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Introductions
In 802.16n AWD [5] describes general multimode operation for IEEE 802.16n based on the SRD (i.e., IEEE 802.16n-10/0048r1[1]) due to the some event such as backhaul link failure is proposed. In addition, path reselection during mode change as well as failure of frequency or carrier may be considered as path management. 
To be robust against those SPOF events, HR-MS’ MAC context has to be shared between infrastructure stations.

Thus, we propose in this contribution that the path management operation as a part of optimized HO for IEEE 802.16n.In addition, HO condition can be dynamic according to the degraded network environment. 
HO procedure & related messages
To provide optimized HO and HR specific HO, HO procedure including related message are proposed to modify in current WirelessMAN system as follows:
· AAI-SCD

· To announce whether the current HR-BS/RS is operated in multimode (i.e., HR-BS acting as RS or HR-MS acting as BS/RS)
· AAI-HO-CMD
· To share HR-MS’ MAC context with neighbor stations (i.e., candidate stations)

· AAI-NBR-ADV

· To transmit information whether neighbor infrastructure station is multimode station (i.e., HR-MS acting as HR-RS/HR-BS, HR-BS having no connection to backhaul but having relay link)

· More specific trigger condition based on the type of station (added multimode station)

· HO procedure

· If neighbor station (especially multimode station) has no information of HR-MS trying to handover the neighbor station, serving BS/RS transfer MAC context information of the HR-MS.

· HR-MS’ MAC context information is transferred using AAI-L2-XFER message via relay zone
References

[1] IEEE 802.16n-10/0048r1, “802.16n System Requirements Document including SARM annex,” March 2011.

[2] IEEE Std. 802.16TM-2009, “IEEE Standard for Local and metropolitan area networks; Part 16: Air Interface for Broadband Wireless Access Systems,” May 2009.

[3] IEEE 802.16mTM-2011, IEEE Standard for Local and metropolitan area networks; Part 16: Air Interface for Broadband Wireless Access Systems; Amendment 3: Advanced Air Interface,” May 2011.

[4] IEEE 802.16m-09/0034r3, “IEEE 802.16m System Description Document (SDD),” June 2010.

[5] IEEE 802.16n-11/0009r1, “802.16n Amendment Working Draft,” May 2011.

Proposed Text for the 802.16n Amendment Working Document (AWD)
Note:

The text in BLACK color: the existing text in the 802.16n Amendment Draft Standard
The text in RED color: the removal of existing 802.16n Amendment Draft Standard Text
The text in BLUE color: the new text added to the 802.16n Amendment Draft Standard Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Remedy1: Add the following text into section 16.2.3 of 802.16n AWD.]
16.2.3 MAC Control messages
[Add following row in the end of Table 714 in 16.2.3.31 AAI-System Configuration Description(SCD) message as indicated:]
	HR Multimode indication
	1
	Indicates whether current BR/RS is HR-MS acting as BS/RS or HR-BS acting as RS

0b0: current BS/RS is neither HR-MS acting as BS/RS nor HR-BS acting as RS

0b1: current BS/RS is either HR-MS acting as BS/RS or HR-BS acting as RS
	HR Multimode indication


[Change section 16.2.3.12 AAI-HO-CMD as indicated:]

16.2.3.12 AAI-HO-CMD

The S-ABS shall send AAI-HO-CMD to initiate the HO procedure, or to acknowledge the AAI-HO-REQ sent by the AMS. The AAI-HO-CMD message shall include the parameters listed in Table 695.

Table 695—AAI-HO-CMD message field description
	Field
	Size (bits)
	Value/Description
	Condition

	Mode
	2
	0b00: HO command;

0b01: Zone switch command

from MZone to LZone;

0b10: AMS HO request rejected (ABS in list unavailable). In this case, AAI-HO-CMD message shall not include any T-ABS. However, if the requested ABSs in list available but MAC information is not shared, those ABSs may be included candidate T-ABS and serving ABS transfers MS information via backbone network or relay link
0b11: Reserved
	N/A

	If (Mode == 0b00) {
	
	
	

	……
	…
	……
	…

	}else if (Mode == 0b01) {
	
	
	

