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<First modification>
4
General

The present document describes the frame structure, elements of procedure, format of fields and procedures for the proper operation of the Link Access Procedure on the Dm channel, LAPDm.

NOTE 1:
The term Dm channel is used for convenience to designate the collection of all the various signalling channels required in the GSM system. See also 3GPP TS 44.003.

The concepts, terminology, overview description of LAPDm functions and procedures, and the relationship with other Technical Specifications are described in general terms in 3GPP TS 44.005.

The frame formats defined for LAPDm are based on those defined for LAPD. However, there are important differences between LAPDm and LAPD, in particular with regard to frame delimitation methods and transparency mechanisms. These differences are necessary for operation within the constraints set by the radio path.

LAPDm supports two modes of operation:

‑
unacknowledged operation using UI frames;

‑
acknowledged operation using the multiple frame procedure.

As a choice of implementation, the two modes of operation may be implemented independently of each other. This is possible since there is no interactions between the two modes, other than queuing at the transmitter, even when they coexist on the same physical channel. For BCCHs and CCCHs only the unacknowledged mode of operation needs to be implemented.

LAPDm is used for information sent on the control channels BCCH, AGCH, NCH, PCH, FACCH, SACCH and SDCCH as defined in 3GPP TS 44.003.

NOTE 2:
AGCH, NCH and PCH are sometimes referred to by the collective name CCCH and FACCH, SACCH and SDCCH are, similarly, referred to by the collective name DCCH.

LAPDm may also be used on other types of channel.

NOTE 3:
As stated in 3GPP TS 44.005, the term "data link layer" is used in the main text of this Technical Specification. However, mainly in figures and tables, the terms "layer 2" and "L2" are used as abbreviations. Furthermore, in accordance with 3GPP TS 24.007 and 3GPP TS 44.018, the term "layer 3" is used to indicate the layer above the data link layer.

This Technical Specification is organized as follows:

The frame structure for peer‑to‑peer communication is given in clause 5. The elements of procedure and formats of fields are given in clause 6. The elements of layer‑to‑layer communication are contained in clause 7. The details of the peer‑to‑peer procedures are given in clause 8. clause 6 summarizes the special protocol operations used mandatorily with SAPI=0 and SAPI = 3.

The specification for the random access channel is contained in annex A, even though it is not a LAPDm function. The present document is descriptive and does not constrain the implementation of the random access function. The procedure is used for CHANNEL REQUEST on the RACH and HANDOVER ACCESS on the main DCCH.

(Annexes B to F are deleted).

Annex G gives an overview of actions taken on frames containing parameter errors.

<Next modification>
5.6
Information field

The information field of a frame, when present, has the position in the frame defined in sub-clause 5.1.
The maximum number of octets in the information field (N201) is defined in sub-clause 8.8.3.

<Next modification>
6.5.2.3
Acknowledge state variable V(A)

Each point‑to‑point data link connection endpoint shall have an associated acknowledge state variable (V(A)) when using I frame commands and supervisory frame commands/responses.

The acknowledge state variable identifies the last frame that has been acknowledged by its peer (V(A) ‑ 1 equals the N(S) of the last acknowledged I frame). The acknowledge state variable can take on the value 0 through 7. The value of the acknowledge state variable shall be updated by the valid N(R) values received from its peer (see 6.5.2.6). A valid N(R) value is one that is in the range V(A)=<N(R)=<V(S).

NOTE:
These inequalities shall be interpreted in the following way:

N(R) is called valid, if and only if (N(R)‑V(A)) mod 8 <= (V(S)‑V(A)) mod 8.

Furthermore, from sub-clause 6.5.2.2., it is obvious that (V(S)‑V(A)) mod 8 <= k.

<Next modification>
8.2.2
Acknowledged multiple frame information transfer

A data link layer entity receiving an SABM, DISC, RR, REJ or I command, shall respond to the originating entity by an appropriate response frame (as specified in sub-clauses 8.4 through 8.7 ) within the time limits given in sub-clause 8.9.

If the received command frame carries a P bit set to "1", the F bit in the corresponding response frame shall be set to "1", too.

Frames containing SAPI values not used by the current version of the present document, shall be ignored without any notification.

