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LTE RLC Sub Layer
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RLC SDU=we exchanged

with upper layers

SAP between
upper layers

eNB

radio interface
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(i.e. MAC sub layer and physical layer)
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Unacknowledged Acknowledged

wNo segmentation w Segmentation and wSegmentation and
and reassembly of reassembly of RLC reassembly of RLC
RLC SDUs SDUs SDUs

wNo RLC headers wRLC Headers are wRLC Headers are
are added added added

wNo delivery wNo delivery wReliable in
guarantees guarantees sequence delivery

wSuitable for wSuitable for SErvice
carrying voice carrying streaming  wSuitable for

traffic carrying TCP

traffic
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1. Receive the upper layer
SDU from PDCP or RRC.

2. Add the SDU to the
transmit buffer.

Segment the SDU into RLC
PDUs when the MAC

: . scheduler permits
3. Segmentation and Concatenatio transmissign

4. Addthe RLC header to the
RLC PDU.

5. Passthe RLC PDUs to MAC
for transmission over the
air.

1. Receive from PDCP / RRC

2.Add to Transmission Buffer

4. Add RLC Header

5. Pass to MAC Sub Layer
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MAC layer passes

1. Receive from MAC Sub La the received RLC PDUs

to th
2. The

e RLC layer.
RLC layer removes

2. Remove RLC Header the RLC header.

3. The
an u

frece
3. Reassemble PDUs com

of th

RLC layer assembles
pper layer SDUSs if
Ipt of an RLC PDU

nletes the assembly
e SDU.

4. Pass the assembled
SDUs to the PDCP or

4.Pass to PDCP / RRC RRC layers.
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VT(USHend State Variable

wHolds the value of the SN to be assigned for the next newly generated UMD PDU.

wlt is initially set to 0, and is updated whenever the UM RLC entity delivers an UMD PDU with SN =
VT(US).

VR(URM receive state variable

wHolds the value of the SN of the earliest UMD PDU that is still considered for reordering.
wlt is initially set to O.

VR(UXUM t-Reorderingstate variable

wThis state variable holds the value of the SN following the SN of the UMD PDU which triggered
Reordering

received state variable

VR(UHUM highest

wThis state variable holds the value of the SN following the SN of the UMD PDU with the highest SN
among received UMPBDUs

wServes as the higher edge of the reordering window. It is initially set to O.
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ACKNOWLEDGED MODE
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Acknowledged Mode

Transmit Overview
1.

1. Receive from PDCP / RRC

2. Add to Transmission Buffer

3. Segmentation and Concatenation

4. Keep a Copy for Retransmission

5. Add RLC Header

6. Pass to MAC Sub Layer

2.
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Receive the upper layer SDU
from PDCP or RRC.

Add the SDU to the transmit
buffer.

Segment the SDU into RLC
PDUs when the MAC
scheduler permits
transmission.

Make a copy of the transmit
buffer for possible
retransmissions.

Add the RLC header to the
RLC PDUs.

Pass the RLC PDUs to MAC
for transmission over the air.
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1. The MAC layer passes the
received RLC PDU to the RLC
layer.

2. The RLC layer removes the RLC

2.Remove RLC Header header.

3. The RLC PDU is received
correctly, so mark the block for
positive acknowledgement.

3. Mark for Positive Acknowledgemen i Acknowledgements are sent
periodically to the remote peer.

4. The RLC layer assembles an
upper layer SDUs if receipt of
4. Reassemble PDUs an RLC PDU completes the
A assembly of the SDU.

5. Pass the assembled SDUs to the
PDCP or RRC layers.

1. Receive from MAC Sub Layer

5.Pass to PDCP / RRC
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1. Received Positive Acknowledgeme

2. Remove from Retransmission Queu

Free buffer released from retransmission
gueue

3. Update the receive sequence numbe
to allow further transmissions

1. A positive

acknowledgement is
received from the
remote end.

Access the
retransmission queue
and remove the buffer
as it has been
acknowledged.

Update the received
sequence numbers to
advance the sliding
window.
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Overview
: _ 1. A negative
1. Received a Negative acknowledgement IS
Acknowledgement received from the
remote end.

2. Accessthe
retransmission queue
2. Extract the RLC PDU that nee and extract the buffer

to be retransmitted for retransmission.