	……
	…
	……
	…

	}else if (Mode==0b10) {
	
	
	

	REQ-Duration
	8
	The 8 least significant bits of the absolute superframe number where the AMS may perform handover again (i.e., allowing the AMS to transmit AAI-HO-REQ after REQ-Duration).
	

	for(i=0; i < N_Target_BS; i++) {
	
	N_Target_BS is the number of T-ABSs or target legacy BSs included in this message.
	

	targetBSID
	48
	BSID of the T-ABS or target legacy BS.
	Shall be included

	SA-Preamble Index
	10
	Indicate the SA-Preamble index of the carrier.
	Shall be included if the BS is T-ABS

	Preamble Index
	7
	Indicate the preamble index of the neighbor BS.
	Shall be included if the BS is target legacy BS

	Center Frequency
	32
	Indicates center frequency (in unit of Hz) of the carrier.
	Shall be included

	}
	
	
	

	
	
	
	

	}
	
	
	


[Change section 16.2.3.13 AAI-NBR-ADV as indicated:]

16.2.3.13 AAI-NBR-ADV
AAI-NBR-ADV message may sort neighbor ABSs (RSs) according to their deployment types, which is categorized by the following parameters:

a) Cell type (macro, micro, macro hot-zone, Femto, relay)

b) Physical carrier index referring AAI-Global-CFG message that provides carrier frequency, BW, TDD/FDD and related definitions (expected to be the same given carrier frequency)

c) MAC version
ABS determines and indicates the system configuration information included for each deployment type and their corresponding broadcast frequency.
To allow AAI-NBR-ADV fragmentation while providing flexibility for AMS HO operation without requiring acquisition of the whole AAI-NBR-ADV message, ABS always provides the total number of cell types, total number of segments for each type, and the total number of neighbor ABS per segment. Each AAI-NBR-ADV fragment is indicated by AAI-NBR-ADV Segment Index. Once an AAI-NBR-ADV segment is sent for a given cell type, the ABS should not start sending ABS for different cell type until all AAI-NBR-ADV segments for such given cell type are sent. ABSs with identical type are listed in the AAI-NBR-ADV message in descending order of their cell coverage.
Each AAI-NBR-ADV message carries the following:

· AAI-NBR-ADV change count

· Number of total cell types

· Segment information for this AAI-NBR-ADV message

· System information of ABSs of a specific cell type

· Starting ABS Index: Starting ABS Index of the AAI-NBR-ADV segment is the value of one incremented from the last ABS index of the previous AAI-NBR-ADV segment. Starting ABS Index is the index of the first NBR ABS that is sent in a AAI-NBR-ADV segment. The index of the second NBR ABS equals to Starting ABS Index +1, and so on so that all ABSs in this AAI-NBR-ADV segment has consecutive index in ascending order. If this is the first AAI-NBR-ADV segment or the AAI-NBR-ADV message is not segmented, the Starting ABS Index will be 0.
For each cell type, shared configuration parameters are carried as follows:

· Prefix of BSID

· SA-Preamble Index range

· Physical carrier range
The Prefix of BSID, SA-Preamble Index range, and Physical carrier range are optional fields, which can be used when the S-ABS chooses not to broadcast configuration information for each individual ABS within the cell type.

Within each cell type, if S-ABS chooses to broadcast configuration information for each individual ABS instead of specifying SA-Preamble Index range and Physical carrier range, a list of ABSs are provided and the following parameters are carried for each ABS:

· 48-bit BS-ID

· ABS SA-Preamble Index

· Indication whether full system information or partial information is carried for this ABS, which includes the following:

· SFH information

· Physical carrier index (6 bits, refer to the “physical carrier index” defined in AAI-Global-CFG)

· MAC protocol versions (8 bits)

· Paging carrier indication (1 bit, refer to specify if a carrier is a paging carrier or not)
· Indication whether the neighbor infrastructure station is HR multimode station (i.e., acting as BS or RS)
where for ABS of macrocell type, all the necessary system information shall be included, and the format may only carry delta information fields with respect to the reference ABS (e.g., the S-ABS or the preceding neighbor BS/ABS of this cell type); and for Wireless-MAN-OFDMA reference system, only 48-bit BS-ID and Preamble index are included in AAI-NBR-ADV.
…….
[Change Table 696 in section 16.2.3.13 as indicated:]
Table 696—AAI-NBR-ADV message field description
	Field
	Size (bits)
	Value/Description
	Condition

	…………
	……
	………
	……

	For (i=0; i<N-NBR-ABSs; i++) {
	
	N-NBR-ABSs is the number of neighbor ABSs included in this message, and has the range of [1..64].
	

