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1 Scope

 
The scope of this recommendation is to define a common protocol architecture and common services for the LAC sub-layer to ensure maximum commonalities between all IMT-2000 Family members.


The specific scope of Recommendation IMT-2000 Signaling Protocol / Data Transmission Protocol for Radio Interface - Layer-2 - regarding defining the LAC sub-layer is as follow:

1)
defining requirements for LAC sub-layer in terms of :



- services offered by LAC sub-layer to layer-3



- functions performed by LAC sub-layer to deliver those services

2)
defining a common LAC architecture consisting of functional elements and interaction between those functional elements.

3)
defining an interface between layer-3 and LAC sub-layer. This interface consists specifically of :



- service access point (SAPs) between LAC sub-layer and layer 3 and



 identifying the specific services they offer;



- primitives and their associated parameters between layer-3 and LAC;



- mapping of primitives to the different SAPIs.

4)
defining an interface between LAC sub-layer and MAC sub-layer. This interface consists specifically of :



- service access point (SAPs) between LAC sub-layer and layer 3 and



 identifying the specific services they offer;



- primitives and their associated parameters between LAC and MAC sub-layers;



- mapping of primitives to the different SAPIs.


This recommendation provides the functional requirements of layer 2 signaling protocols /data transmission protocol over the IMT-2000 radio interface. It describes the functions, primitives, format & parameters and procedures of layer 2.
 
Figure 1.1 shows the layer 2 protocol architecture over the radio interface. Note that some logical channels do not use the LAC sub-layer.

Figure 1.2 shows data transmission layer structure over the radio interface.
2 Definition
 LAC-SDU
LAC-SDU is the data segment transmitted between LAC layer and the user of the LAC layer (upper layer). Transmitting LAC layer receives LAC-SDUs from the user of the LAC layer. Receiving LAC layer transmits LAC SDUs to the user of LAC layer.

 LAC-PDU
LAC-PDU is the LAC layer data unit. Transmitting LAC segments/concatenates LAC-SDUs to LAC-PDUs and forwards them to MAC layer. Receiving LAC layer reassembles LAC-SDUs from LAC-PDUs received from MAC.
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Figure 1.1 Layer 2 protocol architecture
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Figure 1.2 data transmission layer structure over the radio interface

3 Services offered by LAC sub-layer to layer 3
 
LAC sub-layer provides services to layer 3 by a combination of LAC/MAC functions and layer 1 services.

a) LAC connection establishment/release
This Service performs establishment/release LAC connections.
b) Acknowledged delivery mode
In this mode, LAC provides peer-to-peer  delivery of LAC-SDUs utilizing error correction by LAC level re-transmission mechanism. If the LAC is configured to provide a reliable link, the user of the transmitting LAC layer is notified if LAC fails in LAC-SDU transmission. The acknowledged delivery mode has the following characteristics:
 1) Error-free delivery:
LAC sub-layer should deliver only those SDUs to the receiving Layer 3 entity that are free of transmission errors.
 2) Unique delivery:
LAC sub-layer should deliver each SDU to the receiving Layer 3 entity only once. .

 3) In-sequence delivery:

(if so configured in setup, also out of sequence delivery possible, but it is FFS)
LAC sub-layer should provide support for in-order delivery of SDUs, i.e., LAC sub-layer should deliver SDUs to the receiving Layer 3 entity in the same order as the transmitting Layer 3 entity submits them to LAC sub-layer..

c) Unacknowledged delivery mode

In this mode, layer2 provides peer-to-peer delivery of Lac SDUs without re-transmission mechanism. The unacknowledged delivery mode has the following characteristics:

 1) Error-free delivery:
LAC sub-layer should deliver only those SDUs to the receiving Layer 3 entity that are free of transmission errors.

 2) Unique delivery:
LAC sub-layer should deliver each SDU to the receiving Layer 3 entity only once
 3) Immediate delivery:
LAC sub-layer should deliver a SDU to the Layer 3 receiving entity as soon as it arrives at the receiver
 4) Enhanced probability of delivery: (Necessity is FFS.)
When requested by the transmitting Layer 3 entity, LAC should be able to invoke special transmission techniques to increase the probability of successful delivery of a SDU. These techniques may include: repeated transmissions.

(Note: This service may be performed by layer 3.)

d) Transparent delivery mode

In transparent mode, LAC Layer provides only predefined type of segmentation and reassemble mechanism (without adding any LAC overhead).
e) Multicast delivery of layer 3 messages (only for U-plane)
In this mode, LAC Layer provides multicast delivery of LAC SDUs without re-transmission mechanism.
(Note: This item is FFS.)

f) QoS setting
The retransmission protocol shall be configurable by layer 3 to provide different levels of QoS. This can be controlled e.g. by adjusting the maximum number of retransmissions according to delay requirements
g) Notification of unrecoverable errors
LAC notifies the upper layer of errors which cannot be resolved by LAC itself by normal exception handling procedures
4 Functions

4.1 Functions of LAC sub-layer to deliver layer 2 services


The LAC sub-layer performs the following functions, to deliver the layer 2 services listed in section 2.1. The functions listed below can be used individually or in combination to deliver services identified in Section 2.1 :

 a) Sequence Integrity Delivery

This function preserves the order of LAC SDUs that were submitted for transfer by this layer using the acknowledged data transfer services.

 b) Error Correction by Selective Retransmission

Through a sequencing mechanism, the receiving LAC entity can detect missing LAC PDUs. This function corrects sequence errors through retransmission.

 c) Flow Control

This function allows a LAC receiver to control the rate at which the peer LAC transmitter entity may send information.

 d) Connection Control

This function performs the establishment, release, and maintenance of a LAC link.

 e) Protocol Error Detection and Recovery

This function detects and recovers from errors in the operation of the protocol.

 f) Sequence number check (Unacknowledged delivery mode)

This function guarantees the integrity of reassembled PDUs and provides mechanism for the detection of corrupted LAC SDU through checking sequence number in LAC PDUs when they are reassembled into one LAC SDU.. A corrupted LAC SDU will be discarded.
 g) LAC SDU Segmentation and Reassembly

This function provides for the mechanism to segment/reaseemble a LAC SDU from/to LAC PDUs.

 h) Transfer of User-Data

This function is used for the conveyance of user data between users of the LAC. LAC supports acknowledged, unacknowledged and transparent data transfer.
 i) Duplicate Detection

This function shall detect duplicated received PDUs and shall ensure that duplicated SDUs are transmitted only once to upper layers.

 j) Concatenation of LAC SDUs in LAC PDUs and padding
This function is used to fit segments into LAC PDUs and to fill the rest of the LAC-PDU with padding. The concatenation function minimizes the padding.

 k) Quick Repeat (only for C-plane)
This function provide mechanisms to transmit PDUs corresponding to Unacknowledged Priority Mode several time

(Editor’s note: Whether this function is performed by layer 3 or by LAC sub-layer is under study.)

 l) QoS Adaptation
The retransmission protocol shall be configurable to provide different levels of QoS. This can be controlled e.g. by adjusting the maximum number retransmissions according to delay requirements.
4.2 Functions of LAC sub-layer to receive MAC services

 
The LAC sub-layer expects the following data transfer service offered from MAC sub-layer. The LAC sub-layer accesses to the services through the Service Access Point(SAP) associated the logical channel (DTCH).
 a) Data Transfer
This service provides peer-to-peer transportation of LAC-PDUs. The access to this service is provided through the Service Access Point(SAP). There is one SAP for user data. This service does not provide any data segmentation. Therefore Segmentation/Assembly functions should be achieved by upper layer.
5 Architecture

The figure 5-1 shows the structure of the LAC sub-layer and identifies its relationship with other layers.

- SAP (Service Access Point)

  Service access point is the point at which layer 2 services are provided to the layer 3 entity or layer management entity. 

- MUX-Demux (Multiplex-Demultiplex Function)
  This function multiplexes/demultiplexes PDUs.

- SAR (Segmentation and Reassembly)
  At the sender entity, this function segments LAC SDU into one or more LAC PDUs.

