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Foreword
This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

3GPP
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1 Scope

The present document specifies the Radio Link Control protocol for the UE-UTRAN radio interface.

Features for the current Release:
- Transparent mode.
- Unacknowledged mode.
- Acknowledged mode.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsequent revisions do not apply.

» For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TS 25.401: "UTRAN Overall Description”.
2] 3GPP TR 25.990: "Vocabulary for the UTRAN".
[3] 3GPP TS 25.301: "Radio Interface Protocol Architecture”.
[4] 3GPP TS 25.302: " Services Provided by the Physical Layer".
[5] 3GPP TS 25.303: "Interlayer Proceduresin Connected Mode".
[6] 3GPP TS 25.304: "UE Proceduresin Idle Mode and Procedures for Cell Reselection in Connected
Mode".
[7] 3GPP TS 25.321: "MAC Protocol Specification”.
[8] 3GPP TS 25.331: "RRC Protocol Specification™.
[9] 3GPP TS 33.102: " Security Architecture”.
3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in [2] apply.

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AM Acknowledged Mode
AMD Acknowledged Mode Data
ARQ Automatic Repeat Request

3GPP
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BCCH Broadcast Control Channel
BCH Broadcast Channel
C- Control-
CCCH Common Control Channel
CCH Control Channel
CCTrCH Coded Composite Transport Channel
CRC Cyclic Redundancy Check
CTCH Common Traffic Channel
DCCH Dedicated Control Channel
DCH Dedicated Channel
DL Downlink
DSCH Downlink Shared Channel
DTCH Dedicated Traffic Channel
FACH Forward Link Access Channel
FDD Frequency Division Duplex
L1 Layer 1 (physical layer)
L2 Layer 2 (datalink layer)
L3 Layer 3 (network layer)
LI Length Indicator
LSB Least Significant Bit
MAC Medium Access Control
MRW Move Receiving Window
MSB Most Significant Bit
PCCH Paging Control Channel
PCH Paging Channel
PDU Protocol Data Unit
PHY Physical layer
PhyCH Physical Channels
RACH Random Access Channel
RLC Radio Link Control
RRC Radio Resource Control
SAP Service Access Point
SDU Service Data Unit
SHCCH Shared Channel Control Channel
SN Sequence Number
SUFI Super Field
TCH Traffic Channel
TDD Time Division Duplex
TFI Transport Format I ndicator
™ Transparent Mode
TMD Transparent Mode Data
TTI Transmission Time Interval
U- User-
UE User Equipment
UL Uplink
UM Unacknowledged Mode
UMD Unacknowledged Mode Data
UMTS Universal Mobile Telecommunications System
UTRA UMTS Terrestrial Radio Access
UTRAN UMTS Terrestrial Radio Access Network
4 General
4.1 VoidObjective

This subclause describes the architecture of the RLC sublayer.

3GPP
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4.2 Overview ofen the RLC sublayer architecture

The model presented in this subclause is intended to support the definition of the RLC sublayer only, and is not meant
to specify or constrain thefer implementation purpeses-of the protocol. The RLC sublayer consists of RLC entities, of
which there are three types: Transparent Mode (TM), Unacknowledged Mode (UM), and Acknowledged Mode (AM)
RLC entities.

4.2.1 Model of the RLC sublayer

Figure 4.1-gives-an-overview-model-of the RLClayer—The figure il lustratesthe different RLC-peer entitiesin the RLC
model.

AnUM and aTM RLC entity can be configured to be a sendingtransmitting RLC entity or areceiving RLC entity. The
sendingtransmitting RL C entity transmits RLC PDUs and the receiving RL C entity receives RLC PDUs. AnAM RLC
entity consists of atransmitting side, and a receiving side, where the transmitting side of the AM RLC entity transmits
RL C PDUs and the receiving side of the AM RLC entity receives RLC PDUs.

Elementary procedures (see clause 11) are defined between a " Sender" and a"Receiver”. In UM and TM, the
sendingtransmitting RL C entity acts as a Sender and the peer RL C entity acts as a Receiver. An AM RLC entity acts
either as a Sender or as a Receiver depending on the elementary procedure. The Sender is the transmitter of AMD PDUs
and the Receiver isthe receiver of AMD PDUs.— A Sender or a Receiver can reside at either the UE or the UTRAN.

There is a-one sendingtransmittingtransmitting and a-one receiving RLC entity for eachthe transparent mode (TM)
serviee and the-unacknowledged mode (UM) unidirectional-service. AndT here is a-one combined,
sendingtransmittingtransmitting and receiving entity for the acknowledged mode (AM) bi-directional-service.:

In this specification, thewerd~"transmitted™" is equivalent to "submitted to the lower layer" unless otherwise explicitly
stated. -Each RLC UM, and TM entity uses one logical channel to send or receive data PDUs. An AM RL C entity can
be configured to use one or two logical channelsto send or receive data and control PDUs. If two logical channels are
configured, they are of the same type (DCCH or DTCH). In figure 4.1, Fthe dashed lines between the AM-Entities
illustrate the possibility to send theand receive RLC PDUs on separate logical channels, e.g. control PDUs on one, and
data PDUs on the other. More detailed descriptions of the different entities isare given in subclauses 4.2.1.1, 4.2.1.2 and
4.2.1.3.
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4211 Transparent mode (TM) RLC entities

Figure 4.2 below shows the model of two transparent mode peer RLC entities. The logical channels used to
communicate with the lower |ayer are different depending on the placement of the RLC entity (at the UE or the
UTRAN);and-are specifieddescribed in the diagramfigure below.

UE/UTRAN Radio Interface YUE/UTRAN/UE

TM#-SAP TMr-SAP

SendingTrans| Recelving
mTransmittin | TMy- RLC

Transmission g eEntity Reassembly
buffer TM#RLC
Receptioniver
Segmentation buffer

~ o ad B

CCCH/DCCH/DTCH/SHCCH — UE CCCH/DCCH/DTCH/SHCCH — UTRAN
BCCH/PCCH/DCCH/ DTCH-UTRAN BCCH/PCCH/DCCH/DTCH — UE
BCCH/PCCH/DCCH/ BCCH/PCCH/BECH

Figure 4.2: Model of two transparent mode peer entities

4.2.1.1.1 SendingTransmitting TM RLC entity

The sendingtransmittingtransmitting TM#-RLC entity receives SDPURL C SDUs from the-uppertayerupper layers
through the TM#-SAP.

All received RLC SDUs must be of alength that is a multiple of one of the eonfiguredvalid TMD PDU lengths.

If segmentation has been configured by upper layers and aRLC SDU islarger than the TMD PDU size used by the
lower layer for thata TTI, tFhe sendingtransmitting TM RLC entity maymight-segmentsthe SDUYRL C SDUs to fit the
Hrto-appropriately-sized RECPBUTMD PDUs size without adding any RL C headersoverhead. Thesegmentationis
performed-ifan RLC SDU-islarger-thatthan the largest TMD-PDU-size {configured-at the-sending TM-RLC entity) that
is-supported-by-the lower-layerfor-that TT-f segmentationisperformedhas been-configured by upper-layeraAll the
TMD PDUs carrying one RLC SDU arewitl-be sent in enethe same TT1, and no segment from another RL C SDU

arewit-be sent in this TTlonly-the-segmentsfrom-one RLC-SDU-will-be-sentin-one FF.

If the-segmentation ishot-used by the TM-RLC entityhas not been configured by upper layers, then more than one RLC
SDU canbesentinone TTI by placing one RLC SDU in one TMD PDU. All TMD PDUsin one TTI must be of equal

length.
When the processing of-ap- a RLC SDU is complete the resulting one or more TM D PDU(s) arellsdelwersubmltted to

T~
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lower Iayer through either aBCCH, DCCH PCCH CCCH SHCCH or aDTCHlogica channel#heGGGH—and

4.2.1.1.2 Receiving TM RLC entity

The receiving TM#-RL C entity receives PBUTMD PDUs through the configured ene-of-thelogical channels from the
lower layer.

If segmentation |sconf|qured by upper Iayers aII TMD PDUs received Wlthln oneTTI are reassembled to form the

If segmentation is not configured by upper layers, each TMD PDU istreated asa RLC SDU.

Thereceiving TM RLC entity deliversthe RLC SDUs to the-upper-tayer-upper-tayerupper layers through the TM#-SAP.

42.1.2 Unacknowledged mode (UM) RLC entities
Figure 4.3 bel ow shows the model of two unacknowledged mode peer RLC entities.
UE/UTRAN Radio Interface UE/UTRAN/UE
UM -SAP { UM -SAP
f eai Sendinger Receivinger
T
rarl;ir?fles;smn rapsmTrans UM-E RLC | Reassem bly |
mitting- entity
UM RLC- Remove RLC
Segmentation & header
Concatenation

Receptioniver
| Add RLC header | buffer

| Ciphering | | Deciphering |

— L o> —— 0>

CCH/DTCH - UE DCCH/DTCH -~ UTRAN
CCH/SHCCH/DCCH/DTCH/CTCH —UTRAN CCCH/SHCCH/DCCH/DTCH/CTCH - UE

Figure 4.3: Model of two unacknowledged mode peer entities

42.1.2.1 SendingTransmitting UM RLC entity

The sendingtransmittingtransmitting UM_RL C -entity receives SDURL C SDUs from the-upper-tayerupper layers
through the UM-SAP.

The sendingtransmitting UM RLC entity maymight-segments the RLC SDUs into REGC-PBUUMD PDUs of appropriate
size—TFhesegmentationtsperformed- if the RLC SDU islarger than the length of available space in the UMD PDU-ef

size supported-by-thelower-tayerfor that TTH. -The SBU-might-also-be coneatenated-with-ether SBUs- The UMD PDU
may contain segmented and/or concatenated RLC SDUs. UMD PDU may also contain padding to ensure that it is of a

3GPP
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valid length. Length Indicators are used to define boundaries between RLC SDUs within UMD PDUs. Length
Indicators are also used to define whether Padding isincluded in the UMD PDU.

If the-ciphering is configured and started, an UMD PDU s ciphered (except for the UMD PDU header) beforeit is
deliveredsubmitted to the lower layer.

The sendingtransmitting UM RL C entity deliversubmitsthe REG-PBUUMD PDUsto the Iower Iayer through either a
CCCH SHCCH DCCH CTCH ora DTCH oglcal channel . . "y .

4.2.1.2.2 Receiving UM RLC entity

The receiving UM- RLC entity receives PBPYUMD PDUs through the configured ene-ef-the|logical channels from the
lower layer-togical-channelsfrom-the- MAC-sublayer.

The receiving UM RL C receiving-entity deciphers (if ciphering is configured and started) the received UMD PDUs
(except for the UMD PDU header). It removes RL C headers from-the received PPUUMD PDUSs, and usesthe
nfermation-placed-by-the sender-inthe fields of UMB-PBU-headers-and-to-reassembles RL Cthe- SPDUSs (if
segmentation and/or concatenation has been performed by the senderSendertransmitting UM RL C entity)-Hte-REC
Sbus.

RLC SDUs are delivered by the receiving UM RL C entity to the-upper-tayerupper layers through the UM-SAP.

42.1.3 Acknowledged mode (AM) RLC entity
Figure 4.4 below shows the model of an acknowledged mode RLC entity.

The AM RLC entity can be configured to utilize one or two logical channels. The figure 4.4 shows the model of the AM
RL C entity when one logical channel (shown as a solid line), and when two logical channels (shown as dashed lines)
are used.

If onelogical channel is configured, the transmitting side of the AM RLC entity submits AMD and Control PDUs to the
lower layer on that logical channel. And the RLC PDU size shall be the same for AMD PDUs and control PDUs.

In case two logical channels are configured in the uplink, AMD PDUs are transmitted on the first logical channel, and
control PDUs are transmitted on the second logical channel. In case two logical channels are configured in the
downlink, AMD and Control PDUs can be transmitted on any of the two logical channels.

3GPP
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UE/UTRAN

/ \AM-SAP
v

AM RLC Eentity

| Segmentation/Concatenation |

| RLC Control Unit

| Add RLC header | |
|

Piggyback'ed status

Optional
Retransmission
buffer & I Reassembly
management :
)
= §
>
g 5
MUX g & Remove RLC header & Extract
‘§ Piggybacked information
2
n
Transmission Acknowledgements egjﬂé?g‘w
buffer S
Retransmission

Deciphering

Set fieldsin PDU Header (e.g. set poll
bits) & piggybacked STATUS PDU

Ciphering (only for AMD PDU)

Demux/Routing

Transmitting sSide Receiving sSide

—C o > P OCa >—C = DC P DC = D>

DCCH/ DCCH/ DCCH/ DCCH/ DCCH/ DCCH/
DTCH™ DTCH" DTCH™ DTCH™ DTCH" DTCH™

Figure 4.4: Model of an acknowledged mode entity

4.2.1.3.1 Transmitting side

The transmitting side of the AM_RLC -entity receives RLC SDUs from the-upper-tayerupper layers through the AM-
SAP.

Fhe RLC SDUs are segmented and/or concatenated into PBPYAMD PDUs of afixed length. The segmentation is
performed if the received RLC SDU islarger than the length of available space in the AMD PDU. AnThe AMD PDU
length-size is a semi-static value that is configured by the-upper-tayerupper layersdecided-in-bearer-setup, and can-enly
be changed through thebearer modificationrecenfiguration of the AM RLC entity by the- upper-tayerupper layers. The
AMD PDU may contain segmented and/or concatenated RLC SDUs. The AMD PDU may also contain Padding to
ensure that it is of avalid lengthsize. Length Indicators are used to define boundaries between RLC SDUs within AMD
PDUs. Length Indicators are also used to define whether Padding or Piggybacked STATUS PDU isincluded in the

UMBAMD PDU.

beginnaing-of-the PDU-After-that the seqmentatlon and/or concatenanon are performed the PDuAM D PDUs are placed
in-theretransmission-buffer-and the Retransmission buffer, and at the MUX.

3GPP
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STATUSor STATUS PBUY.AM D PDUs buffered in the Retransmlssron buffer ma\,Lbeare deI eted or retransmltted

based on the status report found within a STATUS PDU or Piggybacked STATUS PDU sent fremby the peer AM RLC
entity. This status report may contain positive or negative acknowledgements of individual AMD PDUs received
fromby the peer AM RLC entity.

The MUX_multiplexes AMD PDUs from the Retransmission buffer that need to be retransmitted, and the newly
generated AMD PDUs delivered from the Segmentation/Concatenation function. -then-decideswhich-PDUs-and-when

the PDUs are submitted to the lower layer.

The PDUs are submitted-via delivered to thea function that completes the AMD PDU header and potentral ly replaces
padding with piggybacked status information. : y X ) A
sabmrttedtefmwfaye%#herrﬂaqvbaekm&meehamsmrsa%ﬁe paddl ng inthe AMD PDU may be replaced
by the Piggybacked STATUS PDU that may be delivered from the Receiverption buffer at the receiving side of the AM
RLC entity. TheA Piggybacked STATUS PDUs can be of variable size in order to match the amount of free spacein
the AMD PDU. The AMD PDU header is completed based on the input from the RLC Control funetionUnit that
indicates the values to set in various fields (e.g. Polling Bit). The function also multiplexes, if required, Control PDUs
received from the RLC Control yUnit (RESET and RESET ACK PDUSs), and from the Receiverption buffer
(Piggybacked STATUS and STATUS PDUs), with AMD PDUs-if-enelogical-channel-isconfigured-The multiplexing
of control and data PDUs is not performed if two logical channdls are configured.

The ciphering (if itis-configured) is then applied-ently tofer the AMD PDUS. The fixed-2-ectets AMD PDU header is
not ciphered. Piggybacked STATUS PDU and Padding-parts inef AMD PDU (when presentexisting) are ciphered. Fhe
other-Control PDUs (i.e. STATUS PDU, RESET PDU, and RESET ACK PDU) shallwitlare not be-ciphered.

The transmitting side of the AM RLC entity submits AMD PDUs to the lower layer through either one or two DCCH or
DTCH logical channels.

4.2.1.3.2 Receiving side

The receiving side of the AM- RLC entity receives AMD and Control PDUs through ene-ef-the configured logical
channel s from thel ower I aya—#enﬁeqmd—ehannd—%eerﬁqwed—#—%&eqmd—ehamd&aree%ﬁawed%and

AMD PDUs are routed to the Deciphering Uudnit, where AMD PDUs (minus the mandatory-AMD PDU header) are
deciphered (if ciphering is configured and started), and then delivered to the Receiverption buffer.

The AMD PDUs are placed in the Reception Receiver-buffer until a complete RLC SDU has been received. The
Receiver witl-acknowledges successful reception or reguests retransmission of the missing AMD PDUs by sending one
or more STATUS PDUs to the AM RLC peer entity, through its transmitting side. If a Piggybacked STATUS PDU is
found inan AMD PDU, it is delivered to the Retransmission buffer & Management Unit at the sendingtransmitting side
of the AM RLC entity, in order to purge the buffer of positively acknowledged AMD PDUs, and to indicate which
AMD PDUs need to be retransmitted.

Once acomplete RLC SDU has been received, the associated AMD PDUs are reassembled by the Reassembly
funetreau nit and del |vered to theuppeHaverupper Iavers throuqh the AM-SAP. tfaPrqubaekedsFAlU%PDl:Hs

3GPP
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RESET and RESET ACK PDUs are redteddelivered to the RLC Control Uunit for processing. If a response to the peer
AM RLC entity is needed, an appropriate Control PDU is ddivered, by the RLC Control; Uunit to the transmitting side
of the AM RLC entity. The received STATUS PDUs are routed-delivered to the Retransmission buffer and
Management Unit at the transmitting side of the AM RLC entity, in order to purge the buffer of positively
acknowledged AMD PDUSs, and to indicate which AMD PDUSs need to be retransmitted.

5 Functions

| The following functions are supported by RLC sublayer. For a-detaitedan overall description of the following functions
see[3]:

- Segmentation and reassembly.

- Concatenation.

- Padding.

- Transfer of user data.

- Error correction.

- In-sequence delivery of upper layer PDUs.
- Duplicate detection.

- Flow control.

- Sequence number check.

- Protocol error detection and recovery.
- Ciphering.

-—PoHing

- Status transmission.

- SDU discard.

6 Services provided to upper layers

| This clause describes the different services provided by RLC sublayer to upper layers. It also includes the mapping of
‘ RL C functions to different RLC services. For a detailed description of the RLC servicesfeHlowingfunctions see [3].

3GPP
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- Transparent datatransfer Service:

The following functions are needed to supportrmay-be usedareconfigured-needed-to-suppertwhen transparent data
transfer-issupperted:

- Segmentation and reassembly.

- Transfer of user data
- SDU discard.

- Unacknowledged data transfer Service:

The following functions are needed to supportmay-be usedareconfigured-needed-to-suppertwhen
unacknowledged data transfer-is-supperted:

- Segmentation and reassembly.
- Concatenation.

- Padding.

- Transfer of user data.

- Ciphering.

- Sequence number check.

- SDU discard.

- Suspend/resume function.

-— Step/eontinve-function:
—Re-establishment-funetion:

- Acknowledged datatransfer Service:

The following functions are needed to supportmay-be-usedarecontigured-needed-to-suppertwhen acknowledged
data transfer-is-supperted:

- Segmentation and reassembly.

- Concatenation.

- Padding.

- Transfer of user data

- Error correction).

- In-sequence delivery of uppertayer-upper layers PDUs.
- Duplicate detection.

- Flow Control.

- Protocol error detection and recovery.

- Ciphering.

-— Status-transmission:

- SDU discard.
-—Estimated PDU-Counter (EPC)-mechanism:
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-—Suspend/resumefunction:
-—Stopfcontinue function:
-—Re-establishment function:

- Maintenance of QoS as defined by upper layers.

- Notification of unrecoverableerrors.

6.1 Mapping of services/functions onto logical channels

The following tables show the applicability of services and functions to the logical channelsin UL/DL and
UE/UTRAN. A '+ in acolumn denotes that the service/function is applicable for the logical channel in question
whereas a -’ denotes that the service/function is not applicable.

Table 6.1: RLC modes and functions in UE uplink side

Service Functions CCCH SHCCH DCCH DTCH
Transparent Applicability +
Service Segmentation - -
Transfer of user data + +
SDU Discard - -
Unacknowledged Applicability - -
Service Segmentation - -
Concatenation - -
Padding - -
Transfer of user data - -
Ciphering - -
SDU Discard
Suspend/Resume Function
Stop/Continue Function
Re-establishment
FunctionSDU Discard
Acknowledged Applicability
Service Segmentation - -
Concatenation - -
Padding - -
Transfer of user data - -
Flow Control - -
Error Correction - -
Protocol error correction & - -
recovery
Ciphering
Polling
SDU Discard
Suspend/Resume Function
Stop/Continue Function
Re-establishment Function

+
+

(S (IS S I N o IS S S )
W e o [+ [+ | [+ [+ |+ [+ ]+

+ |+ [+ ||+ [+ +
+ [+ |+ |+ [+]|+]|+

1 4 [+ [ |+
4 1 o i+ [ |+
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Table 6.2: RLC modes and functions in UE downlink side

Service

Functions

BCCH

PCCH

SHCCH

CCCH

DCCH

DTCH

CTCH

Transparent
Service

Applicability

+

+

+

Reassembly

Transfer of user data

Unacknowledged
Service

Applicability

N

N

Reassembly

+ [+

+ |+

+ |+

Deciphering

Sequence number check

Transfer of user data

Suspend/Resume
Function

o]+

[

I+ |+ |+ |+ [+ )+ [+]+

I+ |+ [+ ]|+ [+ )+ [+

TNESENE

- -

Re-establishment
FunctionTransfer of user
data

b}

[T+

[T+

Acknowledged
Service

Applicability

Reassembly

Error correction

Flow Control

In sequence delivery

Duplicate detection

Protocol error correction
& recovery

+ [+ [+ +][+

+ [+ +[+]|+][+

Deciphering

Transfer of user data
—

SDU Dlscard

e+ o [+ [+

e+ o [+ [+

I+ |14+

I+ |14+
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Table 6.3: RLC modes and functions in UTRAN downlink side

Service Functions BCCH PCCH CCCH SHCCH DCCH DTCH CTCH
Transparent Applicability + + - -
Service Segmentation - -
Transfer of user data + + - -
SDU Discard - -
Unacknowledged Applicability - -
Service Segmentation - -
Concatenation - -
Padding - -
Ciphering -
Transfer of user data
SDU Discard
Suspend/Resume
Function
Stop/Continue Function
Re-establishment
FunctionSDU Discard
Acknowledged Applicability - - - -
Service Segmentation - - - -
Concatenation - - - -
Padding - - - -
Transfer of user data - - - -
Flow Control - - - -
Error Correction - - - -
Protocol error correction - - - -
& recovery
Ciphering - - - -
Polling - - - -
SDU Discard
Suspend/Resume - - - -
Function
Stop/Continue Function
Re-establishment
Function

+

+|+[+]+ ]
+|+ [+ + ]
+|+[+]+ ]

'
+ |
+ |
+

M|+ [+ |+ [+ ]+ |+ ]+ ] +]+
]+ [+ [+ ]|+ +]+ [+

|+

no
!
no
no
t
¥ |+
!

+ |+ [+ |+ [+ ]+
+ [+ |+ ||+ [+]+
'

I+ e |+
1+ 4 |+
[ (N ()

I+ |14+
I+ |14+

Table 6.4: RLC modes and functions in UTRAN uplink side

Service Functions CCCH | SHCCH DCCH DTCH
Transparent Applicability + + + +
Service Reassembly - - + +
Transfer of user data + + + +
Unacknowledged Applicability - - + +
Service Reassembly - - + +
Deciphering - - + +
Sequence number check - - + +
Transfer of user data - - + +
Suspend/Resume Funetion - - + +
Stop/Continue Funetion - - + +
Re-establishment - - ++ ++
FunetionFransferof-user
data
Acknowledged Applicability - - + +
Service Reassembly - - + +
Error correction - - + +
Flow Control - - + +
In sequence delivery - - + +
Duplicate detection - - + +
Protocol error correction & - - + +
recovery
Deciphering - + +
Transfer of user data - - + +
Status-Fransmission - - + +
SDU Discard - - + +
Suspend/Resume Funetion - - + +
StepfContinue-Function - - + +
Re-establishment Funetion - - + +
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7 Services expected from MAC

‘ For adetailed description of the service provided by the MAC sublayer to upper layersfellewingfunetions see [3].

- Datatransfer.

8 Elements for layer-to-layer communication
| Theinteraction between the RLC sublayer and other layers are described in terms of primitives where the primitives

| represent the logical exchange of information and control between the RLC sublayer and other layers. The primitives
‘ shall not specify or constrain the implementations.

8.1 Primitives between RLC and upper layers

The primitives between RLC and upper layers are shown in Table 8.1.

Table 8.1: Primitives between RLC and upper layers

| Generic Name Parameters
Req. Ind. Resp. Conf.
RLC-AM-DATA Data, CNF, MUI Data, DiscardInfo Not Defined MUI
RLC-UM-DATA Data, Use special LI Data Not Defined Not Defined
| RLC-FRTM-DATA Data Data Not Defined Not Defined
CRLC-CONFIG E/R, Stop, Continue, Not Defined Not Defined Not Defined
Ciphering Elements
(UM/AM only),
TM_parameters (TM
only), UM_parameters
(UM only),
AM_parameters (AM
only)
CRLC-SUSPEND N Not Defined Not Defined VT(US) (UM only),
(UM/AM only) VT(S) (AM only)
CRLC-RESUME No Parameter Not Defined Not Defined Not Defined
(UM/AM only)
CRLC-STATUS Not Defined EVC Not Defined Not Defined

Each Primitive is defined as follows:

RLC-AM-DATA-Reg/Ind/Conf

| - RLC-AM-DATA-Req isused by upper layers to request transmission of-an- a RLC SDUupper-tayerPDU in
acknowledged mode.

- RLC-AM-DATA-Ind isused by the AM RLC entity to deliver to upper layers a RLC SDUs that hasve been
transmitted in acknowledged mode, and to indicate to upper layers of the discarded RLC SDU in the peer RLC

AM entity.

| - RLC-AM-DATA-Conf is used by the AM RLC entity to confirm to upper layers the reception of-an- aRLC
SDU by the peer-RLC AM entity.

RLC-UM-DATA-Reg/Ind

- RLC-UM-DATA-Reqgisused by upper Iayers to request transm|sson ofan a RLC Sbu preHayelLPDu in
unacknowledged modera S A

RLC-TRTM-DATA-Reg/Ind

3GPP
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- RLC-FRTM-DATA-Req is used by upper layers to request transmission of-ar- a RLC SDUupper-tayerPBU in
transparent mode.

- RLC-FRTM-DATA-Ind isused by the TM RLC entity to deliver to upper layers-a RLC SDUsthat hasve been
transmitted in transparent mode.

CRLC-CONFIG-Req

This primitive is used by upper layers to establish, re-establish, release, stop, continue or recenfigure modify the RLC.
Ciphering elements are included for UM and AM operation.

CRL C-SUSPEND-Reg/Conf

- CRLC-SUSPEND-Req is used by upper layers to suspend the UM or AM RL C entity;-after-a-specified-number
F ; ified time.

- CRLC-SUSPEND-Conf isused by the UM or AM RLC entltv tomfeFdefafaeHavereﬁﬂsstate
variableconfirm that the entity is suspended.- - J

CRLC-RESUME-Req

This primitive is used by upper layers to resume the UM or AM RLC entity afterwhen the UM or AM RLC entity has
been suspended.

CRLC-STATUSInd

It isused by anthe RLC entity to send status information to upper layers.

8.2 Primitive parameters
Following parameters are used in the primitives:

1) The parameter Dataisthe RLC SDU that is processed-by-an-REC -sending-entity-(via
segmentation/concatenation)-and-mapped onto the Data field in RLC PDUs.-Fhe Data-parameter-may-be-divided
ever-severa-RECPBUs: ih When AM or UM RL C entities are used ;case-of-an-REC-AM-DATA-oran-RLC-
UM-DBATA-primitive the length of the Data parameter shalhwiH-beis a multiple of 8 bitsoctet-aligned, otherwise
(TM RLC entity) the length of Data parameter is a bit-string whose length may not be a multiple of 8 bits.:

2) The parameter Confirmation fRequest (CNF) indicates whether the sendingtransmitting side of the AM RLC
entity needs to confirm the reception of the RLC SDU by the peer-RLC AM entity. If required, once al AMD
PDUs that make up the RLC SDU are positively acknowledged by the receiving AM RLC entity, the
sendingtransmitting AM RL C entity-wiH notifiesy the-upper-tayerupper layers.

3) The parameter Message Unit Identifier (MUI) is an identity of the RLC SDU, which is used to indicate which
RLC SDU that is confirmed with the RLC-AM-BATA-DATA-confConf. primitive.

4) The parameter E/R indicates the-establishment, {re}-establishment, release or modification of-an- a RLC entity,
where re-establishment is applicable to thefer- AM and the UM RLC entities only. If theitindicates re-
establishment_is requested, the state variables and configurable parameters are initialised according to subclause
9.7.7. If itindicatesthe release is requested, all protocol parameters, variables and timers shalhwill-beare rel eased
and the RLC entity shaltwill-exitthe PATA-TRANSFER READ Y datatransferreadyentersthe NULL state. If
theit-indieates modification is requested, the protocol parametersindicated by upper layers (e.g. ciphering
parameters) shalwit-only arebe modified, whileith keeping the other protocol parameters, such as the protocol
variables, theprotocol timers and the-protocol state unchanged. AM RLC entities shallwillare alwaysbe re-
established if the AMD PDU sizeis changed. The modification of other protocol parameters does not warrant
require a re-establishment.

5) The parameter Event Code (EVC) indicates the reason for the CRLC-STATUS-indInd (e.g., unrecoverable
errors such as data link layer loss or recoverable status events such asreset.).
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| 6) The parameter €Ciphering eElements are only applicable for UM and AM operations. These parameters are
Ciphering Mode, Ciphering Key, Transmitting Activation Time (SN to activate a new ciphering configuration at

| the senderSendertransmitter), Receiving Activation Time (SN to activate a new ciphering configuration at the
receiverReceiver) and HFN (Hyper Frame Number).

7) The AM_parameters are only applicable for AM operation. H-containsT hese parameters are AMD PDU size, In-
sequence Delivery Indication (indicating that RL C SDUs shalwill-beare delivered to the-upper layersin
sequence or out of sequence), Timer values (see subclause 9.5), Protocol parameter values (see subclause 9.6),
Polling triggers (see subclause 9.7.1), Status triggers (see subclause 9.7.2), Periodical Status blocking
configuration (see subclause 9.7.2), SDU discard mode (see subclause 9.7.3), Minimum WSN (see subclause
9.2.2.11.3), and Send MRW. The Minimum WSN shalwillis always-be greater than or equal to the number of
transport blocks in the smallest transport block set. The Send MRW indicates that the information of each
discarded SBURLC SDU shaltwill-beis sent to the receiverReceiver, and the MRW SUFI shaHwill-beis sent to
the receiverReceiver even if no segments of the SBYURLC SDU to be discarded were submitted to alower layer.

8) The parameter Discardinfo indicates to upper layers the discarded RLC SDU in the peer-RLC AM entity. It is
applicable only when in-sequence delivery is onflguredlaetwe and |t |squpeseeLto be used Whenme upper
layers requires the reliable data transfer--and-es ;

9) The Stop parameter indicates that-to the RLC entity shal-witto (see subclause 9.7.6):

- discard all net-transmit-norreceive RL C PDUs received from the lower |ayer{see subclause—)-.

- not submit to lower layer any RLC PDUs.

10) The Continue parameter indicates tothat the RL C entity shalwill-to continue transmission and reception of RLC
PDUs.

11) The parameter Use specia LI indicates that the LI indicating that-an- a RLC SDU beginsin the beginning of-an
aRLCPDU @h&ﬁ#&%ataeeteteﬁhepwwheﬂ&eetemﬁan&u}m%sto be u%d ( see subclause

12) The UM_parameters are only applicable for UM operation. It contains Timer_Discard value (see subclause 9.5)
and largest UMD PDU size (see subclause 9.2.2.8).

13) The TM_parameters are only applicable for TM operation. It contains e.g. segmentation indication (see
subclauses 9.2.2.9 and 11.1.2.1), Timer_Discard value (see subclause 9.5) and delivery of erroneous SDU
indication (see subclause 11.1.3).

14) The N parameter indicates that-an- a RLC entity will not send aPDU with SN>=VT(S)+N for AM and
SN>=VT(US)+N for UM, where N is an non-negative integer.

15) The VT(S) parameter indicates that-the value of the Send State Variable for the case of the AM.

16) The VT(US) parameter indicates that-the value of the UM Data State Variable, for the case of the UM.

9 Elements for peer-to-peer communication

9.1 Protocol data units

‘ The PBUsstructures defined in this subclause are normative.

9.1.1 Data PDUs
‘ a) TM#D PDU (Transparent Mode Data PDU).

The TM#D PDU is used to convey RLC SDU data without adding any RLC overhead. The TM#D PDU is used
by RLC when it isin transparent mode.
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b) UMD PDU (Unacknowledged Mode Data PDU).

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

¢) AMD PDU (Acknowledged Mode Data PDU).

The AMD PDU is used to convey sequentially numbered PDUs containing RLC SDU data. The AMD PDU is
used by RLC when it isin acknowledged mode.

9.1.2 Control PDUs
a) STATUSPDU and Piggybacked STATUS PDU

The STATUS PDU and the Piggybacked STATUS PDU are used in acknowledged mode:

- by the receiving-Receiver entity-to inform the transmitting-Sender entity-about missing and received AMD
PDUs inat the Receiverreceiving-entity;

- by the receiving-entityReceiver to inform the transmitting-entitySender about the size of the allowed
transmission window;

- and-by the transmitting-entitySender to request the receiving-entityReceiver to move the receivingreception
window;:and

- _and-by the Receiver to acknowledge the Sender about the reception of the request to move the reception
windowMeve Receiving- Windew-SUF!.

b) RESET PDU

The RESET PDU is used in acknowledged mode to reset all protocol states, protocol variables and protocol
timers of the peer RLC entity in order to synchronise the two peer entities.

c) RESET ACK PDU
The RESET ACK PDU is an acknowledgement to the RESET PDU.

Table 9.1: RLC PDU names and descriptions

Data Transfer Mode PDU name Description
Transparent TMrD Transparent mode data
Unacknowledged UMD Sequenced unacknowledged mode data
Acknowledged AMD Sequenced acknowledged mode data
STATUS Solicited or Unsolicited Status Report, Change

window size command, SDU discard command, or
SDU discard acknowledgement

Piggybacked Piggybacked Solicited or Unsolicited Status Report,
STATUS Change window size command, SDU discard
command, or SDU discard acknowledgement
RESET Reset Command
RESET ACK Reset Acknowledgement
9.2 Formats and parameters

The dataformats of PDUs and their parameters defined in this subclause are normative.

9.2.1 Formats

This subclause specifies the format of the RLC PDUs. The parameters of each PDU are explained in subclause 9.2.2.
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9211 General

An RLC PDU is ahit string-with-alength-net-necessarihy-a-multiple-of-8-bits. In the drawingsfiguresin subclause 9.2,
bit strings are represented by tables in which the first bit is the leftmost one on the first line of the table, the last bit is

the rightmost one on the last line of the table, and more generally the bit string is to be read from left to right and thenin
the reading order of the lines.

Depending on the provided service, RLC SDUs are bit strings, with any non-null length, or bit strings with a multiple of
8 bitsan-integer-number-of-octets in length.-Anr- A RLC SDU isincluded into-an- a RLC PDU from first bit onward.

9.21.2 TMrD PDU

The TM+#D PDU is used to transfers user data when RLC is operating in transparent mode. No overhead is added to the
SDU by RLC. The datalength is not constrained to be a multiple of 8 bitsan-nteger-number-of-octets.

Data

Figure 9.1: TM¢D PDU

9.21.3 UMD PDU

The UMD PDU s used to transfers user data when RLC is operating in unacknowledged mode. The length of the data
part shall be a multiple of 8 bitsan-rtegernumberof-octets. The UMD PDU header consists of the first octet, which
contains the " Ssequence Naumber". The RLC header consists of the first octet and all the octets that contain "ILength
Hndicators'.

Sequence Number E | Octl
Length Indicator E (Optional) (1)
Length Indicator E (Optional)
Data (Optional)
PAD Optional
Last octet (©p )

Figure 9.2: UMD PDU

NOTE (1): Thekength-thdicator "Length Indicator" may be 15 bits.

9.21.4 AMD PDU

The AMD PDU is used to transfers user data,-and piggybacked status information and requests-status+eport-by
settingthe Polling bit when RLC is operating in acknowledged mode. The length of the data part shall be amultiple of 8
bitsan-nteger-number-of-octets. The AMD PDU header consists of the first two octets, which contain the " Ssequence
Nnaumber". The RLC header consists of the first two octets and al the octets that contain "Liength lindicators’.
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D/C] Sequence Number Octl
SequenceNumber | P | HE | Oct2
Length Indicator | E | Oct3 (Optional) (1)
Length Indicator E (Optional)
Data (Optional)
PAD or apiggybacked STATUS PDU (Optional)
Last octet

NOTE (1): Thetength-tndicator "Length Indicator" may be 15 bits.

Figure 9.3: AMD PDU

9.215 STATUS PDU

The STATUSPDU is used to report the status between two RLC AM entiti es-Beth-receiver-and-transmitter-status
inf ) incl ¥ .

The format of the STATUS PDU is given in Figure 9.4 below. The Figure shows an example of STATUS PDU and the
length of each SUFI is dependent on the SUFI type.

p/c | PDU type SUFI, Oct 1
SUF, Oct2
SUFI
PAD
Last octet

Figure 9.4: Status-Infermation-Contrel PBU(STATUS PDU)

Up to K super-fields (SUFI;-SUFI) can be included into one STATUS PDU, in which each super-field can be of
different type. The size of a STATUS PDU is variable and upper bounded by the maximum RLC PDU size used by the
logical channel on which the control PDUs are sent. Padding shall be included to exactly fit one of the PDU sizes used
by the logical channel on which the control PDUs are sent. The length of the STATUS PDU shall be a multiple of 8

9.2.1.6 Piggybacked STATUS PDU

The format of the piggybacked STATUS PDU isthe same as for the-erdinary-CentrolSTATUS PDU except that the
D/C field isreplaced by areserved bit (R2). This PDU can be used-to-piggybacked SFATUSPBU-inan AMD PDU if
the data does not fill the complete AMD PDU. The PDU Typefield is set to zere-“000” and all other values are invalid
for this version of the protocol and the PDU is discarded.
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R2 PDU Type SUFI; Octl
SUFI«
PAD
Last octet

Figure 9.5: Piggybacked STATUS PDU

9.2.1.7 RESET, RESET ACK PDU

The RESET PDU (andrthe RESET ACK PDU) have a oneblt sequence number field (RSN)AAA%hJehea}drethsilelel
= " al in order to
know ! Whether or not | not it |squet a retransrmsson of aprevlous RESET PDU (of aprevious RESET ACK PDU).

D/C| PDUType [RSN| R1 Octl
HENI
HENI
HFNI |
PAD

Last octet

Figure 9.6: RESET, RESET ACK PDU

The size of aRESET or RESET ACK PDU isvariable and upper bounded by the maximum RLC PDU size used by the
logical channel on which the control PDUs are sent. Padding shall be included to exactly fit one of the PDU sizes used
by the logical channel on which the control PDUs are sent. The length of the RESET or RESET ACK PDU shall bea

multiple of 8 bitsan-nteger-number-of-octets.
9.2.2 Parameters

If not otherwise mentioned in the definition of each field then the bitsin the parameters shall be interpreted as follows:
the left-most bit string is the first and most significant and the right most bit isthe last and least significant bit.

Unless otherwise mentioned, integers are encoded in standard binary encoding for unsigned integers. In all cases,
including when a value extends over more than one octet as shown in the tables, the bits appear ordered from MSB to
LSB when read in the PDU.

9.22.1 D/C field
Length: 1bit.
The D/C field indicates the type of an acknowledged-medeAM PDU. It can be either data or control PDU.

Bit Description
0 Control PDU
1 Acknowledged-mode-Ddata PDU
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9.22.2 PDU Type
Length: 3 bit.
The PDU type field indicates the Control PDU type.

Bit PDU Type

000 STATUS

001 RESET

010 RESET ACK
011-111 Reserved

(PDUs with this
coding will be
discarded by
this version of
the protocol).

9.2.2.3 Sequence Number (SN)

Thisfield indicates the " Ssequence Naumber” of the PDU, encoded in binary.
PDU type Length Notes
AMD PDU | 12 bits Used for retransmission and reassembly
UMD PDU | 7 bits Used for reassembly

9.224 Polling bit (P)

Length: 1bit.

Thisfield is used to request a status report (one or several STATUS PDUSs) from the receiverRLECReceiver.

Bit Description
0 Status report not requested
1 Request a status report

9.2.2.5 Extension bit (E)
Length: 1bit.

Thishit indicatesif the next octet will be a"tLength lindicator” and E bit.

Bit Description

| 0 The next field is data, piggybacked STATUS
| PDU or padding

1 The next field is Length Indicator and E bit

9.2.2.6 Reserved 1 (R1)
Length: 3 bits.

| Thisfieldinthe RESET PDU and RESET ACK PDU is used to achieve-octet-alignmenthave a multiple of 8 bitsin
‘ length and for this purposeit is coded as"000". Other functions of it are left for future rel eases.

9.2.2.7 Header Extension Type (HE)
Length: 2 hits.

‘ Thistwo-bit field indicates if the next octet will be data or a™Liength lindicator” and E bit.
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Value Description

00 The succeeding octet contains data

01 The succeeding octet contains a length indicator and E
bit
10-11 | Reserved (PDUs with this coding will be discarded by
this version of the protocol).

9.2.2.8 Length Indicator (LI)
The"Length Indicator” is used to indicate, each time, the end of-an- a SBURL C SDU occursin the PDU.