3. Retransmit the buffer

I If MAC does not support
. the original transmission
3. Retransmit the Buffer rate, resegment the RLC

Resegment if the MAC cannot transmit block into the smaller
bursts with original length available block size
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1. Received a retransmission for a 1. A ret_ransm|55|on_ for a
previously negatively acknowledgec previously negatively _
acknowledged RLC PDU is
received.

2. Update the received data
buffer

The received buffer may fill
a hole in the previously
received data.

3. Assemble all the in

sequence received data
Into SDUs

| Pass the received SDUSs to
the RRC or PDCP layers.

2. Update the receive buffer and i

check if the retransmission fills hole
In previously received data

3. Reassemble all the received in
sequence data and pass the
reassembled SDUs to RRC/PDCF
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Recelve

VT(A)Acknowledged State Variable VR(R)Receive State Variable

=
Q
-
0
=

VT(MS)Maximum Send State Variab _ _
VR(MR)Maximum Accepted Receiv

State Variable

VT(S)Send State Variable

POLL_SNPoll Send State Variable VR(X)Reordering State Variable

PDU_WITHOUT_POUOounter VR(MS)Maximum STATUS Transm

State Variable

BYTE_WITHOUT_PQ@ldunter

VR(H)Highest Received State Varial

RETX COUNJounter
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VT(A)Acknowledgement state variable

wHolds the value of the SN of the next AMD PDU for which a positive acknowledgment is to be received
in-sequence
wServes as the lower edge of the transmitting window.

wlt is initially set to 0, and is updated whenever a positive acknowledgment for an AMD PDU with SN =
VT(A) is received

VT(MSMaximum send state variable
wThis state variable equals VT(AM_Window_Size

wlt serves as the higher edge of the transmitting window.

VT(S)Send state variable

wThis state variable holds the value of the SN to be assigned for the next newly generated AMD PDU.

wlt is initially set to 0, and is updated whenever the AM RLC entity delivers an AMD PDU with SN =
VT(S).

POLL_SIRoll send state variable

wThis state variable holds the value of VI{$pon the most recent transmission of a RLC data PDU
gAUK O0OKS LRfft OoOAOG aSiu 02 amed LU Aa AYyAUALTffe

Q)¢
(0p))
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The Transmit AM RLC entity maintains a transmitting window such that

Transmit Serial Number (SN) falls within the Transmit wind6i§4) <= SN < VT(MS)

Deliver a new AMD PDU to lower layer, the Transmit AM RLC entity shall:
AMD PDU SN= VT(S) VT(S) = VT(S) + 1

Transmit AM RLC entity receives a STATUS PDU with positive acknowledgement for a RLC ds

VT(A) = Smallest SN awaiting acknowledgement.

Positive acknowledgements have been received for all AMBDsassociated with a transmitted RLC SDU:

Deliver the RLC SDU to the upper layers

© 2009 EventHelix.com Inc. 20
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VR(RReceive state variable

uHolds the value of the SN following the lasseguence completely received AMD PDU
uit serves as the lower edge of the receiving window.
aitis initially set to 0, and is updated whenever an AMD PDU with SN = VR(R) is received.

VR(MRMaximum acceptable receive state variable

Wrhis state variable equals VR(FM_Window_Sizeand it holds the value of the SN of the first AMD PDU that is beyond
the receiving window
userves as the higher edge of the receiving window

VR(X}-Reorderingstate variable
Wrhis state variable holds the value of the SN following the SN of the RLC data PDU which triggerddring

VR(MSMaximum STATUS transmit state variable

WwKAA adlrdS GINARIGES K2f Ra GKS KAIKSad LRaaAraotS @I fdsS 2(F i
needs to be constructed. It is initially set to 0.

VR(HHighest received state variable

oY his state variable holds the value of the SN following the SN of the RLC data PDU with the highest SN among received
RLC dat®DUslt is initially set to 0.
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wThis parameter is used by the transmitting side of each
NEYCEH A lelle AMRLC entity to limit the number of retransmissions of
an AMD PDU.

olIPDU wThis parameter is used by the transmitting side of each
P AM RLC entity to trigger a poll for evergllPDUPDUs

wThis parameter is used by the transmitting side of each
AM RLC entity to trigger a poll for everyllBytebytes.