- Mode-dependent Data Link Procedures

  There are different mode-dependent functions corresponding to the different modes of data-transfer: DL-AOM and DL-UM. Each of these functions performs the procedures specific to one of the modes.
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SAP: Service Access point

SAR: Segmentation and Reassembly
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Figure 5-1 LAC architecture 

 
Figure 5-2 gives an overview model of one LAC layer. For a LAC connection two peer entities are used, one in the MS and one in the UTRAN. Though it is not shown in the figure the LAC layer may consist of several entities. A LAC entity offers three kinds of data transfer services to the higher layers. The services are transparent mode, unacknowledged mode and acknowledged mode data transfer. Each entity has one transmitting side and one receiving side. 
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Figure 5-2 an overview model of the LAC layer

6 Primitives

6.1 Primitives between Layer 3 and LAC sub-layer

6.1.1 Primitives

 
The primitives between layer 3 and LAC sub-layer are shown in Table 6.1-1.
Table 6.1-1 Primitives between Layer 3 and LAC sub layer

Generic Name
Parameter


request
indication
Response
confirmation

LAC-ESTABLISH
-
-
-
-

LAC-RELEASE
-
-
Not Defined
-

LAC-AM-DATA
MU
MU
Not Defined
Not Defined

LAC-UM-DATA
MU,QR
MU
Not Defined
Not Defined

LAC-TR-DATA
MU
MU
Not Defined
Not Defined

-：The primitive has no parameters.

Note)

- Layer-3 message units submitted to LAC in Unacknowledged Mode are transmitted to the peer entity without any confirmation of proper reception. LAC will inform layer-3 that the PDU has been sent but has no way of informing layer-3 on the status of the PDU (received/not received by the peer entity).

- Layer-3 message units submitted to LAC in Acknowledged Mode are guaranteed to be transmitted to the peer entity. If the transmission of the message unit has been aborted layer-3 receives an indication of the failure. Furthermore layer-3 receives an indication of proper delivery of the message unit to the peer entity.


Each Primitives is defined as follows:

 a) LAC-ESTABLISH request/indication/response/confirmation

It is used for establishment of point-to-point connection of acknowledged mode transmission between the same level user entities.
 b) LAC-RELEASE request/indication/confirmation

It is used for the termination of point-to-point connection of acknowledged mode transmission between the same level user entities.
 c) LAC-AM-DATA request/indication

It is used for acknowledged mode transmission of point-to-point connection between the same level user entities.
 d) LAC-UM-DATA request/indication
It is used for unacknowledged mode transmission of point-to-point connection between the same level user entities.
 e) LAC-TR-DATA request/indication 
It is used for transparent mode transmission of layer3 message units between the same level user entities.

6.1.2 Parameters

 a) Message Unit (MU)
MU sends information with unfixed length. It is mapped on data field on LAC PDU permeably in the case of LAC-AM-DATA request, LAC-UM-DATA request, LAC-TR-DATA request and LAC-QRDATA request. And the data field of LAC PDU received is mapped on MU in the case of LAC-AM-DATA indication, LAC-UM-DATA indication and LAC-TR-DATA indication permeably. Length of MU must be n octets (n is integer).
 b) Quick Repeat indicator (QR)  (Necessity is FFS.)

This parameter indicates whether UMD PDU will be transmitted with Quick Repeat or not. It holds one of two values: “Yes” or “No”.
6.2 Primitives between LAC sub-layer and MAC sub-layer
[Note This section will be deleted.]

6.2.1 Primitives


The primitives between LAC sub-layer and MAC sub-layer are shown in Table 6.2-1.

Table 6.2-1 Primitives between LAC sub-layer and MAC sub-layer

Generic Name
Parameter


Invoke
Signal



MAC-DATA
MU
MU



  a) MAC-DATA invoke
   Submission of a message for transmission
 b) MAC-DATA signal
   Indication of message received

6.2.2 Parameters
 a) Message Unit (MU)
It contains the LAC sub-layer message (PDU) to be transmitted or received by the MAC sub-layer.

6.3 Primitives between layer management and LAC sub-layer 

6.3.1 Primitives


The primitives between layer management and LAC sub-layer are shown in Table 6.2-1.

Table 6.3-1 MLAC-primitives and parameters

Generic Name
Parameter


Request
Indication
Response
Confirmation

MLAC-RELEASE
-
-
Not Defined
Not Defined

-：The primitive has no parameters.

 a) MLAC-RELEASE request/indication

  FFS

6.3.2 Parameters

  None.

7 PDU Format and Parameters of LAC sub-layer

7.1 LAC PDUs


The LAC PDU types are defined as follows and summarized in Table 7.1-1 below:

- Data PDU 

 a) AMD PDU (Acknowledged Mode Data PDU)

The AMD PDU is used to convey sequentially numbered PDUs containing LAC SDU data. The AMD PDU is used by the LAC when it is in the acknowledged mode.
 b) UMD PDU (Unacknowledged Mode Data PDU)

The UMD PDU is used to convey sequentially numbered PDUs containing LAC SDU data. It is used by the LAC when using the unacknowledged data transfer. 

- Control PDU
 a) BGN PDU (Begin)
The BGN PDU is used by a LAC entity in order to establish a LAC link between the entity and its peer entity. 

 b) BGAK PDU (Begin Acknowledge)
The BGAK PDU is an acknowledgement to the BGN PDU. 

 c) BGREJ PDU (Begin Reject)

The BGREJ PDU is used to reject the LAC link setup request of the peer LAC entity. 

 d) END PDU (End)

The END PDU is used by a LAC entity in order to release the LAC link between the entity and its peer entity.
 e) ENDAK PDU (End Acknowledge)

The ENDAK PDU is an acknowledgement to the END PDU. 

 f) STAT PDU (Solicited Status Response)

The STAT PDU is used to respond to a status request from the peer LAC entity. 

 g) USTAT PDU (Unsolicited Status Response)

The USTAT PDU is transmitted upon detection of an erroneous transmission of one or more data PDUs. It is used to inform the transmitter side about missing AMD PDUs at the receiver LAC. 

 Note: It is FFS whether STAT and USTAT Control PDU's could be merged to one Control PDU.

Table 7.1-1 LAC PDU names and descriptions

 Functionality
PDU name
Description

Establishment
BGN
Request Initialization


BGAK
Request Acknowledgement


BGREJ
Connection Reject

Release
END
Disconnect Command


ENDAK
Disconnect Acknowledgement

Acknowledged Data Transfer
AMD
Sequenced acknowledged mode data


STAT
Solicited Status Report


USTAT
Unsolicited Status Report

Unacknowledged Data Transfer
UMD
Sequenced unacknowledged mode data

7.2 LAC PDU formats

7.2.1 PDU formats
AMD PDU
Note: R bit may be H bit. It is FFS.
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Fig. 7.2-1 AMD PDU
UMD PDU
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Fig. 7.2-2 UMD PDU
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Fig. 7.2-3 BGN PDU
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Fig. 7.2-4 BGAK PDU
BGREJ, END, ENDAK PDU

[image: image6.wmf]Oct

１

OctN

A/U

R

PDU Type

PAD


Fig. 7.2-5 BGREJ, END, ENDAK PDU
STAT PDU
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Fig. 7.2-6 STAT PDU
USTAT PDU
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Fig. 7.2-7 USTAT PDU

Note: Regarding STAT and USTAT, it is FFS. whether a bitmap type of PDU status indication would be more efficient than List elements.
7.2.2 Parameters
 The LAC PDU parameters are defined as follows:

· A/U bit: 1bit

This field indicates Acknowledged mode data PDU or Unacknowledged mode data PDU/ Control PDU. If it indicates Acknowledged mode, the PDU is AMD PDU.

Bit
Description

0
Unacknowledged mode data PDU/ Control PDU

1
Acknowledged mode data PDU

· PDU Type: 6bit

This field indicates the type of Control PDU. They are indicated by the special values of sequence number field.

Bit
PDU Type
Bit
PDU Type

111111
BGN
111010
STAT

111110
BGAK
111001
USTAT

111101
BGREJ
111000 – 110000
Reserved

111100
END



111011
ENDAK



· Sequence Number (SN)

This field indicates the sequence number of the LAC PDU.
PDU type
Length
Notes

AMD PDU
12 bit
Used for retransmission and reassembly



UMD PDU
6 bit
Used for reassembly
Especially “110000” – “111111” are reserved for PDU Type (Control PDU)

· Polling bit (P): 1bit

This field is used to request a status report (STAT PDU) from the receiver LAC.
Bit
Description

0
-

1
Request a status report

· Extension bit (E): 1bit

This bit indicates whether the next octet will be header information (LI) or data.
Bit
Description

0
The next octet is data

1
The next octet is header information (LI)

· Reserved (R): 

One function of this field is to achieve octet alignment. Other functions are FFS. Where no functions are defined, this field shall be coded as zero. This field ignored by the receiver. 

· Length Indicator (LI): 7bit

This field is optional and is used if concatenation or padding takes place. It indicates the end of the last segment of a SDU. Especially “0000000” indicates that the previous LAC PDU is exactly filled with the last segment of a LAC SDU, and “1111111” indicates that the rest part of the LAC PDU is padding.