<Next modification>
8.4.2.2
Error conditions

Error conditions which will require abnormal release of the data link are given in sub-clause 8.6.

Cases which do not lead to release but may cause the data link layer entity to issue an MDL‑ERROR‑INDICATION are summarized in table 7.

Table 7: Actions taken on response frames

	Response frame
	Multiple frame established
	Timer recovery

	UA F=1
	MDL-ERROR-INDICATION
(unsolicited UA response)
	MDL-ERROR-INDICATION (unsolicited UA response)

	UA F=0
	MDL-ERROR-INDICATION
(unsolicited UA response)
	MDL-ERROR-INDICATION
(unsolicited UA response)

	DM F=1
	MDL-ERROR-INDICATION
(unsolicited DM response)
	Normal

	DM F=0
	MDL-ERROR-INDICATION
(unsolicited DM response, multiple frame established state: perform abnormal release)
	MDL-ERROR-INDICATION
(unsolicited DM response, multiple frame established state: perform abnormal release)

	Supervisory response
F=1
	MDL-ERROR-INDICATION
(unsolicited supervisory response)
	Normal

	Supervisory response
F=0
	Normal
	Normal


<Next modification>
8.4.2.3
Fill frames

In periods where no other frames are scheduled for transmission and something must be sent on the radio path, a fill frame as defined below shall be sent (3GPP TS 44.018 and 3GPP TS 45.002 prohibit such periods for PCH and BCCH).

On a DCCH, a fill frame is a UI command frame for SAPI 0 with P=0 and with an information field of 0 octet length (hence, it is a frame of type A). It has the following structure:

	Bit
	8
	7
	6
	5
	4
	3
	2
	1
	
	

	
	0
	0
	0
	0
	0
	0
	C
	1
	1
	(note 1)

	
	0
	0
	0
	0
	0
	0
	1
	1
	2
	

	
	0
	0
	0
	0
	0
	0
	0
	1
	3
	

	
	0
	0
	1
	0
	1
	0
	1
	1
	4
	(note 2)

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	0
	0
	1
	0
	1
	0
	1
	1
	21 or 23
	(note 2)


NOTE 1:
Bit C is set to:

0 if sent by MS

1 if sent by network.

NOTE 2:
See note in sub-clause 5.2.

Fill frame for a BCCH, PCH, AGCH, or NCH is the following:

	Bit
	8
	7
	6
	5
	4
	3
	2
	1
	
	

	
	0
	0
	0
	0
	0
	0
	0
	1
	1
	

	
	0
	0
	1
	0
	1
	0
	1
	1
	2
	(note)

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	0
	0
	1
	0
	1
	0
	1
	1
	23
	(note)


NOTE:
See note in sub-clause 5.2.

<Next modification>
8.5.1
Transmitting I frames

Information received by the data link layer entity from a layer 3 entity by means of a DL‑DATA‑REQUEST primitive shall be transmitted in one or more I frames. If the layer 3 message unit consists of N201 or fewer octets, the message unit is to be contained in one I frame. The M bit of 6.7.2 shall be set to "0" in such I frames. If the layer 3 message unit exceeds N201 octets, the data link layer shall segment the message unit in such a way that all segments, possibly except the last segment, consist of N201 octets.

The M bit of sub-clause 6.7.2 shall be set to "1" for each segment except for the last segment for which the M bit shall be set to "0".

The parameter N201 is defined in sub-clause 8.8.3.

When transmitting an I frame, the control field parameters N(S) and N(R) shall be assigned the values of the send and receive state variables V(S) and V(R), respectively. The value of the send state variable V(S) shall be incremented by 1 at the end of the transmission of the I frame.

If timer T200 is not running at the time right before transmitting a frame, when the PH‑READY‑TO‑SEND primitive is received from the physical layer., it shall be set. If timer T200 expires, the procedures defined in sub-clause 8.5.7 shall be followed.

If the send state variable V(S) is equal to V(A) plus k (where k is the maximum number of outstanding I frames ‑ see sub-clause 8.8.4), the data link layer entity shall not transmit any new I frames, but shall retransmit an I frame as a result of the error recovery procedures as described in sub-clauses 8.5.4 and 8.5.7.

