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9
Radio Link Control (RLC) procedures in packet transfer mode

The RLC function is responsible for:

-
Interface primitives allowing the transfer of Logical Link Control layer PDUs (LLC PDU) between the LLC layer and the MAC function.

-
Segmentation of LLC PDUs into RLC data blocks and re-assembly of RLC data blocks into LLC PDU.

-
Segmentation of RLC/MAC control messages into RLC/MAC control blocks and re-assembly of RLC/MAC control messages from RLC/MAC control blocks.

· Backward Error Correction (BEC) procedures enabling the selective retransmission of RLC data blocks.

· Discard of upper layer PDUs (RLC SDU's) before segmentation into RLC data blocks, according to the delay requirement of the corresponding radio bearer, when BEC procedures are used.
In this clause Packet Ack/Nack refers to any of the following messages:

-
PACKET DOWNLINK ACK/NACK or EGPRS PACKET DOWNLINK ACK/NACK

-
PACKET UPLINK ACK/NACK

In this clause PACKET DOWNLINK ACK/NACK also refers to EGPRS PACKET DOWNLINK ACK/NACK, unless anything else is stated.

Additionally the following definitions apply:

-
Sequence Number Space (SNS): 2048 in EGPRS, and 128 in GPRS 

-
Window Size (WS): 64 to 1024 in EGPRS; 64 in GPRS 

9.1.11
Segmentation of LLC PDUs into RLC data units

Segmentation of LLC PDUs is supported to allow transport of LLC PDUs larger than the data field of a single RLC data block. If the contents of an LLC PDU do not fill an integer number of RLC data blocks, the beginning of the next LLC PDU shall be placed within the final RLC data block of the first LLC PDU, with no padding or spacing between the end of the first LLC PDU and the beginning of the next. If the final LLC PDU in the TBF does not fill an integer number of RLC data blocks, filler octets shall be used to fill the remainder of the RLC data block.
In RLC acknowledged mode of operation, an upper layer PDU may be discarded by RLC before segmentation into RLC data units (RLC PDUs). In this case, the upper layer shall be notified. See subclause 9.3.2.1a.
The received (and segmented) LLC PDUs shall be put into RLC data blocks in the same order as they are received from higher layers. A Block Sequence Number (BSN) is included in the header of each RLC data block to number the RLC data block. The RLC data blocks are to be numbered consecutively, modulo SNS, to allow re-assembly of the LLC PDUs on the receiving side.

In GPRS TBF mode, once an RLC data block has been transmitted over the physical link, should it be necessary to re-transmit the RLC data block, it shall be re-transmitted using the same channel coding scheme, BSN, and CV as it had in the previous transmission.

In EGPRS TBF mode, once an RLC data block has been transmitted over the physical link, should it be necessary to re-transmit the RLC data block, it shall follow the procedures described in clause 9.3.2.1. 

9.1.12
Re-assembly of LLC PDUs from RLC data units

RLC data blocks shall be collected at the receiver until all RLC data blocks comprising an LLC PDU have been received. The RLC headers shall be removed from each RLC data block at this time and the RLC data units re-assembled into an LLC PDU and passed to the next higher layer. The size of the LLC PDU delivered to the higher layer shall not exceed 1560 octets. Any octet received beyond this maximum limit and until the next identified LLC PDU boundary shall be discarded.

During RLC acknowledged mode operation, received LLC PDUs shall be delivered to the higher layer in the order in which they were originally transmitted.

During RLC unacknowledged mode operation, received LLC PDUs shall be delivered to the higher layer in the order in which they are received. Fill bits having the value ‘0’ shall be substituted for RLC data units not received. However, in EGPRS TBF mode, for erroneous RLC data blocks for which the header is correctly received, the output from decoder shall be delivered to the higher layer. The number of fill bits substituted shall be determined using Table 9. In the uplink direction the channel coding scheme shall be the commanded channel coding scheme. In the downlink direction the channel coding scheme shall be the channel coding scheme of the last correctly received RLC data block. If no RLC data blocks have been correctly received, by the mobile station the requested channel coding scheme shall be used. If no requested channel coding scheme has been sent to the network, the mobile station shall use the number of fill bits for CS-1.

Table 9a: RLC unacknowledged mode fill bits

Channel Coding Scheme
Number of fill bits

CS-1
160

CS-2
240

CS-3
288

CS-4
400

Table 9b: RLC unacknowledged mode fill bits

Channel Coding Scheme
Number of fill bits

MCS-1
176

MCS-2
224

MCS-3
296

MCS-4
352

MCS-5
448

MCS-6
592

MCS-7
448

MCS-8
544

MCS-9
592

9.3
Operation during RLC data block transfer

The RLC ARQ functions support two modes of operation: RLC acknowledged mode, and RLC unacknowledged mode. RLC acknowledged mode operation uses retransmission of RLC data blocks to achieve high reliability. RLC unacknowledged mode operation does not utilize retransmission of RLC data blocks. A TBF may operate in either RLC acknowledged mode or RLC unacknowledged mode.

The mobile station sets the RLC mode of the uplink TBF by setting the RLC_MODE bit to either RLC acknowledged mode or RLC unacknowledged mode in the PACKET RESOURCE REQUEST or the PACKET DOWNLINK ACK/NACK message. In a one phase access, the RLC mode defaults to RLC acknowledged mode.

