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6.1
Mapping of services/functions onto logical channels

The following tables show the applicability of services and functions to the logical channels in UL/DL and UE/UTRAN. A '+' in a column 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 

Service
Applicability
+
+
+
+


Segmentation
-
-
+
+


Transfer of user data
+
+
+
+

Unacknowledged 

Service
Applicability
-
-
+
+


Segmentation
-
-
+
+


Concatenation
-
-
+
+


Padding
-
-
+
+


Transfer of user data
-
-
+
+


Ciphering
-
-
+
+

Acknowledged

Service
Applicability
-
-
+
+


Segmentation
-
-
+
+


Concatenation
-
-
+
+


Padding
-
-
+
+


Transfer of user data
-
-
+
+


Flow Control
-
-
+
+


Error Correction
-
-
+
+


Protocol error correction & recovery
-
-
+
+


Ciphering
-
-
+
+

Table 6.2: RLC modes and functions in UE downlink side

Service
Functions
BCCH
PCCH
SHCCH
CCCH
DCCH
DTCH
CTCH

Transparent 

Service
Applicability
+
+
-
-
+
+
-


Reassembly
-
-
-
-
+
+
-

Unacknowledged 

Service
Applicability
-
-
+
+
+
+
+


Reassembly
-
-
+
+
+
+
+


Deciphering
-
-
-
-
+
+
-


Sequence number check
-
-
+
+
+
+
+

Acknowledged

Service
Applicability
-
-
-
-
+
+
-


Reassembly
-
-
-
-
+
+
-


Error correction
-
-
-
-
+
+
-


Flow Control
-
-
-
-
+
+
-


In sequence delivery
-
-
-
-
+
+
-


Duplicate detection
-
-
-
-
+
+
-


Protocol error correction & recovery
-
-
-
-
+
+
-


Deciphering
-
-
-
-
+
+
-

Table 6.3: RLC modes and functions in UTRAN downlink side

Service
Functions
BCCH
PCCH
CCCH
SHCCH
DCCH
DTCH
CTCH

Transparent 

Service
Applicability
+
+
-
-
+
+
-


Segmentation
-
-
-
-
+
+
-


Transfer of user data
+
+
-
-
+
+
-

Unacknowledged 

Service
Applicability
-
-
+
+
+
+
+


Segmentation
-
-
+
+
+
+
+


Concatenation
-
-
+
+
+
+
+


Padding
-
-
+
+
+
+
+


Ciphering
-
-
-
-
+
+
-


Transfer of user data
-
-
+
+
+
+
+

Acknowledged

Service
Applicability
-
-
-
-
+
+
-


Segmentation
-
-
-
-
+
+
-


Concatenation
-
-
-
-
+
+
-


Padding
-
-
-
-
+
+
-


Transfer of user data
-
-
-
-
+
+
-


Flow Control
-
-
-
-
+
+
-


Error Correction
-
-
-
-
+
+
-


Protocol error correction & recovery
-
-
-
-
+
+
-


Ciphering
-
-
-
-
+
+
-

Table 6.4: RLC modes and functions in UTRAN uplink side

Service
Functions
CCCH
SHCCH
DCCH
DTCH

Transparent 

Service
Applicability
+
+
+
+


Reassembly
-
-
+
+

Unacknowledged 

Service
Applicability
-
-
+
+


Reassembly
-
-
+
+


Deciphering
-
-
+
+


Sequence number check
-
-
+
+

Acknowledged

Service
Applicability
-
-
+
+


Reassembly
-
-
+
+


Error correction
-
-
+
+


Flow Control
-
-
+
+


In sequence delivery
-
-
+
+


Duplicate detection
-
-
+
+


Protocol error correction & recovery
-
-
+
+


Deciphering
-
-
+
+

7
Services expected from MAC

For a detailed description of the following functions see [3].

-
Data transfer.

8
Elements for layer-to-layer communication

The interaction between the RLC layer and other layers are described in terms of primitives where the primitives represent the logical exchange of information and control between the RLC layer and other layers. The primitives shall not specify or constrain implementations.

8.1
Primitives between RLC and higher 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
Parameter


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-TR-DATA
Data
Data
Not Defined
Not Defined

CRLC-CONFIG
E/R, Stop,Continue, Ciphering Elements (UM/AM only), AM_parameters (AM only)
Not Defined
Not Defined
Not Defined

CRLC-SUSPEND (UM/AM only)
N
Not Defined
Not Defined
VT(US) (UM only), VT(S) (AM only)

CRLC-RESUME (UM/AM only)
No Parameter
Not Defined
Not Defined
Not Defined

CRLC-STATUS
Not Defined
EVC
Not Defined
Not Defined

Each Primitive is defined as follows:

RLC-AM-DATA-Req/Ind/Conf

-
RLC-AM-DATA-Req is used by higher layers to request transmission of a higher layer PDU in acknowledged mode.

-
RLC-AM-DATA-Ind is used by RLC to deliver to higher layers RLC SDUs, that have been transmitted in acknowledged mode and to indicate higher layers of the discarded RLC SDU in the receiving RLC.