When the BS side or MS side is in the own receiver busy (note 2) condition, it may still transmit I frames, provided that a peer receiver busy condition does not exist.

NOTE 1:
Any DL‑DATA‑REQUEST primitive received while in the timer recovery condition shall be stored and serviced on clearance of this condition.

NOTE 2:
In the following text in the present document, the term own/peer receiver busy refers to the peer‑to‑ peer flow control state in the data link layer entities.

<Next modification>
8.5.5
Receiving RNR frame

After receiving a valid RNR command or response, provided that the data link layer entity is not engaged in a mode setting operation, the data link layer entity shall set a peer receiver busy condition.

For RNR commands/responses with the P/F bit set to 1, the following special conditions apply:

‑
if it was an RNR command with the P bit set to "1", it shall respond with an RR response with the F bit set to "1" if the data link layer entity is not in an own receiver busy condition, and shall respond with an RNR response with the F bit set to "1" if the data link layer entity is in an own receiver busy condition;

‑
if it was an RNR response with the F bit set to "1" and timer recovery condition exists, the timer recovery condition shall be cleared and the N(R) contained in this RNR response shall be used to update the send state variable V(S).

The data link layer entity shall take note of the peer receiver busy condition and not transmit any I frame towards the peer having indicated a busy condition.

NOTE 1:
This condition may not apply if the protocol operation on SAPI=0 and SAPI=3 is implemented (see sub-clause 9).

NOTE 2:
The N(R) in any received supervisory command, irrespective of the setting of the P bit, will not be used to update the send state variable V(S).

The data link layer entity shall then:

‑
treat the receive sequence number N(R) contained in the received RNR frame as an acknowledgement for all the I frames that have been transmitted or retransmitted with an N(S) up to and including N(R) ‑1, and set its acknowledge state variable V(A) to the value of the N(R) contained in the RNR frame; and

‑
set timer T200 unless a supervisory response frame with the F bit set to "1" is still expected.

If timer T200 expires, the data link layer entity shall:

‑
if it is not yet in a timer recovery condition, enter a timer recovery condition, and set the retransmission count variable to 0;

‑
if it is already in a timer recovery condition, add one to its retransmission count variable.

The data link layer entity shall then:

‑
if the value of the retransmission count variable is less than N200, transmit an appropriate supervisory command (see sub-clause 8.5.3.2) with the P bit set to "1", and set timer T200 right before transmitting a frame, when the PH‑READY‑TO‑SEND primitive is received from the physical layer; or

‑
if the value of the retransmission count variable is equal to N200, it shall initiate the abnormal release procedure described in sub-clause 8.6. Layer 3 shall be notified via the MDL‑ERROR‑INDICATION primitive with cause "timer T200 expired N200 + 1 times: perform abnormal release".

The peer data link layer entity receiving the supervisory frame with the P bit set to "1" shall respond, at the earliest opportunity, with the appropriate supervisory response frame (see sub-clause 8.5.3.2) with the F bit set to "1", to indicate whether or not its own receiver busy condition still exists.

Upon receipt of the supervisory response with the F bit set to "1", the data link layer entity shall reset timer T200, and:

‑
if the response is an RR or REJ response, the peer receiver busy condition is cleared and the data link layer entity may transmit new I frames or retransmit I frames as defined in sub-clauses 8.5.1 or 8.5.4, respectively; or

‑
if the response is an RNR response, the data link layer entity receiving the response shall proceed according to sub-clause 8.5.5, first paragraph.

If a supervisory command (RR, RNR or REJ) with the P bit set to "0" or "1", or a supervisory response frame with the F bit set to "0" is received during the enquiry process, the data link layer entity shall:

‑
if the supervisory frame is an RR or REJ command or response frame with the F bit set to "0", clear the peer receiver busy condition and if the supervisory frame was a command with the P bit set to "1", transmit the appropriate supervisory response (see sub-clause 8.5.3.2) frame with the F bit set to "1". However, the transmission or retransmission of I frames shall not be undertaken until the appropriate supervisory response frame with the F bit set to "1" is received or until the expiry of timer T200; or

‑
if the supervisory frame is an RNR command or an RNR response with the P/F bit set to "0", retain the peer receiver busy condition, and if the supervisory frame received was an RNR command with the P bit set to "1", transmit the appropriate supervisory response (see sub-clause 8.5.3.2) with the F bit set to "1".

