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Proposed Text for the Handover Section of the IEEE 802.16m Amendment Document 

Stavros Tzavidas, Hua Xu
Motorola
Introduction
In this contribution we propose text for the AWD specifically on the topic of Handover procedure and related messages. The proposed text adheres to the requirements as set forth by the 802.16m System Description Document.
Text Proposal 
Proposal #1: Insert the following section and subsections in section 15.2 Medium Access Control: 
----------------------------------------------Start of the text proposal ------------------------------------------------------
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

TBD
15.2.x.1.2 MS scanning of neighbor BSs

TBD
15.2.x.1.2 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 S-ABS

2. Handover initiation by the AMS
3. Conditions for defining when connection with S-ABS cannot be maintained
4. Conditions for defining when a T-ABS is unreachable

5. Conditions for HO cancellation

15.2.x.x Handover Process

15.2.x.x.1 Handover Framework

A handover (HO) procedure may be initiated by either AMS (AMS-initiated HO) or the Serving ABS (S-ABS-Initiated HO). 
The HO procedure is divided into three phases, namely, HO initiation, HO preparation and HO execution. The HO initiation phase begins when the AMS or the S-ABS decide that the connection of the AMS should be transferred to a different ABS. The HO initiation phase ends when the S-ABS is informed of the need for an HO. The HO preparation phase begins when the S-ABS is informed about the need for a HO and ends when a Target ABS (T-ABS) has been selected. The HO execution phase begins when a T-BS has been selected and ends when the AMS is ready to perform Network re-entry procedures at target ABS. 
In addition, an HO cancellation procedure is defined to allow AMS cancel a HO procedure.
The detailed procedures and the rules associated with each phase are described in the subsequent subsections.

15.2.x.x.2 HO Procedure

15.2.x.x.2.1 HO initiation

A Handover may be initiated by either the AMS or the S-ABS. 
15.2.x.x.2.1.1 HO Initiation by the AMS
The MS initiates an HO by sending an HO Request MAC Management message (see section 15.2.x.x.1) to the S-ABS. 
The S-ABS may define conditions based on which the AMS initiates a handover, by including trigger definitions in DCD and/or NBR-ADV MAC Management Message with Action code 0x2 “Respond on trigger with HO Request Message” (see section XXX). If the S-ABS has defined triggers for HO initiation, the MS shall use trigger TLV to determine the target BS and shall initiate a handover when a specific trigger is met for a Neighbor ABS (N-ABS). The MS shall include in the HO Request MAC management message the BS-IDs of all the N-ABSs for which the trigger is met.

The MS may also initiate a handover at any other time. 

15.2.x.x.2.1.1 HO Initiation by the S-ABS

The S-ABS may initiate a handover at any time. 

The S-ABS initiates a handover by sending an HO Command MAC Management message (see 15.2.x.x.2) to the AMS. 

15.2.x.x.2.2 HO preparation

In the case of AMS-initiated handover, the S-ABS shall respond to the HO Request by sending an HO Command MAC management message (see 15.2.x.x.2) to the AMS. The handover preparation phase begins when the S-ABS receives an HO Request message from the AMS and ends when the S-ABS sends the HO Command message to the AMS. 

In the case of S-ABS initiated HO, HO initiation and HO preparation phases are carried out together.

During HO preparation phase, the S-ABS may communicate over the backbone network with T-ABSs selected for HO. Each T-ABS may obtain AMS information from the S-ABS via backbone network for HO optimization. Information regarding AMS identity (e.g. TEK, STID, FIDs, etc.), may be pre-updated during HO preparation. 
The S-ABS should include one or more T-ABS(s) in the HO Command message. 

For each T-ABS included in HO Command message, the S-ABS shall include the following information: 

· Indication if the handover is accepted

· Action time: time when the AMS is expected to start network re-entry at the T-ABS

· Disconnect time: time when the serving ABS will stop sending downlink data and stop providing any regularly scheduled unsolicited uplink allocations to the AMS
· Indication of whether the AMS is allowed to maintain communication with the S-ABS during network re-entry at the T-ABS (see details and restrictions about this procedure in section 15.2.x.x.2.3 “HO execution”). If the AMS is allowed to maintain communication with the S-ABS during network re-entry at the T-ABS, the S-ABS shall also include parameters associated with the scheme of multiplexing transmission between the S-ABS and the T-ABS.

