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Proposed Text Related to Idle Mode 
for the IEEE 802.16m Amendment
Giwon Park, GeneBeck Hahn, Eunjong Lee, Kiseon Ryu, Yongho Kim, Jin Sam Kwak
LG Electronics.

1. Introduction
This contribution includes the proposed texts for idle mode sections to be in the 802.16m Amendment. The technical texts and ToCs are inherited from the 802.16m SRD [1], 802.16m SDD [2], and the 802.16 Rev2/D9 [3]. Moreover, this contribution follows the tentative outline and style guide in the 802.16m Amendment [4]. In this contribution, amendment text including several illustrations is proposed for the idle mode section in which 16m members have enough consensus.

2. Rationale/Motivation of modifications 
This contribution modified the SDD by adding the detailed descriptions for the following sections (or issues).

1. The paging procedure (subclause 15.2.2.2).

· If there is no paging message within the paging listening interval, the AMS does not need to try to detect the paging message. Therefore, the early indication of paging message would be also effective to the AMS power saving.
· For reducing the AMS’s battery consumption, ABS should indicate the paging message offset as well as paging offset to AMS through idle mode initiation message. 
· For load balancing, the network should disperse the AMSs. 

· If the ABS does not load all paging messages in current DL-subframe or frame, the ABS should extend the DL-subframe or frame to transmit the remaining paging messages.
· ABS optionally transmits the PGIDs and paging indicator within S-SFH SP5 through the paging type usage flag. That is, through this flag, one step (paging type usage flag is set to 0) or two step paging (paging type usage flag is set to 1) process is used respectively.
2. User mobility based location update (subclause 15.2.2.1, 15.2.2.4).
· The network shall assign an optimal paging group to the AMS based on its mobility information during the idle mode.
3. Assignment of temporary identifier for idle mode AMS (subclause 15.2.2.1, 15.2.2.4).
· The network shall assign a temporary identifier to AMS for location privacy support.

4. Use of temporary identifier for location update (subclause 15.2.2.1, 15.2.2.4).
· The network shall use a temporary identifier assigned to AMS during idle mode initiation for location update process.

5. Use of temporary identifier for network reentry (subclause 15.2.2.1, 15.2.2.4).
· The network shall use a temporary identifier assigned to AMS during idle mode initiation for network reentry process.
3. References
[1] IEEE 802.16m-07/002r7, “802.16m System Requirements Document (SRD)” 
[2] IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”
[3] IEEE P802.16 Rev2 / D9, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” January. 2009.

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[5] IEEE 802.16m-09/0010, “IEEE 802.16m Amendment Working Document”
4. Text proposal for the 802.16m amendment
-----------------------------------------------------------Start of the Text---------------------------------------------------------
15. Advanced Air Interface
IEEE 802.16m provides AMS power management functions including sleep mode and idle mode to alleviate AMS battery consumption.

15.2.2. Idle mode

Idle mode provides efficient power saving for the AMS by allowing the AMS to become periodically available for DL broadcast traffic messaging (e.g. Paging message) without registration at a specific ABS. 

The network assigns idle mode AMS to a paging group during idle mode entry or location update. The design allows the network to minimize the number of location updates performed by the AMS and the paging signaling overhead caused to the ABSs. The idle mode operation considers user mobility.
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.
ABSs and Idle Mode AMSs may belong to multiple paging groups. In case an AMS belongs to multiple paging groups, it performs the location update after PG_LU_TIMER when it leaves primary paging group. An AMS may inform its mobility (slow, medium, fast) during location update procedure. Based on the AMS mobility information, the ABS may assign new paging group(s) of different size(s) to AMS.

The AMS monitors the paging message at AMS’s paging listening interval. The start of the AMS’s paging listening interval shall be derived based on paging cycle and paging offset. Paging offset and paging cycle are defined in terms of number of super-frames.

15.2.2.1. Idle mode initiation

Two paging offset such as the paging offset and paging message offset was transmitted to the AMSs through idle mode initiation message. The paging offset shall be synchronized with the subframe containing SFH and the AMSs shall wake up to check the paging indication bitmap in their paging offset. The paging message offset shall be synchronized with the subframe or frame containing the paging message and the AMSs shall wake up again to check the paging message in their paging message offset. After decoding the SFH which includes paging indication bitmap in paging offset, the AMS will sleep until its paging message offset. 

