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RLC/MAC Proposal for FACCH, SACCH and SDCCH
1. Introduction

In TSG GERAN AdHoc#4, it was decided to use the RLC/MAC protocol instead of  LAPDm on the following logical channels: FACCH, SACCH, SDCCH, occuring on DBPSCH.

This paper gives an RLC/MAC proposal that fullfills the following requirement to keep the physical layer  of SACCH, FACCH and SDCCH unchanged. With the exception of SACCH carrying SMS, those logical channels do not carry any user data specific control information (like e.g. acknowledgements).
The blue text in the document reflects the proposal.

This document was updated from [7] by:

· Clarifying the operation of RLC acknowledged mode to guarantee higher layer's duplication avoidance functionality

· Clarifying the indication to higher layer of RLC SDUs that have not been delivered to the peer RLC entity

2. Interfaces to the physical layer (Rel9x)

The physical layer interfaces the Data Link Layer, the Radio Link Control and Medium Access Control layer and the supported functional units of the application.


[image: image1.wmf]Physical Layer

Data Link Layer

RLC/MAC layer

Radio Resource management

(layer 3)

to other

functional

units

to upper layers

MPH-

primitives

PH-

primitives

PH-

primitives

TCH


Figure 1. Interfaces with the Physical Layer

The physical layer interfaces the data link layer. On this interface control channels are supported. Communication between the Physical Layer and the Data Link Layer is performed by means of PH‑primitives. The PH-primitives exchanged between the physical layer and the data link layer are used for the transfer of layer 2 frames.

The physical layer interfaces the RLC/MAC layer. On this interface packet data control channels and packet data traffic channels are supported. Communication between the Physical Layer and the RLC/MAC layer is performed by means of the same PH-primitives. The PH-primitives exchanged between the physical layer and the RLC/MAC layer are used for the transfer of RLC/MAC blocks.

The same PH-primitves being used by the data link layer and the RLC/MAC layer, RLC/MAC could replace LAPDm from a primitive point of view.

3. service Access Point of the physical layer

On the physical layer, one SAP is defined between the physical layer and the data link layer for each control channel:




Figure 2. SAPs between the physical layer and the data link layer

However, only one SAP is defined between the physical layer and the RLC/MAC layer for the packet data control channels and the packet data traffic channel. Multiplexing of these channels is actually controlled by the RLC/MAC layer.




Figure 3. SAPs between the physical layer and the RLC/MAC layer

When replacing LAPDm by RLC/MAC, the SACCH will not be multiplexed with the logical channels above on SBPSCH, but instead will occur in the 13th and 26th frame of the 26-multiframe of a DBPSCH where no packet-type control channel occurs. Therefore SACCH will require a new SAP from MAC viewpoint. In addition, two new SAP's are needed for TCH and FACCH, as the multiplexing between them is done at the physical layer via stealing bits. SDCCH will also require a new SAP from MAC viewpoint.

4. LAPDM Service access point
A data link layer Service Access Point (SAP) is the point at which the data link layer provides services to layer 3. The Service Access Point is identified by a Service Access Point Identifier (SAPI).

Type of channel
SAPI = 0

Call control, mobility management and
radio resource management signalling
SAPI = 3

Short message service

BCCH
Unacknowledged
Not supported

CCCH
Unacknowledged
Not supported

SDCCH
Unacknowledged and acknowledged
Acknowledged

SACCH associated with SDCCH
Unacknowledged
Not Supported

SACCH associated with TCH
Unacknowledged
Acknowledged

FACCH
Unacknowledged and acknowledged
Not supported

Table 1. SAPI of LAPDm
In Iu-mode, SAPI 0 and SAPI 3 will no longer be available. RRC will provide signalling radio bearer identities that serve similar purpose. 

RRC will configure the RLC and MAC layers accordingly. An RLC entity should be established for a particular SRB as soon as data is to be sent for it and should remain until the corresponding DBPSCH is released. This would avoid any signalling to establish a layer 2 link between MS and BSS, as it would be implicitly established.