· N(SQ): 1bit
This field carries the connection sequence value. VT(SQ) is mapped to N(SQ) whenever a new BGN PDU is transmitted. This field is used by the receiver together with VR(SQ) to identify retransmitted BGN PDU.
· N(R): 12bit
VR(R) is mapped to N(R) whenever a STAT or USTAT PDU is generated.
· N(MR): 12bit
VR(MR) is mapped to N(R) whenever a STAT, USTAT, BGN, or BGAK PDU is generated. This is the basis for credit granting by the receiver.
· Number of List Elements: 7bit
It indicates the number of list elements that included in the STAT PDU.
· Header extension flag (H): 1bit
This header extension flag indicates that there is an additional control part (SN+H+E) in an acknowledged mode LAC PDU header. The use of this flag is FFS
· Data:

In this field data from higher layer PDUs is mapped.

8 Timers

 a) Timer_STAT
It is used to detect the loss of the response from receiver side. This timer is set when transmitted AMD PDU requests status report (i.e. P bit is set to “1”). And it will be stopped when the transmitter receive Acknowledgement of the AMD PDU by STAT PDU or USTAT PDU. When this timer is over, the oldest unconfirmed AMD PDU should be retransmitted with requesting status report, and this timer is set again.
 b) Timer_Prohibit
It is used to prohibit transmission of polling message within a certain period. It prohibits only the polling of every LAC SDU. For other polling trigger, even if this timer is active, polling message can be transmitted. This timer is set when AMD PDU with polling is transmitted. When this timer is over no action is performed. (T_STAT =< T_Prohibit)

 c) Timer_CC

Timer_CC protects the transmission of PDU between connection establishment and connection release, during re-synchronization or during error recovery. Timer_CC is indicates retransmission interval when confirmation isn’t received against BGN PDU and ENDPDU. The value of Timer_CC should be a little larger than the round-trip delay.
 d) Timer_QR (FFS)

Transmission interval of quick repeat for UMD PDU.
 e) Timer_EPC (FFS) 

This timer accounts for the roundtrip delay, i.e. the time when the first retransmitted PDU should be received after a USTAT/USTAT has been sent. The value of Timer_EPC is heavily based on the transmission time interval (corresponding to the Layer 1 interleaving depth). When changing the transmission time interval, then the value of the EPC timer also needs to be changed.

9 LAC credit and flow control

9.1 Credit and peer-to-peer flow control

 
Credit is granted by the LAC receiver to allow the peer LAC transmitter to transmit new AMD  PDUs. The process by which a receiver entity determines credit is not subject to standardization, but is related to the buffer availability and the bandwidth/delay of the connection. 

 
Details of the usage of Crediting is FFS.
9.2 Local flow control

 
LAC events, such as reception of PDUs and external and internal signals, are normally processed in the order in which they occurred. However, events pertaining to the exchange of LAC link status information have priority over data transfer.

 
An implementation may detect congestion (for example, a long queuing delay) in its lower protocol layers. If so, data transfer should be temporarily suspended in order to give priority to connection control messages. The means by which an LAC entity decides whether or not it is congested depends on the protocol environment, including protocol timer values, and is not subject to standardization.

 
If a LAC entity detects local congestion (“lower layer busy” in the SDL specification), it can elect to suspend the servicing of LAC-AM-DATA.request, LAC-UM-DATA.request It can also suspend the retransmission of requested AMD PDUs. The data transfer procedures allow this to occur without causing protocol errors.

 
Therefore, in terms of transmitting PDUs to the peer receiver, all types of PDUs except AMD PDU and UMD PDU are given highest priority. The AMD PDUs and UMD PDUs have equal priority. Among the AMD PDUs, retransmission have priority over new transmission if both types are pending. These priorities are only internal to LAC .

10 SDL diagrams

   (Note: This section is under study.)

10.1 States of LAC protocol entity

 
This sub-clause describes the states of a LAC entity. These states are used in the specification of the peer-to-peer protocol. The states are conceptual and reflect general conditions of the LAC entity in the sequences of signals and PDU exchanges with its user and peer, respectively. In addition, other conditions are used in the description, in order to avoid identification of additional states, as detailed in the SDLs. The basic states are:

–
State 1 – Idle

Each LAC entity is conceptually initiated in the Idle state (State 1) and returns to this state upon the release of a connection.

–
State 2 – Outgoing Connection Pending

A LAC entity requesting a connection with its peer is in the Outgoing Connection Pending state (State 2) until it receives acknowledgment from its peer.

–
State 3 – Incoming Connection Pending

A LAC entity that has received a connection request from its peer and is waiting for its user’s response is in the Incoming Connection Pending (State 3).

–
State 4 – Outgoing Disconnection Pending

A LAC entity requesting release of the peer-to-peer connection goes to the Outgoing Disconnection Pending state (State 4) until it receives confirmation that the peer entity has released and transited to the Idle state (State 1), after which it does the same.

–
State 5 – Data Transfer Ready

Upon successful completion of the connection establishment procedures, both peer LAC entities will be in Data Transfer Ready state (State 5) and acknowledged data transfer can take place.

10.2 LAC state variables

 
This sub-clause describes the state variables used in the specification of the peer-to-peer protocol. AMD PDUs are sequentially and independently numbered and may have the value 0 through n minus 1 (where n is the modulus of the sequence numbers). The modulus equals 212 and the sequence numbers cycle through the entire range, 0 through 212 – 1. All arithmetic operations on the following state variables and sequence numbers contained in this Recommendation are affected by the modulus: VT(S), VT(A), VT(MS), VR(R), VR(H), and VR(MR). When performing arithmetic comparisons of transmitter variables, VT(A) is assumed to be the base. When performing arithmetic comparisons of receiver variables, VR(R) is assumed to be the base. In addition, the state variables VT(SQ) and VR(SQ) use modulo 2 arithmetic and VT(US) and VT(UR) use modulo 48. The LAC maintains the following state variables at the transmitter.

a) VT(S) - Send state variable

The sequence number of the next AMD  to be transmitted for the first time (i.e. excluding retransmission). Incremented after transmission of a AMD  for the first time (i.e. excluding retransmission).

b) VT(A) - Acknowledge state variable

The sequence number of the next in-sequence AMD PDU expected to be acknowledged, which forms the lower edge of the window of acceptable acknowledgments. VT(A) is updated upon acknowledgment of in-sequence AMD PDUs.

c) VT(DAT) 

This state variable is used to count the retransmission number of each AMD PDU. VT(DAT) is incremented by sending AMD.
d) VT(MS) - Maximum Send state variable

The sequence number of the first AMD PDU not allowed by the peer receiver [i.e. the receiver will allow up to VT(MS) – 1]. This value represents the upper edge of the transmit window. The transmitter shall not transmit a new AMD PDU if VT(S) = VT(MS). VT(MS) is updated based on receipt of a USTAT PDU, STAT PDU, BGN PDU, BGAK PDU.

e) VT(CC) - Connection Control state variable

The number of unacknowledged BGN, END PDUs. VT(CC) is incremented upon transmission of a BGN, END PDU. If an END PDU is transmitted in response to a protocol error, LAC does not wait for an ENDAK PDU [i.e. LAC moves directly to state 1 (Idle)] and VT(CC) is not incremented. 

f) VT(SQ) - Transmitter Connection Sequence state variable

This state variable is used to allow the receiver to identify retransmitted BGN PDUs. This state variable is initialized to 0 upon creation of the LAC process and incremented and then mapped into the N(SQ) field before the initial transmission of either a BGN PDU. 

g) VT(US) - Unit data state variable

This state variable means new sequence number of UMD-PDU which will send next. After new UMD-PDU is sent, VT(US) will be incremented.

h) VT(QR) - Quick repeat state variable (FFS)

This state variable is used to count the retransmission number when UMD-PDU is sent by quick repeat scheme. It is incremented after UMD-PDU is sent and quick repeat will be continued until VT(QR) becomes to equal MaxQR.

