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Introduction
This contribution provides amendment text for the MAC HO procedures in the Advanced Air Interface to be included in Section 15 of the IEEE 802.16m Amendment Working Document.
Reference

[1] IEEE 802.16m Amendment Working Document, IEEE 802.16m-08/050
Proposed Amendment Text
The following text is proposed for inclusion in Section 15 of the IEEE 802.16m Amendment Working Document.
15.2 Medium access control

15.2.x MAC HO procedures
This subclause contains the procedures performed during HO for the AAI.
An AMS/ABS shall be capable of performing HO using the procedures defined in 15.2.x.2.
15.2.x.1 Network topology acquisition

15.2.x.1.1 Network topology advertisement
An ABS shall periodically broadcast the system information of the neighboring ABSs using an AAI-NBR-ADV message. The ABS shall format an AAI-NBR-ADV message based on the cell types of neighbor cells, in order to achieve overhead reduction and facilitate scanning priority for AMS. A broadcast AAI-NBR-ADV message shall not include information of neighbor CSG femtocells. Special handling of neighbor information of femtocell is described in section 15.2.x.
A serving ABS may unicast the AAI-NBR-ADV message to an AMS. The AAI-NBR-ADV message may include parameters required for cell selection e.g., cell load and cell type.
15.2.x.1.2 MS scanning of neighbor BSs
The scanning procedure provides the opportunity for the AMS to perform measurement and obtain necessary system configuration information of the neighboring cells for handover decision. An ABS may allocate time intervals to an AMS for the purpose of an AMS seeking and monitoring suitability of neighbor BSs as targets for HO. The time during which the AMS scans neighbor ABS while not available to serving ABS is referred to as a scanning interval. An AMS may use unavailable intervals to perform scanning or request scanning gap with serving ABS. In addition, an AMS shall perform intra-frequency measurement without interrupting its communication with the serving ABS.
An AMS selects the scanning candidate ABSs using the information obtained from the ABS through messages such as AAI-NBR-ADV.
An AMS measures the selected scanning candidate ABSs and reports the measurement result back to the serving ABS. The serving ABS may define triggering conditions and rules for AMS to send scanning report.
An AMS may request an allocation of a scanning interval to an ABS by sending the AAI-SCN-REQ message to scan BSs operating at different frequencies. Upon reception of the AAI-SCN-REQ message, the ABS shall respond with an AAI-SCN-RSP message. The AAI-SCN-RSP message shall either grant the requesting AMS a scanning interval that is at least as long as requested by that AMS, or deny the request. The serving ABS may also send unsolicited AAI-SCN-RSP message.
15.2.x.1.3 Trigger condition definitions
The S-ABS may define trigger conditions for the following actions:

1. Conditions that define when the A-MS shall report scanning measurement results to the serving ABS

2. Condition that defined when AMS shall initiate HO by sending AAI-HO-REQ
3. Conditions for defining when a target ABS is unreachable
4. Conditions for defining when AMS is unable to maintain communication with the serving ABS
5. Conditions for HO cancellation
15.2.x.2 HO process
The subclause defines the HO process in which an AMS migrates from the air-interface provided by one ABS to the air-interface provided by another ABS. 

15.2.x.2.1 HO Framework

The handover procedures are divided into three phases, namely, HO initiation, HO preparation and HO execution. When HO execution is complete, the AMS is ready to perform Network re-entry procedures at target ABS. In addition, HO cancellation procedure is defined to allow AMS cancel a HO procedure.
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Figure HO-XX1 Generic HO procedure
15.2.x.2.2 HO decision and initiation
The handover initiation may originate either at AMS or the serving ABS. When handover is initiated by the AMS, the serving ABS shall define the triggers and conditions based on which the AMS initiates a handover. When multiple triggers and conditions are defined, the serving ABS may use combination of multiple conditions to trigger HO.
When HO is initiated by AMS, an AAI-HO-REQ message is sent by the AMS to start the HO procedure. In case of ABS initiated HO, HO initiation and HO preparation phases are carried out together in AAI-HO-CMD message.
During handover initiation, the serving ABS indicates whether the AMS maintains communication with the serving ABS while performing network reentry with the target ABS by setting the HO_Reentry_Mode in AAI_HO-CMD. If the AMS doesn’t maintain communication with the serving ABS while performing network reentry in the target ABS, the HO_Reentry_Mode is set to 0; otherwise, it is set to 1.
15.2.x.2.3 HO Preparation

During HO preparation phase, the serving ABS communicates with target ABS(s) selected for HO. The target ABS may obtain AMS information from the serving ABS via backbone network for HO optimization.
During HO preparation phase, the target ABS may allocate a dedicated ranging code or opportunity to the AMS via the serving ABS through the AAI- HO-CMD message. The target ABS shall select the dedicated ranging code from the group of codes which are allocated for handover purpose. After the target ABS sends the selected dedicated ranging code/opportunity to the serving ABS over the backhaul, the serving ABS shall deliver the dedicated ranging code/opportunity to the AMS in AAI-HO-CMD.
Information regarding AMS identity (e.g.STID) or security context (e.g., nonce), may be pre-updated during HO preparation. Any mismatched system information between AMS and the target ABS, if detected, may be provided to the AMS by the Serving ABS during HO preparation. If pre-allocated at target ABS, the serving ABS shall include STID at target BS in AAI-HO-CMD message for the AMS. The pre-allocated STID shall be used in the target ABS by the AMS to communicate with the target ABS. The FIDs which are used to distinguish different types of connections are not updated during the handover procedure. Service flow admission and rejection should also be indicated.
If HO_Reentry_Mode is set to 1, the serving ABS shall negotiate with the target ABS the HO_Reentry parameters. In the single carrier case, the HO_Reentry parameters include the unavailable interval information (i.e., HO_Reenry_Interval) used in serving ABS for the AMS to communicate with the serving ABS. In the multi-carrier case, the HO_Reentry parameters include the carrier information in the target ABS for the AMS performing network reentry while continuing communication with the serving ABS concurrently.
The AAI-HO-CMD message should include one or more target ABSs (T-ABSs).
When only one target ABS is included in the AAI-HO-CMD message, the HO preparation phase completes when serving ABS informs the AMS of its handover decision via an AAI-HO-CMD message. When multiple target ABSs are included in the AAI-HO-CMD message, the HO preparation phase completes when the AMS informs the ABS of its target ABS selection via an AAI-HO-IND message. The AAI-HO-CMD message may include dedicated ranging resource allocation and resource pre-allocations for AMS at each target ABS for optimized network re-entry. The AAI-HO-CMD message includes an Action Time for the AMS to start network re-entry at each target ABS. The AAI-HO-CMD message also includes a Disconnect Time, which indicates when the serving ABS stops sending downlink data and stop providing any regularly scheduled unsolicited uplink allocations for the AMS. 

