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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 similar to the one in MAC-hs. Timers in the RLC transmitter and in the RLC receiver ensure that outdated RLC PDUs are discarded, that the window edges are advanced accordingly and that RLC SDUs are delivered in sequence if configured.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, the SDU delivery to higher layers can be configured in the RLC Receiver to provide in-sequence delivery. The in-sequence delivery is typically used if higher layer protocols (e.g. RoHC, TCP, Application layer) are expecting to receive data units in their original order. Out-of-sequence delivery could be chosen if higher layer protocols can cope with any delivery order and benefit from lower delays.

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 UTRAN the MRW procedure is triggered by the SDU discard timer which is started upon arrival of an upper layer (PDCP) PDU. In ‎[3] we highlight some problems of this interconnection and argue for decoupling the ARQ operation from the queuing delay.

3 Discussion

In this section we propose an outline of the RLC window operation for both transmitter and receiver side in acknowledged and unacknowledged mode. 
3.1 TIMER_PDU_DISCARD

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. For UM in particular the receiver side window must be advanced if missing PDUs are assumed to be lost on lower layers (HARQ failure). The straight-forward solution is a timer based mechanism on the receiver side similar to the one defined in MAC-hs. The RLC receiver starts a 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. Sequence number ambiguity is thereby avoided.

The initial value of the TIMER_PDU_DISCARD must be set in accordance with the maximum number of HARQ transmission attempts that may be performed. More precisely, the initial value must be at least Tmax – Tmin. Tmin is the transmission delay for an RLC PDU if no HARQ retransmissions are required whereas Tmax is the transmission delay for the maximum allowed number of HARQ transmissions. Consequently, this initial value has an impact on the SDU delivery delay in the (rare) case of a HARQ failure.

Proposal 1: RLC uses a timer-based re-ordering mechanism like in MAC-hs. 
This mechanism is obviously needed for RLC UM but we propose to support it also in RLC AM. As will be explained below, it allows configuring RLC AM in a semi-reliable mode which requires significantly less control signaling than fully reliable mode. 

In RLC AM also the RLC transmitter shall start a corresponding TIMER_PDU_DISCARD upon initial transmission of a new RLC PDU to lower layers
. RLC 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. 
Compared to RLC AM the timer must be initialized with a larger value in order to have time for a desired maximum number of RLC retransmissions. It determines the reliability level of the RLC Acknowledged Mode as RLC retransmissions may only be performed while the timer is running. Full reliability like in RLC UTRAN can be achieved by disabling the timer both on the transmitter and receiver side. In this mode of operation the transmitter may only advance the window upon reception of a positive acknowledgement.
Proposal 2: We propose to support the timer based re-ordering mechanism also for RLC AM

Proposal 3: The reliability of the RLC Acknowledged Mode is configurable by adjusting the initial value of the TIMER_PDU_DISCARD.
Unlike the Move Receiver Window (MRW) mechanism specified for UTRAN RLC ‎[2] the proposed window operation does not require any additional signaling.

3.2 TIMER_MISSING_PDU_DETECTION

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_DETECTION to avoid false error reporting of PDUs that were not lost but only delivered out-of-sequence by HARQ. The RLC receiver starts a TIMER_MISSING_PDU_DETECTION 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 ‎5.2.
Proposal 4: We propose a TIMER_MISSING_PDU_DETECTION to avoid false error reporting of PDUs that were only delivered out-of-sequence by HARQ

3.3 Synchronization of Timers

Some concerns have been raised that the timers in the RLC transmitter and the RLC receiver might run out-of-sync and thereby cause sequence number ambiguity or large additional delays. In this sub-section we therefore present some traces showing when timers are started in the transmitter and in the receiver and when the two entities may be non-synchronous. 
First of all one should note that the expiry of the receiver side TIMER_PDU_DISCARD is expected to be a relatively rare event as it occurs only in case of a HARQ failures (failure rate ~10-3). Figure ‎3.1 shows start and expiry of the timer in RLC Unacknowledged Mode. As explained above the receiver starts the timer for a missing PDU upon reception of a consecutive PDU. The left trace shows the case where the second PDU is successfully delivered in the initial HARQ transmission (Tmin). Here the timers are perfectly synchronized so that the RLC receiver delivers the second PDU right exactly when no further HARQ retransmission can be expected anymore. 
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Figure ‎3.1: Synchronization of TIMER_PDU_DISCARD between transmitter and receiver side for RLC UM. Optimal timer synchronization (left) if consecutive HARQ process succeeds on initial transmission.