 
The LAC maintains the following state variables at the receiver:

a) VR(R) - Receive state variable

The sequence number of the next in-sequence AMD PDU expected to be received. Incremented upon receipt of the next in-sequence AMD PDU.  

b) VR(H) - Highest expected state variable

The sequence number of the next highest expected AMD PDU. This state variable is updated whenever a new AMD PDU is received.
c) VR(MR) - Maximum acceptable Receive state variable

The sequence number of the first AMD PDU not allowed by the receiver [i.e. the receiver will allow up to VR(MR) – 1]. The receiver shall discard AMD PDUs with N(S) = VR(MR), (in one case, such an AMD PDU may cause the transmission of a USTAT). Updating VR(MR) is implementation dependent, but VR(MR) should not be set to a value < VR(H).  

d) VR(SQ) - Receiver Connection Sequence state variable

This state variable is used to identify retransmitted BGN PDUs. Upon reception of a BGN PDU, this state variable is compared to the value of N(SQ) and then assigned the value of N(SQ). If the values are different, the PDU is processed and VR(SQ) is set to N(SQ). If they are equal, the PDU is identified as a retransmission.

e) VR(US) - Receiver Send Sequence state variable

The sequence number of the latest UMD PDU to be received. It is used to check the duplication receive. When new UMD PDU is received, VR(US) is compared with N(US). If VR(US),N(US), this PDU is quashed because duplication receive happens. And if not, N(US) is substituted for VR(US).

f) VR(EP) – Estimated PDU Counter state variable (FFS)

The number of PDUs that should have been received after the latest USTAT was sent. In acknowledged mode, this state variable is updated at the end of each transmission time interval. It is incremented by the number of PDUs that should have been received during the transmission time interval. If VR(EP) is equal to the number of requested PDUs in the latest USTAT, then check if all PDUs requested for retransmission have been received. 

10.3 LAC parameters

 
The value of each LAC protocol parameter is application specific and may be defined in another Recommendation which references this Recommendation.

 a) MaxCC

Maximum value for the state variable VT(CC), corresponding to the maximum number of transmissions of a BGN, END.
 b) MaxDAT

It is Maximum value for the number of retransmission of AMD PDU. This parameter is an upper limit of counter VT(DAT). When the value of VT(DAT) comes to MaxDAT, error recovery procedure will be performed.
 c) MaxQR

Maximum successive transmission number of UMD PDU. This parameter is an upper limit for counter VT(QR).
 d) MaxSTAT

Maximum number of list elements placed in a STAT PDU. When the number of list items exceeds MaxSTAT, the STAT message shall be segmented. All of the PDUs carrying the segmented STAT message, except possibly the last one, contain MaxSTAT list items. This parameter is not used by the receiver of a STAT PDU for length checking, but is only used by the sender of the STAT message for segmentation purposes. This parameter should be an odd integer greater than or equal to 3.
 e) Credit

This parameter is used to coordinate credit notifications to layer management. When LAC is blocked from transmitting a new AMD PDU due to insufficient credit, “Credit” is assigned the value “No”. When LAC is permitted to transmit a new AMD PDU, “Credit” is assigned the value of “Yes”. Credit is initially assigned “Yes”.
10.4 SDL diagrams
  
The resultant SDL diagrams (Timer_Prohibit scheme) are followed is shown in ANNEX 1. 

 
Estimated PDU Counter (EPC) scheme (receiving side) (FFS)

1. Send a status report (USTAT), requesting for the retransmission of K number of missing PDUs.

2. Start Timer_EPC. This timer accounts for the roundtrip delay, i.e. the time when the first retransmitted PDU should be received. 

3. When the timer expires, start counting the received PDUs, or rather the PDUs that should have been received using the state variable VT(EP)

4. If VT(EP) = K, then check if all PDUs (requested in the status report in step 1) have been received. 

a) If some of the previously missing PDUs are still missing, then repeat the procedure from step 1 for the PDUs that are still missing.

b) If none of the previously missing PDUs are still missing, then no status report needs to be sent, unless a poll had been transmitted or a new missing PDU has been detected. In case of a poll or a new missing PDU, then repeat the procedure from step 1.

 
Every poll received during the time when the Timer_EPC is active and VT(EP) < K will be discarded by the receiving side, i.e. neither STATs nor USTATs will be sent from the receiving side during this time.
ANNEX 1  SDL diagram


[image: image9.wmf]Clear Transmitter

BGN PDU

VT(SQ) := 0

VT(US) := 1

Idle 1

VT(MS) := BGN.N(MR)

TRUE

FALSE

Set Timer_CC

Clear-

buffers := BR

Outgoing Connection

Pending 2

Idle 1

Idle 1

Idle 1

VR(SQ) := 0

VR(US) := 0

Clear-

buffers := Yes

VT(CC) := 1

VT(SQ) := VT(SQ) + 1

Initialize 

VR(MR)

LAC-ESTABLISH.

request

Incoming Connection

Pending 2

Detect Retransmission

BGN PDU

LAC-ESTABLISH.

Indication

Retransmission

BGREJ PDU

BGREJ PDU

END PDU

ENDAK PDU

Idle 1

ENDAK PDU

Fig. 1

[image: image10.wmf]Idle 1

Idle 1

BGAK PDU

STAT PDU

USTAT PDU

END PDU

Idle 1

AMD PDU

AMD PDU queued up


Fig. 2

[image: image11.wmf]Outgoing Connection

Pending 2

ENDAK PDU

STAT PDU

USTAT PDU

AMD PDU

END PDU

Outgoing Connection

Pending 2

AMD PDU queued up


Fig. 3

[image: image12.wmf]Reset Timer_CC

LAC-RELEASE.

indication

TRUE

Reset Timer_CC

Idle 1

Initialize State Variables

Outgoing Connection

Pending 2

BGAK PDU

BGREJ PDU

Outgoing Connection

Pending 2

VT(MS) := BGAK.N(MR)

LAC-ESTABLISH.

confirm

Set Data Transfer Timers

Data Transfer Ready 5

FALSE

Retransmission

BGN PDU

Reset Timer_CC

VT(MS) := BGN.N(MR)

Initialize 

VR(MR)

BGAK PDU

LAC-ESTABLISH.

confirm

Initialize State Variables

Set Data Transfer Timers

Data Transfer Ready 5

Detect Retransmission

TRUE


Fig. 4

[image: image13.wmf]END PDU

TRUE

FALSE

Idle 1

Outgoing Connection

Pending 2

VT(CC) >= MaxCC

BGN PDU

Idle 1

Outgoing Connection

Pending 2

Timer_CC (expiry)

LAC-RELEASE.

indication

MLAC-RELEASE.

request

Reset Timer_CC

Set Timer_CC

VT(CC) := VT(CC) + 1

Reset Timer_CC

END PDU

Outgoing Disconnection

Pending 4

Set Timer_CC

VT(CC) := 1

LAC-RELEASE.

request


Fig. 5

[image: image14.wmf]Clear Transmitter

Initialize State Variables

Incoming Connection

Pending 3

Incoming Connection

Pending 3

Clear-

buffers := BR

Set Data Transfer Timers

Data Transfer Ready 5

FALSE

Retransmission

BGN PDU

VT(MS) := BGN.N(MR)

Initialize 

VR(MR)

BGAK PDU

Detect Retransmission

TRUE

LAC-RELEASE.

indication

LAC-ESTABLISH.

indication

Incoming Connection

Pending 3

END PDU

LAC-ESTABLISH.

response

MLAC-RELEASE.

request

Idle 1

Idle 1

ENDAK PDU

LAC-RELEASE.

indication


Fig. 6

[image: image15.wmf]Incoming Connection

Pending 3

Incoming Connection

Pending 3

BGREJ PDU

LAC-RELEASE.

indication

TRUE

Idle 1

ENDAK PDU

BGAK PDU

LAC-RELEASE.

indication

TRUE

Idle 1

Idle 1

BGREJ PDU

LAC-RELEASE.

request


Fig. 7

[image: image16.wmf]Incoming Connection

Pending 3

Incoming Connection

Pending 3

AMD PDU

Idle 1

AMD PDU queued up

USTAT PDU

STAT PDU

LAC-RELEASE.

indication

END PDU


Fig. 8

[image: image17.wmf]Clear Transmitter

Clear-

buffers := BR

FALSE

Retransmission

BGN PDU

VT(MS) := BGN.N(MR)

Initialize 

VR(MR)

BGN PDU

Detect Retransmission

TRUE

LAC-RELEASE.

confirm

LAC-ESTABLISH.

indication

Incoming Connection

Pending 3

LAC-ESTABLISH.

request

Set Timer_CC

VT(CC) := 1

VT(SQ) := VT(SQ) + 1

Reset Timer_CC

Outgoing Connection

Pending 2

Reset Timer_CC

Outgoing Disconnection

Pending 4

Outgoing Disconnection

Pending 4

END PDU

BGAK PDU

Outgoing Disconnection

Pending 4

AMD PDU queued up


Fig. 9

[image: image18.wmf]BGAK PDU

Outgoing Disconnection

Pending 4

Outgoing Disconnection

Pending 4

AMD PDU

STAT PDU

USTAT PDU


Fig. 10

[image: image19.wmf]FALSE

Retransmission

Timer_CC (expiry)