· Indication about which steps of the network entry procedure may be omitted during network re-entry at the T-ABS

· Indication about which components of the static and dynamic context of the AMS are available at the T-ABS

For each T-ABS included in HO Command message, the S-ABS may include the following information:

· Updates for the MS’s parameters, i.e. STID, FID and TEK parameters 
· Dedicated ranging resource allocation and resource pre-allocations for AMS for optimized network re-entry at the T-ABS.
If multiple target ABSs are included in the HO Command MAC management message, the AMS shall (i) select one of the T-ABs included in the HO Command and (ii) indicate the selected T-ABS to the S-ABS by sending an HO Indication MAC management message (see section 15.2.x.x.3) before the expiration of disconnect time and including the BS-ID of the selected T-ABS in the HO indication message. If all the target ABSs that are included in the HO command signaling are unreachable (see section 15.2.x.x.2.2.1 for details on how a T-ABS is determined to be unreachable), the AMS may select a new T-ABS. The MS shall indicate the selected T-ABS to the S-ABS by sending an HO indication MAC Management message with the BS-ID of the selected T-ABS to the S-ABS before the expiration of disconnect time.
When multiple target ABSs are included in the HO Command MAC management message, the HO preparation phase completes when the AMS sends the HO Indication message to the S-ABS.

If only one T-ABS is included in the HO Command MAC management message, the HO preparation phase completes when the S-ABS sends the HO Command message to the AMS.

15.2.x.x.2.2.1 Determination of Unreachable T-ABS 
The S-ABS may define error conditions based on which the AMS decides when a T-ABS among those that are included in HO command message is unreachable. The S-ABS defines error conditions by including trigger definitions in DCD and/or NBR-ADV with Action code 0x4 “Declare ABS unreachable”.
15.2.x.x..2.3 HO execution
The HO execution phase begins when a T-ABS has been selected, according to the rules defined in section 15.2.x.x.2.2. 

The AMS shall not begin network entry at the T-ABS before the expiration of action time. The AMS should begin network entry at the T-ABS at the action time specified in the HO command control signaling for that T-ABS. The AMS shall apply any parameter updates that were included in HO Command message for that specific T-ABS before communicating with the T-ABS.

The AMS should maintain communication with the S-ABS until the expiration of disconnect time. If the AMS is unable to maintain communication with the S-ABS until the expiration of disconnect time, the AMS may send a HO indication message to the S-ABS before the expiration of disconnect time. In this case, when performing network entry at the T-ABS, the AMS shall indicate the identity of the S-ABS to the T-ABS during network entry at the T-ABS. The AMS should use any trigger conditions defined by the S-ABS with Action code 0x4 “Declare ABS unreachable” (see section XXX) to determine if it is unable to maintain communication with the S-ABS. 
If directed by the S-ABS in the HO Command message, the AMS performs network re-entry with the T-ABS at action time while continuously communicating with the S-ABS. However, the AMS stops communication with the S-ABS after network re-entry at T-ABS is completed. In addition, AMS cannot exchange data with the T-ABS prior to completion of network re-entry. Multiplexing of network re-entry signaling with T-ABS and communications with S-ABS is done by using negotiated intervals with S-ABS for network re-entry signaling with T-ABS, and the remaining opportunities with S-ABS for data communication. If the negotiated interval is set to 0, the AMS communicates with the S-ABS continuously while concurrently performing network re-entry with the T-ABS.
15.2.x.x..2.4 Network Re-entry at T-ABS
The network re-entry procedure with the T-ABS proceeds as defined in sections 6.3.21.2.7 to 6.3.21.2.11. 

15.2.x.x.2.4 HO cancellation

After HO is initiated, the AMS may cancel the HO by sending an HO Indication MAC management message with code “HO cancel”. 