Unless for the predefined values reserved for special purposes and listed in the tables bel ow, Fhethe "Length Indicator”
shall:

- be set to -peints-eut-the number of octets between the end of the last-Length-HndicatorfieldRL C header and up
to and including the octet at the end of-an- a SDPURLC SDU segment;

- be-tengthtndicators-areiincluded in the PDUs that they refer to.

The size of the-kength-Hadicater- "L ength Indicator” may be either 7 bits or 15 bits. The value of alength-thdicator
"Length Indicator” shall not exceed the values specified in subclauses 11.2.4.2 and 11.3.4.5.

A enath-lnag a a'a
S

e PDU that are part of a Length-Indicator group-must nevershall:
- not be reordered withinthe Length-trdicator-group-ornor removed from-the-Length-Hadicator-gredpin case of

retransmission;

-The"Length Indicators’ which refer to the

- beinthe same order as the SDURLC SDUs that they refer to.-

- 7-bit "Length Indicators' shall be used if the"AMD PDU size" is < 126 octets;

- €else, 15-hit "Length Indicators' shall be used:;

- thesize of the"Length Indicator” is aways the same for all AMD PDUSs, for one RLC entity.

For UM:

- 7-bit "Length Indicators' shall be used if the "largest UMD PDU size" is< 125 octets;

- else 15-hit "Length Indicators" shall be used;

- between modifications of the "largest UMD PDU size", the size of the "Length Indicator” is the same for al
UMD PDUs,

- the"Length Indicator" with value "111 1100" if 7-bit "Length Indicator" isused or "111 1111 1111 1100" if 15-
bit "Length Indicator” is used shall be used:

-if the parameter Use special LI is configured; and

-if the RLC SDU beginsin the beginning of the RLC PDU; and

-if the "Length Indicators' indicating that-an- a SBURL C SDU ended exactly in the end or one octet short
(only when 15-bit "Length Indicators' is used) of the previous RLC PDU is not present.

In the case where the end of the last segment of-an- a SBURLC SDU exactly ends at the end of aPDU and thereis no
HH'Length Indicator” that indicates the end of the SBPURLC SDU:;
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- thenexta"Length Indicator” with value "000 0000" if 7-bit "Length Indicator" is used or "000 0000 0000 0000"
if 15-bit "Length Indicator” is used, shall be placed as the first-Length-trdicator- "Length Indicator” in the
following PDU-and-have value L1=0.

In case this SBURLC SDU was the last one to be transmitted, a RLC PDU may be transmitted, this RLC PDU consists
of;

aPbU-consisting-of-an-a RLC Header;

- with-Lia"Length Indicator” with value =0 "000 0000" if 7-bit "Length Indicator” is used or "000 0000 0000
0000Q" if 15-bit "Length Indicator” is used;

- -fellewed-by-a padding-Length-trdicator "L ength Indicator”;
- -and-padding-may-be transmitted.

In the case where a PDU contains a 15-bit L' Length Indicator” indicating that-an- a SBYRLC SDU ends with one octet
left in the PDU, the last octet of this PDU shall:

- -be padded by the Sender and ignored by the Receiver though there is no "Length Indicator" indicating the
existence of Padding and;

- shall-not be filled with the first octet of the next SBURLC SDU data.

In the case where 15-bit "Length Indicators' are used for the previous PDU and the last segment of-an- a RLC SDU is
one octet short of exactly filling the PDU;-and:

- if al15-bit-Length-tndicator- "Length Indicator” is used for the following PDU:-then

- the E}"Length Indicator” with value H4="111 1111 1111 1011" shall be placed as the first "Length Indicator”
in the following PDU-;

- tFheremaining one octet in the previous PDU shall be padded by the Sender and ignored at the
receiverReceiver though there isno "Length Indicator” indicating the existence of Padding-;

- itn case this SBURLC SDU was the last one to be transmitted, a PDU consisting of-an- a RLC Header with
H"'Length Indicator" with value="111 1111 1111 1011" followed by a padding-Length-trdicator- "L ength
Indicator" and padding may be transmitted.

- if a7-bit-kength-thdicater- "Length Indicator” is used for the following PDU;-then

- _if RLCisconfigured for UM mode, the &+ Length Indicator” with value H="000 0000" shall be placed as
the first-Length-hdicator "L ength Indicator” in the following PDU and its SN shall be incremented by 2

before it is transmitted-{this-can-only-occur-UM).
Predefined values of the "L ength Indicator” are used to indicate padding. The values that are reserved for special

purposes are listed in the tables below depending on the size of the "Length Indicator”. Only predeﬁ ned " Lenqth
Indicator" vaI ues can refer to the paddlnq spaceA—PDu , ! al

STATUS PDUs can be piggybacked on the AMD PDU by using part or al of the padding space. A-Length-thdicator
"Length Indicator" mustshall be used to indicate the piggybacked STATUS PDU. ThistLength-thdicator- "Length
Indicator" takes space from the padding space or piggybacked STATUS PDU and not the PDU data and will always be
the last "Length Indicator”. Where only part of the padding space is used by a piggybacked STATUS PDU ,-then- the
end of the piggybacked STATUS PDU is determined by one of the SUFI fields NO_MORE or ACK, thus no additional
Length-tndicator- "Length Indicator” is required to show that there is still padding in the PDU. The
padding/pi ggybacked ST ATUS PDU predefmed "Length Indlcators shall be added after the very last {i-e-therecould
o tor- "Length Indicator” that indicates the end of the last

SDuRLC SDU segment in the PDU.
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If "SDU discard with explicit signalling” is used-configured:

- _an AMD PDU can contain a maximum number of 15 L Length Indicators' indicating the end of an-15

corresponding SDUs-and-;

the rest of the AMD PDU space shall be used as padding_or as piggybacked STATUS PDU.

Length: 7 bits

Bit Description
0000000 The previous RLC PDU was exactly filled with the last segment of-an-a RLC
SDU and there is no H"Length Indicator" that indicates the end of the SBURLC
SDU in the previous RLC PDU.
1111100 UMD PDU: The first data octet in this RLC PDU is the first octet of-an- a RLC
SDU. AMD PDU: Reserved (PDUs with this coding will be discarded by this
version of the protocol).
1111101 Reserved (PDUs with this coding will be discarded by this version of the
protocol).
1111110 AMD PDU: The rest of the RLC PDU includes a piggybacked STATUS PDU.
UMD PDU: Reserved (PDUs with this coding will be discarded by this version
of the protocol).
1111111 The rest of the RLC PDU is padding. The padding length can be zero.

Length: 15 bits

Bit Description
000000000000000 The previous RLC PDU was exactly filled with the last segment of-an- a
RLC SDU and there is no E"Length Indicator" that indicates the end of
the SBURLC SDU in the previous RLC PDU.
111111111111011 The last segment of-an-.a RLC SDU was one octet short of exactly filling
the previous RLC PDU and there is no H"Length Indicator" that
indicates the end of the SBURLC SDU in the previous RLC PDU. The
remaining one octet in the previous RLC PDU is ignored.
111111111111100 UMD PDU: The first data octet in this RLC PDU is the first octet of-an- a
RLC SDU. AMD PDU: Reserved (PDUs with this coding will be
discarded by this version of the protocol).

111111111111101 Reserved (PDUs with this coding will be discarded by this version of the
protocol).
1112111111111110 AMD PDU: The rest of the RLC PDU includes a piggybacked STATUS

PDU. UMD PDU: Reserved (PDUs with this coding will be discarded by
this version of the protocol).
111111111111111 The rest of the RLC PDU is padding. The padding length can be zero.

9229 Data field

RLC SDUs or segments of RLC SDUs are mapped to thisfield in transparent, unacknowledged and acknowledged
modes.

Transparent mode data:
- __Fthelength of RLC SDUsis not constrained to a multiple of 8 bits:

- FheRLC-SPBUsmight-besegmented:if “Segmentation” is configured:

- _Aadl the RLC PDUs carrying one RLC SDU shall be sent in one transmission-time-interval TT ;-
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- 00nly segments from one RLC SDU shall be sent in one transmission-time-tterval TTI.

- otherwise (if-“Segmentation” is not configured):

- TMD PDU sizeisfixed withinasingle TTI and is equal to the RLC SDU size.

Unacknowledged mode data and Acknowledged mode data:

- tFhelength of RLC SDUsis constrained to a multiple of 8 bits;:

- if aRLC SDUs might-beis segmented, its—H-possible-the last segment ef-an-SBU-shall be concatenated with the

first segment of the next SBURLC SDU in order to fill the datafield completely and avoid unnecessary padding.
Thelength-indicator- "Length Indicator” field is used to point the borders between SBURLC SDUS;-

- fFor PDUswith 15-bit H+"Length Indicators', if-an- a SBURLC SDU ends with one octet left in a PDU whether
the £+ Length Indicator” indicating the end of the SBURLC SDU is contained in this PDU or in the next PDU,
padding for the last octet of this PDU is necessary and the next SBURLC SDU shall not be concatenated in this

PDU. No H'Length Indicator” shall be needed to indicate this kind of one-octet padding.

9.2.2.10  Padding (PAD)

All unused space in a PDU mustshall be located at the end of the PDUand is referred to as padding. Padding has a
length such that the PDU has the required predefined total length.

Padding may have any value and the receiving-entityReceiver shall disregard it.

9.22.11 SUFI

Which SUFI fieldsto use isimplementation dependent, but when a STATUS PDU includes information about which
PDUs have been received and which are detected as missing, information shall not be included about PDUs with
SN=VR(H) i.e. PDUs that have not yet reached the receiverReceiver. Information about PDUs with SN<VR(R) shall
not be given except when thisis necessary in order to use the BITMAP SUFI, see subclause 9.2.2.11.5.

Length: variable number of bits.

The SUFI (Super-Field)-maycan includes three sub-fields: type information (type of super-field, e.g. list, bitmap,
acknowledgement, etc), length information (providing the length of a variable length field within the following value
field) and avalue.

Figure 9.7 shows the structure of the super-field. The size of the type sub-field is hon-zero but the size of the other
sub-fields may be zero.

Type
Length
Value

Figure 9.7: The Structure of a Super-Field

The length of the type field is 4 bits and it may have any of following values.
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Bit Description
0000 | No More Data (NO_MORE)
0001 | Window Size (WINDOW)
0010 | Acknowledgement (ACK)
0011 | List (LIST)
0100 | Bitmap (BITMAP)
0101 | Relative list (Rlist)
0110 | Move Receiving Window (MRW)
0111 | Move Receiving Window Acknowledgement
(MRW_ACK)
1000- | Reserved (PDUs with this encoding are invalid for this
1111 | version of the protocol)

The length sub-field gives the length of the variable size part of the following value sub-field and the length of it
depends on the super-field type. The value sub-field includes the value of the super-field, e.g. the bitmap in case of a
BITMAP super-field, and the length is given by the length of the type sub-field.

9.2.211.1 The No More Data super-field

The 'No More Data’ super-field indicates the end of the data part of a STATUS PDU and is shown in Figure 9.8 below.
It shall always be placed asthe last SUFI if itisincluded in a STATUS PDU. All data after this SUFI shall be regarded
as padding and shall be neglected.

| Type=NO_MORE |

Figure 9.8: NO_MORE field in a STATUS PDU

9.2.2.11.2 The Acknowledgement super-field

The 'Acknowledgement’ super-field consists of atype identifier field (ACK) and a sequence number (LSN) as shown in
Figure 9.9 below. The acknowledgement super-field is also indicating the end of the data part of a STATUS PDU.
Thus, no'NO_MORE'’ super-field is needed in the STATUS PDU when the ’ACK’ super-field is present. The ACK
SUFI shall aways be placed asthe last SUFI if it isincluded ina STATUS PDU. All data after this SUFI shall be
regarded as padding and shall be neglected.

Type = ACK
LSN

Figure 9.9: The ACK fields in a STATUS PDU

LSN
Length: 12 bits

Acknowledges the reception of all PDUs with " Ssequence Naumber”"s < LSN (Last Sequence Number) that are not
indicated to be erroneousin earlier parts of the STATUS PDU. This meansthat if the LSN is set to a value greater than
VR(R), al erroneous PDUs mustshall be included in the same STATUS PDU and if the LSN is set to VR(R), the
erroneous PDUs can be split into several STATUS PDUs. At the transmitter, if the value of the LSN =< the value of the
first error indicated in the STATUS PDU, VT(A) will be updated according to the LSN, otherwise VT(A) will be
updated according to the first error indicated in the STATUS PDU. VT(A) is only updated based on STATUS PDUs
where ACK SUFI (or MRW_ACK SUFI) isincluded. The LSN sheuld-shall not be set to avalue > VR(H) nor <
VR(R).

9.2.2.11.3 The Window Size super-field

The ’Window Size’ super-field consists of atype identifier (WINDOW) and awindow size number (WSN) as shown in
Figure 9.10 below. The receiverReceiver is always allowed to change the Fx-transmittertransmission window size of the
peer entity during a connection, but the minimum and the maximum allowed value is given by upper layers
configuration. The Rx-recetverreception window size of the receiverReceiver is not changed.
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Type = WINDOW
WSN

Figure 9.10: The WINDOW fields in a STATUS PDU

WSN
Length: 12 bits

The value of VT(WS) to be used by the transmitter. The range of the WSN is [0, 2'%-1]. The minimum value of

VT(WS) is 1. If WSN is zero, the SUFI shall be discarded by this version of the protocol. The variable VT(WS) is set
equal to WSN upon reception of this SUFI. If WSN is greater than Configured Tx_Window_Size, VT(WS) shall be set
equal to Configured Tx_Window_Size.

9.2.2.11.4 The List super-field

The List Super-Field consists of atype identifier field (LIST), alist length field (LENGTH) and alist of LENGTH
number of pairs as shown in Figure 9.11 below:

Type = LIST
LENGTH
SNy

L1

SN»

Lo

SNLENGTH
LLENGTH

Figure 9.11: The List fields in a STATUS PDU fe+ra-tist

LENGTH
Length: 4 bits

The number of (SN;, L;)-pairsin the super-field of type LIST. The value "0000" isinvalid and the STATUS PDU is
discarded.

SN,

Length: 12 bits

" Sequence numberNumber" of PDU, which was not correctly received.
Li

Length: 4 bits

Number of consecutive PDUs not correctly received following PDU with " Ssequence ANumber" SN;.

9.2.2.11.5 The Bitmap super-field

The Bitmap Super-Field consists of atypeidentifier field (BITMAP), abitmap length field (LENGTH), afirst sequence
number (FSN) and a bitmap as shown in Figure 9.12 below:

Type = BITMAP
LENGTH

FSN

Bitmap

Figure 9.12: The Bitmap fields in a STATUS PDU
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LENGTH
Length: 4 bits

The size of the bitmap in octets equals LENGTH+1, i.e. LENGTH="0000" means that the size of the bitmap is one
octet and LENGTH="1111" gives the maximum bitmap size of 16 octets.

FSN
Length: 12 bits

The "Ssequence ANumber” for the first bit in the bitmap. FSN shall not be set to a value lower than VR(R)-7 when the
Rx-recetverreception window sizeis less than half the maximum RLC AM " Ssequence ANumber”. If the Rx
receiverreception window size islarger, FSN shall not be set to avalue lower than VR(R).

Bitmap
Length: Variable number of octets given by the LENGTH field.

Status of the SNsin the interval [FSN, FSN + (LENGTH+1)*8 - 1] indicated in the bitmap where each position (from
left to right) can have two different values (0 and 1) with the following meaning
(bit_positionO[0,(LENGTH+1)*8 - 1]):

1: SN = (FSN + bit_position) has been correctly received.

0: SN = (FSN + bit_position) has not been correctly received.

9.2.2.11.6 The Relative List super-field

The Relative List super-field consists of atypeidentifier field (RLIST), alist length field (LENGTH), the first sequence
number (FSN) and alist of LENGTH number of codewords (CW) as shown in Figure 9.13 below.

Type = RLIST
LENGTH

FSN

CW,

CW;

CW _EngTH

Figure 9.13: The RList fields in a STATUS PDU

LENGTH

Length: 4 bits

The number of codewords (CW) in the super-field of type RLIST.
FSN

Length: 12 bits

The " Ssequence ANumber" for the first erroneous PDU in the RLIST, i.e. LENGTH="0000" meansthat only FSN is
present in the SUFI.

CW
Length: 4 bits

The CW consists of 4 bits where the three first bits are part of a number and the last bit is a status indicator and it shall
be interpreted as follows:
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Code Word Description

X1X2X3 0 Next 3 bits of the number are X;X,Xz and the number continues in the next
CW. The most significant bit within this CW is X;.
X1X2X3 1 Next 3 bits of the number are X;X,X; and the number is terminated. The
most significant bit within this CW is X;. This is the most significant CW
within the number.

By default, the number given by the CWs represents a distance between the previous indicated erroneous PDU up to
and including the next erroneous PDU.

One specia vaue of CW is defined:
000 1 ‘Error burst indicator’.

The error burst indicator means that the next CWs will represent the number of subsequent erroneous PDUs (not
counting the already indicated error position). After the number of errorsin aburst isterminated with XXX 1, the next
codeword will again by default be the least significant bits (LSB) of the distance to the next error.

If thelast CW, asindicated by the value of the LENGTH field, does not contain a"1" inits rightmost position, or the
last CW, asindicated by the value of the LENGTH field does contain a"1" inits rightmost position, but is a special
"error burst indicator" CW, the encoding of the RLIST SUFI isinvalid, and the STATUS PDU is discarded.

9.2.2.11.7 The Move Receiving Window Acknowledgement super-field

The 'Move Receiving Window Acknowledgement’ super-field acknowledges the reception of aMRW SUFI. The format
isgivenin Figure 9.14 below.

Type = MRW_ACK
N
SN_ACK

Figure 9.14: The MRW-ACK fields in a STATUS PDU

N
Length: 4 bits

The N field shall be set equal to the N gngTH field in the received MRW SUFI if the SN_ACK field is equal to the
SN_MRW | enerh field. Otherwise N shall be set to 0.

With the aid of thisfield in combination with the SN_ACK field, it can be determined if the MRW_ACK corresponds
to apreviously transmitted MRW SUFI.

SN_ACK
Length: 12 bits

The SN_ACK field indicates the updated value of VR(R) after the reception of the MRW SUFI. With the aid of this
field in combination with the N field, it can be determined if the MRW_ACK corresponds to a previously transmitted
MRW SUFI.

9.2.2.11.8 The Move Receiving Window (MRW) super-field

The ’Move Receiving Window’ super-field is used to request the REC+Receiver to move its receiving-reception window
and optionally to indicate the set of discarded SDPURLC SDUs, as aresult of-an- a SBURL C SDU discard in the REC
transmitterSender. The format is given in Figure 9.15 below.
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Type = MRW
LENGTH
SN_MRW;
SN_MRW,

SN_MRW engTH
NLENGTH

Figure 9.15: The MRW fields in a STATUS PDU

LENGTH
Length: 4 bits
The number of SN_MRW; fieldsin the super-field of type MRW.

The values "0001" through "1111" indicate 1 through 15 SN_MRW; respectively. The value "0000" indicates that one
SN_MRW,; field is present and that the SBUYRLC SDU to be discarded in the Rreceiver extends above the configured
Fx-transmittingtransmission window in the transmitterSender.

SN_MRW;
Length: 12 bits

When Send MRW is configured,-an- a SN_ MRW; shall be used to indicate the end of each discarded SBURL C SDU,
i.e. the number of SN_MRW,; fields shall equal the number of SBURL C SDUs discarded by that MRW SUFI. When
"Send MRW" is not configured, SN_MRW, shall be used to indicate the end of the last SBYRLC SDU to be discarded
in the receiver-Receiver and they may optionally be used to indicate the end of other discarded SBURLC SDUs.
SN_MRW; is the " Ssequence aANumber” of the PDU that contains the " Length Indicator” of thei:th SBURLC SDU to
be discarded in the receiver-Receiver (except for SN MRW/ gngtn When N gnetrn = 0, see definition of N gngth). The
order of the SN_MRW,; shall be in the same sequentia order as the SBURL C SDUs that they refer to.

Additionally SN_ MRW | gnerH requests the RECG+Receiver to discard all PDUs with " Ssequence Naumber” <
SN_MRW /| eneTH, @0d to move the receivingreception window accordingly. In addition, when N eneth > O, the
Rreceiver hasto discard the first N_gnegtr B Length Indicators® and the corresponding data octets in the PDU with
" Ssequence Naumber” SN MRW /| gngTh-

NLENGTH
Length: 4 bits

N encth IS used together with SN MRW /| gner to indicate the end of the last SBURL C SDU to be discarded in the
receiverReceiver.

N encth indicates which L' Length Indicator” in the PDU with " Ssequence Naumber" SN_MRW | gyeth COrresponds to
the last SBURLC SDU to be discarded in the receiverReceiver. N, enetn = 0 indicates that the last SDURL C SDU ended
in the PDU with " Ssequence Naumber" SN_MRW /| gnery —1 and that the first data octet in the PDU with " Ssequence
Naumber" SN_MRW, gnerh IS the first data octet to be reassembled next.

9.2.2.12 Reserved 2 (R2)
Length: 1 bit

Thisbit in the Piggybacked STATUS PDU is used to achieve-octet-alignmentmake the Piggybacked STATUS PDU a
multiple of 8 bitsin length and for this purpose it is coded as 0. Otherwise the PDU istreated asinvalid and hence shall
be discarded by this version of the protocol.

9.2.2.13 Reset Sequence Number (RSN)
Length: 1 bit

Thisfield is used to indicate the sequence number of the transmitted RESET PDU. If thisRESET PDU isa
retransmission of the original RESET PDU then the retransmitted RESET PDU would have the same seguence
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AumberRSN value as the origina RESET PDU. Otherwise it will have the next reset-sequence-rumberRSN value. The
initial value of thisfield is zero. The value of thisfield shall be reinitialised when the RLC is re-established. It shall not
be reinitialised when the RLC isreset.

9.2.2.14 Hyper Frame Number Indicator (HFNI)
Length: 20 bit

Thisfield is used to indicate the hyper frame number (HFN) to the peer entity. With the aid of thisfield the HFN in UE
and UTRAN can be synchronised.

9.3 Protocol states

The content presented in this subclause is intended to support the definition of the RL C protocol states only, and is not
meant to specify or constrain the implementation of the protocol.

9.3.1 State model for transparent mode entities

Figure 9.16 illustrates the state model for transparent mode RL C entities (both transmitting sending-and receiving). A
transparent mode entity can be in one of the following states.

9.3.1.1 Null-NULL State
Inthe nu-NULL state, the RLC entity does not exist and therefore it is not possible to transfer any data throughit.

Upon reception of a CRLC-CONFIG-Req from upper layers indicating establishment, the RLC entity-sheuld:

- beiscreated; and

- entersthe transparent-datatransferreadyDATA_TRANSFER READY statets-entered.

9.3.1.2 FransparentDataTFransferReadyDATA_TRANSFER_READY State

In the transparent-data DATA_TRANSFER READY transferready state, transparent mode data can be exchanged
between the entities according to subclause 11.1.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- _entersthe NULL state; and

- beisconsidered as being terminated.;-and

-—enterthe null- NULL state isentered:
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CRLC-CONFIG-Req

2,
DATA_
TRANSFER
_READY

Received signa
CRLC-CONFIG-Req Sent signal
CRLC-CONFIG-Req

2.
1 Transparent
Null Data Transfer
Ready

Received signal

CRLC-CONFIG-Req Sent signal

Figure 9.16: The state model for transparent mode entities

9.3.2 State model for unacknowledged mode entities

Figure 9.17 illustrates the state model for unacknowledged mode RL C entities (both transmitting serding-and
receiving). An unacknowledged mode entity can be in one of the following states.

9.3.21 Nul-NULL State

In the nul-NULL state, the RLC entity does not exist and therefore it is not possible to transfer any data through it.

Upon reception of a CRLC-CONFIG-Req from upper layer_indicating establishment, the RLC entity-sheuld:
- beiscreated; and

- enters the uhacknowledged-datatransferreadyDATA_TRANSFER_READY stateisentered.
9.3.2.2 Unaecknowledged-DataTFransferReadyDATA_TRANSFER READY State

In the unacknowledged-datatransferreadyDATA_TRANSFER_READY state, unacknowledged mode data can be
exchanged between the entities according to subclause 11.2.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- entersthe NULL state; and

- beis considered as being terminated..-and
-—enter-and-the- nul-NULL state isentered:

Upon reception of a CRL C-CONFIG-Req from upper layer indicating modification, the RLC entity-sheuld:

- daysinthe DATA TRANSFER READY state;

- _modifyies only the protocol parameters and timers as indicated by upper layers..-and

- keep other protocol parameters; the protocol variables and the protocol timers unchanged.
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Upon reception of a CRL C-SUSPEND-Reqg from upper |ayers, the RLC entity-should:

- entersthe LOCAL_SUSPEND state.

9.3.2.3 Loeal SuspendLOCAL_SUSPEND State

Uponreception of a CRLC-SUSPEND-Req from upper-layers; the RLC entity-is suspended-and the Local Suspend state
is-entered: In the Loeal-SuspendL OCAL_SUSPEND state, the RLC entity shal-is suspended, i.e. it does not send REC-
UMD PDUs with SN _greater than or equal to certain specified value (see subclause 9.7.5) 2V HUS)+N-

Upon reception of a CRLC-RESUME-Req from upper layers, the RL C entity-sheutd:
-the RLC-entity-isresumed-andenters the DataFransfer ReadyDATA_TRANSFER _READY state; and-s
entered:

- resumes the data transmission-nermally.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating modification, the RLC entity-sheuld:

- _staysinthe LOCAL SUSPEND state;

- _modifyies only the protocol parameters and timers as indicated by upper layers..-and

- keep other protocol parameters; the protocol variables and the protocol timers unchanged.
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Figure 9.17: The state model for unacknowledged mode entities

9.3.3 State model for acknowledged mode entities

Figure 9.18 illustrates the state model for the acknowledged mode RLC entity (both transmitting and receiving). An
acknowledged mode entity can be in one of the following states.

9.3.3.1 Nul-NULL State
In the nul-NULL state, the RLC entity does not exist and therefore it is not possible to transfer any data through it.
Upon reception of a CRLC-CONFIG-Req from upper layer indicating {re)establishment, the RL C entity-sheutd:
- beiscreated; and
- entersthe acknowledged-datatransfer ready DATA_TRANSFER READY stateisentered.

9.3.3.2 Acknowledged-DataTransferReadyDATA TRANSFER READY State

In the acknewledged-data-transferreadyDATA_TRANSFER READY state, acknowledged mode data can be
exchanged between the entities according to subclause 11.3.
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Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- entersthe NULL state; and

- beisconsidered as being terminated.;-and

-—enterthe null- NULL state isentered:

Upon detection of an initiating condition for the RL C reset procedure described in subclause 11.4.2exrorsinthe
protocel, the RLC entity-sheuld:

- sendsaRESET-PDU-toitspeerinitiates the RL C reset procedure (see subclause 11.4); and
- entersthe reset-pendingRESET _PENDING state.

Upon reception of a RESET PDU, the RLC entity F&eetsthepreteeewesee responds accordl ng to subclause 11 4, 3 )Jsets

Upon reception of a RESET ACK PDU, the RLC entity takes no action.

Upon reception of CRLC-SUSPEND-Req from upper layer, the RLC entity sheuldis suspended and enters the loeal
suspendL OCAL_SUSPEND stateis-entered.

9.3.3.3 ResetPendinrgRESET PENDING State

In the reset-pending RESET _PENDING state, the entity waits for a response from its peer entity and no data can be
exchanged between the entities.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- entersthe NULL state; and

- beis considered as being terminated.

+and
-—enterthe nuliNULL state isentered:

Upon reception of a RESET ACK PDU with the same RSN value as in the corresponding RESET PDU, the RLC entity

Mﬂs F&eetsiehepreteeel—%accordl ng to subclause 11 4.4; and%setsthehypepﬁrameﬂumbeHﬁFN%DI:

- entersthe acknewledged-datatransferreadyDATA_TRANSFER _READY dtate.

Upon reception of a RESET ACK PDU with adifferent RSN value as in the corresponding RESET PDU, the RLC
entity-sheuld:

- discardsthe RESET ACK PDU (see subclause 11.4.4); and

- staysinthe RESET PENDING state.-is-discarded:

Upon reception of a RESET PDU, the RLC entity-sheuld:
- reﬁponds according tor@ets%hepmteeel—ésee subcl ause 11.4.3; and),%ets%hehypepf»cameﬂumbepHFl\L{DL

- staysin the reset-pendingRESET_PENDING state.

Upon reception of CRL C-SUSPEND-Req from the-uppertayerupper layer, the RLC entity-sheuld:is-suspended-and
- entersthe reset-and-suspendRESET_AND_SUSPEND state-is-entered.
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Figure 9.18: The state model for the acknowledged mode entities

9.3.34 Loeal SuspendLOCAL_SUSPEND State

In the Local-SuspendLOCAL _SUSPEND state, the RLC entity is suspended, i.e. it does-shall not send an-RLC-AMD
PDUs with SN _greater than or equal to certain specified value (see subclause 9.7.5) 2V T{S)+Nwhere VT{S)isthe
value of the send state variable when the CRLC-SUSPEND-Req with parameter N-was received.

Upon reception of CRLC-RESUME-Req from upper layers in this state, the RLC entity-sheuld:
- isresumes the data transmission-nermalty; and

- enters the Acknowledged-DataTransfer ReadyDATA_TRANSFER READY statets-entered.

Upon reception of CRLC-CONFIG-Reqg from upper layersindicating release, the RLC entity-sheuld:

- entersthe NULL state; and

- beis considered as being terminated.

+and
-—enterthe null NULL state isentered:

Upon detection of an initiating condition for RL C reset procedure described in subclause 11.4.2errors in-theprotoeol,
the RLC entity-sheutd:

sendsaRESETPBU-toitspeerinitiates the RLC reset procedure (see subclause 11.4); and
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- entersthe reset-and-suspend RESET_AND_SUSPEND state.

9.3.35 Reset-and-SuspendRESET_AND_SUSPEND State

In the reset-and-suspendRESET_AND_SUSPEND state, the entity waits for aresponse from its peer entity or a
primitive (CRLC-RESUME-Req) from its upper layer and no data can be exchanged between the entities.

Upon reception of CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheuld:

- entersthe NULL state; and

- beisconsidered as being terminated.;-and

-—enterthe null- NULL state isentered:

Upon reception of a RESET ACK PDU with the same RSN value as in the corresponding RESET PDU, the RLC entity
should:

- F%peedacts according to F@etsiehepreteeel—eseewbcl ause 11 4.4; and#sets%hehypep#ameﬂumb%HFN%Dl:

- entersthe tecal-suspendL OCAL_SUSPEND state.

Upon reception of CRLC-RESUME-Req from upper layer in this state, the RLC entity-sheuld:

- beisresumed, i.e. releases the suspend constraint; and

- entersthe resetpendingRESET_PENDING stateis-entered.

9.4 State variables

The state variables defined in this subclause are normative.

This sub-clause describes the state variables used in AM and UM in order to the-specifyication-of the peer-to-peer
protocol All state vanabl&are non- negatlve mtegers PDUsaFesequenﬂaHyandrmdependenﬁyﬂumberedandrmay

and—ZJ—ter—UM—thesUM D and AM D PDUs are numbered bv modulo mteqer sequence numbers (SN), cycl inge through

the entirerangefield: O throughto 2'2 — 1 for AM and O threughto 27 — 1 for UM. All arithmetic operations contained in
this specification on VT(S), VT(A), VT(MS), VR(R), VR(H) and VR(MR)the foHlowing-state variables-and-sequence
numbers-contained-h-this-specification-are affected by the AM modulus. All arithmetic operations contained in this
specification on VSV HARVHMSHVRIR-VRH VRIMR)-VT(US) and VR(US) are affected by the UM
modulus. When performing arithmetic comparisons of state variables or SN values a modulus base shall be used. This
modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison
is performed. aAt the sSender, VT(A) and VT(US) are shaliwilishall be assumed to be the modulus basein AM and UM
respectively. When-performingAt the Receiver, arithmetic comparisons of variables or SN val ues-at-the rReceiver,
VR(R) and VR(US) are-shaltwitshall be assumed to be the modulus base in AM and UM respectively.

The RLC shaltwilishall maintains the following state variables at-in the transmittertransmitting-sideSender.

a) VT(S) - Send state variable.

Fhe-sequence-numberThis state variable contains the SN of the next AMD PDU to be transmitted for the first
time (i.e. excluding retransmitted PDUsssion). It isshaliwillshall be updated after transmission-the
aforementioned PDU is ef-a-PBY, which-includesnet-earlier-transmitted PBYs-and-or after transmission of a
MRW SUFI which includes SN MRW, ength >V T(S)_(see subclause 11.6).

Theinitia value of thisvariableisO.
b) VT(A) - Acknowledge state variable.

Fhe-sequence-nrumberThis state variable contains the SN following ef-the SN of the nextlast in-sequence
acknowledged PDU expected-to-be-acknowledged;-which-This forms the lower edge of the window of acceptable
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©)

d)

acknowledgements. VT(A) is-shalhwitshall be updated based on the receipt of a STATUS PDU including an
ACK _(see subclause 9.2.2.11.2) and/or aMRW_ACK super-fieldSUFI (see subclause 11.6).

Theinitia value of thisvariableis 0. For the purpose of initialising the protocol, this value shall be assumed to
be the first SN following the last in-sequence acknowledged PDU.

VT(DAT).

This state variable counts the number of times a PDU has been transmitted. There iswiHshall be one VT(DAT)
for each PDU and it-iseach wiltshall be incremented each-every time the corresponding PDU is transmitted.

Theinitia value of thisvariableisO.
VT(MS) - Maximum Send state variable.

This state variabl e contains the sequence-numberSN of the first PDU that-may-berefected by-thenot-allowedthat
constrainedcan be rejected by-nette-be sent-by-the transmitter-window-set-by-by the peer Rreceiver-fi-e-the
receiverwit-allow-up-to VVFMS)—1}, VT(MS) = VT(A) + VT(WS). This value represents the upper edge of the
transmitter window. The transmitter shaH-willshall not transmit aPDUs with SN =2VT(MS) unlessVT(S) =

VT(MS). VHMS)-isupdated-when-either VVTH{A)-or- VW S)Hs-updated-—TIn that case, the PDU with SN =
VT(S)_-_1 can aso be transmitted-also-when Sy = VHMS). VT(MS) shallwillshall be updated when VT(A)
or VT(WS) is updated.

Theinitia value of thisvariable is Configured Tx Window size.

€)

f)

9)

h)

VT(US) — UM data state variable.

This state variabl e gives-contains the sequence-rumberSN of the next UMD PDU to be transmitted. It is-shall be
updated-incremented by 1 each timea UMD PDU istransmitted.

Theinitial value of thisvariableisO.
VT(PDU).

This state variable is used when the “poll every Poll_PDU PDU” polling trigger is configured funetionts-used. It
tsshallwillshall be incremented with-by 1 for each PDU that is transmitted—t-should-beneremented-for,
including both new and retransmitted PDUs. When it reachebecomes equals to the value Poll_PDU, a new poll is
witlshall be transmitted and the state variable iswitshall be set to zero.

Theinitia value of thisvariableisO.
VT(SDU).

This state variable is used when the “poll every Poll_SDU SDU-" polling trigger is configuredfunetionts-used. It
tsshalwillshall be incremented with-by 1 for each-a given SDU that+swhen all the PDUs carrying a part of this
SDU have been transmitted at least once. When it reachebecomes equals to the value Poll_SDU anew poll is
wiHshall be transmitted and the state variable iswitshall be set to zero. The p” Polling bit” shedtd-willshall be set
to “1” inthefirst transmission of the PDU that contains the last segment of the SDU.

Theinitia value of thisvariableisO.
VT(RST) - Reset state variable.

H-This state variable is used to count the number of times a RESET PDU is transmitted_ before the reset
procedure is completed. VT(RST) iswilishall be incremented with-by 1 each time a RESET PDU is transmitted.
VT(RST) iswiHshall only be reset enly-upon the reception of a RESET ACK PDU, i.e. VT(RST) iswilshall not
be reset when an RLC reset ecedrswhich-was-initiated from-by the peer RLC entity occurs.

Theinitia value of thisvariableisO.
VT(MRW) — MRW command send state variable.

H-This state variable is used to count the number of timesa MRW command is transmitted. VT(MRW) is
incremented with-by 1 each time an MRW eoemmand-SUFI is transmitted. VT(MRW) iswitshall be reset when
the SDU discard with explicit signalling procedure is terminated.
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i)

Theinitia value of thisvariableisO.

VT(WS) — Transmitter window size state variable.

This state variable contains the size that shaH-wilishall be used for the transmitter window. VT(WS) is-shall be
set equal to the WSN field when the transmitter receives a STATUS PDU including a Windew-SizeWINDOW

super-fieldSUFI.
Theinitial value of thisvariableis Configured Tx_Window_size.

The RLC shaltwilishall maintains the following state variables at-in the receiverreceiving sideReceiver:

a)

b)

©)

d)

9.5

VR(R) - Receive state variable.

This state variabl e contains the sequence-numberSN following that of the last ef-the-nextin-sequence PDU

expected-to-bereceived. It iswiHshall beeeteequal—tGSNma;eLl— pdated upon the recel pt of the hext_m-sequehee
PDU with SN equal to VR(R);-w

Theinitia value of thisvariableis 0. For the purpose of initialising the protocol, this value shall be assumed to
be the first SN following the |ast in-sequence received PDU.

VR(H) - Highest expected state variable.

This state variabl e contains the sequence-numberSN following-ef the highest expected-SN of any received PDU.
When a PDU is received with SN x such that VR(H)<x<VR(MR), Fthis state variable is-shallwillshall be set

equal to xSN+1 only-when-a new PDU-isreceived with VR(MR)>SN=VR(H).
Theinitial value of thisvariableisO.

VR(MR) - Maximum acceptable Receive state variable.

This state variable contains the sequence-rumberSN of the first PDU net-alewedthat shaltwilishall be rejected
by the receiverReceiverfi-e-the receiverwill-alewup to VR(MR)}—1}, VR(MR) = VR(R) +
Configured_Rx_Window_Size. -Fhereceiver-shall-discard-PBDUswith-SN=VR(MR):

VR(US) - Receiver Send Sequence state variable.

This state variabl e contains the sequence-numberSN following that of the rextlast PDU te-bereceived. When a
PDU with SN equal to x is received, Hthe state variable shall set equal to SN-x + 1-upen+eception-of-a-PBU.

Theinitial value of thisvariableisO.
VR(EP) - Estimated PDU Counter state variable.

This state variable contains the number of PDUs that sheutd-yet-bereceived-yetwhose re-transmission is still
xgected as a consequence of the transmission of the Iateet status report. Hr-acknowledged-modethisstate
variableis updated-at-the-end ansmission-thme-Haterval—tAt the end of each transmissiontime

interval TTl it is decremented by the total number of PDUsthat sheutd—haveheenwere received during that timee

transmission time interval. - VR(EP)-is equal to zero, then check if-all PDUs requested for retransmissionin the

latest status report have been received.

Timers

The timers defined in this subclause are normative. The Ftimers wittshall be considered active from the time they are

started until the time they either expire or are stopped.

a)

Timer_Poll.

Thistimer iswiHshall only be used when -thepet-timer-trigger-isusedso configured by higherlayersthe upper
layerupper layers. The initial-valuevalue of the timer is signalled by higherlayersthe upper-layerupper layers. In
the UE H-isthis timer wiltshall be started when the successful or unsuccessful transmission of a PDU containing
apoll isindicated by tewer-tayerdower layer-(ir-UE). In UTRAN Orit witkshalishould be started when a PDU
containing a poll is submitted to tewertayers ower |layertowertayer-(ir-UTFRAN). If x isthe value of the state
variable VT(S) at the time the poll was submitted to lowerlayersower layer, Fthe timer iswillshall be

stoppedresetstopped whenupon- receivinga-STATYS PBU-that-:
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- eontains-an-acknowledgements {positive-er-negative)-offor all the AMD PDUs with SN up to and including
VHS)X-1, or

- -atthetimethepol-wassubmitted-to-tower-tayer-or-when-a negative acknowledgement ef-for the same PDU
with SN = x-1earrying the pelling bit.-isreceived:

e of the timer s Sanalled avers

If the timer expires and no STATUS PDU fulfilling the criteria above has been received:-erif-a-new-pot-is
: ¢ il . ) e

- thereceiverReceiver iswillshall be polled once more;({eitherby-the transmission-of- aPBDU-which-was-net-yet

- thetimer iswillshall be restarted; at-the time specified-above-with-a-and
- the new value of VT(S)-1 willshall be saved.

—If anew pall is sent when the timer is running-active the timer isshall be restarted at the time specified above,
with-and athe new-value of VT(S)-1 shall be saved.

b) Timer_Poll_Prohibit.

This timer iswiHshall only be used when_so configured by higherlayersthe uppertayerupper layers—thepelt
prohibitfunctionisused. It is used to prohibit transmission of polls within a certain period.- The initial

valuevalue of the timer is signalled by higherlayersthe-upperlayerupper layers. The

In the UE timerthis timer shall _be started when the successful or unsuccessful transmission of a PDU containing
apoll isindicated by tower-layerd ower layertowertayer.(ir-UE)-or In UTRAN it wilshallshould be started
when aPDU containi ng a poII |s submltted to JrGWGT—LayefSIOWEf IaverleweHaver{mJolIRAN) Iheﬁrehkbl%nme

From the time a poll_is triggered whitst-the timer-is-aetiveuntil the timer expires beferethetimerexpires, polling
is prohibited. If another poll is triggered while polling is prohibited, its transmission shall be delayed until the

timer prohibittime expires (see subclause 9.7.1)-if-apeH-is triggered-during-theprohibit-time. Only one poll shall
be transmitted when Timer_Poll_Prohibit the prehibit-time-expires even if several polls were triggered in the

meanti me.-during-the prohibit-time: This timer willshall not be stopped-affected by athe receptionived of
STATUS PDUs. Fhe value of the timer-is signalled by upper-tayers.