-
RLC-AM-DATA-Conf is used by RLC to confirm to higher layers the transmission of a RLC SDU.

RLC-UM-DATA-Req/Ind

-
RLC-UM-DATA-Req is used by higher layers to request transmission of a higher layer PDU in unacknowledged mode.

-
RLC-UM-DATA-Ind is used by RLC to deliver to higher layers RLC SDUs, that have been transmitted in unacknowledged mode.

RLC-TR-DATA-Req/Ind

-
RLC-TR-DATA-Req is used by higher layers to request transmission of a higher layer PDU in transparent mode.

-
RLC-TR-DATA-Ind is used by RLC to deliver to higher layers RLC SDUs, that have been transmitted in transparent mode.

CRLC-CONFIG-Req

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

CRLC-SUSPEND-Req/Conf

This primitive is used by RRC to suspend the RLC. The N parameter indicates that RLC shall not send a PDU with SN>=VT(S)+N, where N is an integer. RLC informs RRC of the VT(S) value in the confirm primitive.

CRLC-RESUME-Req

This primitive is used by RRC to resume RLC when RLC has been suspended.

CRLC-STATUS-Ind

It is used by the RLC to send status information to RRC.

8.2
Primitive parameters 

Following parameters are used in the primitives:

1)
The parameter Data is the RLC SDU that is mapped onto the Data field in RLC PDUs. The Data parameter may be divided over several RLC PDUs. In case of a RLC-AM-DATA or a RLC-UM-DATA primitive the length of the Data parameter shall be octet-aligned.

2)
The parameter Confirmation request (CNF) indicates whether the RLC needs to confirm the correct transmission of the RLC SDU.

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-DATA conf. primitive.

4)
The parameter E/R indicates (re)establishment, release or modification of RLC If it indicates establishment, the state variables in 9.4 shall be set to their initial value, the configurable parameters shall be set to their configured value and RLC shall enter the data transfer ready state. If it indicates re-establishment, the state variables in 9.4 shall be set to their initial value, the configurable parameters shall be set to their configured value the RLC buffers shall be emptied and RLC shall enter the data transfer ready state. If it indicates release, all protocol parameters, variables and timers shall be released and RLC shall exit the data transfer ready state. If it indicates modification, the protocol parameters indicated by RRC (e.g. ciphering parameters) shall only be modified with keeping the other protocol parameters, the protocol variables, the protocol timers and the protocol state. RLC shall always be re-established if the PU size is changed.
5)
The parameter Event Code (EVC) indicates the reason for the CRLC-STATUS-ind (i.e., unrecoverable errors such as data link layer loss or recoverable status events such as reset, etc.).

6)
The parameter ciphering elements are only applicable for UM and AM operation. These parameters are Ciphering Mode, Ciphering Key, Activation Time (SN to activate a new ciphering configuration) and HFN (Hyper Frame Number).

7)
The AM_parameters are only applicable for AM operation. It contains PU size, 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), SDU discard mode (see subclause 9.7.3) and Minimum WSN (see subclause 9.2.2.11.3). The Minimum WSN shall always be greater than or equal to the number of transport blocks in the smallest transport block set.

8)
The parameter DiscardInfo indicates the upper layer of each of the discarded RLC SDU. It is applicable only when in-sequence delivery is active and it is purposed to be used when the upper layer requires the reliable data transfer and especially the information of the discarded RLC SDU.

9)
The Stop parameter indicates that the RLC entity shall not transmit or receive RLC PDUs. The Continue parameter indicates that the RLC entity shall continue transmission and reception of RLC PDUs.
10) The parameter Use special LI indicates that the LI indicating that a RLC SDU begins in the beginning of a RLC PDU (the first data octet of the PDU is the first octet of an SDU) shall be used. If the RLC SDU does not begin in the beginning of the RLC PDU, or if the LI indicating that a SDU ended exactly in the end of the previous RLC PDU is present, the LI shall not be used.

9.4
State variables

This sub-clause describes the state variables used in the specification of the peer-to-peer protocol. PUs are sequentially and independently numbered and may have the value 0 through n minus 1 (where n is the modulus of the sequence numbers). The modulus equals 212 for AM and 27 for UM; the sequence numbers cycle through the entire range: 0 through 212 – 1 for AM and 0 through 27 – 1 for UM. All arithmetic operations on the following state variables and sequence numbers contained in this specification are affected by the modulus: VT(S), VT(A), VT(MS), VR(R), VR(H), VR(MR), VT(US) and VR(US). When performing arithmetic comparisons of transmitter variables, VT(A) is assumed to be the base. When performing arithmetic comparisons of receiver variables, VR(R) is assumed to be the base. 

The RLC maintains the following state variables at the transmitter.

a)
VT(S) - Send state variable.


The sequence number of the next PU to be transmitted for the first time (i.e. excluding retransmission). It is updated after transmission of a PDU, which includes not earlier transmitted PUs and after transmission of a MRW SUFI. The initial value of this variable is 0.

b)
VT(A) - Acknowledge state variable.


