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Paging Procedure for IEEE 802.16m
Eunjong Lee, Doo-hyun Sung and Jaehoon Chung
LG Electronics
1. Introduction

Idle mode allows an MS to conserve power and operational resources by restricting MS activity to only receiving specific messages such as the paging message and the notification message for system information update without registration to a specific BS. Therefore, the power consumption of an idle mode MS and the resource utilization of a network depend on how and when an MS receives these messages from a BS. In this contribution, we focus on designing the wakeup time of an MS belonging to a BS paging group and propose a new pattern of paging procedure suitable for the 16m frame structure.
2. Paging procedure in legacy system
In legacy system, the BSs are geographically divided into BS paging groups which are to offer a contiguous coverage region for an idle mode MS. An individual MS configures a paging interval through a DREG-CMD message containing paging information (i.e., paging cycle, offset, group ID and interval length) determined by a paging controller at idle mode initiation. After then, an MS periodically wakes up during the paging interval (i.e., default 2 frames) in order to check the DL traffic pending of the specified MS announced by a paging message, as shown in Fig. 1. However, the MS has no choice but decoding whole frames of the paging interval to identify whether a paging message exists or not. This kind of MS’s operation could lead to excessive decoding overhead and additional battery consumption.
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Figure 1. An example of paging message transmission in legacy system
The paging interval is also used to notify all MSs of the system information update. If the system information (e.g., DCD/UCD, MOB_NBR-ADV message) of preferred BS and/or neighbor BSs has changed, all MSs in a cell have to update the changed information. In order to notify the idle mode MS of the transmission frame of updated system information, the BS has to transmit ‘Broadcast Control Pointer IE’ during every paging interval which had been configured for individual MS, as shown in Fig. 2. Namely, as the number of paging interval controlled by a BS increases, the BS’s signaling overhead from transmitting notification messages would also increase.

Moreover, the actual activation time of updated system information would be significantly delayed, because the BS could activate the updated system information just after all MSs in idle mode update the changed information. Fig. 2 illustrates the exemplary system information update. As shown in Fig. 2, if the updated broadcast information is transmitted between the paging intervals of MS 1,3,5 and MS 2,4,6, the updated information can not be applied to the network till MS 2,4,6 receive the updated information. This delay might be quite long according to the length of maximum paging cycle or the transmission interval of the system information and it could eventually leads to the delay of the normal operations for an active mode MS.
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Figure 2. An example of broadcast information update for idle mode MS in legacy system
3. Considerations for a new paging procedure
Based on the discussion in previous section, we think the following points should be regarded for designing the paging procedure of IEEE 802.16m.
· Load-balancing of paging messages transmitted by a BS

· IEEE 802.16m transmits a message based on a subframe, but not a frame. Assuming that IEEE 802.16m would be allowed as many idle mode users as the legacy system, a subframe may not be sufficient to accommodate all MSs of a BS paging group with a single paging message. Therefore, we prefer that paging messages in IEEE 802.16m is also distributed into multiple MS groups like legacy system, but the MS groups are explicitly classified by signaling or any predefined rule.
· Transmission of a flag indicating the presence of paging messages within a paging cycle
· As described in [2], [3] and [4], some companies proposed the use of a flag indicating the presence of paging message in the upcoming paging occasions. If there is no paging message within this paging cycle, the MS does not need to try to detect the paging message. Therefore, the early indication of paging message would be also effective to the MS power saving.
· Minimization of additional notifications for system information update

· In the last meeting of IEEE 802.16m, there was a consensus that the BCH containing system information is sent with a 20ms period through the SFH (Super Frame Header). The contents of BCH are still FFS, but we are considering the change notification of system information in BCH. Considering this point of view, it would be beneficial to synchronize the wakeup time with the subframe containing BCH, because it does not need an additional notification for system information update.
· Faster activation of the updated system information to the network

· If all MSs under a BS simultaneously receive the change notification of system information, the updated information will be more quickly able to be applied to the network. As a result, this would be able to reduce the latency of other normal operations for an active mode MS.
4. Proposed paging procedure for IEEE 802.16m
In this section, we propose the following several points for paging procedure in IEEE 802.16m according to considerations indicated in section 3.
· An MS configures two paging intervals; paging indication interval and paging message interval.
· The paging indication interval is always synchronized with the subframe containing BCH. All MSs belonging to a BS paging group simultaneously wake up during the paging indication interval, in which they identify the Paging Indication and the notification of system information update.
· The only MSs, whose MS paging group is announced to be paged in the Paging Indication, wake up again during the paging message interval and receive the paging message. The paging message intervals are different from each MS paging group. The details of the MS paging group and the Paging Indication are FFS.
According to the above points, Fig. 3 illustrates an example of proposed paging procedure. The Paging Indication in Fig.3 is assumed to be a bitmap based indication.
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Figure 3. An example of proposed paging procedure for idle mode MS of IEEE 802.16m
5. Conclusion
We propose the following text proposal for the 802.16m SDD.
Text Proposal for the 802.16m SDD
============================== Start of Proposed Text ================================

10. Medium Access Control Sub-Layer
10.x MS idle mode 
10.x.y Paging procedure
10.x.y.z Paging interval
An MS shall configure two paging intervals such as the paging indication interval and the paging message interval at idle mode initiation. The paging indication interval shall be synchronized with the subframe containing BCH and all MSs belonging to a BS paging group shall simultaneously wake up during the paging indication interval, in which they identify the Paging Indication and the notification of system information update.

And then, the only MSs, whose MS paging group is announced to be paged in the Paging Indication, shall wake up again during the paging message interval and receive the paging message. The paging message intervals shall be different from each MS paging group.
Fig. xx illustrates an example of proposed paging procedure. The Paging Indication in Fig. xx is assumed to be a bitmap based indication.
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Figure xx. An example of proposed paging procedure for idle mode MS
============================== End of Proposed Text =================================
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