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Current Specification (Background):  

1. There are no receivng window for the UMD transfer procedure to filter out unacceptable sequence numbers. 

2. The HFN is sent only when the RLC entity is setup, reconfigured or reset. After that, HFNs are maintained by the sender and the receiver independently by the sequence number. Whenever SN goes beyond 127 and cycles back to 0, HFN is incremented by one. 
3. COUNT-C is 32 bit (the 25 MSBs are equal to HFN and the 7 LSBs are equal to SN) and is used for ciphering and deciphering. Thus, keeping COUNT-C or HFN synchronized between the sender and the receiver is essential.
Problems:

There are two potential COUNT-C (HFN) synchronization problems for UMD PDUs.  

(Case I)

1. There are chances that corrupted SN is not detected by the CRC algorithm. If this happened, the synchronization of HFN between the Rx and the Tx might be lost.  

2. Consider the following example: The receiver receives UMD PDUs with SN in the order of 12, 13, 14, 20, 21, 22, 100, 30, 31, 32, 33, … .  Here, PDUs of SN 15 to 19 get lost over the air (corrupted and detected by CRC) . PDUs of SN 15 to 19 will be treated correctly as missing and the corresponding SDUs will be discarded by the receiver.  In addition, PDUs of SN 23 to 29 are corrupted over the air and detected by the Layer 1 CRC algorithm except one PDU, which has a corrupted SN value 100 and is not detected by the Layer 1 CRC algorithm.  The receiver should discard this PDU (SN=100) and all the corresponding SDUs containing the missing PDUs of SN 23 to 29.  However, current RLC layer will not make this decision.  Instead, it will assume that PDUs of SN 23 to 99 are missing, and then SN 101 to 29 (101 to 127, and 0 to 29) are missing. Since the SN already cycles back to zero, the HFN will be wrongly incremented by one.  Thus, for SN 30 and thereafter, the COUNT-C (HFN) will not be synchronized between the transmitter and the receiver anymore.  The PDUs thereafter will be wrongly deciphered until RRC layer detects continuous wrong messages and reconfigures the RLC connection.
3. The chance that CRC algorithm detects data corruption is given as follows[1]:

CRC-7 

· Detects all single bursts of length 7 or less.
· Detects 98.44% of all error bursts of length 8.

· Detects 99.22% of all error bursts of length > 8.

CRC-12

· Detects all single bursts of length 12 or less.
· Detects 99.95% of all error bursts of length 13.

· Detects 99.976% of all error bursts of length > 13.

Thus, the probability that CRC algorithm does not detect data corruption deserves to be noted.

(Case II)

Consider the following example:  Suppose the sender transmits UMD PDUs with SN in the order of 0, 1..10, 50..100, 120..127, 0..5, 15.., where the sender discards PDUs of SN 11..49, 101..119, and (next cycle) 6..14.  And suppose the receiver receives PDUs with SN in the order of 0, 1..10, 15.., where PDUs of SN 50..100, 120..127, 0..5 get lost over the air.  In this example, the PDU of SN 15 is in the second cycle (HFN incremented by one) at the sender.  However, at the receiver, the PDU of SN 15 is in the first cycle (HFN unchanged).  Thus, the COUNT-C (HFN) will not be synchronized anymore for all the following PDUs.   
Proposed Solution:

To solve the problem, the following points are considered :