When Timer_Poll Prohibit is not configured by the-upper-layerupper layers, polling is never prohibited.

c) Timer_EPC.

This timer should-wittshall only be used when the EPC function is used-configured by highertayersthe- upper
tayerupper layers. and-lt is meant to accounts for the roundtrip delay, i.e. the time between the transmission of a

status report and the reception of when-the first retransmitted PDU.-sheutd-be received-after-a-status repert-has
been-sent: The initial-valueval ue of the timer is signalled by highertayersthe upper-tayerupper layers.

Fhetimer-ln the UE isthis timer -wiltshall be started when the successful or unsuccessful transmission of the first
STATUS PDU of astatus report isindicated by towertayerslower layertowertayer-(th-JE)-. In UTRAN it
willshallshould be started when er-the first STATUS PDU of a status report is submitted to tower-tayers ower
layerlower-tayer-(iIH-UTFRAN). and-wOnly after Timer  EPC hen-it-expires wilkshall VR(EP) be decremented as
described in clause 9.7.4.can start-its counting-dewn-process (see-subelause 9-7.4). The value of the timer-is
signalled by upper-layers.

d) Timer_Discard.

This timer iswiHshall be used for-thewhen timer based SDU discard is configured by highertayersthe upper
@@W The initial-valuevalue of the timer is signalled by higherlayersthe upper-layerupper
layers. In the transmitter, the-a new timer is activated-started upon reception of an SDU from upper-higher

tayersthe upper-tayerupper layers. Onetimeris-usedfor-each-SBU-thatisreceivedfrom-upper-layer--For
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In UM/TMy¢, if the-atimer expires before the corresponding SDU is submitted to alewertayers ower layer,
"SDU discard without explicit signalling” specified in subclauses 11.2.4.3 and /11.1.4.2 shall be startedinitiated.
For-In AM, if the-atimer expires before the corresponding SDU is acknowledged, "SDU discard with explicit
signalling" specified in subclause 11.6 shall be startedinitiated.

€) Timer_Poll_Periodic.

Thistimer iswiHshall only be used when the“timer based polling” is usedconfigured by higherlayersthe upper
layerupper layers. The initial-valuevalue of the timer is signalled by higherlayersthe upper-layerupper layers.
The timer iswilshall be started when the RLC entity is created. Each-Whentime the timer expires, the RLC
entity willshall:

- restart the timer;-isrestal !
- lif thereisho-PDUs are available for-te-be transmissiontted or retransmission (not yet acknowledged):

trigger a poll.and-aH-PBUs-have-dl
%@Myb&reﬁaﬁeekihe#atueeﬁtheﬂmeprssgna”edbyuppemayers

f) Timer_Status Prohibit.

Thistimer iswilishall only be used when the SFATUS prohibitfunctionisso usedconfigured by higherlayersthe
uppertayerupper layers. It is meant to prohibits the receiving-sideReceiver from sending consecutive
acknowledgment status reports. A status report is an acknowledgement status report if it containsiag-.any of the
SUFISLIST, BITMAP, RLIST or ACK._The initial-valdevalue of the timer is signalled by higherlayersthe upper

upper layers.

In the UE Fthise timer iswilshall be started when the successful or unsuccessful transmission of the last
STATUS PDU inr-of an acknowledgment -status report is indicated by lewer-tayers ower |ayertowertayer. (A
UE)or In UTRAN it wiltshallshould be started when the last STATUS PDU ir-of an acknowledgment status

report is submitted to lewertayers ower layertowertayer(iH-UFRAN). TFheprohibit-timeiscaleulatedf

From thetime an Jrﬁanethepacknowl edqment status report eent&nmqmeabevemenu%ws%l striggered
until serere- wer-ay i-the

Timer Status Prohibit timer hasexpr r&ed acknowledqment is prohr b|ted If another such status report is
triggered while acknowledgment is prohibited, its transmission willshall be delayed until the timer expires (see
subclause 9.7.2). The status report may be updated during this time. and-re-nrew-statusrepert-containingthe

mentioned-SUFts-can-be transmitted-during-the prohibi-time: T he timer-dees-net-prebibittransmission of the
SUFIsMRW, MRW_ACK, WINDOW or NO_MORE is not restricted. Fhevalue-of-the timerissignalted-by

upper-tayers:

When Timer_Status Prohibit is not configured by the-upperlayerupper layers, acknowledgment is never
prohibited.

g) Timer_Status Periodic.

Thistimer iswiHshall only be used when timer based status reporting sending-is usedconfigured by higher
tayersthe upper-tayerupper layers.

Thise timer iswitishall be started when the RLC entity is created. Each-timeWhen the timer expires the
transmission of a status report iswilishall be triggered and the timer iswitishall be restarted. Fhe value-of-the
timeris signalted-by-upper-tayers-This timer can be blocked by upper-higher-tayersthe upper-tayerupper layers.
trthiscase-the timer-shall-net-beaetive-The timer shall be reset-and-restarted when it-ishigherlayersthe upper
tayerupper layersindicatesthat it is no longer unblocked-by-upper-tayers.

h) Timer_RST.

Thistimer is used-meant to detecthandle the loss of aRESET PDU by the peer entity, or the loss of a RESET
ACK PDU from the peer REC-entity. The initia-valueval ue of the timer is signalled by higher-tayersthe- upper
layerupper layers. -Fhis
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9.6

In the UE this timer iswilshall be started when the successful or unsuccessful transmission of a RESET PDU is
indicated by lewertayerslower |ayertowertayer.(irUE)}-er In UTRAN it wilshaltshould be started when a

RESET PDU is submitted to lower-tayerslower layer-(in-UTFRAN).

Timer_RST Hwilishall only be stopped upon reception of a RESET ACK PDU _(with same RSN as RESET
PDU), i.e. thistimer iswiHshall not be stopped when an RL C reset ecedrswhich-was-initiated from-by the peer
RLC entity occurs. If #-thistimer expires, the RESET PDU wiHshall be retransmitted. Fhevalue-of-the timer-is

signalled-by-upper-tayers:

Timer_MRW.

st i i i ~HThistimer is used to trigger the
retransmission of astatus report contal ni ng an M RW SUFI fleld The initial-valueval ue of the timer issignalled
by higher-layersthe upper-tayerupper layers.

In the UE Fhethis timer iswiHshall be started when the successful or unsuccessful transmission of a STATUS
PDU containing the MRW SUFI isindicated by lewertayerslower layer.{inUE)-or In UTRAN, it
witshallshould be started when a STATUS PDU containing the MRW SUFI is submitted to lewertayerslower

layer (iR-UTRAN).

Each time the timer expires the MRW SUFI is retransmitted and the timer is restarted-(at-the time-specified
abeve). It shallwillshall be stopped-resetstopped when one of the termination criteria for the SDU discard with
explicit signalling procedure is fulfilled (see subclause 11.6.4). Fhevalue-of the timer-issignalled-by-upper
layers:

Protocol Parameters

The behavior defined in this subclause is normative. The values of the protocol parameters defined in this subclause are

signalled by upper-higher-layersthe uppertayerupper layers.

a)

b)

©)

d)

MaxDAT.

H-This protocol parameter indicatesis the maximum value for the number of retransmissions of a PDU. Fhis
parameter-isan-It represents the upper limit ef-counterfor state variable VT(DAT). When thevalue-of- VT(DAT)
comestoreachesequal s the value MaxDAT, either RLC RESET procedure or SDU discard procedure shalt
witlshall be initiated according to_the configuration by upper-higherlayersthe- uppertayerupper layers.

Poll_PDU.

This protocol parameter indicates how often the transmitter sheutd-willshall poll the receiverReceiver in the case
oef-where “polling every Poll_PDU PDU" is configured by highertayersthe uppertayerupper layers. Fhisisanlt

represents -the upper limit for the state variable VT(PDU).-state- variable; wWhen VT (PDU) reachesequals the
value Poll_PDU apoll iswiHshall be transmitted to the peer entity.

Poll_SDU.

This protocol parameter indicates how often the transmitter witishallsheuld poll the receiverReceiver in the case
efwhere “polling every Poll_SDU SDU” is configured by highertayersthe uppertayerupper layers. Fhistsant
represents the upper limit for the state variable VT(SDU).-state-variable, wWhen VT (SDU) reachesequal s the
value Poll_SDU a poll iswitshall be transmitted to the peer entity.

Poll_Window.

This protocol parameter indicates when the transmitter witishallsheuld poll the receiverReceiver in the case of
performingwhere “window-based polling”_is configured by higher-tayersthe uppertayerupper layers. The range
of values of this parameter shal-wiltshall be 0 < Poll_Window < 100. A poll istriggered for each PDU when
J=Poll_Window, where J is the window transmission percentage defined byas.

(4096+V T(S) — VT(A)) mod 4096

J= VTW9) * 100,
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where the constant 4096 is the modulus for AM described in Ssubclause 9.4.
€) MaxRST.

H-This protocol parameter isindicates the maximum valuefor-the-number of retransmissions of a RESET PDU.
Fhisparameteris-an-|t represents the upper limit ef-counterfor state variable VT (RST). When the value-of
VT(RST) eomesreachesequal s the valuete MaxRST, unrecoverable error shal-wilishall be indicated to upper

higher-layersthe upper-tayerupper layers.
f) Configured_Tx_Window_Size.

This protocol parameter indicates Fboth the maximum allowed transmitter window size and the Haitial
valuevalue for the state variable VT(WS).

g) Configured Rx_Window_Size.

This protocol parameter indicates the allewed-receiver window size.

h) MaxMRW.

H-This protocol parameter indicatesis the maximum value for the number of retransmissions of a MRW
SUFlcommand. This-parameteris-an-t represents the upper limit ef-counterfor state variable VT(MRW). When
thevalue of VT(MRW) eomesteachesequal s the valuete MaxMRW, the RLC RESET procedure shal-witishall
beinitiated.

9.7 Specific functions

The functions defined in this subclause are normative.

9.7.1 Polling function for acknowledged mode

The Poalling function is used by the Sendertransmitter-of AM-B-PBUs-may-poH- to request the receiver-peer RL C entity
for a status report{eens%ngteﬁenee#sweral%lAIUSPDUs} The"PoIImg bit" inthe AMD PDU |nd|catesthe poII

faelJredfThere are several triggers for initiating the Pol I ing functlon semngiehepeumg%uppeﬁayepseenm

wWhich of the triggers sheuld-shall be used is configured by upper layers for each RLC entity. H-apoH-hasbeen
triggered-white-a Trmer—Polbis active anew-Polting functiorts Hitrated-after Tmer—Pol-has-expired-The Ffollowing
triggers arepossiblecan be configured:

1) Last PDU in buffer.

The sSender triggers athe pPolling function when the last PDU available for transmission is submitted to |ower
layertransmitted.

2) Last PDU in Rretransmission buffer.

The sSender triggers athe pPolling function when the last PDU to be retransmitted is submitted to lower
layertransmitted.

3) Poll timer.

Theti mer Timer_| PoII is started and stopped accordl nq to subcl ause 9.5 a). whenthe successful-or-unsuccesstul
; er-(in UE) or a PDU- containing a poll-is
sabmrﬁeeLtereptayepeﬂJalRAN}and' j iﬂheemenemepsteppmgiehenmephasnepeeeuﬁedrbefere' j i i When
the timer Timer_Poll expires a-rew-the Sender triggers the pPolling function-istriggered.

4) Every Poll_PDU PDU.

The sSender triggers athe pPolling function every Poll_PDU PDU. Both retransmitted and new PDUs shall be
counted.

5) Every Poll_SDU SDU.

The sSender triggers athe pPolling function every Poll_SDU SDU.
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6) Window based.

The sSender triggers athe pPoII ng functlon When the condltlon descrlbed in subclause 9.6 d) ("Poll_Window")
isfullfilled.i , W% i

7) Timer based.
The sSender triggers athe pPolling function periodically.
Either the triggers 1) and 2) or the trigger 7) should be configured for every RL C entity to avoid deadlock
s tuaI| ons. MW%PMM—%M&MM@MM%M

The Poll Prohibit function is used by the Sender to delay the initiation of the Polling function. Usage of the Poll Prohibit
function is configured by upper layers. The Poll Prohibit function consists of starting the timer Timer Poll _Prohibit
according to subclause 9.5 b) and delaying the Polling function according to the following rules:

When the Polling function is triggered the Sender shall:

- ifthetimer Timer—Poll—Prohibit-is-not-activepolling is not prohibited (see suclause 9.5 b)); and

- __if thereis one or more AMD PDUs to be transmitted or there are AMD PDUs not acknowledged by the
Receiver:

- __initiate the Polling function by setting the polling bit according to subclause 11.3.2.1.1.

Upon expiry of thetimer Timer Poll _Prohibit, the Sender shall:

- if the Polling function was triggered at least once while the timer Timer Poll Prohibit was active; and

- if thereisone or more AMD PDUsto be transmitted or there are AMD PDUs not acknowledged by the
Recelver:

- _initiate the Polling function once by setting the polling bit according to subclause 11.3.2.1.1.

9.7.2 STATUS transmission for acknowledged mode

The rReceiver of- AMB-PDUs transmits status reports to the Sender in order to inform the Sender about which AMD
PDUs have been recei ived and not recewed {eEach status report consists of one or several STATUS PDUs}teJéhe

alwayspreeenFThe rRecewer shall aJways send astatus report When receivi ng a poII reguest. Exeepefeethaﬁngger
Additionally the following triggers for transmission of status reports are configurable by upper layers:

1) Detection of missing PDU(s).

If the rReceiver detects one or several missing AMD PDUsit shall trigger the transmission of a status report to
the sSender.

2) Timer based SFATUS status report transfer.

The rReceiver triggers the transmission of a status report perioedicathy-to the sSender periodically. The timer
Timer_Status Periodic controls the time period according to subclause 9.5 g). When “Periodical Status
blocking” is configured by upper layers, the trigger shall not be active.

3) The EPC mechanism.

Thetimer Timer_EPC is started according to subclause 9 5 ¢) and the state varlable VR(EP) is set and decreased
according to subclause 9.7.4.w : » .
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tayepeﬂJelIFRAN-} If not all AMD PDUs requested for retransmrsson have been recerved before the varrable
VR(EP) has+eachedequalled zero, a new status report is -transmitted-to-the peer-entitytriggered by the Receiver.

A more detailed description of the EPC mechanism is given in subclause 9.7.4.

There are two functions that can prohibit the fReceiver from sending a status report containing any of the SUFISLIST,
BITMAP, RLIST or ACK. Status reports containing other SUFIs are not prohibited. Upper layers control which
functions should be used for each RLC entity. If any of the following functionsis used the sending-transmission of the
status report shall be delayed, even if any of the triggering conditions above are fulfilled:

1) STATUS prohibit.

Thetimer mer Timer_Status | Prohr bit is started accormq to subcl ause 9.5 f) wLhenJtIttesc|eeeesftt;rLeFurrsueeeesf%hl

Recerver is not aJ I owed to transmlt a siatus report dunngwhl Ie theprehtbrttrmetrmeﬁﬁmer%tatu&%hrbms
aetiveacknowledgement is prohibited (see subclause 9.5 f)). If a status report was triggered during thise prohibit
time, the status report istransmitted after the timer Timer Status Prohibit erehrbrLHmehas expired as descrrbed

2) The EPC mechanism.

If the “EPC mechanism” is active and the sending-transmission of a status report is triggered it shall be delayed
until the “EPC mechanlsm" has ended asdescrlbed below. Ihereeaareesha#enlysendenestatusrepereevemf

When a status report is triggered the Receiver shall:

- if transmission of status reports is not prohibited by any of the functions“STATUS prohibit” or “EPC
mechanism”:

- assemble and transmit the status report to the Sender, as specified in subclause 11.5.2.2 and 11.5.2.3%;

- otherwise (if the status report is prohibited by at least one of the functions "STATUS prohibit" or "EPC
mechanism")

- _if MRW, MRW_ACK or WINDOW SUFIs are required in the status report:

- send a status report immediately excluding ACK, LIST, BITMAP, and RLIST SUFIs;

- 1f ACK, LIST, BITMAP, or RLIST SUFIs are required in the status report:

- delay sending these SUFIs until the prohibit function terminates.

Upon expiry of thetimer Timer Status Prohibit or termination of the “EPC mechanism”, the Receiver shall:

- if at least one status report was triggered during the time the transmission of a status reports was prohibited that
could not be transmitted due to prohibition; and

- if transmission of a status reports is no longer prohibited by any of the functions “ STATUS prohibit” or “EPC
mechanism”:

- __transmit one status report to the Sender, using the procedure described in subclause 11.5.2.3X.

9.7.3  SDU discard function for acknowledged, unacknowledged, and
transparent mode

The SDU discard function is used by the Sender alews-to discharge RLC PDUs from the RLC PDU buffer-en-the
transmitter-side, when the transmission of the RLC PDUs does not succeedss for a period of terg-time or for a number
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of retransmissions. The SDU discard function allows to avoid buffer overflow. There witl-be-are several alternative
operation modes of the RLC SDU discard function. Upper layers control, which discard function shall be used for each
RLC entity.

Thefollowing isalist of operation modes for the RLC SDU discard function, which are described in detail in the
subsequent subclauses.

Table 9.2: List of criteria that control when to perform SDU discard

Operation mode Presence
Timer based discard, with explicit signalling Network controlled
Timer based discard, without explicit signalling Network controlled
SDU discard after MaxDAT number of retransmissions Network controlled
No_discard after MaxDAT number of retransmissions Network controlled
9.7.3.1 Timer based discard, with explicit signalling

This dternative is only applicable to RLC entities operating in acknowledged mode. Fhis-alternative |t uses atimer

based triggering of SDU discard (Timer_Discard). This makes the SDU discard function insensitive to variationsin the
channel rate and provides means for exact definition of maximum delay. However, the SDU loss rate of the connection
isincreased as SDUs are discarded.

For every SDU recewed from upper Iavers the Sender shall:

- start atimer Timer Discard-menitoring-of the transmission timeof the SDU.

When the transmissiontimetimer Timer Discard of a SDU expiresexceedsthe-configured-valuefora SPY, the Sender
shall:

- discard the SDU;

- etherwise{if "Send MRW" is configured, or one or more segments of the discarded SDU were submitted to the
lower layer):

- utilise expliciteexplicit signalling to inform the Receiver according to subclause 11.6.

9.7.3.2 Timer based discard, without explicit signalling

This dternative is only applicable to RLC entities operating in unacknowledged or transparent mode. Fhis-aternative |t
uses the same timer based trigger for SDU discard (Timer_Discard) as the one described in the subclause 9.7.3.1. The

dlfference isthat thls discard method does not use any peer-to-peer signalling. Fhisfunetion-is-applied-only-for
! a peer-signalling-is-never-needed—Fhe SDUsare simply
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For every SDU received from upper layers, the Sender shall:

- start timer monitoring of the transmission time of the SDU.

When the transmission time exceeds the configured value for a SDU, the Sender shall:

- discard the SDU without expliciteexplicit signalling (for RL C entities operating in unacknowledged mode apply
subclause 11.2.4.3 for updateing the state variables).

9.7.3.3 SDU discard after MaxDAT number of retransmissions

This alternative uses the number of retransmissions as atrigger for SDU discard, and is therefore only applicable for
| acknowledged mode RLC. This makes the SDU discard function dependent onf the channel rate. Also, this variant of
the SDU dlscard functlon strlves to keep the SDU loss rate constant for the connection, on the cost of avarlable delay.

If MaxDAT number of retransmissionsis reached for a AMD PDU, the Sender shall:

- discard all SDUs segments of which are contained in the AMD PDU and utilise expliciteexplicit signalling to
inform the Receiver according to clause 11.6.

9.7.3.4 No_discard after MaxDAT number of retransmissions

This alternative usesthe number of retransmissions, and is therefore onIy appllcable for acknowledged mode RLC.

If MaxDAT number of retransmissionsis reached for an AMD PDU, the Sender shall:

- _initiate the RLC Reset procedure (see subclause 11.3.4.4).

9.7.35 SDU discard not configured

If SDU discard has not been configured for an unacknowledged mode RLC entity, SDUsin the transmltter shaII not be
dlscarded unless the Ttransmr&sron buffer isfull.

When the Ttransmission buffer in an unacknowledged mode RL C entity is full, the Sender may:

- if segments of the SDU to be discarded have been submitted to lower layer:

- discard the SDU without exphiciteexplicit signalling according to subclause 11.2.4.3;

- otherwise, if no segments of the SDU to be discarded have been submitted to lower |layer:

- _remove the SDU from the Ttransmission buffer without utilising any of the discard procedures.

If SDU discard has not been conflqured for atransparent mode RL C entity, the Sender shall upon reception of new

SDUs from upper layer:

- discard all SDUs received from upper layer in previous TTIsthat are not yet submitted to lower layer;

- submit the new SDUsin thefirst possible TTI.

For an acknowledged mode RLC entity, an SDU discard mode is always configured.

9.7.4 The Estimated PDU Counter for acknowledged mode

| The Estimated PDU Counter (EPC) is only applicable for RLC entities operating in acknowledged mode. The EPCisa
| mechanism configured by highertayerupper layers used for scheduling the retransmission of status reportsin the
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rReceiver-side. With this mechanism, the rReceiver will send a new status report in which it requests for AMD PDUs
not yet received. The time between two subsequent status report retransmissionsis not fixed, but it is controlled by both
the timer Timer_EPC and the state variable VR(EP), which adapt this time to the round trip delay and the current bit
rate, indicated in the TFI, in order to minimise the delay of the status report retransmission.

When a SFATUS gtatus report is triggered by some mechanisms and it is submitted to lower layer (in UTRAN) or the
successful or unsuccessful transmission of it isindicated by lower layer (in UE) to request for retransmitting one or
more missing AMD PDUs, the variable VR(EP) is set equal to the number of requested AMD PDUs. At least one
requested AMD PDU is needed to activate the EPC mechanism. The variable VR(EP) is a counter, whichis
decremented every transmission time interval with the estimated number of AMD PDUs that should have been
transmitted-received during that transmission time interval_on the corresponding logical channel.

A-special-The timer-ealted Timer_EPC; controls the maximum time that the variable VR(EP) needs to wait before it
will start counting down. This timer starts immediately after a transmission of a retransmission request from the
rReceiver (when the first STATUS PDU of the status report is submitted to lower layer (in UTRAN) or the successful

or unsuccessful transmission of it isindicated by lower layer(in UE)). Theinitial value of thetimer Timer_EPC is
configured by upper layers. It typically depends on the roundtrip delay, which consists of the propagation delay,
processing time in the transmitter and receiverReceiver and the frame structure. Thistimer can also be implemented asa
counter, which counts the number of 10 ms radio frames that could be expected to elapse before the first requested
AMD PDU isreceived.

If not all of these requested AMD PDUSs have been received correctly when VR(EP) is equal to zero, a new status report
will be transmitted and the EPC mechanism will be reset accordingly. The timer Timer_EPC will be started once more
when the first STATUS PDU of the status report is submitted to lower layer (in UTRAN) or the successful or
unsuccessful transmission of it is indicated by lower layer (in UE). If al of the requested AMD PDUs have been
received correctly, the EPC mechanism ends.

9.7.5 Local Suspend function for acknowledged and unacknowledged
mode

The upper Iayers may suspend athe RLC entlty Ihe@REG—SHSPEND—Re&mdmat&s%HsW%eRI:GeHMy
with-SN >Vl§)¢N49r—A—M—and§N>W(QS)*N—¥Gr—UM—WheFe

When the-a RL C entity operating in unacknowledged mode is suspended by upper layers with the parameter N, the

RL C entity shall:
- acknowledge the suspend requestorder with a confirmation containing the current value of VT(US);

- not send UMD PDUs with sequence number SN=VT(US)+N.

When athe RLC entity operating in acknowledged mode is suspended by upper layers with the parameter N, the RLC
entity shall:

- acknowledge the suspend requestorder with a confirmation containing the current value of VT(S);

- not send AMD PDUs with sequence number SN=VT(S)+N.

When athe RLC entity operating in unacknowledged mode is resumed by upper layers, the RLC entity shouldshall:
- resume pormal-data transfer procedure.enter UNACKNOWLEDGED - DATA-TRANSFER READY state..

When athe RLC entity operating in acknowledged mode is resumed by upper layers, the RLC entity shouldshall:

- if the RLC entity is suspended and the-a RLC Reset procedure is not ongoi ngactivatedis i LOCAL-SUSPEND
state:

- resume permal-data transfer procedureenter ACKNOWLEDGED- DATA-TRANSFER READY-state.
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- otherwiseif the RLC entity is suspended and athe RL C Reset procedure is ongoingactivatedin
RESET-AND-SUSPEND state:

- _remove the suspend constraint;

- resume the RLC reset procedure according to subclause 11.4enter RESETPENDINGstate.

9.7.6 RLC Stop, RLC Continue function for acknowledged and
unacknowledged mode

The upper Iayer may stop athe RLC ent|ty IhestepﬁsarametepmieheGRI:G G@NFLG Req—p%m%wmﬂdaeat%mls

When athe RLC entity is stopped, the RLC timers are not affected. Friggered-peHs-and-status transmissions-are delayed
i S ; .

When athe RL C entity is stopped by upper layers, the RLC entity shall:

- not petsubmit any RLC PDUsto lower layer or receive any RLC PDUs;

- delay triggered Polling functions or status transmissions until the RLC entity is continued.

When athe RLC entity is continued by upper layers, the RLC entity shall:

- if the RLC entity is stopped:

- continue the data transmission and reception;

- process the triggered Polling functions and status transmissions.

- otherwise, if the RLC is not stopped:

- takeno action.

9.7.7 RLC re-establishment function for acknowledged and
unacknowledged mode

The RLC re-establishment function is applicable for AM and UM and is used when upper layers request athe RLC
entity to be re-established.

When athe RLC entity is re-established by upper Iavers the RLC entity shall:

- reset the state variables to their initial value;

- set the configurable parameters to their configured value;

- set the hyper frame number (HEN) in UL and DL to the value configured by upper layers;

- if the RLC entity is operating in unacknowledged mode:

- ifitisareceiving UM RLC entity:

- discard all UMD PDUs;

- if itisasendingtransmitting UM RL C entity:
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- discard the RLC SDUs for which one or more segments have been submitted to alower layerinthe
sending UM-RLC entitySender;

-—discard all UMB-PDUsat the receiving UM-RLC entity:

- enter UNACKNOWLEDGED DATA_TRANSFER READY state;

otherwise if the RLC entity is operating in acknowledged mode:

- discard all AMD PDUs in the Receiver and Sender;

—enter ACKNOWLEDGED-DATATRANSFER READY state:

9.7.8 Ciphering for acknowledged and unacknowledged mode

The ciphering function is performed in RLC, according to the following rulesif aradio bearer is using a non-transparent
RLC mode (AM or UM). The data unit that is ciphered, depends on the transmission mode as described below.

- For RLC UM mode, the ciphering unit isthe UMD PDU excluding the first octet, i.e. excluding the RLC UMD
PDU header. Thisis shown below in Figure 9.19.

Sequence Number E | Octl
A Length Indicator E (Optional) (1)
Ciphering Length Indicator E (Optional)
Unit
Data
PAD Optional
v o Optiond)

Figure 9.19: Ciphering unit for a UMD PDU

- For RLC AM mode, the ciphering unit isthe AMD PDU excluding the first two octets, i.e. excluding the RLC
AMD PDU header. Thisis shown below in Figure 9.20.

D/C]| Sequence Number Octl
SequenceNumber [ P [ HE | Oct2
Length Indicator | E | Oct3 (Optional)
Ciphering Length Indicator E
Unit
Data

PAD or apiggybacked STATUS PDU
OctN

Figure 9.20: Ciphering unit for an AMD PDU

The ciphering a gorithm and key to be used are configured by upper layers [8] and the ciphering method shall be
applied as specified in [920].
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| The parameters that are required by RLC for ciphering are defined in [920] and are input to the ciphering algorithm.
The parameters required by RLC which are provided by upper layers [8] are listed below:

- RLC AM HFN (Hyper frame number for radio bearers that are mapped onto RLC AM)
- RLCUM HFN (Hyper frame number for radio bearers that are mapped onto RLC UM)
- BEARER (Radio Bearer ID)

- CK (Ciphering Key)

10 Handling of unknown, unforeseen and erroneous
protocol data

Errors and the handling of errors defined in this clause are normative.

10.1 Erroneous Sequence Number

A STATUS PDU or Piggybacked STATUS PDU including "erroneous Sequence Number" isa STATUS PDU or
Piggybacked STATUS PDU that contains:

- alLIST,BITMAP or RLIST SUFI in which the " Sequence Number" of at least one PDU indicated-as
missiagthat is negatively acknowledged is outside the interval VT (A)<" Seguence Number"< VT(S)-1, or

- an ACK SUFI in which "LSN" is outside the interval VT(A)<"LSN"< VT(S).

If an AM RLC entity receives aSTATUS PDU or a Piggybacked STATUS PDU including "erroneous Sequence
Number", it shall:

- discard the STATUS PDU or the Piggybacked STATUS PDU;

- initiate the RLC reset procedure (see subclause 11.4).
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10.2 Inconsistent status indication

If an AM RLC entity receives aSTATUS PDU or a Piggybacked STATUS PDU that indicates different status for the
same AMD PDU, it shal:

- discard the STATUS PDU or the Piggybacked STATUS PDU.

10.3 Invalid PDU format

If an UM or AM RLC entity receivesa RLC PDU that contains reserved or invalid values (see subclause 9.2), it shall:

- discard the RLC PDU.

11 Elementary procedures

Procedures defined in this clause are normative.

entity of the Sender-This descrl ptl 0N assumes €l ementarv procedureﬁ | nteractl ons between procedures are not

described.
11.1  Transparent mode data transfer procedure

11.1.1 PurpoeseGeneral

The transparent mode data transfer procedure is used for transferring ef-data between two RLC peer entities, which are
operating in transparent mode. Data is transferred from Sender to Receiver. This procedure shaltshould only apply to
entitiesin DATA_TRANSFER READY state Figure11.1 beI ow illustrates the elementary procedurefor transparent
mode data transfer. t . :

Channels that can be used are DTCH, CCCH (uplink only), SHCCH (uplink only), BCCH and PCCH. The type of
logical channel depends on if the RLC entity islocated in the user plane (DTCH) or in the control plane
(CCCH/BCCH/SHCCH/PCCH).

Sender Receiver

TM¥D PDU

[ Receiver |
g
] ]

Figure 11.1: Transparent mode data transfer procedure

11.1.2 nitiationTransmission of #TMD PDU

TFhesender-initiates thisprocedure-uUpon a request of transparent mode data transfer from upper layer, the Sender shall:
- iHf no SDU discard configuration is-eenfiguredhas been made by upper layers.

- discard all-buffered SDUs received in previous TTIs upon reception of new SDUs from the uppertayerupper
layers (see subclause 9.7.3.5) ;=
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- oOtherwise; (if "Timer Based SDU Discard without explicit signalling” is configured):

- start atimer Timer Discard for each SDU received from the upper-layerupper layers (see subclause 9.7.3);

- schedule the RLC SDUs that have been received from upper layer for transmission;

- if one or more RLC SDUs have been scheduled for transmission, the Sender shall;

- _notify the lower layer of reception of data from the-uppertayerupper layers;:

- perform the actions specified in subclause 11.1.2.2.

11.1.2.1 +HTMD PDU contents to set

The Sender shall set the datafield of the *TMD PDU to all or a subset of the data contai ned inthe SDU asdescrlbed in
subclause 11.1.2.2.

11.1.2.X2 Submission of TMD PDUs to the lower layer

If one or more RLC SDUs have been scheduled for transmission, according to Subclause 11.1.2, the Sender shall:

- ifitisconfigured for ssgmented operation:

- _inform the lower layer of the size of the next SDU to be sent;

- segment the SDU according to the PDU size indicated by the lower layer;

otherwise; (the Sender is configured for non-segmented operation):

- _inform the lower layer of the number and size of SDUs available for transmission;

submit to the |lower layer, the requested number of TMD PDUs;

- buffer the SDUs that are not submitted to the lower layer according to the discard configuration (see subclause

9.7.3).

11.1.3 Reception of #TMD PDU

Upon reception-delivery by the lower layer of aset of +*TMD PDUSs (received within one TT1), the Receiver shall:

- ifitisconfigured for ssgmented operation:

- recelving-entity-reassembl es (if segmentation-was-performed)-the TMD PDUsreceived in one TTI into one
RLC SDUs;:

- otherwise (it is configured for non-segmented operation):

- treat each received TMD PDU as a SDU;
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- _if "Delivery of Erroneous SDUS" is configured as "no":

- RECdeliverssubmit only alithe RLC SDUs received without error to the-upper-tayerupper layers through the
T TM-SAP;:

- _eseif "Delivery of Erroneous SDUS' is configured as"vyes':

- submit all RLC SDUs to the-uppertayerupper layers through the TMR-SAP;-

- _provide an error indication for each SDU received in error;

- otherwiseif "Delivery of Erroneous SDUS' is configured as "No detect":

- submit all RLC SDUs to the-upper-tayerupper layers through the TM-SAP.

If segmentation is performed in transparent mode RLC, an SDU is erroneous if one or more of the +TMD PDUs
received inaTTI contains an error. If segmentation is not performed, an SDU is erroneous if the corresponding F¥TMD
PDU is erroneous.

11.1.4 Abnormal cases

11.14.1 Void

11.1.4.2 SDU discard without explicit signalling
Upon expiry of the timer Timer_Discard inen the Ssender-side, the Ssender shall:

- -discard the associated SDU.;

~In the case where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC,
the UE may wait until after it provides MAC with the requested set of PDUs before discarding the afore-mentioned
SDuU.

11.2  Unacknowledged mode data transfer procedure

11.2.1 PurpeseGeneral

The unacknowledged mode data transfer procedure is used for transferring data between two RLC peer entities, which
are operating in unacknowledged mode. Data is transferred from Sender to Receiver. This procedure shalishould only
apply to RL C entitiesin DATA_TRANSFER READY state or LOCAL_SUSPEND state. Figure 11.2 below illustrates
the elementary procedure for unacknowledged mode data transfer—Fhe-sender-can-be-either-the JE-or- the network-and

I iver i either | I _

Channels that can be used are DTCH, DCCH, CCCH (downlink only), CTCH, SHCCH (downlink only). The type of
logical channel depends on if the RLC entity islocated in the user plane (DTCH, CTCH) or in the control plane
(DCCH/CCCH(downlink only)/SHCCH(downlink only)). One or several PDUs may be transmitted in each
transmission time interval (TTI). For each TT1, MAC decides which PDU size shall be used and how many PDUs shall
be transmitted.
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Sender Receiver

UMD PDU

g
Figure 11.2: Unacknowledged mode data transfer procedure

11.2.2 nitlatienTransmission of UMD PDU

Fhesender-nitiates thisprocedure-uUpon arequest of unacknowledged mode data transfer from upper layer, the Sender
shall::

if no SDU discard configuration has been made by upper |ayersconfiguration-isconfigured:

- petonly discard any-SDUs when inthetransmitter- unless the transmitter Transmission buffer is full (see
subclause 9.7.3)

- if "Timer based SDU Discard without explicit signalling" is configured:

- dart atimer Timer Discard for each SDU received from upper layer (see subclause 9.7.3);

- schedule the RLC SDUs received from upper |layer for transmission;

- if one or more RLC SDUs have been scheduled for transmission-the-Sender-shall;

- notify the lower layer of reception of data from the-upperltayerupper layers.

- perform the actions specified in subclause 11.21.2.2.

A UMD PDU wil-shall be considered to be a padding PDU if it consists only of an RLC Header with one length
indicator (indicating that the rest of the PDU is padding) and padding.

11.2.21 UMD PDU contents to set
The Sender shall:
- setthefield " Sequence Number" equal to VT(US);

- seta"Length Indicator" field for each SDU that endsin the UMD PDU according to subclause 9.2.2.8;

For each "Extension hit" field in the RLC header, the senderSender shall:

- _if thenext fieldin the UMD PDU isa"Length Indicator";

- set the "Extension bit" to "1";

- otherwiseif the next field in the UMD PDU is data:
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- set the "Extension bit" to "0";

11.2.2.%2 Submission of UMD PDUs to the lower layer

If one or more SDUs have been scheduled for transmission according to subclause 11.2.2, the Sender shall:

- _inform the lower layer of the number and size of SDUs scheduled for transmission;

- segment, and if possible concatenate the SDUs according to the PDU sizes indicated by the lower layer;

- _submit to the lower layer, the requested number of UMD PDUs;

- update VT(US) for each UMD PDU submitted to the lower layer (see subclause 9.4);

- buffer the SDUs that are not submitted to the lower layer according to the discard configuration (see subclause

9.7.3).

11.2.3 Reception of UMD PDU

Upon receptiondelivery of aset of UMD PDUs from the lower layer, the receiverReceiver shall:

- -update VR(US)-state-variable according to the-each received UMD PDU(s) (see subclause 9.4);

- _if the updating step of VR(US) is not equal to one (i.e. one or more UMD PDUs are missing);

- _discard the SDUs that have segments-in the missing UMD PDUs;

- reassemble the received UMD PDUs into RLC SDUs:;

- submit the RLC SDUs to the upper-layerupper layers through the UM-SAP.,

11.2.4 Abnormal cases

11.2.4.1 Length Indicator value reserved for UMD PDU

Upon reception-delivery by the lower layer of an UMD PDU that contains a "L ength Indicator” val ue specified to be
reserved for UMD PDUSsiin this version of the protocal, the receiverReceiver shall:

- -discard that UMD PDU and treat the UMD PDU as missing-

11.2.4.2 Invalid length indicator value

If the "Liength lindicator” of an UMD PDU has a value that islarger than the PDU size — RLC header size and is not
one of the predefined values listed in the table of subclause 9.2.2.8, the receiverReceiver shall:

- discard the UMD PDU and treat the UMD PDU as missing
PDBU-

11.2.4.3 SDU discard without explicit signalling
Upon expiry of the timer Timer_Discard enthe in the Ssender-side the Ssender shall:

3GPP



Error! No text of specified style in document. 62 Error! No text of specified style in document.

- -discard the associated SDU;

- for thefirst UMD PDU to be transmitted after the discard operation the Sender shall:

- _increment VT(US) so that the " Sequence Number" field in this UMD PDU isincremented with two
compared with the previous UMD PDU;

- fill thefirst data octet in this UMD PDU with the first octet of an RLC SDU;

- _setthefirst "Length Indicator" in this UMD PDU to indicate that the previous RLC PDU was exactly filled
with the last segment of an RLC SDU (to avoid that the receiverReceiver unnecessarily discards an extra

SDU).

—In the case where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC,
the UE may Waut until after |t prowdes MAC with the requested set of PDUs before dlscardl ng the aforementloned

11.3  Acknowledged mode data transfer procedure

11.3.1 GeneralRurpese

The acknowledged mode data transfer procedure is used for transferring-ef data between two RLC peer entities, which
are operating in acknowledged mode. Data is transferred from Sender to Receiver. This procedure shaltshould only

apply to RL C entitiesin DATA_TRANSFER READY state or LOCAL SUSPEND state. Figure 11.3 below illustrates
the elementary procedure for acknowledged mode data transfer-
receiver-is-either-the network-or the UE.

The AMD PDUs shall be transmitted on the DCCH logical channel if the Sender islocated in the control plane and on
the DTCH if it islocated in the user plane. One or several PDUs may be transmitted in each transmission time interval
(TT1) and MAC decides how many PDUs shall be transmitted in each TT1.

Sender Receiver

AMD PDU

g

] ]

Figure 11.3: Acknowledged mode data transfer procedure

11.3.2 nitlatienTransmission of AMD PDU

Fhe sender-initiates thisproeedure-uUpon a request of acknowledged mode data transfer from upper layers or upon
retransmission of AMD PDUSs, the Sender shall:

- when RLC SDUs are received from the upper-layerupper layers::

- _segment the RLC SDUs into AMD PDUs where the fixed PDU size is configured by higherupper layer;

- seta"Length Indicator" field for each SDU that endsin the AMD PDU according to subclause 9.2.2.8;

- if "Timer based SDU Discard with explicit signalling” is configured:

- sart atimer Timer Discard for each SDU received from upper layer (see subclause 9.7.3);

- sSchedule the AMD PDUs for transmission;
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- _if one or severad AMD PDUs haves been negatively acknowledged (see subclause 11.5.3)::

- schedule the AMD PDUs indicated-as-missiagthat were negatively acknowledged for retransmission;

- _if apoll has been triggered by either any-of-the poll triggers "Poll timer" or "Timer based"; (see subclause
9.7.1);and

- _if no AMD PDU is scheduled for transmission or retransmission::

- _if thevaue of "Configured Tx Window Size" islarger than or equal to "2048"::

- select the AMD PDU with " Seguence Number” equal to VT(S)-1;

- _otherwiseif the"Configured Tx_ Window Size" islessthan "2048";:

- select the AMD PDU with " Sequence Number" equal to VT(S)-1; or

- select an AMD PDU that has not yet been acknowledged by the peer entity;

- schedule the selected AMD PDU for retransmission (in order to transmit a poll).

The Sender may also schedule an AMD PDU for retransmission even if none of the criteria above isfulfilled. In this
case, the Sender may:

- _if thevaue of "Configured Tx Window Size" islarger than or equal to "2048"::

- select the AMD PDU with " Seguence Number" equal to VT(S)-1;

- _otherwiseif the "Configured Tx Window Size" islessthan "2048"::

- select the AMD PDU with " Sequence Number" equal to VT(S)-1; or

- _select an AMD PDU that has not yet been acknowledged by the peer entity;

- schedule the selected AMD PDU for retransmission

Each time an AMD PDU is scheduled for transmission or retransmiss onby-one-of the criterialisted inthis subclause,
the Sender shall:

- notify the lower layer that datais available for transmission;

- perform the actions specified in subclause 11.3.2.2.Retransmitted-PBUs have higherpriority- than-PBUs

transmitted-for-the first-time:
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In AM, aPDU wiH-shall be considered to be a padding PDU if it is:

- aAn AMD PDU consisting only of an RLC Header with one "Llength lindicator” (indicating that the rest of the
PDU is padding) and padding; or-

- aA Status PDU consisting only of aNO_MORE SUFI.

