
IEEE C802.16m-09/1406

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Low-duty operation for Femtocell BS in IEEE 802.16m Amendment

	Date Submitted
	2009-07-06

	Source(s)
	Won-Ik Kim, Jaesun Cha, Sungcheol Chang, Kwangjae Lim, Eunkyung Kim, Juhee Kim, Soojung Jung, Sungkyung Kim, Hyunjae Kim, Chulsik Yoon

ETRI

138 Gajeongno, Yusong-gu, Daejeon, 305-700, KOREA
	Voice:
+82-42-860-6471
E-mail: woniks@etri.re.kr


	Re:
	Category: AWD-New contribution/Area: Femtocell, “Contribution on AWD Femtocell,”  in response to the TGm Call for Contributions on Project 802.16m Amendment Working Document (AWD) Content, IEEE 802.16m-09/0028r1 for session #62

	Abstract
	This contribution provides the detailed description of low-duty operation mode on the Femtocell BS in IEEE 802.16m AWD

	Purpose
	To discuss and adopt the proposed text in the next revision of 802.16m amendment

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Low-duty operation for Femtocell BS in IEEE 802.16m Amendment
Won-Ik Kim, Jaesun Cha, Sungcheol Chang, Kwangjae Lim, Eunkyung Kim, Juhee Kim, Soojung Jung, Sungkyung Kim, Hyunjae Kim, Chulsik Yoon 

ETRI
1. Instruction
This contribution includes the proposed text for low-duty operation (LDO) mode of the Femtocell BS in the IEEE 802.16m Amendment [2]. The main objective of this proposal is to provide the detailed description on low-duty operation mode and the low-duty cycle (LDC) design with low overhead in advertisement. This contribution follows the requirements defined in the 802.16m SRD [3] and the tentative outline and style guide in the IEEE 802.16m Amendment [4].
2. Low-Duty Cycle Design for Low Overhead

According to the IEEE 802.16m SDDr9 [1], Femtocell BS may operate in a low-duty operation (LDO) mode not only when no AMS is in the connected state but also when all AMSs are in idle and/or sleep mode. Therefore, the low-duty cycle (LDC) for low-duty operation should be designed in consideration of paging cycles and/or sleep cycle for supporting AMSs in idle or sleep mode.

In order to detect the Femtocell BS operating in LDO mode, the LDC information of the Femtocell BS should be known in advance for the AMSs in neighbor cells (an overlay macro cell and neighbor femtocells). For this, neighbor BSs shall broadcast/unicast the LDC information of the Femtocell BS in LDO mode by the neighbor advertisement message. If the LDC has the regular and periodic cycle pattern such as a paging cycle, the signaling overhead for the LDC information that shall be sent by the neighbor BS may be decreased. However, when Femtocell BS in LDO mode serves the AMS in sleep mode, the LDC may be set irregular and dynamically adjusted to support various sleep cycles. If the neighbor BS broadcasts/unicasts the LDC information to the AMS, the signaling overhead may be increased. In particular, it is inefficient for the overlay macro BS to broadcast/unicast the LDC information of entire Femtocell BSs operating in LDO mode, because a lot of Femtocells may be deployed in a macro cell, depending on the network deployment scenario.

In order to reduce signaling overhead for the LDC information and support the LDC having irregular and dynamically adjustable patterns, this contribution proposes two types of LDCs which differ by their cycle patterns and the availability of the information on the patterns; a Default LDC and a Dynamic LDC. 

A Default LDC is configured to have periodic and fixed pattern and to support paging listening intervals of paging group assigned to the Femtocell BS, as shown in Figure 1. The Default LDC remains in active and the information on the pattern of the Default LDC is provided to AMSs in neighbor cells until the LDO mode operation is terminated. Therefore, AMSs in the neighbor cell can scan and access the Femtocell BSs in LDO mode by referencing the Default LDC information. If Femtocell BSs share the same paging gourps, they may have the same Default LDC so that the amount of the information on the Default LDC of the Femtocell BSs included in neighbor advertisement message can be minimized. Note that a parameter of a neighbor BS is same as the previous neighbor BS, the parameter can be omitted in the neighbor advertisement message.
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Figure 1. An example of LDC operation with Default LDC including a paging cycle