For SAPI 3, things may be slightly different. SMS is basically user data  that is today sent via control channels (SACCH/SDCCH), i.e. some capacity is available on those channels for SMS. The main reason for this is to avoid frame stealing (SMS sent on SACCH). This implies a mix between user and control planes. If this possibility is desired in Rel5, then SRBid should be used for SMS also (SRB3/4), instead of SAPI 3. In addition, Rel5 should allow for sending SMS via the user plane. To free up some capacity on SACCH and SDCCH, SMS could be restricted to user plane only.

5. Modes of operation

LAPDm offers two modes of operation, unacknowledged and acknowledged for carrying upper layer signalling on SACCH, FACCH and SDCCH.

5.1 Unacknowledged mode

In unacknowledged mode, layer 3 information is carried using so-called UI frames (Unnumbered Information frames).

5.2 Acknowledged mode

In acknowledged mode, layer 3 information is carried using Information frames. 

5.2.1 Window Size

In LAPDm, no more than one frame may be outstanding at any given point of time, i.e. a window size of 1 is used:
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Figure 4. Window Size of 1

The RLC protocol offers a window size of 64 RLC blocks
 when CS-1 is used. In addition, RLC guarantees in-order delivery to the upper layer, therefore an RRC message n sent after an RRC message m  cannot arrive at the peer RRC before the RRC message m when RLC ack mode is used, regardless of the window size. 

In order to guarantee the duplication avoidance at higher layer, no more than 4 RLC SDUs shall be pending at a given time within an RLC instance, i.e. there may be at most 4 segmented RLC SDUs at any point in time within an RLC instance.

5.2.2 Priority Handling

One characteristic of the acknowledged mode operation in LAPDm, is the prioritization of messages by a layer 3 entity with preemption of low priority messages by high priority messages (SAPI = 0 only).

The priority between data links shall be as follows for the SDCCH:

· Highest priority : SAPI = 0

· Lowest priority  : SAPI = 3.

The priority arrangement on the SACCH must ensure that if a SAPI = 3 frame is awaiting transmission, two SAPI = 0 frames are not sent in consecutive SACCH frames. In addition, for the mobile to network direction it must also be ensured that any SAPI = 3 frame is followed by at least one SAPI = 0 frame.
In Iu-mode, MAC provides priority handling between traffic flows by means of e.g. radio bearer attributes. This would also apply to Signalling Radio Bearers. In addition, MAC should include a discard mechanism to allow the above mentioned functionality: discard of SRB1 messages in case a SRB3/4 message is awaiting transmission, on SACCH. No new primitive need to be included between RLC and MAC, as RLC operates in unacknowledged mode for SRB1.

5.2.3 Segmentation

In acknowledged mode of information transfer, segmentation may be used if the message is longer than the info field of the data layer frames. Concatenation is used at the Rx side to ensure the integrity of the layer 3 message.
It is not applicable in unacknowledged mode.

The RLC protocol provides similar functionality, therefore no issue is foressen here either.

5.2.4 Suspend & Resume

The DL provides the following service in acknowledged mode for SAPI=0 only: suspension of the service during change of dedicated channels and resumption of service on the new channel without message loss; duplication of messages which may occur are treated on layer 3.

These procedures are performed without involving any signalling over the air interface, but only primitives between protocols.

In Release 5, this would happen e.g. when a handover command is sent/received. Upon sending/reception of this message the RRC informs the RLC to suspend its operation that will be resumed when e.g. a handover complete is sent/received.

In GERAN, a similar mechanism as in UTRAN can be used (SRB3, 4). The main difference (from RRC point of view) lies in the terminologies used in UTRAN RLC and GERAN RLC (e.g. SN vs BSN).

The higher layer (RRC) may suspend the RLC entity. The CRLC-SUSPEND-Req indicates this request. The RLC entity shall, when receiving this request, not send RLC PDUs with BSN([V(S)+N] modulo SNS (N is given by the CRLC_SUSPEND-Req primitive). The RLC entity shall acknowledge the CRLC-SUSPEND-Req ordering a suspend with a CRLC-SUSPEND-Conf with the current value of V(S). The resumption occurs when a CRLC-RESUME-Req primitive indicating resume is received.

Notes:
V(S) is the send state variable. It denotes the next in-sequence RLC Data Block to be transmitted. See 44.060.



