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SDD Change Request: Updates and Corrections in Appendix 2 of IEEE 802.16m-09/0034
Sassan Ahmadi et al.

Intel Corporation

Introduction

This contribution provides estimated user-plane and control-plane latencies for IEEE 802.16m as well as handover interruption time for intra-RIT handover to assist submission of a proposal to ITU-R/WP 5D/IMT-Advanced.
New Text to Replace Existing Content of Appendix 2 of IEEE 802.16m-09/0034
--------------------------------------------------Begin Text --------------------------------------------------------------------------

Appendix 2: IEEE 802.16m Data-plane/Control-plane Latencies and Handover Interruption Time
The analyses in this document use the network reference model (WiMAX Forum Network Architecture Stage 2) specified by Network Working Group of WiMAX Forum. The details of the interfaces and network entities can be found at http://www.wimaxforum.org/resources/documents/technical/release1. In these analyses, it is assumed that each IEEE 802.16m 5 ms radio frame consists of eight subframes of 0.617 ms length and the transmission time interval (TTI) is equal to one subframe. The mobile station and base station processing times are assumed to be two subframes (2*TTI).
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This analysis further assumes an intra-ASN handover mechanism where the serving and target base stations belong to the same ASN entity.
User-Plane/Data-Plane  Latency

HARQ retransmission probability is estimated based on both 10% and 30% HARQ retransmission probabilities. The HARQ RTT is estimated as 6*TTI as shown below for FDD duplex scheme and a synchronous HARQ scheme. The HARQ RTT for the TDD mode assuming DL:UL ratio of 5:3 and one DL/UL switching point per radio frame is 8*TTI.
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Example synchronous HARQ in FDD duplex mode

The following reference model is used to estimate the user-plane latency.
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The following table summarizes the result of the analysis:
	Step
	Description
	User-Plane Latency
(10% HARQ Retransmission Probability)
	User-Plane Latency

(30% HARQ Retransmission Probability)

	0
	MS wakeup time
	Implementation Dependent
	Implementation Dependent

	1
	MS Processing Delay
	2*0.617 = 1.23 ms
	2*0.617 = 1.23 ms

	2
	Queuing/Frame Alignment
	0.31 (FDD) – 2.5 ms (TDD)
	0.31 (FDD) – 2.5 ms (TDD)

	3
	TTI for UL DATA PACKET (Piggy back scheduling information)
	0.617 ms
	0.617 ms

	4
	HARQ Retransmission
	0.1* 5 ms
	0.3* 5 ms

	5
	BS Processing Delay
	2*0.617 = 1.23 ms
	2*0.617 = 1.23 ms

	
	Total one way access delay
	(FDD) 3.87 ms 
(TDD) 6.1 ms
	(FDD) 4.87 ms
(TDD) 7.1 ms


Based on this analysis, the proposed RIT satisfies the requirement for user-plane latency.
Control-Plane Latency

	Step
	Description
	Control-Plane Latency

(10% HARQ Retransmission Probability)
	Control-Plane Latency

(30% HARQ Retransmission Probability)

	0
	MS wakeup time
	Implementation dependent
	Implementation dependent

	1
	DL scanning and synchronization + Acquisition of the Broadcast Channel (System Configuration Information) for Initial System Entry
	< 50 ms

Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently
	< 50 ms

Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently

	2
	Random Access Procedure (UL CDMA Code + BS Processing + DL CDMA_ALLOC_IE)
	5 ms
	5 ms

	3
	Initial ranging (RNG-REQ + BS processing + RNG-RSP)

+ HARQ retransmission of one message at 10% or 30%, only first-order estimation
	HARQ case: 1 frame * 0.9*0.9 + 2 frame * 2*0.1*0.9 + 3 frame * 0.1*0.1 = 1.2 frame = 6 ms
The assumption here is the message will either succeed in #1 transmission with probability=0.9 or succeed in #2 transmission with probability=0.1
	HARQ case: 1 frame * 0.7*0.7 + 2 frame * 2*0.3*0.7 + 3 frame * 0.3*0.3 = 1.6 frame = 8 ms

The assumption here is the message will either succeed in #1 transmission with probability=0.7 or succeed in #2 transmission with probability=0.3

	4
	Capability Negotiation (SBC-REQ + BS Processing + SBC-RSP) + HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	5
	Authorization and Authentication/Key Exchange (PKM-REQ + BS Processing + PKM-RSP + …) +HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	6
	Registration (REG-REQ + BS/ASN-GW  Processing + REG-RSP) + HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	7
	RRC Connection Establishment (DSA-REQ + BS Processing + DSA-RSP + DSA-ACK) + HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	
	Total C-plane connection establishment Delay
	< 31 ms
	< 33 ms