11.3.2.1 AMD PDU contents to set
- _iif the AMD PDU istransmitted for the first time, the Sender shall:

- set the "Sequence Number" field-shal-be-set equal to VT(S);-andVHS)-shal-be- updated:
- seta"Length Indicator" field for each SDU that endsin the AMD PDU according to clause 9.2.2.8;

- otherwise if the AMD PDU is retransmitted-the Sender-shall:

- usethe same value of the "Seguence Number" field asin the original transmission of the AMD PDU

- _if the"Length Indicator" fields needed in the AMD PDU according to subclause 9.2.2.8 has changed due to
that a piggybacked STATUS PDU isincluded in the AMD PDU or apiggybacked STATUS PDU was
included in the previous transmission of the AMD PDU;

- update the "Length Indicator” fields according to 9.2.2.8;

- set Fhesetting-of the "Polling bit" to the valuebitis specified in subclause 11.3.2.1.1.

11.3.2.1.1 Setting of the Polling bit
The Sender shall:

T i Poll_Prohibiti q
-—consider poliing to-be prohibited:

- _if apoll has been triggered by one or several poll triggers (see clause 9.7.1); and

- if palling is not prohibited, see subclause 9.5;

- set the"Polling bit" in the AMD PDU header to "1";

- otherwise:

- set the "Poalling bit" in the AMD PDU header to "0";FhePolting-bit-shal-be-set-to-1-if-any-of following
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11.3.2.%2 Submission of AMD PDUs to lower layer

If one or more AMD PDUs have been scheduled for transmission or retransmission according to Subclause 11.3.2 the

Sender shall:

not submit any AMD PDUsto Iower Iaver that is not allowed to transmlt AMD PDUs are onlv allowed to
transmit if: & - How ! :

- The AMD PDU has a"Seguence Number" <VT(MS); or

-—The AMD PDU has a" Sequence Number" equal to VT(S)-1

The AMD PDU is not restricted to be transmitted by the local suspend function, see subclause 9.7.5

inform the lower layer of the number of AMD PDUs scheduled for transmission or retransmission;

submit to the |lower layer, the requested number of AMD PDUs;

set the AMD PDU contents according to clause 11.3.2.1

treat retransmissions with higher priority than AMD PDUs transmitted for the first time;

update the state variablesin clause 9.4 for each AMD PDU submitted to |ower layer;

if the "Polling bit" isset to "1" in any of the AMD PDUs; and

if thetimer Timer_Poll is configured;

- _start thetimer Timer Poll according to subclause 9.5;

buffer the AMD PDUs that are not submitted to the lower layer according to the discard configuration (see

subclause 9.7.3)

11.3.3 Reception of AMD PDU by the receiverReceiver

Upon reception of an AMD PDU, the Rreceiver shall:

- -update VR(R), VR(H) and VR(MR) state variables aceerdingto-thefor each received AMD PDU (see clause

i+f areceived AMD PDU includesa"Polling bit" setto "1"; or "Missing PDU Indicator" is configured and the

Receiver detects that a PDU is missing;
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- __initiate the STATUS PDU transfer procedure-shal-be-initiated:;

- reassemble the received AMD PDUs into RLC SDUs;

- if "In-Sequence Delivery" is configured;

- submit the RLC SDUs in-sequence (i.e. in the same order asthe RLC SDUs where originally transmitted by
the peer entity) to the-upperlayerupper layers through the AM-SAP

- otherwiseif "In-Sequence Delivery" is not configured;

- _submit the RLC SDUs in arbitrary order to the-upperlayerupper layers through the AM-SAP.

. , . © . is issing.the recei
_I_tl_nedetleetlenel FissAgH DUF shal bel use. chand-the recaiver detects that-a PDU-His fissing; the receiver shall

11.3.4 Abnormal cases

11.34.1 Timer_Poll timeout
Upon expiry of the timer Timer_Poll, the senderSender shall:

- ifan AMD PDU ne

is available for transmission;

- transmit an AMD PDU with the "Polling bit" setto"1";

- otherwiseif no AMD PDU is available for transmission;

- _retransmit an AMD PDU even if that AMD PDU is not indicated-as-missingnegatively acknowledged, with
the "Polling bit" set to "1";

11.3.4.2 Receiving an AMD PDU outside the receiving window

Upon reception of an AMD PDU with sequence number outside the interval VR(R)<SN<VR(MR), the receiverReceiver
shall:

- _-discard the AMD PDU;

= Thepol-bitshall-be- if the "polling bit" in the discarded AMD PDU issetto"1";
- _initiate the STATUS PDU transfer procedure. considered-evenif-acomplete PDU-isdiscarded:

11.3.4.3 Timer_Discard timeout

11.3.4.3.1 SDU discard with explicit signalling
Upon expiry of the timer Timer_Discard, the senderSender shall:

 including the SDU for which the timer expired.
~In the case where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC,

the UE may wait until after it provides MAC with the requested set of PDUs before discarding the afore-mentioned
SDUs.

- -initiate the SDU discard with explicit signalling procedure, see subclause 11.6.2. to-discard-all- SBDUs up-to-and

11.3.4.4 VT(DAT) > MaxDAT
The Sender shall:

- _if VT(DAT) = MaxDAT for any AMD PDU;
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- _if "No_discard after MaxDAT number of retransmissions’ is configured:

- _initiate the RLC reset procedure, see subclause 11.4;

- i+ "SDU discard after MaxDAT number of retransmissions” is configured::used-and VHBAT=-MaxDAT
forany-PDU

- ;thesendershall-initiate the SDU discard with explicit signalling procedure, see subclause 11.6.--AH-the

A—M—DPDU—WFEhA/:FQDAJ%—E—MaXDALShaH—bedHeaFded:

11.3.4.5 Invalid length indicator value

If the "Liength lindicator” of an AMD PDU has avalue that islarger than the PDU size— RLC header size and is not
one of the predefined values listed in the table of subclause 9.2.2.8, the Sender shall:

- __discard that AMD PDU;

- -shall-bediscarded-and-treated the discarded AMD PDU as a-missing.-PBUY-

11.3.4.6 Length Indicator value reserved for AMD PDU

Upon reception-delivery by the lower layer of an AMD PDU that contains a "L ength Indicator” value specified to be
reserved for AMD PDUSsiin this version of the protocoal, the receiverReceiver shall:

- -discard that AMD PDU;

- treat the discarded AMD PDU as missing.-

11.4 RLC reset procedure
11.4.1 GeneralRurpese

The RLC reset procedure is used to reset two RLC peer entities, which are operating in acknowledged mode.

Figure 11.4 below illustrates the elementary procedure for an RLC reset. Fhesender-can-be-eitherthe UE-or-the
network-and-thereceiver-is-either-the-network-er-the JE--During the reset procedure the hyper frame numbers (HFN) in
UTRAN and UE are synchronised. Two HFNs used for ciphering needs to be synchronised, DL HFN in downlink and
UL HFN in uplink. In the reset procedure, the highest UL HFN and DL HFN used by the RLC entity in the transmitting
sides, i.e. the HFNs associated with PDUs of SN=VT(S)-1 if at least one data PDU had been transmitted or of SN=0 if

no data PDU had been transmltted are exchanged between UE and UTRAN#teetheF@eepFeeedereg{eﬁmmated%e
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Sender Receiver

RESET PDU

>

< RESET ACK PDU

] ]

Figure 11.4: RLC reset procedure

11.4.2 Initiation
- The Sender shall:

- if one of the following triggersis detected:

1) "No Discard after MaxDAT number of retransmissions’ is configured and the-number-of retransmissions-of
anrAMD-PDUVT(DAT) comestoequals the value MaxDAT (see subclause 9.7.3.4);

2) FhevaueofVT(MRW) eomestoequals the value MaxMRW:;

3) A STATUSPDU including "erroneous Sequence Number" is received (see clause 10);

- Thesender-sends-submit athe RESET PDU to the lower layer;;

was in-local suspend state

- —'Fhesender—shau-start thet|mer Timer_| RST andmcreaseVT(RST) with 1. Fhe RESEFPDBU-shal-be

When areset procedure has been initiated it can only be ended upon reception of a RESET ACK PDU with the same
RSN value as in the corresponding RESET PDU, i-e:or upon request of re-establishment or release from upper layer, a
reset procedure is not interrupted by the reception of a RESET PDU from the peer entity.

11.4.2.1 RESET PDU contents to set
The Sender shall:

- setthe HFNI field to the currently highest used HFN (DL HFN when the RESET PDU is sent by UTRAN or
UL HFN when the RESET PDU is sent by the UE);

- setthe RSN field to the sequence number of the RESET PDU. This sequence number is incremented every time
anew RESET PDU is transmitted, but not when a RESET PDU is retransmitted.

11.4.3 Reception of the RESET PDU by the Rreceiver

Upon reception of a RESET PDU the Rreceiver shall:

- -fespond-withaRESET-ACK-PDBY submit a RESET ACK PDU to the lower layer;

- —TFhereceiverresets the state variabl es in-described in subclause 9.4 except VT(RST) to their initia values;;
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- -stopsall the timers i#ndescribed in subclause 9.5 except Timer_RST;-and-;

- resets configurable parameters to their configured values-Beth-the transmitting-and-receiving-sides-of- the- AM

RLCentity-arereset-;

discard Aall RLC PDUsin the receiving side of the AM RLC entity-receiver-shal-be-discarded:;

discard allThe RLC SDUs inthe AM-RLC transmitter-that were transmitted before the reset in the transmitting

side of the AM RLC entity-shall-be discarded:-

When-a RESET-PBU-isreceived;-the receiver-shalt set the HFN (DL HFN when the RESET PDU isreceived in

UE or UL HFN when the RESET PDU isreceived in UTRAN) equal to the HFNI field in the received RESET
PDU.

increase with one the UL HFEN and DL HFN, and the updated HFEN values shall be used for the first transmitted

and received PDUs after the reset procedure

11.4.3.1 RESET ACK PDU contents to set

izes-The Receiver shall:

- FheRSN-ield-shal-alwaysbe setto-the- same value as i the corresponding RESET-PBU--set Tthe hyper frame

number indicator field (HFNI) shal-be-set-equal-to the currently highest used HFN (DL HFN when the RESET
ACK PDU issent by UTRAN or UL HFN when the RESET ACK_PDU is sent by the UE);-

set the RSN field to the same value as in the corresponding received RESET PDU.

11.4.4 Reception of the RESET ACK PDU by the Ssender

Upon reception of a RESET ACK PDU the Sender shall:

if the Sender has already transmitted a RESET PDU which has not been yet acknowledged by a RESET ACK

PDU:

- _if thereceived RSN value is the same thanas the one in the corresponding RESET PDU:

- setthe HFN value (DL HEN when the RESET ACK PDU isreceived in UE or UL HFN when the RESET
ACK PDU isreceived in UTRAN) to the HFNI field of the received RESET ACK PDU;

- reset the state variables described in subclause 9.4 to their initial values;

- stop all the timers described in subclause 9.5;

- reset configurable parameters to their configured val ues,

- discard all RLC PDUs in thereceiving side of the AM RLC entity;

- discard all RLC SDUs that were transmitted before the reset in the transmitting side of the AM RLC
entity:;

- increase with one the UL HFN and DL HFEN, and the updated HFEN values shall be used for the first
transmitted and received PDUs after the reset procedure;

- otherwise (if the received RSN value is not the same thanas the one in the corresponding RESET PDU):

- discard the RESET ACK PDU;

otherwise (if the Sender has not transmitted a RESET PDU which has not been yet acknowledged by a RESET

ACK PDU):
- discard the RESET ACK PDU.
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11.4.5 Abnormal cases

11.45.1 Timer_RST timeout
Upon expiry of Timer_RST the Ssender shall:

- retransmit the RESET PDU and increase VT(RST) with 1. In the retransmitted RESET PDU the value of the
RSN field shall not be incremented.

11.45.2 Unrecoverable error (VT(RST) = MaxRST)
The Sender shall:
- }f VT(RST) becomes larger than or equal to MaxRST:

- sindicate unrecoverable error shal-beindicated-to upper layers.

11.45.3 Reception of the RESET PDU by the Ssender

Upon reception of a RESET PDU-in-acknowledged-dataREADY state-RESET-PENDING-state,- LOCAL-SUSPEND
state-or RESET-AND-SUSPEND-state, the Ssender shall;

- submit aRESET ACK PDU to the lower layer;

- reset the state variables described in subclause 9.4 except VT(RST) to their initial values,

- stop al the timers described in subclause 9.5 except Timer RST;

- reset configurable parameters to their configured values,

- discard al RLC PDUs in thereceiving side of the AM RLC entity;

- discard all RLC SDUs that were transmitted before the reset in the transmitting side of the AM RLC entity;

- setthe HFN (DL HEN when the RESET PDU isreceived in UE or UL HFN when the RESET PDU s received
in UTRAN) egual to the HENI field in the received RESET PDU;

- increase with one the UL HFN and DL HFN, and the updated HFEN values shall be used for the first transmitted
and received PDUs after the reset procedure.
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11.5 STATUS report transfer procedure

11.5.1 PurpoeseGeneral

The status report transfer procedure is used for transferring of status information between two RLC peer entities, which
are operating in acknowledged mode. Figure 11.5 below illustrates the elementary procedure for status report transfer.
A status report consists of one or several ST ATUS PDUs:Fhe+eeeweHsJehe4ceeewepef—MAD—PDUsandrrt~|serthepthe

transﬁer—andieheetheptepeempel—PDU—tFansﬁeH n case two qumal channels are conﬁqured in the uplmk control PDUs
are transmitted on the second logical channel. In case two logical channels are configured in the downlink, Control
PDUs can be transmitted on any of the two logical channels.

The STATUS PDUs have higher priority than AMD PDUs.

Sender Receiver

STATUSPDU

<

L1 I

Figure 11.5: Status report transfer procedure

11.5.2 Initiation
The Receiver shall:
Fhereceiver-inany- if one of the following easesinitiatesthisprocedurestriggers is detected:
1) The pel-bit'Palling Bit" in areceived AMD PDU issetto4."1";

2) Detection-of-missing-PBUstsused-and-a-missing-PDU-is-detected.” Detection-ef-mMissing PDU(s) I ndicator”
is configured and amissing AMD PDU is detected:;

3) The timer-based STATUS transteris-used" Timer based STATUS transfer" is configured and the timer
Timer_Status Periodic has expired-expired-and-periodical-status-blockingis-not-configured;

- _act on the trigger as specified in subclause 9.7.2.;
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11.5.2.1 Piggybacked STATUS PDU

The Receiver may:

- _if STATUS PDU(s) to be sent fit into padding octetsin AMD PDU(s) to be sent:

sendmgSubmlsson of aplggybacked STATUS PDU inan AMD PDU to the Iower Iaver foIIows the same rules

sending-of an ordinary STATUS PDU.

11.5.2.2 STATUS PDU contents to set

On triggering of a status report Fthe Receiver shall:

if neither the"STATUS prohibit" nor "EPC mechanism" are active:

- include negative acknowledgements for all AMD PDUs detected as missing;

- include acknowledgements for all AMD PDUs received up to at least VR(R);

- if "SDU discard with explicit signalling" procedure has been initiated since the last status report was sent:

- _optionaly include one MRW SUFI as specified in subclause 11.6.2.2;

- if the MRW SUFI was received in the | ast status report received:

- include one MRW_ACK SUFI as specified in subclause 11.6.3.2;

- if the Sender’ s transmission window is to be updated:

- include the WINDOW SUFI;

- _if all SUFIs can be accommodated in one STATUS PDU:

- construct the status report using one STATUS PDU, using one of the allowed PDU sizes;

- if the SUFIsincluded do not fill the entire STATUS PDU:

TFhesizeof- terminate the STATUS PDU with the ACK or NO MORE SUFI;

- use padding in the remainder of the STATUS PDU;

- otherwise (SUFIsincluded fill the entire STATUS PDU):

- ACK or NO MORE SUFIs need not beincluded in that STATUS PDU;

- otherwise (the status report is segmented):
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shaH—beequal—te construct STATUS PDUs incl uqu only complete SUFIs us ng one of the allowed PDU sizes.
al veralset of STATUS PDUs
HteneSIAIUSPDl:Lde%ﬂetshall accommodame al themtermatmn%ul;keannet
SFATUSPDBUs.SUFIsto form the complete status report. Indication of the same AMD PDU shall not be
given in more than one STATUS PDU of a SFATUSstatus report, but the ACK SUFI can be present in more
than one STATUS PDU of a status repert:-report;

- if any STATUS PDU constructed is not entirely filled with SUFIs:

- terminate that STATUS PDU with the ACK or NO_MORE SUFI;

- use padding in the remainder of that STATUS PDU;

- otherwise (SUFIsincluded fill the entire STATUS PDU):

- ACK or NO MORE SUFIs nreedshould not be included in that STATUS PDU.

Wh|ch SU FI f|eI ds to use isi mplementatlon dependent;-but-the statusrepert-shalbnelude rformation-about PBUs that
s-detected-asissing. Bitmap SUFI is used to indicate both received
and/or m|ssmg AMD PDUs Llst SUFI and/or Relative List SUFI are used to indicate missing AMD PDUs only.
Acknowledgement SUFI is used to indicate the received AMD PDUs. (For SUFI details see 9.2.2.11.) No information
shall be given for AMD PDUs with SN=VR(H), i.e. AMD PDUsthat have not yet reached the receiver-Receiver.

11.5.2.3% Submission of STATUS PDUs to the lower layer
The Receiver shall:

- _inform the lower layer of the STATUS PDUs scheduled for transmission;

- submit to the lower layer, the requested number of PDUs (STATUS PDUs, piggybacked AMD / STATUS PDUs
and optionally AMD PDUs, see also subclause 11.3.2.2X).

- _if "Timer based STATUS transfer” is configured and the timer Timer Status Periodic has expired:

- restart thetimer Timer Status Periodic according to subclause 9.5 f);

- if the"EPC mechanism" is configured:

- _start thetimer Timer EPC according to subclause 9.5 c), and set VR(EP) equal to the number of AMD PDUs
requested to be retransmitted;

- _if the STATUS PDU includes the MRW SUFI:

- sart thetimer Timer MRW according to subclause 9.51).:

11.5.3 Reception of the STATUS PDU by the senderSender
The sender-shall-upenUpon reception of the STATUS PDU / piggybacked STATUS PDU, the Sender shall:

PDBU/piggybacked STATUSPDU-update- update the state variables VT(A) and VT(MS) according to the received
STATUS PDU/piggybacked STATUS PBY-PDU;

H-_if the STATUS PDU includes negatively acknowledged AMD PDUs:

PDUsthe-  the acknowledged data transfer procedure shall be initiated and these AMD PDUs shall be
retransmitted. Retransmitted AMD PDUs shall have higher priority than AMD PDUs to be transmitted for
thefirst time;

Ha if an AMD PDU isindicated-asmissingnegatively acknowledged more than oncein aSTATUS PDU:
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PBUthe- the AMD PDU shall be retransmitted only once. Retransmitted-PBUs-have-higherpriority-than
new-PBUs:

- _if the STATUS PDU includes the MRW SUFI:

- takethe actions specified in subclause 11.6.3;

- _if the STATUS PDU includes the MRW_ACK SUFI:

- takethe actions specified in subclause 11.6.4;

- __if the STATUS PDU includes the WINDOW SUFI:

- update the current transmitter window size, VT(WS).

11.5.4 Abnormal cases

11.54.1 VR(EP) reacheequals zero and the requested AMD PDUs have not been
received

If the EPC mechanism is usedconfigured and VR(EP) has+eachedequals zero and not all AMD PDUs requested for
retransmission have been received, the receiverReceiver shall:

- Retransmit the status report. The retransmitted status report may contain new or different SUFI fieldsin order to
indicate that some previously lost AMD PDUs have been received and that some rewadditional AMD PDUs
have been lost.

11.6  SDU discard with explicit signalling procedure
11.6.1 GeneralPurpose

The SDU discard with explicit signalling procedure is used for discarding SDUs and transferring the discard
information between two peer entities, which are operating in acknowledged mode. The Sender shall discard an SDU
that has not been successfully transmitted for a period of time or for a number of retransmissions, and send a Move
Receiving Window (MRW) SUFI to the Receiver. According to the MRW SUFI, the Receiver shall discard AMD
PDUs carrying that SDU and update the receiving window. Figure 11.6 below illustrates the el ementary procedure for

SDU dlscard W|th epr|C|t sqnallmq An%DU—eanJaed&a#dedwﬁhexpheﬂ—sgnaumngenMaxDAlnumbeLef
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Sender Receiver

STATUS PDU (MRW SUFI)

>

< STATUS PDU (MRW_ACK SUFI)

] ]

Figure 11.6: SDU discard with explicit signalling

11.6.2 Initiation
The Sender shall init

ted
ated

ate the SDU discard with explicit signalling procedure if one of the following triggers is detected:

- BH-"Timer based SDU discard with explicit signalling" is configuredused, Timer_Discard expires for an SDU,
and one or more segments of the SDU have been submitted to alower layer;-
- 2"Timer based SDU discard with explicit signalling"” is configuredused, Timer_Discard expires for an SDU,

and "Send MRW" is configured;-

- 3)-"SDU discard after MaxDAT number of retransmissions’ is configuredused, and MaxDAT number of
retransmissionsisreached (i.e. VT(DAT) = MaxDAT) for an AMD SPDU.

Upon initiation of the SDU discard with explicit signalling procedure, the Sender shall:

- if "Timer based SDU discard with explicit signalling” is configured:

- discard all SDUs up to and including the SDU for which the timer Timer Discard expired;

- not discard AMD PDUs carrying segments of other SDUs whose timers have not expired;

- if "SDU discard after MaxDAT number of retransmissions' is configured:

- discard all SDUsthat have segmentsin AMD PDUs with SN inside theinterval VT(A) < SN < X, where X is
the value of the SN of the AMD PDU with VT(DAT) = MaxDAT;

- if morethan 15 discarded SDUs are to be informed to the Receiver:

- assemble an MRW SUFI with the discard information of the first 15 SDUs. The discard information of the
rest SDUs shall be included in another MRW SUFI which shall be sent by the next SDU discard with explicit
signalling procedure (after the current SDU discard with explicit signalling procedure is terminated);

- otherwise (less than or equal to 15 discarded SDUs are to be informed to the Receiver):

- assemble an MRW SUFI with the discard information of the SDUS;

- include the MRW SUFI in the next STATUS PDU/piggybacked STATUS PDU to be transmitted, according to
subclause 11.5.2;

- _if SN_MRW, gngrhinthe MRW SUFI >VT(S):

- UDdate VT(S) toSN M RW| ENGTH:

- dsart atimer Timer MRW according to subclause 9.5.
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Fhe-sender-shalt-start-timer Fimer—MRW--If a new SDU discard with explicit signalling procedure is triggered when the
timer Timer_ MRW is activerunning, no new MRW SUFIs shall be sent before the current SDU discard with explicit
signalling procedure is terminated by one of the termination criteria specified in subclause 11.6.4.

11.6.2.1  Piggybacked STATUS PDUVoid

11.6.2.2 STATUS PDU contents to set

- if "Send MRW" is configured:

- _if thelast discarded SDU ended in an AMD PDU, andits LI is present in the same AMD PDU, and no new
SDU is present inside this AMD PDU:

- _setthelast SN_MRW,; field in the MRW SUFI to 1 + SN of the AMD PDU which containsthe L1 of the
last discarded SDU;

- setthe N, enerr field in the MRW SUFI to "0000";

- otherwise:

- _setthelast SN_MRW,; field in the MRW SUFI to the SN of the AMD PDU which contains the L1 of the
last discarded SDU;

- setthe N enerr field in the MRW SUFI so that the last data octet to be discarded in the Receiver shall be
the octet indicated by the N, enehith LI field of the AMD PDU which contains the L1 of the last
discarded SDU;

- set each of the other SN_MRW; fieldsin the MRW SUFI to the SN of the AMD PDU which contains the LI
of thei:th discarded SDU;

- otherwise ("Send MRW" is not configured):

- _if thelast SDU to be discarded in the Receiver ended in an AMD PDU, andits L1 is present in the same
AMD PDU, and no new SDU is present inside this AMD PDU:

- _setthelast SN MRW, field in the MRW SUFI to 1 + SN of the AMD PDU which containsthe LI of the
last SDU to be discarded in the Receiver;

- setthe N, enerr field in the MRW SUFI to "0000";

- otherwise:

- _setthelast SN_MRW,; field in the MRW SUFI to the SN of the AMD PDU which contains the L1 of the
last SDU to be discarded in the Receiver;
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- setthe N, engrr field in the MRW SUFI so that the last data octet to be discarded in the Receiver shall be
the octet indicated by the N, enerhith LI field of the AMD PDU which containsthe LI of the last SDU to
be discarded in the Receiver;

- __optionally set each of the other SN_MRW, fields in the MRW SUFI to the SN of the AMD PDU which
contains the L1 of thei:th SDU to be discarded in the Receiver;

- __if the MRW SUFI contains only one SN_MRW; field and the value of SN_MRW, field >
VT(A)+Configured Tx_Window_Size:

- _setthe LENGTH field in the MRW SUFI to "0000";

- otherwise:

- _setthe LENGTH field in the MRW SUFI to the number of SN_MRW, fields in the same MRW SUFI. In this
case, SN_MRW, shall bein theinterval VT(A) < SN_MRW,; < VT(A)+Configured Tx_Window_Size;

- include the MRW SUFI in the next ST ATUS PDU/p| qubacked ST ATUS PDU to be transmltted accorqu to
subclause 11.5.2;When vis ‘ ‘ : . .

11.6.3 Reception of the STATUS PDU by the receiverReceiver

Fhereceiver-shal-uUpon reception of the STATUS PDU/piggybacked STATUS PDU containing an MRW SUFI, the

Recelver shall discard-PBUs-and-update-the-state vartables VRR AV R(H)-and VR(IMR)-acecording to-the received
STATUS PDU/piggybacked STATUSPDU-

if the LENGTH field in the received MRW SUFI is"0000":

- __consider SN_MRW, to be above or equal to VR(R);

- otherwise:

- __consider SN_MRW, to belessthan VR(MR);

-__consider al the SN_MRWi;s other than SN_MRW, to be in sequential order within the list and sequentially
above or equal to SN_MRW,.;.

- discard AMD PDUs up to and including the PDU with sequence number SN MRW | engri—L;

- if the N gnerh field in the received MRW SUFI is"0000":

- reassemble from the first data octet of the AMD PDU with sequence number SN MRW, enerr_after the
discard;

- otherwise:
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- discard further the data octets in the AMD PDU with sequence number SN MRW, gnerh Up to and including
the octet indicated by the N, enerhith LI field of the PDU with sequence number SN MRW, enerhs

- reassemble from the succeeding data octet in the AMD PDU with sequence number SN MRW, gngrh_after
the discard;

-Additionathy-whenif "Send MRW" is configured;:

- -thereceiver-shall-inform the-upper-tayerupper layers about all of the discarded SDUs that were not
previously delivered to upper layer or discarded by other MRW SUFIs:;

- update the state variables VR(R), VR(H) and VR(MR) according to the received STATUS PDU/piggybacked
STATUSPDU;

- _includean MRW_ACK SUFI in the next STATUS PDU/piggybacked STATUS PDU to be transmitted,
according to subclause 11.5.2; Fhereceiver-shall-initiate the transmission-of a-status-report-containing-an
MRW-ACK SUFI.

11.6.3.1X STATUS PDU contents to set
The Receiver shall:

- iathe MRW-ACK-SUFLset the SN_ACK field in the MRW_ACK SUFI shalk-beset-to the new value of VR(R),
updated after reception of the MRW SUFI-;

- iftheSN_ACK fieldinthe MRW_ACK SUFI is set equal to the SN MRW, engtH figld in the received MRW
SUFI:

- set Fthe N field in the MRW_ACK SUFI shall-beset-to the NLENGTH field in the received MRW SUFI;

- otherwise:

-H-the SN-ACK-fieldis-equal-to-SN-MRWLENGTH--Otherwiseset the N field in the MRW_ACK SUFI
shall-beset-to "0000"6:;

- include the MRW_ACK SUFI in the next STATUS PDU/piggybacked STATUS PDU to be transmitted,
according to subclause 11.5.2; Md&wde@d&&ee@k%eee&%m@e&ed—@%hwmmm%@

11.6.4 Termination

The Sender shall terminate Fthe SDU discard with explicit signalling procedure isterminated-in-the sender-if one of the
following criteriais fulfilledin-the following-cases.

- 1—Onthereceptionof-aA STATUS PDU/piggybacked STATUS PDU whieh-containings an MRW_ACK SUFI
isreceived, andwiththe SN_ACK field in the received MRW_ACK SUFI > the SN MRW, gnerh field in the
transmitted MRW_SUFI, and with-the N field in the received MRW_ACK SUFI is set equal to "0000"zere-

- 3—Onveceptionof aA STATUS PDU/piggybacked STATUS PDU whieh-containings an MRW_ACK SUFI is
received, andwiththe SN_ACK field in the received MRW_ACK SUFI =the SN MRW, gnerw field in the
transmitted MRW_SUFI, and with-the N field in the received MRW_ACK SUFI is set equal to the N gngrh
fieldindicated in the transmitted MRW SUFI-;

- A STATUS PDU/piggybacked STATUS PDU containing an ACK SUFI isreceived, and the LSN field in the
received ACK SUFI > the SN MRW, gyt field in the transmitted MRW SUFI.
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f-one-of-thetermination-criteria-aboveisfulfiled,-Upon termination of the SDU discard with explicit signalling
procedure, the Sender shall:

- stop thetimer Timer MRW;

- update VT(A) and VT(MS) according to the received STATUS PDU/piggybacked STATUS PDU.-shall-be
stopped-and the discard procedure is terminated.

The Sender shall not confirm to upper layers Fthe SDUs that are requested to be discarded-shal-net-be-confirmed-to

11.6.5 Expiration of timer Timer_ MRW

If Timer_MRW expires before the SDU discard with explicit signalling procedure is terminated, the Sender shall:

- __retransmit the MRW SUFI. The retransmitted -shal ' [ isi
Fimer—MRW-restarted-MRW SUFI shall be exactly the same as prewously transmltted even though some new
SDUs would have been discarded during the running of the Timer_ MRW-;

- _increment VT(MRW) by one;

11.6.6 Abnormal cases

11.6.6.1 Reception of ©obsolete/corrupted MRW SUFleommand by the Receiver

If the received MRW SUFIeemimand contains outdated information about the receivinger window (receivinger window
aready moved further than MRW SUFIeemmand is indicating), the Receiver shall:

- discard the MRW SUFI ;command-shall-bediscarded-and
- setthe SN ACK field inthe MRW_ACK SUFI to the current value of VR(R);

- _settheN field in the MRW_ACK SUFI to "0000";

- _include the MRW_ACK SUFI in the next ST. ATUS PDU/pl qqybacked ST ATUS PDU to betransmltted
according to subclause 11. 5 2; astal . !

11.6.6.2 VT(MRW) equals MaxMRW
If the number of retransmission of an MRW SUFleommand (i.e. VT(MRW)) reacheequals MaxMRW, the Sender shall:

- _terminate the SDU discard with explicit signalling procedure;

- _stop thetimer Timer MRW;

- deliver an error indication shaH-be-passed-to upper layers;-and
- __initiate the RLC RESET procedure (see clause 11.4).shat-be-performed:

11.6.6.3 Reception of obsolete/corrupted MRW_ACK _SUFI by the Sender

The Sender shall discard Fthe received MRW_ACK SUFI if one of the following cases occurs.shal-be-discarded-in-the
fellowing-cases:
- 1-—HThetimer Timer_ MRW isnot active:;
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- 2—HtThe SN_ACK field inthe received MRW_ACK SUFI <the SN MRW/ gnerH field in the transmitted
MRW SUFI-;

- 3—HtThe SN_ACK field inthe received MRW_ACK SUFI = isegua-te-the SN MRW gnery field in the
transmitted MRW SUFI, and the N field in the received MRW_ACK SUFI is not equal to the N, gengrh field in
the transmitted MRW SUFI;

- 4 HtThe SN_ACK fieldin thereceived MRW_ACK SUFI >the SN MRW, gnary field in the transmitted

MRW SUFI, and the N field in the received MRW_ACK SUFI is not equal to "0000"zere.

11.7 Void

11.8 Void
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Foreword
This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the Radio Link Control protocol for the UE-UTRAN radio interface.

Features for the current Release:
- Transparent mode.
- Unacknowledged mode.
- Acknowledged mode.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsequent revisions do not apply.

» For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TS 25.401: "UTRAN Overall Description”.
2] 3GPP TR 25.990: "Vocabulary for the UTRAN".
[3] 3GPP TS 25.301: "Radio Interface Protocol Architecture”.
[4] 3GPP TS 25.302: " Services Provided by the Physical Layer".
[5] 3GPP TS 25.303: "Interlayer Proceduresin Connected Mode".
[6] 3GPP TS 25.304: "UE Proceduresin Idle Mode and Procedures for Cell Reselection in Connected
Mode".
[7] 3GPP TS 25.321: "MAC Protocol Specification”.
[8] 3GPP TS 25.331: "RRC Protocol Specification™.
[9] 3GPP TS 33.102: " Security Architecture”.
3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in [2] apply.

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AM Acknowledged Mode
AMD Acknowledged Mode Data
ARQ Automatic Repeat Request
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BCCH Broadcast Control Channel
BCH Broadcast Channel
C- Control-
CCCH Common Control Channel
CCH Control Channel
CCTrCH Coded Composite Transport Channel
CRC Cyclic Redundancy Check
CTCH Common Traffic Channel
DCCH Dedicated Control Channel
DCH Dedicated Channel
DL Downlink
DSCH Downlink Shared Channel
DTCH Dedicated Traffic Channel
FACH Forward Link Access Channel
FDD Frequency Division Duplex
L1 Layer 1 (physical layer)
L2 Layer 2 (datalink layer)
L3 Layer 3 (network layer)
LI Length Indicator
LSB Least Significant Bit
MAC Medium Access Control
MRW Move Receiving Window
MSB Most Significant Bit
PCCH Paging Control Channel
PCH Paging Channel
PDU Protocol Data Unit
PHY Physical layer
PhyCH Physical Channels
RACH Random Access Channel
RLC Radio Link Control
RRC Radio Resource Control
SAP Service Access Point
SDU Service Data Unit
SHCCH Shared Channel Control Channel
SN Sequence Number
SUFI Super Field
TCH Traffic Channel
TDD Time Division Duplex
TFI Transport Format I ndicator
™ Transparent Mode
TMD Transparent Mode Data
TTI Transmission Time Interval
U- User-
UE User Equipment
UL Uplink
UM Unacknowledged Mode
UMD Unacknowledged Mode Data
UMTS Universal Mobile Telecommunications System
UTRA UMTS Terrestrial Radio Access
UTRAN UMTS Terrestrial Radio Access Network
4 General
4.1 VoidObjective

This subclause describes the architecture of the RLC sublayer.

3GPP



Error! No text of specified style in document. 6 Error! No text of specified style in document.

4.2 Overview ofen the RLC sublayer architecture

The model presented in this subclause is intended to support the definition of the RLC sublayer only, and is not meant
to specify or constrain thefer implementation purpeses-of the protocol. The RLC sublayer consists of RLC entities, of
which there are three types: Transparent Mode (TM), Unacknowledged Mode (UM), and Acknowledged Mode (AM)
RLC entities.

4.2.1 Model of the RLC sublayer

Figure 4.1-gives-an-overview-model-of the RLClayer—The figure il lustratesthe different RLC-peer entitiesin the RLC
model.

AnUM and aTM RLC entity can be configured to be a sendingtransmitting RLC entity or areceiving RLC entity. The
sendingtransmitting RL C entity transmits RLC PDUs and the receiving RL C entity receives RLC PDUs. AnAM RLC
entity consists of atransmitting side, and a receiving side, where the transmitting side of the AM RLC entity transmits
RL C PDUs and the receiving side of the AM RLC entity receives RLC PDUs.

Elementary procedures (see clause 11) are defined between a " Sender" and a"Receiver”. In UM and TM, the
sendingtransmitting RL C entity acts as a Sender and the peer RL C entity acts as a Receiver. An AM RLC entity acts
either as a Sender or as a Receiver depending on the elementary procedure. The Sender is the transmitter of AMD PDUs
and the Receiver isthe receiver of AMD PDUs.— A Sender or a Receiver can reside at either the UE or the UTRAN.

There is a-one sendingtransmittingtransmitting and a-one receiving RLC entity for eachthe transparent mode (TM)
serviee and the-unacknowledged mode (UM) unidirectional-service. AndT here is a-one combined,
sendingtransmittingtransmitting and receiving entity for the acknowledged mode (AM) bi-directional-service.:

In this specification, thewerd~"transmitted™" is equivalent to "submitted to the lower layer" unless otherwise explicitly
stated. -Each RLC UM, and TM entity uses one logical channel to send or receive data PDUs. An AM RL C entity can
be configured to use one or two logical channelsto send or receive data and control PDUs. If two logical channels are
configured, they are of the same type (DCCH or DTCH). In figure 4.1, Fthe dashed lines between the AM-Entities
illustrate the possibility to send theand receive RLC PDUs on separate logical channels, e.g. control PDUs on one, and
data PDUs on the other. More detailed descriptions of the different entities isare given in subclauses 4.2.1.1, 4.2.1.2 and
4.2.1.3.
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4211 Transparent mode (TM) RLC entities

Figure 4.2 below shows the model of two transparent mode peer RLC entities. The logical channels used to
communicate with the lower |ayer are different depending on the placement of the RLC entity (at the UE or the
UTRAN);and-are specifieddescribed in the diagramfigure below.

UE/UTRAN Radio Interface YUE/UTRAN/UE

TM#-SAP TMr-SAP

SendingTrans| Recelving
mTransmittin | TMy- RLC

Transmission g eEntity Reassembly
buffer TM#RLC
Receptioniver
Segmentation buffer

~ o ad B

CCCH/DCCH/DTCH/SHCCH — UE CCCH/DCCH/DTCH/SHCCH — UTRAN
BCCH/PCCH/DCCH/ DTCH-UTRAN BCCH/PCCH/DCCH/DTCH — UE
BCCH/PCCH/DCCH/ BCCH/PCCH/BECH

Figure 4.2: Model of two transparent mode peer entities

4.2.1.1.1 SendingTransmitting TM RLC entity

The sendingtransmittingtransmitting TM#-RLC entity receives SDPURL C SDUs from the-uppertayerupper layers
through the TM#-SAP.

All received RLC SDUs must be of alength that is a multiple of one of the eonfiguredvalid TMD PDU lengths.

If segmentation has been configured by upper layers and aRLC SDU islarger than the TMD PDU size used by the
lower layer for thata TTI, tFhe sendingtransmitting TM RLC entity maymight-segmentsthe SDUYRL C SDUs to fit the
Hrto-appropriately-sized RECPBUTMD PDUs size without adding any RL C headersoverhead. Thesegmentationis
performed-ifan RLC SDU-islarger-thatthan the largest TMD-PDU-size {configured-at the-sending TM-RLC entity) that
is-supported-by-the lower-layerfor-that TT-f segmentationisperformedhas been-configured by upper-layeraAll the
TMD PDUs carrying one RLC SDU arewitl-be sent in enethe same TT1, and no segment from another RL C SDU

arewit-be sent in this TTlonly-the-segmentsfrom-one RLC-SDU-will-be-sentin-one FF.

If the-segmentation ishot-used by the TM-RLC entityhas not been configured by upper layers, then more than one RLC
SDU canbesentinone TTI by placing one RLC SDU in one TMD PDU. All TMD PDUsin one TTI must be of equal

length.
When the processing of-ap- a RLC SDU is complete the resulting one or more TM D PDU(s) arellsdelwersubmltted to

T~
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4.2.1.1.2 Receiving TM RLC entity

The receiving TM#-RL C entity receives PBUTMD PDUs through the configured ene-of-thelogical channels from the
lower layer.

If segmentation |sconf|qured by upper Iayers aII TMD PDUs received Wlthln oneTTI are reassembled to form the

If segmentation is not configured by upper layers, each TMD PDU istreated asa RLC SDU.

Thereceiving TM RLC entity deliversthe RLC SDUs to the-upper-tayer-upper-tayerupper layers through the TM#-SAP.

42.1.2 Unacknowledged mode (UM) RLC entities
Figure 4.3 bel ow shows the model of two unacknowledged mode peer RLC entities.
UE/UTRAN Radio Interface UE/UTRAN/UE
UM -SAP { UM -SAP
f eai Sendinger Receivinger
T
rarl;ir?fles;smn rapsmTrans UM-E RLC | Reassem bly |
mitting- entity
UM RLC- Remove RLC
Segmentation & header
Concatenation

Receptioniver
| Add RLC header | buffer

| Ciphering | | Deciphering |

— L o> —— 0>

CCH/DTCH - UE DCCH/DTCH -~ UTRAN
CCH/SHCCH/DCCH/DTCH/CTCH —UTRAN CCCH/SHCCH/DCCH/DTCH/CTCH - UE

Figure 4.3: Model of two unacknowledged mode peer entities

42.1.2.1 SendingTransmitting UM RLC entity

The sendingtransmittingtransmitting UM_RL C -entity receives SDURL C SDUs from the-upper-tayerupper layers
through the UM-SAP.

