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1
Introduction

The data to be transmitted is buffered in the RLC logically at two levels: the unsent RLC SDUs are stored in the transmission buffer and the unacknowledged RLC PDUs are stored in the retransmission buffer. The former one is a simple queue and the latter has a transmission window which is advanced when the RLC PDUs are acknowledged. Figure 1 illustrates the buffer structure.
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Figure 1: RLC data buffers

When there are problems in the data transmission over the air interface

-
the RLC transmission buffer may overflow if the air interface bandwidth is insufficient for the data volume coming from the upper layers unless there is a procedure to discard the oldest RLC SDUs;

-
the ARQ transmission window may stall the data transfer if one or more retransmissions of the RLC PDUs fail repeatedly unless there is a procedure to discard RLC PDUs when necessary.

The problems are distinct and separate procedures are needed to discard the necessary SDUs.
2
Discard procedures
2.1
Timer-based procedure for the transmission buffer

Several papers propose timer-based procedures where each RLC SDU is associated with a timer which is started when the SDU is delivered to the RLC [3, 4]. This would be a rather heavy solution as timer processing is relatively heavy when compared to the other operations needed in the transmission buffer management. Consequently, a lighter procedure would be desirable. Fortunately, such a method is possible, because the discard time of the RLC SDUs is not very critical and a rather coarse discard criterion can be used. The procedure described here uses just a single timer, but its operation is comparable to the more complex algorithms.

The principles of the SDU discard method for the transmission buffer are the following ones:

-
the SDU discard timer is started each time the transmission buffer becomes non-empty, i.e. it is started at the reception of the RLC SDU if the transmission buffer was empty

-
the SDU discard timer is stopped each time the transmission buffer becomes empty

-
each time the timer is started or restarted the newest RLC SDU is marked

-
if all SDUs in the transmission buffer before and including the marked one get transmitted before the timer expires i.e. the marked SDU is removed from the buffer, but the buffer does not become empty, the timer is restarted and the newest SDU in the transmission buffer is marked

-
if the timer expires, all the SDUs in the transmission buffer before and including the marked one are discarded; if this didn’t empty the buffer, the timer is restarted, and the newest SDU is marked

-
an SDU is considered transmitted if even a part of it has been transmitted
The timeout of the timer is a parameter that is configured by the upper layers.

When we compare the behaviour of the procedure described above to the one having a timer associated to each RLC SDU, the timeouts of individual SDUs are different. Let’s assume that the nominal timeout value is T. When each SDU has a timer, the timeout of each SDU is exactly T. If just one timer is used, the real timeout varies from T to 2T. However, this is considered a minor drawback and the simplicity and efficiency outweigh the inaccuracy.
Proposal 1: The discard of RLC SDU, which is before the first transmission, is done based on timer. 

Proposal 2: Only a single timer is defined for RLC SDU discard to reduce the processing load. 
2.2
Counter-based procedure for the retransmission buffer
When the RLC SDU is segmented to RLC PDUs and thus enters the retransmission buffer, it is no more sensible to use a timer-based discard method. The time is not the right criterion when the decision on discarding the packet is made, because the reason for the discarding is avoid the window stalling. The window size, in turn, is bounded by the limited range of the RLC PDU sequence numbers. Therefore, the right criterion for the RLC PDU discarding is the number of retransmissions, because it automatically adapts itself to differences in channel bandwidth, channel priorities, congestion, and data volume. A timer-based mechanism couldn’t do it so easily. A counter-based procedure is also proposed by others [4].

An RLC PDU is discarded when the maximum number of retransmissions is reached. The maximum number of retransmission is a parameter that is configured by the upper layers. All the RLC PDUs that don’t contain any other segments than the ones belonging to the same RLC SDU as the discarded one are also discarded, because there is no point in transmitting them any more. Also all PDUs before the discarded PDU are discarded (there shouldn’t usually be any).

The peer RLC must be informed about the PDU discarding if the PDUs were at the beginning of the transmission window, because otherwise the Receiver would not be able to advance its reception window. The MOVE RECEIVING WINDOW C-PDU is sent to the peer RLC. It contains the sequence number of the last discarded PDU. This message must be acknowledged with the MOVE RECEIVING WINDOW ACKNOWLEDGEMENT C-PDU, which repeats the discard information. To guarantee that this handshake is not broken in either direction, a timer must be started when the first message is transmitted. The timer is stopped when the acknowledgement is received. The MOVE RECEIVING WINDOW C-PDU is transmitted again if the timer expires. There is a maximum number of attempts configured by the upper layers. If it is exceeded it is an indication of a serious problem in the RLC and the reset procedure must be triggered.