The network sets the RLC mode of the downlink TBF by setting the RLC_MODE bit in the PACKET DOWNLINK ASSIGNMENT or PACKET TIMESLOT RECONFIGURE message.

9.3.2
Acknowledged mode operation

The transfer of RLC data blocks in the RLC acknowledged mode uses retransmissions of RLC data blocks. The transmitting side numbers the RLC data blocks via the block sequence number (BSN). The BSN is used for retransmission and for reassembly. The receiving side sends PACKET Ack/Nack messages in order to request retransmission of RLC data blocks.

9.3.2.1
Additional functionality in acknowledged EGPRS TBF Mode

In EGPRS TBF mode, the transfer of RLC Data Blocks in the acknowledged RLC/MAC mode can be controlled by a selective type I ARQ mechanism, or by type II hybrid ARQ (Incremental Redundancy: IR) mechanism, coupled with the numbering of the RLC Data Blocks within one Temporary Block Flow. 

According to the link quality, an initial Modulation and Coding Scheme (MCS) is selected for an RLC block (see note). For the retransmissions, the same or another MCS from the same family of MCSs can be selected. E.g. if MCS-7 is selected for the first transmission of an RLC block, any MCS of the family B can be used for the retransmissions. Further, RLC data blocks initially transmitted with MCS4, MCS-5, MCS-6, MCS-7, MCS-8 or MCS-9, can optionally be retransmitted with MCS-1, MCS-2 and MCS-3 respectively, by sending the different parts of the RLC data block in different radio blocks. In this case, the split block field in the header shall be set to indicate that the RLC data block is split, and the order of the two parts. For blocks initially transmitted with MCS-8 which are retransmitted using MCS-6 or MCS-3, padding of the first six octets shall be applied before each RLC data block, and the CPS field shall be set to indicate that this has been done (see an informative example in annex X). However, if the transmitter side is the MS and the resegment bit is not set, the mobile station shall use an MCS within the same family as the initial MCS without splitting the payload (refer to clause 8.1.1 table 2) for retransmission.

The selection of MCS is controlled by the network.

The RLC data blocks shall first be sent with one of the initial code rates (i.e., the rate 1/3 encoded data is punctured with the Puncturing Scheme (PS) 1 of the selected MCS). If the RLC Data Block to be retransmitted, additional coded bits (i.e., the output of the rate 1/3 encoded data which is punctured with PS 2 of the prevailing MCS) shall be sent. If all the codewords (different punctured versions of the encoded data block) have been sent, the procedure shall start over and the first codeword (which is punctured with PS 1) shall be sent followed by PS 2 etc. RLC data blocks which are retransmitted using a new MCS shall at the first transmission after the MCS switch be sent with the puncturing scheme indicated in the table below. 

Table 10: RLC data blocks re-transmitted in new MCS

MCS
switched from
MCS
switched to
PS of last transmission before MCS switch
PS of first transmission after MCS switch

MCS-9
MCS-6
PS 1 or PS 3
PS 1



PS 2
PS 2

MCS-6
MCS-9
PS 1
PS 3



PS 2
PS 2

MCS-7
MCS-5
any
PS 1

MCS-5
MCS-7
any
PS 2

all other combinations
any
PS 1

This procedure allows the receiver to operate either in type I or type II hybrid ARQ mode. In the type I ARQ mode, decoding of an RLC Data Block is solely based on the prevailing transmission (i.e. erroneous blocks are not stored). In the type II ARQ case, erroneous blocks are stored by the receiver and a joint decoding with new transmissions is done. If the memory for IR operation run out in the MS, the MS shall indicate this by setting the LA/IR bit in the EGPRS PACKET DOWNLINK ACK/NACK message (see note). For uplink TBFs, the network may implicitly set the type I mode by ordering the MS to use a specific MCS and setting the resegment bit or type II mode by ordering the MS to use a specific MCS and not setting the resegement bit.

Type II hybrid ARQ is mandatory in EGPRS MS receivers and the associated performance requirements are specified in 3GPP TS 05.05/3GPP TS 05.09. Furthermore, it is mandatory for an EGPRS MS receiver to be able to perform joint decoding among blocks with different MCS's if the combination of MCS's is one of the following:

-
MCS-5 and MCS-7,

-
MCS-6 and MCS-9.

Note: The MCS selection may take the IR capability of the receiver into account: for example by using a less robust MCS for a given channel quality.
9.3.2.1a
Discard of upper layer PDU
In RLC acknowledged mode, a timer-based RLC SDU discard function may be activated depending on the QoS requirements of the radio bearer to transmit (see 3GPP TS 25.331). 
This function is available in Iu-mode only.
The SDU discard function allows to discharge from the buffer on the transmitter side, late (or to-be-late) RLC SDUs not yet segmented into RLC PDUs. Based on the QoS attributes of the radio bearer, each RLC SDU is granted a maximum allowed delay for delivery at the receiver side. When entering the queue for segmentation, an RLC SDU is associated to a timer for monitoring the assumed delay for transmission. The initial value of this timer depends on queuing delay, round-trip delay, etc. Upon timer expiry the RLC SDU is discarded from the transmitter queue, and notification is sent to the upper layer. Timer expiry occurs when the assumed delay overruns the maximum allowed delay.
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