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Proposed Text Related to HO Section for the IEEE 802.16m Amendment
Inuk Jung, GeneBeck Hahn, Kiseon Ryu, Yongho Kim, Jin Sam Kwak
LG Electronics
1. Introduction

This contribution includes the proposed text for information contents of the HO procedures in the IEEE 802.16m Amendment.
2. Modifications from the SDD and key descriptions

· Procedures for HO execution
· Procedures for Legacy supported HO
3. Rationale/Motivation of new proposals
The proposed text is based on section 10.3 of the current SDD document IEEE 802.16m-08/003r7.
The ToC of the HO Amendment text is as follows.
15.2 Medium access control

15.2.x MAC HO procedures

15.2.x.1 Network topology acquisition

15.2.x.1.1 Network topology advertisement

15.2.x.1.2 Scanning Procedure

15.2.x.2 Handover Process

15.2.x.2.1 HO Framework

15.2.x.2.2 HO initiation
15.2.x.2.3 HO preparation

15.2.x.2.4 HO execution
15.2.x.2.5 Termination with the serving ABS

15.2.x.2.6 HO cancellation

15.2.x.3 Network Re-entry 

15.2.x.3.1 CDMA-based HO Ranging procedure
15.2.x.4 Handover Process supporting WirelessMAN-OFDMA Reference System

15.2.x.4.1 Network topology acquisition
15.2.x.4.2 Zone switch procedures

15.2.x.4.2.1 Zone switch from LZone to MZone

15.2.x.4.2.2 Zone switch from MZone to LZone

15.2.x.4.3 Handover from YBS to ABS

15.2.x.4.3.1 Zone switch based Handover

15.2.x.4.3.2 Direct Handover

15.2.x.4.4 Handover from ABS to YBS

Some text of the P802.16Rev2/D8 document has been added, for example the 15.2.x.2.6.
This contribution modified the SDD by adding the detailed descriptions for the following sections (or issues).

1. Network topology acquisition (subclause 15.2.x.4.1)
· To reduce duplicate information overhead by transmitting the same neighbor BSs in LZone and MZone, neighbor BS shall be sent separately in LZone and MZone in terms of their zone support type.
· BS type shall be discriminated within the MOB_NBR-ADV by MAC version.

· The AMS may identify itself as a WirelessMAN-OFDMA Reference System supporting MS in LZone during the network reentry procedure
2. Zone switch procedure (subclause 15.2.x.4.2)
· An AMS served by an YBS may HO to an ABS’s LZone. The information of the target ABS’s MZone may be delivered as a zone switch TLV (in RNG-REQ) during the network entry procedure to the LZone.
· AMS shall perform capability negotiation during zone switch to MZone in terms of ABS’s MZone capability support (including security parameters)
· AMS may also perform zone switch from MZone to LZone due to load balancing and return back at a predefined time or when MZone accessible
3. HO procedure from YBS to ABS

· AMS may perform YBS to ABS based on zone switch or direct HO
4. Text proposal for the 802.16m amendment
-----------------------------------------------------------Start of the Text------------------------------------------------
15.2 Medium access control
15.2.x MAC HO procedures
15.2.x.1 Network topology acquisition
15.2.x.1.1 Network topology advertisement

A ABS periodically broadcasts the system information of the neighboring ABSs and/or YBSs using Neighbor Advertisement message. The ABS formats Neighbor Advertisement message based on the cell types of neighbor cells, in order to achieve overhead reduction and facilitate scanning priority for AMS. Neighbor Advertisement message does not include information of neighbor femto cells. Special handling of neighbor information of femto cell is described in section xxx
A serving ABS may unicast the neighbor advertisement message to an AMS. The Neighbor Advertisement message may include parameters required for cell selection eg., cell load and cell type.
15.2.x.1.2 Scanning Procedure

The scanning procedure provides the opportunity for the AMS to perform measurement of the neighboring cells for handover decision. The AMS may use any unavailable intervals assigned by the serving ABS to perform scanning. In addition, the AMS may perform scanning procedure without interrupting its communication with the serving ABS if the AMS supports such capability.
AMS selects the scanning candidate ABSs by information obtained from the ABS or information cached in the AMS. The ABS or AMS may prioritize the neighbor ABSs to be scanned based on various metrics, such as cell type, loading, RSSI and location.
As part of the scanning procedure, AMS measures the selected scanning candidate ABSs and reports the measurement result back to the serving ABS. The measurements may be used by the MS or the network to determine the correct target BS for the MS to handover to. The measurements in the Advanced WirelessMAN-OFDMA Interface include the measurements specified as part of the WirelessMAN-OFDMA system as well as any other measurements defined in the Advanced WirelessMAN-OFDMA Interface. The serving ABS defines triggering conditions and rules for AMS sending scanning report.
15.2.x.2 Handover Process

