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1 Introduction

In this contribution we discuss the RLC window operation and provide corresponding text proposals. 
One of the main differences compared to UTRAN RLC ‎[2] is the need for a reliable re-ordering mechanism for both RLC AM and RLC UM. We propose a timer-based re-ordering mechanism in combination with a window operation like in MAC-hs. The timers in the sender and in the receiver ensure that outdated RLC PDUs are discarded, that the window edges are advanced accordingly and that RLC SDUs are delivered in sequence if configured. 
In RLC AM the reliability level depends on the setting of the above-mentioned timers. A long timer value allows for many retransmissions and full reliability can be achieved when not allowing for timer-based delivery at all.
2 Background
The RLC protocol for UTRAN ‎[2] specifies how the transmitting and receiving RLC entity must operate their RLC windows in order to avoid sequence number ambiguity and to achieve the high reliability in RLC acknowledged mode. 

In acknowledged mode the RLC transmitter must not advance the lower edge VT(A) of the transmitter window before receiving either a positive cumulative acknowledgement for that oldest outstanding PDU or an acknowledgement for a corresponding “Move Receiver Window” message. 
Furthermore, two modes for SDU delivery to higher layers are defined and can be configured in the RLC Receiver: in-sequence delivery and out-of-sequence delivery. The former is typically used if higher layer protocols (e.g. RoHC, TCP, Application layer) are expecting to receive data units in their original order. The latter should be chosen if higher layer protocols can cope with any delivery order and benefit from lower delays.
2.1 SDU Discard in UTRAN
In UTRAN SDU Discard provides means to remove RLC SDUs from the buffer in the RLC transmitter. 
In acknowledged mode the RLC transmitter must send a “Move Receiver Window” (MRW) message when discarding an SDU which was at least partly transmitted to the receiver. The MRW message forces the receiving peer to advance its lower window edge up to a given RLC sequence number. The MRW mechanism is intended to enforce protocol stability and to avoid excessive but unnecessary retransmissions of PDUs for which the delivery failed. 
In ‎[3] we argue for a simplification of the SDU Discard Procedure in LTE and propose to limit its scope to not yet transmitted SDUs. SDU Discard is then an autonomous sender side operation and has no impact on the actual RLC protocol operation. 
3 Discussion

In this section we propose an outline of the RLC window operation for both transmitter and receiver side. 
One of the main differences compared to UTRAN RLC ‎[2] is the need for a reliable re-ordering mechanism for both RLC AM and RLC UM. We propose a timer-based re-ordering mechanism in combination with a window operation like in MAC-hs. 
The RLC transmitter shall start this TIMER_PDU_DISCARD upon initial transmission of a new RLC PDU to lower layers. In acknowledged mode, retransmissions may be performed while the timer is running. The timer shall be stopped, when an RLC acknowledgement (ACK) is received for the corresponding PDU. When the timer expires the corresponding PDU shall be discarded and the lower window edge shall be advanced ahead of this sequence number. 
The RLC receiver must start the TIMER_PDU_DISCARD upon reception of a PDU following the actually expected PDU, i.e., when detecting a gap in the sequence of received PDUs. This happens frequently due to the characteristics of the HARQ protocol. However, for most RLC PDUs the timer can be stopped when the corresponding PDU is received. If the timer expires, the missing PDU is skipped and subsequent PDUs are delivered to the higher layer
. Thus, the lower edge of the receiver window is advanced so that the expired sequence number is not in the window any longer. In both cases the timer discards PDUs from the receiver window and thereby avoids, e.g., that status messages are sent for outdated PDUs that have already been discarded from the transmitter’s window. 

Furthermore, the receive window is also advanced when new RLC PDUs are received that require advancing the upper window edge. This ensures stable protocol operation even if the timers are not started synchronously in transmitter and receiver.
Compared to the Move Receiver Window (MRW) mechanism specified for UTRAN RLC ‎[2] the proposed window operation does not require any additional signaling.
Proposal 1: RLC uses a timer-based re-ordering mechanism in combination with a window operation like in MAC-hs. 
The initial value of the TIMER_PDU_DISCARD determines the reliability level of the RLC Acknowledged Mode. Full reliability like in RLC UTRAN can be achieved by not using the timer based discard mechanism both on the transmitter and receiver side. Furthermore, the transmitter may only advance the window upon reception of a positive acknowledgement.
Proposal 2: The reliability of the RLC Acknowledged Mode is configurable by adjusting the initial value of the Timer_PDU_Discard.
It has been agreed in ‎[1] that detection of missing PDUs at the RLC AM receiver triggers a status message. As said above HARQ does not perform in-sequence delivery towards RLC. This may result in falsely detected transmission errors. We therefore propose a TIMER_MISSING_PDU to avoid false error reporting of PDUs that were only delivered out-of-sequence by HARQ. The RLC receiver starts a TIMER_MISSING_PDU when detecting a gap in the sequence of received PDUs and stops it when the missing PDUs are received. It sends a status message upon expiry of the timer. Further details on when to start the timer are provided in section ‎4.2.
Proposal 3: We propose a TIMER_MISSING_PDU to avoid false error reporting of PDUs that were only delivered out-of-sequence by HARQ