1. UM receiver is proposed to have a mechanism similar to receiving window for AM.
2. For each TTI, the number of PDUs transmitted (No_PDU) is known and can be used to calculate possible SN range acceptable within next TTI. In this manner, no additional IE is needed for explicit UM receiving window size.
3. In the current scheme for SDU discard without explicit signalling, the SN steps to indicate SDU discard in the sender, which shall be greater than 1 and is not fixed in the current specification, must be fixed (say 2) to make the SN range for next TTI to be predictable.
4. To make it easier, if the SNs of UMD PDUs sent out are consecutively numbered, No_PDU can be used as the receiving window.  To do this, a predefined value of ‘discard LI’ must be used to indicate SDU discard in the sender.
5. If the above proposal (Point 4) is adopted, both the problem cases can be solved :  
(1) For case I, if No_PDU is 100 as an example, the corrupted PDU with SN 100 will be discard by the receiver because it is not in the right ‘position’ even it is within the ‘receiving window’. 
(2) For case II, now the sender will number the SN in consecutive order, i.e. no jumps are allowed in the sender. Suppose that because of bad radio environment or another reason, SN 11..127, and (next cycle) 0..14 get lost over the air. Thus, the receiver receives PDUs with SN in the order of 0, 1..10, 15... Thanks to the new proposal, the SN 15 is received after proper number of TTIs and can be decide correctly to belong to the next cycle by the receiver and increment HFN by one for SN 15.. and so on.  The COUNT-C (HFN) is kept synchronized.  
6. If the proposal (Point 4) is adopted and a ‘discard LI’ is used. One can find that the currently predefined LI for ‘Use special LI’ is no longer needed. (It is always used .) Thus, the predefined value currently for ‘Use special LI’ is proposed to be the predefined value for the ‘discard LI’. Please note that if the proposal is adopted, the LI indicating that a SDU ended exactly or one octet short (for 15bit LI) in the previous PDU never begins in the PDU with the discard LI.  Although this is the preferred solution, the ‘discard LI’ can take value different from the LI value for ‘Use special LI’. The final choice is left for the meeting members to decide.
7. If this proposal is accepted, a CR to 25.331 for minor modification to delete the paragraph on ‘Use special LI’ may be needed.
Reference
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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 for AM and SN>=VT(US)+N for UM, where N is an integer. RLC informs RRC of the VT(S) for AM and VT(US) for UM 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 (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 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 or one octet short (only when 15 bit LI is used) in the end of the previous RLC PDU is present, the LI shall not be used.
9.2.2.8
Length Indicator (LI)

The Length Indicator is used to indicate, each time, the end of an SDU occurs in the PU. The Length Indicator points out the number of octets between the end of the last Length Indicator field and up to and including the octet at the end of an SDU segment. Length Indicators are included in the PUs that they refer to. The size of the Length Indicator may be either 7bits or 15bits. The maximum value of a Length Indicator in AM will be no greater than the RLC PDU size – AMD PDU Header – PADDING. The maximum value of a Length Indicator in UM will be no greater than the RLC PDU size – UMD PDU Header – PADDING.

A Length Indicator group is a set of Length Indicators that refer to a PU. Length Indicators that are part of a Length Indicator group must never be reordered within the Length Indicator group or removed from the Length Indicator group.

If there can be more than one Length Indicator, each specifying the end of an SDU in a PU, the order of these Length Indicators must be in the same order as the SDUs that they refer to.

In the case where the end of last segment of an SDU exactly ends at the end of a PDU and there is no LI that indicates the end of the SDU, the next Length Indicator, shall be placed as the first Length Indicator in the following PU and have value LI=0. 
In the case where a PDU contains a 15-bit LI indicating that an SDU ends with one octet left in the PDU, the last octet of this PDU shall be ignored and shall not be filled with the first octet of the next SDU data.
In the case where the last segment of an RLC SDU is one octet short of exactly filling the previous RLC PU, and 15-bit Length Indicators are used, the Length Indicator shall be placed as the first Length Indicator in the following PU and have value LI=111 1111 1111 1011. The remaining one octet in the previous RLC PU shall be ignored.

A PU that has unused space, to be referred to as padding, shall use a Length Indicator to indicate that this space is used as padding unless the padding size is one octet for PDUs with 15-bit LIs. A padding Length Indicator must be placed after any Length Indicators for a PU. 

All unused space in a PU must be located at the end of the PDU, be a homogeneous space and is referred to as padding. Predefined values of the Length Indicator are used to indicate this. The values that are reserved for special purposes are listed in the tables below depending on the size of the Length Indicator. Only predefined Length Indicator values can refer to the padding space.

STATUS PDUs can be piggybacked on the AMD PDU by using part or all of the padding space. A Length Indicator must be used to indicate the piggybacked STATUS PDU. This 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 Indicator is required to show that there is still padding in the PDU. The padding/piggybacked STATUS PDU predefined Length Indicators shall be added after the very last (i.e. there could be more than one SDU that end within a PDU) Length Indicator that indicates the end of the last SDU segment in the PU. 
If SDU discard with explicit signalling is used an AMD PDU can contain a maximum number of 15 LIs indicating the end of an SDU and the rest of the AMD PDU space shall be used as padding/piggybacked STATUS PDU.


For AM, 7bit indicators shall be used if the AMD PDU size is ( l26 octets. Otherwise 15bit indicators shall be used. For UM, 7bit indicators shall be used if the UMD PDU size is ( l25 octets. Otherwise 15bit indicators shall be used.