15.2.x.2.1 HO Framework

The handover procedure may be initiated by either AMS or ABS. The AMS initiates a HO by sending an HO initiation message to the serving ABS (S-ABS). The S-ABS responds to the HO initiation message by sending an HO command message to the AMS. The S-ABS initiates a HO by sending an HO Command control message to the AMS. In both cases (HO initiated by AMS or S-ABS) the HO command message should include one or more target ABSs (T-ABSs). If the HO command message includes only one target ABS, the AMS should execute the HO as directed by the ABS. If the AMS is unable to maintain communication with the S-ABS until the expiration of disconnect time (defined in section xxx), it may send a HO indication message to the ABS before the expiration of disconnect time. The S-ABS stops sending DL data and providing UL allocations to the MS after expiration of the disconnect time or after reception of HO-IND.

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 HO indication message to the S-ABS before the expiration of disconnect time. 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. AMS may also maintain communication with serving ABS while performing network re-entry at target ABS as directed by serving ABS. Figure 16 shows a general call flow for handover. The S-ABS defines error conditions based on which the AMS decides when a T-ABS among those that are included in HO command control signaling is unreachable. If all the target ABSs that are included in the HO command signaling are unreachable, the AMS signals the new T-ABS to the S-ABS by sending HO indication control signaling before the expiration of disconnect time, and the AMS performs network re-entry at the new T-ABS as indicated in the HO indication control signaling. The AMS also indicates the identity of its old S-ABS to the new T-ABS during network entry at the new T-ABS.
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Figure 1  A general call flow for HO
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. 

15.2.x.2.2 HO initiation 

Handover procedure may be initiated by either AMS or ABS. When handover is initiated by the AMS, the serving ABS defines 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, a HO Initiation control signaling 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.
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. If ranging with target ABS not performed prior to or during HO preparation, dedicated ranging resource (e.g. HO indication code, channel, etc.) at target ABS may be reserved for the AMS to facilitate non-contention-based HO ranging. Information regarding AMS identity (e.g. TEK, STID, FIDs, etc.), 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.
When only one target ABS is included in the HO Command control signaling, the HO preparation phase completes when serving ABS informs the AMS of its handover decision via a HO Command control signaling. When multiple target ABSs are included in the HO Command control signaling, the HO preparation phase completes when the AMS informs the ABS of its target ABS selection via HO indication control signaling. The HO Command control signaling may include dedicated ranging resource allocation and resource pre-allocations for AMS at each target ABS for optimized network re-entry. The HO Command control signaling includes an action time for the AMS to start network re-entry at each target ABS and an indication whether AMS should maintain communication with serving ABS during network re-entry. The HO Command control signaling further includes a disconnect time, which indicates when the serving ABS will stop sending downlink data and stop providing any regularly scheduled unsolicited uplink allocations for the AMS. In the case that AMS maintains communication with serving ABS during network re-entry, the parameters associated with the scheme of multiplexing transmission with serving and target ABS are determined by serving ABS based on the AMS capability and negotiated between the serving and target ABSs.

The control signaling indicates if the static and/or dynamic context and its components of the AMS is available at the target ABS.
15.2.x.2.4 HO execution

At the action time specified in the HO command control signaling, the AMS performs network re-entry at the target ABS. If communication is not maintained between AMS and serving ABS during network re-entry at the target ABS, serving ABS stops allocating resources to AMS for transmission at action time.
If directed by serving ABS via HO Command control signaling, 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. Multiplexing of network re-entry signaling with target ABS and communications with serving ABS is done by using negotiated intervals with serving ABS for network re-entry signaling with target ABS, and the remaining opportunities with serving ABS for data communication. If the negotiated interval is set to 0, the AMS communicates with the serving ABS continuously while concurrently performing network re-entry with the target ABS. In case of single radio MSs, the negotiated interval shall exclude the value 0.
15.2.x.2.5 Termination with the serving ABS
The AMS terminates the service with its serving ABS at any time during the HO execution phase. The termination of service implies disconnection of all services provided by the serving ABS. The serving ABS performs termination of service upon reception of an A_MOB_HO-IND message with HO-IND_type = ‘Serving BS Release’ or upon expiration of the disconnect time defined in xxx. 
15.2.x.2.6 HO cancellation

After HO is initiated, the handover could be canceled by the AMS at any phase during HO procedure. The cancelation is indicated by transmitting the HO indication message to the serving ABS with HO_IND type=‘HO cancel’. 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.
15.2.x.3 Network Re-entry 

15.2.x.3.1 CDMA-based HO Ranging procedure

If a dedicated ranging code is assigned to the AMS by target ABS, 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 should allocate uplink resources for AMS to send RNG-REQ message and UL data if needed.

