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Proposed Amendment Text on IEEE 802.16m Idle Mode
Xin Qi
TGm Power Conservation Drafting Group Chair

Introduction
This contribution proposes text to be included in the Idle Mode section of the 802.16m amendment working document (AWD). The proposed text has been developed by the TGm Power Conservation Drafting Group starting from session 60. 
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================= Start of Proposed Text ========================
15. Advanced Air Interface 
[  ------------------- Recommended AWD Text Proposal #1 --------------------]
15.1. Medium access control

[Insert the followings at the subclause 15.2:]
15.1.x.x. Idle mode

An ABS may be a member of one or more paging groups that may have different cycle and offset. When AMS operating in legacy mode select the mixed ABS as a preferred ABS, AMS may stay in the Lzone and perform the legacy Idle Mode operation. If an idle mode AMS in the Lzone of a mixed mode ABS decides to move to the Mzone of the ABS, in which case the AMS shall perform location update. When an AMS is paged in the Lzone of a mixed mode ABS, the AMS shall perform the network re-entry in the LZone of the ABS and may switch to the MZone of the ABS. 
An AMS may be assigned one or more paging groups. If an AMS has multiple paging groups, it may be assigned multiple paging offsets within a paging cycle. The AMS is not required to perform location update when it moves within its assigned paging groups. The assignment of multiple paging offsets to an AMS allows the AMS to monitor paging message at different paging offset when the AMS is located in one of its paging groups. 
When an AMS is assigned to more than one paging groups, one of the MS’s paging groups is called primary paging group and rest of the assigned paging group is called secondary paging group. When an AMS is assigned to one paging group, the paging group is considered as a primary paging group.
When multiple paging offsets are assigned to AMS, those paging offsets shall be associated with either the primary or secondary paging groups. AMS in the primary paging group shall monitor the paging message transmitted at the associated paging offset. If AMS leaves the primary paging group and enters a secondary paging group, AMS shall monitor the paging message at the paging offset associated with the secondary paging group.
15.1.x.x.1. Idle mode initiation

Idle mode for an AMS can be initiated either by the AMS or by its serving ABS. 

15.1.x.x.1.1. AMS initiated

In case of AMS initiated idle mode entry, during normal operation with its serving ABS, an AMS may signal intent to begin idle mode by sending a DREG-REQ message with the De-registration_Request_Code parameter = 0x01; request for AMS deregistration from serving ABS and initiation of AMS idle mode. The MS may request the paging controller to retain specific MS service and operational information for idle mode management purposes through inclusion of the Idle Mode Retain Information element in the DREG-REQ management message. When the ABS decides to reject AMS-initiated idle mode request, the ABS shall send a DREG-CMD with action code 0x06 in response to this DREG-REQ message. ABS may include REQ-Duration TLV in this DREG-CMD message. In this case, the AMS may retransmit the DREG-REQ message after the expiration of REQ_Duration. If the AMS does not receive the DREG-CMD message within T45 timer expiry after it sends the DREG-REQ message to the ABS, the AMS shall retransmit the DREG-REQ message as long as DREG Request Retry Count has not been exhausted. Otherwise, the AMS shall reinitialize MAC. Also, the ABS shall start Management_Resource_Holding_Timer to maintain connection information with the AMS as soon as it sends the DREG-CMD message to the AMS. If Management_Resource_Holding_Timer has been expired, the ABS shall release connection information with the AMS. The operation of idle mode entry during AMS initiated idle mode is shown in Figure 1 and Figure xxx1.