A Dynamic LDC is set as the same with the sleep cycle which may have irregular and dynamically adjustable cycle patterns. When the Femtocell BS in LDO mode supports one or more AMSs in sleep mode, it shall activate the Dynamic LDC. In this case, the low-duty cycle (i.e, available interval and unavailable interval) of the Femtocell BS is configured by overlapping the Dynamic LDC with the Default LDC, as shown in Figure 2. 
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Figure 2. An example of LDC operation overlapping the Dynamic LDC with the Default LDC

As shown in Figure 2, available intervals of the Dynamic LDC are configured to include all the listening windows of the AMSs in sleep mode and AMSs in the neighbor cell shall scan and access the Femtocell BSs in LDO mode by referencing the Default LDC information. Therefore, the information on the pattern of the Dynamic LDC doesn’t need to be provided to AMSs in the Femtocell BS as well as in neighbor cells.
In addition, if the Femtocell BS can’t configure a Default LDC as a regular and fixed pattern because it supports multiple paging groups or multiple paging offsets, it may activate a Default LDC and a Dynamic LDC simultaneously. In this case, paging listening intervals of some paging groups are supported by the Default LDC and paging listening intervals of the other paging groups are supported by the Dynamic LDC.
3. Text Proposal for the 802.16m AWD
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Adopt the following text in the 802.16m Amendment Working Document (AWD)]
15.2 Medium Access Control

15.2.x Support for Femtocell BS

15.2.x.x Low-Duty Operation Mode

Besides the normal operation mode, Femtocell BSs may support low-duty operation (LDO) mode, in order to reduce interference to neighbor cells. The low-duty operation mode consists of available intervals and unavailable intervals alternately. During an available interval (AI), the Femtocell BS may become active on the air interface for synchronization and signaling purposes such as paging, ranging, or data traffic transmission opportunities for the AMSs. During an unavailable interval (UAI), it does not transmit on the air interface but it may be used for synchronization with the overlay macro BS or for measuring the interference from neighbor cells.
In Femtocell BS, LDO mode may be activated not only when no AMS is in the connected state but also when all AMSs attached to the Femtocell BS are in idle or sleep mode. When the LDO mode is activated, a low-duty cycle (LDC) which consists of an available interval and an unavailable interval is configured. There are two types of LDCs which differ by their cycle patterns and the availability of the information on the patterns; the Default LDC and the Dynamic LDC. The Default LDC is the iteration of an available interval and unavailable interval and lengths of two intervals are fixed. The Default LDC remains in active and the information on the pattern of the Default LDC is provided to AMSs in neighbor cells until the LDO mode operation is terminated. The Dynamic LDC also consists of an available interval and an unavailable interval, but the lengths of two intervals are variable and they can be implicitly changed during LDO mode operation as a sleep cycle in sleep mode. The information on the pattern of the Dynamic LDC is not provided to AMSs in a serving cell as well as neighbor cells. The information on the pattern of the Dynamic LDC is not provided to AMSs in a serving femtocell as well as neighbor cells. Once the Femtocell BS enters LDO mode, the Default LDC is activated regardless of whether or not there is any AMSs in sleep mode. The activation of the Dynamic LDC depends on the mode of AMSs in a serving femtocell.
15.2.x.x.1 Low-duty operation mode initiation
The Femtocell BS may enter LDO mode if any of the following conditions is met.
· Condition 1: No AMS is in the service range of the Femtocell BS at all
· Condition 2: All AMSs attached to the Femtocell BS are in idle mode

· Condition 3: All AMSs attached to the Femtocell BS are in sleep mode
· Condition 4: All AMSs attached to the Femtocell BS are in idle or sleep mode
15.2.x.x.2 Low-duty operation mode operation 

15.2.x.x.2.1 Low-duty cycle (LDC) patterns

The Femtocell BS decides the activation of one or more LDC patterns based on the conditions defined in 15.2.x.x.1. There are two types of LDCs which differ by their cycle patterns and the availability of the information on the patterns; a Default LDC and a Dynamic LDC.
15.2.x.x.2.1.1 Default LDC

When the Femtocell BS enters LDO mode, it activates the Default LDC. The Default LDC is the iteration of an available interval and an unavailable interval and lengths of two intervals are fixed. It may include a paging cycle of the paging group assigned to the Femtocell BS. If any paging groups are shared by the Femtocell BS and the overlay macro BS, paging listening intervals of the paging groups may be overlapped available intervals of the Default LDC. 