SNS is the sequence number space: 16.

5.2.5 Unrecoverable error – SDU transmission failure

An RLC entity in acknowledged mode shall inform higher layer of all the RLC SDUs that have failed to be delivered to the peer RLC entity during normal operation. This includes the following cases:

· Unrecoverable error

· Stop of the RLC entity

6. block FormatS

In this section the existing control block formats for the FACCH, SACCH are given. New block formats are then proposed for the FACCH and SACCH when RLC/MAC replaces LAPDm.

6.1 Existing SACCH and FACCH Block Formats

The physical layer implements a peer‑to‑peer protocol for the control of timing advance and power control at the operation on DBPSCH. For this purpose a two octet physical header is defined on all blocks transferred via the SACCH, a logical channel always present on a DBPSCH. Each SACCH block indeed conveys [1]:

· one physical layer header of two octets

· one Layer 2 frame of 21 octets.

The 23 octets of SACCH blocks are used in downlink in the following way:

Bit

8
7
6
5
4
3
2
1
Octet

Spare
FPC
Ordered MS power level
1

Ordered timing advance
2

Layer 2 frame
(21 octets)
3


…


23

Figure 5. Downlink SACCH block format

The 23 octets of SACCH blocks are used in uplink in the following way:

Bit

8
7
6
5
4
3
2
1
Octet

Spare
FPC
Actual MS power level
1

Actual timing advance
2

Layer 2 frame
(21 octets)
3


…


23

Figure 6. Uplink SACCH block format

The 23 octets of FACCH blocks are used in the following way:

Bit

8
7
6
5
4
3
2
1
Octet

Layer 2 frame
(23 octets)
1


…


23

Figure 7. FACCH block format

Four types of layer 2 frames are transmitted in the FACCH / SACCH blocks:

· Format A is used when there is no information to transmit.

· Format Bter is used on request of higher layers if and only if short L2 header type 1 is supported and a UI
 command is to be transmitted on SAPI 0.

· Format B4 is used for UI frames transmitted by the network on SACCH.

· Format B is used otherwise.

Bit

8
7
6
5
4
3
2
1
Octet


Spare
LPD = 00
SAPI
C/R
EA = 1
1
Address field

Control Field
2
Control field

L
M
EL = 1
3
Length Indica.

Fill bits
…



…
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Figure 8. A frame for SACCH (21) & FACCH (23)

Bit

8
7
6
5
4
3
2
1
Octet


Spare
LPD = 00
SAPI
C/R
EA = 1
1
Address field

Control Field
2
Control field

L
M
EL = 1
3
Length Indica.

Information field
…



…


Fill bits (if needed)
…
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Figure 9. B frame for SACCH (21) & FACCH (23)

Bit

8
7
6
5
4
3
2
1
octet


short L2 header
1

Information field
2


3


…
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Figure 10. Bter frame for SACCH (21) & FACCH (23)

Bit

8
7
6
5
4
3
2
1
Octet


Spare
LPD = 00
SAPI
C/R
EA = 1
1
Address field

Control Field
2
Control field

Information field
3



…



21


Figure 11. B4 frame for SACCH

The distinction between frames is made as follows:

· B vs. A: length indicator (L field): 0 ( A frame.

· B4 vs (B and A): Control field (U format for B4).

· Bter vs (B4, B and A): Specific conditions for transfer.

6.2 Existing RLC/MAC Block formats (CS1)

6.2.1 PDTCH

The 23 octets of PDTCH blocks (CS1) are used in the following way:

Bit

8
7
6
5
4
3
2
1
Octet


Payload Type
RRBP
S/P
USF
1
MAC header

PR
TFI
FBI
2


BSN
E
3


Length Indicator
M
E
4
optional

…
…


Length Indicator
M
E
…
optional

RLC Data (+ spare if present)
…



23


Figure 12. Downlink RLC data block with RLC/MAC header

Bit

8
7
6
5
4
3
2
1
Octet


Payload Type
Countdown Value
SI
R
1
MAC header

spare
TFI
TI
2


BSN
E
3


Length Indicator
M
E
4
optional

…
…


Length Indicator
M
E
n
optional

TLLI
n+1
optional


n+2



n+3



n+4


RLC Data (+ spare if present)
…



23


Figure 13. Uplink RLC data block with RLC/MAC header

PACCH

Bit

8
7
6
5
4
3
2
1
Octet


Payload Type
RRBP
S/P
USF
1
MAC header

RBSN
RTI
FS
AC
2
optional

PR
TFI
D
3
optional

Control Message Contents
…



…



23


Figure 14. Downlink RLC/MAC control block together with its MAC header

Bit

8
7
6
5
4
3
2
1
Octet


Payload Type
Spare
R
1
MAC header

Control Message Contents
2



3



…



…



23


Figure 15. Uplink RLC/MAC control block together with its MAC header

6.3 New Block Formats

6.3.1 SACCH/SDCCH & FACCH block formats

The two octet physical header must be included in every block transferred via the SACCH. Each SACCH block should then convey:

· one physical layer header of two octets

· one RLC/MAC block of 21 octets.

The 23 octets of SACCH blocks should be used downlink in the following way:

Bit

8
7
6
5
4
3
2
1
Octet

Spare
FPC
Ordered MS power level
1

Ordered timing advance
2

RLC/MAC block
(168 bits - 21 octets)
3


…


23

Figure 16. New Downlink SACCH block format

The 23 octets of SACCH blocks should be used uplink in the following way:

Bit

8
7
6
5
4
3
2
1
Octet

Spare
FPC
Actual MS power level
1

Actual timing advance
2

RLC/MAC block
(168 bits - 21 octets)
3


…


23

Figure 17. New Uplink SACCH block format

Bit

8
7
6
5
4
3
2
1
Octet

RLC/MAC block (23 octets)
1


…


23

Figure 18. New FACCH/SDCCH block format

There is no multiplexing by MAC between FACCH and PACCH neither between SACCH and PACCH; and there are different SAP's for SACCH, FACCH and PACCH. Therefore the distinction between SACCH/FACCH messages and PACCH messages is straightforward (different SAP's). No inband identification using the payload type field is needed for making such distinction. This also allows to use specific RLC/MAC headers including only necessary fields for FACCH/SACCH/SDCCH as no confusion is possible with PACCH/PDTCH.

6.3.2 RLC/MAC block formats

The proposed RLC/MAC data and control block formats are defined hereafter. Description of the fields is given in 6.3.2.3.

The proposal allows to piggy-back in UL (resp. DL) RLC/MAC Data Blocks, the acknowledgement of the data sent in DL (resp. UL). This way, frame stealing with FACCH can be reduced, hence speech degradation minimized. Packet UL/DL Ack/Nack (note that BSN is 4 bits, and the window size 8) may of course still be sent in case there is no scheduled RLC/MAC data block wherein to piggy-back. This piggy-backing can also be done on SACCH and SDCCH.

Note: if an RLC/MAC data block that contained an Ack/Nack description needs to be retransmitted, it shall be retransmitted with an updated Ack/Nack description and not the one sent earlier.

6.3.2.1 Data blocks

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
Reduced RBid
BSN
1

BSN
AI
spare
E
…

Length Indicator
M (*)
E (*)


Length Indicator (*)
M (*)
E (*)
Extension 

Ack/Nack Description
Optional

(2 octets)

RLC Data (byte aligned)
…


21/23

(*) The (M)ore bit, the (E)xtension bit and the other Length Indicators are needed only if a window size bigger than 1 is used, and if in this case the concatenation at RLC/MAC level of RRC messages using the same SRBid is allowed. 

Figure 19. New Downlink RLC/MAC data block format for FACCH/SACCH/SDCCH - PT=00

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
Reduced RBid
BSN
1

BSN
AI
SI
spare
E
…

Length Indicator
M (*)
E (*)


Length Indicator (*)
M (*)
E (*)
Extension 

Ack/Nack Description
Optional

(2 octets)

RLC Data (byte aligned)
…


21/23

(*) The (M)ore bit, the (E)xtension bit and the other Length Indicators are needed only if a window size bigger than 1 is used, and if in this case the concatenation at RLC/MAC level of RRC messages using the same SRBid is allowed. 