The sendingtransmitting UM RLC entity maymight-segments the RLC SDUs into REGC-PBUUMD PDUs of appropriate
size—TFhesegmentationtsperformed- if the RLC SDU islarger than the length of available space in the UMD PDU-ef

size supported-by-thelower tayerfor that TTH. -The SBU-might-also-be concatenated-with-ether SBUs- The UMD PDU
may contain segmented and/or concatenated RLC SDUs. UMD PDU may also contain padding to ensure that it is of a
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valid length. Length Indicators are used to define boundaries between RLC SDUs within UMD PDUs. Length
Indicators are also used to define whether Padding isincluded in the UMD PDU.

If the-ciphering is configured and started, an UMD PDU s ciphered (except for the UMD PDU header) beforeit is
deliveredsubmitted to the lower layer.

The sendingtransmitting UM RL C entity deliversubmitsthe REG-PBUUMD PDUsto the Iower Iayer through either a
CCCH SHCCH DCCH CTCH ora DTCH oglcal channel . . "y .

4.2.1.2.2 Receiving UM RLC entity

The receiving UM- RLC entity receives PBPYUMD PDUs through the configured ene-ef-the|logical channels from the
lower layer-togical-channelsfrom-the- MAC-sublayer.

The receiving UM RL C receiving-entity deciphers (if ciphering is configured and started) the received UMD PDUs
(except for the UMD PDU header). It removes RL C headers from-the received PPUUMD PDUSs, and usesthe
nfermation-placed-by-the sender-inthe fields of UMB-PBU-headers-and-to-reassembles RL Cthe- SPDUSs (if
segmentation and/or concatenation has been performed by the senderSendertransmitting UM RL C entity)-Hte-REC
Sbus.

RLC SDUs are delivered by the receiving UM RL C entity to the-upper-tayerupper layers through the UM-SAP.

42.1.3 Acknowledged mode (AM) RLC entity
Figure 4.4 below shows the model of an acknowledged mode RLC entity.

The AM RLC entity can be configured to utilize one or two logical channels. The figure 4.4 shows the model of the AM
RL C entity when one logical channel (shown as a solid line), and when two logical channels (shown as dashed lines)
are used.

If onelogical channel is configured, the transmitting side of the AM RLC entity submits AMD and Control PDUs to the
lower layer on that logical channel. And the RLC PDU size shall be the same for AMD PDUs and control PDUs.

In case two logical channels are configured in the uplink, AMD PDUs are transmitted on the first logical channel, and
control PDUs are transmitted on the second logical channel. In case two logical channels are configured in the
downlink, AMD and Control PDUs can be transmitted on any of the two logical channels.
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UE/UTRAN

/ \AM-SAP
v

AM RLC Eentity

| Segmentation/Concatenation |

| RLC Control Unit

| Add RLC header | |
|

Piggyback'ed status

Optional
Retransmission
buffer & I Reassembly
management :
)
= §
>
g 5
MUX g & Remove RLC header & Extract
‘§ Piggybacked information
2
n
Transmission Acknowledgements egjﬂé?g‘w
buffer S
Retransmission

Deciphering

Set fieldsin PDU Header (e.g. set poll
bits) & piggybacked STATUS PDU

Ciphering (only for AMD PDU)

Demux/Routing

Transmitting sSide Receiving sSide

—C o > P OCa >—C = DC P DC = D>

DCCH/ DCCH/ DCCH/ DCCH/ DCCH/ DCCH/
DTCH™ DTCH" DTCH™ DTCH™ DTCH" DTCH™

Figure 4.4: Model of an acknowledged mode entity

4.2.1.3.1 Transmitting side

The transmitting side of the AM_RLC -entity receives RLC SDUs from the-upper-tayerupper layers through the AM-
SAP.

Fhe RLC SDUs are segmented and/or concatenated into PBPYAMD PDUs of afixed length. The segmentation is
performed if the received RLC SDU islarger than the length of available space in the AMD PDU. AnThe AMD PDU
length-size is a semi-static value that is configured by the-upper-tayerupper layersdecided-in-bearer-setup, and can-only
be changed through thebearer modificationrecenfiguration of the AM RLC entity by the- upper-tayerupper layers. The
AMD PDU may contain segmented and/or concatenated RLC SDUs. The AMD PDU may also contain Padding to
ensure that it is of avalid lengthsize. Length Indicators are used to define boundaries between RLC SDUs within AMD
PDUs. Length Indicators are also used to define whether Padding or Piggybacked STATUS PDU isincluded in the

UMBAMD PDU.

beginnaing-of-the PDU-After-that the seqmentatlon and/or concatenanon are performed the PDuAM D PDUs are placed
in-theretransmission-buffer-and the Retransmission buffer, and at the MUX.
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STATUSor STATUS PBUY.AM D PDUs buffered in the Retransmlssron buffer ma\,Lbeare deI eted or retransmltted

based on the status report found within a STATUS PDU or Piggybacked STATUS PDU sent fremby the peer AM RLC
entity. This status report may contain positive or negative acknowledgements of individual AMD PDUs received
fromby the peer AM RLC entity.

The MUX_multiplexes AMD PDUs from the Retransmission buffer that need to be retransmitted, and the newly
generated AMD PDUs delivered from the Segmentation/Concatenation function. -then-decideswhich-PDUs-and-when

the PDUs are submitted to the lower layer.

The PDUs are submitted-via delivered to thea function that completes the AMD PDU header and potentral ly replaces
padding with piggybacked status information. : y X ) A
sabmr%ted%efmwfaye%#herrﬂaqvbaekm&meehamsmrsa%ﬁe paddl ng inthe AMD PDU may be replaced
by the Piggybacked STATUS PDU that may be delivered from the Receiverption buffer at the receiving side of the AM
RLC entity. TheA Piggybacked STATUS PDUs can be of variable size in order to match the amount of free spacein
the AMD PDU. The AMD PDU header is completed based on the input from the RLC Control funetionUnit that
indicates the values to set in various fields (e.g. Polling Bit). The function also multiplexes, if required, Control PDUs
received from the RLC Control yUnit (RESET and RESET ACK PDUSs), and from the Receiverption buffer
(Piggybacked STATUS and STATUS PDUs), with AMD PDUs-if-enelogical-channel-isconfigured-The multiplexing
of control and data PDUs is not performed if two logical channdls are configured.

The ciphering (if itis-configured) is then applied-ently tofer the AMD PDUS. The fixed-2-ectets AMD PDU header is
not ciphered. Piggybacked STATUS PDU and Padding-parts inef AMD PDU (when presentexisting) are ciphered. Fhe
other-Control PDUs (i.e. STATUS PDU, RESET PDU, and RESET ACK PDU) shallwitlare not be-ciphered.

The transmitting side of the AM RLC entity submits AMD PDUs to the lower layer through either one or two DCCH or
DTCH logical channels.

4.2.1.3.2 Receiving side

The receiving side of the AM- RLC entity receives AMD and Control PDUs through ene-ef-the configured logical
channel s from thel ower I aya—#enﬁeqmd—ehannd—%eerﬁqwed—#—%&eqmd—ehamd&aree%ﬁawed%and

AMD PDUs are routed to the Deciphering Uudnit, where AMD PDUs (minus the mandatory-AMD PDU header) are
deciphered (if ciphering is configured and started), and then delivered to the Receiverption buffer.

The AMD PDUs are placed in the Reception Receiver-buffer until a complete RLC SDU has been received. The
Receiver witl-acknowledges successful reception or reguests retransmission of the missing AMD PDUs by sending one
or more STATUS PDUs to the AM RLC peer entity, through its transmitting side. If a Piggybacked STATUS PDU is
found inan AMD PDU, it is delivered to the Retransmission buffer & Management Unit at the sendingtransmitting side
of the AM RLC entity, in order to purge the buffer of positively acknowledged AMD PDUs, and to indicate which
AMD PDUs need to be retransmitted.

Once acomplete RLC SDU has been received, the associated AMD PDUs are reassembled by the Reassembly
funetreau nit and del |vered to theuppeﬂaverupper Iavers through the AM-SAP. #&PrqubaekedsFAlU%PDl:Hs
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RESET and RESET ACK PDUs are redteddelivered to the RLC Control Uunit for processing. If a response to the peer
AM RLC entity is needed, an appropriate Control PDU is ddivered, by the RLC Control; Uunit to the transmitting side
of the AM RLC entity. The received STATUS PDUs are routed-delivered to the Retransmission buffer and
Management Unit at the transmitting side of the AM RLC entity, in order to purge the buffer of positively
acknowledged AMD PDUSs, and to indicate which AMD PDUSs need to be retransmitted.

5 Functions

| The following functions are supported by RLC sublayer. For a-detaitedan overall description of the following functions
see[3]:

- Segmentation and reassembly.

- Concatenation.

- Padding.

- Transfer of user data.

- Error correction.

- In-sequence delivery of upper layer PDUs.
- Duplicate detection.

- Flow control.

- Sequence number check.

- Protocol error detection and recovery.
- Ciphering.

-—PoHing

- Status transmission.

- SDU discard.

6 Services provided to upper layers

| This clause describes the different services provided by RLC sublayer to upper layers. It also includes the mapping of
‘ RL C functions to different RLC services. For a detailed description of the RLC servicesfeHlowingfunctions see [3].
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- Transparent datatransfer Service:

The following functions are needed to supportrmay-be usedareconfigured-needed-to-suppertwhen transparent data
transfer-issupperted:

- Segmentation and reassembly.

- Transfer of user data
- SDU discard.

- Unacknowledged data transfer Service:

The following functions are needed to supportmay-be usedareconfigured-needed-to-suppertwhen
unacknowledged data transfer-is-supperted:

- Segmentation and reassembly.
- Concatenation.

- Padding.

- Transfer of user data.

- Ciphering.

- Sequence number check.

- SDU discard.

- Suspend/resume function.

-— Step/eontinve-function:
—Re-establishment-funetion:

- Acknowledged datatransfer Service:

The following functions are needed to supportmay-be-usedarecontigured-needed-to-suppertwhen acknowledged
data transfer-is-supperted:

- Segmentation and reassembly.

- Concatenation.

- Padding.

- Transfer of user data

- Error correction).

- In-sequence delivery of uppertayer-upper layers PDUs.
- Duplicate detection.

- Flow Control.

- Protocol error detection and recovery.

- Ciphering.

-— Status-transmission:

- SDU discard.
-—Estimated PDU-Counter (EPC)-mechanism:

3GPP
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-—Suspend/resumefunction:
-—Stopfcontinue function:
-—Re-establishment function:

- Maintenance of QoS as defined by upper layers.

- Notification of unrecoverableerrors.

6.1 Mapping of services/functions onto logical channels

The following tables show the applicability of services and functions to the logical channelsin UL/DL and
UE/UTRAN. A '+ in acolumn denotes that the service/function is applicable for the logical channel in question
whereas a -’ denotes that the service/function is not applicable.

Table 6.1: RLC modes and functions in UE uplink side

Service Functions CCCH SHCCH DCCH DTCH
Transparent Applicability +
Service Segmentation - -
Transfer of user data + +
SDU Discard - -
Unacknowledged Applicability - -
Service Segmentation - -
Concatenation - -
Padding - -
Transfer of user data - -
Ciphering - -
SDU Discard
Suspend/Resume Function
Stop/Continue Function
Re-establishment
FunctionSDU Discard
Acknowledged Applicability
Service Segmentation - -
Concatenation - -
Padding - -
Transfer of user data - -
Flow Control - -
Error Correction - -
Protocol error correction & - -
recovery
Ciphering
Polling
SDU Discard
Suspend/Resume Function
Stop/Continue Function
Re-establishment Function

+
+

(S (IS S I N o IS S S )
W e o [+ [+ | [+ [+ |+ [+ ]+

+ |+ [+ ||+ [+ +
+ [+ |+ |+ [+]|+]|+

1 4 [+ [ |+
4 1 o i+ [ |+
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Table 6.2: RLC modes and functions in UE downlink side

Service

Functions

BCCH

PCCH

SHCCH

CCCH

DCCH

DTCH

CTCH

Transparent
Service

Applicability

+

+

+

Reassembly

Transfer of user data

Unacknowledged
Service

Applicability

N

N

Reassembly

+ [+

+ |+

+ |+

Deciphering

Sequence number check

Transfer of user data

Suspend/Resume
Function

o]+

[

I+ |+ |+ |+ [+ )+ [+]+

I+ |+ [+ ]|+ [+ )+ [+

TNESENE

- -

Re-establishment
FunctionTransfer of user
data

b}

[T+

[T+

Acknowledged
Service

Applicability

Reassembly

Error correction

Flow Control

In sequence delivery

Duplicate detection

Protocol error correction
& recovery

+ [+ [+ +][+

+ [+ +[+]|+][+

Deciphering

Transfer of user data
—

SDU Dlscard

e+ o [+ [+

e+ o [+ [+

I+ |14+

I+ |14+
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Table 6.3: RLC modes and functions in UTRAN downlink side

Service Functions BCCH PCCH CCCH SHCCH DCCH DTCH CTCH
Transparent Applicability + + - -
Service Segmentation - -
Transfer of user data + + - -
SDU Discard - -
Unacknowledged Applicability - -
Service Segmentation - -
Concatenation - -
Padding - -
Ciphering -
Transfer of user data
SDU Discard
Suspend/Resume
Function
Stop/Continue Function
Re-establishment
FunctionSDU Discard
Acknowledged Applicability - - - -
Service Segmentation - - - -
Concatenation - - - -
Padding - - - -
Transfer of user data - - - -
Flow Control - - - -
Error Correction - - - -
Protocol error correction - - - -
& recovery
Ciphering - - - -
Polling - - - -
SDU Discard
Suspend/Resume - - - -
Function
Stop/Continue Function
Re-establishment
Function

+

+|+[+]+ ]
+|+ [+ + ]
+|+[+]+ ]

'
+ |
+ |
+

M|+ [+ |+ [+ ]+ |+ ]+ ] +]+
]+ [+ [+ ]|+ +]+ [+

|+

no
!
no
no
t
¥ |+
!

+ |+ [+ |+ [+ ]+
+ [+ |+ ||+ [+]+
'

I+ e |+
1+ 4 |+
[ (N ()

I+ |14+
I+ |14+

Table 6.4: RLC modes and functions in UTRAN uplink side

Service Functions CCCH | SHCCH DCCH DTCH
Transparent Applicability + + + +
Service Reassembly - - + +
Transfer of user data + + + +
Unacknowledged Applicability - - + +
Service Reassembly - - + +
Deciphering - - + +
Sequence number check - - + +
Transfer of user data - - + +
Suspend/Resume Funetion - - + +
Stop/Continue Funetion - - + +
Re-establishment - - ++ ++
FunetionFransferof-user
data
Acknowledged Applicability - - + +
Service Reassembly - - + +
Error correction - - + +
Flow Control - - + +
In sequence delivery - - + +
Duplicate detection - - + +
Protocol error correction & - - + +
recovery
Deciphering - + +
Transfer of user data - - + +
Status-Fransmission - - + +
SDU Discard - - + +
Suspend/Resume Funetion - - + +
StepfContinue-Function - - + +
Re-establishment Funetion - - + +
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7 Services expected from MAC

‘ For adetailed description of the service provided by the MAC sublayer to upper layersfellewingfunetions see [3].

- Datatransfer.

8 Elements for layer-to-layer communication
| Theinteraction between the RLC sublayer and other layers are described in terms of primitives where the primitives

| represent the logical exchange of information and control between the RLC sublayer and other layers. The primitives
‘ shall not specify or constrain the implementations.

8.1 Primitives between RLC and upper layers

The primitives between RLC and upper layers are shown in Table 8.1.

Table 8.1: Primitives between RLC and upper layers

| Generic Name Parameters
Req. Ind. Resp. Conf.
RLC-AM-DATA Data, CNF, MUI Data, DiscardInfo Not Defined MUI
RLC-UM-DATA Data, Use special LI Data Not Defined Not Defined
| RLC-FRTM-DATA Data Data Not Defined Not Defined
CRLC-CONFIG E/R, Stop, Continue, Not Defined Not Defined Not Defined
Ciphering Elements
(UM/AM only),
TM_parameters (TM
only), UM_parameters
(UM only),
AM_parameters (AM
only)
CRLC-SUSPEND N Not Defined Not Defined VT(US) (UM only),
(UM/AM only) VT(S) (AM only)
CRLC-RESUME No Parameter Not Defined Not Defined Not Defined
(UM/AM only)
CRLC-STATUS Not Defined EVC Not Defined Not Defined

Each Primitive is defined as follows:

RLC-AM-DATA-Reg/Ind/Conf

| - RLC-AM-DATA-Req isused by upper layers to request transmission of-an- a RLC SDUupper-tayerPDU in
acknowledged mode.

- RLC-AM-DATA-Ind isused by the AM RLC entity to deliver to upper layers a RLC SDUs that hasve been
transmitted in acknowledged mode, and to indicate to upper layers of the discarded RLC SDU in the peer RLC

AM entity.

| - RLC-AM-DATA-Conf is used by the AM RLC entity to confirm to upper layers the reception of-an- aRLC
SDU by the peer-RLC AM entity.

RLC-UM-DATA-Reg/Ind

- RLC-UM-DATA-Reqgisused by upper Iayers to request transm|sson ofan a RLC Sbu preHayelLPDu in
unacknowledged modera S A

RLC-TRTM-DATA-Reg/Ind

3GPP

- RLC-UM-DATA-Ind isused by the UM RLC entity to deliver to upper layers a RLC SDUs that hasve been
transmitted in unacknowledged mode.
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- RLC-FRTM-DATA-Req is used by upper layers to request transmission of-ar- a RLC SDUupper-tayerPBU in
transparent mode.

- RLC-FRTM-DATA-Ind isused by the TM RLC entity to deliver to upper layers-a RLC SDUsthat hasve been
transmitted in transparent mode.

CRLC-CONFIG-Req

This primitive is used by upper layers to establish, re-establish, release, stop, continue or recenfigure modify the RLC.
Ciphering elements are included for UM and AM operation.

CRL C-SUSPEND-Reg/Conf

- CRLC-SUSPEND-Req is used by upper layers to suspend the UM or AM RL C entity;-after-a-specified-number
F ; i time.

- CRLC-SUSPEND-Conf isused by the UM or AM RLC entltv tomfeFdefafaeHavereﬁﬂsstate
variableconfirm that the entity is suspended.- - J

CRLC-RESUME-Req

This primitive is used by upper layers to resume the UM or AM RLC entity afterwhen the UM or AM RLC entity has
been suspended.

CRLC-STATUSInd

It isused by anthe RLC entity to send status information to upper layers.

8.2 Primitive parameters
Following parameters are used in the primitives:

1) The parameter Dataisthe RLC SDU that is processed-by-an-REC -sending-entity-(via
segmentation/concatenation)-and-mapped onto the Data field in RLC PDUs.-Fhe Data-parameter-may-be-divided
ever-severa-RECPBUs: ih When AM or UM RL C entities are used ;case-of-an-REC-AM-DATA-oran-RLC-
UM-DBATA-primitive the length of the Data parameter shalhwiH-beis a multiple of 8 bitsoctet-aligned, otherwise
(TM RLC entity) the length of Data parameter is a bit-string whose length may not be a multiple of 8 bits.:

2) The parameter Confirmation fRequest (CNF) indicates whether the sendingtransmitting side of the AM RLC
entity needs to confirm the reception of the RLC SDU by the peer-RLC AM entity. If required, once al AMD
PDUs that make up the RLC SDU are positively acknowledged by the receiving AM RLC entity, the
sendingtransmitting AM RL C entity-wiH notifiesy the-upper-tayerupper layers.

3) The parameter Message Unit Identifier (MUI) is an identity of the RLC SDU, which is used to indicate which
RLC SDU that is confirmed with the RLC-AM-BATA-DATA-confConf. primitive.

4) The parameter E/R indicates the-establishment, {re}-establishment, release or modification of-an- a RLC entity,
where re-establishment is applicable to thefer- AM and the UM RLC entities only. If theitindicates re-
establishment_is requested, the state variables and configurable parameters are initialised according to subclause
9.7.7. If itindicatesthe release is requested, all protocol parameters, variables and timers shalhwill-beare rel eased
and the RLC entity shaltwill-exitthe PATA-TRANSFER READ Y datatransferreadyentersthe NULL state. If
theit-indieates modification is requested, the protocol parameters indicated by upper layers (e.g. ciphering
parameters) shalwit-only arebe modified, whileith keeping the other protocol parameters, such as the protocol
variables, theprotocol timers and the-protocol state unchanged. AM RLC entities shallwillare alwaysbe re-
established if the AMD PDU sizeis changed. The modification of other protocol parameters does not warrant
require a re-establishment.

5) The parameter Event Code (EVC) indicates the reason for the CRLC-STATUS-indInd (e.g., unrecoverable
errors such as data link layer loss or recoverable status events such asreset.).
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| 6) The parameter €Ciphering eElements are only applicable for UM and AM operations. These parameters are
Ciphering Mode, Ciphering Key, Transmitting Activation Time (SN to activate a new ciphering configuration at

| the senderSendertransmitter), Receiving Activation Time (SN to activate a new ciphering configuration at the
receiverReceiver) and HFN (Hyper Frame Number).

7) The AM_parameters are only applicable for AM operation. H-containsT hese parameters are AMD PDU size, In-
sequence Delivery Indication (indicating that RL C SDUs shalwill-beare delivered to the-upper layersin
sequence or out of sequence), Timer values (see subclause 9.5), Protocol parameter values (see subclause 9.6),
Polling triggers (see subclause 9.7.1), Status triggers (see subclause 9.7.2), Periodical Status blocking
configuration (see subclause 9.7.2), SDU discard mode (see subclause 9.7.3), Minimum WSN (see subclause
9.2.2.11.3), and Send MRW. The Minimum WSN shalwillis always-be greater than or equal to the number of
transport blocks in the smallest transport block set. The Send MRW indicates that the information of each
discarded SBURLC SDU shaltwill-beis sent to the receiverReceiver, and the MRW SUFI shaHwill-beis sent to
the receiverReceiver even if no segments of the SBYURLC SDU to be discarded were submitted to alower layer.

8) The parameter Discardinfo indicates to upper layers the discarded RLC SDU in the peer-RLC AM entity. It is
applicable only when in-sequence delivery is onflguredlaetwe and |t |squpeseeLto be used Whenme upper
layers requires the reliable data transfer--and-es ;

9) The Stop parameter indicates that-to the RLC entity shal-witto (see subclause 9.7.6):

- discard all net-transmit-norreceive RL C PDUs received from the lower |ayer{see subclause—)-.

- not submit to lower layer any RLC PDUs.

10) The Continue parameter indicates tothat the RL C entity shalwill-to continue transmission and reception of RLC
PDUs.

11) The parameter Use specia LI indicates that the LI indicating that-an- a RLC SDU beginsin the beginning of-an
aRLCPDU @h&ﬁ#&%&a@eteteﬁh%%@#&eet&eﬁan%%%ﬂ#mto be u%d ( see subclause

12) The UM_parameters are only applicable for UM operation. It contains Timer_Discard value (see subclause 9.5)
and largest UMD PDU size (see subclause 9.2.2.8).

13) The TM_parameters are only applicable for TM operation. It contains e.g. segmentation indication (see
subclauses 9.2.2.9 and 11.1.2.1), Timer_Discard value (see subclause 9.5) and delivery of erroneous SDU
indication (see subclause 11.1.3).

14) The N parameter indicates that-an- a RLC entity will not send aPDU with SN>=VT(S)+N for AM and
SN>=VT(US)+N for UM, where N is an non-negative integer.

15) The VT(S) parameter indicates that-the value of the Send State Variable for the case of the AM.

16) The VT(US) parameter indicates that-the value of the UM Data State Variable, for the case of the UM.

9 Elements for peer-to-peer communication

9.1 Protocol data units

‘ The PBUsstructures defined in this subclause are normative.

9.1.1 Data PDUs
‘ a) TM#D PDU (Transparent Mode Data PDU).

The TM#D PDU is used to convey RLC SDU data without adding any RLC overhead. The TM#D PDU is used
by RLC when it isin transparent mode.
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b) UMD PDU (Unacknowledged Mode Data PDU).

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

¢) AMD PDU (Acknowledged Mode Data PDU).

The AMD PDU is used to convey sequentially numbered PDUs containing RLC SDU data. The AMD PDU is
used by RLC when it isin acknowledged mode.

9.1.2 Control PDUs
a) STATUSPDU and Piggybacked STATUS PDU

The STATUS PDU and the Piggybacked STATUS PDU are used in acknowledged mode:

- by the receiving-Receiver entity-to inform the transmitting-Sender entity-about missing and received AMD
PDUs inat the Receiverreceiving-entity;

- by the receiving-entityReceiver to inform the transmitting-entitySender about the size of the allowed
transmission window;

- and-by the transmitting-entitySender to request the receiving-entityReceiver to move the receivingreception
window;:and

- _and-by the Receiver to acknowledge the Sender about the reception of the request to move the reception
windowMeve Receiving- Windew-SUF!.

b) RESET PDU

The RESET PDU is used in acknowledged mode to reset all protocol states, protocol variables and protocol
timers of the peer RLC entity in order to synchronise the two peer entities.

c) RESET ACK PDU
The RESET ACK PDU is an acknowledgement to the RESET PDU.

Table 9.1: RLC PDU names and descriptions

Data Transfer Mode PDU name Description
Transparent TMrD Transparent mode data
Unacknowledged UMD Sequenced unacknowledged mode data
Acknowledged AMD Sequenced acknowledged mode data
STATUS Solicited or Unsolicited Status Report, Change

window size command, SDU discard command, or
SDU discard acknowledgement

Piggybacked Piggybacked Solicited or Unsolicited Status Report,
STATUS Change window size command, SDU discard
command, or SDU discard acknowledgement
RESET Reset Command
RESET ACK Reset Acknowledgement
9.2 Formats and parameters

The dataformats of PDUs and their parameters defined in this subclause are normative.

9.2.1 Formats

This subclause specifies the format of the RLC PDUs. The parameters of each PDU are explained in subclause 9.2.2.
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9211 General

An RLC PDU is ahit string-with-atength-net-necessarihy-a-multiple-of-8-bits. In the drawingsfiguresin subclause 9.2,
bit strings are represented by tables in which the first bit is the leftmost one on the first line of the table, the last bit is

the rightmost one on the last line of the table, and more generally the bit string is to be read from left to right and thenin
the reading order of the lines.

Depending on the provided service, RLC SDUs are bit strings, with any non-null length, or bit strings with a multiple of
8 bitsan-integer-number-of-octets in length.-Anr- A RLC SDU isincluded into-an- a RLC PDU from first bit onward.

9.21.2 TMrD PDU

The TM+#D PDU is used to transfers user data when RLC is operating in transparent mode. No overhead is added to the
SDU by RLC. The datalength is not constrained to be a multiple of 8 bitsan-nteger-number-of-octets.

Data

Figure 9.1: TM¢D PDU

9.21.3 UMD PDU

The UMD PDU s used to transfers user data when RLC is operating in unacknowledged mode. The length of the data
part shall be a multiple of 8 bitsan-rtegernumberof-octets. The UMD PDU header consists of the first octet, which
contains the " Ssequence Naumber". The RLC header consists of the first octet and all the octets that contain "ILength
Hndicators'.

Sequence Number E | Octl
Length Indicator E (Optional) (1)
Length Indicator E (Optional)
Data (Optional)
PAD Optional
Last octet (©p )

Figure 9.2: UMD PDU

NOTE (1): Thekength-thdicator "Length Indicator" may be 15 bits.

9.21.4 AMD PDU

The AMD PDU is used to transfers user data,-and piggybacked status information and requests-status+eport-by
settingthe Polling bit when RLC is operating in acknowledged mode. The length of the data part shall be amultiple of 8
bitsan-nteger-number-of-octets. The AMD PDU header consists of the first two octets, which contain the " Ssequence
Nnaumber". The RLC header consists of the first two octets and al the octets that contain "Liength lindicators’.
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D/C] Sequence Number Octl
SequenceNumber | P | HE | Oct2
Length Indicator | E | Oct3 (Optional) (1)
Length Indicator E (Optional)
Data (Optional)
PAD or apiggybacked STATUS PDU (Optional)
Last octet

NOTE (1): Thetength-tndicator "Length Indicator" may be 15 bits.

Figure 9.3: AMD PDU

9.215 STATUS PDU

The STATUSPDU is used to report the status between two RLC AM entiti es-Beth-receiver-and-transmitter-status
inf ) incl ¥ .

The format of the STATUS PDU is given in Figure 9.4 below. The Figure shows an example of STATUS PDU and the
length of each SUFI is dependent on the SUFI type.

p/c | PDU type SUFI, Oct 1
SUF, Oct2
SUFI
PAD
Last octet

Figure 9.4: Status-Infermation-Contrel PBU(STATUS PDU)

Up to K super-fields (SUFI;-SUFI) can be included into one STATUS PDU, in which each super-field can be of
different type. The size of a STATUS PDU is variable and upper bounded by the maximum RLC PDU size used by the
logical channel on which the control PDUs are sent. Padding shall be included to exactly fit one of the PDU sizes used
by the logical channel on which the control PDUs are sent. The length of the STATUS PDU shall be a multiple of 8

9.2.1.6 Piggybacked STATUS PDU

The format of the piggybacked STATUS PDU isthe same as for the-erdinary-CentrolSTATUS PDU except that the
D/C field isreplaced by areserved bit (R2). This PDU can be used-to-piggybacked SFATUSPBU-inan AMD PDU if
the data does not fill the complete AMD PDU. The PDU Typefield is set to zere-“000” and all other values are invalid
for this version of the protocol and the PDU is discarded.
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R2 PDU Type SUFI; Octl
SUFI«
PAD
Last octet

Figure 9.5: Piggybacked STATUS PDU

9.2.1.7 RESET, RESET ACK PDU

The RESET PDU (andrthe RESET ACK PDU) have a oneblt sequence number field (RSN)AAA%hJehea}drethsilelel
= " al in order to
know ! Whether or not | not it |squet a retransrmsson of aprevlous RESET PDU (of aprevious RESET ACK PDU).

D/C| PDUType [RSN| R1 Octl
HENI
HENI
HFNI |
PAD

Last octet

Figure 9.6: RESET, RESET ACK PDU

The size of aRESET or RESET ACK PDU isvariable and upper bounded by the maximum RLC PDU size used by the
logical channel on which the control PDUs are sent. Padding shall be included to exactly fit one of the PDU sizes used
by the logical channel on which the control PDUs are sent. The length of the RESET or RESET ACK PDU shall bea

multiple of 8 bitsan-nteger-number-of-octets.
9.2.2 Parameters

If not otherwise mentioned in the definition of each field then the bitsin the parameters shall be interpreted as follows:
the left-most bit string is the first and most significant and the right most bit isthe last and least significant bit.

Unless otherwise mentioned, integers are encoded in standard binary encoding for unsigned integers. In all cases,
including when a value extends over more than one octet as shown in the tables, the bits appear ordered from MSB to
LSB when read in the PDU.

9.22.1 D/C field
Length: 1bit.
The D/C field indicates the type of an acknowledged-medeAM PDU. It can be either data or control PDU.

Bit Description
0 Control PDU
1 Acknowledged-mode-Ddata PDU
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9.22.2 PDU Type
Length: 3 bit.
The PDU type field indicates the Control PDU type.

Bit PDU Type

000 STATUS

001 RESET

010 RESET ACK
011-111 Reserved

(PDUs with this
coding will be
discarded by
this version of
the protocol).

9.2.2.3 Sequence Number (SN)

Thisfield indicates the " Ssequence Naumber” of the PDU, encoded in binary.
PDU type Length Notes
AMD PDU | 12 bits Used for retransmission and reassembly
UMD PDU | 7 bits Used for reassembly

9.224 Polling bit (P)

Length: 1bit.

Thisfield is used to request a status report (one or several STATUS PDUSs) from the receiverRLECReceiver.

Bit Description
0 Status report not requested
1 Request a status report

9.2.2.5 Extension bit (E)
Length: 1bit.

Thishit indicatesif the next octet will be a"tLength lindicator” and E bit.

Bit Description

| 0 The next field is data, piggybacked STATUS
| PDU or padding

1 The next field is Length Indicator and E bit

9.2.2.6 Reserved 1 (R1)
Length: 3 bits.

| Thisfieldinthe RESET PDU and RESET ACK PDU is used to achieve-octet-alignmenthave a multiple of 8 bitsin
‘ length and for this purposeit is coded as"000". Other functions of it are left for future rel eases.

9.2.2.7 Header Extension Type (HE)
Length: 2 hits.

‘ Thistwo-bit field indicates if the next octet will be data or a™Liength lindicator” and E bit.
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Value Description

00 The succeeding octet contains data

01 The succeeding octet contains a length indicator and E
bit
10-11 | Reserved (PDUs with this coding will be discarded by
this version of the protocol).

9.2.2.8 Length Indicator (LI)
The"Length Indicator” is used to indicate, each time, the end of-an- a SBURL C SDU occursin the PDU.

Unless for the predefined values reserved for special purposes and listed in the tables bel ow, Fhethe "Length Indicator”
shall:

- be set to -peints-eut-the number of octets between the end of the last-Length-HndicatorfieldRL C header and up
to and including the octet at the end of-an- a SDPURLC SDU segment;

- be-tengthtndicators-areiincluded in the PDUs that they refer to.

The size of the-kength-Hadicater- "L ength Indicator” may be either 7 bits or 15 bits. The value of alength-thdicator
"Length Indicator” shall not exceed the values specified in subclauses 11.2.4.2 and 11.3.4.5.

AL enath-Had of Len

e PDU that are part of a Length-Indicator group-must nevershall:
- not be reordered withinthe Length-trdicator-group-ornor removed from-the-Length-Hadicator-gredpin case of

retransmission;

-The"Length Indicators’ which refer to the

- beinthe same order as the SDURLC SDUs that they refer to.-

- 7-bit "Length Indicators' shall be used if the"AMD PDU size" is < 126 octets;

- €else, 15-hit "Length Indicators' shall be used:;

- thesize of the"Length Indicator” is aways the same for all AMD PDUSs, for one RLC entity.

For UM:

- 7-bit "Length Indicators' shall be used if the "largest UMD PDU size" is< 125 octets;

- else 15-hit "Length Indicators" shall be used;

- between modifications of the "largest UMD PDU size", the size of the "Length Indicator” is the same for al
UMD PDUs,

- the"Length Indicator" with value "111 1100" if 7-bit "Length Indicator" isused or "111 1111 1111 1100" if 15-
bit "Length Indicator” is used shall be used:

-if the parameter Use special LI is configured; and

-if the RLC SDU beginsin the beginning of the RLC PDU; and

-if the "Length Indicators' indicating that-an- a SBURL C SDU ended exactly in the end or one octet short
(only when 15-bit "Length Indicators' is used) of the previous RLC PDU is not present.

In the case where the end of the last segment of-an- a SBURLC SDU exactly ends at the end of aPDU and thereis no
HH'Length Indicator” that indicates the end of the SBPURLC SDU:;
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- thenexta"Length Indicator” with value "000 0000" if 7-bit "Length Indicator" is used or "000 0000 0000 0000"
if 15-bit "Length Indicator” is used, shall be placed as the first-Length-trdicator- "Length Indicator” in the
following PDU-and-have value L1=0.

In case this SBURLC SDU was the last one to be transmitted, a RLC PDU may be transmitted, this RLC PDU consists
of;

aPbU-consisting-of-an-a RLC Header;

- with-Lia"Length Indicator” with value =0 "000 0000" if 7-bit "Length Indicator” is used or "000 0000 0000
0000Q" if 15-bit "Length Indicator” is used;

- -fellewed-by-a padding-Length-trdicator "L ength Indicator”;
- -and-padding-may-be transmitted.

In the case where a PDU contains a 15-bit L' Length Indicator” indicating that-an- a SBYRLC SDU ends with one octet
left in the PDU, the last octet of this PDU shall:

- -be padded by the Sender and ignored by the Receiver though there is no "Length Indicator" indicating the
existence of Padding and;

- shall-not be filled with the first octet of the next SBURLC SDU data.

In the case where 15-bit "Length Indicators' are used for the previous PDU and the last segment of-an- a RLC SDU is
one octet short of exactly filling the PDU;-and:

- if al15-bit-Length-tndicator- "Length Indicator” is used for the following PDU:-then

- the E}"Length Indicator” with value H4="111 1111 1111 1011" shall be placed as the first "Length Indicator”
in the following PDU-;

- tFheremaining one octet in the previous PDU shall be padded by the Sender and ignored at the
receiverReceiver though there isno "Length Indicator” indicating the existence of Padding-;

- itn case this SBURLC SDU was the last one to be transmitted, a PDU consisting of-an- a RLC Header with
H"'Length Indicator" with value="111 1111 1111 1011" followed by a padding-Length-trdicator- "L ength
Indicator" and padding may be transmitted.

- if a7-bit-kength-thdicater- "Length Indicator” is used for the following PDU;-then

- _if RLCisconfigured for UM mode, the &+ Length Indicator” with value H="000 0000" shall be placed as
the first-Length-hdicator "L ength Indicator” in the following PDU and its SN shall be incremented by 2

before it is transmitted-{this-can-only-occurn-UM).
Predefined values of the "L ength Indicator” are used to indicate padding. The values that are reserved for special

purposes are listed in the tables below depending on the size of the "Length Indicator”. Only predeﬁ ned " Lenqth
Indicator" vaI ues can refer to the paddlnq spaceA—PDu , ! al

STATUS PDUs can be piggybacked on the AMD PDU by using part or al of the padding space. A-Length-thdicator
"Length Indicator" mustshall be used to indicate the piggybacked STATUS PDU. ThistLength-thdicator- "Length
Indicator" takes space from the padding space or piggybacked STATUS PDU and not the PDU data and will always be
the last "Length Indicator”. Where only part of the padding space is used by a piggybacked STATUS PDU ,-then- the
end of the piggybacked STATUS PDU is determined by one of the SUFI fields NO_MORE or ACK, thus no additional
Length-tndicator- "Length Indicator” is required to show that there is still padding in the PDU. The
padding/pi ggybacked ST ATUS PDU predefmed "Length Indlcators shall be added after the very last {i-e-therecould
o tor- "Length Indicator” that indicates the end of the last

SDuRLC SDU segment in the PDU.
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If "SDU discard with explicit signalling” is used-configured:

- _an AMD PDU can contain a maximum number of 15 L Length Indicators' indicating the end of an-15

corresponding SDUs-and-;

the rest of the AMD PDU space shall be used as padding_or as piggybacked STATUS PDU.

Length: 7 bits

Bit Description
0000000 The previous RLC PDU was exactly filled with the last segment of-an-a RLC
SDU and there is no H"Length Indicator" that indicates the end of the SBURLC
SDU in the previous RLC PDU.
1111100 UMD PDU: The first data octet in this RLC PDU is the first octet of-an- a RLC
SDU. AMD PDU: Reserved (PDUs with this coding will be discarded by this
version of the protocol).
1111101 Reserved (PDUs with this coding will be discarded by this version of the
protocol).
1111110 AMD PDU: The rest of the RLC PDU includes a piggybacked STATUS PDU.
UMD PDU: Reserved (PDUs with this coding will be discarded by this version
of the protocol).
1111111 The rest of the RLC PDU is padding. The padding length can be zero.

Length: 15 bits

Bit Description
000000000000000 The previous RLC PDU was exactly filled with the last segment of-an- a
RLC SDU and there is no E"Length Indicator" that indicates the end of
the SBURLC SDU in the previous RLC PDU.
111111111111011 The last segment of-an-.a RLC SDU was one octet short of exactly filling
the previous RLC PDU and there is no H"Length Indicator" that
indicates the end of the SBURLC SDU in the previous RLC PDU. The
remaining one octet in the previous RLC PDU is ignored.
111111111111100 UMD PDU: The first data octet in this RLC PDU is the first octet of-an- a
RLC SDU. AMD PDU: Reserved (PDUs with this coding will be
discarded by this version of the protocol).

111111111111101 Reserved (PDUs with this coding will be discarded by this version of the
protocol).
1112111111111110 AMD PDU: The rest of the RLC PDU includes a piggybacked STATUS

PDU. UMD PDU: Reserved (PDUs with this coding will be discarded by
this version of the protocol).
111111111111111 The rest of the RLC PDU is padding. The padding length can be zero.

9229 Data field

RLC SDUs or segments of RLC SDUs are mapped to thisfield in transparent, unacknowledged and acknowledged
modes.

Transparent mode data:
- __Fthelength of RLC SDUsis not constrained to a multiple of 8 bits:

- FheRLC-SPBUsmight-besegmented:if “Segmentation” is configured:

- _Aadl the RLC PDUs carrying one RLC SDU shall be sent in one transmission-time-interval TT ;-
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- 00nly segments from one RLC SDU shall be sent in one transmission-time-tterval TTI.

- otherwise (if-“Segmentation” is not configured):

- TMD PDU sizeisfixed withinasingle TTI and is equal to the RLC SDU size.

Unacknowledged mode data and Acknowledged mode data:

- tFhelength of RLC SDUsis constrained to a multiple of 8 bits;:

- if aRLC SDUs might-beis segmented, its—H-possible-the last segment ef-an-SBU-shall be concatenated with the

first segment of the next SBURLC SDU in order to fill the datafield completely and avoid unnecessary padding.
Thelength-indicator- "Length Indicator” field is used to point the borders between SBURLC SDUS;-

- fFor PDUswith 15-bit H+"Length Indicators', if-an- a SBURLC SDU ends with one octet left in a PDU whether
the £+ Length Indicator” indicating the end of the SBURLC SDU is contained in this PDU or in the next PDU,
padding for the last octet of this PDU is necessary and the next SBURLC SDU shall not be concatenated in this

PDU. No H'Length Indicator” shall be needed to indicate this kind of one-octet padding.

9.2.2.10  Padding (PAD)

All unused space in a PDU mustshall be located at the end of the PDUand is referred to as padding. Padding has a
length such that the PDU has the required predefined total length.

Padding may have any value and the receiving-entityReceiver shall disregard it.

