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1 Introduction

This paper introduces a modification of RLC SDU discard function so that RLC is capable to support virtual PDCP sequence numbering scheme. The paper discusses the background for reasons to change the current mechanism and includes the actual change request to 3G TS 25.322 to incorporate the needed changes.

2 Discussion

The virtual PDCP sequence numbering scheme expects that RLC sublayer is capable to guarantee the reliable data transfer in acknowledged mode meaning that all SDUs are delivered in sequence without duplicates and errors. Basically RLC sublayer can satisfy these requirements but RLC discard introduces one exception to this: in a certain conditions some SDUs may be discarded resulting some missing SDUs in the receiving PDCP. If PDCP counts on the fact that no SDUs are missing, the virtual PDCP sequence numbering scheme may end up unsynchronised.

Therefore it is not enough that the receiving RLC delivers only the correctly received RLC SDUs to the higher layer (PDCP) but it also shall be capable to indicate higher layer of all discarded SDUs if there is some. Fortunately this is possible with some changes in the RLC discard function since in the acknowledged mode the RLC discard only with explicit signalling is used resulting that the receiving RLC is aware of the situation when the transmitting RLC is performing the SDU discard.

The problem that must be additionally solved is that the currently used discard signalling (sending of MRW SUFI) do not contain the information of how many SDUs are actually discarded but only moves the receiving window. The current MRW SUFI has been enough this far since it has been necessary only to change the status of the receiver not to expect the discarded SDUs to be received anymore.

The change in the SDU discard is incorporated by identifying one PU sequence number for each of the discarded SDUs. Not all PUs belonging to the discarded SDUs are enumerated but only one. The identified sequence number can be selected so that in the case that one SDU is discarded (the most typical case) the MRW SUFI looks almost like the currently specified one.

All discarded SDUs are identified for the case that several SDUs are discarded at the same time. MRW SUFI can be retransmitted and for those cases it shall be possible for the receiving RLC is unambiguously aware of which SDUs were discarded. That is the main reason for not including ONLY the amount of discarded SDUs in the MRW SUFI.
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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, 
Data
Not Defined
Not Defined

RLC-TR-DATA
Data
Data
Not Defined
Not Defined

CRLC-CONFIG
E/R, 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(S)

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 SDUs 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, release or reconfigure the RLC. Ciphering elements are included for UM and AM operation.

CRLC-SUSPEND-Req/Cnf

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.

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 whether RLC should enter or exit the data transfer ready state.

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 Ciphering Sequence Number.

7)
The AM_parameters is only applicable for AM operation. It contains PU size, Timer values (see section 9.5), Protocol parameter values (see section 9.6), Polling triggers (see section 9.7.1), Status triggers (see section 9.7.2), SDU discard mode (see section 9.7.3),.
8)
The parameter DiscardInfo indicates the upper layer of each of the discarded RLC SDUs. 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 SDUs.
9.2.2.11.7
The Move Receiving Window super-field

The ‘Move Receiving Window’ super-field is used to request the RLC receiver to move its receiving window and to indicate the amount of discarded SDUs, as a result of a SDU discard in the RLC transmitter. The format is given in the figure below.

Type = MRW

LENGTH

SN_MRW1

…

SN_MRWLENGTH

Figure 9.14: The MRW fields in a STATUS PDU

LENGTH

Length: 4 bits 

The number of SN_MRWi fields in the super-field of type MRW. It equals to the amount of discarded SDUs.
SN_MRWi
Length: 12 bits

SN_MRWi fields enumerate each of the discarded SDUs by indicating the sequence number of the next PU not anymore belonging to the i:th discarded SDU. 
Additionally SN_MRWLENGTH requests the RLC receiver to discard all PUs with sequence number < SN_MRWLENGTH, and to move the receiving window accordingly. It also indicates the first data byte in the PU with sequence number SN_MRWLENGTH corresponds to the first byte of the SDU to be reassembled next. 
Note that the special case of the MRW super-field is the one with LENGTH having the value of 1. This corresponds to the most typical case that only one SDU discarded.
9.2.2.11.8
The Move Receiving Window and Ignore First LI (MRW_N_IFL) super-field

The 'Move Receiving Window and ignore first LI' super-field is used to request the RLC receiver to move its receiving window and to indicate the amount of discarded SDUs, as a result of a SDU discard in the RLC transmitter. It also indicates to the receiver the presence of the trailing bytes of the discarded SDU in the PU with sequence number SN_MRWLENGTH. The format is given in the figure below.
Type = MRW_N_IFL

LENGTH

SN_MRW1

…

SN_MRWLENGTH

Figure 9.15: The MRW_N_IFL fields in a STATUS PDU

LENGTH

Length: 4 bits 

The number of SN_MRWi fields in the super-field of type MRW. It equals to the amount of discarded SDUs.

SN_MRW
Length: 12 bits

SN_MRWi fields enumerate each of the discarded SDUs by indicating the sequence number of the next PU not anymore belonging to the i:th discarded SDU. 