Once a Femtocell BS enters LDO mode, the Default LDC is activated and the information on the pattern of the Default LDC is provided to AMSs in neighbor cells so that they can scan and access the Femtocell BS timely. The neighbor BSs broadcast/unicast the information on the following parameters of the Default LDC to the AMSs in their service coverage.
· Available interval for Default LDC 
An available interval for Default LDC comprises of one or more superframes. During an available interval, the Femtocell BS may become active on the air interface for synchronization and signaling purposes such as paging, ranging, or data traffic transmission opportunities for the AMSs. It may be equal to or longer than the paging listening interval of a paging cycle. The available interval of the Default LDC may be determined to support all the paging listening intervals supported by the Femtocell BS.
· Unavailable interval for Default LDC 
During an unavailable interval for Default LDC, the Femtocell BS does not transmit on the air interface but it may be used for synchronization with the overlay macro BS or for measuring the interference from neighbor cells. The lengths of unavailable interval for Default LDC may be determined in the consideration of interference with the overlay macro BS and scanning performance of AMSs in neighbor cells.
15.2.x.x.2.1.2 Dynamic LDC

When the Femtocell BS enters LDO mode, it activates the Dynamic LDC if one or more AMSs in sleep mode exist in the Femtocell BS. The Dynamic LDC includes the sleep cycle for the AMSs in sleep mode such as sleep windows or listening windows in sleep mode operation. The available intervals of the Dynamic LDC may be determined to support all the availability windows (sequence of listening window) of the sleep cycle. The Femtocell BS operates the Dynamic LDC in overlapping with the Default LDC. 
In addition, when the Default LDC cannot support all the paging cycles of the Femtocell BS due to multiple paging groups, the Dynamic LDC may include the paging cycles that are not included in the Default LDC as well as the sleep cycle.
15.2.x.x.2.2 Low-duty cycle information

In the LDO mode, the Femtocell/macrocell may broadcast/unicast the following information over the air;
· low-duty operation indication: an indication to indicate whether the Femtocell BS is operated in operation mode or LDO mode. It can be broadcast/unicast on the neighbor advertisement by neighbor BS. On the Femtocell, in order to help the AMSs entry to the Femtocell BS in LDO mode, the Femtocell BS broadcast it, which is located in the pre-defined location (i.e., in S-SFH SP2), to the AMS. The location of the low-duty operation indication is FFS.
· low-duty cycle pattern (Default LDC only)

· low-duty offset (the start superframe offset)
· low-duty cycle length (LDC length including AI and UAI) 
· available interval length
The LDC information shall be set it in the initial entry to the LDO mode. Interwork between Femtocell BS and neighbor overlay macro BS is useful to operate the LDO mode of Femtocell BS.
15.2.x.x.2.3 Low-duty cycle operation

The Femtocell BS enters LDO mode when any of LDO initiation conditions is met. The Default LDC is activated regardless of the condition types, while the Dynamic LDC is activated when condition 3 or 4 is met. That is, in case of condition 3 or 4, the Femtocell BS activates the Dynamic LDC in overlapping with the Default LDC. When the Default LDC cannot include all paging cycles assigned to the Femtocell BS, the Dynamic LDC is activated in condition 2 as well. 
15.2.x.x.3 Low-duty operation termination
The Femtocell BS may terminate low-duty operation with it receives a request from the overlay macro BS or the core network. It also terminates when one of the following conditions is met.
· when an AMS enters active mode. 

· when an AMS performs handover to a neighbor cell by explicit signaling.
· when an AMS in the femtocell performs initial entry or idle mode reentry to the network.
· when an AMS in sleep mode exits the sleep mode.

Upon terminating the low-duty operation, the Femtocell BS resets the parameters which are set on entering the low-duty operation such as low-duty operation indication and low-duty cycle patterns.

[--------------------------------------------------End of Text Proposal----------------------------------------------------]
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