	
	Total IDLE_STATE –> ACTIVE_ACTIVE Delay
	< 81 ms
	< 83 ms


Intra-RIT Handover Interruption Time

In the proposed RIT, the handover (HO) can be initiated by either the MS or the serving BS (S-BS). The HO process is initiated when the MS issues a HO request to the S-BS or when the serving base station (S-BS) issues a HO command to the mobile station (MS). The HO request/command is issued following mobile-assisted HO (MAHO) procedures. The MS acquires the network topology through either S-BS broadcasts or unicast signaling messages. The S-BS also provides the MS with the relevant trigger conditions to initiate or cancel neighbor-cell measurements, measurement reporting and HO requests. If required, scanning intervals for neighbor-cell measurements are provided by the S-BS unilaterally or at the request of the MS. The HO request/command is an outcome of these measurements and reporting. 
The HO procedure is divided into four phases, namely, HO initiation, HO preparation and HO execution and network reentry. In addition, HO cancellation procedure is defined to allow MS cancel a HO procedure.
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Generic HO Procedure in the Proposed RIT
Intra-RIT, Intra-frequency handover 

The following describes the HO procedure with reference to the message sequence flow shown in the above figure.

HO Initiation

During handover initiation phase, the MS requests HO based on trigger conditions defined in BS AAI_NBR-ADV broadcast. BS may also initiate HO without MS request by sending AAI_HO-CMD message to the MS.

HO Preparation

During HO preparation phase, the T-BS and MS obtain relevant information for HO optimization (e.g., MS identity, MS security context, T-BS system information, service flows, etc.) via the S-BS and the backbone network. For optimized network re-entry, the T-BS(s) may allocate a dedicated ranging code/opportunity and resource allocations to the MS via the S-BS through the AAI-HO-CMD message. The message includes one or more T-BSs, network re-entry action time and S-BS link disconnect time. The serving BS also indicates in the HO command (AAI-HO-CMD) whether the MS performs CDMA ranging. The HO preparation phase completes with the exchange of AAI-HO-CMD/ AAI-HO-IND messages resulting in the selection of a T-BS and the S-BS disconnect time. 

HO execution

During HO execution, MS responds with its target BS selection in the AAI-HO-IND message if multiple target BSs are included in AAI-HO-CMD. The MS continue data communications with serving BS, until the S-BS stops sending DL data and providing UL allocations to the MS after expiration of the action/disconnect time included in the AAI-HO-CMD message. Any MS bandwidth requests before the disconnect time that cannot be provided by the S-BS are forwarded to the T-BS. The S-BS retains the connections, MAC state machine, and un-transmitted/unacknowledged data associated with the MS for service continuation in case of HO cancellation until the expiration of the Resource_Retain_Time.

Network Re-entry

If MS performs network re-entry without CDMA ranging, the target BS and MS can start data communications after the defined action time. If MS performs CDMA ranging based network re-entry, the MS performs network re-entry at the T-BS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the target BS allocates uplink resources for MS to send RNG-REQ message and UL data if needed. The target BS and MS finishes AAI-RNG-REQ/RSP transactions by the predefined timer, which serves the purpose of key validation for each other. This validation process does not impact data communication and can happen in parallel as defined in Rev.2 seamless handover procedure. 

HO Cancellation

The handover can be canceled by the MS at any time during the HO process. The HO cancellation is initiated before the expiration of the Resource_Retain_Time. The network can advertise HO cancellation trigger conditions.

Intra-RIT, Inter-frequency handover 

The first three phases are identical with the case of Intra-RIT, Intra-frequency handover. The last phase, Network re-entry, differs in that there is no option to skip CDMA ranging in the T_BS.

Network Re-entry

For inter-frequency HO, the serving BS always command the MS to perform network re-entry with CDMA ranging process. Depending on the method indicated by the HO command from the S-BS, the MS performs network re-entry at the T-BS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the target BS responds with AAI-RNG-RSP to instruct the MS to adjust its uplink transmission timing and power, allocate uplink resources for MS to send AAI-RNG-REQ message and UL data if needed. The rest of the procedure is the same as in intra-frequency HO case.
	Scenario
	Interruption Time

	Intra-RIT, Intra-frequency
	5 ms

	Intra-RIT, Inter-frequency
	15~25ms (additional time for MS to adjust RF and obtain CDMA ranging opportunity)

	Inter-RIT, Intra-SRIT, Intra-frequency
	

	Inter-RIT, Intra-SRIT, Inter-frequency
	

	Inter-System
	


The following diagram illustrates the network reference model used for the proposed RIT.

