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LG Electronics
1. Introduction
Based on the Project 802.16m System Requirement Document [1], the IEEE 802.16m is required to provide support for enhanced power saving for reducing power consumption in devices for all services and applications. This contribution focuses on reducing power consumption for MSs in idle mode by proposing an efficient paging message reception scheme.
The BSs are divided into logical groups called paging groups. In case a paging group covers a large geographical area, it is a waste of power for MSs, that do not need to receive paging messages in the paging group, to use unnecessary power to confirm whether the paging message is intended for itself or not. In the other hand, in case a paging group covers a small geographical area, the network resource overhead is high due to frequent location updates by high mobile MSs that transit from one paging group to the other.
In this contribution we propose a hierarchical paging group structure, which consists of a small paging group and a large paging group. Also, a broadcast channel structure for power efficient paging is proposed. This proposal may reduce MS power usage for idle mode in IEEE 802.16m systems.
2. IEEE 802.16m Hierarchical Paging Scheme
The hierarchical paging group consists of two types of paging groups; a large paging and a small paging group. Namely one large paging group, covering a large geographical area, is divided a number of small geographical paging groups, covering small portions of the large paging group geographical area. Through such a hierarchical paging structure, the paging controller is able to page specific small paging groups for only the paging intended MSs. 
Nevertheless, the MS needs to perform location update to manage the hierarchal paging group whenever it moves to another small paging group. This incurs signaling overhead for high mobility MS. Hence, to reduce such burden, a high mobilized MS within a small paging group changes to the large paging group when the ‘small paging group change count’ exceeds the threshold within a predetermined time. 
When changing its paging state to a large paging group, the MS stops the location update process, however, executes location update at the expiry of the location update timer, hence reducing overhead for location update. Figure 1 shows a conceptual example of the hierarchical paging group in IEEE 802.16m systems.
In figure 1, the paging controller pages only the MSs within the small paging group 1 to find MS A. The paging controller also pages the large paging group area to find MS B. In case of managing this hierarchical paging group which is divided by a number of small paging groups, MS can reduce power usage for receiving non-intended paging messages and at the same time reduce overall network resource overhead for broadcasting paging messages for such MSs.
The proposed hierarchical paging may expect an increasing paging load when there are MSs that stay in the large paging group for a long duration. If ‘the BS change count of MS’ drops below the threshold over a long period, which implies a low mobilized or stationary MS, the MS is allowed to change from large to small paging group. In such manger, the paging load of the network can be reduced.
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Figure 1. Hierarchical Paging Process in IEEE 802.16m Systems
3. Idle Mode MS Operation in IEEE 802.16m systems
When MS enters the Idle Mode, a paging cycle, a paging offset and a paging group ID may be assigned to the MS by the serving BS in IEEE 802.16m systems. Each MS decides the time when to wake to confirm paging message using the paging cycle and paging offset assigned from serving BS. Then, MS checks the broadcast channel of Super frame header as soon as MS wakes to confirm whether the paging message is intended for itself or not. Figure 2 shows that MS decodes the BCH at the wake time in IEEE 802.16m idle mode. 
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Figure 2. Decodes of Super Frame Header in IEEE 802.16m Idle Mode

4. IEEE 802.16m Frame Structure for Hierarchical Paging
We propose a frame structure to support power efficient paging of MS in IEEE 802.16m systems.
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Figure 3. IEEE 802.16m Frame Structure for Hierarchical Paging
Figure 3 shows the proposed BCH structure in IEEE 802.16m frame structure. The BCH includes the PBCH and SBCH. The PBCH includes network common information whereas SBCH includes cell specific information.
The MS checks whether a paging message is intended for itself or not by decoding the paging indicator of paging information elements in BCH using its paging group ID. Namely if MS is a member of large paging group, MS decodes the paging information in PBCH and contrary to this if MS is a member of small paging group, MS decodes the paging information in SBCH.
The MS can reduce power usage by turning off receiver when MS has checked that the paging message wasn’t intended for itself after decoding BCH. However, when MS has checked that the paging message was intended for itself, MS decodes the paging message at the DL subframe in which it is located.
In this contribution, we propose to add a large paging group ID into PBCH and a small paging group Id into SBCH. Paging group ID is required by a MS for the location update. Also we include paging indication field to each BCH to indicate whether paging message is intended for itself or not. 
5. Conclusion 
In this contribution, we proposed a power efficient paging scheme for MS based on a hierarchal paging group. Also a broadcast channel structure for supporting the hierarchical paging scheme in IEEE 802.16m systems is proposed. Through the proposed paging scheme, MS power usage can be further reduced from the legacy systems (802.16e system) in idle mode. Furthermore, the overhead for transmitting paging messages can be reduced in terms of network resource usage.
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Text Proposal for the IEEE802.16m SDD

============================== Start of Proposed Text =================================

10.x.x MS idle mode

A MS periodically receives paging messages in idle mode. The BSs are divided into two types of logical paging groups called large and small paging groups. The purpose of operating two kinds of paging groups is to reduce the MS power usage for decoding paging messages and decreasing the overhead for transmitting paging messages in terms of network resource usage.

10.x.x.x MS paging indication 
The MS derives the wake time, when MS shall confirm whether an intended paging message exist or not, based on the paging cycle and paging offset assigned by the BS. Then the MS can confirm whether a paging message is intended for itself or not by decoding the paging indicator within the BCH at the wake time (which is calculated based on paging cycle and paging offset). In case, there is no intended paging message, the MS may power down, scan neighbor BSs, reselect a preferred BS, conduct ranging, or perform other activities for which the MS will not guarantee availability to any BS for DL traffic until the next wake time which shall confirm paging indicator.

10.x.x.x MS paging message decode
With the indication of a paging message in the BCH, the MS decodes the DL Subframe where the paging message is located. 
10.x.x.x BS paging information elements
The each paging information elements is included in PBCH and SBCH. That is, large paging information elements is included into PBCH and small paging information elements is included into SBCH.
10.x.x.x BS Broadcast Paging message

The BS Broadcast Paging message shall be sent during the BS paging cycle, which includes of small and large paging group IDs identifying the logical affiliations of the transmitting BS. 
10.x.x.x Location update

10.x.x.x.x Paging group update

The MS shall perform the Location Update process when the MS detects a change in paging group. The MS shall detect the change of paging group by monitoring the paging group IDs in BCH which are transmitted by the Preferred BS.

10.x.x.x.x Paging group change and BS change threshold update
The MS shall perform location update process when the MS Paging group change counter exceeds or does not exceed the paging group change threshold. That is, if the MS small paging group change counter exceeds the small paging group change threshold, the MS changes the paging group from small to large paging group. If ‘the BS change count of MS’ drops below the threshold over a long period, which implies a low mobilized or stationary MS, the MS is allowed to change from large to small paging group. After successful location update, the BS and MS shall reinitialize their paging group change counters and BS change counters.
============================== End of Proposed Text =================================
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