3GPP TSG-RAN WG2 #56bis




R2-070117
15th Nov – 19th Jan 2007

Sorrento, Italy
Agenda item:
5.9
Source: 
CATT.
Title: 
ARQ Operation
Document for:

Discussion, Decision

1.
Introduction
In LTE, there are more views that it has difficulties and high costs to have a fully-proved HARQ receiver-oriented error detection covering all possible error cases[1]-[3].A self-contained mechanism of ARQ error detection is needed. In this document, we show our views on the ARQ function.
2.
Discussion
2.1 HARQ-ARQ interaction
HARQ assisted ARQ aims to enhance the reliability of data transmission at a cost of lower design complexity and lower overhead. The HARQ transmitter has knowledge about success or failure of a transmission is easy  to inform the ARQ transmitter. Local ACK and Local NACK based on the transmitter-oriented detection has little increment of complexity and overhead, so these might be the bases of HARQ functions.
Furthermore, although HARQ receiver-oriented error detection and recovery in which the HARQ receiver detects errors such as NACK->ACK or DTX ->ACK errors can fasten the error recovery process and reduce the RTT, it is expensive to recover all possible error cases in HARQ.
Conclusion:

ARQ needs to have its own mechanism of error detection and HARQ error detection is a supplementary way to fasten the error recovery process.
2.2 ARQ operation
ARQ is the main function in RLC AM, which includes these procedures: Tx/Rx window update, status reporting, polling and retransmission etc.
Tx/Rx window update
Traditionally, Tx/Rx window is used for flow control between the RLC transmitter and the RLC receiver. The Tx window moves forward when the RLC PDU in the lower edge is acknowledged from the RLC receiver and the ACK status reporting is triggered periodically. The window size is based on the number of RLC PDUs which are supposed to have the same size per logical channel.
In LTE, dynamic PDU size is supported and the number of PDUs is not sufficient to indicate the actual buffer occupation. So the window size can be based on an actual buffer size in octets.
Periodical ACK status reporting is removed due to the high consumption of wireless resources. The method of Local ACK +Timer is used to update the Tx window. Due to possible errors, e.g. NACK->ACK or DTX->ACK misinterpretation, when ARQ receives Local ACK of a PDU from HARQ level, a timer should be started to increase the reliability. Following Fig 1 shows the criteria:
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Fig 1. ACK Mechanism
There is some brief description regarding Fig 1: when ARQ entity receives the Local ACK of PDU1 from HARQ, a timer is started up. Until the timer has expired, if any NACK information of PDU1 is not received, the ARQ transmitter considers that PDU1 has been successfully received by the receiver and the copy and record of PDU1will be flushed. For PDU2, before its timer expires, ARQ entity receives the NACK information. So PDU2’s timer is stopped and the PDU2 is retransmitted. When the Local ACK of the second transmission of PDU2 is received, a new timer is started up too, and the procedure is same as the first transmission.
Furthermore each SDU has a discard timer which is started as soon as it is received from upper layer. This timer value defines the maximum delay for a SDU in RLC layer and is related with QoS of the traffic carried on this logical channel. If the transmitter does not received ACK for the SDU when the discard timer expires, TX ARQ will discard the SDU and all related PDUs, Tx window is updated correspondingly. Also the receiver is informed the details about the discard PDUs to update the Rx window.
Status reporting
In LTE, RLC might support these triggers of status reporting:
· Polling bit set in a received PDU

· Detection of missing PDU(s)