ENDAK PDU

TRUE

LAC-RELEASE.

confirm

Reset Timer_CC

VT(CC) := VT(CC) + 1

Outgoing Disconnection

Pending 4

Outgoing Disconnection

Pending 4

END PDU

END PDU

Idle 1

LAC-RELEASE.

confirm

Reset Timer_CC

END PDU

Idle 1

BGREJ PDU

Idle 1

Set Timer_CC

LAC-RELEASE.

confirm


Fig. 11

[image: image20.wmf]Timer_STAT (expiry)

Data Transfer Ready 5

Put AMD PDU into

Retransmission queue with

AMD.P := 1

AMD PDU queued up

Data Transfer Ready 5

Save AMD PDU in

Transmission buffer

Remove 

AMD.N(S) = VT(A)

from Transmission buffer

Idle 1

MLAC-RELEASE.

request

Reset Data Transfer

Timers

Release buffers

LAC-AMDATA. 

request

AMD PDU queued up

Save AMD PDU in

AM queue

TRUE

FALSE

n := 0

n := n + 1

n >= NP

Segmentation for AMD PDU

Data Transfer Ready 5


Fig. 12

[image: image21.wmf]AMD PDU queued up

Retransmission

queue is empty

AM queue is empty

Remove AMD PDU from

AM queue

AM queue

is empty or VT(S) >=

VT(MS)

AMD.P := 1

AMD PDU

Set 

Timer_STAT

Set 

Timer_Prohibit

Timer_Prohibit is Active

AMD PDU

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

Save AMD PDU in Transmission

buffer VT(DAT) := 0

TRUE

FALSE

Remove AMD PDU from

Retransmission queue

FALSE

TRUE

AMD.P = 1

AMD PDU

Save AMD PDU in

Transmission buffer and

STAT_waiting buffer

P := 0

VT(DAT) := 0

AMD. 

VT(DAT) >= MaxDAT

TRUE

Update stored AMD PDU.

VT(DAT) in Transmission buffer

VT(DAT) := VT(DAT) + 1

TRUE

FALSE

Save AMD PDU in

STAT_waiting buffer

P := 0

VT(DAT) := VT(DAT) + 1

AMD PDU

FALSE

A

AMD.P = 1

AMD.P := 0

Update stored AMD PDU.

VT(DAT) in Transmission buffer

P := 0

VT(DAT) := VT(DAT) + 1

If another AMD PDU is

already in 

STAT_waiting

buffer, replace old AMD

PDU with new AMD PDU.

Data Transfer Ready 5

Data Transfer Ready 5

Data Transfer Ready 5

Data Transfer Ready 5

Data Transfer Ready 5

Reset Data Transfer

Timers

VT(S) := VT(S) + 1

VT(S) := VT(S) + 1


Fig. 13

[image: image22.wmf]VT(CC) := 1

VT(SQ) := VT(SQ) + 1

A

BGN PDU

Set Timer_CC

Release buffers

Initialize 

VR(MR)

Outgoing Connection

Pending 2


Fig. 14

[image: image23.wmf]Data Transfer Ready 5

FALSE

TRUE

AMD PDU

AMD PDU.P = 1

C

Receiver buffer

is available

AMD.N(S) < VR(R)

AMD.N(S) = VR(H)

Save AMD PDU in

Receiver buffer

VR(H) := VR(H) + 1

TRUE

TRUE

TRUE

FALSE

FALSE

C

C

TRUE

FALSE

FALSE

TRUE

Save AMD PDU in

Receiver buffer

Save AMD PDU in

Receiver buffer

VR(H) := AMD.N(S) + 1

VR(H) < AMD.N(S)

AMD.N(S)

is already in

Receiver buffer

AMD.N(S) < VR(MR)

AMD.N(S) = VR(R)

TRUE

TRUE

C

TRUE

FALSE

VR(H) := VR(MR)

VR(H) < VR(MR)

FALSE

FALSE

Data Transfer Ready 5

FALSE

Remove AMD PDU with

AMD.N(S) = VR(R) from

Receiver buffer

Save AMD PDU in

AM_Reassembly buffer

AMD.N(S) = VR(H)

AMD.N(S) =

VR(R) is in

Receiver buffer

TRUE

Save AMD PDU in

AM_Reassembly buffer

VR(R

) := VR(R) + 1

C

FALSE

FALSE

TRUE

VR(R

) := AMD.N(S) + 1

VR(H) := AMD.N(S) + 1

B

Reassembly for AMD PDU

Reassembly for AMD PDU


Fig. 15

[image: image24.wmf]Receiver buffer

is available

VR(H) < AMD.N(S)

AMD.N(S) = VR(H)

Save AMD PDU in

Receiver buffer

VR(H) := VR(H) + 1

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

TRUE

Save AMD PDU in

Receiver buffer

AMD.N(S) < VR(MR)

AMD.N(S) = VR(R)

TRUE

TRUE

A

TRUE

FALSE

VR(H) := VR(MR)

VR(H) < VR(MR)

FALSE

FALSE

Data Transfer Ready 5

FALSE

Remove AMD PDU with

AMD.N(S) = VR(R) from

Receiver buffer

Save AMD PDU in

AM_Reassembly buffer

AMD.N(S) = VR(H)

Reassembly for AMD PDU

AMD.N(S) =

VR(R) is in

Receiver buffer

TRUE

Save AMD PDU in

AM_Reassembly buffer

VR(R

) := VR(R) + 1

FALSE

FALSE

TRUE

VR(R

) := AMD.N(S) + 1

VR(H) := AMD.N(S) + 1

B

USTAT PDU

AMD.N(S) is

in already in

Receiver buffer

USTAT PDU

Save AMD PDU in

Receiver buffer

VR(H) := AMD.N(S) + 1

Reassembly for AMD PDU

List 

element1 := VR(H)

List 

element2 := AMD.N(S)

List 

element1 := VR(H)

List 

element2 := VR(MR)

Data Transfer Ready 5

Data Transfer Ready 5

Data Transfer Ready 5

Data Transfer Ready 5

Data Transfer Ready 5

Reset Data Transfer Timers


Fig. 16

[image: image25.wmf]FALSE

TRUE

FALSE

FALSE

TRUE

i 

：＝

 VR(H)

TRUE

FALSE

Data Transfer Ready 5

AMD.N(S) = i

is in Receiver

buffer

TRUE

List_

Length

 := 0

i := VR(R)

FALSE

FALSE

C

STAT PDU

i 

�„

 VR(H)

i 

�F��

 i + 1

Append i to list

Data Transfer Ready 5

STAT PDU

STAT PDU

Append i to list

;

List_

Length

 := 1

TRUE

List_Length >= MaxSTAT

i 

�F��

 i + 1

i < VR(H)

AMD.N(S) = i

is in Receiver

buffer

Append i to list

;

List_

Length

 := 

List_Length + 1

Append i to list

;

List_

Length

 := 

List_Length + 1

Start building a new STAT

TRUE


Fig. 17

[image: image26.wmf]Data Transfer Ready 5

FALSE

TRUE

TRUE

Remove AMD PDUs from

VT(A) to USTAT.N

(R)

 - 1 from

Transmission buffer

USTAT PDU

VT(A) <=

Seq1 < seq2  <

VT(S)

AMD 

PDU.N(S)

<= USTAT.N

(R)

 - 1

is in 

STAT_waiting

buffer

Remove AMD PDU from

STAT_waiting buffer

VT(A) := USTAT.N

(R)

VT(MS) := USTAT.N(MR)

Seq1 := List element 1

Seq2 := List element 2

VT(A) <=

USTAT.N(R) < VT(S)

FALSE

D

FALSE

D

E

Reset 

Timer_STAT


Fig. 18

[image: image27.wmf]TRUE

Remove 

AMD.N

(S)

 = seq1

from Transmission buffer

Put AMD PDU into

Retransmission queue

AMD.N(S) =

seq1 is in Transmission

buffer

FALSE

E

FALSE

TRUE

D

A

AMD PDU queued up

Save AMD PDU in

Transmission buffer

Seq1 := Seq1 + 1

Seq1 = Seq2

Reset Data Transfer

Timers

Data Transfer Ready 5


Fig. 19

[image: image28.wmf]F

A

Reset Data Transfer

Timers

Data Transfer Ready 5

FALSE

TRUE

TRUE

Remove AMD PDUs from

VT(A) to STAT.N

(R)