The AMS may be assigned one or more paging groups of different sizes at idle mode initiation. During the idle mode, based on the AMS mobility information, the ABS may assign new paging group(s) of different size(s) to AMS.
An AMS or serving ABS initiates idle mode using the procedures defined as follows. 
Idle mode initiation begins after the AMS deregistration. During normal operation with its serving ABS, an AMS may signal intent to begin idle mode by sending a DREG-REQ message with Re-registration_Request_Code parameter = 0x01; request for AMS deregistration from serving ABS and initiation of AMS idle mode. The ABS shall respond with a DREG-CMD message with action code 0x05 including Paging Information (i.e., Paging Cycle, Paging Offset, Paging Group ID and Temporary Identifier), Paging Controller ID and Idle Mode Retain Information when the ABS accepts the AMS-initiated idle request. When the ABS decides to reject AMS-initiated idle mode request, the ABS shall send a DREG-CMD message with action code 0x06 in response to this DREG-REQ message. If the AMS does not receive the DREG-CMD message containing Temporary Identifier 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 Reply 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 AMS’s Temporary Identifier remains valid as long as AMS stays in the same paging group. The Temporary Identifier assignment may happen during idle mode entry or during location update due to paging group change. The paging controller keeps the mapping information of Temporary Identifier and MAC address of AMS. The subsequent paging messages can be received via the Temporary Identifier. The Temporary Identifier may be used in the paging messages or during the AMS’s network re-entry procedure from idle mode as response to paging. 
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. In this case of ABS-initiated idle mode, the serving ABS shall start T46 timer as well as Management_Resouece_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. The 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 with action code 0x05. 

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, the ABS shall not start T46 timer. The AMS may include Idle Mode Retain Information TLV within DREG-REQ message with De-Registration_Request Code = 0x01 transmitted at the REQ-duration expiration. In this case, ABS shall send another DREG-CMD message with Action Code = 0x05 including Idle Mode Retain Information TLV.

15.2.2.2. Paging Procedure

ABS transmits the list of PGIDs at the pre-determined location. The PGID information should be received during AMS's paging listening interval. 

Paging mechanism in 802.16m may use the two-step paging procedure that includes the paging indication followed by the full paging message. 

15.2.2.2.1. Paging Indication 

The ABS transmits the list of PGIDs and paging indication bitmaps indicating the presence of full paging messages for the corresponding PGIDs in SFH. The paging indication bitmap size is 4 bit and is assigned per paging group. Each bit refers to a frame within a super frame and indicates the presence of the AMS’s paging message within the frame.
15.2.2.2.2. ABS Broadcast Paging message

Within a paging listening interval, the frame that contains the paging message for one or group of idle mode AMSs is known to idle mode AMSs and the paging ABSs. The position of the frame that contains the paging message is negotiated through idle mode initiation messages. 
The paging message which ABS broadcasts shall be sent on the Broadcast ID or idle mode Multicast Polling ID during the ABS paging interval. A paging message shall be transmitted during the AMS paging listening interval in order to advertise the ABS supported paging groups. 

For the purpose of paging load-balancing, the network disperses the AMSs in terms of AMS’s paging message offset. The paging message offset shall be indicated in idle mode initiation message.
If the ABS does not load all paging messages in current DL-subframe or frame, the ABS shall extend the DL-subframe or frame to transmit the remaining paging messages. The extension of DL-subframe or frame shall be indicated through extension flag. The extension flag (1 bit) is indicated in the paging message.
ABS transmits the paging information in the S-SFH SP5 during AMS's paging listening interval. Inclusion of S-SFH SP5 is negotiated with paging type flag during the idle mode initiation or in the stage of capability negotiation during the network entry. When paging type flag is set to 1, ABS shall transmit PGIDs and paging indicator within the S-SFH SP5 in the paging listen interval. When paging type flag is set to 0, ABS shall transmit PGIDs with paging message at the predetermined location.
The paging message shall include one or more paging group IDs identifying the logical affiliations of the transmitting ABS.

AMSs are identified in the paging message by their AMS MAC address hash or Temporary identifier. A paging message may include multiple MAC addresses. For a given paging message in a specific ABS paging interval, the ABS shall include only those AMS MAC address hash particular to the paging interval length, frame number, paging cycle, and paging offset.
Paging message includes identification of the AMSs to be notified of DL traffic pending or location update.
15.2.2.2.3. Operation during paging unavailable interval
ABS should not transmit any DL traffic or paging advertisement to AMS during AMS’s paging unavailable interval. During paging unavailable interval, the AMS may power down, scan neighbor ABSs, reselect a preferred ABS, conduct ranging, or perform other activities for which the AMS will not guarantee availability to any ABS for DL traffic.
15.2.2.2.4. Operation during paging listening interval
The AMS derives the start of the paging listening interval based on the paging cycle and paging offset. At the beginning of paging listening interval, the AMS scans and synchronizes on the A-PREAMBLE of its preferred ABS. The AMS decodes the SFH. The AMS shall confirm whether it exists in the same paging group as it has most recently belonged by getting PGID information.
During paging listening interval, AMS monitors SFH. If SFH indicates change in system broadcast information (e.g. change in system configuration count) then AMS should acquire the latest system broadcast information at the pre-determined time when the system information is broadcasted by the ABS.

