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	Abstract
	The re-establishment of a new link layer connection with target RAN during MN handover causes the link layers of source RAN as well as the mobile node to flush out the content of outstanding transmit and re-transmit queue which impacts the performance of  VoIP and other real-time applications. The contribution describes the mechanism for lossless handover.
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1 Background
A packet switched wireless access network contains RAN (Radio Access Network) elements that are connected to AR (Access Router) elements. An AR serves an MN (Mobile Node), via the RAN, to which the MN is attached. The AR performs the function of a mobility agent to support the network layer mobility of the MN. In the event of an inter-AR handoff of the MN within same technology or across different technologies, the mobility agent for the MN changes from one AR to another AR.  This also means a new link layer connection is established between mobile node and the new AR. The re-establishment of a new link layer connection with target RAN causes the link layers (e.g., ARQ layer) of source RAN as well as the mobile node to flush out the content of outstanding transmit and re-transmit queues. The flushing of outstanding radio frames introduces noticeable impact on the performance of end-to-end application especially on the VoIP and PTT based applications.
[image: image1.wmf]Layer 3 

IBML (Intermediate 

Buffer Management 

Layer) 

MAC (Medium Access 

Layer) including link layer 

ARQ (RLP)

Layer 3 

IBML (Intermediate 

Buffer Management 

Layer)  

MAC (Medium Access 

Layer) including link layer 

ARQ (RLP)

Source AN

Target AN 

Link layer triggers 

Link layer triggers

Data flow

Data flow

Buffered Data flow

Data flow

Data flow

MN

MN

TunMan














Fig 1.  Handoff context diagram 
2 Problem Statement
The occurrence of a handoff of a Mobile Node, from one radio access network (RAN) to another results in the re-establishment of a wireless link layer connection to the target RAN. The re-establishment of a new link layer connection with target RAN causes the link layers (e.g., ARQ layer) of source RAN as well as the mobile node to flush out the content of outstanding transmit and re-transmit queue. The flushing of outstanding radio frames introduces noticeable impact on the performance of end-to-end application especially on the VoIP and PTT based applications.  
3 Solution

This submission proposes smoothing techniques to minimize/eliminate the packet loss during the execution of inter-RAN intra as well as inter access technology handoff.  In order to minimize or eliminate packet loss during the link layer handoff of a mobile node from one access RAN to another, we propose an intermediate buffer manager layer above the link layer ARQ layer. The intermediate buffer management layer (IBML) buffers the layer 3 packet before sending that to the ARQ sub layer.  We also define following link layer triggers between MAC (ARQ sub layer) layer and IBML that are used by the buffer management layer for the management of the buffered higher layer (IP) packets: 

SDU-TX- SUCC-IND - This trigger is sent from ARQ layer of MAC to the IBML layer once it can infer that all the segments belonging to a higher layer packet has been successfully delivered to the ARQ layer of the peer device. For example, infrastructure ARQ layer will send this trigger when it is able to decide that all the segments belonging to a higher layer packet has been successfully received by the mobile ARQ layer.   ARQ layer will use implicit / explicit ACK/NAK along with a mapping table containing mapping information of higher layer packet ID (e.g., IP id) versus the sequence number of the all segments belonging to ARQ frame to decide if all the segments belonging to an IP packet have been received by it or not.  IBML uses this information to flush the higher layer packet stored at the IBML layer indicated by the link layer trigger. 

SDU-TX-FAIL-IND – This trigger is sent from ARQ layer of MAC to IBML as soon as it can infer that one of segment belonging to a higher layer packet is aborted by the MAC layer.  This condition can occur due to H-ARQ abort or RLC abort. The IBML uses this trigger to retransmit the buffered higher layer packet containing the missing segment. 

L2-HO-INIT-IND – This trigger is sent to IBML as soon as handoff controller decides that the link layer handoff is imminent. As part of this trigger, IBML receives address information of target RAN (or target interface) where the mobile is being handed over.  IBML layer uses this trigger to forward the buffered packet from source RAN (interface) to the target RAN (interface).  In case of mobile node, the IBML will transfer the buffered packet from source interface to the target interface. The transfer of undelivered packet from source RAN to target RAN at the network side will ensure zero downlink packet loss whereas the transfer of undelivered packet from source IBML to target IBML will ensure zero packet in the uplink channel.


Fig 2.
IBL function protocol stack
4 Event indications at MIH layer
Normative –

The LLC-SAP and MLME-SAP to provide following link layer triggers from LLC layer:

SDU-TX-SUCCESS-IND LLC is a new primitive that is used to indicate IBML when IP packet is successfully transmitted to its peer entity over the radio link. This trigger is used by IBML to flush the successfully transmitted higher packet buffer from the IBML queue.

SDU-TX-FAIL-IND is a new MLME primitive that is used to indicate IBML when a higher layer is aborted by the ARQ layer.  This trigger is used by the IBML to retransmit the aborted IP packet. 

L2-HO-INIT-IND MLME or PLME is a new primitive to indicate IBML that the link layer handoff is imminent. As part of this trigger, MLME or PLME will also provide address of target AP (or interface) where the mobile is being handed over to. This trigger is used by 802.XX AP to transmit the buffered packet from source AP to target AP.  The trigger is used by the 802.XX subscriber or dual mode subscriber to transfer the buffered packets from one interface to other. 

Informative - 

IBML buffers higher layer packet before sending that to the underlying LLC layer until LLC notifies using SDU-TX-SUCCESS-IND primitive that the SDU (IP packet) has been transmitted successfully over the radio link. LLC notifies IBML using a new primitive that the packet has been successfully transmitted to the remote peer LLC entity through the radio link. MLME or PLME layer sends trigger information to IBML layer once it detects that link layer handoff is imminent or completed. The infrastructure IBML using extended IAPP or some other tunneling mechanism to transmit the buffered IBML packet from source AP to target AP.  The subscriber uses this trigger to transfer buffered packet from source interface to target interface.
Annex
Trigger format and details to follow the common definition and media specific mappings can be added.
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