 - 1 from

Transmission buffer

STAT PDU

i > 1

AMD 

PDU.N(S)

<= STAT.N

(R)

 - 1 is

in 

STAT_waiting

buffer

Remove AMD PDU from

STAT_waiting buffer

VT(A) := STAT.N

(R)

VT(MS) := STAT.N(MR)

i := number of STAT list

elements Count := 0

VT(A) <=

STAT.N(R) < 

VT(S)

FALSE

FALSE

F

G

Seq1 := First list element

i := i - 1

FALSE

F

Seq1 < 

VT(S)

TRUE

TRUE

Reset 

Timer_STAT

Data Transfer Ready 5


Fig. 20

[image: image29.wmf]FALSE

TRUE

Remove 

AMD.N(S) = seq1

from Transmission buffer

Put AMD PDU into

Retransmission queue,

Count := Count + 1

Save AMD PDU in

Transmission buffer

AMD.N(S) = Seq1

is in Transmission

buffer

FALSE

F

FALSE

F

Seq1 < Seq2

<= 

VT(S)

TRUE

H

Seq1 = Seq2

TRUE

TRUE

G

Seq

２

 := Next list element

I

 := 

I

 - 1

AMD PDU is

already in

Retransmission

queue

AMD PDU queued up

Seq

1 := Seq1 + 1

FALSE

F

TRUE

H

FALSE

FALSE

NO

YES

TRUE

TRUE

FALSE

TRUE

i > 0

FALSE

Seq

２

 := Next list element

I

 := 

I

 - 1

Clear-buffers

Remove 

AMD.N(S) = seq1

from Transmission buffer

Seq1 < Seq2

<= 

VT(S)

Seq

1 := Seq1 + 1

i > 0

Seq1 = Seq2

Data Transfer Ready 5

TRUE

FALSE

Remove 

AMD.N(S) = seq1

from 

STAT_waiting buffer

AMD.N(S) = seq1

is in 

STAT_waiting

buffer

Update the P flag of

AMD.N(S) = Seq2 

–

 1 in

Retransmission queue

P := 1


Fig. 21

[image: image30.wmf]LAC-UMDATA. 

request

*

UMD PDU queued up

Save UMD PDU

in QR queue

TRUE

FALSE

n := 0

n := n + 1

n >= NP

UMD PDU

TRUE

FALSE

UMD.N(US) = VR(US)

Save UMD PDU in

UM_Reassembly buffer

VR(US) = UMD.N(US)

UMD PDU queued up

Save UMD PDU in

UM queue

TRUE

n := 0

n := n + 1

n >= NP

FALSE

Segmentation for UMD PDU

QR

YES

NO

Reassembly for UMD PDU

Invalid PDU


Fig. 22

[image: image31.wmf]*

TRUE

UMD PDU queued up

FALSE

TRUE

FALSE

QR queue is empty

Remove UMD PDU from

UM queue

UMD PDU

VT(US) := VT(US) + 1

UM queue is empty

Remove UMD PDU from

QR queue

UMD PDU

ｊ

 := 0

ｊ

 := 

ｊ

 + 1

ｊ

 >= MaxQR

TRUE

FALSE

VT(US) := VT(US) + 1

UMD PDU is transmitted

at Timer_QR intervals


Fig. 23

[image: image32.wmf]Segmentation and

Concatenation

Segmentation

for AMD PDU

Add LAC Header

NP := Number of AMD PDUs

AMD.P := 1 (If AMD includes the

last segment of LAC SDU)

AMD.P := 0 (For other cases)

Segmentation and

Concatenation

Add LAC Header

NP := Number of UMD PDUs

Segmentation

for UMD PDU


Fig. 24

[image: image33.wmf]Reassembly

for AMD PDU

TRUE

FALSE

Remove LAC SDU from

AM_Reassembly buffer

LAC SDU is completed

LAC-AMDATA. 

indication

Reassembly

Remove LAC Header

TRUE

FALSE

Remove LAC SDU from

UM_Reassembly buffer

LAC SDU is completed

LAC-UMDATA. 

indication

Reassembly

Remove LAC Header

Reassembly

for UMD PDU


Fig. 25

[image: image34.wmf]Release buffers

Clear 

AM queue

Clear Transmission buffer

Clear 

STAT_waiting buffer

Clear Retransmission queue

Clear Receiver buffer

NO

YES

Clear-buffers

Clear Transmitter

Clear 

AM queue

Clear Transmission buffer

Clear 

STAT_waiting buffer

Initialize State

Variables

VT(S) := 0

VT(A) := 0

VT(PD) := 0

VT(DAT) := 0

VR(R

) := 0

VR(H) := 0


Fig. 26

[image: image35.wmf]Reset Data

Transfer Timers

Reset 

Timer_STAT

Reset 

Timer_Prohibit

TRUE

FALSE

Detect Retransmission

VR(SQ) :

＝

 N(SQ)

retransmission := FALSE

N(SQ) 

＝

 VR(SQ)

retransmission := TRUE

Initialize 

VR(MR)

VR(MR) := value

This assignment of 

VR(MR) is

the initial window size granted to

the peer transmitter, and is

implementation or connection

dependent. 

VR(MR) is updated

as data transfer take place,

based on the static or dynamic

window selected by the receiver.


Fig. 27
Appendix
1. Recommended values
1.1 PDU length


The length of the data field in AMD / UMD PDUs is k ( >=0 ) octets.
1.2 MaxCC

 
4
1.3 MaxDAT

  
[FFS]
1.4 MaxQR

  
[FFS]
1.5 MaxSTAT

 
This parameter should be an odd integer greater than or equal to 3.
1.6 Timer_STAT

 
[FFS]
1.7 Timer_Prohibit

 
[FFS]
1.8 Timer_CC

  
1 sec
1.9 Timer_QR

  
[FFS]
2. History
Revision  Record

Ver.
Date
Section
Contents

1.0.0
1999.1.15
-
 1st version for TTC/ARIB









� EMBED Visio.Drawing.4  ���





L1





MS





NW





MAC





LAC





Upper Layers





L1





MAC





LAC





�


















































- 21 -


[image: image39.wmf]LAC sub-layer

Management

Layer

SAP0

Layer 3

Layer 2

SAR

DL-AOM

SAR

DL-UM

Mux-

Demux

Mux-

Demux

MAC sub-layer

SAR

SAR

SAR

SAP1

_977683222.doc


















Idle 1







TRUE



























BGREJ PDU















Idle 1



















LAC-RELEASE. indication







Idle 1























LAC-RELEASE. request























BGAK PDU







ENDAK PDU











TRUE















Incoming Connection Pending 3







BGREJ PDU



















Incoming Connection Pending 3







LAC-RELEASE. indication




















_977683231.doc


A/U







R







PDU Type







































List Elements















Oct２







Oct１







PAD







Oct5







R















Number of List Elements







Oct4







N(MR)







Oct３







OctN







N(R)



















































N(MR)







N(R)












_977683237.doc


























OctN











Oct２







Oct１















PAD







Data















Length Indicator







E







E







(Optional)











Sequence Number







































A/U
















































_977702790.doc


Unack. functions







MUX







Transp. functions







Ack. functions







Transp. functions







Radio Interface







DEMUX







Ack. functions







LAC Ctrl Unit







LAC Ctrl Unit







Transp. functions







Transp. functions







Unack. functions







Ack. functions







DEMUX







MUX







Ack. functions







Unack. functions







Unack. functions







MS







LAC







Transmitting side







UTRAN







Receiving side







Receiving side







Transmitting side







MAC







Higher layer












_977916723.vsd

_977683238.doc


























OctN







Oct３







Oct２







Oct１







(Optional)











PAD







Data















Length Indicator







E







E







A/U







Sequence Number







Sequence Number







P







R
















































































_977683234.doc


A/U







R







PDU Type







































PAD















Oct２







Oct１







































Oct３







OctN







Reserved



















































N(MR)







N(MR)












_977683235.doc


A/U







N(SQ)







PDU Type







































PAD















Oct２







Oct１







































Oct３







OctN







Reserved



















































N(MR)







N(MR)












_977683233.doc


A/U







R







PDU Type







































PAD



















Oct１











































OctN




































































_977683227.doc


















ENDAK PDU











































END PDU



















Outgoing Connection Pending 2















AMD PDU queued up















STAT PDU



































USTAT PDU







AMD PDU







































Outgoing Connection Pending 2
















_977683229.doc






VT(MS) := BGN.N(MR)







Idle 1







Retransmission







BGN PDU























Initialize VR(MR)