The trace on the right of Figure ‎3.2 shows the worst case example where the transmission of the second PDU requires almost Tmax so that the receiver side timer is started Tmax-Tmin later as in the previous example. Obviously, the delivery of the second PDU is delayed by this time. This is however a fundamental problem of the multi-process HARQ protocol. The only way to avoid this additional delay is to disable in-sequence-delivery to higher layers. Then the TIMER_PDU_DISCARD is only responsible for advancing the lower window edge and thereby to avoid sequence number ambiguity.

It should also be noted that the off-set between the timers does not increase the risk of sequence number ambiguity. As can be seen from Figure ‎3.1 and Figure ‎3.2 TIMER_PDU_DISCARD is advanced as soon as a consecutive PDU is received. Sequence number ambiguity would therefore occur only if more than half the sequence number space of RLC PDUs is lost due to HARQ failures.
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Figure ‎3.2: Maximum timer offset (left) by Tmax if consecutive process requires maximum number of retransmissions. Non-Adjacent HARQ transmissions and resulting additional RLC delivery delay (upper bound to Tmax-Tmin).
Also for Acknowledge Mode the RLC receiver must re-establish the original order of the RLC PDUs and deliver afterwards the re-assembled SDUs to the higher layer. If the original order cannot be re-established within a reasonable time the RLC receiver should, like the RLC UM receiver, advance the lower edge of the receive window beyond the outstanding PDU’s sequence number and deliver consecutively received data to higher layers. This can either be achieved by a transmitter driven mechanism using explicit signalling like the Move Receiver Window message in UTRAN. Alternatively, the TIEMR_PDU_DISCARD introduced above can fulfil this task also for the acknowledged mode. Unlike in unacknowledged mode the failure detection time must be sufficiently long to allow for a desired number of RLC retransmission attempts.
We think that for almost all scenarios a single RLC retransmission attempt should be sufficient. Assuming that both the RLC status message as well as the RLC retransmission require the maximum number of HARQ transmission attempts, the initial value for the timer should be about 3 * Tmax, maybe slightly larger to account for an additional scheduling delay. 

In RLC AM the TIMER_MISSING_PDU_DETECTION is started together with the TIMER_PDU_DISCARD and initialized to Tmax-Tmin. Examples are shown in Figure ‎3.3. In this example up to 3 HARQ transmission attempts are allowed and two transmission attempts are needed for the transmission of the RLC status message as well as for the retransmission of the data PDU. 
Finally, the lost RLC PDU arrives before the TIMER_PDU_DISCARD expires and all contained SDUs are delivered to higher layers. If the retransmission had not been received prior to the expiry of the timer the lower window edge in the receiver had been advanced and consecutive RLC PDUs would have been delivered. This would have led to a residual RLC failure. If that is acceptable or desirable depends on the configuration of higher layers. An infinitely large initial value for the TIMER_PDU_DISCARD would obviously provide the lowest failure probability but therefore require regular status messages advancing the lower window edge in the transmitter.
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Figure ‎3.3: Timer operation in RLC Acknowledged Mode
4 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. We suggest that the mechanism may not only be applied to RLC UM but also for RLC AM. 

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.

· Configurable reliability of the RLC Acknowledged Mode.

· 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.

In particular, we propose

Proposal 1: RLC uses a timer-based re-ordering mechanism like in MAC-hs. 
Proposal 2: We propose to support the timer based re-ordering mechanism also for RLC AM

Proposal 3: The reliability of the RLC Acknowledged Mode is configurable by adjusting the initial value of the TIMER_PDU_DISCARD.

Proposal 4: We propose a TIMER_MISSING_PDU_DETECTION to avoid false error reporting of PDUs that were only delivered out-of-sequence by HARQ
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� If out-of-sequence delivery is configured consecutive SDUs may already have been delivered.


� Unlike the TIMER_SDU_DISCARD in UTRAN this is not related to the arrival of the RLC SDU from the higher layer.
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