During paging listening interval, AMS also monitors the paging indication bitmaps in SFH. If the bit of the paging indication bitmap associated with its frame is set, then AMS will subsequently decode the full paging message at its paging message offset which is assigned at idle mode initiation; otherwise AMS will return to paging unavailable interval.

If the AMS decodes a paging message that contains its identification, the AMS performs network re-entry or location update depending on the notification indicated in the paging message. Otherwise, AMS returns to paging unavailable interval.
15.2.2.3. Idle mode termination

An AMS terminates idle mode operation using procedures defined in the WirelessMAN-OFDMA Reference system.
For termination of idle mode, AMS shall perform network re-entry with its preferred ABS. The network re-entry procedure can be shortened by the ABS possession of AMS information.

15.2.2.4. Location Update
Location update comprises of conditional evaluation and location update signaling.
15.2.2.4.1. Location update trigger condition

An AMS in idle mode shall perform a location update process operation if any of the following location update trigger condition is met.

· Paging group location update

· Timer based location update

· Power down location update

During paging group location update or timer based location update, AMS may update paging cycle and paging offset.

15.2.2.4.2. Location update procedure
In case an AMS determines or elects to update its location, depending on the security association an AMS shares with its preferred ABS, the AMS shall use one of two processes: secure location update or unsecure location update. 
Location update comprises of conditional evaluation and location update signaling.

15.2.2.4.2.1. Paging group location update

AMS performs the location update after PG_LU_TIMER when it leaves primary paging group. An AMS may inform its mobility (slow, medium, fast) during location update procedure. Based on the AMS mobility information, the ABS may assign new paging group(s) of different size(s) to AMS. The AMS detects the change of paging group by monitoring the Paging Group IDs, which are transmitted by the ABS.
15.2.2.4.2.2. Timer based location update

AMS shall periodically perform location update process prior to the expiration of idle mode timer. An AMS may inform its mobility (slow, medium, fast) during location update procedure. Based on the AMS mobility information, the ABS may assign new paging group(s) of different size(s) to AMS. At every location update including paging group location update, idle mode timer is reset to 0 and restarted. 
15.2.2.4.2.3. Power down location update

The AMS attempts to complete a location update once as part of its orderly power down procedure.

The AMS shall attempt to complete a location update once as part of its orderly power down procedure. This mechanism enables the paging controller 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. In case of failure of power down information update, the paging controller shall perform availability check using location update polling. Unavailability of AMS shall be determined and the paging controller shall delete all idle mode retaining information if the AMS does not answer for the ABS’s location update polling up to “Paging Retry Count.”
15.2.2.4.2.4. Secure location update

If the AMS shares a valid security context with the preferred ABS so that the AMS may include 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, its Temporary Identifier, Paging Controller ID and CMAC tuple.
If the ABS evaluates the CMAC tuple as valid and can supply a corresponding authenticating CMAC tuple, then the ABS shall reply with a RNG-RSP message including Location Update Response TLV and CMAC tuple completing the location update process. If paging group has changed, then the ABS shall include Temporary Identifier and paging group ID in the RNG-RSP message.
If the ABS evaluates the CMAC tuple as invalid, and the target ABS cannot supply a corresponding authenticating CMAC tuple, or otherwise elects to direct the AMS to use unsecure location update, then the ABS shall instruct the AMS to start network reentry using the unsecure location update process by inclusion of location update response TLV in the RNG-RSP. 
15.2.2.4.2.5. Unsecure location update

If the ABS and AMS do not share a current, valid security context, of if the ABS for any reason has elected to instruct the AMS to use unsecure location update, then they shall process location update using the network reentry from idle mode. 
15.2.2.4.2.6. MBS location update

For an AMS receiving MBS data in the Idle State, during MBS zone transition, the AMS may perform the MBS location update process to acquire the MBS zone information for continuous reception of MBS data.
15.2.2.5. 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, its Temporary Identifier, Paging Controller ID and CMAC tuple. If the AMS shares a valid security context with the ABS so that the AMS may include 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 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.
If an ABS evaluates the CMAC tuple included in the RNG-REQ message as valid and can supply corresponding authenticating CMAC tuple, the ABS may reply with a RNG-RSP message including valid CMAC tuple. The ABS shall not indicate via the HO Process Optimization TLV that the PKM-REQ/RSP management messages may be omitted in the current reentry attempt without the inclusion of valid CMAC tuple. If the AMS detects the invalid CMAC Tuple included as part of RNG-RSP during the network reentry from idle mode, the AMS shall discard the RNG-RSP. Network entry/reentry process completes with the establishment of normal operations. 

-----------------------------------------------------------End of the Text---------------------------------------------------------
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