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1
Introduction

This document is a combination of all text proposals in the RLC ARQ documents of ours [2, 3, 4, 5, 6]. The purpose of this document is to make it easier to get a better overall picture of our proposals for the ARQ procedures. Please note that the description of the text is slightly different from what is proposed in [3]. Otherwise, the text proposals are exactly the same as the ones in other documents. 
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Text proposal for TS 36.322 (based on draft TS36.322v100)
5.2
ARQ procedures

ARQ procedures are only performed by an AM RLC entity.
5.2.1
Retransmission

An AM RLC entity can retransmit RLC PDUs or RLC PDU segments when notified that they are lost at lower layer.

An AM RLC entity can be notified that an RLC PDU or an RLC PDU segment is lost at lower layers by the following:
· STATUS reports from its peer AM RLC entity including negative acknowledgements;

· HARQ delivery failure from the transmitting MAC entity.
When a retransmission for AMD PDU with the Sequence Number X is triggered, the Sender shall

-
if timer Timer_Retransmission_Prohibit of the AMD PDU X is not active,

-
start timer Timer_Retransmission_Prohibit for the AMD PDU X;

-
retransmit AMD PDU X.
Editor’s note: It is intended to specify more details as necessary regarding which RLC PDUs or RLC PDU segments should be considered for retransmission at the transmitter in this section.

5.2.2
Polling

An AM RLC entity can poll its peer AM RLC entity in order to trigger STATUS reporting at the peer AM RLC entity.

Triggers to initiate polling include:

· Transmission of last data in the transmission or retransmission buffer.
· Expiration of the timer Timer_Poll

· Every Poll_PDU PDU

Both new and retransmitted AMD PDUs shall be counted.

· Request of an acknowledgement of the SDU by an upper layer.

Which of the triggers shall be used is configured by upper layers for each RLC entity.
When the Polling function is triggered, the Sender shall:

-
if there is one or more AMD PDUs to be transmitted or there are AMD PDUs not acknowledged by the Receiver:

-
initiate the Polling function by setting the polling bit
-
otherwise (if there is no PDU to be transmitted and all PDUs have already been acknowledged):

-
not initiate the Polling function.
Editor’s note: It is intended to specify details regarding polling triggers (including the need for more triggers than those indicated above) and poll prohibit timer (it is FFS if this is needed) in this section.

5.2.3
Status reporting

An AM RLC entity sends STATUS reports to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC PDUs and/or RLC PDU segments.

Triggers to initiate STATUS reporting include:

· Indication from upper layers;
· Polling from its peer AM RLC entity;

· Detecting a loss of a PDU by the Receiver;
· Detecting a loss of the STATUS report or a loss of a retransmission.
Procedures for the status report trigger and transmission is as follows:
If the receiver detects missing PDU(s), it shall
-
if Timer_Reordering is not already active

-
start Timer_Reordering

-
set VR(SRE) = VR(H) - 1

If the receiver receives a poll or an indication from upper layers, it shall
-
set VR(PIR) = TRUE

-
if Timer_Reordering is not already active

-
start Timer_Reordering
-
set VR(SRE) = SN of the AMD PDU with the polling
When Timer_Reordering expires and VR(PIR) = TRUE, the receiver shall

-
send a STATUS report for the AMD PDUs whose SN ≤ VR(SRE)

-
set VR(PIR) = FALSE

-
if there are missing AMD PDUs with VR(SRE) < SN < VR(H)


-
start Timer_Reordering


-
set VR(SRE) = VR(H) – 1

When Timer_Reordering expires and VR(PIR) = FALSE, the Receiver shall

-
while AMD PDU with the SN = VR(SRE) + 1 has already been received correctly

-
repeat incrementing VR(SRE) by one

-
if there are missing AMD PDUs with SN < VR(SRE), i.e. VR(R) < VR(SRE)

-
send a STATUS report for the AMD PDUs whose SN ≤ VR(SRE)

-
set VR(SRT) = VR(SRE)

-
start or restart timer Timer_Status_Report_Loss_Detect

-
if there are missing AMD PDUs with VR(SRE) < SN < VR(H)

-
start Timer_Reordering_Delay


-
set VR(SRE) = VR(H) – 1

The STATUS report contains


-
the acknowledgement of the AMD PDU with SN = VR(SRE)


-
the negative acknowledgement of the missing AMD PDUs with the VR(R) ≤ SN < VR(SRE) (if there are any).