AMS may include its mobility information in the DREG-REQ message. 
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Figure 1: Call flow for AMS initiated idle mode entry
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Figure xxx1: Procedures during AMS initiated idle mode entry.
15.1.x.x.1.2. ABS initiated
Using ABS initiated idle mode entry, a serving ABS may signal for an AMS to begin idle mode by sending a DREG-CMD message with action code 0x05 in unsolicited manner. This unsolicited DREG-CMD may include REQ-Duration TLV. When an AMS receives an unsolicited DREG-CMD without REQ_Duration TLV, the AMS shall immediately start the idle mode initiation procedures. In this case of ABS-initiated idle mode, the serving ABS shall start T46 timer as well as Management_Resource_Holding_Timer at the same time. If the ABS does not receive the DREG-REQ message with the De-registration_Request_Code parameter = 0x02 from the AMS in response to the unsolicited DREG-CMD message with action code 0x05 within T46 timer expiry, the ABS shall retransmit the DREG-CMD message with action code 0x05 in unsolicited manner as long as DREG command retry count has not been exhausted. AMS shall enter idle mode after it sends DREG-REQ message with the De-registration_Request Code parameter = 0x02 in response to the unsolicited DREG-CMD message with action code 0x05. If the AMS has a pending UL data to transmit, it shall send DREG-REQ message with De-registration_Request Code parameter = 0x03 in response to the unsolicited DREG-CMD message with action code 0x05 by the ABS. These procedures are illustrated in Figure xx2.
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Figure 2: Call flow for ABS initiated idle mode entry.
As another case of ABS initiated Idle Mode, the serving ABS may also include a REQ-duration TLV with an Action Code = 0x05 in the DREG-CMD, signaling for an AMS to initiate an Idle Mode request through a DREG-REQ with De-Registration_Request Code = 0x01, request for AMS De-Registration from serving ABS and initiation of AMS Idle Mode, at REQ-duration expiration. In this case, ABS shall not start T46 timer. AMS may include Idle Mode Retain Information TLV with in DREG-REQ message with De-Registration_Request Code = 0x01 transmitted at the REQ-duration expiration. In this case, ABS shall transmit another DREG-CMD message with Action Code=0x05 including Idle Mode Retain Information TLV. These procedures are illustrated in Figure xx3. 
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Figure xx2: Procedures during Type 1 ABS initiated idle mode entry.
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Figure xx3: Procedures during Type 2 ABS initiated idle mode entry.
[  ------------------- Recommended AWD Text Proposal #2 --------------------]
15.1.x.x.2. Operation during Idle mode

15.1.x.x.2.1. Broadcast paging message

A Paging message is an AMS notification message which either indicates the presence of DL traffic pending for the specified AMS or it is intended to poll an AMS and request a location update without requiring a full network entry or to request an AMS to perform LBS measurement. 

A single Paging message may include the information for multiple AMSs.
Paging message includes identification of the AMSs (i.e. temporary identifier) to be notified of DL traffic pending or location update.
The Paging message also includes an action code directing each AMS notified via the inclusion of its identifier as appropriate:
0b00: Perform network re-entry
0b01: Perform ranging to establish location

0b10: Perform LBS measurement
An AMS shall terminate idle mode and reenter the network if it decodes a paging message that contains the AMS’s temporary identifier and action code 0b00 (Re-enter Network). In the event that an AMS decodes a paging message that contains the AMS’s temporary identifier and action code 0b01, it performs ranging for location update. When the AMS decodes a paging message that does not include its temporary identifier, it means that the AMS is not being paged and the AMS may enter its next paging unavailable interval.
The ABS shall transmit the paging message within a frame known to both the ABS and the AMS. If the ABS cannot transmit the entire paging message in a predetermined paging transmission frame, the remaining part of the paging message is transmitted in the earliest subsequent frame. The extension of paging listening interval shall be indicated by the extension flag in the paging message. Thus, in this case, an idle mode AMS remains awake and monitors the subsequent frames for paging message. After receiving the complete paging message, the idle mode AMSs returns to paging unavailable interval if the AMS is not paged.  

15.1.x.x.2.2. Operation during paging unavailable interval

An ABS shall not transmit any DL traffic or paging message to the AMS during paging unavailable interval.

During paging unavailable interval, the AMS may power down, scan neighbor ABSs, select a preferred ABS, conduct ranging, or perform other activities for which the AMS will not guarantee availability to any ABS for DL traffic. 