· An indicator from other layer

Missing PDU trigger is useful to recover the residual errors but needed to be enhanced because of HARQ out-of-reception, which should be handled by RLC. Traditional method that regarding the gap in receiving buffer as  the missing PDU(s) directly is not suitable any more, so a timer is needed to eliminate the jitter caused by N-channel HARQ. The jitter timer value is decided by the maximum transmission delay in HARQ which is easily estimated in SYNC HARQ than in ASYNC HARQ. If the mechanism of HARQ error detection and recovery, e.g. NACK->ACK detection and indication, is adopted, the jitter timer might be set a lot longer to avoid the repeat detection and reporting and save the resources.
Furthermore in LTE, the periodic status reporting is removed, and then reporting of missing PDU(s) needs another periodic timer to increase the reliability of the reporting and the retransmission. As soon as the missing PDU list is not empty, a periodic timer is started up and NACK status report is transmitted accordingly until all the missing PDU are received successfully or Tx gives up the transmissions of some PDUs. Following Fig 2 shows a heavy-missing example.
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Fig 2 Missing PDU(s) detection and reporting

Fig 2 shows the operation of ARQ Missing PDU(s) detection and reporting and following is the description.

At time (1), the receiver detects out a gap in receiver buffer, which is caused by PDU2. The receiver starts a jitter timer to confirm whether it was caused by HARQ retransmission or not.
At time (2), the receiver detects out another gap in receiver buffer, which is caused by PDU4. A jitter timer is also started.
At time(3), Jitter timer of PDU2 expires, the receiver adds it to the missing PDU list and reports NACK for PDU2. At the same time, a periodic timer is started.
At time (4), the receiver detects out another gap in receiver buffer, which is caused by PDU6. A jitter timer is started too.

At time (5) and (6), Jitter timer of PDU4 and PDU6 expires respectively. The receiver adds them to the missing PDU list and waits for next reporting time to report NACK for these PDUs.
At time (7), the periodic time expires, the receiver reports NACK for all PDUs in the missing PDU list, including PDU2, PDU4 and PDU6.
At time(8), the missing PDU list is empty as the retransimissions of all missing PDUs are successful, so the periodic time is stopped. And one procedure of missing PDU(s) detection and recovery is accomplished. 

ARQ NACK reporting in Fig 2 can recover the residual error or failure left by HARQ when there is continuous flow. Isolated packet or last PDU can be treated with polling mechanism.
Polling

Polling is an effective mechanism for error detection and recovery of isolated packet such as high layer message or last PDU. There are seven different polling conditions in R6. In LTE, up to now only following are necessary:
- Last PDU in the transmission buffer;

- Special packets such as high layer messages, which are carried by signal logical channel;
When the polling mechanism is triggered, the transmitter sends a packet with a polling bit to the receiver. At the same time the transmitter starts a periodic polling timer to repeat polling procedure when expected status report is not received in time.
When receiving polling bit, the receiver need to produce an ACK status report. Due to the out-of-order caused by HARQ, the mechanisms of ACK status report is different from R6. 
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Fig 3 ACK status reporting
Fig 3 shows two feasible methods of ACK status report. In the left part of Fig 3, the receiver creates and sends an ACK status report as soon as the polling bit is received. Last PDU SN in receiving buffer and missing PDUs list and unknown PDUs information must be contained in one status report. Unknown PDUs are the gaps whose jitter timers do not expire yet. After the jitter timer expires, NACK status report about new missing PDU(s) is sent. In the right part of Fig 3, the receiver records the last PDU SN received when the polling bit is received. After the jitter timers of PDU which is lower than the recorded SN all expire or stop, a status report is sent, in which the recorded SN and missing PDU list is contained.
Retransmission

To achieve the procedure of error recovery and improve the reliability of data transmission, RLC retransmissions in AM might be triggered under the following conditions:
-Local NACK: an indication from HARQ as soon as HARQ error or failure is detected. 
-RLC status report: based on NACK status reporting from receiver.
-Polling timer: using a timer to ensure reliability of polling procedure as a packet with polling bit is sent. If no expected feedback is received before the polling timer expires, a retransmission is started.
Conclusions:

-ARQ can resolve HARQ layer errors based on RLC receiver-oriented detection and polling mechanism.
- A jitter timer should be adopted to eliminate the out-of –sequence caused by HARQ.
3.
Proposal
In this document, we present our consideration on the ARQ functionality. It is proposed to discuss the conclusions in each section above.
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