The AAI-HO-CMD message indicates if the static and/or dynamic context and its components of the AMS are available at the target ABS.
15.2.x.2.4 HO Execution

The serving ABS stops sending DL data and providing UL allocations to the AMS after expiration of the disconnect time included in the AAI-HO-CMD message.
Upon termination with the serving ABS, the serving ABS shall start the Resource_Retain_Time from value Resource_Retain_Time provided by ABS in AAI-REG-RSP, AAI-HO-CMD messages. The serving ABS shall retain the connections, MAC state machine, and untransmitted/unacknowledged data associated with the MS for service continuation until the expiration of the Resource_Retain_Time.
If the AAI-HO-CMD message includes only one target ABS, the AMS should execute the HO as directed by the ABS. The serving ABS defines conditions based on which the AMS decides if it is unable to maintain communication with the serving ABS. If the AMS decides, based on these conditions, that it cannot maintain communication with the serving ABS until the expiration of Disconnect Time, the AMS may send and AAI-HO-IND message to the serving ABS. If the HO command message includes more than one target ABSs, the AMS selects one of these targets and informs the S-ABS of its selection by sending an AAI-HO-IND message to the S-ABS before the expiration of Disconnect Time.

The serving ABS defines error conditions based on which the AMS decides when a target ABS among those that are included in the AAI-HO-CMD message is unreachable. If all the target ABSs that are included in the AAI-HO-CMD message are unreachable, the AMS signals the new T-ABS to the S-ABS by sending AAI-HO-IND message before the expiration of Disconnect Time, and the AMS performs network re-entry at the new T-ABS as indicated in the AAI-HO-IND message. The AMS also indicates the identity of its old S-ABS to the new T-ABS during network entry at the new T-ABS.
An AMS may request the bandwidth for the residual data in the buffer before the expiration of Disconnect Time. If the bandwidth is requested, the serving ABS may send information about any unallocated requested bandwidth to the target ABS over the backhaul so that the target ABS allocates uplink resource immediately after receiving the dedicated ranging code. If the target ABS does not receive the dedicated ranging code within the HO_ranging_initiation_deadline, the target ABS should discard pre-assigned STID of the AMS.
15.2.x.2.5 Network Re-entry

15.2.x.2.5.1 CDMA-based HO Ranging Procedure
If a dedicated ranging code/opportunity is assigned to the AMS by target ABS and CDMA ranging is not ommitted, the AMS transmits the dedicated ranging code to the target ABS during network re-entry. If a ranging channel is scheduled by the target ABS for handover purpose only, the AMS should use that ranging channel in order to avoid excessive multiple access interference. Upon reception of the dedicated ranging code, the target ABS shall allocate uplink resources for AMS to send RNG-REQ message and UL data if needed.
If an AMS does not have a dedicated ranging code/opportunity at the target BS, the AMS shall transmit a random handover ranging code at the earliest ranging opportunity.
When the AMS handovers to the target ABS, CDMA-based HO ranging may be omitted.
15.2.x.2.5.2 Network Re-entry Procedure
The network re-entry procedure is carried out as specified in IEEE P802.16Rev2 procedure unless otherwise specified in this section.
The network re-entry procedure with the target ABS may be optimized by target ABS possession of AMS information obtained from serving ABS over the backbone network.
At the Action Time specified in the AAI-HO-CMD message, the AMS performs network re-entry at the target ABS. The serving ABS stops allocating resources to AMS for transmission at Disconnect Time.
If HO_Reentry_Mode is set to 1, the AMS performs network re-entry with the target ABS at action time while continuously communicating with the serving ABS. However, the AMS stops communication with serving ABS after network re-entry at target ABS is completed. In addition, AMS cannot exchange data with target ABS prior to completion of network re-entry. In the single carrier case, the AMS communicates with the serving ABS during HO_Reenry_Interval, and with the target ABS using the remaining transmission opportunity. In the multi-carrier case, AMS performs network reentry while continuing communication with the serving ABS concurrently. Upon completion of network reentry, the target ABS informs the serving ABS to stop allocating resources to the AMS and release AMS context.
15.2.x.2.6 HO cancellation
After HO is initiated, the handover could be canceled by AMS at any phase during HO procedure. The HO cancellation is initiated before the expiration of the Resource_Retain_Time. After the HO cancellation is processed, the AMS and serving ABS resume their normal operation.
The network can advertise HO cancellation trigger conditions. When one or more of these trigger conditions are met the MS cancels the HO.
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