	BSID
	48
	Neighbor ABS ID
	

	MAC protocol version
	8
	MAC protocol version of the BS Consistent with IEEE Std 802.16-2009 definition, with new MAC protocol version 10 defined for AAI.
	

	CP time
	2
	CP time of the BS

0b00: 1/8

0b01: 1/16

0b10: 1/4
	

	HR Multimode indication
	1
	Indicates whether neighbor BR/RS is HR-MS acting as BS/RS or HR-BS acting as RS

0b0: neighbor BS is neither HR-MS acting as BS/RS nor HR-BS acting as RS

0b1: neighbor BS is either HR-MS acting as BS/RS or HR-BS acting as RS
	

	For(j=0; j<N-Carrier-Info; j++)

{
	
	N-Carrier-Info is the number of carrier information listed here for the ABSi
	

	…………
	……
	…………
	……


[Remedy2: Add the following text in Section 16.2.6 MAC HO Procedure in the 802.16n AWD]
16.2.6 MAC HO Procedure

[Change Section 16.2.6.1.2 as indicated:]
16.2.6.1.2 AMS scanning of neighbor ABSs

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 to seek and monitor suitability of neighbor ABSs as targets for HO. Such a time interval during which the AMS scans neighbor ABS while not available to S-ABS is referred to as a scanning interval. The ABS may specify the different trigger parameter values based on the ABS types in the AAI-SCD message.

The AMS may use any interval to perform autonomous scanning.

Autonomous scanning means an operation where the AMS performs intra-frequency preamble measurement without dedicated allocations for scanning. An AMS shall be capable of autonomous scanning, performing intra-frequency preamble measurement without dedicated allocations for scanning.

An AMS selects the scanning candidate ABSs using the information obtained from the ABS through messages such as AAI-NBR-ADV and AAI-SCN-RSP. The ABS should prioritize the scanning candidates (e.g. based on the reliability) by presenting the candidate ABSs in descending order of priority in the AAI-SCN-RSP message. To support high reliability, scanning candidates may be ordered based on whether the MAC context is shared or not between serving infrastructure station and neighbor station. The AMS should follow the order of scanning as suggested in the AAI-SCN-RSP message.

An AMS measures the signal from selected scanning candidate ABSs and reports the measurement result back to the S-ABS according to report mode and report parameters defined by the S-ABS.

An AMS may request an allocation of a scanning interval to a candidate ABS by sending the AAI-SCN-REQ message to the S-ABS. Upon reception of the AAI-SCN-REQ message, the S-ABS shall respond with an AAI-SCN-RSP message. The AAI-SCN-RSP message shall either grant the requesting AMS a scanning interval or deny the request. The S-ABS may also send unsolicited AAI-SCN-RSP message to initiate AMS scanning.
[Change Section 16.2.6. 2 as indicated:]
16.2.6.2 Trigger condition definitions

The S-ABS may define trigger conditions for the following actions:

a) Conditions that define when the AMS shall initiate scanning procedure.

b) Conditions that define when the AMS shall report scanning measurement results to the S-ABS.

When RSSI or CINR triggers are specified, an AMS with multiple receive antennas shall use the linear sum of the RSSI or CINR values calculated over all the receive antennas.

c) Conditions that define when AMS shall initiate HO by sending AAI-HO-REQ.

d) Conditions for defining when a T-ABS is unreachable.

e) Conditions for defining when AMS is unable to maintain communication with the S-ABS.

f) Conditions for HO cancellation.