The length of the Length Indicator only depends on the size of the largest RLC PDU. The length of the Length Indicator is always the same for all UMD PDUs or AMD PUs, for one RLC entity.
If the maximum RLC PDU size for an RLC entity is not explicitly configured (e.g. on FACH), the length of the Length Indicator is determined by the maximum configured TB size for the transport channel on which the logical channel is mapped.
For Release 99, there is one PU in an AMD PDU.

Length: 7bits

	Bit
	Description

	0000000
	The previous RLC PDU was exactly filled with the last segment of a RLC SDU and there is no LI that indicates the end of the SDU in the previous RLC PDU.

	1111100
	UMD PDU: The first data octet in this RLC PDU is the first octet of 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: 15bits

	Bit
	Description

	000000000000000
	The previous RLC PDU was exactly filled with the last segment of an RLC SDU and there is no LI that indicates the end of the SDU in the previous RLC PDU.

	111111111111011
	The last segment of an RLC SDU was one octet short of exactly filling the previous RLC PDU and there is no LI that indicates the end of the 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 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).

	111111111111110
	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.


9.6
Protocol Parameters

The values of the protocol parameters in this section are signalled by RRC.

a)
MaxDAT.


It is the maximum value for the number of retransmissions of a PU. This parameter is an upper limit of counter VT(DAT). When the value of VT(DAT) comes to MaxDAT, error recovery procedure will be performed.

b)
Poll_PU.


This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_PU PU. This is an upper limit for the VT(PU) state variable, when VT(PU) reaches Poll_PU a poll is transmitted to the peer entity.

c)
Poll_SDU.


This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_SDU SDU. This is an upper limit for the VT(SDU) state variable, when VT(SDU) reaches Poll_SDU a poll is transmitted to the peer entity.

d)
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 is triggered for each PU when J
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Poll_Window, where J is the window transmission percentage defined by
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where the constant 4096 is the modulus for AM described in Subclause 9.4.

e)
MaxRST.


It is the maximum value for the number of retransmission of RESET PDU. This parameter is an upper limit of counter VT(RST). When the value of VT(RST) comes to MaxRST, the higher layer (RRC) is notified.

f)
Configured_Tx_Window_Size.


The maximum allowed transmitter window size.

g)
Configured_Rx_Window_Size.


The allowed receiver window size.
h)
MaxMRW.


It is the maximum value for the number of retransmissions of a MRW command. This parameter is an upper limit of counter VT(MRW). When the value of VT(MRW) comes to MaxMRW, error recovery procedure will be performed.
9.7.3.1
Timer based discard, with explicit signalling

This alternative uses a timer based triggering of SDU discard (Timer_Discard). This makes the SDU discard function insensitive to variations in the channel rate and provides means for exact definition of maximum delay. However, the SDU loss rate of the connection is increased as SDUs are discarded.

For every SDU received from a higher layer, timer monitoring of the transmission time of the SDU is started. If the transmission time exceeds a predefined value for a SDU in acknowledged mode RLC, this SDU is discarded in the transmitter and a 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 (see subclause 9.2), and piggybacked to status information of transmissions in the opposite direction. If the MRW command has not been acknowledged by receiver, it will be retransmitted. Therefore, SDU discard variants requiring peer-to-peer signalling are only possible for full duplex connections.

9.7.3.2
Timer based discard, without explicit signalling

This alternative uses the same timer based trigger for SDU discard (Timer_Discard) as the one described in the subclause 9.7.3.1. The difference is that this discard method does not use any peer-to-peer signalling. This function is applied only for unacknowledged and transparent mode RLC and peer-to-peer signalling is never needed. The SDUs are simply discarded in the transmitter, once the transmission time is exceeded. 
In addition, for UM RLC, SN of the UMD PDUs shall be incremented by a step of 2 for the first PDU transmitted after a Discard Operation to indicate that there were some RLC SDUs discarded before this RLC PDU. The first data octet in this RLC PDU shall be the first octet of a RLC SDU. To avoid that the receiver should discard one extra SDU, a LI field shall be added in this RLC PDU with either the value indicating that the previous SDU filled exactly the previous RLC PDU or the value indicating that the first data octet in this RLC PDU is the first octet of a RLC SDU.
9.7.3.3
SDU discard after MaxDAT number of retransmissions

This alternative uses the number of retransmissions as a trigger 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 a variable delay. SDU discard is triggered at the transmitter, and a MRW command is necessary to convey the discard information to the receiver, like in the timer based discard with explicit signalling.