The sequence number of the next in-sequence PU expected to be acknowledged, which forms the lower edge of the window of acceptable acknowledgements. VT(A) is updated based on receipt of a STATUS PDU including an ACK and/or MRW_ACK super-field. The initial value of this variable is 0.

c)
VT(DAT). 


This state variable counts the number of times a PU has been transmitted. There is one VT(DAT) for each PU and it is incremented each time the PU is transmitted. The initial value of this variable is 0.

d)
VT(MS) - Maximum Send state variable.


The sequence number of the first PU not allowed by the peer receiver [i.e. the receiver will allow up to VT(MS) – 1], VT(MS) = VT(A) + Tx_Window_Size. This value represents the upper edge of the transmit window. The transmitter shall not transmit a PU with SN 
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VT(MS). VT(MS) is updated based on receipt of a STATUS PDU including an ACK and/or MRW_ACK and/or a WINDOW super‑field. The PU with SN VT(S)-1 can be transmitted also when VT(S)>VT(MS).

e)
VT(US) – UM data state variable.


This state variable gives the sequence number of the next UMD PDU to be transmitted. It is updated each time a UMD PDU is transmitted. The initial value of this variable is 0.

f)
VT(PU).


This state variable is used when the poll every Poll_PU PU function is used. It is incremented with 1 for each PU that is transmitted. It should be incremented for both new and retransmitted PUs. When it reaches Poll_PU a new poll is transmitted and the state variable is set to zero. The initial value of this variable is 0.

g)
VT(SDU).


This state variable is used when the poll every Poll_SDU SDU function is used. It is incremented with 1 for each SDU that is transmitted. When it reaches Poll_SDU a new poll is transmitted and the state variable is set to zero. The poll bit should be set in the PU that contains the last segment of the SDU. The initial value of this variable is 0.

h)
VT(RST) - Reset state variable.


It is used to count the number of times a RESET PDU is transmitted. VT(RST) is incremented with 1 each time a RESET PDU is transmitted. VT(RST) is reset only upon the reception of a RESET ACK PDU, i.e. VT(RST) is not reset when a RLC reset occurs which was initiated from the peer RLC entity. The initial value of this variable is 0.

i)
VT(MRW) – MRW command send state variable.


It is used to count the number of times a MRW command is transmitted. VT(MRW) is incremented with 1 each time an MRW command is transmitted. VT(MRW) is reset when the discard procedure is terminated. The initial value of this variable is 0.

The RLC maintains the following state variables at the receiver:

a)
VR(R) - Receive state variable.


The sequence number of the next in-sequence PU expected to be received. It is set equal to SNmax+1 upon receipt of the next in-sequence PU, where SNmax is the sequence number of the highest received in-sequence PU. The initial value of this variable is 0.

b)
VR(H) - Highest expected state variable.


The sequence number of the highest expected PU. This state variable is set equal to SN+1 onlywhen a new PU is received with VR(MR)>SN(VR(H). The initial value of this variable is 0.

c)
VR(MR) - Maximum acceptable Receive state variable.


The sequence number of the first PU not allowed by the receiver [i.e. the receiver will allow up to VR(MR) – 1], VR(MR) = VR(R) + Rx_Window_Size. The receiver shall discard PUs with SN 
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 VR(MR).

d)
VR(US) - Receiver Send Sequence state variable.


The sequence number of the next PDU to be received. It shall set equal to SN + 1 upon reception of a PDU. The initial value of this variable is 0.

e)
VR(EP) – Estimated PDU Counter state variable.


The number of PUs that should be received yet as a consequence of the transmission of the latest status report. In acknowledged mode, this state variable is updated at the end of each transmission time interval. It is decremented by the number of PUs that should have been received during the transmission time interval. If VR(EP) is equal to zero, then check if all PUs requested for retransmission in the latest status report have been received.

9.7.6
Local Suspend function for acknowledged mode transfer

The higher layer (RRC) may suspend the RLC entity. The CRLC-SUSPEND-Req indicates this request. The RLC entity shall, when receiving this request, not send RLC PDUs with SN>=VT(S)+N (N is given by the CRLC_SUSPEND-Req primitive). The RLC entity shall acknowledge the CRLC-SUSPEND-Req ordering a suspend with a CRLC-SUSPEND-Conf with the current value of VT(S). The suspend state is left when a CRLC-RESUME-Req primitive indicating resume is received.

9.7.x
RLC stop, RLC Continue function

The higher layer may stop the RLC entity. The stop parameter in the CRLC-CONFIG-Req primitive indicates this request. The RLC entity shall, when receiving this request, not submit any RLC PDUs to lower layer or receive any RLC PDUs. The data transmission and reception is continued when the continue parameter in the CRLC-CONFIG-Req primitive is received. If the continue parameter is received when the RLC entity is not stopped, no action shall be taken.
When the RLC entity is stopped, the RLC timers are not affected. triggered polls and status transmissions are delayed until the RLC entity is continued.
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