BGN PDU















ENDAK PDU



















Idle 1







Idle 1











ENDAK PDU







VR(SQ) := 0



VR(US) := 0



Clear-buffers := Yes







Idle 1







BGREJ PDU







FALSE







TRUE







Outgoing Connection Pending 2







Clear Transmitter















BGREJ PDU







END PDU







LAC-ESTABLISH. request







Detect Retransmission







VT(SQ) := 0



VT(US) := 1







Idle 1







LAC-ESTABLISH.  Indication











Set Timer_CC







Incoming Connection Pending 2







Clear-buffers := BR







VT(CC) := 1



VT(SQ) := VT(SQ) + 1
















_977683230.doc


A/U







R







PDU Type



































PAD







List Element 1







Oct7







Oct6







Oct２







Oct１







Oct5







List Element 2







List Element 1















List Element 2







Oct4







N(MR)







Oct３







OctN







N(R)



















































N(MR)







N(R)












_977683228.doc










Idle 1











BGAK PDU



























































Idle 1







Idle 1











END PDU















STAT PDU































AMD PDU queued up







USTAT PDU







AMD PDU




















































_977683224.doc














Set Timer_CC











LAC-RELEASE. indication



























END PDU



































Idle 1











Reset Timer_CC







Timer_CC (expiry)











LAC-RELEASE. request







FALSE







TRUE











VT(CC) := 1











Set Timer_CC







BGN PDU







MLAC-RELEASE. request











VT(CC) >= MaxCC







Outgoing Connection Pending 2







Idle 1







Outgoing Disconnection Pending 4











END PDU







Outgoing Connection Pending 2







Reset Timer_CC







VT(CC) := VT(CC) + 1
















_977683225.doc






VT(MS) := BGAK.N(MR)







Idle 1







TRUE







BGAK PDU







Initialize State Variables



















Initialize State Variables











Detect Retransmission



































LAC-ESTABLISH.  confirm











Initialize VR(MR)







VT(MS) := BGN.N(MR)







Data Transfer Ready 5







BGREJ PDU







FALSE







TRUE







Data Transfer Ready 5







Reset Timer_CC







Set Data Transfer Timers







LAC-RELEASE. indication







BGAK PDU







Reset Timer_CC











Retransmission







Outgoing Connection Pending 2







BGN PDU







LAC-ESTABLISH.  confirm











Set Data Transfer Timers







Outgoing Connection Pending 2







Reset Timer_CC




















_977683223.doc






Clear-buffers := BR











TRUE



























Initialize State Variables











Detect Retransmission















Incoming Connection Pending 3























LAC-RELEASE. indication











Initialize VR(MR)







VT(MS) := BGN.N(MR)







Data Transfer Ready 5







END PDU







FALSE











Idle 1







Clear Transmitter







MLAC-RELEASE. request











BGAK PDU







ENDAK PDU







LAC-ESTABLISH. indication







Retransmission







Incoming Connection Pending 3







BGN PDU







LAC-ESTABLISH.  response











Set Data Transfer Timers







Incoming Connection Pending 3







Idle 1







LAC-RELEASE. indication
















_977683212.doc


FALSE







FALSE







AMD PDU.P = 1







TRUE







VR(H) := VR(H) + 1







FALSE







VR(H) < VR(MR)







VR(H) := VR(MR)







FALSE







Data Transfer Ready 5







TRUE







C







TRUE







TRUE







AMD.N(S) = VR(R)







AMD.N(S) < VR(MR)







AMD.N(S) 



is already in Receiver buffer







VR(H) < AMD.N(S)







VR(H) := AMD.N(S) + 1







Save AMD PDU in Receiver buffer







Save AMD PDU in Receiver buffer







B







FALSE







FALSE







TRUE







C







Receiver buffer is available







TRUE







TRUE







Save AMD PDU in Receiver buffer







TRUE







FALSE







AMD PDU







FALSE







TRUE







C







AMD.N(S) < VR(R)











AMD.N(S) = VR(H)







C







Data Transfer Ready 5







FALSE







Remove AMD PDU with AMD.N(S) = VR(R) from Receiver buffer







Save AMD PDU in 



AM_Reassembly buffer







AMD.N(S) = VR(H)







Reassembly for AMD PDU







AMD.N(S) = VR(R) is in Receiver buffer







TRUE







Reassembly for AMD PDU







VR(R) := VR(R) + 1







Save AMD PDU in 



AM_Reassembly buffer







C







FALSE







FALSE







TRUE







VR(R) := AMD.N(S) + 1



VR(H) := AMD.N(S) + 1












_977683217.doc














TRUE







END PDU







Outgoing Disconnection Pending 4



















VT(CC) := VT(CC) + 1







































Outgoing Disconnection Pending 4







Idle 1























Idle 1







FALSE











Reset Timer_CC











LAC-RELEASE. confirm







Idle 1







ENDAK PDU







LAC-RELEASE. confirm











Retransmission







BGREJ PDU







Timer_CC (expiry)







END PDU











Set Timer_CC







Reset Timer_CC







END PDU







LAC-RELEASE. confirm
















_977683219.doc






Clear-buffers := BR











TRUE







END PDU







Outgoing Disconnection Pending 4



















Reset Timer_CC











Detect Retransmission















Incoming Connection Pending 3



















Outgoing Disconnection Pending 4















Initialize VR(MR)







VT(MS) := BGN.N(MR)







Outgoing Connection Pending 2











FALSE











Reset Timer_CC







Clear Transmitter







VT(CC) := 1



VT(SQ) := VT(SQ) + 1







BGAK PDU







BGN PDU







AMD PDU queued up







LAC-ESTABLISH. indication







Retransmission







Outgoing Disconnection Pending 4







BGN PDU







LAC-ESTABLISH.  request











Set Timer_CC















LAC-RELEASE. confirm
















_977683221.doc














































STAT PDU















Incoming Connection Pending 3



















END PDU







LAC-RELEASE. indication























AMD PDU



































AMD PDU queued up















Incoming Connection Pending 3











USTAT PDU



















Idle 1




















_977683218.doc






















Outgoing Disconnection Pending 4















































































USTAT PDU



































AMD PDU















Outgoing Disconnection Pending 4







BGAK PDU







STAT PDU




































_977683214.doc


Data Transfer Ready 5







AMD PDU queued up







Retransmission



queue is empty







AM queue is empty







Remove AMD PDU from AM queue







AM queue 



is empty or VT(S) >= VT(MS)







AMD.P := 1







AMD PDU







Set Timer_STAT



Set Timer_Prohibit







Data Transfer Ready 5







Data Transfer Ready 5







AMD.P = 1







Timer_Prohibit is Active







AMD PDU







TRUE







TRUE







TRUE







FALSE







FALSE







FALSE







Save AMD PDU in Transmission 



buffer VT(DAT) := 0







Update stored AMD PDU. VT(DAT) in Transmission buffer



VT(DAT) := VT(DAT) + 1







TRUE







FALSE







Save AMD PDU in



STAT_waiting buffer



P := 0



VT(DAT) := VT(DAT) + 1







FALSE







TRUE







Data Transfer Ready 5







TRUE







Data Transfer Ready 5







AMD. VT(DAT) >= MaxDAT







Save AMD PDU in 



Transmission buffer and



STAT_waiting buffer  



P := 0



VT(DAT) := 0







AMD PDU







AMD.P = 1







AMD PDU







TRUE







FALSE







Remove AMD PDU from Retransmission queue







Update stored AMD PDU. VT(DAT) in Transmission buffer



P := 0



VT(DAT) := VT(DAT) + 1







FALSE







A











Reset Data Transfer Timers







AMD.P := 0







If another AMD PDU is already in STAT_waiting buffer, replace old AMD PDU with new AMD PDU.