The S-ABS may define conditions for cancelling an HO by including trigger definitions with Action code 0x5 “Cancel HO” in DCD and/or NBR-ADV message. When one or more of these triggers are met, the AMS may cancel the HO. 
After the HO cancellation is processed, the AMS and S-ABS resume their normal operation.
----------------------------------------------End of text proposal ------------------------------------------------------
Proposal #2: Insert the following description of Trigger TLVs in the section on DCD ChannelEncodings and in the section on NBR-ADV encodings:
----------------------------------------------Start of the text proposal ------------------------------------------------------
The trigger TLV (type xx) in Table is encoded using the description in Table XXX
Table 1 – Trigger TLV Description
	Name
	Type
	Length (bytes)
	Value

	Type/Function/Action 
	xx.1
	1
	See Table 2 for description

	Trigger Value
	xx.2
	1
	Trigger value is the value used in comparing measured metric

for determining a trigger condition


The Type/function/action byte field of the trigger description in Table 1 is described in Table 2.

Table 2 – Trigger; Type/Function/Action Description

	Name
	Length (bits)
	Value

	Type 
	2 (MSB)
	Trigger metric type:

0x0: CINR metric


0x1: RSSI metric


0x2: RTD metric


0x3: Number of missed frames metric

	Function
	3
	Computation defining trigger condition:


0x0: Reserved


0x1: Metric of neighbor BS is greater than absolute



value


0x2: Metric of neighbor BS is less than absolute value


0x3: Metric of neighbor BS is greater than serving BS




metric by relative value


0x4: Metric of neighbor BS is less than serving BS 


metric by relative value


0x5: Metric of serving BS greater than absolute value


0x6: Metric of serving BS less than absolute value


0x7: Reserved
NOTE—0x1–0x4 not applicable for RTD trigger metric

NOTE—When type 0x1 is used together with function 0x3

or 0x4, the threshold value shall range from -32 dB (0x80)

to +31.75 dB (0x7F). When type 0x1 is used together with

function 0x1, 0x2, 0x5 or 0x6, the threshold value shall be

interpreted as an unsigned byte with units of 0.25 dB, such

that 0x00 is interpreted as −103.75 dBm and 0xFF is interpreted

as −40 dBm
NOTE—Type 0x3 can only be used together with function 0x1 or function 0x2

	Action
	3 (LSB)
	Action performed upon reaching trigger condition:


0x0: Reserved


0x1: Respond on trigger with MOB_SCN-REP after the



end of each scanning interval


0x2: Respond on trigger with HO Request message

0x3: MS shall start neighbor BS scanning process by



sending MOB_SCN-REQ, by initiating Autonomous



neighbor cell scanning (see 8.4.14.1.3) or both.


0x4: Declare ABS unreachable


0x5: Cancel HO


0x6–0x7: Reserved

NOTE—0x3 is not applicable when neighbor BS metrics

are defined (i.e., only Function values

0x5 or 0x6 are applicable).


When performing measurements, the AMS shall use the averaging parameters defined in DCD with TLV “Default HO RSSI and CINR averaging parameters”, Type 121 as defined in section 11.4.1 and Table 574.
The ABS may define complex trigger conditions by including multiple Trigger TLV encodings in the same compound TLV. In this case, all included triggers shall have the same Action code (as defined in Table 2). The AMS shall perform a logical AND of all the conditions and invoke the action of the trigger only when all trigger conditions are met.
Whenever the condition of a simple trigger or all the conditions of a complex trigger are met, the MS shall invoke the action of the trigger. If more than one trigger conditions are met simultaneously the MS shall invoke the action of at least one of the triggers. 
If Trigger TLVs are included in the DCD message, the MS may ignore Trigger TLVs having a metric that the

MS and BS have not agreed to support during SBC-REQ/RSP message exchange.
Triggers specified in this TLV may be overridden by triggers specified in the Neighbor BS Trigger TLV (see

Section XXX).

When the average value of the MS's measurements over the averaging interval of a trigger defined by a

Trigger TLV meets the trigger condition as specified by the type, function, and value of the trigger, the MS

shall invoke the trigger's specified action. For the metrics CINR and RSSI, the average values are computed

using the formulae defined in section 8.4.12. 
The set of triggers defined by the Trigger TLVs in the DCD settings compound TLV for a given neighbor

BS shall be identical to the complete set of triggers in the DCD message of that BS. When this TLV does not

occur in the DCD_settings compound TLV for a given neighbor BS, the set of Trigger TLVs in the neighbor

BS's DCD message shall be identical to the set of Trigger TLVs in the current BS.