When the AMS handovers to the target ABS, CDMA-based HO ranging may be omitted if the ranging parameters are valid. 
15.2.x.4 Handover Process supporting WirelessMAN-OFDMA reference system
15.2.x.4.1 Network topology acquisition

The WirelessMAN-OFDMA Reference System/WirelessMAN-OFDMA Advanced System co-existing system consists of WirelessMAN-OFDMA Reference System and WirelessMAN-OFDMA Advanced System cells/sectors. An YBS advertises the system information for its neighbor YBSs and the LZones of its neighbor ABSs. An ABS advertises the system information of its neighbor YBSs in its LZone. It advertises the LZones of its neighbor ABSs in its LZone. It also advertises the system information of its neighbor ABSs in MZone. Among the system information of neighbor ABSs advertised in the MZone, a information reference pointer is included which references the neighbor YBSs system information advertised in the LZone.
ABS may perform association with neighbor ABSs for pre-synchronization in the DL and UL. The AMS can acquire system information during the association procedure to expedite Legacy HO procedures.
15.2.x.4.2 Zone switch procedures
An AMS is able to perform zone switch from LZone to MZone and vice versa within a legacy supporting ABS. The zone switch procedure can be initiated by both the AMS and the ABS. In case of load balancing purposes, the ABS is able to initiate the zone switch procedure to AMSs for load balancing purposes. 
15.2.x.4.2.1 Zone switch from LZone to MZone
An ABS is able to indicate its WirelessMAN-OFDMA Advanced System capability in the LZone for AMSs that entered its LZone. ABSs that support legacy operation indicate its WirelessMAN-OFDMA Reference System /WirelessMAN-OFDMA Advanced co-existing System capability via the FCH broadcasted in the LZone. 

Also, ABSs indicate their WirelessMAN-OFDMA Advanced System capability via their MAC version that is broadcasted within the neighbor advertisement information by their neighbor YBS/ABSs. 

The neighbor list information populated by the YBS includes system information as described in Table xxx [need to be defined]. The MAC version encoding TLV of each neighbor is used to distinguish from between YBSs and ABSs. The MAC version rule follows the reference system. Based on the reference MAC version encoding TLV, if the value of MAC version encoding TLV of the BS is 0, the AMS regards the BS as a WirelessMAN-OFDMA Advanced System only ABS. If the value of MAC version encoding TLV is higher than 9, the AMS regards the BS as a WirelessMAN-OFDMA Reference System/WirelessMAN-OFDMA Advanced co-existing System.

An ABS that supports legacy operation indicates its WirelessMAN-OFDMA Advanced co-existence System security capability in the MZone. During the ranging procedures with target ABS in LZone, AMS and target ABS setups AK and verifies it. The ABS in MZone then transmits its security related capabilities with AMS. The security related capabilities of ABS are as follows

- Security capabilities containing cryptographic suites that ABS in MZone supports

- SA-TEK_Update containing Nonce

- Other security parameters

- (One or more) SA-descriptors

- Security negotiation parameters of ABS in MZone

The AMS indicates its WirelessMAN-OFDMA Advanced System identity to an ABS in its LZone during the HO procedure to it. In case the AMS performs HO to an ABS from an YBS, Bit #5 (HO indication of an 16m AMS) in Ranging Purpose Indicator shall be set in the RNG-RSP message during ranging. The target ABS that receives such RNG-REQ message provides MZone information to the AMS, such as zone switch capability information and MZone system information required for zone switch. 

To perform a zone switch after an HO procedure to the current ABS’s LZone, the AMS receives a zone switch TLV in the RNG-RSP message during the ranging procedure specified in section xxx. The ‘MZone entry able’ bit of the zone switch TLV indicates whether the AMS is able to perform zone switch to the MZone. If the ‘MZone entry able’ value indicates that the AMS is currently not allowed to perform zone switch, the AMS shall operate in the LZone until the MZone status allows the AMS to zone switch. The AMS shall periodically check the MZone status using the information given in the zone switch TLV. The zone switch TLV includes MZone system information and operational parameters, such as STID, FID and security parameters etc.

The AMS shall perform capability negotiation of which features of the WirelessMAN-OFDMA Advanced System at the MZone are supported. The AMS also indicates its WirelessMAN-OFDMA Advanced System security capabilities to an ABS in its MZone during HO procedure. In case the AMS performs HO to an ABS from an YBS, the target ABS in MZone that receives information with security capabilities such as cryptographic suites that AMS supports, security negotiation parameters of AMS provides the AMS with MZone security capabilities. After completion of security capability negotiation, the AMS shall perform the basic capability negotiation other than security capabilities (e.g. E-MBS, Multi-carrier, Femto, Relay, etc.) to support the WirelessMAN-OFDMA Advanced System at the MZone.