4 Text Proposal

In this section we provide text proposals for section 5 of the LTE RLC specification.
4.1 Transmitter Side Operation

The following procedures are performed by a transmitting RLC entity. 
4.1.1 Reception of RLC SDUs from a Higher Layer

The RLC Sender accepts RLC Service Data Units (SDUs) from higher layers and stores them in an SDU buffer of a configurable size. RLC SDUs shall not be segmented at this point as the lower layer may request RLC PDUs of arbitrary size depending e.g. on the available transport format. 

If the SDU Discard Procedure is configured, the TIMER_SDU_DISCARD is started. Upon expiry the SDU is discarded if it has not yet been prepared for transmission. 
Note: See ‎[3] for a thorough description of our proposed SDU Discard Procedure for LTE.

4.1.2 Transmission of an RLC PDU
Each time the lower layer requests an RLC PDU the RLC Sender must 

· if AM is configured and if there is at least one negatively acknowledged RLC PDU or segment thereof in the valid window, 

· select the oldest outstanding pending retransmission and

· if the remaining size of that RLC PDU exceeds the number of bytes requested by the lower layer, perform resegmentation and deliver an RLC PDU segment to the lower layer

· else, deliver that RLC PDU to the lower layer. 

· else, if the SDU buffer contains a not yet transmitted SDU or a segment thereof 

· segment, and if possible concatenate the RLC SDUs into a new RLC PDU so that its size including header does not exceed the number of bytes requested by the lower layer

· assign the sequence number to the new RLC PDU that is currently associated with the upper edge of the transmission window

· increment the upper window edge and,

· if the new upper window edge exceeds the maximum sequence number space, set it to 0,

· if AM is configured and if the distance between the lower window edge and the upper window edge exceeds the maximum window size, 

· advance the lower window edge according to subclause ‎4.1.5,

· else, if UM is configured,

· advance the lower window edge according to subclause ‎4.1.5
· set the poll bit according to subclause  ‎4.1.6
· start a timer (Timer_Discard_PDU) with the configured start value and associate it with the newly generated RLC PDU

· set the remaining header fields according to the selected mode of operation (AM or UM)

4.1.3 Reception of Status Messages

Upon reception of a status message (in acknowledged mode only) the RLC sender must,

· while the cumulatively acknowledged sequence number is between the lower and upper window edge

· advance the lower window edge according to subclause ‎4.1.5
· for each negatively acknowledged RLC PDU or segment thereof

· if the negatively acknowledged RLC PDU is still in the valid RLC transmission window

· mark the RLC PDU or segment thereof as negatively acknowledged
4.1.4 Expiry of Timer_Discard_PDU
Upon expiry of a Timer_Discard_PDU verify,

· if the associated RLC PDU is still contained in the RLC transmission window,

· discard the RLC PDU from the RLC window and

· if the sequence number of the discarded RLC PDU is equal to the lower window edge

· increment the lower window edge and,

· if the new lower window edge exceeds the maximum sequence number space, set it to 0

Note, that the RLC Receiver is not explicitly informed about discarded PDUs.
4.1.5 Advancing the lower window edge

· if the RLC window contains a RLC PDU with the sequence number that is associated with the lower window edge

· discard the RLC PDU from the RLC window

· increment the lower window edge and,

· if the new lower window edge exceeds the maximum sequence number space, set it to 0

4.1.6 Set poll bit

· if POLL_LAST_PDU is configured and
·  if the SDU buffer is empty and 
· if there are no negatively acknowledged RLC PDUs in the transmission window

· trigger a poll 

· if a poll has been triggered and if the TIMER_POLL_PROHIBIT is not running 

· if a RLC PDU is available for transmission

· set the poll bit in the available RLC PDU
· else, if there is at least one PDU that has been transmitted, has not been discarded and has not yet been acknowledged 