When the receiver receives the MOVE REVEIVING WINDOW C-PDU, it shall forward all the successfully received PDUs before and including the one with the sequence number that was delivered in the message. Then it shall discard these PDUs from the receiver buffer and advance the window accordingly.

This procedure is logically similar to MRW SUFI handling in the UTRA [2, 5], but he format is changed for LTE.
Proposal 3: The discard of RLC SDU, at least a segment of which is transmitted, is done based on counter. If the counter reaches the maximum number of retransmission, the whole SDU is discarded.

Proposal 4: The discard of RLC SDU, at least a segment of which is transmitted, triggers the transmission of MOVE RECEIVING WINDOW control message.

Proposal 5: MOVE RECEIVING WINDOW control message needs to be confirmed by MOVE RECEIVING WINDOW ACKNOWLEDGEMENT control message. 
3
Summary
A timer-based discard procedure is proposed for RLC SDU discarding and a counter-based procedure for the RLC PDU discarding. The SDU discard procedure is an optimized version of the one used in UTRA, but the PDU discard procedure is essentially the same as used earlier.

A text proposal for the TS 36.322 is below.
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5.3
SDU discard procedures
Editor’s note: Whether SDU discard procedures are applicable to TM data transfer, UM data transfer and/or AM data transfer is FFS.

5.3.1
RLC SDU discard procedure
The RLC SDU discard procedure is used by the Sender to discharge RLC SDUs from the transmission buffer before they are transmitted. This procedure shall not be used to discard RLC SDUs that even partially have been included in one or more RLC PDUs. The RLC SDU shall be removed from the transmission buffer when it is used for assembling an RLC PDU.
When the RLC receives a new SDU from the upper layers it shall:
-
if the transmission buffer is empty and the timer Timer_SDU_Discard is not already running,
-
start the Timer_SDU_Discard;
-
mark the received SDU.
When the marked SDU is removed from the transmission buffer before the timer Timer_SDU_Discard expires the RLC shall:

-
if the transmission buffer becomes empty,
-
stop the timer Timer_SDU_Discard;
-
else

-
restart the timer Timer_SDU_Discard;
-
mark the most recently received SDU in the transmission buffer.
When the timer Timer_SDU_Discard expires the RLC shall:

-
discard the marked SDU and all preceding SDUs (i.e. those received before the marked one);

-
if the buffer did not become empty,
-
restart the timer Timer_SDU_Discard;

-
mark the most recently received SDU in the transmission buffer.

5.3.2
RLC PDU discard procedure
The RLC PDU discard procedure is used by the Sender to discharge RLC PDUs from the RLC PDU buffer, when the transmission of the RLC PDUs does not succeed for a number of retransmissions. 

If the number of times an AMD PDU is scheduled for transmission reaches MaxDAT, the Sender shall:

-
discard the PDU and all those PDUs that have only segments of the SDUs that were present in the discarded PDU; and

-
discard all SDUs that have segments in AMD PDUs with Sequence Number SN inside the interval VT(A) ( SN ( X, where X is the value of the Sequence Number of the AMD PDU with VT(DAT) ( MaxDAT.
· if requested:

-
inform the upper layers of the discarded SDUs
-
assemble a MOVE RECEIVING WINDOW C-PDU with the discard information of the discarded PDUs and submit it to a lower layer.
-
start a timer Timer_MRW according to subclause 7.2.

If a new SDU discard procedure is triggered when the current SDU discard procedure is still going on, no new MOVE RECEIVING WINDOW C-PDU shall be sent before the current SDU discard procedure is terminated
Upon reception of the MOVE RECEIVING WINDOW C-PDU, the Receiver shall:
-
deliver all the successfully received SDUs from the SDU that have segments in AMD PDU with Sequence Number of VR(R) up to and including the last SDU that is indicated by the MOVE RECEIVING WINDOW C-PDU;
-
discard AMD PDUs up to and including the PDU with sequence number in the MOVE RECEIVING WINDOW C-PDU;

-
update the state variables VR(R), VR(H) and VR(MR) according to the received MOVE RECEIVING WINDOW C-PDU;
-
assemble a MOVE RECEIVING WINDOW ACKNOWLEDGEMENT C-PDU and submit it to a lower layer;

When the Sender receives a MOVE RECEIVING WINDOW ACKNOWLEDGEMENT, it shall update the variables VT(A) and VT(MS) according to the message.
If Timer_MRW expires before the discard procedure is terminated, the Sender shall:

-
increment VT(MRW) by one;
-
if VT(MRW)<MaxMRW:

-
send the MOVE RECEIVING WINDOW C-PDU as previously transmitted (even if additional SDUs were discarded in the mean-time);

-
restart Timer_MRW for this discard procedure according to the description in subclause 7.2.
-
else (if VT(MRW) = MaxMRW):

-
terminate the SDU discard procedure;
-
stop the timer Timer_MRW if it was started;
-
initiate the RLC RESET procedure.