The CINR, RSSI, and RTD metric fields are encoded according to the descriptions found within 6.3.2.3.45

for the MOB_SCN-REP message and 6.3.2.3.48 for the MOB_MSHO-REQ message.

The RTD trigger shall be measured only on the serving BS rather than relative to or from neighbor BSs. The

trigger functions 0x5 and 0x6 shall be the only applicable ones for the RTD trigger. When the type is set to

RTD metric (i.e., 0x2), only either of the trigger functions 0x5 or 0x6 shall be applicable.

The MS may transmit MOB_MSHO-REQ and MOB_SCN-REQ messages autonomously, i.e., in addition to

messages prompted by trigger conditions.

----------------------------------------------End of the text proposal ------------------------------------------------------
Proposal #3: Insert the following text in the section describing MAC Management Message formats
----------------------------------------------Start of the text proposal ------------------------------------------------------
15.2.x.x MAC Management Messages

15.2.x.x.1 Handover Request Message
Table XXX – Handover Request Message Format

	Syntax
	Size
	Notes

	HO-REQ_Message_format()
	— 
	— 

	Management Message Type = TBD
	8
	—

	Report metric 
	7
	Bitmap indicating presence of metric in message 

Bit #0: BS CINR mean 


Bit #1: BS RSSI mean 


Bit #2: Relative delay 


Bit #3: BS RTD; this metric 
shall be only measured on 
serving ABS. 


Bits #4-6: Reserved; shall be 
set to zero. 

	N_New_BS_Index 
	8
	Number of new recommended BSs which are included in MOB_NBR-ADV message. 

	If(N_New_BS_Index != 0){
	— 
	—

	Configuration change count for MOB_NBR-ADV
	8
	Configuration Change Count value of refer-ring MOB_NBR-ADV message. 

	}
	— 
	—

	For(j = 0; j < N_New_BS_Index; j++){
	— 
	—

	Neighbor_BS_Index 
	8
	

	Preamble index/ Preamble Present and Subchannel Index 
	8
	This parameter defines the PHY-specific preamble for the neighbor BS. 

	If(Report metric[Bit#0] == 1) 
	— 
	—

	BS CINR mean 
	8
	—

	If(Report metric[Bit#1] == 1) 
	
	

	BS RSSI mean 
	8
	

	If(Report metric[Bit#2] == 1) 
	
	

	Relative delay
	8
	

	}
	
	

	N_New_BS_Full 
	8
	

	For(j = 0; j < N_New_BS_Full; j++){ 
	
	

	Neighbor_BS_ID 
	48
	

	Preamble index/ Preamble Present and Sub-channel Index 
	8
	For the OFDMA PHY this parameter defines the PHY-specific preamble for the neighbor BS. 

	If (Report metric [Bit#0] == 1) 
	
	

	BS CINR mean 
	8
	

	If(Report metric[Bit#1] == 1)  
	
	

	BS RSSI mean 
	8
	

	 If(Report metric[Bit#2] == 1) 
	
	

	Relative delay 
	8
	

	}
	
	

	TLV encoded information 
	Variable
	

	}
	
	


15.2.x.x.2 Handover Command Message

Table XXX – Handover Command Message Format

	Syntax
	Size
	Notes

	HO-CMND_Message_format()
	— 
	— 

	Management Message Type = TBD
	8
	—

	N_Target_ABS
	8
	Number of target ABSs included

	For (j = 0; j < N_Target_ABS; j++) {
	—
	If multiple Target ABSs are included, they shall be presented in an order so that the first presented is the one most preferred target and the last presented is the least preferred.

	Target BSID
	48
	

	Preamble index/ Preamble Present and Sub-channel Index 
	8
	This parameter defines the PHY-specific preamble for the neighbor BS. 

	HO_ID_included_indicator 
	1
	Indicates if the field HO_ID is included.

	If (HO_ID_included_indicator == 1) {
	—
	—

	HO_ID 
	8
	ID assigned for use in initial ranging to the target BS once this BS is selected as the tar-get BS. 