11.2
Unacknowledged mode data transfer procedure

11.2.1
Purpose

The unacknowledged mode data transfer procedure is used for transferring data between two RLC peer entities, which are operating in unacknowledged mode. Figure 11.2 below illustrates the elementary procedure for unacknowledged mode data transfer. The sender can be either the UE or the network and the receiver is either the network or the UE.
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Figure 11.2: Unacknowledged mode data transfer procedure

11.2.2
Initiation

The sender initiates this procedure upon a request of unacknowledged mode data transfer from higher layer. 

When the sender is in data transfer ready state it shall segment and, if possible, concatenate the data received from the higher layer into PDUs.

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 is located 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 TTI, MAC decides which PDU size shall be used and how many PDUs shall be transmitted. 

The VT(US) state variable shall be updated for each UMD PDU that is transmitted.

11.2.2.1
UMD PDU contents to set

The Sequence Number field shall be set equal to VT(US). 

The Extension bit shall be set to 1 if the next field is a length indicator field, otherwise it shall be set to zero.

One length indicator field shall be included for each end of a SDU that the PDU includes. The LI fields shall be set as specified in subclause 9.2.2.8.
11.2.3
Reception of UMD PDU

Upon reception of a UMD PDU, the receiver shall update VR(US) state variable according to the received PDU(s).

The PDUs are reassembled into RLC SDUs. If a PDU with sequence number < VR(US) is missing then all SDUs that have segments in this PDU shall be discarded. RLC delivers the RLC SDUs to the higher layer through the UM-SAP. 

11.2.4
Abnormal cases

11.2.4.1
Length Indicator value reserved for UMD PDU
Upon reception of an UMD PDU that contains Length Indicator value reserved for UMD PDU, the receiver shall discard that UMD PDU.
11.2.4.2
Invalid length indicator value

If the length indicator of a PDU has a value that is larger than the PDU size – the number of octets containing LIs in the PDU – 1 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.

11.2.4.3
SDU discard without explicit signalling

Upon expiry of the Timer_Discard on the sender side, the sender shall discard the associated SDU as specified in subclause 9.7.3.2. 
11.2.4.X
Receiving a PDU with unacceptable SN in the TTI
To keep HFN value synchronized with the peer entity, the receiver shall check whether the SNs of the received PDUs are acceptable in each TTI. Upon reception of a UMD PDU with unacceptable SN in the TTI, the receiver shall discard the PDU.
11.3
Acknowledged mode data transfer procedure

11.3.1
Purpose

The acknowledged mode data transfer procedure is used for transferring of data between two RLC peer entities, which are operating in acknowledged mode. Figure 11.3 below illustrates the elementary procedure for acknowledged mode data transfer. The sender can be either the UE or the network and the receiver is either the network or the UE.
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Figure 11.3: Acknowledged mode data transfer procedure

11.3.2
Initiation

The sender initiates this procedure upon a request of acknowledged mode data transfer from higher layer or upon retransmission of PUs. Retransmitted PUs have higher priority than PUs transmitted for the first time.

The sender is only allowed to retransmit PUs that have been indicated missing by the receiver. An exception is the PU with SN VT(S)-1 which can be retransmitted. In addition, a PU that has not yet been acknowledged, may be retransmitted if Configured_Tx_Window_Size is less than 2048.

RLC shall segment the data received from the higher layer into PUs. When the sender is in data transfer ready state one or several PUs are included in one AMD PDU, which is sent to the receiver. The PDUs shall be transmitted 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. One or several PDUs may be transmitted in each transmission time interval (TTI) and MAC decides how many PDUs shall be transmitted in each TTI. In the UE, the PDUs that can not be transmitted in a TTI (i.e. MAC has indicated that some of the available PDUs can not be transmitted) shall be buffered according to the discard configuration set by RRC.

The VT(DAT) state variables shall be updated for each AMD PDU that is transmitted. The PDU shall not include any PU with Sequence Number ( VT(MS), except the PU with sequence number VT(S)-1 which may be included also when VT(S) ( VT(MS).