poliByte

Sn-Field Length wThis parameter gives the UM SN field size in bits.
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A The transmitting side of an AM RLC entity sha

prioritize transmission of RLC contRIDUs
over RLC dateDUs

A The transmitting side of an AM RLC entity
shall prioritize retransmission of RLC data
PDUsver transmission of new AMBDUSs
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3GPP LTE Radio Link Control (RLC) Sub Layer

RLC PDU FORMATS
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Data Oct 1

Oct N

A Transparent Mode PDUSs just contain Data
A No headers are included
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| |
! !
| E | SN Oct 1 RLJRL[RI] A [ E] SN Oct 1

Data Oct 2 SN Oct 2
Data Oct 3
Oct N
Oct N
UMD PDU with 5 bit Serial Number UMD PDU with 10 bit Serial Number

A An UM RLC entity is configured by RRC to use either a 5 bit SN or
10 bit SN.

A An UMD PDU header needs to be extended when more than
multiple Data field elements need to be sent.

I Inthat which case an E and a LI are present for every Data field
element except the last.

T Furthermore, when an UMD PDU header consists of an odd number o
LI(s), four padding bits follow after the last LI.

T See next two slides
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UMD PDU (5 bit SN) with Odd UMD PDU (5 bit SN) with Even

Number of LIs Number of LIs
Y S B e AN R S S S
FI E SN Oct 1 Fl E SN Oct 1
E LI, Oct2 E LIy Oct 2
LI E LI, (if K>=3) Oct 3 Ll E Ll Oct 3
LI, Oct4 LI, Oct 4
Present )
K >= 3 E Ll2 Oct [25+1.5%K-5] E Ll Oct [2+1.5%K-3]
Ll E Ll Oct [2.5+1.5%K-4] Ll E Ll Oct [2+1.5%-2]
L1 Oct [2.5+1.5%-3] Ll Oct [2+1.5*K-1]
E Ll Oct[2.5+1.5%K-2) Data Oct [2+1.5%]
Ll Padding Oct [2.5+1.5%K-1]
Data Oct [2.5+1.5%] OctN
OctN
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UMD PDU (10 bit SN) with Odd UMD PDU (10 bit SN) with Even

Number of LIs Number of LIs
| I I I I I I I | | | | | | | | | |
AMIRLJE ] H 2] S e RU[RLIRL] A [TE] SN | oot
SN Oct2
E m Oct3 N Oct2
0 E | LL@{fK>=3) | Oct4 2 Ll Oct3
LI, Oct5 Ll E LI, Oct4
i':(eii”;< E Lz Oct [2.5+1.5-4]
L, E] Lk Oct25+L5%-3 | E L, Oct [2+15K-2
L Oct[2.5+1.5°-2 Ll E Ll Oct 2+15%-1]
E Ll Oct [2.5+1.5%-1] D 0ct ALK
Ll Padding Oct [2.5+1.5%K] 5 0 21'5*“
Data Oct [25+1.5%+1] L ot [2+1.5°%+1]
OctN OctN
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Sequence Number (SNP or 10 bit

wThe SN field indicates the sequence number of the corresponding UMD PDU.
wThe sequence number is incremented by one for every UMD PDU.

Extension bit (&) 1 bit

wThe E field indicates whether Data field follows or a set of E field and LI field
follows.

Framing Info (FK 2 bit

wThe FI field indicates whether a RLC SDU is segmented at the beginning
and/or at the end of the Data field.

wSpecifically, the FlI field indicates whether the first byte of the Data field
corresponds to the first byte of a RLC SDU, and whether the last byte of the
Data field corresponds to the last byte of a RLC SDU.
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Reserved 1 (RL)1 bit

wThe R1 field is a reserved field for this release of the protocol.

Length Indicator (LI 11 bit

wThe LI field indicates the length in bytes of the corresponding Data
field element present in the RLC data PDU delivered/received by an

UM or an AM RLC entity.
wThe first LI present in the RLC data PDU header corresponds to the
first Data field element present in the Data field of the RLC data PDU,

wThe second LI present in the RLC data PDU header corresponds to
the second Data field element present in the Data field of the RLC

data PDU, and so on.
wThe value 0 is reserved.

© 2009 EventHelix.com Inc. 30
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D/C| RF P Fl E SN Oct 1
SN Oct 2

Data Oct 3

Oct N

AMD PDU consists of a Data field and an AMD PDU header.