When Timer_Status_Report_Loss_Detect expires

-
if there are missing AMD PDUs < VR(SRT), i.e. VR(R) < VR(SRT),

-
while AMD PDU with SN = VR(SRT) + 1 has already been received correctly,

-
repeat incrementing VR(SRT) by one;

-
send a STATUS report that acknowledges the AMD PDU with SN = VR(SRT) and negatively acknowledges the missing AMD PDUs with VR(R) ≤ SN < VR(SRT);

-
else

-
stop timer Timer_Status_Report_Loss_Detect;
Upon reception of the STATUS report, the Sender shall:

-
update the state variables VT(A) and VT(MS) according to the received STATUS report;

-
if the STATUS PDU includes negatively acknowledged AMD PDUs:

-
retransmit these AMD PDUs;

Editor’s note: It is intended to specify details regarding STATUS reporting triggers (including the need for more triggers than those indicated above), generation of STATUS reports and STATUS prohibit timer (it is FFS if this is needed) in this section.
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.
5.4
Reset procedures

Editor’s note: Whether reset procedures are applicable to TM data transfer, UM data transfer and/or AM data transfer is FFS.

Triggers to initiate reset include:

· Inter eNB handover.
· Internal error in the RLC layer
· Failure in the SDU discard procedure
When the reset procedure is triggered:

· All state variables are reset to their initial values according to subclause 7.1.
· All timers except Timer_RST are stopped
· If the trigger was not inter eNB handover

-
The RESET C-PDU is transmitted to the peer RLC

-
Timer Timer_RST is started

When the timer Timer_RST is active:

· All data PDU transmission is suspended
· All received PDUs other than RESET C-PDU and RESET ACKNOWLEDGEMENT C-PDU are discarded
When the RESET ACKNOWLEDGEMENT C-PDU is received:

· All suspended PDU transmission and reception are resumed

· Timer Timer_RST is stopped

When the RESET C-PDU is received and the timer Timer_RST is active:

· A RESET ACKNOWLEDGEMENT C-PDU is transmitted to the peer RLC

When the RESET C-PDU is received and the timer Timer_RST is not active:

· A RESET ACKNOWLEDGEMENT C-PDU is transmitted to the peer RLC

· All state variables are reset to their initial values according to subclause 7.1.

· All timers except Timer_RST are stopped
If the timer Timer_RST expires:

· The reset procedure is started from the beginning

The RESET C-PDU and the RESET ACKNOWLEDGEMENT C-PDU shall not be concatenated with other RLC PDUs. The reset procedure shall be applied to all logical channels simultaneously and the logical channel identifier shall be set to any present logical channel in the transmission and is shall be ignored upon reception.

Editor’s note: It is intended to specify details regarding reset triggers, actions at reset and signalling between peer RLC entities for reset (it is FFS if this is needed) in this section.

Editor’s note: Currently, the term “Reset” is used to cover both what is termed as “Re-establishment” and “Reset” in Release 6 RLC. But as in Release 6 RLC, “Re-establishment” should be distinguished from “Reset” (the need for Release 6 RLC like “Reset” is FFS), and should be corrected in the future. Reset of RLC due to inter eNB handover should be considered as “Re-establishment”.

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. 
d) VT(PDU)

This state variable is used when the "poll every Poll_PDU PDU" polling trigger is configured. It shall be incremented by 1 for each AMD PDU that is transmitted including both new and retransmitted AMD PDUs. When it becomes equal to the value Poll_PDU, a new poll shall be transmitted and the state variable shall be set to zero. It is FFS whether this variable should also be reset to zero each time a status report is received. This variable is initially set to 0.
e) 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. 
f) VT(RST) - Reset state variable.