Trigger definitions are encoded using the description in Table 775.
Table 775—Trigger description
	Name 
	Length (Bits)
	Value

	Number of Triggers
	6
	Total number of triggers that are defined

	for (i = 0; i Number of Triggers;

i++) {
	
	

	Number of conditions
	2
	The number of conditions that are included in this trigger (see For-loop description below this table). When more than one conditions are included, this trigger is referred to as a complex trigger and is the logical AND combination of all the included conditions.

	ABS type
	4
	ABS type of T-ABS for this Trigger definition:

(Any, Macro ABS, Macro Hot-zone ABS, Femto ABS, etc.). A value representing “any” means this trigger applies to all T-ABSs. This value of ABS type field shall be ignored for triggers with Type= 0x3 or the Function=0x5 or 0x6 in Table 776.

0x0: Any

0x1: Macro ABS

0x2: Macro Hot-zone ABS

0x3: Femto ABS

0x4: R1 BS

0x5–0xF: Reserved

	HR Multimode indication
	1
	Indicates whether neighbor BR/RS is HR-MS acting as BS/RS or HR-BS acting as RS

0b0: neighbor BS is neither HR-MS acting as BS/RS nor HR-BS acting as RS

0b1: neighbor BS is either HR-MS acting as BS/RS or HR-BS acting as RS

	Trigger averaging parameter for intra-FA measurement
	8
	The averaging parameter used for averaging this trigger metric according to Equation (177) for T-ABS (which is defined in ABS type). If not present, the default trigger averaging parameter in AAI-SCD is used

0x0: 1

0x1: 1/2

0x2: 1/4

0x3: 1/8

0x4: 1/16

0x5: 1/32

0x6: 1/64

0x7: 1/128

0x8: 1/256

0x9: 1/512

0xA to 0xFF: Reserved

	……
	…
	……

	
	
	