AMD PDU header consists of a fixed part (fields that are present for every AMD
PDU) and an extension part

An AMD PDU header needs to be extended when more than multiple Data field
elements need to be sent.

i Inthat which case an E and a LI are present for every Data field element except the last.

| Vr\]/htlan an UMD PDU header consists of an odd number of LI(s), four padding bits follow after
the last LI.

T See next slide
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Odd Number of LIs Event Number of LIs
%+
H—+—+—+—++++
DIC| RF| P A E| SN oct 1
N Oct 2 DC|RF| P| H E | SN Oct 1
E L 0ct 3 ot Oct 2
Ll E | Lp(fk=3 | oOcts 2 Ll Oct 3
Ll, Oct 5 Ll; E LI, Oct 4
' |_|2 Oct 5
Pfi”;'f< E Lk, Oct [25+15°K-4]
Ll E L1 Oct [25+15¢K- 3] E L1 Oct [2+15°K-2]
Ly Oct [25+15°K-2] L1 E Ll Oct [2+15¢K-1]
E Ll Oct [25+L54K- 1] Ly Oct [2+15+K]
Ll Padding Oct [25+15°K] Data Oct [2+15°K+]]
Data Oct [25+15¢K+]
Oct N
Oct N
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Data/Control (D/CY, 1 bit

wThe D/C field indicates whether the RLC PDU is a RLC data PDU or RLC control PDU.

Resegmentation Flag (RE)L bit

wThe RF field indicates whether the RLC PDU is an AMD PDU or AMD PDU segment.

Polling bit (P¥, 1 bit

wThe P field indicates whether or not the transmitting side of an AM RLC entity requests a
STATUS report from its peer AM RLC entity.

Sequence Number (SN)LO bit

wThe SN field indicates the sequence number of the corresponding AMD PDU.

wFor an AMD PDU segment, the SN field indicates the sequence number of the original AMD
PDU from which the AMD PDU segment was constructed from.

wThe sequence number is incremented by one for every AMD PDU.
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DIC| RF | P

E

SN

SN

LSF |

SO

SO
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Oct 1
Oct 2
Oct 3
Oct 4
Oct 5

Oct N

A AMD PDUs can be further segmented into AMD PDU Segments
A AMD PDU segment header consists of a fixed part and an extension part.
A An AMD PDU segment header needs to be extended when more than

multlple Data field elements need to be sent.

In that which case an E and a LI are present for every Data field element

except the last.

When an UMD PDU header consists of an odd number of LI(s), four padding

bits follow after the last LI.

See next slide
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AMD PDU Segmen?

Odd Number of LIs

DC/RR|P| H | E| SN
SN
LSF | SO
SO
E ‘ LIy
LIy L E | LR (fK=9)
L,
<L E| L.,
Li.2 | E | Ll.1
Llk-1
E | LI
LI | Padding
Data

Eventelixcom
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Even Number of LIs

Oct 1
Oct 2
Oct 3
Oct 4
Oct 5
Oct 6
Oct 7

Oct [45+154K- 4]
Oct [45+L54K-3]
Oct [45+L5*K-2]
Oct [45+154K- 1]
Oct [45+L5K]

Oct [45+L5*K+1]

Oct N

DIC| RF| P Fl SN
SN
LSF SO
SO
E Ll
LI, E Ll
Ll
E L1
L1 E Ll
Ll
Data

Oct 1
Oct 2
Oct 3
Oct 4
Oct 5
Oct 6
Oct 7

Oct [4+15*K-2]
Oct [4+15%K- 1]
Oct [4+15%K]

Oct [4+15*K+1]

Oct N
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SO start$Ostar) - 15 bit

wTheSOstarffield indicates the portion of the AMD PDU with SN = NACK_SN that
has been detected as lost at the receiving side of the AM RLC entity.

wTheSOstarffield indicates the position of the first byte of the portion of the AMD
PDU in bytes within the Data field of the AMD PDU. The first byte in the Data field
of the original AMD PDU is referred by tB@starffield value O.

wTheSOendield indicates the portion of the AMD PDU with SN = NACK_SN that
has been detected as lost at the receiving side of the AM RLC entity.

wTheSOendield indicates the position of the last byte of the portion of the AMD
PDU in bytes within the Data field of the AMD PDU.

wThe speciabOendralue "111111111111111"is used to indicate that the missing
portion of the AMD PDU includes all bytes to the last byte of the AMD PDU.
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