9.22.11 SUFI

Which SUFI fieldsto use isimplementation dependent, but when a STATUS PDU includes information about which
PDUs have been received and which are detected as missing, information shall not be included about PDUs with
SN=VR(H) i.e. PDUs that have not yet reached the receiverReceiver. Information about PDUs with SN<VR(R) shall
not be given except when thisis necessary in order to use the BITMAP SUFI, see subclause 9.2.2.11.5.

Length: variable number of bits.

The SUFI (Super-Field)-maycan includes three sub-fields: type information (type of super-field, e.g. list, bitmap,
acknowledgement, etc), length information (providing the length of a variable length field within the following value
field) and avalue.

Figure 9.7 shows the structure of the super-field. The size of the type sub-field is hon-zero but the size of the other
sub-fields may be zero.

Type
Length
Value

Figure 9.7: The Structure of a Super-Field

The length of the type field is 4 bits and it may have any of following values.
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Bit Description
0000 | No More Data (NO_MORE)
0001 | Window Size (WINDOW)
0010 | Acknowledgement (ACK)
0011 | List (LIST)
0100 | Bitmap (BITMAP)
0101 | Relative list (Rlist)
0110 | Move Receiving Window (MRW)
0111 | Move Receiving Window Acknowledgement
(MRW_ACK)
1000- | Reserved (PDUs with this encoding are invalid for this
1111 | version of the protocol)

The length sub-field gives the length of the variable size part of the following value sub-field and the length of it
depends on the super-field type. The value sub-field includes the value of the super-field, e.g. the bitmap in case of a
BITMAP super-field, and the length is given by the length of the type sub-field.

9.2.211.1 The No More Data super-field

The 'No More Data’ super-field indicates the end of the data part of a STATUS PDU and is shown in Figure 9.8 below.
It shall always be placed asthe last SUFI if itisincluded in a STATUS PDU. All data after this SUFI shall be regarded
as padding and shall be neglected.

| Type=NO_MORE |

Figure 9.8: NO_MORE field in a STATUS PDU

9.2.2.11.2 The Acknowledgement super-field

The 'Acknowledgement’ super-field consists of atype identifier field (ACK) and a sequence number (LSN) as shown in
Figure 9.9 below. The acknowledgement super-field is also indicating the end of the data part of a STATUS PDU.
Thus, no'NO_MORE'’ super-field is needed in the STATUS PDU when the ’ACK’ super-field is present. The ACK
SUFI shall aways be placed asthe last SUFI if it isincluded ina STATUS PDU. All data after this SUFI shall be
regarded as padding and shall be neglected.

Type = ACK
LSN

Figure 9.9: The ACK fields in a STATUS PDU

LSN
Length: 12 bits

Acknowledges the reception of all PDUs with " Ssequence Naumber”"s < LSN (Last Sequence Number) that are not
indicated to be erroneousin earlier parts of the STATUS PDU. This meansthat if the LSN is set to a value greater than
VR(R), al erroneous PDUs mustshall be included in the same STATUS PDU and if the LSN is set to VR(R), the
erroneous PDUs can be split into several STATUS PDUs. At the transmitter, if the value of the LSN =< the value of the
first error indicated in the STATUS PDU, VT(A) will be updated according to the LSN, otherwise VT(A) will be
updated according to the first error indicated in the STATUS PDU. VT(A) is only updated based on STATUS PDUs
where ACK SUFI (or MRW_ACK SUFI) isincluded. The LSN sheuld-shall not be set to avalue > VR(H) nor <
VR(R).

9.2.2.11.3 The Window Size super-field

The ’Window Size’ super-field consists of atype identifier (WINDOW) and awindow size number (WSN) as shown in
Figure 9.10 below. The receiverReceiver is always allowed to change the Fx-transmittertransmission window size of the
peer entity during a connection, but the minimum and the maximum allowed value is given by upper layers
configuration. The Rx-recetverreception window size of the receiverReceiver is not changed.
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Type = WINDOW
WSN

Figure 9.10: The WINDOW fields in a STATUS PDU

WSN
Length: 12 bits

The value of VT(WS) to be used by the transmitter. The range of the WSN is [0, 2'%-1]. The minimum value of

VT(WS) is 1. If WSN is zero, the SUFI shall be discarded by this version of the protocol. The variable VT(WS) is set
equal to WSN upon reception of this SUFI. If WSN is greater than Configured Tx_Window_Size, VT(WS) shall be set
equal to Configured Tx_Window_Size.

9.2.2.11.4 The List super-field

The List Super-Field consists of atype identifier field (LIST), alist length field (LENGTH) and alist of LENGTH
number of pairs as shown in Figure 9.11 below:

Type = LIST
LENGTH
SNy

L1

SN»

Lo

SNLENGTH
LLENGTH

Figure 9.11: The List fields in a STATUS PDU fe+ra-tist

LENGTH
Length: 4 bits

The number of (SN;, L;)-pairsin the super-field of type LIST. The value "0000" isinvalid and the STATUS PDU is
discarded.

SN,

Length: 12 bits

" Sequence numberNumber" of PDU, which was not correctly received.
Li

Length: 4 bits

Number of consecutive PDUs not correctly received following PDU with " Ssequence ANumber" SN;.

9.2.2.11.5 The Bitmap super-field

The Bitmap Super-Field consists of atypeidentifier field (BITMAP), abitmap length field (LENGTH), afirst sequence
number (FSN) and a bitmap as shown in Figure 9.12 below:

Type = BITMAP
LENGTH

FSN

Bitmap

Figure 9.12: The Bitmap fields in a STATUS PDU
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LENGTH
Length: 4 bits

The size of the bitmap in octets equals LENGTH+1, i.e. LENGTH="0000" means that the size of the bitmap is one
octet and LENGTH="1111" gives the maximum bitmap size of 16 octets.

FSN
Length: 12 bits

The "Ssequence ANumber” for the first bit in the bitmap. FSN shall not be set to a value lower than VR(R)-7 when the
Rx-recetverreception window sizeis less than half the maximum RLC AM " Ssequence ANumber”. If the Rx
receiverreception window size islarger, FSN shall not be set to avalue lower than VR(R).

Bitmap
Length: Variable number of octets given by the LENGTH field.

Status of the SNsin the interval [FSN, FSN + (LENGTH+1)*8 - 1] indicated in the bitmap where each position (from
left to right) can have two different values (0 and 1) with the following meaning
(bit_positionO[0,(LENGTH+1)*8 - 1]):

1: SN = (FSN + bit_position) has been correctly received.

0: SN = (FSN + bit_position) has not been correctly received.

9.2.2.11.6 The Relative List super-field

The Relative List super-field consists of atypeidentifier field (RLIST), alist length field (LENGTH), the first sequence
number (FSN) and alist of LENGTH number of codewords (CW) as shown in Figure 9.13 below.

Type = RLIST
LENGTH

FSN

CW,

CW;

CW _EngTH

Figure 9.13: The RList fields in a STATUS PDU

LENGTH

Length: 4 bits

The number of codewords (CW) in the super-field of type RLIST.
FSN

Length: 12 bits

The " Ssequence ANumber" for the first erroneous PDU in the RLIST, i.e. LENGTH="0000" meansthat only FSN is
present in the SUFI.

CW
Length: 4 bits

The CW consists of 4 bits where the three first bits are part of a number and the last bit is a status indicator and it shall
be interpreted as follows:
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Code Word Description

X1X2X3 0 Next 3 bits of the number are X;X,Xz and the number continues in the next
CW. The most significant bit within this CW is X;.
X1X2X3 1 Next 3 bits of the number are X;X,X; and the number is terminated. The
most significant bit within this CW is X;. This is the most significant CW
within the number.

By default, the number given by the CWs represents a distance between the previous indicated erroneous PDU up to
and including the next erroneous PDU.

One specia vaue of CW is defined:
000 1 ‘Error burst indicator’.

The error burst indicator means that the next CWs will represent the number of subsequent erroneous PDUs (not
counting the already indicated error position). After the number of errorsin aburst isterminated with XXX 1, the next
codeword will again by default be the least significant bits (LSB) of the distance to the next error.

If thelast CW, asindicated by the value of the LENGTH field, does not contain a"1" inits rightmost position, or the
last CW, asindicated by the value of the LENGTH field does contain a"1" inits rightmost position, but is a special
"error burst indicator" CW, the encoding of the RLIST SUFI isinvalid, and the STATUS PDU is discarded.

9.2.2.11.7 The Move Receiving Window Acknowledgement super-field

The 'Move Receiving Window Acknowledgement’ super-field acknowledges the reception of aMRW SUFI. The format
isgivenin Figure 9.14 below.

Type = MRW_ACK
N
SN_ACK

Figure 9.14: The MRW-ACK fields in a STATUS PDU

N
Length: 4 bits

The N field shall be set equal to the N gngTH field in the received MRW SUFI if the SN_ACK field is equal to the
SN_MRW | enerh field. Otherwise N shall be set to 0.

With the aid of thisfield in combination with the SN_ACK field, it can be determined if the MRW_ACK corresponds
to apreviously transmitted MRW SUFI.

SN_ACK
Length: 12 bits

The SN_ACK field indicates the updated value of VR(R) after the reception of the MRW SUFI. With the aid of this
field in combination with the N field, it can be determined if the MRW_ACK corresponds to a previously transmitted
MRW SUFI.

9.2.2.11.8 The Move Receiving Window (MRW) super-field

The ’Move Receiving Window’ super-field is used to request the REC+Receiver to move its receiving-reception window
and optionally to indicate the set of discarded SDPURLC SDUs, as aresult of-an- a SBURL C SDU discard in the REC
transmitterSender. The format is given in Figure 9.15 below.
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Type = MRW
LENGTH
SN_MRW;
SN_MRW,

SN_MRW engTH
NLENGTH

Figure 9.15: The MRW fields in a STATUS PDU

LENGTH
Length: 4 bits
The number of SN_MRW; fieldsin the super-field of type MRW.

The values "0001" through "1111" indicate 1 through 15 SN_MRW; respectively. The value "0000" indicates that one
SN_MRW,; field is present and that the SBUYRLC SDU to be discarded in the Rreceiver extends above the configured
Fx-transmittingtransmission window in the transmitterSender.

SN_MRW;
Length: 12 bits

When Send MRW is configured,-an- a SN_ MRW; shall be used to indicate the end of each discarded SBURL C SDU,
i.e. the number of SN_MRW,; fields shall equal the number of SBURL C SDUs discarded by that MRW SUFI. When
"Send MRW" is not configured, SN_MRW, shall be used to indicate the end of the last SBYRLC SDU to be discarded
in the receiver-Receiver and they may optionally be used to indicate the end of other discarded SBURLC SDUs.
SN_MRW; is the " Ssequence aANumber” of the PDU that contains the " Length Indicator” of thei:th SBURLC SDU to
be discarded in the receiver-Receiver (except for SN MRW/ gngtn When N gnetrn = 0, see definition of N gngth). The
order of the SN_MRW,; shall be in the same sequentia order as the SBURL C SDUs that they refer to.

Additionally SN_ MRW | gnerH requests the RECG+Receiver to discard all PDUs with " Ssequence Naumber” <
SN_MRW /| eneTH, @0d to move the receivingreception window accordingly. In addition, when N eneth > O, the
Rreceiver hasto discard the first N_gnegtr B Length Indicators® and the corresponding data octets in the PDU with
" Ssequence Naumber” SN MRW /| gngTh-

NLENGTH
Length: 4 bits

N encth IS used together with SN MRW /| gner to indicate the end of the last SBURL C SDU to be discarded in the
receiverReceiver.

N encth indicates which L' Length Indicator” in the PDU with " Ssequence Naumber" SN_MRW | gyeth COrresponds to
the last SBURLC SDU to be discarded in the receiverReceiver. N, enetn = 0 indicates that the last SDURL C SDU ended
in the PDU with " Ssequence Naumber" SN_MRW /| gnery —1 and that the first data octet in the PDU with " Ssequence
Naumber" SN_MRW, gnerh IS the first data octet to be reassembled next.

9.2.2.12 Reserved 2 (R2)
Length: 1 bit

Thisbit in the Piggybacked STATUS PDU is used to achieve-octet-alignmentmake the Piggybacked STATUS PDU a
multiple of 8 bitsin length and for this purpose it is coded as 0. Otherwise the PDU istreated asinvalid and hence shall
be discarded by this version of the protocol.

9.2.2.13 Reset Sequence Number (RSN)
Length: 1 bit

Thisfield is used to indicate the sequence number of the transmitted RESET PDU. If thisRESET PDU isa
retransmission of the original RESET PDU then the retransmitted RESET PDU would have the same seguence
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AumberRSN value as the origina RESET PDU. Otherwise it will have the next reset-sequence-rumberRSN value. The
initial value of thisfield is zero. The value of thisfield shall be reinitialised when the RLC is re-established. It shall not
be reinitialised when the RLC isreset.

9.2.2.14 Hyper Frame Number Indicator (HFNI)
Length: 20 bit

Thisfield is used to indicate the hyper frame number (HFN) to the peer entity. With the aid of thisfield the HFN in UE
and UTRAN can be synchronised.

9.3 Protocol states

The content presented in this subclause is intended to support the definition of the RL C protocol states only, and is not
meant to specify or constrain the implementation of the protocol.

9.3.1 State model for transparent mode entities

Figure 9.16 illustrates the state model for transparent mode RL C entities (both transmitting sending-and receiving). A
transparent mode entity can be in one of the following states.

9.3.1.1 Null-NULL State
Inthe nu-NULL state, the RLC entity does not exist and therefore it is not possible to transfer any data throughit.

Upon reception of a CRLC-CONFIG-Req from upper layers indicating establishment, the RLC entity-sheuld:

- beiscreated; and

- entersthe transparent-datatransferreadyDATA_TRANSFER READY statets-entered.

9.3.1.2 FransparentDataTFransferReadyDATA_TRANSFER_READY State

In the transparent-data DATA_TRANSFER READY transferready state, transparent mode data can be exchanged
between the entities according to subclause 11.1.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- _entersthe NULL state; and

- beisconsidered as being terminated.;-and

-—enterthe null- NULL state isentered:
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CRLC-CONFIG-Req

2,
DATA_
TRANSFER
_READY

Received signa
CRLC-CONFIG-Req Sent signal
CRLC-CONFIG-Req

2.
1 Transparent
Null Data Transfer
Ready

Received signal

CRLC-CONFIG-Req Sent signal

Figure 9.16: The state model for transparent mode entities

9.3.2 State model for unacknowledged mode entities

Figure 9.17 illustrates the state model for unacknowledged mode RL C entities (both transmitting serding-and
receiving). An unacknowledged mode entity can be in one of the following states.

9.3.21 Nul-NULL State

In the nul-NULL state, the RLC entity does not exist and therefore it is not possible to transfer any data through it.

Upon reception of a CRLC-CONFIG-Req from upper layer_indicating establishment, the RLC entity-sheuld:
- beiscreated; and

- enters the uhacknowledged-datatransferreadyDATA_TRANSFER_READY stateisentered.
9.3.2.2 Unaecknowledged-DataTFransferReadyDATA_TRANSFER READY State

In the unacknowledged-datatransferreadyDATA_TRANSFER_READY state, unacknowledged mode data can be
exchanged between the entities according to subclause 11.2.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- entersthe NULL state; and

- beis considered as being terminated..-and
-—enter-and-the- nul-NULL state isentered:

Upon reception of a CRL C-CONFIG-Req from upper layer indicating modification, the RLC entity-sheuld:

- daysinthe DATA TRANSFER READY state;

- _modifyies only the protocol parameters and timers as indicated by upper layers..-and

- keep other protocol parameters; the protocol variables and the protocol timers unchanged.

3GPP



Error! No text of specified style in document. 37 Error! No text of specified style in document.

Upon reception of a CRL C-SUSPEND-Reqg from upper |ayers, the RLC entity-should:

- entersthe LOCAL_SUSPEND state.

9.3.2.3 Loeal SuspendLOCAL_SUSPEND State

Uponreception of a CRLC-SUSPEND-Req from upper-layers; the RLC entity-is suspended-and the Local Suspend state
is-entered: In the Loeal-SuspendL OCAL_SUSPEND state, the RLC entity shal-is suspended, i.e. it does not send REC-
UMD PDUs with SN _greater than or equal to certain specified value (see subclause 9.7.5) 2V HUS)+N-

Upon reception of a CRLC-RESUME-Req from upper layers, the RL C entity-sheutd:
-the RLC-entity-isresumed-andenters the DataFransfer ReadyDATA_TRANSFER _READY state; and-s
entered:

- resumes the data transmission-nermally.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating modification, the RLC entity-sheuld:

- _staysinthe LOCAL SUSPEND state;

- _modifyies only the protocol parameters and timers as indicated by upper layers..-and

- keep other protocol parameters; the protocol variables and the protocol timers unchanged.
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Figure 9.17: The state model for unacknowledged mode entities

9.3.3 State model for acknowledged mode entities

Figure 9.18 illustrates the state model for the acknowledged mode RLC entity (both transmitting and receiving). An
acknowledged mode entity can be in one of the following states.

9.3.3.1 Nul-NULL State
In the nul-NULL state, the RLC entity does not exist and therefore it is not possible to transfer any data through it.
Upon reception of a CRLC-CONFIG-Req from upper layer indicating {re)establishment, the RL C entity-sheutd:
- beiscreated; and
- entersthe acknowledged-datatransfer ready DATA_TRANSFER READY stateisentered.

9.3.3.2 Acknowledged-DataTransferReadyDATA TRANSFER READY State

In the acknewledged-data-transferreadyDATA_TRANSFER READY state, acknowledged mode data can be
exchanged between the entities according to subclause 11.3.
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Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- entersthe NULL state; and

- beisconsidered as being terminated.;-and

-—enterthe null- NULL state isentered:

Upon detection of an initiating condition for the RL C reset procedure described in subclause 11.4.2exrorsinthe
protocel, the RLC entity-sheuld:

- sendsaRESET-PDU-toitspeerinitiates the RL C reset procedure (see subclause 11.4); and
- entersthe reset-pendingRESET _PENDING state.

Upon reception of a RESET PDU, the RLC entity F&eetsthepreteeewesee responds accordl ng to subclause 11 4, 3 )Jsets

Upon reception of a RESET ACK PDU, the RLC entity takes no action.

Upon reception of CRLC-SUSPEND-Req from upper layer, the RLC entity sheuldis suspended and enters the loeal
suspendL OCAL_SUSPEND stateis-entered.

9.3.3.3 ResetPendinrgRESET PENDING State

In the reset-pending RESET _PENDING state, the entity waits for a response from its peer entity and no data can be
exchanged between the entities.

Upon reception of a CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheutd:

- entersthe NULL state; and

- beis considered as being terminated.

+and
-—enterthe nuliNULL state isentered:

Upon reception of a RESET ACK PDU with the same RSN value as in the corresponding RESET PDU, the RLC entity

Mﬂs F&eetsiehepreteeel—%accordl ng to subclause 11 4.4; and%setsthehypemameﬂumbeHﬁFN%DI:

- entersthe acknewledged-datatransferreadyDATA_TRANSFER _READY dtate.

Upon reception of a RESET ACK PDU with adifferent RSN value as in the corresponding RESET PDU, the RLC
entity-sheuld:

- discardsthe RESET ACK PDU (see subclause 11.4.4); and

- staysinthe RESET PENDING state.-is-discarded:

Upon reception of a RESET PDU, the RLC entity-sheuld:
- reﬁponds according tor@ets%hepmteeel—ésee subcl ause 11.4.3; and),%ets%hehypepf»cameﬂumbepHFl\L{DL

- staysin the reset-pendingRESET_PENDING state.

Upon reception of CRL C-SUSPEND-Req from the-uppertayerupper layer, the RLC entity-sheuld:is-suspended-and
- entersthe reset-and-suspendRESET_AND_SUSPEND state-is-entered.
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Figure 9.18: The state model for the acknowledged mode entities

9.3.34 Loeal SuspendLOCAL_SUSPEND State

In the Local-SuspendLOCAL _SUSPEND state, the RLC entity is suspended, i.e. it does-shall not send an-RLC-AMD
PDUs with SN _greater than or equal to certain specified value (see subclause 9.7.5) 2V T{S)+Nwhere VT{S)isthe
value of the send state variable when the CRLC-SUSPEND-Req with parameter N-was received.

Upon reception of CRLC-RESUME-Req from upper layers in this state, the RLC entity-sheuld:
- isresumes the data transmission-nermalty; and

- enters the Acknowledged-DataTransfer ReadyDATA_TRANSFER READY statets-entered.

Upon reception of CRLC-CONFIG-Reqg from upper layersindicating release, the RLC entity-sheuld:

- entersthe NULL state; and

- beis considered as being terminated.

+and
-—enterthe null NULL state isentered:

Upon detection of an initiating condition for RL C reset procedure described in subclause 11.4.2errors in-theprotoeol,
the RLC entity-sheutd:

sendsaRESETPBU-toitspeerinitiates the RLC reset procedure (see subclause 11.4); and
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- entersthe reset-and-suspend RESET_AND_SUSPEND state.

9.3.35 Reset-and-SuspendRESET_AND_SUSPEND State

In the reset-and-suspendRESET_AND_SUSPEND state, the entity waits for aresponse from its peer entity or a
primitive (CRLC-RESUME-Req) from its upper layer and no data can be exchanged between the entities.

Upon reception of CRLC-CONFIG-Req from upper layer indicating release, the RLC entity-sheuld:

- entersthe NULL state; and

- beisconsidered as being terminated.;-and

-—enterthe null- NULL state isentered:

Upon reception of a RESET ACK PDU with the same RSN value as in the corresponding RESET PDU, the RLC entity
should:

- F%peedacts according to F@etsieheupreteeel—éseewbcl ause 11 4.4; and#sets%hehypep#ameﬂumb%HFN%Dl:

- entersthe tecal-suspendL OCAL_SUSPEND state.

Upon reception of CRLC-RESUME-Req from upper layer in this state, the RLC entity-sheuld:

- beisresumed, i.e. releases the suspend constraint; and

- entersthe resetpendingRESET_PENDING stateis-entered.

9.4 State variables

The state variables defined in this subclause are normative.

This sub-clause describes the state variables used in AM and UM in order to the-specifyication-of the peer-to-peer
protocol All state vanabl&are non- negatlve mtegers PDUsaFesequenﬂaHyandrmdependenﬁyﬂumberedandrmay

and—ZJ—ter—UM—thesUM D and AM D PDUs are numbered bv modulo mteqer sequence numbers (SN), cycl inge through

the entirerangefield: O throughto 2'2 — 1 for AM and O threughto 27 — 1 for UM. All arithmetic operations contained in
this specification on VT(S), VT(A), VT(MS), VR(R), VR(H) and VR(MR)the foHlowing-state variables-and-sequence
numbers-contained-h-this-specification-are affected by the AM modulus. All arithmetic operations contained in this
specification on VSV HARVHMSHVRIR-VRH VRIMR)-VT(US) and VR(US) are affected by the UM
modulus. When performing arithmetic comparisons of state variables or SN values a modulus base shall be used. This
modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison
is performed. aAt the sSender, VT(A) and VT(US) are shaliwilishall be assumed to be the modulus basein AM and UM
respectively. When-performingAt the Receiver, arithmetic comparisons of variables or SN val ues-at-the rReceiver,
VR(R) and VR(US) are-shaltwitshall be assumed to be the modulus base in AM and UM respectively.

The RLC shaltwilishall maintains the following state variables at-in the transmittertransmitting-sideSender.

a) VT(S) - Send state variable.

Fhe-sequence-numberThis state variable contains the SN of the next AMD PDU to be transmitted for the first
time (i.e. excluding retransmitted PDUsssion). It isshaliwillshall be updated after transmission-the
aforementioned PDU is ef-a-PBY, which-includesnet-earlier-transmitted PBYs-and-or after transmission of a
MRW SUFI which includes SN MRW, ength >V T(S)_(see subclause 11.6).

Theinitia value of thisvariableisO.
b) VT(A) - Acknowledge state variable.

Fhe-sequence-nrumberThis state variable contains the SN following ef-the SN of the nextlast in-sequence
acknowledged PDU expected-to-be-acknowledged;-which-This forms the lower edge of the window of acceptable
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©)

d)

acknowledgements. VT(A) is-shalhwitshall be updated based on the receipt of a STATUS PDU including an
ACK _(see subclause 9.2.2.11.2) and/or aMRW_ACK super-fieldSUFI (see subclause 11.6).

Theinitia value of thisvariableis 0. For the purpose of initialising the protocol, this value shall be assumed to
be the first SN following the last in-sequence acknowledged PDU.

VT(DAT).

This state variable counts the number of times a PDU has been transmitted. There iswiHshall be one VT(DAT)
for each PDU and it-iseach wiltshall be incremented each-every time the corresponding PDU is transmitted.

Theinitia value of thisvariableisO.
VT(MS) - Maximum Send state variable.

This state variabl e contains the sequence-numberSN of the first PDU that-may-berefected by-thenot-allowedthat
constrainedcan be rejected by-nette-be sent-by-the transmitter-window-set-by-by the peer Rreceiver-fi-e-the
receiverwit-allow-up-to VVFMS)—1}, VT(MS) = VT(A) + VT(WS). This value represents the upper edge of the
transmitter window. The transmitter shaH-willshall not transmit aPDUs with SN =2VT(MS) unlessVT(S) =

VT(MS). VHMS)-isupdated-when-either VVTH{A)-or- VW S)Hs-updated-—TIn that case, the PDU with SN =
VT(S)_-_1 can aso be transmitted-also-when Sy =V HMS). VT(MS) shallwillshall be updated when VT(A)
or VT(WS) is updated.

Theinitia value of thisvariable is Configured Tx Window size.

€)

f)

9)

h)

VT(US) — UM data state variable.

This state variabl e gives-contains the sequence-rumberSN of the next UMD PDU to be transmitted. It is-shall be
updated-incremented by 1 each timea UMD PDU istransmitted.

Theinitial value of thisvariableisO.
VT(PDU).

This state variable is used when the “poll every Poll_PDU PDU” polling trigger is configured funetionts-used. It
tsshallwillshall be incremented with-by 1 for each PDU that is transmitted—t-should-beneremented-for,
including both new and retransmitted PDUs. When it reachebecomes equals to the value Poll_PDU, a new poll is
witlshall be transmitted and the state variable iswitshall be set to zero.

Theinitia value of thisvariableisO.
VT(SDU).

This state variable is used when the “poll every Poll_SDU SDU-" polling trigger is configuredfunetionts-used. It
tsshalwillshall be incremented with-by 1 for each-a given SDU that+swhen all the PDUs carrying a part of this
SDU have been transmitted at least once. When it reachebecomes equals to the value Poll_SDU anew poll is
wiHshall be transmitted and the state variable iswitshall be set to zero. The p” Polling bit” shedtd-willshall be set
to “1” inthefirst transmission of the PDU that contains the last segment of the SDU.

Theinitia value of thisvariableisO.
VT(RST) - Reset state variable.

H-This state variable is used to count the number of times a RESET PDU is transmitted_ before the reset
procedure is completed. VT(RST) iswilishall be incremented with-by 1 each time a RESET PDU is transmitted.
VT(RST) iswiHshall only be reset enly-upon the reception of a RESET ACK PDU, i.e. VT(RST) iswilshall not
be reset when an RLC reset ecedrswhich-was-initiated from-by the peer RLC entity occurs.

Theinitia value of thisvariableisO.
VT(MRW) — MRW command send state variable.

H-This state variable is used to count the number of timesa MRW command is transmitted. VT(MRW) is
incremented with-by 1 each time an MRW eoemmand-SUFI is transmitted. VT(MRW) iswitshall be reset when
the SDU discard with explicit signalling procedure is terminated.
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i)

Theinitia value of thisvariableisO.

VT(WS) — Transmitter window size state variable.

This state variable contains the size that shaH-wilishall be used for the transmitter window. VT(WS) is-shall be
set equal to the WSN field when the transmitter receivesa STATUS PDU including a Windew-SizeWINDOW

super-fieldSUFI.
Theinitial value of thisvariableis Configured Tx_Window_size.

The RLC shaltwilishall maintains the following state variables at-in the receiverreceiving sideReceiver:

a)

b)

©)

d)

9.5

VR(R) - Receive state variable.

This state variabl e contains the sequence-numberSN following that of the last ef-the-nextin-sequence PDU

expected-to-bereceived. It iswiHshall be set-equal-to-SNmax+1-updated upon the receipt of the rext-in-sequence
PDU _with SN equal to VR(R);-where-SNmax-isthe sequence-rumber-of the-highest received-ir-sequence PDU.

Theinitia value of thisvariableis 0. For the purpose of initialising the protocol, this value shall be assumed to
be the first SN following the |ast in-sequence received PDU.

VR(H) - Highest expected state variable.

This state variabl e contains the sequence-numberSN following-ef the highest expected-SN of any received PDU.
When a PDU is received with SN x such that VR(H)<x<VR(MR), Fthis state variable is-shallwillshall be set

equal to xSN+1 enly-when-a-hew PBU-isreceived with VR(MR)=SN=V/R{H).
Theinitial value of thisvariableisO.

VR(MR) - Maximum acceptable Receive state variable.

This state variable contains the sequence-rumberSN of the first PDU net-alewedthat shaltwilishall be rejected
by the receiverReceiverfi-e-the receiverwill-alewup to VR(MR)}—1}, VR(MR) = VR(R) +
Configured_Rx_Window_Size. -Fhereceiver-shall-discard-PBDUswith-SN=VR(MR):

VR(US) - Receiver Send Sequence state variable.

This state variabl e contains the sequence-numberSN following that of the rextlast PDU te-bereceived. When a
PDU with SN equal to x is received, Hthe state variable shall set equal to SN-x + 1-upen+eception-of-a-PBU.

Theinitial value of thisvariableisO.
VR(EP) - Estimated PDU Counter state variable.

This state variable contains the number of PDUs that sheutd-yet-bereceived-yetwhose re-transmission is still
xgected as a consequence of the transmission of the Iateet status report. tr-acknowledged-modethisstate
variableis updated-at-the-end ansmission-thme-Haterval—tAt the end of each transmissiontime

interval TTl it is decremented by the total number of PDUsthat sheutd—haveheenwere received during that timee

transmission time interval. - VR(EP)-is equal to zero, then check if-all PDUs requested for retransmissionin the

latest status report have been received.

Timers

The timers defined in this subclause are normative. The Ftimers wittshall be considered active from the time they are

started until the time they either expire or are stopped.

a)

Timer_Poll.

Thistimer iswiHshall only be used when -thepet-timer-trigger-isusedso configured by higherlayersthe upper
layerupper layers. The initial-valuevalue of the timer is signalled by higherlayersthe upper-layerupper layers. In
the UE H-isthis timer wiltshall be started when the successful or unsuccessful transmission of a PDU containing
apoll isindicated by tewer-tayerdower layer-(ir-UE). In UTRAN Orit witkshalishould be started when a PDU
containing a poll is submitted to tewertayers ower |layertowertayer-(ir-UTFRAN). If x isthe value of the state
variable VT(S) at the time the poll was submitted to lowerlayersower layer, Fthe timer iswillshall be

stoppedresetstopped whenupon- receivinga-STATYS PBU-that-:
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- eontains-an-acknowledgements {positive-er-negative)-offor all the AMD PDUs with SN up to and including
VHS)X-1, or

- -atthetimethepol-wassubmitted-to-tower-tayer-or-when-a negative acknowledgement ef-for the same PDU
with SN = x-1earrying the pelling bit.-isreceived:

e of the timer s Sanalled avers

If the timer expires and no STATUS PDU fulfilling the criteria above has been received:-erif-a-new-pot-is
: ¢ il . ) e

- thereceiverReceiver iswillshall be polled once more;({eitherby-the transmission-of- aPBDU-which-was-net-yet

- thetimer iswillshall be restarted; at-the time specified-above-with-a-and
- the new value of VT(S)-1 willshall be saved.

—If anew pall is sent when the timer is running-active the timer isshall be restarted at the time specified above,
with-and athe new-value of VT(S)-1 shall be saved.

b) Timer_Poll_Prohibit.

This timer iswiHshall only be used when_so configured by higherlayersthe uppertayerupper layers—thepelt
prohibitfunctionisused. It is used to prohibit transmission of polls within a certain period.- The initial

valuevalue of the timer is signalled by higherlayersthe-upperlayerupper layers. The

In the UE timerthis timer shall _be started when the successful or unsuccessful transmission of a PDU containing
apoll isindicated by tower-layerd ower layertowertayer.(ir-UE)-or In UTRAN it wilshallshould be started
when aPDU containi ng a poII |s submltted to JrGWGT—LayefSIOWEf IaverleweHaver{mJolIRAN) Iheﬁrehkbl%nme

From the time a poll_is triggered whitst-the timer-is-aetiveuntil the timer expires beforethetimerexpires, polling
is prohibited. If another poll is triggered while polling is prohibited, its transmission shall be delayed until the

timer prohibit-time-expires (see subclause 9.7.1)-if-a-peH-is triggered-during theprohibit time. Only one poll shall
be transmitted when Timer_Poll_Prohibit the prehibit-time-expires even if several polls were triggered in the

meanti me.-during-the prohibit-time: This timer willshall not be stopped-affected by athe receptionived of
STATUS PDUs. Fhe value of the timer-is signalled by upper-tayers.

When Timer_Poll Prohibit is not configured by the-upper-layerupper layers, polling is never prohibited.

c) Timer_EPC.

This timer should-wittshall only be used when the EPC function is used-configured by highertayersthe- upper
tayerupper layers. and-lt is meant to accounts for the roundtrip delay, i.e. the time between the transmission of a

status report and the reception of when-the first retransmitted PDU.-sheutd-be received-after-a status repert-has
been-sent: The initial-valueval ue of the timer is signalled by highertayersthe upper-tayerupper layers.

Fhetimer-ln the UE isthis timer -wiltshall be started when the successful or unsuccessful transmission of the first
STATUS PDU of astatus report isindicated by towertayerslower layertowertayer-(th-JE)-. In UTRAN it
willshallshould be started when er-the first STATUS PDU of a status report is submitted to tower-tayers ower
layerlower-tayer-(iIH-UTFRAN). and-wOnly after Timer  EPC hen-it-expires wilklshall VR(EP) be decremented as
described in clause 9.7.4.can start-its counting-dewn-process (see-subelause 9-7.4). The value of the timer-is
signalled by upper-layers.

d) Timer_Discard.

This timer iswiHshall be used for-thewhen timer based SDU discard is configured by highertayersthe upper
@@W The initial-valuevalue of the timer is signalled by higherlayersthe upper-layerupper
layers. In the transmitter, the-a new timer is activated-started upon reception of an SDU from upper-higher

tayersthe upper-tayerupper layers. Onetimeris-usedfor-each-SBU-thatisreceivedfrom-upper-layer--For
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In UM/TMy¢, if the-atimer expires before the corresponding SDU is submitted to alewertayers ower layer,
"SDU discard without explicit signalling” specified in subclauses 11.2.4.3 and /11.1.4.2 shall be startedinitiated.
For-In AM, if the-atimer expires before the corresponding SDU is acknowledged, "SDU discard with explicit
signalling" specified in subclause 11.6 shall be startedinitiated.

€) Timer_Poll_Periodic.

Thistimer iswiHshall only be used when the“timer based polling” is usedconfigured by higherlayersthe upper
layerupper layers. The initial-valuevalue of the timer is signalled by higherlayersthe upper-layerupper layers.
The timer iswilshall be started when the RLC entity is created. Each-Whentime the timer expires, the RLC
entity willshall:

- restart the timer;-isrestal !
- lif thereisho-PDUs are available for-te-be transmissiontted or retransmission (not yet acknowledged):

trigger a poll.and-aH-PBUs-have-dl
%@Myb&reﬁaﬁeekihe#atueeﬂheﬂmeprssgna”edbyupp%&fers

f) Timer_Status Prohibit.

Thistimer iswilishall only be used when the SFATUS prohibitfunctionisso usedconfigured by higherlayersthe
uppertayerupper layers. It is meant to prohibits the receiving-sideReceiver from sending consecutive
acknowledgment status reports. A status report is an acknowledgement status report if it containsiag-.any of the
SUFISLIST, BITMAP, RLIST or ACK._The initial-valdevalue of the timer is signalled by higherlayersthe upper

upper layers.

In the UE Fthise timer iswilshall be started when the successful or unsuccessful transmission of the last
STATUS PDU inr-of an acknowledgment -status report is indicated by lewer-tayers ower |ayertowertayer. (A
UE)er In UTRAN it willshallshould be started when the last STATUS PDU ir-of an acknowledgment status

report is submitted to lewertayers ower layertowertayer(iH-UFRAN). TFheprohibit-timeiscaleulatedf

From thetime an Jrﬁanethepacknowl edqment status report eent&nmqmeabevemenu%ws%l striggered
until serere- wer-ay i-the

Timer Status Prohibit timer hasexpr r&ed acknowledqment is prohr b|ted If another such status report is
triggered while acknowledgment is prohibited, its transmission willshall be delayed until the timer expires (see
subclause 9.7.2). The status report may be updated during this time. and-re-nrew-statusrepert-containingthe

mentioned-SUFls-can-be transmitted-during- the-prohibi-time: T he timer-dees-net-prebibittransmission of the
SUFIsMRW, MRW_ACK, WINDOW or NO_MORE is not restricted. Fhevalue-of-the timerissignalted-by

upper-tayers:

When Timer_Status Prohibit is not configured by the-upperlayerupper layers, acknowledgment is never
prohibited.

g) Timer_Status Periodic.

Thistimer iswiHshall only be used when timer based status reporting sending-is usedconfigured by higher
tayersthe upper-tayerupper layers.

Thise timer iswitishall be started when the RLC entity is created. Each-timeWhen the timer expires the
transmission of a status report iswilishall be triggered and the timer iswitishall be restarted. Fhe value-of-the
timeris signalted-by-upper-tayers-This timer can be blocked by upper-higher-tayersthe upper-tayerupper layers.
trthiscase-the timer-shall-net-beaetive-The timer shall be reset-and-restarted when it-ishigherlayersthe upper
tayerupper layersindicatesthat it is no longer unblocked-by-upper-tayers.

h) Timer_RST.

Thistimer is used-meant to detecthandle the loss of aRESET PDU by the peer entity, or the loss of a RESET
ACK PDU from the peer REC-entity. The initia-valueval ue of the timer is signalled by higher-tayersthe- upper
layerupper layers. -Fhis
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9.6

In the UE this timer iswilshall be started when the successful or unsuccessful transmission of a RESET PDU is
indicated by lewertayerslower |ayertowertayer.(irUE)}-er In UTRAN it wilshaltshould be started when a

RESET PDU is submitted to lower-tayerslower layer-(in-UTFRAN).

Timer_RST Hwilishall only be stopped upon reception of a RESET ACK PDU _(with same RSN as RESET
PDU), i.e. thistimer iswiHshall not be stopped when an RL C reset ecedrswhich-was-initiated from-by the peer
RLC entity occurs. If #-thistimer expires, the RESET PDU wiHshall be retransmitted. Fhevalue-of-the timer-is

signalled-by-upper-tayers:

Timer_MRW.

st i i i ~HThistimer is used to trigger the
retransmission of astatus report contal ni ng an M RW SUFI fleld The initial-valueval ue of the timer issignalled
by higher-layersthe upper-tayerupper layers.

In the UE Fhethis timer iswiHshall be started when the successful or unsuccessful transmission of a STATUS
PDU containing the MRW SUFI isindicated by lewertayerslower layer.{inUE)-or In UTRAN, it
witshallshould be started when a STATUS PDU containing the MRW SUFI is submitted to lewertayerslower

layer (iR-UTRAN).

Each time the timer expires the MRW SUFI is retransmitted and the timer is restarted-(at-the time-specified
abeve). It shallwillshall be stopped-resetstopped when one of the termination criteria for the SDU discard with
explicit signalling procedure is fulfilled (see subclause 11.6.4). Fhevalue-of the timer-issignalled-by-upper
layers:

Protocol Parameters

The behavior defined in this subclause is normative. The values of the protocol parameters defined in this subclause are

signalled by upper-higher-layersthe uppertayerupper layers.

a)

b)

©)

d)

MaxDAT.

H-This protocol parameter indicatesis the maximum value for the number of retransmissions of a PDU. Fhis
parameter-isan-It represents the upper limit ef-counterfor state variable VT(DAT). When thevalue-of- VT(DAT)
comestoreachesequal s the value MaxDAT, either RLC RESET procedure or SDU discard procedure shalt
witlshall be initiated according to_the configuration by upper-higherlayersthe- uppertayerupper layers.

Poll_PDU.

This protocol parameter indicates how often the transmitter sheutd-willshall poll the receiverReceiver in the case
oef-where “polling every Poll_PDU PDU" is configured by highertayersthe uppertayerupper layers. Fhisisanlt

represents -the upper limit for the state variable VT(PDU).-state- variable; wWhen VT (PDU) reachesequals the
value Poll_PDU apoll iswiHshall be transmitted to the peer entity.

Poll_SDU.

This protocol parameter indicates how often the transmitter witishallsheuld poll the receiverReceiver in the case
efwhere “polling every Poll_SDU SDU” is configured by highertayersthe uppertayerupper layers. Fhisisant
represents the upper limit for the state variable VT(SDU).-state-variable, wWhen VT (SDU) reachesequal s the
value Poll_SDU a poll iswitshall be transmitted to the peer entity.

Poll_Window.

This protocol parameter indicates when the transmitter witishallsheuld poll the receiverReceiver in the case of
performingwhere “window-based polling”_is configured by higher-tayersthe uppertayerupper layers. The range
of values of this parameter shal-wiltshall be 0 < Poll_Window < 100. A poll istriggered for each PDU when
J=Poll_Window, where J is the window transmission percentage defined byas.

(4096+V T(S) — VT(A)) mod 4096

J= VTW9) * 100,
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where the constant 4096 is the modulus for AM described in Ssubclause 9.4.
€) MaxRST.