An AMS may reselect its preferred ABS during paging unavailable interval by evaluating and selecting an ABS with the best air interface DL properties which may include the RSSI, CINR, cell type and the available radio resources, etc.
At evaluation and selection of the preferred ABS, the AMS shall synchronize and decode the SFH (superframe header) for the preferred ABS and extract the super-frame number to determine the time that is remaining until the next regular paging listening interval for the preferred ABS. The calculated time until the next regular paging listening interval shall be the paging unavailable interval.
15.1.x.x.2.3. Operation during paging listening interval

The AMS derives the start of the paging listening interval based on the paging cycle and paging offset. The paging listening interval shall comprise of the superframe whose superframe number Nsuperframe meets the condition.


Nsuperframe modulo PAGING_CYCLE == PAGING_OFFSET

The length of the paging listening interval is one superframe.
At the beginning of the paging listening interval, the AMS shall scan and synchronize on the A-PREAMBLE of its preferred ABS and decode the P-SFH of the ABS. 
The ABS shall transmit the PG ID information at a predetermined location in the paging listening interval in order to advertise the paging group(s) that is supported by the ABS. The PGID information shall be transmitted by the ABS regardless of whether or not there any notifications for AMSs. The location of PGID(s) is TBD.
ABS transmits the paging information in the S-SFH SP5 during AMS's paging listening interval as shown in Figure zzz. S-SFH SP5 includes the PGID[s] that ABS belongs to and may also include the whether or not paging indicator is used using the Paging indicator usage flag. When paging indicator usage flag is set to 1, ABS transmits associated [paging indicator flag] in the S-SFH SP5 indicating the presence of full paging messages for the corresponding PGIDs.
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Figure zzz Transmission of PGID information

The AMS shall determine whether it exists in the same paging group at the preferred ABS as it has most recently belonged using PGID(s) information. 

If the AMS determine that its paging group has changed, the AMS shall perform idle mode location update as described in section 15.2.x.4.1.1.

If the P-SFH indicates a change in essential system parameters and system configuration information, the AMS shall acquire the latest essential system parameters and system configuration information when the system information is broadcast by the ABS.
The AMS shall monitor pre-determined frame for paging message. 
If AMS’s temporary identifier is included in the paging message, the AMS shall perform network re-entry or location update depending on the notification in the paging message. Otherwise, the AMS may return to the paging unavailable interval. 
15.1.x.x.3. Idle mode termination

Idle mode may only be terminated through 
— AMS reentry to the network 
— Paging controller detection of AMS unavailability through repeated, unanswered paging messages 
— Expiration of the idle mode timer
An AMS may terminate idle mode at any time. For the termination of the idle mode, the AMS performs network re-entry with its preferred ABS as described in section 15.2.x.5. 
[  ------------------- Recommended AWD Text Proposal #3 --------------------]
15.1.x.x.4. Location update
Location update comprises condition evaluation and update processing.
15.1.x.x.4.1. Location update trigger conditions

An AMS in idle mode shall perform a location update process operation if any of the location update trigger condition is met. There are four location update evaluation conditions: paging group based update, timer based update, power down update and MBS update. AMS may also perform location update process at will. 

When an AMS performs location update, the AMS may include Paging Cycle Change TLV in RNG-REQ message to change the paging cycle. An ABS may also change AMS’s paging cycle by requesting the AMS to perform location update using the paging message with action code = 0b1 (i.e., Perform ranging to establish location and acknowledge message). Whether an AMS has requested or an ABS has initiated, the ABS shall include appropriate Paging Information in the RNG-RSP message, in response to RNG-REQ message including Paging Cycle Change TLV sent by the AMS during Location Update. 
An AMS may inform its mobility (slow, medium, fast) during location update procedure. The AMS mobility information may be used to assign new paging group(s) to the AMS.
During location update, AMS may update temporary identifier, paging cycle and paging offset.
15.1.x.x.4.1.1. Paging group based update