[Change Section 16.2.6.3.3 as indicated:]
16.2.6.3.3 HO preparation

During HO preparation phase, the S-ABS communicates with T-ABS(s) selected for HO. The T-ABS may obtain AMS information from the S-ABS via backbone network for HO optimization. If the either serving infrastructure station or target infrastructure station has no backhaul connection but they communicate each other via relay link, target infrastructure station may obtain MS information from the serving infrastructure station via their relay link in DL/UL relay zone using AAI-L2-XFER message described in 16.2.3.30 for HO optimization. 
During HO preparation phase, the T-ABS may allocate a dedicated ranging code and dedicated ranging opportunity to the AMS via the S-ABS through the AAI-HO-CMD message. The dedicated code shall be used by the AMS if the ABS assigns the dedicated ranging code and the Ranging Initiation Deadline has not expired. If the AMS fails to perform CDMA HO ranging successfully until the expiration of Ranging Initiation Deadline, it shall stop using the dedicated code but randomly pick a ranging code if further ranging is necessary. The T-ABS shall select the dedicated ranging code from the group of codes that are allocated for dedicated handover ranging purpose.
Upon reception of the AAI-HO-CMD message, the AMS should pre-update STID and AK to be used in the T-ABS. Any mismatched system information between AMS and the T-ABS, if detected, may be provided to the AMS by the S-ABS during HO preparation. For AMS-initiated HO, the S-ABS may detect an S-SFH mismatch between SFH information of a candidate T-ABS as known to the AMS and the SFH information of the candidate T-ABS as known to the S-ABS by referring to the AAI-NBR-ADV change count of AMS included in AAI-HO-REQ message. In such case, the ABS should include mismatching delta SFH information in AAI-HO-CMD, or it should reject the HO.
For ABS-initiated HO, the AMS may detect an SFH mismatch by referring to the S-SFH change count included in the AAI-HO-CMD message. The AMS should not select a T-ABS with mismatched SFH information. If the AMS does not have the latest SFH for any of the T-ABSs included in AAI-HO-CMD, the AMS should cancel the HO by sending AAI-HO-IND with HO event code 0b11 and SFH mismatch indication 0b1. When the S-ABS receives the AAI-HO-IND with HO event code 0b11 and SFH mismatch indication 0b1, it may send another AAI-HO-CMD message that includes all up-to-date delta SFH information of each recommended T-ABS. If pre-allocated at T-ABS, the S-ABS shall include an STID to be used at T-ABS in the AAI-HO-CMD message. The pre-allocated STID shall be used in the T-ABS by the AMS to communicate with the T-ABS. The FIDs that are used to distinguish different connections are not updated during the handover procedure. If the network decides that certain service flow will not exist at the T-ABS, this shall also be indicated in the AAI-HO-CMD message.
If HO_Reentry_Mode is set to 1, the S-ABS shall negotiate with the T-ABS the relevant HO parameters, hereby referred to as the “EBB HO parameters”. In the single carrier handover case, the EBB HO parameters include HO_Reentry_Interleaving_Interval, HO_Reentry_Interval, and HO_Reentry_Iteration for the AMS to communicate with the S-ABS during network reentry, in which case HO_Reentry_Interleaving_Interval and HO_Reentry_Interval must be no less than the minimal values defined in AMS capability. The HO_Reentry_Interval defines the period during which an AMS performs network reentry at the T-ABS; whereas, the HO_Reentry_Interleaving_Interval defines the period during which an AMS performs normal data communication at the S-ABS after the HO_Reentry_Interval. In the multicarrier handover case, the EBB HO parameters include the carrier information in the T-ABS for the AMS performing network reentry while continuing communication with the S-ABS concurrently.
The ABS shall not set HO_Reentry_Mode to 1 unless EBB Support was declared (set to 1) by the AMS in AAI-REG-REQ. When only one T-ABS is included in the AAI-HO-CMD message, the HO preparation phase completes when S-ABS informs the AMS of its handover decision via an AAI-HO-CMD message. When multiple T-ABSs are included in the AAI-HO-CMD message, the HO preparation phase completes when the AMS informs the ABS of its T-ABS selection via an AAI-HO-IND message with HO Event code 0b00. The AAI-HO-CMD message shall include Action Time of each T-ABS for the AMS to start network reentry. The AAI-HO-CMD message shall also include a Disconnect Time Offset for each AMS to calculate disconnect time for each candidate T-ABS. Disconnect time is the time when the S-ABS expects the AMS to switch to a T-ABS. At disconnect time the S-ABS will stop sending DL data and stop providing any regular UL allocations to the AMS. When HO_Reentry_Mode is set to 0, the Disconnect Time will be (Action time - Disconnect Time Offset). For HO_Reentry_Mode = 1, Disconnect time will be (Action time + Disconnect Time Offset).
The S-ABS may reject an AMS-initiated handover by transmitting the AAI-HO-CMD message with mode set to 0b10. In this case, the S-ABS shall not include any candidate T-ABS if the T-ABS is unavailable as described in 16.2.6.3.4. If the ABS requested as a candidate T-ABS, which is available but the ABS does not have MS information, ABS list may be included in AAI-HO-CMD message with REQ-Duration. After REQ-Duration expires, AMS is allowed to perform handover. After transmitting the AAI-HO-CMD message, S-ABS may transmit MS information to the ABS via backbone network or relay link. If the ABS chooses to accept the handover, it shall set Mode in the AAI-HO-CMD to 0b00. If the ABS sets Mode to 0b00, it may include zero, one, or more T-ABS in the AAI-HO-CMD message. The ABS may include candidate T-ABSs requested by the AMS in the AAI-HO-REQ message and/or alternate candidate ABSs not requested by the AMS. If the serving ABS and those candidate T-ABSs do not share the MS information, the serving ABS may transmit MS information to candidate T-ABSs via backbone network or relay link when either serving infrastructure station or target infrastructure station has no backhaul connection but they communicate each other via relay link. When MS information is transmitted via relay link, AAI-L2-XFER message including MS information is used in DL/UL relay zone.
The AAI-HO-CMD message indicates if the static and/or dynamic context and its components of the AMS are available at the T-ABS.
All on-going DSx transaction during HO shall be cancelled, and shall be re-started after HO completion. After an ABS receives the AAI-HO-REQ message from an AMS, the ABS shall not send any DSx message to the AMS until HO completion. After an ABS sends the AAI-HO-CMD message to an AMS, the ABS shall not send any DSx message to the AMS until HO completion.
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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