H-This protocol parameter isindicates the maximum valuefor-the-number of retransmissions of a RESET PDU.
Fhisparameteris-an-|t represents the upper limit ef-counterfor state variable VT (RST). When the value-of
VT(RST) eomesreachesequal s the valuete MaxRST, unrecoverable error shal-wilishall be indicated to upper

higher-layersthe upper-tayerupper layers.
f) Configured_Tx_Window_Size.

This protocol parameter indicates Fboth the maximum allowed transmitter window size and the Haitial
valuevalue for the state variable VT(WS).

g) Configured Rx_Window_Size.

This protocol parameter indicates the allewed-receiver window size.

h) MaxMRW.

H-This protocol parameter indicatesis the maximum value for the number of retransmissions of a MRW
SUFlcommand. This-parameteris-an-t represents the upper limit ef-counterfor state variable VT(MRW). When
thevalue of VT(MRW) eomesteachesequal s the valuete MaxMRW, the RLC RESET procedure shal-witishall
beinitiated.

9.7 Specific functions

The functions defined in this subclause are normative.

9.7.1 Polling function for acknowledged mode

The Poalling function is used by the Sendertransmitter-of AM-B-PBUs-may-poH- to request the receiver-peer RL C entity
for a status report{eens%ngteﬁenee#sweral%lAIUSPDUs} The"PoIImg bit" inthe AMD PDU |nd|catesthe poII

faelJredfThere are several triggers for initiating the Pol I ing functlon semngiehepeumg%uppeﬁayepseenm

wWhich of the triggers sheuld-shall be used is configured by upper layers for each RLC entity. H-apoH-hasbeen
triggered-white-a Trmer—Polbis active anew-Polting functiorts Hitrated-after Tmer—Pol-has-expired-The Ffollowing
triggers arepossiblecan be configured:

1) Last PDU in buffer.

The sSender triggers athe pPolling function when the last PDU available for transmission is submitted to |ower
layertransmitted.

2) Last PDU in Rretransmission buffer.

The sSender triggers athe pPolling function when the last PDU to be retransmitted is submitted to lower
layertransmitted.

3) Poll timer.

Theti mer Tlmer PoII is started and stopped accordl nq to subcl ause 9.5 a). whenthe successful-or-unsuccesstul
; er-(in UE) or a PDU- containing a poll-is
sabmrﬁeeLtereptayepeﬂJalRAN}and' j iﬂheemenemepsteppmgiehenmephasnepeeeuﬁedrbefere' j i i When
the timer Timer_Poll expires a-rew-the Sender triggers the pPolling function-istriggered.

4) Every Poll_PDU PDU.

The sSender triggers athe pPolling function every Poll_PDU PDU. Both retransmitted and new PDUs shall be
counted.

5) Every Poll_SDU SDU.

The sSender triggers athe pPolling function every Poll_SDU SDU.
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6) Window based.

The sSender triggers athe pPoII ng functlon When the condltlon descrlbed in subclause 9.6 d) ("Poll_Window")
isfullfilled.i , W% i

7) Timer based.
The sSender triggers athe pPolling function periodically.
Either the triggers 1) and 2) or the trigger 7) should be configured for every RL C entity to avoid deadlock
s tuaI| ons. MW%PMM—%M&MM@MM%M

The Poll Prohibit function is used by the Sender to delay the initiation of the Polling function. Usage of the Poll Prohibit
function is configured by upper layers. The Poll Prohibit function consists of starting the timer Timer Poll _Prohibit
according to subclause 9.5 b) and delaying the Polling function according to the following rules:

When the Polling function is triggered the Sender shall:

- ifthetimer Timer—Poll—Prohibit-is-not-activepolling is not prohibited (see suclause 9.5 b)); and

- __if thereis one or more AMD PDUs to be transmitted or there are AMD PDUs not acknowledged by the
Receiver:

- __initiate the Polling function by setting the polling bit according to subclause 11.3.2.1.1.

Upon expiry of thetimer Timer Poll _Prohibit, the Sender shall:

- if the Polling function was triggered at least once while the timer Timer Poll Prohibit was active; and

- if thereisone or more AMD PDUsto be transmitted or there are AMD PDUs not acknowledged by the
Recelver:

- _initiate the Polling function once by setting the polling bit according to subclause 11.3.2.1.1.

9.7.2 STATUS transmission for acknowledged mode

The rReceiver of- AMB-PDUs transmits status reports to the Sender in order to inform the Sender about which AMD
PDUs have been recei ived and not recewed {eEach status report consists of one or several STATUS PDUs}teJéhe

alwayspreeenFThe rRecewer shall aJways send astatus report When receivi ng a poII reguest. Exeepefeethaﬁngger
Additionally the following triggers for transmission of status reports are configurable by upper layers:

1) Detection of missing PDU(s).

If the rReceiver detects one or several missing AMD PDUsit shall trigger the transmission of a status report to
the sSender.

2) Timer based SFATUS status report transfer.

The rReceiver triggers the transmission of a status report perioedicathy-to the sSender periodically. The timer
Timer_Status Periodic controls the time period according to subclause 9.5 g). When “Periodical Status
blocking” is configured by upper layers, the trigger shall not be active.

3) The EPC mechanism.

Thetimer Timer_EPC is started according to subclause 9 5 ¢) and the state varlable VR(EP) is set and decreased
according to subclause 9.7.4.w < » .
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tayepeﬂJelIFRAN-} If not all AMD PDUs requested for retransmrsson have been recerved before the varrable
VR(EP) has+eachedequalled zero, a new status report is -transmitted-to-the peer-entitytriggered by the Receiver.

A more detailed description of the EPC mechanism is given in subclause 9.7.4.

There are two functions that can prohibit the fReceiver from sending a status report containing any of the SUFISLIST,
BITMAP, RLIST or ACK. Status reports containing other SUFIs are not prohibited. Upper layers control which
functions should be used for each RLC entity. If any of the following functionsis used the sending-transmission of the
status report shall be delayed, even if any of the triggering conditions above are fulfilled:

1) STATUS prohibit.

Theti mer Timer_Status Prohibit is started accoring to subcl ause 9.51). wLhenJtIttesc|eeeesftt;rLeFurrsueeeesf%hl

Recerver is not aJ I owed to transmlt a siatus report dunngwhl Ie theprehtbrttrmetrmeﬁﬁmer%tatu&%hrbms
aetiveacknowledgement is prohibited (see subclause 9.5 f)). If a status report was triggered during thise prohibit
time, the status report istransmitted after the timer Timer Status Prohibit erehrbrLHmehas expired as descrrbed

2) The EPC mechanism.

If the “EPC mechanism” is active and the sending-transmission of a status report is triggered it shall be delayed
until the “EPC mechanlsm" has ended asdescrlbed below. Ihereeaareesha#enlysendenestatusrepereevemf

When a status report is triggered the Receiver shall:

- if transmission of status reports is not prohibited by any of the functions“STATUS prohibit” or “EPC
mechanism”:

- assemble and transmit the status report to the Sender, as specified in subclause 11.5.2.2 and 11.5.2.3%;

- otherwise (if the status report is prohibited by at least one of the functions "STATUS prohibit" or "EPC
mechanism")

- _if MRW, MRW_ACK or WINDOW SUFIs are required in the status report:

- send a status report immediately excluding ACK, LIST, BITMAP, and RLIST SUFIs;

- 1f ACK, LIST, BITMAP, or RLIST SUFIs are required in the status report:

- delay sending these SUFIs until the prohibit function terminates.

Upon expiry of thetimer Timer Status Prohibit or termination of the “EPC mechanism”, the Receiver shall:

- if at least one status report was triggered during the time the transmission of a status reports was prohibited that
could not be transmitted due to prohibition; and

- if transmission of a status reports is no longer prohibited by any of the functions “ STATUS prohibit” or “EPC
mechanism”:

- __transmit one status report to the Sender, using the procedure described in subclause 11.5.2.3X.

9.7.3  SDU discard function for acknowledged, unacknowledged, and
transparent mode

The SDU discard function is used by the Sender alews-to discharge RLC PDUs from the RLC PDU buffer-en-the
transmitter-side, when the transmission of the RLC PDUs does not succeedss for a period of terg-time or for a number
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of retransmissions. The SDU discard function allows to avoid buffer overflow. There witl-be-are several alternative
operation modes of the RLC SDU discard function. Upper layers control, which discard function shall be used for each
RLC entity.

Thefollowing isalist of operation modes for the RLC SDU discard function, which are described in detail in the
subsequent subclauses.

Table 9.2: List of criteria that control when to perform SDU discard

Operation mode Presence
Timer based discard, with explicit signalling Network controlled
Timer based discard, without explicit signalling Network controlled
SDU discard after MaxDAT number of retransmissions Network controlled
No_discard after MaxDAT number of retransmissions Network controlled
9.7.3.1 Timer based discard, with explicit signalling

This dternative is only applicable to RLC entities operating in acknowledged mode. Fhis-alternative |t uses atimer

based triggering of SDU discard (Timer_Discard). This makes the SDU discard function insensitive to variationsin the
channel rate and provides means for exact definition of maximum delay. However, the SDU loss rate of the connection
isincreased as SDUs are discarded.

For every SDU recewed from upper Iavers the Sender shall:

- dtart atimer Timer Discard-menitoring-of the transmission timeof the SDU.

When the transmissiontimetimer Timer Discard of a SDU expiresexceedsthe-configured-valuefora SPY, the Sender
shall:

- discard the SDU;

- etherwise{if "Send MRW" is configured, or one or more segments of the discarded SDU were submitted to the
lower layer):

- utilise expliciteexplicit signalling to inform the Receiver according to subclause 11.6.

9.7.3.2 Timer based discard, without explicit signalling

This dternative is only applicable to RLC entities operating in unacknowledged or transparent mode. Fhis-aternative |t
uses the same timer based trigger for SDU discard (Timer_Discard) as the one described in the subclause 9.7.3.1. The

dlfference isthat thls discard method does not use any peer-to-peer signalling. Fhisfunetion-is-applied-only-for
! a peer-signalling-is-never-needed—Fhe SDUsare-simply
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For every SDU received from upper layers, the Sender shall:

- start timer monitoring of the transmission time of the SDU.

When the transmission time exceeds the configured value for a SDU, the Sender shall:

- discard the SDU without expliciteexplicit signalling (for RL C entities operating in unacknowledged mode apply

subclause 11.2.4.3 for updateing the state variables).

9.7.3.3 SDU discard after MaxDAT number of retransmissions

This alternative uses the number of retransmissions as atrigger for SDU discard, and is therefore only applicable for
| acknowledged mode RLC. This makes the SDU discard function dependent onf the channel rate. Also, this variant of
the SDU dlscard functlon strlves to keep the SDU loss rate constant for the connectlon onthe cost of avarlable del ay

If MaxDAT number of retransmissionsis reached for a AMD PDU, the Sender shall:

- discard all SDUs segments of which are contained in the AMD PDU and utilise expliciteexplicit signalling to
inform the Receiver according to clause 11.6.

9.7.3.4 No_discard after MaxDAT number of retransmissions

This alternative usesthe number of retransmissions, and is therefore only appllcable for acknowledged mode RLC.

If MaxDAT number of retransmissionsis reached for an AMD PDU, the Sender shall:

- _initiate the RLC Reset procedure (see subclause 11.3.4.4).

9.7.35 SDU discard not configured

If SDU discard has not been configured for an unacknowledged mode RLC entity, SDUs in the transmitter shall not be
dlscarded unI%sthe Ttransml&sron buffer isfull. Mherransmrsseerbuﬁeersiuué%rrwbedrsearde@usﬂgs%

When the Ttransmission buffer in an unacknowledged mode RL C entity is full, the Sender may:

- if segments of the SDU to be discarded have been submitted to lower layer:

- discard the SDU without exphiciteexplicit signalling according to subclause 11.2.4.3;

- otherwise, if no segments of the SDU to be discarded have been submitted to lower |layer:

- _remove the SDU from the Ttransmission buffer without utilising any of the discard procedures.

If SDU discard has not been conflqured for atransparent mode RL C entity, the Sender shall upon reception of new

SDUs from upper layer:

- discard all SDUs received from upper layer in previous TTIsthat are not yet submitted to lower layer;

- submit the new SDUsin thefirst possible TTI.

For an acknowledged mode RLC entity, an SDU discard mode is always configured.

9.7.4 The Estimated PDU Counter for acknowledged mode

| The Estimated PDU Counter (EPC) is only applicable for RLC entities operating in acknowledged mode. The EPCisa
| mechanism configured by highertayerupper layers used for scheduling the retransmission of status reportsin the
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rReceiver-side. With this mechanism, the rReceiver will send a new status report in which it requests for AMD PDUs
not yet received. The time between two subsequent status report retransmissionsis not fixed, but it is controlled by both
the timer Timer_EPC and the state variable VR(EP), which adapt this time to the round trip delay and the current bit
rate, indicated in the TFI, in order to minimise the delay of the status report retransmission.

When a SFATUS gtatus report is triggered by some mechanisms and it is submitted to lower layer (in UTRAN) or the
successful or unsuccessful transmission of it isindicated by lower layer (in UE) to request for retransmitting one or
more missing AMD PDUs, the variable VR(EP) is set equal to the number of requested AMD PDUs. At least one
requested AMD PDU is needed to activate the EPC mechanism. The variable VR(EP) is a counter, whichis
decremented every transmission time interval with the estimated number of AMD PDUs that should have been
transmitted-received during that transmission time interval_on the corresponding logical channel.

A-special-The timer-ealted Timer_EPC; controls the maximum time that the variable VR(EP) needs to wait before it
will start counting down. This timer starts immediately after a transmission of a retransmission request from the
rReceiver (when the first STATUS PDU of the status report is submitted to lower layer (in UTRAN) or the successful

or unsuccessful transmission of it isindicated by lower layer(in UE)). Theinitial value of thetimer Timer_EPC is
configured by upper layers. It typically depends on the roundtrip delay, which consists of the propagation delay,
processing time in the transmitter and receiverReceiver and the frame structure. Thistimer can also be implemented asa
counter, which counts the number of 10 ms radio frames that could be expected to elapse before the first requested
AMD PDU isreceived.

If not all of these requested AMD PDUSs have been received correctly when VR(EP) is equal to zero, a new status report
will be transmitted and the EPC mechanism will be reset accordingly. The timer Timer_EPC will be started once more
when the first STATUS PDU of the status report is submitted to lower layer (in UTRAN) or the successful or
unsuccessful transmission of it is indicated by lower layer (in UE). If al of the requested AMD PDUs have been
received correctly, the EPC mechanism ends.

9.7.5 Local Suspend function for acknowledged and unacknowledged
mode

The upper Iayers may suspend athe RLC entlty Ihe@REG—SHSPEND—Re&mdmat&s%HsW%eRI:GeHMy
with-SN >Vl§)¢N49r—A—M—and§N>W(QS)*N—¥Gr—UM—WheFe

When the-a RL C entity operating in unacknowledged mode is suspended by upper layers with the parameter N, the

RL C entity shall:
- acknowledge the suspend requestorder with a confirmation containing the current value of VT(US);

- not send UMD PDUs with sequence number SN=VT(US)+N.

When athe RLC entity operating in acknowledged mode is suspended by upper layers with the parameter N, the RLC
entity shall:

- acknowledge the suspend requestorder with a confirmation containing the current value of VT(S);

- not send AMD PDUs with sequence number SN=VT(S)+N.

When athe RLC entity operating in unacknowledged mode is resumed by upper layers, the RLC entity shouldshall:
- resume pormal-data transfer procedure.enter UNACKNOWLEDGED - DATA-TRANSFER READY state..

When athe RLC entity operating in acknowledged mode is resumed by upper layers, the RLC entity shouldshall:

- if the RLC entity is suspended and the-a RLC Reset procedure is not ongoi ngactivatedis i LOCAL-SUSPEND
state:

- resume permal-data transfer procedureenter ACKNOWLEDGED- DATA-TRANSFER READY-state.
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- otherwiseif the RLC entity is suspended and athe RL C Reset procedure is ongoingactivatedin
RESET-AND-SUSPEND state:

- _remove the suspend constraint;

- resume the RLC reset procedure according to subclause 11.4enter RESETPENDINGstate.

9.7.6 RLC Stop, RLC Continue function for acknowledged and
unacknowledged mode

The upper Iayer may stop athe RLC ent|ty Ihe&eppametepnﬁhe@l;%l:@ G@NFLG Req—p%m%wmﬂdaeat%mls

When athe RLC entity is stopped, the RLC timers are not affected. Friggered-peHs-and-status transmissions-are delayed
i S ; .

When athe RL C entity is stopped by upper layers, the RLC entity shall:

- not petsubmit any RLC PDUsto lower layer or receive any RLC PDUs;

- delay triggered Polling functions or status transmissions until the RLC entity is continued.

When athe RLC entity is continued by upper layers, the RLC entity shall:

- if the RLC entity is stopped:

- continue the data transmission and reception;

- process the triggered Polling functions and status transmissions.

- otherwise, if the RLC is not stopped:

- takeno action.

9.7.7 RLC re-establishment function for acknowledged and
unacknowledged mode

The RLC re-establishment function is applicable for AM and UM and is used when upper layers request athe RLC
entity to be re-established.

When athe RLC entity is re-established bv upper Iavers the RLC entity shall:

- reset the state variables to their initial value;

- set the configurable parameters to their configured value;

- set the hyper frame number (HEN) in UL and DL to the value configured by upper layers;

- if the RLC entity is operating in unacknowledged mode:

- ifitisareceiving UM RLC entity:

- discard all UMD PDUs;

- if itisasendingtransmitting UM RL C entity:
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- discard the RLC SDUs for which one or more segments have been submitted to alower layerinthe
sending UM-RLC entitySender;

-—discard all UMB-PDUsat the receiving UM-RLC entity:

- enter UNACKNOWLEDGED DATA_TRANSFER READY state;

otherwise if the RLC entity is operating in acknowledged mode:

- discard all AMD PDUs in the Receiver and Sender;

—enter ACKNOWLEDGED-DATATRANSFER READY state:

9.7.8 Ciphering for acknowledged and unacknowledged mode

The ciphering function is performed in RLC, according to the following rulesif aradio bearer is using a non-transparent
RLC mode (AM or UM). The data unit that is ciphered, depends on the transmission mode as described below.

- For RLC UM mode, the ciphering unit isthe UMD PDU excluding the first octet, i.e. excluding the RLC UMD
PDU header. Thisis shown below in Figure 9.19.

Sequence Number E | Octl
A Length Indicator E (Optional) (1)
Ciphering Length Indicator E (Optional)
Unit
Data
PAD Optional
v o Optiond)

Figure 9.19: Ciphering unit for a UMD PDU

- For RLC AM mode, the ciphering unit isthe AMD PDU excluding the first two octets, i.e. excluding the RLC
AMD PDU header. Thisis shown below in Figure 9.20.

D/C]| Sequence Number Octl
SequenceNumber [ P [ HE | Oct2
Length Indicator | E | Oct3 (Optional)
Ciphering Length Indicator E
Unit
Data

PAD or apiggybacked STATUS PDU
OctN

Figure 9.20: Ciphering unit for an AMD PDU

The ciphering a gorithm and key to be used are configured by upper layers [8] and the ciphering method shall be
applied as specified in [920].
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| The parameters that are required by RLC for ciphering are defined in [920] and are input to the ciphering algorithm.
The parameters required by RLC which are provided by upper layers [8] are listed below:

- RLC AM HFN (Hyper frame number for radio bearers that are mapped onto RLC AM)
- RLCUM HFN (Hyper frame number for radio bearers that are mapped onto RLC UM)
- BEARER (Radio Bearer ID)

- CK (Ciphering Key)

10 Handling of unknown, unforeseen and erroneous
protocol data

Errors and the handling of errors defined in this clause are normative.

10.1 Erroneous Sequence Number

A STATUS PDU or Piggybacked STATUS PDU including "erroneous Sequence Number" isa STATUS PDU or
Piggybacked STATUS PDU that contains:

- alLIST,BITMAP or RLIST SUFI in which the " Sequence Number" of at least one PDU indicated-as
missiagthat is negatively acknowledged is outside the interval VT (A)<" Seguence Number"< VT(S)-1, or

- an ACK SUFI in which "LSN" is outside the interval VT(A)<"LSN"< VT(S).

If an AM RLC entity receives aSTATUS PDU or a Piggybacked STATUS PDU including "erroneous Sequence
Number", it shall:

- discard the STATUS PDU or the Piggybacked STATUS PDU;

- initiate the RLC reset procedure (see subclause 11.4).
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10.2 Inconsistent status indication

If an AM RLC entity receives aSTATUS PDU or a Piggybacked STATUS PDU that indicates different status for the
same AMD PDU, it shal:

- discard the STATUS PDU or the Piggybacked STATUS PDU.

10.3 Invalid PDU format

If an UM or AM RLC entity receivesa RLC PDU that contains reserved or invalid values (see subclause 9.2), it shall:

- discard the RLC PDU.

11 Elementary procedures

Procedures defined in this clause are normative.

entity of the Sender-This descrl ptl 0N assumes €l ementarv procedureﬁ | nteractl ons between procedures are not

described.
11.1  Transparent mode data transfer procedure

11.1.1 PurpoeseGeneral

The transparent mode data transfer procedure is used for transferring ef-data between two RLC peer entities, which are
operating in transparent mode. Data is transferred from Sender to Receiver. This procedure shaltshould only apply to
entitiesin DATA_TRANSFER READY state Figure11.1 beI ow illustrates the elementary procedurefor transparent
mode data transfer. t . :

Channels that can be used are DTCH, CCCH (uplink only), SHCCH (uplink only), BCCH and PCCH. The type of
logical channel depends on if the RLC entity islocated in the user plane (DTCH) or in the control plane
(CCCH/BCCH/SHCCH/PCCH).

Sender Receiver

TM¥D PDU

[ Receiver |
g
] ]

Figure 11.1: Transparent mode data transfer procedure

11.1.2 nitiationTransmission of #TMD PDU

TFhesender-initiates thisprocedure-uUpon a request of transparent mode data transfer from upper layer, the Sender shall:
- iHf no SDU discard configuration is-cenfiguredhas been made by upper layers.

- discard all-buffered SDUs received in previous TTIs upon reception of new SDUs from the uppertayerupper
layers (see subclause 9.7.3.5) ;=

3GPP



Error! No text of specified style in document. 58 Error! No text of specified style in document.

- oOtherwise; (if "Timer Based SDU Discard without explicit signalling” is configured):

- start atimer Timer Discard for each SDU received from the upper-layerupper layers (see subclause 9.7.3);

- schedule the RLC SDUs that have been received from upper layer for transmission;

- if one or more RLC SDUs have been scheduled for transmission, the Sender shall;

- _notify the lower layer of reception of data from the-uppertayerupper layers;:

- perform the actions specified in subclause 11.1.2.2.

11.1.2.1 +HTMD PDU contents to set

The Sender shall set the datafield of the *TMD PDU to all or a subset of the data contai ned inthe SDU asdescrlbed in
subclause 11.1.2.2.

11.1.2.X2 Submission of TMD PDUs to the lower layer

If one or more RLC SDUs have been scheduled for transmission, according to Subclause 11.1.2, the Sender shall:

- ifitisconfigured for ssgmented operation:

- _inform the lower layer of the size of the next SDU to be sent;

- segment the SDU according to the PDU size indicated by the lower layer;

otherwise; (the Sender is configured for non-segmented operation):

- _inform the lower layer of the number and size of SDUs available for transmission;

submit to the |lower layer, the requested number of TMD PDUs;

- buffer the SDUs that are not submitted to the lower layer according to the discard configuration (see subclause

9.7.3).

11.1.3 Reception of #TMD PDU

Upon reception-delivery by the lower layer of aset of +*TMD PDUSs (received within one TT1), the Receiver shall:

- ifitisconfigured for ssgmented operation:

- recelving-entity-reassembl es (if segmentation-was-performed)-the TMD PDUsreceived in one TTI into one
RLC SDUs;:

- otherwise (it is configured for non-segmented operation):

- treat each received TMD PDU as a SDU;
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- _if "Delivery of Erroneous SDUS" is configured as "no":

- RECdeliverssubmit only alithe RLC SDUs received without error to the-upper-tayerupper layers through the
T TM-SAP;:

- _eseif "Delivery of Erroneous SDUS' is configured as"vyes':

- submit all RLC SDUs to the-uppertayerupper layers through the TMR-SAP;-

- _provide an error indication for each SDU received in error;

- otherwiseif "Delivery of Erroneous SDUS' is configured as "No detect":

- submit all RLC SDUs to the-upper-tayerupper layers through the TM-SAP.

If segmentation is performed in transparent mode RLC, an SDU is erroneous if one or more of the +TMD PDUs
received inaTTI contains an error. If segmentation is not performed, an SDU is erroneous if the corresponding F¥TMD
PDU is erroneous.

11.1.4 Abnormal cases

11.14.1 Void

11.1.4.2 SDU discard without explicit signalling
Upon expiry of the timer Timer_Discard inen the Ssender-side, the Ssender shall:

- -discard the associated SDU.;

~In the case where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC,
the UE may wait until after it provides MAC with the requested set of PDUs before discarding the afore-mentioned
SDuU.

11.2  Unacknowledged mode data transfer procedure

11.2.1 PurpeseGeneral

The unacknowledged mode data transfer procedure is used for transferring data between two RLC peer entities, which
are operating in unacknowledged mode. Data is transferred from Sender to Receiver. This procedure shalishould only
apply to RL C entitiesin DATA_TRANSFER READY state or LOCAL_SUSPEND state. Figure 11.2 below illustrates
the elementary procedure for unacknowledged mode data transfer—Fhe-sender-can-be-either the JE-or-the network-and

I iver i either | I _

Channels that can be used are DTCH, DCCH, CCCH (downlink only), CTCH, SHCCH (downlink only). The type of
logical channel depends on if the RLC entity islocated in the user plane (DTCH, CTCH) or in the control plane
(DCCH/CCCH(downlink only)/SHCCH(downlink only)). One or several PDUs may be transmitted in each
transmission time interval (TTI). For each TT1, MAC decides which PDU size shall be used and how many PDUs shall
be transmitted.
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Sender Receiver

UMD PDU

g
Figure 11.2: Unacknowledged mode data transfer procedure

11.2.2 nitlatienTransmission of UMD PDU

Fhesender-nitiates thisprocedure-uUpon arequest of unacknowledged mode data transfer from upper layer, the Sender
shall::

if no SDU discard configuration has been made by upper |ayersconfiguration-isconfigured:

- petonly discard any-SDUs when inthetransmitter- unless the transmitter Transmission buffer is full (see
subclause 9.7.3)

- if "Timer based SDU Discard without explicit signalling" is configured:

- dart atimer Timer Discard for each SDU received from upper layer (see subclause 9.7.3);

- schedule the RLC SDUs received from upper |layer for transmission;

- if one or more RLC SDUs have been scheduled for transmission-the-Sender-shall;

- notify the lower layer of reception of data from the-upperltayerupper layers.

- perform the actions specified in subclause 11.21.2.2.

A UMD PDU wil-shall be considered to be a padding PDU if it consists only of an RLC Header with one length
indicator (indicating that the rest of the PDU is padding) and padding.

11.2.21 UMD PDU contents to set
The Sender shall:
- setthefield " Sequence Number" equal to VT(US);

- seta"Length Indicator" field for each SDU that endsin the UMD PDU according to subclause 9.2.2.8;

For each "Extension hit" field in the RLC header, the senderSender shall:

- _if thenext fieldin the UMD PDU isa"Length Indicator";

- set the "Extension bit" to "1";

- otherwiseif the next field in the UMD PDU is data:
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- set the "Extension bit" to "0";

11.2.2.%2 Submission of UMD PDUs to the lower layer

If one or more SDUs have been scheduled for transmission according to subclause 11.2.2, the Sender shall:

- _inform the lower layer of the number and size of SDUs scheduled for transmission;

- segment, and if possible concatenate the SDUs according to the PDU sizes indicated by the lower layer;

- _submit to the lower layer, the requested number of UMD PDUs;

- update VT(US) for each UMD PDU submitted to the lower layer (see subclause 9.4);

- buffer the SDUs that are not submitted to the lower layer according to the discard configuration (see subclause

9.7.3).

11.2.3 Reception of UMD PDU

Upon receptiondelivery of aset of UMD PDUs from the lower layer, the receiverReceiver shall:

- -update VR(US)-state-variable according to the-each received UMD PDU(s) (see subclause 9.4);

- _if the updating step of VR(US) is not equal to one (i.e. one or more UMD PDUs are missing);

- _discard the SDUs that have segments-in the missing UMD PDUs;

- reassemble the received UMD PDUs into RLC SDUs:;

- submit the RLC SDUs to the upper-layerupper layers through the UM-SAP.,

11.2.4 Abnormal cases

11.2.4.1 Length Indicator value reserved for UMD PDU

Upon reception-delivery by the lower layer of an UMD PDU that contains a "L ength Indicator” val ue specified to be
reserved for UMD PDUSsiin this version of the protocal, the receiverReceiver shall:

- -discard that UMD PDU and treat the UMD PDU as missing-

11.2.4.2 Invalid length indicator value

If the "Liength lindicator” of an UMD PDU has a value that islarger than the PDU size — RLC header size and is not
one of the predefined values listed in the table of subclause 9.2.2.8, the receiverReceiver shall:

- discard the UMD PDU and treat the UMD PDU as missing
PDBU-

11.2.4.3 SDU discard without explicit signalling
Upon expiry of the timer Timer_Discard enthe in the Ssender-side the Ssender shall:
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- -discard the associated SDU;

- for thefirst UMD PDU to be transmitted after the discard operation the Sender shall:

- _increment VT(US) so that the " Sequence Number" field in this UMD PDU isincremented with two
compared with the previous UMD PDU;

- fill thefirst data octet in this UMD PDU with the first octet of an RLC SDU;

- _setthefirst "Length Indicator" in this UMD PDU to indicate that the previous RLC PDU was exactly filled
with the last segment of an RLC SDU (to avoid that the receiverReceiver unnecessarily discards an extra

SDU).

—In the case where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC,
the UE may Waut until after |t prowdes MAC with the requested set of PDUs before dlscardl ng the aforementloned

11.3  Acknowledged mode data transfer procedure

11.3.1 GeneralRurpese

The acknowledged mode data transfer procedure is used for transferring-ef data between two RLC peer entities, which
are operating in acknowledged mode. Data is transferred from Sender to Receiver. This procedure shaltshould only

apply to RL C entitiesin DATA_TRANSFER READY state or LOCAL SUSPEND state. Figure 11.3 below illustrates
the elementary procedure for acknowledged mode data transfer-
receiver-is-either-the network-or the UE.

The AMD PDUs shall be transmitted on the DCCH logical channel if the Sender islocated in the control plane and on
the DTCH if it islocated in the user plane. One or several PDUs may be transmitted in each transmission time interval
(TT1) and MAC decides how many PDUs shall be transmitted in each TT1.

Sender Receiver

AMD PDU

g

] ]

Figure 11.3: Acknowledged mode data transfer procedure

11.3.2 nitlatienTransmission of AMD PDU

Fhe sender-initiates thisproeedure-uUpon a request of acknowledged mode data transfer from upper layers or upon
retransmission of AMD PDUSs, the Sender shall:

- when RLC SDUs are received from the upper-layerupper layers::

- _segment the RLC SDUs into AMD PDUs where the fixed PDU size is configured by higherupper layer;

- seta"Length Indicator" field for each SDU that endsin the AMD PDU according to subclause 9.2.2.8;

- if "Timer based SDU Discard with explicit signalling” is configured:

- sart atimer Timer Discard for each SDU received from upper layer (see subclause 9.7.3);

- sSchedule the AMD PDUs for transmission;
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- _if one or severad AMD PDUs haves been negatively acknowledged (see subclause 11.5.3)::

- schedule the AMD PDUs indicated-as-missiagthat were negatively acknowledged for retransmission;

- _if apoll has been triggered by either any-of-the poll triggers "Poll timer" or "Timer based"; (see subclause
9.7.1);and

- _if no AMD PDU is scheduled for transmission or retransmission::

- _if thevaue of "Configured Tx Window Size" islarger than or equal to "2048"::

- select the AMD PDU with " Seguence Number” equal to VT(S)-1;

- _otherwiseif the"Configured Tx_ Window Size" islessthan "2048";:

- select the AMD PDU with " Sequence Number" equal to VT(S)-1; or

- select an AMD PDU that has not yet been acknowledged by the peer entity;

- schedule the selected AMD PDU for retransmission (in order to transmit a poll).

The Sender may also schedule an AMD PDU for retransmission even if none of the criteria above isfulfilled. In this
case, the Sender may:

- _if thevaue of "Configured Tx Window Size" islarger than or equal to "2048"::

- select the AMD PDU with " Seguence Number" equal to VT(S)-1;

- _otherwiseif the "Configured Tx Window Size" islessthan "2048"::

- select the AMD PDU with " Sequence Number" equal to VT(S)-1; or

- _select an AMD PDU that has not yet been acknowledged by the peer entity;

- schedule the selected AMD PDU for retransmission

Each time an AMD PDU is scheduled for transmission or retransmiss onby-one-of the criterialisted inthis subclause,
the Sender shall:

- notify the lower layer that datais available for transmission;

- perform the actions specified in subclause 11.3.2.2.Retransmitted-PBUs have higherpriority- than-PBUs

transmitted-for-the first-time:
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In AM, aPDU wiH-shall be considered to be a padding PDU if it is:

- aAn AMD PDU consisting only of an RLC Header with one "Llength lindicator” (indicating that the rest of the
PDU is padding) and padding; or-

- aA Status PDU consisting only of aNO_MORE SUFI.

11.3.2.1 AMD PDU contents to set
- _iif the AMD PDU istransmitted for the first time, the Sender shall:

- set the "Sequence Number" field-shal-be-set equal to VT(S);-andVHS)-shal-be- updated:
- seta"Length Indicator" field for each SDU that endsin the AMD PDU according to clause 9.2.2.8;

- otherwise if the AMD PDU is retransmitted-the Sender-shall:

- usethe same value of the "Seguence Number" field asin the original transmission of the AMD PDU

- _if the"Length Indicator" fields needed in the AMD PDU according to subclause 9.2.2.8 has changed due to
that a piggybacked STATUS PDU isincluded in the AMD PDU or apiggybacked STATUS PDU was
included in the previous transmission of the AMD PDU;

- update the "Length Indicator” fields according to 9.2.2.8;

- set Fhesetting-of the "Polling bit" to the valuebitis specified in subclause 11.3.2.1.1.

11.3.2.1.1 Setting of the Polling bit
The Sender shall:

T i Poll_Prohibiti q
-—consider poliing to-be prohibited:

- _if apoll has been triggered by one or several poll triggers (see clause 9.7.1); and

- if palling is not prohibited, see subclause 9.5;

- set the"Polling bit" in the AMD PDU header to "1";

- otherwise:
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11.3.2.%2 Submission of AMD PDUs to lower layer

If one or more AMD PDUs have been scheduled for transmission or retransmission according to Subclause 11.3.2 the

Sender shall:

not submit any AMD PDUsto Iower Iaver that is not allowed to transmlt AMD PDUs are onlv allowed to
transmit if: & - How ! :

- The AMD PDU has a"Seguence Number" <VT(MS); or

-—The AMD PDU has a" Sequence Number" equal to VT(S)-1

The AMD PDU is not restricted to be transmitted by the local suspend function, see subclause 9.7.5

inform the lower layer of the number of AMD PDUs scheduled for transmission or retransmission;

submit to the |lower layer, the requested number of AMD PDUs;

set the AMD PDU contents according to clause 11.3.2.1

treat retransmissions with higher priority than AMD PDUs transmitted for the first time;

update the state variablesin clause 9.4 for each AMD PDU submitted to |ower layer;

if the "Polling bit" isset to "1" in any of the AMD PDUs; and

if thetimer Timer_Poll is configured;

- _start thetimer Timer Poll according to subclause 9.5;

buffer the AMD PDUs that are not submitted to the lower layer according to the discard configuration (see

subclause 9.7.3)

11.3.3 Reception of AMD PDU by the receiverReceiver

Upon reception of an AMD PDU, the Rreceiver shall:

- -update VR(R), VR(H) and VR(MR) state variables aceerdingto-thefor each received AMD PDU (see clause

i+f areceived AMD PDU includesa"Polling bit" setto "1"; or "Missing PDU Indicator" is configured and the

Receiver detects that a PDU is missing;
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- __initiate the STATUS PDU transfer procedure-shal-be-initiated:;

- reassemble the received AMD PDUs into RLC SDUs;

- if "In-Sequence Delivery" is configured;

- submit the RLC SDUs in-sequence (i.e. in the same order asthe RLC SDUs where originally transmitted by
the peer entity) to the-upperlayerupper layers through the AM-SAP

- otherwiseif "In-Sequence Delivery" is not configured;

- _submit the RLC SDUs in arbitrary order to the-upperlayerupper layers through the AM-SAP.

. , . © . is issing.the recei
_I_tl_nedetleetlenel FissAgH DUF shal bel use. chand-the receiver detects that-a PDU-His frissing; the receiver shall

11.3.4 Abnormal cases

11.34.1 Timer_Poll timeout
Upon expiry of the timer Timer_Poll, the senderSender shall:

- ifan AMD PDU he

is available for transmission;

- transmit an AMD PDU with the "Polling bit" setto"1";

- otherwiseif no AMD PDU is available for transmission;

- _retransmit an AMD PDU even if that AMD PDU is not indicated-as-missingnegatively acknowledged, with
the "Polling bit" set to "1";

- _Initiate the acknowledged mode data transfer procedure for the AMD PDU to be transmitted or retransmitted.

11.3.4.2 Receiving an AMD PDU outside the receiving window

Upon reception of an AMD PDU with sequence number outside the interval VR(R)<SN<VR(MR), the receiverReceiver
shall:
- -discard the AMD PDU:;

= Thepol-bitshall-be- if the "polling bit" in the discarded AMD PDU issetto"1";
- _initiate the STATUS PDU transfer procedure. considered-evenif-acomplete PDU-isdiscarded:

11.3.4.3 Timer_Discard timeout

11.3.4.3.1 SDU discard with explicit signalling
Upon expiry of the timer Timer_Discard, the senderSender shall:

 including the SDU for which the timer expired.
~In the case where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC,

the UE may wait until after it provides MAC with the requested set of PDUs before discarding the afore-mentioned
SDUs.

- -initiate the SDU discard with explicit signalling procedure, see subclause 11.6.2. to-discard-all- SBDUs up-to-and

11.3.4.4 VT(DAT) > MaxDAT
The Sender shall:

- _if VT(DAT) = MaxDAT for any AMD PDU;
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- _if "No_discard after MaxDAT number of retransmissions’ is configured:

- _initiate the RLC reset procedure, see subclause 11.4;

- i+ "SDU discard after MaxDAT number of retransmissions” is configured::used-and VHBAT=-MaxDAT
forany-PDU

- ;thesendershall-initiate the SDU discard with explicit signalling procedure, see subclause 11.6.--AH-the

A—M—DPDU—WFEhA/:FQDAJ%—E—MaXDALShaH—bedHeaFded:

11.3.4.5 Invalid length indicator value

If the "Liength lindicator” of an AMD PDU has avalue that islarger than the PDU size— RLC header size and is not
one of the predefined values listed in the table of subclause 9.2.2.8, the Sender shall:

- __discard that AMD PDU;

- -shall-bediscarded-and-treated the discarded AMD PDU as a-missing.-PBUY-

11.3.4.6 Length Indicator value reserved for AMD PDU

Upon reception-delivery by the lower layer of an AMD PDU that contains a "L ength Indicator” value specified to be
reserved for AMD PDUSsiin this version of the protocoal, the receiverReceiver shall:

- -discard that AMD PDU;

- treat the discarded AMD PDU as missing.-

11.4 RLC reset procedure
11.4.1 GeneralRurpese

The RLC reset procedure is used to reset two RLC peer entities, which are operating in acknowledged mode.

Figure 11.4 below illustrates the elementary procedure for an RLC reset. Fhesender-can-be-eitherthe UE-or-the
network-and-thereceiver-is-either-the-network-er-the JE--During the reset procedure the hyper frame numbers (HFN) in
UTRAN and UE are synchronised. Two HFNs used for ciphering needs to be synchronised, DL HFN in downlink and
UL HFN in uplink. In the reset procedure, the highest UL HFN and DL HFN used by the RLC entity in the transmitting
sides, i.e. the HFNs associated with PDUs of SN=VT(S)-1 if at least one data PDU had been transmitted or of SN=0 if

no data PDU had been transmltted are exchanged between UE and UTRAN#teetheF@eepFeeedereg{eﬁmmated%e
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Sender Receiver

RESET PDU

>

< RESET ACK PDU

] ]

Figure 11.4: RLC reset procedure

11.4.2 Initiation
- The Sender shall:

- if one of the following triggersis detected:

1) "No Discard after MaxDAT number of retransmissions’ is configured and the-number-of retransmissions-of
anrAMD-PDUVT(DAT) comestoequals the value MaxDAT (see subclause 9.7.3.4);

2) FhevaueofVT(MRW) eomestoequals the value MaxMRW:;

3) A STATUSPDU including "erroneous Sequence Number" is received (see clause 10);

- Thesender-sends-submit athe RESET PDU to the lower layer;;

was in-local suspend state

- —'Fhesender—shau-start thet|mer Timer_| RST andmcreaseVT(RST) with 1. Fhe RESEF-PBU-shal-be

When areset procedure has been initiated it can only be ended upon reception of a RESET ACK PDU with the same
RSN value as in the corresponding RESET PDU, i-e:or upon request of re-establishment or release from upper layer, a
reset procedure is not interrupted by the reception of a RESET PDU from the peer entity.

11.4.2.1 RESET PDU contents to set
The Sender shall:

- setthe HFNI field to the currently highest used HFN (DL HFN when the RESET PDU is sent by UTRAN or
UL HFN when the RESET PDU is sent by the UE);

- setthe RSN field to the sequence number of the RESET PDU. This sequence number is incremented every time
anew RESET PDU is transmitted, but not when a RESET PDU is retransmitted.