Figure 20. New Uplink RLC/MAC data block format for FACCH/SACCH/SDCCH – PT=00

6.3.2.2 Control blocks

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
Reduced RBid
spare
1

Control Message Content
…
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Figure 21. New RLC/MAC control block format for FACCH/SACCH/SDCCH – PT=01


The main use of this block format is for acknowledgement. The segmentation mechanism that exists in GPRS for RLC/MAC DL control messages need not be used here.

The figure below illustrates a block format with PT=10, to be used for RLC/MAC control messages that do not relate to an on-going RLC Data flow. Note that the segmentation mechanism applicable for DL control messages may apply also in UL here (DBPSCH). Hence, a common block format for both UL and DL directions is proposed. A RTI
 (Radio Transaction Identifier) of 2 bits is proposed that avoids having an extension octet. The (E)xtension bit when true indicates the presence of RBSN, FS and RTI.

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
E
RBSN
FS
RTI
1

Control Message Content
…
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Figure 22. New RLC/MAC control block format for FACCH/SACCH/SDCCH – PT=10

6.3.2.3 Fields

PT: Payload Type

00
RLC Data block

01
RLC Control block related to an ongoing RLC Data flow (of which the SRB is referred to with Reduced RBid)

10
Reserved

RLC Control block not related to an on-going RLC Data flow: Reduced RBid invalid.

11
Reserved

Note: alternative payload types are not needed provided Iu access is indicated at random access

Table 2. Payload Type field

P: Polling Bit

0
No poll

1
Acknowledgement required

Table 3. Polling bit

Reduced RBid field

000
SRB 1

001
SRB 2

010
SRB 3

011
SRB 4

1xx
URB (used e.g. for SIP signalling over FACCH)

Table 4. Reduced RBid field

M: More Bit and E: Extension Bit

00
Reserved

01
No RRC data after the current RRC "PDU" (message), no more extension octet

10
A new RRC message starts after the current RRC message and there is another extension octet to delimit the new RRC message

11
A new RRC message starts after the current RRC message and continues until the end of the RLC info field, no more extension octet.

Table 5. M and E bits

SI: Stall Indicator

0
MS RLC Transmit Window is not stalled

1
MS RLC Transmit Window is stalled

Table 6. Stall Indicator

AI: Ack Indicator

00
Ack/Nack description not included – Reserved

01
Ack/Nack description not included. No retransmission requested (all RLC blocks received, similar to FINAL_ACK_INDICATION==1)

10
Ack/Nack description included 

11
Reserved

Note: the AI is here two bits in order to avoid one extra bit in the Ack/Nack description. This prevents wasting 7 bits of RLC Data, assuming the data is byte aligned (as in GPRS).

Table 7. Ack Indicator

Ack/Nack Description

< Ack/Nack Description IE> ::=

<Reduced RBid : bit(3)>
<STARTING_SEQUENCE_NUMBER : bit(4)>

<RECEIVED_BLOCK_BITMAP : bit(8)>

Reduced RBid

This field provides a one-to-one mapping with the RBid of the RB in the other direction to which the acknowledgement bitmap is targetted.

STARTING_SEQUENCE_NUMBER:

See 44.060 (Ack/Nack Description).

RECEIVED_BLOCK_BITMAP:

See 44.060 (Ack/Nack Description).

Note: different field sizes with the ones in 44.060!

Table 8. Ack/Nack Description
RBSN and FS are defined in appendix.

7. ConclusionS

This paper describes how RLC/MAC protocol could be used instead of LAPDm on FACCH, SACCH and SDCCH, without any changes to the physical layer. New RLC/MAC data and control block formats that are optimized for and can be used exclusively on those logical channels are proposed. The RLC/MAC block size is 21 octets for SACCH and 23 octets for FACCH and SDCCH. This proposal also includes the possibility for piggy-backing the acknowledgement information (ack/nack bitmap) within the proposed RLC/MAC Data Block in order to limit the speech degradation.
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APPENDIX A: Layer 2 control fields

Bit / Field
Meaning

C/R
The Command/Response field (C/R) bit identifies a frame as either a command or a response. The MS side shall send commands with the C/R bit set to "0", and responses with the C/R bit set to "1". The BS side shall do the opposite; that is commands are sent with C/R set to "1", and responses are sent with C/R set to "0". The combinations for the BS side and MS side are shown in table 1.