An AMS shall perform Location Update process when an AMS detects a change in the paging groups. The AMS shall detect the change of the paging groups by monitoring the PG IDs, which are transmitted by the preferred ABS during the paging listening interval. If none of the PG ID(s), to which the AMS belongs, is detected, the AMS shall determine that the paging group(s) has changed.
ABSs and Idle Mode AMSs may belong to multiple paging groups. In case an AMS belongs to multiple paging groups, it starts Paging Group Location Update Timer (PG_LU_TIMER) when it leaves primary paging group. An AMS performs the paging group location update after PG_LU_TIMER and may inform its mobility (slow, medium, fast) to ABS. Based on the AMS mobility information, the ABS may assign new paging group(s) of different size(s) to AMS.
If the AMS returns to the primary paging group before the expiration of PG_LU_TIMER, it releases the timer and does not perform location update. 
15.1.x.x.4.1.2. Timer based update

An AMS shall periodically perform location update process prior to the expiration of the idle mode timer. At every location update including the paging group location update, the idle mode timer is reset to 0 and restarted.
15.1.x.x.4.1.3. Power down update

An AMS shall attempt to complete a location update once as a part of its orderly power down procedure. This mechanism enables network entity to update the AMS’s exact status and to delete all information for the AMS and discontinue idle mode paging control for the AMS at the time of power down. At the time of successful power down location update, the paging controller shall release all idle mode retaining information related to the AMS. 
15.1.x.x.4.2. Location update process

If an AMS in idle mode determines or elects to update its location, depending on the security association the AMS shares with the preferred ABS, the AMS shall use one of two processes: secure location update process or unsecure location update process. After synchronization with its preferred ABS and getting P-SFH, if the AMS finds that it does not have the updated information after comparing the system configuration change count, the AMS needs to get the S-SFH or extended system parameters and system configuration information from the preferred ABS.
If the AMS shares a valid security context with the preferred ABS so that the AMS includes a valid CMAC Tuple in the RNG-REQ message, then the AMS shall conduct initial ranging with the ABS by sending a RNG-REQ message including Ranging Purpose Indication TLV set to Location Update Request and Paging Controller ID and the CMAC Tuple. 

If the ABS evaluates the CMAC Tuple as valid and supplies a corresponding authenticating CMAC Tuple, then the ABS shall reply with a RNG-RSP message including the Location Update Response TLV and CMAC Tuple completing the location update process. If paging group has changed, then the ABS shall include Paging Group ID in the RNG-RSP message. 
If the AMS and the ABS do not share a current, valid security context, or if the ABS for any reason has elected to instruct the AMS to use Unsecure Location Update, they shall process Location Update using the Network Re-Entry procedure from Idle Mode.
15.1.x.x.5. Network reentry from idle mode

For the network reentry from idle mode, the AMS shall initiate network reentry with the ABS by sending a RNG-REQ message including the Ranging Purpose Indication TLV set to network reentry from idle mode and Paging Controller ID. If the AMS shares a valid security context with the ABS so that the AMS includes a valid CMAC Tuple in the RNG-REQ message, then the AMS shall conduct initial ranging with the ABS by sending a RNG-REQ message including CMAC Tuple. The network reentry procedure may be shortened if the ABS possesses AMS’s information which may be obtained from paging controller or other network entity over the backbone network.
15.1.x.x.6. Idle Mode Support for MBS

15.1.x.x.6.1. MBS location update

An AMS in idle mode, with one or more MBS service flows, shall perform a location update process when the AMS detects a change in the MBS Zone unless the AMS already has the MBS information in the target MBS zone. The AMS detects the change of MBS Zone by monitoring the MBS zone identifier list which is transmitted by the preferred ABS. If the MBS zone identifier list detected does not include the MBS zone identifiers for all MBS flows to which the AMS belongs, the AMS shall determine that the MBS Zone has changed.
15.1.x.x.7. Idle Mode Support for Multicarrier
15.1.x.x.8. Idle Mode Support for SON/Femto
============================== End of Proposed Text ===============[image: image7.png]
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