11.4.3 Reception of the RESET PDU by the Rreceiver

Upon reception of a RESET PDU the Rreceiver shall:

- -fespond-withaRESET-ACK-PDBY submit a RESET ACK PDU to the lower layer;

- —Thereceiverresets the state variables in-described in subclause 9.4 except VT(RST) to their initia values;;
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- -stopsall the timers i#ndescribed in subclause 9.5 except Timer_RST;-and-;

- resets configurable parameters to their configured values-Beth-the transmitting-and-receiving-sides-of- the- AM

RLCentity-arereset-;

discard Aall RLC PDUsin the receiving side of the AM RLC entity-receiver-shal-be-discarded:;

discard allThe RLC SDUs inthe AM-RLC transmitter-that were transmitted before the reset in the transmitting

side of the AM RLC entity-shall-be discarded:-

When-a RESET-PBU-isreceived;-the receiver-shalt set the HFN (DL HFN when the RESET PDU isreceived in

UE or UL HFN when the RESET PDU isreceived in UTRAN) equal to the HFNI field in the received RESET
PDU.

increase with one the UL HFEN and DL HFN, and the updated HFEN values shall be used for the first transmitted

and received PDUs after the reset procedure

11.4.3.1 RESET ACK PDU contents to set

izes-The Receiver shall:

- FheRSN-ield-shal-alwaysbe setto-the- same value as i the corresponding RESET-PBU--set Tthe hyper frame

number indicator field (HFNI) shal-be-set-equal-to the currently highest used HFN (DL HFN when the RESET
ACK PDU issent by UTRAN or UL HFN when the RESET ACK_PDU is sent by the UE);-

set the RSN field to the same value as in the corresponding received RESET PDU.

11.4.4 Reception of the RESET ACK PDU by the Ssender

Upon reception of a RESET ACK PDU the Sender shall:

if the Sender has already transmitted a RESET PDU which has not been yet acknowledged by a RESET ACK

PDU:

- _if thereceived RSN value is the same thanas the one in the corresponding RESET PDU:

- setthe HFN value (DL HEN when the RESET ACK PDU isreceived in UE or UL HFN when the RESET
ACK PDU isreceived in UTRAN) to the HFNI field of the received RESET ACK PDU;

- reset the state variables described in subclause 9.4 to their initial values;

- stop all the timers described in subclause 9.5;

- reset configurable parameters to their configured val ues,

- discard all RLC PDUs in thereceiving side of the AM RLC entity;

- discard all RLC SDUs that were transmitted before the reset in the transmitting side of the AM RLC
entity:;

- increase with one the UL HFN and DL HFEN, and the updated HFEN values shall be used for the first
transmitted and received PDUs after the reset procedure;

- otherwise (if the received RSN value is not the same thanas the one in the corresponding RESET PDU):

- discard the RESET ACK PDU;

otherwise (if the Sender has not transmitted a RESET PDU which has not been yet acknowledged by a RESET

ACK PDU):
- discard the RESET ACK PDU.

3GPP



Error! No text of specified style in document. 70 Error! No text of specified style in document.

11.4.5 Abnormal cases

11.45.1 Timer_RST timeout
Upon expiry of Timer_RST the Ssender shall:

- retransmit the RESET PDU and increase VT(RST) with 1. In the retransmitted RESET PDU the value of the
RSN field shall not be incremented.

11.45.2 Unrecoverable error (VT(RST) = MaxRST)
The Sender shall:
- }f VT(RST) becomes larger than or equal to MaxRST:

- sindicate unrecoverable error shal-beindicated-to upper layers.

11.45.3 Reception of the RESET PDU by the Ssender

Upon reception of a RESET PDU-tn-acknowledged-dataREADY state-RESET-PENDING-state,- LOCAL-SUSPEND
state-or RESET-AND-SUSPEND-state, the Ssender shall;

- submit aRESET ACK PDU to the lower layer;

- reset the state variables described in subclause 9.4 except VT(RST) to their initial values,

- stop al the timers described in subclause 9.5 except Timer RST;

- reset configurable parameters to their configured values,

- discard al RLC PDUs in thereceiving side of the AM RLC entity;

- discard all RLC SDUs that were transmitted before the reset in the transmitting side of the AM RLC entity;

- setthe HFN (DL HEN when the RESET PDU isreceived in UE or UL HFN when the RESET PDU s received
in UTRAN) egual to the HENI field in the received RESET PDU;

- increase with one the UL HFN and DL HFN, and the updated HFEN values shall be used for the first transmitted
and received PDUs after the reset procedure.
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11.5 STATUS report transfer procedure

11.5.1 PurpoeseGeneral

The status report transfer procedure is used for transferring of status information between two RLC peer entities, which
are operating in acknowledged mode. Figure 11.5 below illustrates the elementary procedure for status report transfer.
A status report consists of one or several ST ATUS PDUs:Fhe+eeeweHsJehe4ceeewepef—MAD—PDUsandrrt~|serthepthe

transter—andrﬂqeethepteFGthFeI—PDU—transﬁeH n case two qumal channels are conﬁqured in the uplmk control PDUs
are transmitted on the second logical channel. In case two logical channels are configured in the downlink, Control
PDUs can be transmitted on any of the two logical channels.

The STATUS PDUs have higher priority than AMD PDUs.

Sender Receiver

STATUSPDU

<

L1 I

Figure 11.5: Status report transfer procedure

11.5.2 Initiation
The Receiver shall:
Fhereceiver-inany- if one of the following easesinitiatesthisprocedurestriggers is detected:
1) The pel-bit'Palling Bit" in areceived AMD PDU issetto4."1";

2) Detection-of-missing-PBUstsused-and-a-missing-PDU-is-detected.” Detection-ef-mMissing PDU(s) I ndicator”
is configured and amissing AMD PDU is detected:;

3) The timer-based STATUS transteris-used" Timer based STATUS transfer" is configured and the timer
Timer_Status Periodic has expired-expired-and-periodical-status-blockingis-not-configured;

- _act on the trigger as specified in subclause 9.7.2.;
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11.5.2.1 Piggybacked STATUS PDU

The Receiver may:

- _if STATUS PDU(s) to be sent fit into padding octetsin AMD PDU(s) to be sent:

- Hispessibleto-piggyback a STATUS PDU on the AMD PDU to be sent.

sending-of an ordinary STATUS PDU.

11.5.2.2 STATUS PDU contents to set

On triggering of a status report Fthe Receiver shall:

- if neither the"STATUS prohibit" nor "EPC mechanism" are active:

- include negative acknowledgements for all AMD PDUs detected as missing;

- include acknowledgements for all AMD PDUs received up to at least VR(R);

- if "SDU discard with explicit signalling" procedure has been initiated since the last status report was sent:

- _optionaly include one MRW SUFI as specified in subclause 11.6.2.2;

- if the MRW SUFI was received in the | ast status report received:

- include one MRW_ACK SUFI as specified in subclause 11.6.3.2;

- if the Sender’ s transmission window is to be updated:

- include the WINDOW SUFI;

- _if all SUFIs can be accommodated in one STATUS PDU:

- construct the status report using one STATUS PDU, using one of the allowed PDU sizes;

- if the SUFIsincluded do not fill the entire STATUS PDU:

TFhesizeof- terminate the STATUS PDU with the ACK or NO MORE SUFI;

- use padding in the remainder of the STATUS PDU;

- otherwise (SUFIsincluded fill the entire STATUS PDU):

- ACK or NO MORE SUFIs need not beincluded in that STATUS PDU;

- otherwise (the status report is segmented):
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shaH—beequal—te construct STATUS PDUs incl uqu only complete SUFIs us ng one of the allowed PDU sizes.
al veralset of STATUS PDUs
HteneSIAIUSPDl:Lde%ﬂetshall accommodame al themtermatmn%ul;keannet
SFATUSPDBUs.SUFIsto form the complete status report. Indication of the same AMD PDU shall not be
given in more than one STATUS PDU of a SFATUSstatus report, but the ACK SUFI can be present in more
than one STATUS PDU of a status repert:-report;

- if any STATUS PDU constructed is not entirely filled with SUFIs:

- terminate that STATUS PDU with the ACK or NO_MORE SUFI;

- use padding in the remainder of that STATUS PDU;

- otherwise (SUFIsincluded fill the entire STATUS PDU):

- ACK or NO MORE SUFIs nreedshould not be included in that STATUS PDU.

Wh|ch SU FI f|eI ds to use isi mplementatlon dependent;-but-the statusrepert-shalbnelude rformation-about PBUs that
s-detected-asissing. Bitmap SUFI is used to indicate both received
and/or m|ssmg AMD PDUs Llst SUFI and/or Relative List SUFI are used to indicate missing AMD PDUs only.
Acknowledgement SUFI is used to indicate the received AMD PDUs. (For SUFI details see 9.2.2.11.) No information
shall be given for AMD PDUs with SN=VR(H), i.e. AMD PDUsthat have not yet reached the receiver-Receiver.

11.5.2.3% Submission of STATUS PDUs to the lower layer
The Receiver shall:

- _inform the lower layer of the STATUS PDUs scheduled for transmission;

- submit to the lower layer, the requested number of PDUs (STATUS PDUs, piggybacked AMD / STATUS PDUs
and optionally AMD PDUs, see also subclause 11.3.2.2X).

- _if "Timer based STATUS transfer” is configured and the timer Timer Status Periodic has expired:

- restart thetimer Timer Status Periodic according to subclause 9.5 f);

- if the"EPC mechanism" is configured:

- _start thetimer Timer EPC according to subclause 9.5 c), and set VR(EP) equal to the number of AMD PDUs
requested to be retransmitted;

- _if the STATUS PDU includes the MRW SUFI:

- sart thetimer Timer MRW according to subclause 9.51).:

11.5.3 Reception of the STATUS PDU by the senderSender
The sender-shall-upenUpon reception of the STATUS PDU / piggybacked STATUS PDU, the Sender shall:

PDBU/piggybacked STATUSPDU-update- update the state variables VT(A) and VT(MS) according to the received
STATUS PDU/piggybacked STATUS PBY-PDU;

H-_if the STATUS PDU includes negatively acknowledged AMD PDUs:

PDUsthe-  the acknowledged data transfer procedure shall be initiated and these AMD PDUs shall be
retransmitted. Retransmitted AMD PDUs shall have higher priority than AMD PDUs to be transmitted for
thefirst time;

Ha if an AMD PDU isindicated-asmissingnegatively acknowledged more than oncein aSTATUS PDU:
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PBUthe- the AMD PDU shall be retransmitted only once. Retransmitted-PBUs-have-higherpriority-than
new-PBUs:

- _if the STATUS PDU includes the MRW SUFI:

- takethe actions specified in subclause 11.6.3;

- _if the STATUS PDU includes the MRW_ACK SUFI:

- takethe actions specified in subclause 11.6.4;

- __if the STATUS PDU includes the WINDOW SUFI:

- update the current transmitter window size, VT(WS).

11.5.4 Abnormal cases

11.54.1 VR(EP) reacheequals zero and the requested AMD PDUs have not been
received

If the EPC mechanism is usedconfigured and VR(EP) has+eachedequals zero and not all AMD PDUs requested for
retransmission have been received, the receiverReceiver shall:

- Retransmit the status report. The retransmitted status report may contain new or different SUFI fieldsin order to
indicate that some previously lost AMD PDUs have been received and that some rewadditional AMD PDUs
have been lost.

11.6  SDU discard with explicit signalling procedure
11.6.1 GeneralPurpose

The SDU discard with explicit signalling procedure is used for discarding SDUs and transferring the discard
information between two peer entities, which are operating in acknowledged mode. The Sender shall discard an SDU
that has not been successfully transmitted for a period of time or for a number of retransmissions, and send a Move
Receiving Window (MRW) SUFI to the Receiver. According to the MRW SUFI, the Receiver shall discard AMD

PDUs carrying that SDU and update the receiving wi ndow quure 11 6 bel ow |Ilustrates the elementary procedure for
SDU dlscard W|th explicit sqnallmq AR ‘ . v ‘ >
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Sender Receiver

STATUS PDU (MRW SUFI)

>

< STATUS PDU (MRW_ACK SUFI)

] ]

Figure 11.6: SDU discard with explicit signalling

11.6.2 Initiation
The Sender shall init

ted
ated

ate the SDU discard with explicit signalling procedure if one of the following triggers is detected:

- BH-"Timer based SDU discard with explicit signalling" is configuredused, Timer_Discard expires for an SDU,
and one or more segments of the SDU have been submitted to alower layer;-
- 2"Timer based SDU discard with explicit signalling"” is configuredused, Timer_Discard expires for an SDU,

and "Send MRW" is configured;-

- 3)-"SDU discard after MaxDAT number of retransmissions’ is configuredused, and MaxDAT number of
retransmissionsisreached (i.e. VT(DAT) = MaxDAT) for an AMD SPDU.

Upon initiation of the SDU discard with explicit signalling procedure, the Sender shall:

- if "Timer based SDU discard with explicit signalling” is configured:

- discard all SDUs up to and including the SDU for which the timer Timer Discard expired;

- not discard AMD PDUs carrying segments of other SDUs whose timers have not expired;

- if "SDU discard after MaxDAT number of retransmissions' is configured:

- discard all SDUsthat have segmentsin AMD PDUs with SN inside theinterval VT(A) < SN < X, where X is
the value of the SN of the AMD PDU with VT(DAT) = MaxDAT;

- if morethan 15 discarded SDUs are to be informed to the Receiver:

- assemble an MRW SUFI with the discard information of the first 15 SDUs. The discard information of the
rest SDUs shall be included in another MRW SUFI which shall be sent by the next SDU discard with explicit
signalling procedure (after the current SDU discard with explicit signalling procedure is terminated);

- otherwise (less than or equal to 15 discarded SDUs are to be informed to the Receiver):

- assemble an MRW SUFI with the discard information of the SDUS;

- include the MRW SUFI in the next STATUS PDU/piggybacked STATUS PDU to be transmitted, according to
subclause 11.5.2;

- _if SN_MRW, gngrhinthe MRW SUFI >VT(S):

- UDdate VT(S) toSN M RW| ENGTH:

- dsart atimer Timer MRW according to subclause 9.5.
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Fhe-sender-shalt-start-timer Fimer—MRW--If a new SDU discard with explicit signalling procedure is triggered when the
timer Timer_ MRW is activerunning, no new MRW SUFIs shall be sent before the current SDU discard with explicit
signalling procedure is terminated by one of the termination criteria specified in subclause 11.6.4.

11.6.2.1  Piggybacked STATUS PDUVoid

11.6.2.2 STATUS PDU contents to set

- if "Send MRW" is configured:

- _if thelast discarded SDU ended in an AMD PDU, andits LI is present in the same AMD PDU, and no new
SDU is present inside this AMD PDU:

- _setthelast SN_MRW,; field in the MRW SUFI to 1 + SN of the AMD PDU which containsthe L1 of the
last discarded SDU;

- setthe N, enerr field in the MRW SUFI to "0000";

- otherwise:

- _setthelast SN_MRW,; field in the MRW SUFI to the SN of the AMD PDU which contains the L1 of the
last discarded SDU;

- setthe N enerr field in the MRW SUFI so that the last data octet to be discarded in the Receiver shall be
the octet indicated by the N, enehith LI field of the AMD PDU which contains the L1 of the last
discarded SDU;

- set each of the other SN_MRW; fieldsin the MRW SUFI to the SN of the AMD PDU which contains the LI
of thei:th discarded SDU;

- otherwise ("Send MRW" is not configured):

- _if thelast SDU to be discarded in the Receiver ended in an AMD PDU, andits L1 is present in the same
AMD PDU, and no new SDU is present inside this AMD PDU:

- _setthelast SN MRW, field in the MRW SUFI to 1 + SN of the AMD PDU which containsthe LI of the
last SDU to be discarded in the Receiver;

- setthe N, enerr field in the MRW SUFI to "0000";

- otherwise:

- _setthelast SN_MRW,; field in the MRW SUFI to the SN of the AMD PDU which contains the L1 of the
last SDU to be discarded in the Receiver;
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- setthe N, engrr field in the MRW SUFI so that the last data octet to be discarded in the Receiver shall be
the octet indicated by the N, enerhith LI field of the AMD PDU which containsthe LI of the last SDU to
be discarded in the Receiver;

- __optionally set each of the other SN_MRW, fields in the MRW SUFI to the SN of the AMD PDU which
contains the L1 of thei:th SDU to be discarded in the Receiver;

- __if the MRW SUFI contains only one SN_MRW; field and the value of SN_MRW, field >
VT(A)+Configured Tx_Window_Size:

- _setthe LENGTH field in the MRW SUFI to "0000";

- otherwise:

- _setthe LENGTH field in the MRW SUFI to the number of SN_MRW, fields in the same MRW SUFI. In this
case, SN_MRW, shall bein theinterval VT(A) < SN_MRW,; < VT(A)+Configured Tx_Window_Size;

- include the MRW SUFI in the next ST ATUS PDU/p| qubacked ST ATUS PDU to be transmltted accorqu to
subclause 11.5.2;When VIS ‘ ‘ ! ! .

11.6.3 Reception of the STATUS PDU by the receiverReceiver

Fhereceiver-shalk-uUpon reception of the STATUS PDU/plggybacked STATUS PDU containi ng an MRW SU Fl, the
Receiver shall d+sea#d—PDusandr ) RIMR)-a ,

if the LENGTH field in the received MRW SUFI is"0000":

- __consider SN_MRW, to be above or equal to VR(R);

- otherwise:

- __consider SN_MRW, to belessthan VR(MR);

-__consider al the SN_MRWi;s other than SN_MRW, to be in sequential order within the list and sequentially
above or equal to SN_MRW,.;.

- discard AMD PDUs up to and including the PDU with sequence number SN MRW | engri—L;

- if the N gnerh field in the received MRW SUFI is"0000":

- reassemble from the first data octet of the AMD PDU with sequence number SN MRW, enerr_after the
discard;

- otherwise:
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- discard further the data octets in the AMD PDU with sequence number SN MRW, gnerh Up to and including
the octet indicated by the N, enerhith LI field of the PDU with sequence number SN MRW, enerhs

- reassemble from the succeeding data octet in the AMD PDU with sequence number SN MRW, gngrh_after
the discard;

-Additionathy-whenif "Send MRW" is configured;:

- -thereceiver-shall-inform the-upper-tayerupper layers about all of the discarded SDUs that were not
previously delivered to upper layer or discarded by other MRW SUFIs:;

- update the state variables VR(R), VR(H) and VR(MR) according to the received STATUS PDU/piggybacked
STATUSPDU;

- _includean MRW_ACK SUFI in the next STATUS PDU/piggybacked STATUS PDU to be transmitted,
according to subclause 11.5.2; Fhereceiver-shall-initiate the transmission-of a-status-report-containing-an
MRW-ACK SUFI.

11.6.3.1X STATUS PDU contents to set
The Receiver shall:

- iathe MRW-ACK-SUFLset the SN_ACK field in the MRW_ACK SUFI shalk-beset-to the new value of VR(R),
updated after reception of the MRW SUFI-;

- iftheSN_ACK fieldinthe MRW_ACK SUFI is set equal to the SN MRW, engtH figld in the received MRW
SUFI:

- set Fthe N field in the MRW_ACK SUFI shall-beset-to the NLENGTH field in the received MRW SUFI;

- otherwise:

-H-the SN-ACK-fieldis-equal-to-SN-MRWLENGTH--Otherwiseset the N field in the MRW_ACK SUFI
shall-beset-to "0000"6:;

- include the MRW_ACK SUFI in the next STATUS PDU/piggybacked STATUS PDU to be transmitted,
according to subclause 11.5.2; Md&wde@d&&ee@k%eee&%m@e&ed—@%hwmmm%@

11.6.4 Termination

The Sender shall terminate Fthe SDU discard with explicit signalling procedure isterminated-in-the sender-if one of the
following criteriais fulfilledin-the following-cases.

- 1—Onthereceptionof-aA STATUS PDU/piggybacked STATUS PDU whieh-containings an MRW_ACK SUFI
isreceived, andwiththe SN_ACK field in the received MRW_ACK SUFI > the SN MRW, gnerh field in the
transmitted MRW_SUFI, and with-the N field in the received MRW_ACK SUFI is set equal to "0000"zere-

- 3—Onveceptionof aA STATUS PDU/piggybacked STATUS PDU whieh-containings an MRW_ACK SUFI is
received, andwiththe SN_ACK field in the received MRW_ACK SUFI =the SN MRW, gnerw field in the
transmitted MRW_SUFI, and with-the N field in the received MRW_ACK SUFI is set equal to the N gngrh
fieldindicated in the transmitted MRW SUFI-;

- A STATUS PDU/piggybacked STATUS PDU containing an ACK SUFI isreceived, and the LSN field in the
received ACK SUFI > the SN MRW, gyt field in the transmitted MRW SUFI.
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f-one-of-thetermination-criteria-aboveisfulfiled,-Upon termination of the SDU discard with explicit signalling
procedure, the Sender shall:

- stop thetimer Timer MRW;

- update VT(A) and VT(MS) according to the received STATUS PDU/piggybacked STATUS PDU.-shall-be
stopped-and the discard procedure is terminated.

The Sender shall not confirm to upper layers Fthe SDUs that are requested to be discarded-shal-net-be-confirmed-to

11.6.5 Expiration of timer Timer_ MRW

If Timer_MRW expires before the SDU discard with explicit signalling procedure is terminated, the Sender shall:

- __retransmit the MRW SUFI. The retransmitted -shal ' [ isi
Fimer—MRW-restarted-MRW SUFI shall be exactly the same as prewously transmltted even though some new
SDUs would have been discarded during the running of the Timer_ MRW-;

- _increment VT(MRW) by one;

11.6.6 Abnormal cases

11.6.6.1 Reception of ©obsolete/corrupted MRW SUFleommand by the Receiver

If the received MRW SUFIeemimand contains outdated information about the receivinger window (receivinger window
aready moved further than MRW SUFIeemmand is indicating), the Receiver shall:

- discard the MRW SUFI ;command-shall-bediscarded-and
- setthe SN ACK field inthe MRW_ACK SUFI to the current value of VR(R);

- _settheN field in the MRW_ACK SUFI to "0000";

- _include the MRW_ACK SUFI in the next ST. ATUS PDU/pl qqybacked ST ATUS PDU to betransmltted
according to subclause 11. 5 2; astal . !

11.6.6.2 VT(MRW) equals MaxMRW
If the number of retransmission of an MRW SUFleommand (i.e. VT(MRW)) reacheequals MaxMRW, the Sender shall:

- _terminate the SDU discard with explicit signalling procedure;

- _stop thetimer Timer MRW;

- deliver an error indication shaH-be-passed-to upper layers;-and
- __initiate the RLC RESET procedure (see clause 11.4).shat-be-performed:

11.6.6.3 Reception of obsolete/corrupted MRW_ACK _SUFI by the Sender

The Sender shall discard Fthe received MRW_ACK SUFI if one of the following cases occurs.shal-be-discarded-in-the
fellowing-cases:
- 1-—HThetimer Timer_ MRW isnot active:;
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- 2—HtThe SN_ACK field inthe received MRW_ACK SUFI <the SN MRW/ gnerH field in the transmitted
MRW SUFI-;

- 3—HtThe SN_ACK field inthe received MRW_ACK SUFI = isegua-te-the SN MRW gnery field in the
transmitted MRW SUFI, and the N field in the received MRW_ACK SUFI is not equal to the N, gengrh field in
the transmitted MRW SUFI;

- 4 HtThe SN_ACK fieldin thereceived MRW_ACK SUFI >the SN MRW, gnary field in the transmitted

MRW SUFI, and the N field in the received MRW_ACK SUFI is not equal to "0000"zere.

11.7 Void

11.8 Void
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9.6

Protocol Parameters

The values of the protocol parametersin this subclause are signalled by upper layers.

a)

b)

0)

d)

e

f)

9)

h)

MaxDAT.

HistheT he maximum number of transmissions of a PDU is equal to MaxDAT — 1.value forthe-number-of
retransmissions-ef-a-PDU-plus-ene: This parameter is an upper limit of counter VT(DAT). When the val ue of
VT(DAT) comesto MaxDAT, either RLC RESET procedure or SDU discard procedure shall be initiated
according to configuration by upper layer.

Poll_PDU.

This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_PDU
PDU. Thisisan upper limit for the VT(PDU) state variable, when VT (PDU) reaches Poll_PDU apoll is
transmitted to the peer entity.

Poll_SDU.

This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_SDU
SDU. Thisisan upper limit for the VT (SDU) state variable, when VT (SDU) reaches Poll_SDU apoll is
transmitted to the peer entity.

Poll_Window.

This parameter indicates when the transmitter should poll the receiver in case of performing window-based
polling. The range of values of this parameter shall be 0 < Poll_Window < 100. A poll istriggered for each PDU
when J= Poll_Window, where Jis the window transmission percentage defined by

(4096+V T(S) — VT(A)) mod 4096

J= VT(W9) * 100,

where the constant 4096 is the modulus for AM described in Subclause 9.4.
MaxRST.

The maximum number of transmissions of a RESET PDU is equal to MaxRST — 1. it-isthe maximum-value for
the-number-of-retransmission-of RESET-PDU-plus-one: This parameter is an upper limit of counter VT(RST).
When the value of VT(RST) comes to MaxRST, unrecoverable error shall be indicated to upper layer.

Configured_Tx_Window_Size.

The maximum allowed transmitter window size.
Configured_Rx_Window_Size.

The allowed receiver window size.

MaxMRW.

The maximum number of transmissions of a MRW command is equal to MaxM RW — 1.1-isthemaximum-value
for-the-number-of retransmissions-of- aMRW-command-plus-ene: This parameter is an upper limit of counter
VT(MRW). When the value of VT(MRW) comesto MaxMRW, RLC RESET procedure shall be initiated.

9.7.3 SDU discard function for acknowledged, unacknowledged, and

transparent mode

The SDU discard function allows to discharge RLC PDU from the buffer on the transmitter side, when the transmission
of the RLC PDU does not success for along time. The SDU discard function alowsto avoid buffer overflow. There
will be several alternative operation modes of the RLC SDU discard function. Upper layers control, which discard
function shall be used for each RLC entity.

Thefollowing isalist of operation modes for the RLC SDU discard function.
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Table 9.2: List of criteria that control when to perform SDU discard

Operation mode Presence
Timer based discard, with explicit signalling Network controlled
Timer based discard, without explicit signalling Network controlled
SDU discard after MaxDAT number of retransmissions Network controlled
No discard after MaxDAT number of retransmissions Network controlled
9.7.3.3 SDU discard after MaxDAT number of retransmissions

This aternative uses the number of retransmissions as atrigger for SDU discard, and is therefore only applicable for
acknowledged mode RLC. This makes the SDU discard function dependent of the channel rate. Also, this variant of the
SDU discard function strives to keep the SDU loss rate constant for the connection, on the cost of avariable delay. SDU
discard istriggered at the transmitter, and aMRW command is necessary to convey the discard information to the
receiver, likein the timer-based discard with explicit signalling.

9.7.3.4 No_discard after MaxDAT number of retransmissions

This aternative uses the number of retransmissions, and is therefore only applicable for acknowledged mode RLC.
Reset procedure shall be initiated after MaxDAT number of retransmissions of an AMD PDU (see subclause 11.3.4.4).
11.3.4 Abnormal cases

11.34.1 Timer_Poll timeout

Upon expiry of the Timer_Poll, the sender shall retransmit the poll. The poll can be retransmitted in either anew PDU
or aretransmitted PDU.

11.3.4.2 Receiving a PDU outside the receiving window

Upon reception of a PDU with sequence number outside the interval VR(R)<SN<VR(MR), the receiver shall discard
the PDU. The poll hit shall be considered even if acomplete PDU is discarded.

11.3.4.3 Timer_Discard timeout

11.34.3.1 SDU discard with explicit signalling

Upon expiry of Timer_Discard, the sender shall initiate the SDU discard with explicit signalling procedure. In the case
where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the UE may
wait until after it provides MAC with the requested set of PDUs before discarding the afore-mentioned SDU.

11.34.4 VT(DAT) = MaxDAT

If SDU discard after MaxDAT number of retransmission is used and VT(DAT) = MaxDAT for any PDU, the sender
shall initiate the SDU discard with explicit signalling procedure. All the SDUs that have segmentsin PDUs with
sequence numbersinside the interval VT(A) < SN < SN of the PDU with VT(DAT) = MaxDAT shall be discarded.

If No_discard after MaxDAT number of retransmissionsis used, the sender shall initiate the RLC reset procedure when
VT(DAT) = MaxDAT.
11.3.4.5 Invalid length indicator value

If the length indicator of a PDU has avalue that is larger than the PDU size— RLC header size and is not one of the
predefined values listed in the table of subclause 9.2.2.8, the PDU shall be discarded and treated as a missing PDU.
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11.3.4.6 Length Indicator value reserved for AMD PDU

Upon reception of an AMD PDU that contains Length Indicator value reserved for AMD PDU, the receiver shall
discard that AMD PDU.

11.3.4.7 VT(DAT) > MaxDAT-1

The Sender shall not perform the transmission of the PDU. Instead, it will only increment the corresponding VT(DAT).

11.4.5 Abnormal cases

If Timer RST expires before the reset procedure is terminated, the Sender shall:

- if VT(RST)<MaxRST-1:

- setthe RESET PDU as previously transmitted (even if additional SDUs were discarded in the mean-time).

- transmit RESET PDU;

- _increment VT(RST) by one;

- restart Timer RST.

11.6.1 Purpose

An SDU can be discarded with explicit signalling when MaxDAT number of retransmissionsis reached or the
transmission time exceeds a predefined value (Timer_Discard) for an SDU in acknowledged mode RLC. Move
Receiving Window (MRW) command is sent to the receiver so that AMD PDUs carrying that SDU are discarded in the
receiver and the receiver window is updated accordingly. Note that when the concatenation function is active, PDUs
carrying segments of other SDUs that have not timed out shall not be discarded. If Send MRW is not configured and no
segments of an SDU were submitted to alower layer, the SDU ismay simply-bels simply discarded in the transmitter
without notification to the receiver. If Send MRW is configured, a Move Receiving Window request shall be sent to the
receiver even if no segments of the SDU were submitted to alower layer. The Send MRW is used when the AM RLC
entity is connected to a PDCP layer which supports lossless SRNS rel ocation.

The MRW command is defined as a super-field in the RLC STATUS PDU, and can be piggybacked to status
information of transmissions in the opposite direction.

Figure 11.6 below illustrates the elementary procedure for SDU discard with explicit signalling. The sender isthe
sender of AMD PDUs and it is either the UE or the network and the receiver is the receiver of AMD PDUsand it is
either the network or the UE.

Sender Receiver

STATUS PDU (MRW SUFI)

>

STATUS PDU (MRW_ACK SUFI)

<

] ]

Figure 11.6: SDU discard with explicit signalling
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11.6.2 Initiation

This procedure isinitiated by the sender when any of the following conditionsis fulfilled:

1) Timer based SDU discard with explicit signalling is used, Timer_Discard expires for an SDU, and one or more
segments of the SDU have been submitted to alower layer.

2) Timer based SDU discard with explicit signalling is used, Timer_Discard expires for an SDU, and Send MRW is
configured.

3) SDU discard after MaxDAT number of retransmissionsis used, and MaxDAT number of retransmissionsis
reached for an SDU.

The sender shall discard all PDUs that contain segments of the associated SDUSs. If the concatenation function is active,
PDUs carrying segments of other SDUs that have not timed out shall not be discarded. VT(A) shall be updated when
the procedure is terminated, and VT(S) shall be updated when anew MRW SUFI which includes SN_MRW | gnGTH
>VT(S) istransmitted.

The sender shall transmit a status report on the DCCH logical channel if the sender islocated in the control plane and
onthe DTCH if it islocated in the user plane.

This status report is sent even if the’'STATUS prohibit’ is used and the timer 'Timer_Status Prohibit’ is active, or if the
'EPC mechanism’ is used and the timer 'Timer_EPC’ is active or 'VR(EP)’ is counting down.

The STATUS PDUs have higher priority than data PDUs.

The sender shall start timer Timer_ MRW. If anew SDU discard procedure is triggered when Timer_ MRW is running,
no new MRW SUFIs shall be sent before the current SDU discard procedure is terminated by one of the termination
criteria.

If Timer MRW expires before the discard procedure is terminated, the Sender shall:

- _if VT(MRW)<MaxMRW-1.

- set the MRW SUFI as previously transmitted (even if additional SDUs were discarded in the mean-time).

- include the MRW SUFI in a new status report (if other SUFIs are included, their contents shall be updated);

- transmit the status report by either including it in aSTATUS PDU or piggy-backed in an AMD PDU;

- _increment VT(MRW) by one;

- restart Timer MRW for this discard procedure.
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9.6

Protocol Parameters

The values of the protocol parametersin this subclause are signalled by upper layers.

a)

b)

0)

d)

e

f)

9)

h)

MaxDAT.

HistheT he maximum number of transmissions of a PDU is equal to MaxDAT — 1.value forthe-number-of
retransmissions-ef-a-PDU-plus-ene: This parameter is an upper limit of counter VT(DAT). When the val ue of
VT(DAT) comesto MaxDAT, either RLC RESET procedure or SDU discard procedure shall be initiated
according to configuration by upper layer.

Poll_PDU.

This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_PDU
PDU. Thisisan upper limit for the VT(PDU) state variable, when VT (PDU) reaches Poll_PDU apoll is
transmitted to the peer entity.

Poll_SDU.

This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_SDU
SDU. Thisisan upper limit for the VT (SDU) state variable, when VT (SDU) reaches Poll_SDU apoll is
transmitted to the peer entity.

Poll_Window.

This parameter indicates when the transmitter should poll the receiver in case of performing window-based
polling. The range of values of this parameter shall be 0 < Poll_Window < 100. A poll istriggered for each PDU
when J= Poll_Window, where Jis the window transmission percentage defined by

(4096+V T(S) — VT(A)) mod 4096

J= VT(W9) * 100,

where the constant 4096 is the modulus for AM described in Subclause 9.4.
MaxRST.

The maximum number of transmissions of a RESET PDU is equal to MaxRST — 1. it-isthe maximum-value for
the-number-of-retransmission-of RESET-PDU-plus-one: This parameter is an upper limit of counter VT(RST).
When the value of VT(RST) comes to MaxRST, unrecoverable error shall be indicated to upper layer.

Configured_Tx_Window_Size.

The maximum allowed transmitter window size.
Configured_Rx_Window_Size.

The allowed receiver window size.

MaxMRW.

The maximum number of transmissions of a MRW command is equal to MaxM RW — 1.1-isthemaximum-value
for-the-number-of retransmissions-of- aMRW-command-plus-ene: This parameter is an upper limit of counter
VT(MRW). When the value of VT(MRW) comesto MaxMRW, RLC RESET procedure shall be initiated.

9.7.3 SDU discard function for acknowledged, unacknowledged, and

transparent mode

The SDU discard function allows to discharge RLC PDU from the buffer on the transmitter side, when the transmission
of the RLC PDU does not success for along time. The SDU discard function alowsto avoid buffer overflow. There
will be several alternative operation modes of the RLC SDU discard function. Upper layers control, which discard
function shall be used for each RLC entity.

Thefollowing isalist of operation modes for the RLC SDU discard function.
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Table 9.2: List of criteria that control when to perform SDU discard

Operation mode Presence
Timer based discard, with explicit signalling Network controlled
Timer based discard, without explicit signalling Network controlled
SDU discard after MaxDAT number of retransmissions Network controlled
No discard after MaxDAT number of retransmissions Network controlled
9.7.3.3 SDU discard after MaxDAT number of retransmissions

This aternative uses the number of retransmissions as atrigger for SDU discard, and is therefore only applicable for
acknowledged mode RLC. This makes the SDU discard function dependent of the channel rate. Also, this variant of the
SDU discard function strives to keep the SDU loss rate constant for the connection, on the cost of avariable delay. SDU
discard istriggered at the transmitter, and aMRW command is necessary to convey the discard information to the
receiver, likein the timer-based discard with explicit signalling.

9.7.3.4 No_discard after MaxDAT number of retransmissions

This aternative uses the number of retransmissions, and is therefore only applicable for acknowledged mode RLC.
Reset procedure shall be initiated after MaxDAT number of retransmissions of an AMD PDU (see subclause 11.3.4.4).
11.3.4 Abnormal cases

11.34.1 Timer_Poll timeout

Upon expiry of the Timer_Poll, the sender shall retransmit the poll. The poll can be retransmitted in either anew PDU
or aretransmitted PDU.

11.3.4.2 Receiving a PDU outside the receiving window

Upon reception of a PDU with sequence number outside the interval VR(R)<SN<VR(MR), the receiver shall discard
the PDU. The poll hit shall be considered even if acomplete PDU is discarded.

11.3.4.3 Timer_Discard timeout

11.34.3.1 SDU discard with explicit signalling

Upon expiry of Timer_Discard, the sender shall initiate the SDU discard with explicit signalling procedure. In the case
where the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the UE may
wait until after it provides MAC with the requested set of PDUs before discarding the afore-mentioned SDU.

11.34.4 VT(DAT) = MaxDAT

If SDU discard after MaxDAT number of retransmission is used and VT(DAT) = MaxDAT for any PDU, the sender
shall initiate the SDU discard with explicit signalling procedure. All the SDUs that have segmentsin PDUs with
sequence numbersinside the interval VT(A) < SN < SN of the PDU with VT(DAT) = MaxDAT shall be discarded.

If No_discard after MaxDAT number of retransmissionsis used, the sender shall initiate the RLC reset procedure when
VT(DAT) = MaxDAT.
11.3.4.5 Invalid length indicator value

If the length indicator of a PDU has avalue that is larger than the PDU size— RLC header size and is not one of the
predefined values listed in the table of subclause 9.2.2.8, the PDU shall be discarded and treated as a missing PDU.
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11.3.4.6 Length Indicator value reserved for AMD PDU

Upon reception of an AMD PDU that contains Length Indicator value reserved for AMD PDU, the receiver shall
discard that AMD PDU.

11.3.4.7 VT(DAT) > MaxDAT-1

The Sender shall not perform the transmission of the PDU. Instead, it will only increment the corresponding VT(DAT).

11.4.5 Abnormal cases

If Timer RST expires before the reset procedure is terminated, the Sender shall:

- if VT(RST)<MaxRST-1:

- setthe RESET PDU as previously transmitted (even if additional SDUs were discarded in the mean-time).

- transmit RESET PDU;

- _increment VT(RST) by one;

- restart Timer RST.

11.6.1 Purpose

An SDU can be discarded with explicit signalling when MaxDAT number of retransmissionsis reached or the
transmission time exceeds a predefined value (Timer_Discard) for an SDU in acknowledged mode RLC. Move
Receiving Window (MRW) command is sent to the receiver so that AMD PDUs carrying that SDU are discarded in the
receiver and the receiver window is updated accordingly. Note that when the concatenation function is active, PDUs
carrying segments of other SDUs that have not timed out shall not be discarded. If Send MRW is not configured and no
segments of an SDU were submitted to alower layer, the SDU ismay simply-bels simply discarded in the transmitter
without notification to the receiver. If Send MRW is configured, a Move Receiving Window request shall be sent to the
receiver even if no segments of the SDU were submitted to alower layer. The Send MRW is used when the AM RLC
entity is connected to a PDCP layer which supports lossless SRNS rel ocation.

The MRW command is defined as a super-field in the RLC STATUS PDU, and can be piggybacked to status
information of transmissions in the opposite direction.

Figure 11.6 below illustrates the elementary procedure for SDU discard with explicit signalling. The sender isthe
sender of AMD PDUs and it is either the UE or the network and the receiver is the receiver of AMD PDUsand it is
either the network or the UE.

Sender Receiver

STATUS PDU (MRW SUFI)

>

STATUS PDU (MRW_ACK SUFI)

<

] ]

Figure 11.6: SDU discard with explicit signalling
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11.6.2 Initiation

This procedure isinitiated by the sender when any of the following conditionsis fulfilled:

1) Timer based SDU discard with explicit signalling is used, Timer_Discard expires for an SDU, and one or more
segments of the SDU have been submitted to alower layer.

2) Timer based SDU discard with explicit signalling is used, Timer_Discard expires for an SDU, and Send MRW is
configured.

3) SDU discard after MaxDAT number of retransmissionsis used, and MaxDAT number of retransmissionsis
reached for an SDU.

The sender shall discard all PDUs that contain segments of the associated SDUSs. If the concatenation function is active,
PDUs carrying segments of other SDUs that have not timed out shall not be discarded. VT(A) shall be updated when
the procedure is terminated, and VT(S) shall be updated when anew MRW SUFI which includes SN_MRW | gnGTH
>VT(S) istransmitted.

The sender shall transmit a status report on the DCCH logical channel if the sender islocated in the control plane and
onthe DTCH if it islocated in the user plane.

This status report is sent even if the’'STATUS prohibit’ is used and the timer 'Timer_Status Prohibit’ is active, or if the
'EPC mechanism’ is used and the timer 'Timer_EPC’ is active or 'VR(EP)’ is counting down.

The STATUS PDUs have higher priority than data PDUs.

The sender shall start timer Timer_ MRW. If anew SDU discard procedure is triggered when Timer_ MRW is running,
no new MRW SUFIs shall be sent before the current SDU discard procedure is terminated by one of the termination
criteria.

If Timer MRW expires before the discard procedure is terminated, the Sender shall:

- _if VT(MRW)<MaxMRW-1.

- set the MRW SUFI as previously transmitted (even if additional SDUs were discarded in the mean-time).

- include the MRW SUFI in a new status report (if other SUFIs are included, their contents shall be updated);

- transmit the status report by either including it in aSTATUS PDU or piggy-backed in an AMD PDU;

- _increment VT(MRW) by one;

- restart Timer MRW for this discard procedure.
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