Additionally SN_MRWLENGTH requests the RLC receiver to discard all PUs with sequence number < SN_MRWLENGTH, and to move the receiving window accordingly. In addition , the receiver has to discard the first LI and the corresponding data bytes in the PU with sequence number  SN_MRWLENGTH.
Note that the special case of the MRW super-field is the one with LENGTH having the value of 1. This corresponds to the most typical case that only one SDU discarded.

11.6
SDU discard with explicit signalling procedure

11.6.1
Purpose

An SDU can be discarded with explicit signalling when MaxDAT number of retransmissions is reached or the transmission time exceeds a predefined value (Timer_Discard) for a 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. 

The MRW command is defined as a super-field in the RLC STATUS PDU, and 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 is the sender of AMD PDUs and it is either the UE or the network and the receiver is the receiver of AMD PDUs and it is either the network or the UE.
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Figure 11.6: SDU discard with explicit signalling

11.6.2
Initiation

This procedure is initiated by the sender when the following conditions are fulfilled:

1)
SDU discard with explicit signalling is used.

2)
MaxDAT number of retransmissions is reached or Timer_Discard expires for a SDU in acknowledged mode RLC.

The sender shall discard all PUs that contain a segment of the associated SDU. If the concatenation function is active, PDUs carrying segments of other SDUs that have not timed out shall not be discarded. 

The sender shall transmit a STATUS PDU on the DCCH logical channel if the sender is located in the control plane and on the DTCH if it is located in the user plane.

If the PU with sequence number SN_MRWLENGTH contains  LI indicating trailing data from the discarded SDU, the transmitter shall send SUFI MRW_N_IFL indicating to the receiver  to discard the first LI and the corresponding data bytes. Otherwise the transmitter shall send SUFI MRW.

This STATUS PDU is sent even if the 'STATUS PDU prohibit' is used and the timer 'Timer_Status_Prohibit' is active.

The STATUS PDU has higher priority than data PDUs.

The sender shall start timer Timer_MRW. If a new MRW procedure is initiated whilst Timer_MRW is running then Timer_MRW shall be restarted and VT(MRW) should be reset. In this case there will certainly be several discarded SDUs at the same time to be informed to the receiver and the LENGTH field in SUFI MRW or SUFI MRW_N_IFL is greater than one.
11.6.2.1
Piggybacked STATUS PDU

It is possible to piggyback a STATUS PDU on an AMD PDU. If a PDU includes padding a piggybacked STATUS PDU can be inserted instead of the padding. 

11.6.2.2
STATUS PDU contents to set

The size of the STATUS PDU shall be equal to one of the allowed PDU sizes. The information that needs to be transmitted can be split into several STATUS PDUs if one STATUS PDU does not accommodate all the information.

STATUS PDU shall include the MRW/MRW_N_IFL  SUFI, other SUFI fields can be used additionally. MRW/MRW_N_IFL  SUFI shall convey information about the discarded SDU(s) to the receiver.

Padding shall be inserted if the SUFI fields do not fill the entire STATUS PDU. If the PDU contains padding the last SUFI field shall be a No More Data super-field.

11.6.3
Reception of the STATUS PDU by the receiver

The receiver shall upon reception of the STATUS PDU/piggybacked STATUS PDU discard PUs and update the state variables VR(R), VR(H) and VR(MR) according to the received STATUS PDU/piggybacked STATUS PDU. Additionally the receiver shall indicate the higher layers of the discarded SDU or all of them in the case of MRW SUFI with LENGTH value greater than one.
The receiver shall initiate the transmission of a STATUS PDU indicating the revised value of VR(R).

In case of receiving SUFI_MRW, the receiver shall start reassembling the next SDU from the first data byte of the PU with sequence number SN_MRWLENGTH. 

If the receiver receives SUFI MRW_N_IFL, it shall discard the first LI and start  reassembling the next SDU .

11.6.4
Reception of STATUS PDU if VR(R) ( SN_MRWLENGTH
The procedure is terminated in the sender when a STATUS PDU is received indicating a value of VR(R) ( SN_MRWLENGTH. If this occurs Timer_MRW is stopped thereby terminating the procedure.

11.6.5
Expiration of timer Timer_MRW

If Timer_MRW expires before a STATUS PDU is received indicating a value of VR(R) greater or equal to the MRW parameter then the STATUS(MRW) shall be retransmitted, VT(MRW) is incremented by one and Timer_MRW restarted.

11.6.6
Abnormal cases

11.6.6.1
Obsolete/corrupted MRW command 

If the MRW command contains outdated information about the receiver window (receiver window already moved further than MRW command is indicating), the MRW command shall be discarded and a STATUS PDU containing SUFI ACK shall be transmitted.

11.6.6.2
VT(MRW) equals MaxMRW
If the number of retransmission of a MRW command (i.e. VT(MRW)) reaches MaxMRW, an error indication shall be passed to RRC and RESET procedure should be performed.
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