Receiving an SABM command, the data link layer entity shall clear the peer receiver busy condition.

<Next modification>
8.6.4
Procedures for abnormal release

The data link layer shall inform layer 3 that an exception condition exists from which the data link layer cannot recover. The information is provided in an MDL‑ERROR‑ INDICATION primitive with causes "sequence error: perform abnormal release" or "unsolicited DM response, multiple frame established state: perform abnormal release".

The release of the data link shall then be performed by layer 3 by either of the following primitives:

‑
DL‑RELEASE‑REQUEST (release mode=normal release). Then the data link layer shall follow the procedures of sub-clause 8.4.4.2.

‑
DL‑RELEASE‑REQUEST (release mode=local end release). Then the data link layer shall follow the procedure of sub-clause 8.4.4.4.

‑
MDL‑RELEASE‑REQUEST. Then the data link layer shall follow the procedure of sub-clause 8.4.4.4.

The data link layer shall remain in the same state (i e multiple frame established or timer recovery) until the primitive is received.

<Next modification>
8.7.4
N(R) sequence error

An N(R) sequence error exception condition occurs in the transmitter when a valid supervisory frame or I frame is received which contains an invalid N(R) value.

A valid N(R) is one that is in the range V(A)=<N(R)=<V(S).

NOTE:
These inequalities shall be interpreted in the following way:

N(R) is called valid, if and only if (N(R)‑V(A)) mod 8 <= (V(S)‑V(A)) mod 8.

The information field contained in an I frame which is correct in sequence and format but contains an invalid N(R) shall be delivered to layer 3 by means of the primitive DL‑ DATA‑INDICATION (if it contains a complete layer 3 message unit or the last segment of a segmented layer 3 message unit; otherwise the information field is discarded) and a P bit set to "1" shall be processed before taking subsequent actions.

The data link layer entity shall then inform layer 3 on this exception condition by means of the primitive MDL‑ERROR‑ INDICATION with the cause "sequence error: perform abnormal release", as defined in 8.6.4. The data link shall remain in the current state until it is released by layer 3.

<Next modification>
9
Special protocol operation on SAPI=0 and SAPI=3

This sub-clause summarizes the specialities of the LAPDm protocol regarding the acknowledged mode operation on SAPI=0 and SAPI=3.

The purpose is to adapt the multiple frame operation of LAPDm to the needs and the characteristics of the GSM system.

The adaptations and simplifications specified in this sub-clause are mandatory for both entities, Mobile Station and Network for SAPI=0 and SAPI=3.

As indicated in sub-clause 8, the protocol operates on SAPI=0 in the following way:

‑
Data link establishment for SAPI=0 is always initiated by the Mobile Station.

‑
Data link establishment according to the contention resolution procedure (see sub-clause 8.4.1.4) is supported when initiated by the MS on the main DCCH immediately after "immediate assignment" of that radio channel. In other cases of link establishment contention resolution is not used.

‑
When changing the radio channel during assignment or handover procedures (layer 3 procedures), in acknowledged mode on SAPI=0, the MS supports continuous transmission of layer 3 messages without loss by offering the SUSPEND, RESUME and RECONNECT primitives, as specified in sub-clause 8.4.3. However, duplication of at most one layer 3 data unit (in the MS to network direction) is possible.

For protocol operation on SAPI=0 as well as on SAPI=3 the following holds:

‑
For multiple frame operation, the window size k = 1 shall be used.

‑
The data link layer entity is not allowed to transmit an RNR frame and therefore shall never enter the own‑receiver busy state. The same applies to the peer‑receiver‑busy condition. This is applicable, because buffer capacities necessary for avoiding such exception conditions are limited.

‑
When receiving, the data link layer entity may ignore RNR frames without notification.

‑
The procedure of enquiring the peer entity status by spontaneous transmission of a RR or REJ command frame, as indicated in sub-clause 6.8.5 and 6.8.6, need not be supported. However, reaction on receiving such frames shall be as specified throughout the present document. 
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