EA
The address field extension bit (EA) indicates the final octet of the address field. The presence of a "1" in the first bit of an address field octet signals that it is the final octet of the address field.

EL
The Length indicator field extension bit (EL) indicates the final octet of the field. Presence of a "1" in the first bit of a length indicator field octet signals that it is the final octet of the field.

L
The length indicator (L) consists of 6 bits and is used to indicate the number of octets contained in the information field

LPD
The Link Protocol Discriminator (LPD) corresponding shall take the value "0 0", all other values are reserved.

M
The more data bit (M) is used to indicate segmentation of layer 3 message units on data link layer frames. Layer 3 messages, which need to be segmented, shall only be transported by I-frames.

SAPI
The service access point identifier (SAPI) identifies a point at which data link layer services are provided by the data link layer to a layer 3 entity.

Short L2 header
The short L2 header type 1 implicitly defines a UI command frame belonging to SAPI=0, with length N201. All other parameters of a L2 frame header are irrelevant.

Control Field




Bits
8
7
6
5
4
3
2
1




I format
N(R)
P
N(S)
0




S format
N(R)
P/F
S
S
0
1




U format
U
U
U
P/F
U
U
1
1



N(S): Transmitter send sequence number

N(R): Receiver receive sequence number

U: Unnumbered function bit

P/F: Poll bit, when issued as a command. Final bit, when issued as a response.

Those control bits are the peer in LAPDm of the ones in the RLC protocol.

See [4] for more details.

Table 9. LAPDm Control Block fields

APPENDIX A: RLC/MAC fields

Bit / Field
Meaning

AC
The Address Control (AC) bit is used to indicate the presence of the optional TFI/D octet in the header of downlink RLC/MAC control blocks. 

D
The Direction (D) bit indicates the direction of the TBF identified by the TFI field in the downlink RLC/MAC control block header. 

FS
The Final Segment (FS) bit indicates that the downlink RLC/MAC control block contains the final segment of an RLC/MAC control message. 

Payload Type
The Payload Type field shall indicate the type of data contained in remainder of the RLC/MAC block. 

PR
The Power Reduction (PR) field indicates the power level reduction of the current RLC block. 

R
The Retry (R) bit shall indicate whether the mobile station transmitted the CHANNEL REQUEST message (see GSM 04.08), PACKET CHANNEL REQUEST message, or EGPRS PACKET CHANNEL REQUEST message one time or more than one time during its most recent channel access. The mobile station shall send the same value for the R bit in each uplink RLC/MAC block of the TBF. 

RBSN
The Reduced Block Sequence Number (RBSN) bit carries the sequence number of the downlink RLC/MAC control blocks. The RBSN bit is encoded as a binary number with range 0 to 1. 

RRBP
The Relative Reserved Block Period (RRBP) value specifies a single uplink block in which the mobile station shall transmit either a PACKET CONTROL.

RTI
The Radio Transaction Identifier (RTI) field is used to group the downlink RLC/MAC control blocks that make up an RLC/MAC control message and identifies the segmented control message sequence with which the downlink RLC/MAC control block is associated. The RTI field is five bits in length with range 0 to 31. 

S/P
The Supplementary/Polling (S/P) bit is used to indicate whether the RRBP field is valid or not valid. 

TFI
The Temporary Flow Identity (TFI) field identifies the Temporary Block Flow (TBF) to which the RLC/MAC control message contained in the downlink RLC/MAC control block relates. 

USF
The Uplink state Flag (USF) field is sent in all downlink RLC/MAC blocks and indicates the owner or use of the next uplink radio block on the same timeslot.

Table 10. RLC/MAC Control Block fields





















� A message can consist of several RLC/MAC blocks.


� Unnumbered Information, which is not acknowledged


� The RTI is used to group the RLC/MAC control blocks that make up an RLC/MAC control message. It identifies the segmented control message sequence with which the RLC/MAC control block is associated. It is of 5 bit length in GPRS.
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