	} 
	— 
	— 

	Action Time
	8
	In units of superframes

	Disconnect Time
	8
	In units of superframes

	Entry Before Break allowed
	1
	Indicates if the AMS is allowed to maintain communication with the Serving ABS while performing network entry at the T-ABS

	If (Entry Before Break ==1) {
	
	

	Details of multiplexing intervals
	TBD
	TBD

	}
	
	

	Dedicated ranging resources flag
	1
	

	if( Dedicated ranging resources flag == 1 ){ 
	— 
	—

	Details of ranging resources TBD
	TBD
	TBD

	)
	
	

	Network Re-entry Optimizations
	16
	Defines which specific messages can be omitted during the network re-entry process at the T-ABS, including: 
· CDMA Ranging

· SBC-REQ/RSP

· PKM messages

· REG-REQ/RSP

· Seamless HO flag



	Static Context Transfer Indications
	8
	Indicates the specific static parameters that are available at the T-ABS: 
· MS-ID

· Other parameters TBD

	Dynamic Context Transfer Indications
	8
	Indication of which parameters of the AMS’ dynamic state context information is available at the T-ABS. 
Bit # 0: ARQ state
Bit # 1: HARQ state
Bits # 3: amount of BW already requested by the AMS

Bits4-7: TBD.  . 

	if( Seamless HO flag in Network re-entry optimizations == 1 ){ 
	— 
	—

	Pre-allocated STID
	16
	New STID to be used at the T-ABS

	Seamless HO Ranging Initiation Deadline 
	8
	Time allowed for the MS to transmit RNG-REQ at the target BS during seamless HO. The time is specified in units of 10 millisec-onds. Time starts at the time the message it is contained in (i.e., HO-Command) is transmitted. 

	N_SAIDS 
	8
	Number of SAIDs that need to be reassigned. Primary SAID is not counted. Primary SAID shall be the same as Basic CID. If only the primary SAID needs to be updated, N_SAID shall be set to 0. 

	for( i = 0; i < N_SAIDS; i++ ){
	—
	—

	New SAID 
	16
	New SAID to be used 

	} 
	— 
	—

	TEK Lifetime 
	32
	Lifetime for the new TEKs at the Target BS. Units: seconds

	} (end of Seamless HO specific parameters)
	— 
	—

	} (end of T-ABS specific parameters) 
	— 
	—

	Padding 
	Variable
	Padding bits to ensure byte aligned.

	TLV encoded information 
	Variable
	TLV-specific

	}
	
	


15.x.x.3 Handover Indication Message

Table XXX – Handover Indication Message Format

	Syntax
	Size
	Notes

	HO-IND_Message_format()
	— 
	— 

	Management Message Type = TBD
	8
	—

	HO_IND_type 
	2
	0b00: T-ABS selection (applicable when multiple 
T-ABS included in HO Command) 

0b01: All T-ABSs in HO command unreachable 

0b10: HO cancel

0b11: Unable to stay connected to S-ABS until 
expiration of disconnect time

	If (HO_IND type == 0b00) {
	
	

	Target ABS Index
	8
	Index of selected T-ABS ID in HO command message

	}
	
	

	If (HO_IND type == 0b01) {
	
	

	Target_BS_ID 
	48
	BS ID of selected T-ABS when all T-ABSs in HO command are unreachable. 

	Preamble index/ Subchannel Index 
	8
	PHY specific preamble of the selected T-ABS. 

	}
	
	

	If (HO_IND_type == 0b10) {
	
	

	Canceling event identification code
	2
	This code indicates the specific reason for cancelling the handover: 
   0b00: AMS attempted to connect to T-ABS but experienced signal drop

   0b01: AMS did not attempt to connect to T-ABS because T-ABS was unreachable

   0b10: AMS did not attempt to connect to T-ABS because CINR of S-ABS improved

   0b11: Reserved


	}
	
	

	If (HO_IND_type == 0b11) { 
	
	

	S-ABS RSSI mean 
	8
	RSSI of the S-ABS

	S-ABS CINR mean 
	8
	CINR of the S-ABS

	}
	
	

	} 
	
	


-------------------------------------------------- End of the text proposal --------------------------------------------------










  