If the received MOVE RECEIVING WINDOW C-PDU contains outdated information about the reception window (reception window already moved further than the C-PDU is indicating), the Receiver shall:

-
discard the MOVE RECEIVING WINDOW C-PDU;
The Sender shall discard the received MOVE RECEIVING WINDOW ACKNOWLEDGMENT C-PDU if one of the following cases occurs:
-
no ongoing SDU discard procedure; or

-
the MOVE RECEIVING WINDOW ACKNOWLEDGMENT C-PDU parameters are incorrect


· 
Editor’s note: It is intended to specify details regarding SDU discard triggers (including the need for more triggers than those indicated above), actions at SDU discard and necessary signalling between peer RLC entities for SDU discard (it is FFS if this is needed) in this section.
7
Variables, constants and timers

7.1
State variables

The state variables defined in this subclause are normative.

The RLC shall maintain the following state variables in the Sender:
a) VT(S) - Send state variable
This state variable is maintained by each transmitting UM RLC entity and the transmitting side of each AM RLC entity. It holds the value of the SN to be assigned for the next newly generated UMD PDU or AMD PDU. This state variable is initially set to 0.

b) VT(A) - Acknowledge state variable
This state variable is maintained by the transmitting side of each AM RLC entity. It holds the value of SN following the SN of the last in-sequence acknowledged AMD PDU. This status variable indicates the lower edge of the transmission window. This state variable is initially set to 0.

c) VT(MS) - Maximum Send state variable
This state variable is maintained by the transmitting side of each AM RLC entity. It holds the SN of the first AMD PDU that can be rejected by the peer receiver. This state variable equals VT(A) + Window_Size. This status variable indicates the upper edge of the transmission window. 
g) VT(MRW) – MRW command send state variable.

This state variable is used to count the number of times a MOVE RECEIVING WINDOW C-PDU is transmitted. VT(MRW) is incremented by 1 each time a timer Timer_MRW expires. VT(MRW) shall be reset when the SDU discard  procedure is terminated. This variable is initially set to 0. 
The RLC shall maintain the following state variables in the Receiver:

a) VR(R) - Receive state variable
This state variable is maintained by the receiving side of each AM RLC entity. It holds the SN following the highest SN of any received AMD PDU except the discarded ones. The status variable indicates the lower edge of the receiving/reordering window. This state variable is initially set to 0.
b) VR(H) – Highest expected state variable

This state variable is maintained by the receiving side of each AM RLC entity. It holds the SN following the highest SN of any received AMD PDU. The initial value of this variable is 0.
c) VR(MR) – Maximum acceptable Receive state variable
This state variable is maintained by the receiving side of each AM RLC entity. It holds the value of the higher edge of the receiving/reordering window. This state variable equals VR(R) + Configured_Window_Size.

The value range is 0 to [2^(SN field length) – 1] for these state variables. When their value exceeds [2^(SN field length) – 1] due to any update operation described in sub clause 5, then a modulus operation shall be performed with the modulus base being [2^(SN field length)].

7.2
Constants

a) Configured_Window_Size

This protocol parameter is used by the transmitting side of AM RLC entity to calculate VT(MS) from VT(A), and is used by the receiving side of each AM RLC entity to calculate VR(MR) from VR(R).

e) MaxMRW.

The maximum number of transmissions of a MOVE RECEIVING WINDOW C-PDU is equal to MaxMRW. This protocol parameter represents the upper limit for state variable VT(MRW). When VT(MRW) equals the value MaxMRW, the RLC RESET procedure shall be initiated.
7.3
Timers

c) Timer_MRW.

This timer is used to trigger the retransmission a MOVE RECEIVING WINDOW C-PDU. The value of the timer is signalled by upper layers. This timer shall be started (or restarted) when a MOVE RECEIVING WINDOW C-PDU is submitted to lower layer. Each time the timer expires the MOVE RECEIVING WINDOW C-PDU is retransmitted. It shall be stopped when one of the termination criteria for the SDU discard procedure is fulfilled.

e) Timer_SDU_Discard

This timer is used to discard RLC SDUs that have waited for the transmission so long that it is not useful to transmit them any more.

Editor’s note: It is intended to specify necessary details in this section as discussions proceed, but it is foreseen that at least discussions regarding transmit/reordering window state variables, polling/STATUS reporting related state variables, polling/STATU reporting/reordering/SDU discard related timers are needed.
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