If the poll bit is set in any of the AMD PDUs and the timer Timer_Poll shall be used, the sender shall start the timer Timer_Poll when the successful or unsuccessful transmission of a PDU with the set poll bit is indicated by lower layer (in UE) or submitted to lower layer (in UTRAN).

If timer based SDU discard is used, the timer Timer_Discard shall be started when the RLC entity receives an SDU from higher layer. One timer is used for each SDU that is received from higher layer.

If the trigger for polling, "Every Poll_PU PU", is used, the VT(PU) shall be increased by 1 for each PU that is transmitted.

If the trigger for polling, "Every Poll_SDU SDU", is used, the VT(SDU) shall be increased by 1 for each SDU that is transmitted.

11.3.2.1
AMD PDU contents to set

If the PDU is transmitted for the first time, the Sequence Number field shall be set equal to VT(S) and VT(S) shall be updated.

The setting of the Polling bit is specified in subclause 11.3.2.1.1.

One length indicator field shall be included for each end of a SDU that the PDU includes. The LI fields shall be set as specified in subclause 9.2.2.8.
How to perform the segmentation and concatenation of SDUs is specified in subclause 11.3.2.1.2.

11.3.2.1.1
Setting of the Polling bit

The Polling bit shall be set to 1 if any of following conditions are fulfilled except when the poll prohibit function is used and the timer Timer_Poll_Prohibit is active (the different triggers are described in 9.7.1):

1)
Last PU in buffer is used and the last PU available for transmission is transmitted.

2)
Last PU in retransmission buffer is used and the last PU to be retransmitted is transmitted.

3)
Poll timer is used and timer Timer_Poll has expired.

4)
Every Poll_PU PU is used and when VT(PU)=Poll_PU.

5)
Every Poll_SDU is used and VT(SDU)=Poll_SDU and the PDU contains the last segment of that SDU.

6)
Window based polling is used, , and J
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Poll_Window, where J is defined in subclause 9.6.

7)
Timer based polling is used and Timer_Poll_Periodic has expired.

8)
Poll prohibit shall be used, the timer Timer_Poll_Prohibit has expired and one or several polls were prohibited during the time Timer_Poll_Prohibit was active.

11.3.2.1.2
Segmentation and concatenation of SDUs
Upon reception of a SDU, RLC shall segment the SDU to fit into the fixed size of a PU. The segments are inserted in the data field of a PU. A length indicator shall be added to each PU that includes a border of an SDU, i.e. if a PU does not contain an LI, the SDU continues in the next PU. The length indicator indicates where the border occurs in the PU. The data after the indicated border can be either a new SDU, padding or piggybacked information. If padding or piggybacking is added another LI shall be added unless the padding size is one octet for PDUs with 15-bit LIs, see subclauses 9.2.2.8 and 9.2.2.9.

11.3.3
Reception of AMD PDU by the receiver

Upon reception of a AMD PDU, the receiver shall update VR(R), VR(H) and VR(MR) state variables according to the received PU(s).

If any of the PDUs includes a Polling bit set to 1, the STATUS PDU transfer procedure shall be initiated.

If the detection of missing PU(s) shall be used and the receiver detects that a PU is missing, the receiver shall initiate the STATUS PDU transfer procedure.


11.3.4
Abnormal cases

11.3.4.1
Timer_Poll timeout

Upon expiry of the Timer_Poll, the sender shall retransmit the poll. The poll can be retransmitted in either a new PDU or a retransmitted PDU.
11.3.4.2
Receiving a PDU outside the receiving window

Upon reception of a PDU with SN(VR(R) or SN(VR(MR), the receiver shall discard the PDU. The poll bit shall be considered even if a complete PDU is discarded.

11.3.4.3
Timer_Discard timeout

11.3.4.3.1
SDU discard with explicit signalling

Upon expiry of Timer_Discard, the sender shall initiate the SDU discard with explicit signalling procedure.

11.3.4.4
VT(DAT) ( MaxDAT

If SDU discard after MaxDAT number of retransmission is used and VT(DAT) ( MaxDAT for any PU, the sender shall initiate the SDU discard with explicit signalling procedure for the SDUs to which the PU with VT(DAT) (MaxDAT belongs.

If the SDU discard is not 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 PU has a value that is larger than the PU size – the number of octets containing LIs in the PU and is not one of the predefined values listed in the table of subclause 9.2.2.8, the PU shall be discarded and treated as a missing PU.
11.3.4.X
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.
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