In case the ABS rejects the zone switch requested by the AMS, the ABS sends the zone switch TLV with related information regarding the rejection to the AMS. In such case, the zone switch TLV is sent via an unsolicited RNG-RSP message.
15.2.x.4.2.2 Zone switch from MZone to LZone
The ABS indicates zone switch of AMSs that currently operate in the MZone for several reasons, such as HO to YBS or load balancing purposes. The HO-Command message is used to trigger the zone switch from MZone to LZone which is specified in table xxx. To allow the AMSs to return back to the MZone after load status alleviates or upon HO cancellation to YBS, the ABS provides a zone switch check time, which indicates an interval or specific time when the AMS checks the status (e.g. load information) of the MZone for zone switch availability. During the request or command of the zone switch to LZone, the AMS is provided with LZone information in prior, such as CID, FID, security parameters or capability information in the MZone. 
15.2.x.4.3 Handover from YBS to ABS
When a handover from a WirelessMAN-OFDMA Reference System to a WirelessMAN-OFDMA Advanced System is triggered for a YMS, the YMS handover is from the serving YBS to the LZone of the target ABS using WirelessMAN-OFDMA Reference System handover signaling and procedures.

An AMS performs handover from the serving YBS to the LZone of the target ABS using a WirelessMAN-OFDMA Reference System handover signaling and procedures, and switch to the MZone of the ABS after AMS entering LZone.
15.2.x.4.3.1 Zone switch based Handover

The AMS may follow the HO signaling procedures of the WirelessMAN-OFDMA Reference System during HO from the YBS to a legacy supporting WirelessMAN-OFDMA Advanced System ABS’s LZone. During the ranging procedure the AMS may indicate its WirelessMAN-OFDMA Advanced System identity which is specified in section 15.2.x.4.2. If the ABS has identified the incoming MS as a WirelessMAN-OFDMA Advanced System AMS, it may allocate resources to it for zone switch to the ABS’s MZone. The AMS follows the zone switch procedure specified in section 15.2.x.4.4.1. If the MZone is not accessible due to load conditions, the ABS may postpone or reject the zone switch attempt of the AMS. The AMS will continue to operate in the LZone until the MZone is available for access.
During zone switch from LZone to MZone, the AMS shall perform capability negotiation for WirelessMAN-OFDMA Advanced System operations if necessary. Since, the core network is commonly used by the WirelessMAN-OFDMA Advanced System and the WirelessMAN-OFDMA Reference System, the capability negotiation may omit any registration related procedures. If the ABS confirms the zone switch BR code sent by an AMS, it grants UL resource to the AMS for transmitting the capability negotiation message specified in xxx [message need to be defined]. 
Figure x1 shows a general call flow for zone switch based HO. 

[image: image2.emf]T-ABS

RNG-RSP (zone switch TLV)

LZone

MZone

RNG-REQ (AMS indicator)

Capability Negotiation (ABS system 

information, security information)

MOB_MSHO-REQ

MOB_BSHO-RSP

HO-REQ

HO-RSP

S-YBSAMS

Data path established


Figure x1. Call flow for zone switch based HO from YBS to an ABS
15.2.x.4.3.2 Direct Handover

An AMS may also handover from a YBS to a WirelessMAN-OFDMA Advanced System only ABS or MZone of ABS directly if AMS is able to scan WirelessMAN-OFDMA Advanced System only ABS or MZone prior to handover. 

The AMS is able to request and receive information of the target that is not included in the A_MOB_NBR-ADV message through the SII-ADV message. 
If AMS retrieved any neighbor ABS information, it may request a scanning interval for populating a HO candidate list, including the neighbor ABS’s given in the SII-ADV message. The HO initiation and preparation procedure follows the reference systems HO call flow. The HO ranging procedure follows the general HO call flow. 
15.2.x.4.4 Handover from ABS to YBS
When a WirelessMAN OFDMA Advanced-System to Wireless MAN-OFDMA Reference System handover is triggered for an YMS, the YMS handover is from LZone of the serving ABS to the target YBS using 16e handover signaling and procedures. 
When a 16m-to-16e handover is triggered for an AMS, the serving ABS and AMS perform handover execution using 16m handover signaling and procedures. If the serving ABS supports legacy, the AMS performs zone switch to the serving ABS’s LZone following the zone switch procedure specified in section 15.2.x.4.4.2. Else, the serving ABS performs context mapping and protocol inter-working from WirelessMAN OFDMA Advanced-System to Wireless MAN-OFDMA Reference System. Then the AMS perform network re-entry to target YBS using the Wireless MAN-OFDMA Reference System network re-entry signaling and procedures.
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