· select the RLC PDU with sequence number equal to the “upper window edge – 1” for transmission and set the poll bit.
4.2 Receiver Side Operation
The following procedures are performed by a receiving RLC entity. 
4.2.1 Reception of an RLC Data PDU from lower layer
Upon reception of a Data PDU from the lower layer the RLC Receiver must

· if the sequence number is valid according to subclause ‎4.2.2
· while the sequence number of the received PDU exceeds the upper window edge
· start the TIMER_PDU_DISCARD for the (not yet received) PDU with the sequence number equal to the upper window edge

· if Acknowledged Mode is configured and if the TIMER_MISSING_PDU is not running

· start the TIMER_MISSING_PDU and associate it with the received sequence number
· advance the upper window edge according to subclause ‎4.2.3
· store the received PDU in the RLC window

· if the sequence number of the received PDU is equal to the upper window edge

· advance the upper window edge according to subclause ‎4.2.3
· if a TIMER_PDU_DISCARD associated with the sequence number of the received PDU is running, 

· stop the timer

· if out-of-sequence SDU delivery is configured,

· deliver SDUs out-of-sequence according to sub-clause ‎4.2.6
· else

· deliver SDUs in sequence according to subclause ‎4.2.5
4.2.2 Validity of a sequence number

· if the sequence number is equal to or ahead of the lower window edge and if the sequence number is below the lower window edge + (maximum window size / 2)

· regard the sequence number as valid
4.2.3 Advancing the upper window edge

· increment the upper window edge

· if the upper window edge exceeds the sequence number range

· set the upper window edge to 0

· if the distance between the lower and the upper window edge exceeds the maximum window size

· advance the lower window edge according to subclause ‎4.2.4
4.2.4 Advancing the lower window edge

· if the receive window contains an RLC PDU with sequence number equal to the lower window edge

· deliver that PDU to the reassembly buffer and discard it from the ARQ window
· if a TIMER_MISSING_PDU is running and if the timer is associated with the lower window edge

· stop the TIMER_MISSING_PDU

· if the TIMER_PDU_DISCARD associated with the lower window edge is running
· stop the TIMER_PDU_DISCARD

· increment the lower window edge and,

· if the new lower window edge exceeds the maximum sequence number space, set it to 0,

· perform in-sequence delivery according to sub-clause ‎4.2.5
4.2.5 In-sequence SDU delivery

· for all sequence numbers in the range between the lower window edge and the upper window edge
· if the RLC PDU with the sequence number equal to the lower window edge has been received and

· if an SDU can be reassembled 

· deliver the SDU to higher layers

· advance the lower window edge according to 4.2.4

4.2.6 Out-of-sequence SDU delivery

· for all sequence numbers in the range between the lower window edge and the upper window edge

· if the RLC PDU with the sequence number has been received and

· if an SDU can be reassembled 

· deliver the SDU to higher layers

4.2.7 Expiry of TIMER_PDU_DISCARD
· Upon expiry of a TIMER_PDU_DISCARD the RLC receiver shall

· while the sequence number associated with the TIMER_PDU_DISCARD exceeds the lower window edge

· advance the lower window edge according to subclause ‎4.2.4
· deliver in sequence according to ‎4.2.5
4.2.8 Expiry of TIMER_MISSING_PDU

· Upon expiry of a TIMER_MISSING_PDU (see ‎[4]) the RLC receiver shall

· if the sequence number associated with the TIMER_MISSING_PDU is in the range between the lower window edge and the upper window edge
· trigger a status message cumulatively acknowledging everything up to the lower window edge (exclusively). It shall further comprise a list of those sequence numbers in the range between the lower window edge and the sequence number associated with the TIMER_MISSING_PDU that have not been received.
· If there is at least one outstanding PDU between the sequence number associated with the TIMER_MISSING_PDU and the upper window edge

· restart the TIMER_MISSING_PDU and associate it with the highest outstanding sequence number below the upper window edge.
5 Conclusion
In this document we discussed the RLC window operation for LTE. We propose a timer-based re-ordering mechanism in combination with a window operation like in MAC-hs. The main differences and benefits compared to UTRAN RLC are:

· Efficient reordering mechanism similar to the one in MAC-hs.

· Simplification of the specification due to almost equivalent protocol operation for RLC AM and UM.

· The reliability of the RLC Acknowledged Mode is configurable.

· Stable protocol operation also in semi-reliable mode without pure cumulative acknowledgements. This reduces the need for status messages and thereby the overhead.
· No need for an explicit “Move Receiver Window” message.

Section ‎4 provides a text proposal that is intended to serve for detailed discussions and that may be used as basis for section 5 of ‎[1].
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� If out-of-sequence delivery is configured consecutive SDUs may already have been delivered.
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