VT(S) := VT(S) + 1







VT(S) := VT(S) + 1












_977683216.doc






LAC-AMDATA. request



















MLAC-RELEASE. request



























AMD PDU queued up















Put AMD PDU into Retransmission queue with AMD.P := 1







Data Transfer Ready 5















Data Transfer Ready 5







Remove AMD.N(S) = VT(A) from Transmission buffer











Save AMD PDU in AM queue











Idle 1











FALSE







TRUE







Data Transfer Ready 5







Timer_STAT (expiry)







Reset Data Transfer Timers















AMD PDU queued up







n >= NP







Release buffers







Save AMD PDU in Transmission buffer 



















n := n + 1







n := 0







Segmentation for AMD PDU




















_977683213.doc






































Outgoing Connection Pending 2



















































VT(CC) := 1



VT(SQ) := VT(SQ) + 1



































BGN PDU















Initialize VR(MR)



































A











Set Timer_CC







Release buffers
















_977683207.doc










Seq1 = Seq2







Remove AMD.N(S) = seq1 from Transmission buffer







Seq1 := Seq1 + 1























Data Transfer Ready 5











































TRUE















FALSE















D







TRUE







AMD.N(S) = 



seq1 is in Transmission buffer











Reset Data Transfer Timers







A











AMD PDU queued up



















Put AMD PDU into Retransmission queue







Save AMD PDU in Transmission buffer







E







FALSE












_977683210.doc


FALSE







Start building a new STAT







i ＞ VR(H)







FALSE



















Append i to list;



List_Length := List_Length + 1



















Append i to list;



List_Length := List_Length + 1







TRUE











Append i to list







i ：＝ VR(H)











AMD.N(S) = i 



is in Receiver buffer















i < VR(H)







C







FALSE











TRUE











Data Transfer Ready 5











i ：＝ i + 1











TRUE















FALSE















List_Length >= MaxSTAT







i ：＝ i + 1











TRUE







Data Transfer Ready 5







TRUE







Append i to list;



List_Length := 1



















AMD.N(S) = i 



is in Receiver buffer







TRUE







STAT PDU











List_Length := 0



i := VR(R)







STAT PDU







FALSE







FALSE











STAT PDU












_977683211.doc


FALSE







FALSE











TRUE







VR(H) := VR(H) + 1







FALSE







VR(H) < VR(MR)







VR(H) := VR(MR)







FALSE







List element1 := VR(H)



List element2 := VR(MR)







TRUE







A







TRUE







TRUE







AMD.N(S) = VR(R)







AMD.N(S) < VR(MR)







Data Transfer Ready 5







Reset Data Transfer Timers







USTAT PDU







Save AMD PDU in Receiver buffer











B







FALSE







List element1 := VR(H)



List element2 := AMD.N(S)







TRUE







Data Transfer Ready 5







Receiver buffer is available







TRUE







Reassembly for AMD PDU







Save AMD PDU in Receiver buffer







TRUE







Data Transfer Ready 5







VR(H) := AMD.N(S) + 1







FALSE







Data Transfer Ready 5







Save AMD PDU in Receiver buffer







VR(H) < AMD.N(S)











AMD.N(S) = VR(H)







AMD.N(S) is 



in already in Receiver buffer







Data Transfer Ready 5







FALSE







Remove AMD PDU with AMD.N(S) = VR(R) from Receiver buffer







Save AMD PDU in 



AM_Reassembly buffer







AMD.N(S) = VR(H)







Reassembly for AMD PDU







AMD.N(S) = VR(R) is in Receiver buffer







TRUE







USTAT PDU







VR(R) := VR(R) + 1







Save AMD PDU in 



AM_Reassembly buffer







Data Transfer Ready 5







FALSE







FALSE







TRUE







VR(R) := AMD.N(S) + 1



VR(H) := AMD.N(S) + 1












_977683208.doc










Seq1 := List element 1



Seq2 := List element 2







Remove AMD PDUs from VT(A) to USTAT.N(R) - 1 from Transmission buffer







VT(A) <= 



Seq1 < seq2  < VT(S)























Data Transfer Ready 5



















































VT(A) := USTAT.N(R)



VT(MS) := USTAT.N(MR)







FALSE







FALSE











Reset Timer_STAT







TRUE







VT(A) <= 



USTAT.N(R) < VT(S)







TRUE



















USTAT PDU











E







D







Remove AMD PDU from STAT_waiting buffer







AMD PDU.N(S)



<= USTAT.N(R) - 1 is in STAT_waiting buffer







D







FALSE












_977683205.doc


TRUE







TRUE







Save AMD PDU in Transmission buffer







Remove AMD.N(S) = seq1 from Transmission buffer







Seq1 := Seq1 + 1







FALSE







TRUE







TRUE







YES







H







NO







FALSE







FALSE







F







FALSE







AMD PDU is already in Retransmission queue 







Seq２ := Next list element I := I - 1







G







TRUE







TRUE







Seq1 = Seq2











FALSE







FALSE







H







Update the P flag of AMD.N(S) = Seq2 – 1 in Retransmission queue



P := 1











TRUE







AMD.N(S) = Seq1 is in Transmission buffer







Remove AMD.N(S) = seq1 from STAT_waiting buffer







TRUE







Seq1 < Seq2 <= VT(S)







FALSE







AMD PDU queued up











TRUE







F







Put AMD PDU into Retransmission queue, Count := Count + 1







Data Transfer Ready 5







F







FALSE







i > 0







FALSE







Seq２ := Next list element I := I - 1







Clear-buffers







Remove AMD.N(S) = seq1 from Transmission buffer







Seq1 < Seq2 <= VT(S)







Seq1 := Seq1 + 1







i > 0







Seq1 = Seq2







AMD.N(S) = seq1 



is in STAT_waiting buffer












_977683206.doc










i := number of STAT list elements Count := 0







Remove AMD PDUs from VT(A) to STAT.N(R) - 1 from Transmission buffer







i > 1























Data Transfer Ready 5































Data Transfer Ready 5







Reset Timer_STAT







TRUE







TRUE







Seq1 < VT(S)







VT(A) := STAT.N(R)



VT(MS) := STAT.N(MR)







FALSE







FALSE







F







F







TRUE







VT(A) <= 



STAT.N(R) < VT(S)







TRUE







Reset Data Transfer Timers







A







FALSE







STAT PDU







Seq1 := First list element i := i - 1







G







F







Remove AMD PDU from STAT_waiting buffer







AMD PDU.N(S)



<= STAT.N(R) - 1 is in STAT_waiting buffer











FALSE












_977683202.doc






Remove UMD PDU from QR queue



































*























UMD PDU is transmitted at Timer_QR intervals







ｊ := ｊ + 1







ｊ := 0







UMD PDU



































VT(US) := VT(US) + 1







TRUE







UM queue is empty











FALSE







TRUE







VT(US) := VT(US) + 1







UMD PDU queued up







FALSE







TRUE







QR queue is empty







ｊ >= MaxQR







UMD PDU







Remove UMD PDU from UM queue







FALSE












_977683204.doc






LAC-UMDATA. request







Segmentation for UMD PDU







VR(US) = UMD.N(US)







UMD.N(US) = VR(US)







YES



















*











TRUE















Save UMD PDU in UM queue







UMD PDU queued up















QR







UMD PDU











Save UMD PDU in QR queue











FALSE











FALSE







TRUE







NO







Invalid PDU











FALSE







Reassembly for UMD PDU







UMD PDU queued up







n >= NP







Save UMD PDU in 



UM_Reassembly buffer







n := 0







n := n + 1







TRUE











n := n + 1







n := 0







n >= NP




















_977683200.doc






































Remove LAC Header











Remove LAC SDU from UM_Reassembly buffer















FALSE



















TRUE















Reassembly







Reassembly 



for UMD PDU















LAC-AMDATA. indication







LAC SDU is completed







Remove LAC Header







Reassembly



















Remove LAC SDU from AM_Reassembly buffer







FALSE











LAC-UMDATA. indication







LAC SDU is completed















TRUE







Reassembly 



for AMD PDU
























_977683201.doc














































Add LAC Header















Segmentation and Concatenation







Segmentation and Concatenation















Segmentation 



for UMD PDU



















NP := Number of UMD PDUs























Add LAC Header







Segmentation 



for AMD PDU































NP := Number of AMD PDUs







AMD.P := 1 (If AMD includes the last segment of LAC SDU)



AMD.P := 0 (For other cases)








































_977683199.doc






Clear-buffers







Clear Retransmission queue







VT(S) := 0



VT(A) := 0











Initialize State Variables



















Clear Transmission buffer











YES















NO







Clear STAT_waiting buffer



















Clear STAT_waiting buffer











Clear Transmission buffer







Clear Receiver buffer











































Clear AM queue



















Release buffers







VR(R) := 0



VR(H) := 0















Clear Transmitter







Clear AM queue







VT(PD) := 0



VT(DAT) := 0
















_977683198.doc










retransmission := FALSE







































Reset Timer_STAT















Reset Timer_Prohibit



















Reset Data 



Transfer Timers































This assignment of VR(MR) is the initial window size granted to the peer transmitter, and is implementation or connection dependent. VR(MR) is updated as data transfer take place, based on the static or dynamic window selected by the receiver.







VR(MR) := value











Initialize VR(MR)







retransmission := TRUE























FALSE











VR(SQ) :＝ N(SQ)







Detect Retransmission















TRUE











N(SQ) ＝ VR(SQ)




