This state variable is used to count the number of times a RESET PDU is scheduled to be transmitted before the reset procedure is completed. VT(RST) shall be incremented by 1 according to subclause 5.4. VT(RST) shall only be reset upon the reception of a RESET ACK C-PDU, i.e. VT(RST) shall not be reset when an RLC reset initiated by the peer RLC entity occurs. 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 of the last in-sequence received AMD PDU except the discarded one. This 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.

d) VR(SRE) – Status Report Endpoint sequence number

This variable is used to mark the AMD PDU that caused starting the timer Timer_Reordering. When the timer expires the status report can’t contain sequence numbers that are greater than this variable, because the HARQ transmission at the MAC layer may still be unfinished with those AMD PDUs.

e) VR(PIR) – Polling request or Indication from upper layers Received

This variable is set to TRUE when the polling request has been received and reset to FALSE when the status report has been sent. The initial value of this variable is FALSE.

f) VR(SRT) – Status Report Transmission time

The value of the VR(SRE) is stored in this variable to enable the retransmission of a STATUS report if the last one or a retransmission was lost.
The value range is 0 to [2^(SN field length) – 1] for these state variables. When their value of 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 constant is used by the transmitting side of AM RLC entity to calculate VT(MS) from VT(A), and by the receiving side of each AM RLC entity to calculate VR(MR) from VR(R).
b) Poll_PDU.

This protocol parameter indicates how often the transmitter shall poll the Receiver in the case where "polling every Poll_PDU PDU" is configured by upper layers. It represents the upper limit for the state variable VT(PDU). When VT(PDU) equals the value Poll_PDU a poll shall be transmitted to the peer entity.
c) 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.
d) MaxRST.

The maximum number of transmissions of a RESET PDU is equal to MaxRST – 1. This protocol parameter represents the upper limit for state variable VT(RST). When VT(RST) equals the value MaxRST, unrecoverable error shall be indicated to upper layers.
7.3
Timers

The timers defined in this subclause are normative.
a) Timer_Poll.
This timer shall only be used when so configured by upper layers. The value of the timer is signalled by upper layers. This timer shall be started (or restarted) when an AMD PDU containing a poll is transmitted. If x is the value of the state variable VT(S) after the poll was submitted to lower layer, the timer shall be stopped upon receiving a positive acknowledgement for all the AMD PDUs with Sequence Number x – 1 or lower.
b) Timer_Reordering

This timer is used to delay the transmission of the STATUS report so that all the AMD PDUs that have been transmitted before the one with the polling bit set or before the missing PDU was detected have been delivered by a lower layer to the RLC. A delay is necessary, because the lower layer may deliver the PDUs out of sequence..
c) Timer_Status_Report_Loss_Detect

This timer is used to guarantee that a loss of a status report or the resulting retransmission is detected. This timer is started and restarted each time the Receiver transmits the STATUS report. The value of the VR(SRE) is stored in the status variable VR(SRT). When the timer expires the STATUS report is generated according to subclause 5.2.3, if there are missing AMD PDUs with the Sequence Number smaller than VR(SRT).

This timer may be configured to be inactive, if periodic polling is used.

d) Timer_Retransmission_Prohibit

This timer is created for each AMD PDU whose retransmission is requested. When this timer is active, the retransmission of the associated AMD PDU is prohibited.
e) 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.

f) 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.
g) Timer_RST.

This timer is meant to handle the loss of a RESET C-PDU by the peer entity, or the loss of a RESET ACK C-PDU from the peer entity. The value of the timer is signalled by upper layers. This timer shall be started (or restarted) when a RESET PDU is submitted to lower layer. Timer_RST shall only be stopped upon reception of a RESET ACK C-PDU. If this timer expires, the RESET PDU shall be retransmitted.
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.