Assumptions

· Intra-ASN Handovers (the serving and target base stations belong to the same ASN)

· Mobile-assisted Handover (predominant case)

· Mobile-initiated Handover (worst-case compared to BS-initiated) 

· Optimized Hard Handover (for intra-frequency MS is frame-synchronized with S-BS and T-BS, MS contexts including security context, transferred to T-BS by S-BS over the backbone network)

· All measurements are based on the synchronization channels.

[image: image5.emf]
Example of a seamless HO service flow in the proposed RIT

Summary of the Handover procedure

I. Initiation

1. HO triggered at MS, based on MS measurements and S-BS-defined trigger levels

2. HO request from MS to S-BS, containing T-BS list with preferences and measurement reports

II. Preparation

1. S-BS and T-BS backbone pre-notification procedures

2. HO command from S-BS to MS with T-BS details, Disconnect time (may allow communication during network re-entry)

III. Execution

1. MS acknowledges S-BS HO command with selected T-BS and confirmation/rejection of Disconnect time

2. S-BS disconnects at Disconnect time, transfers MS context to T-BS over backbone network

IV.   Network re-entry

1. HO Ranging in T-BS, optional for intra-FA

2. T-BS notifies S-BS of HO completion 

3. NW Re-entry complete with established data path in T-BS

The following steps capture the HO procedure delay budget (Intra-RIT, Intra-Frequency):
	Step
	Procedure
	Estimated Latency (ms)

	1
	The MS initiates HO by sending an AAI-HO-REQ to the serving BS (S-BS).
	4-7 frames, 20-35ms

	2
	The S-BS processes AAI-HO-REQ and sends HO REQUEST to one or more target BS (T-BS)
	1 frames, 5 ms (HO-REQ from S-BS to T-BSs)

	3
	T-BSs reply S-BS with HO RESPONSE, which may include HO optimization related MAC pre-update information.
	2 frames, 10ms (T-BSs process and reply + HO-RSP from T-BSs to S-BS)

	4
	S-BS responds to MS with AAI-HO-CMD containing T-BS list, Disconnect time
	1 frame, 5 ms

	5
	MS acknowledges S-BS with AAI-HO-IND containing selected T-BS and  confirmation/rejection of Disconnect time (unsolicited UL grant)
	1 frame, 5 ms

	6
	At/After Action Time (=Disconnect Time), S-BS transfer un-acknowledged data and new data to T-BS for MS data continuity at T-BS
	1 - 2 frames, 5 - 10ms (R8 interface latency, see Network Reference Model)

	7
	MS switches to T-BS, acquires DL signal
	1 frame, 5 ms

	8
	MS reads UL-MAP for unsolicited uplink grant for MS to send RNG-REQ message and data
	2 frames, 10 ms

	9
	MS sends RNG-REQ to T-BS
	1 frame, 5 ms

	10
	T-BS responds with RNG-RSP with necessary information for MS to perform uplink synchronization.
	2 frames, 10 ms

	11
	MS processes RNG-RSP
	1 frame, 5 ms

	12
	If necessary, repeat steps 8 – 11
	K*5 frames, 0-25K ms

	10
	T-BS and MS continue data communication
	0

	HO Preparation time
	11-16 radio frames = 55 - 80 ms

	HO Interruption time (Using Seamless HO)
	Max Time (Step-6, Step-7) = 5 ~ 10 ms


Note: for intra-RIT/Inter-Frequency HO, there will be 2 changes

Step-7 will be longer (implementation dependent) so that the MS can calibrate its RF for inter-FA operation.
An additional step 7.1 is to be inserted between Step-7 and Step-8, which will be counted into HO interruption time. 

	7.1
	The MS waits for HO ranging opportunity to perform uplink synchronization with dedicated ranging code (assigned by TBS during HO preparation.)

(after CDMA ranging, uplink synchronization procedures are not counted into HO interruption time according to the definition)
	1 frame ~ 4 frames = 5 ~ 20 ms

(20ms is the worst case when no dedicated ranging opportunity is allocated for this HO instance. Most cases, T-BS has knowledge of MS capability and how fast it can switch RF, and therefore T-BS can prepare the ranging opportunity right at the next frame, in which case it will be 5 ms)


In this case (inter-FA intra-RIT), the HO interruption time will be (Step 6 + Step 7 + Step 7.1) 10 – 30 ms[image: image6.png]
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