycles and offsets and 2) Femto BSs inform AMS of sleep mode parameters in AAI_SLP-REQ/RSP procedure. 
Figure 1 shows an example of LDM operation which is dynamic in nature. When the Femto BS in LDM serves one or more AMSs in sleep mode, it is considered available within the combination of paging listening intervals and listening windows.
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Figure 1. An example of LDM operation of a Femto BS
3. Problem Statement to LDM Operation
There are three scanning scenarios as the following:


a) Scanning during Initial Network Entry (INE),

b) Scanning during prepared HO,

c) Scanning during uncontrolled HO.

If no AMS is in service range of a Femto BS in LDM, the available intervals may be set to the paging listening intervals of the paging cycles. But, in this case, it may take a relatively long time for AMSs in neighbor Femto BSs or macro BSs to scan the Femto BS in LDM. Although AMSs in neighbor cells decide to scan the Femto BS now, they shall wait until the next avaiable interval of the Femto BS starts if the current interval is not an available interval. Note that an unavailable interval of LDM is much shorter than a paging unavailable interval.
4. Default LDM pattern
In order to support to scan Femto BSs in LDM, this contribution introduces what is called a default LDM pattern that is configured to have periodic and fixed pattern. The default LDM pattern is a sequence of periodic repetition of one available interval and one unavailable interval. Once a Femto BS enter low-duty operation mode, the default LDM pattern is activated. AMSs can scan the Femto BSs by referencing the default LDM pattern.
The unavailable interval of a default LDM pattern may be shorter than the paging unavailable interval of a paging cycle. Or, the available interval of a default LDM pattern may be equal to or longer than the paging listening interval of a paging cycle. The default LDM pattern may be determined in the consideration of interference with the overlay macro BS and scanning performance of AMSs.
Figure 2 shows an example of available intervals of a Femto BS in LDM with default LDM pattern. Available intervals for a Femto BS in LDM consist of paging listening intervals in paging operation, sleep listening windows in sleep operation, and available intervals in default LDM pattern. 

The default LDM pattern information is pre-provisioned. 
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Figure 2. An example of available intervals of a Femto BS in LDM operation with default LDM pattern
5. Text Proposal for the 802.16m draft amendment
[-------------------------------------------------Start of text changes---------------------------------------------------]
[Insert the blue color text in the end of the section 15.4.10.1]
15.4.10 Low-duty Operation Mode
15.4.10.1 General description

Besides the normal operation mode, Femtocell BSs may support low-duty operation mode, in order to reduce interference to neighbor cells. The low-duty operation mode consists of available intervals and unavailable intervals. During an available interval, the Femtocell BS may become active on the air interface for synchronization and signaling purposes such as paging, ranging or for data traffic transmission opportunities for the MSs. 

During an unavailable interval, it does not transmit on the air interface. Unavailable interval may be used for synchronization with the overlay macro BS or measuring the interference from neighbor cells. The Femtocell BS may enter low-duty operation mode either if all MSs attached to the Femtocell BS are in idle or sleep mode, or if no MS is in the service range of the Femtocell BS at all.
15.4.10.x Low-duty mode pattern
The default LDM pattern is a sequence of periodic repetition of one available interval and one unavailable interval. Once a Femto BS enter low-duty operation mode, the default LDM pattern is activated. AMSs can scan the Femto BSs by referencing the default LDM pattern. 

The Femto BS in LDM operation becomes active on the air interface during the listening windows of connected AMS in sleep mode, availability interval for paging, and available interval in default LDM pattern. The default LDM pattern is a subset of the active intervals at the Femto BS. During an active interval, the Femto BS supports all radio interface functionalities.
15.4.10.x Support for scanning
Default LDM pattern information is pre-provisioned.
A Femtocell FA is mapped to a default LDM pattern. An AMS use the same mapping to obtain a default LDM pattern from the Femto BS FA. 

[--------------------------------------------------End of text changes ----------------------------------------------------]
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