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1.
Introduction
In RLC-AM mode, status report is used by the receiver to respond ACK/NACKs of successfully/unsuccessfully received RLC PDUs to the sender. Three mechanisms for triggering status report exist: Reporting at being polled, Periodic reporting, reporting at detecting missing PDU. Two mechanisms are utilized to reduce status report frequency: to prohibit polling mechanism used by the sender, or to prohibit status reporting mechanism used by the receiver.
Due to propagation delay in the air interface, the sender and the receiver may not have the exact status of their peer entities in time. Unnecessary status report and retransmission may occur if triggers in either side are not properly configured. It lacks robust mechanisms to avoid redundant status report and retransmissions in current RLC-AM mode which would result in great bandwidth wasting, especially for high speed services. 

In this document, the problem of redundant status report and retransmissions in current RLC-AM mode is addressed and two optional solutions are provided for robustness purpose. Simulation results are also given for comparison between the enhanced mechanism and current mechanism. 
2.
Discussion
2.1
Problem of current RLC-AM
In RLC AM mode, it is required that the receiver send status report to the sender in due time to avoid the closing of the transmitting sliding window. The sender may poll the receiver for a status report after the Timer_Poll_Prohibit expires if the polling conditions are triggered. In the meantime, the receiver has already sent a status report before it receives the polling. The receiver would send a new status report if it receives the polling when the Timer_Status_Prohibit expires. The sender would thus receive a redundant status report. If the status report includes NACK message, the sender would retransmit the corresponding RLC PDU once again unnecessarily. In fact, the first retransmission may have succeeded. On the other hand, it would exhaust the maximum retransmission time limitation more quickly if the consecutive retransmission fails. The reliability of RLC-AM mode is thus greatly reduced. It would happen if the timers are not properly configured or the Timer_Status_Prohibit is not set in the receiver. For high speed services, it may occur more frequently which would cause even more severe problems.
Figure 1 depicts such a scenario, in which RLC PDU SN=0 is detected lost by the receiver. The corresponding status report arrives at the sender after the polling has been sent to the receiver, which results in redundant retransmissions. For HSDPA, the maximum transmitting window size is limited to 4096 in RLC AM mode. Supposing the service bit rate is V, AMD PDU payload size is B, and the transmitting window size is W, the sender would receive the first status report at the time of WB/V at latest. The greater the V is, the shorter the required time interval would be. The receiver should send status report in WB/V – T at latest after it receives the first AMD PDU, where T is the round trip time RTT. 
Supposing that T is 100ms, W is 4096, B is 320 bit, and V is 7Mbps, it is required that the receiver sends status report at 80ms at latest, otherwise the transmitting window would be closed after 180ms. Supposing that the sender receives NACK status report of PDU A and retransmits it, the sender would receive the status report for the retransmission at 180ms at latest. To the receiver, it should resend status report at 80ms at latest after the first status report has been sent. NACK message of PDU A would still be included in the status report. The sender would receive this status report at 130ms after it retransmits PDU A. So the sender would receive a redundant status report and have a redundant retransmission for PDU A.  
Usually the Poll_PDU is configured to 128. Supposing that the TTI is 10ms, the RLC PDU size is 320 bit, and V is 4Mbps, the sender would set the polling bit in AMD PDU every 10ms to trigger status report by the receiver. Timer_Status_Prohibit in the receiver is usually set to 20ms in order to guarantee low probability of closing of transmitting window. 
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Figure1: Retransmission mechanism in Current RLC AM mode 
2.2
Solutions

Two alternative solutions are available to restrain unnecessary retransmissions by the sender. Figure 2 depicts the results with the enhancement. It can be noticed that 2 redundant retransmissions are eliminated comparing with figure 1. The algorithms are described in the following two subsections.
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Figure 2: RLC AM enhancement

Alternative 1: State variable VT(TAG) approach

A RLC state variable VT(TAG) is introduced. VT(TAG) is set and tagged with the system time value once an AMD PDU is retransmitted. If NACK status report for the said AMD PDU is received by the sender, the time difference between current system time and VT(TAG) would be calculated. If the difference is greater than a predefined threshold, the said AMD PDU would be retransmitted and the VT(TAG) would be updated, otherwise the retransmission would be aborted. The threshold can be configured by upper layer to a value less than the RTT. 
Alternative 2: Timer_Retransmit_Prohibit approach

A Timer_Retransmit_Prohibit is set once an AMD PDU is retransmitted. If NACK status report for the said AMD PDU is received by the sender, the AMD PDU would be buffered in the retransmission buffer. The corresponding timer of the AMD PDU would be checked before it is scheduled for retransmission. Retransmission can be performed if the said AMD PDU is scheduled after the timer expires. Otherwise, it should wait for the next scheduling occasion. The timer should be stopped when ACK status report is received. The length of the timer can be configured by upper layer to a value less than the RTT.
3.
Simulation Results

The simulation results are given based on solution alternative 1. The service model generates 90×336 bits traffic with the probability of 95% each TTI. (320 bits payload and16 bits header overhead). The average bit rate is 2.87Mbps. RTT delay is 140ms, in which 60ms for downlink and 80ms for uplink. The BLER of RLC PDU is 5%. Parameters for RLC AM mode are set as follows:
Sender：


     Poll Prohibit Timer: 20 ms

Poll Timer: 150 ms

Poll Periodic Timer: 100 ms

Numbers of PDUs be Polled: 1

Numbers of SDUs be Polled: 1


     Poll Window: 90

Transmit Window Size: 2047 or 4095

Receiver：

Status Report Prohibit Timer: 20 ms

Status Periodic Timer: 100 ms

Missing PDU Indicator:  true

Receive Window Size: 2047 or 4095

The simulation results show that the maximum bandwidth occupied by retransmission for window size 2047and 4095 is 25.6% with the average occupancy of 13.6% without retransmission restraint. The bandwidth occupancy reduces to 7.78% with an average of 2.46% when retransmission restraint is performed.
Figure 3 shows the proportion of bandwidth occupancy for retransmission. Red curves represent scenario without retransmission restraint. Blue curves represent scenarios with retransmission restraint. Average bandwidth occupancy for retransmission is 2.46% with restrainability and 13.6% without restrainability.
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Figure 3: Comparison of bandwidth occupancy by retransmission
Figure 4 shows the proportion of effective traffic to total traffic. Red curves represent scenario without retransmission restraint. Blue curves represent scenarios with retransmission restraint. Average proportion is 98.61% with restrainability and 93.3% without restrainability.
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Figure 4: Comparison of effective traffic proportion

Figure 5 shows comparison of transmitting window, buffer occupancy and average effective bit rate. Red curves illuminate that there are slight fluctuations for transmitting window and buffer occupancy due to improved data transmission capability with retransmission restraint. The transmission window has not been closed and the buffer has not overflowed. The average bit rate is slightly higher than that without retransmission restraint. Performance is not affected by retransmission restraint with more effective bandwidth usage.
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Figure 5: Comparison of transmitting window, buffer occupancy and average effective bit rate
4.
Conclusion

In this contribution, it is proposed to enhance current RLC-AM mechanism in order to avoid redundant retransmissions.  Retransmission restraint mechanisms by the sender can be utilized to achieve this purpose. Two alternative approaches are provided in section 2.2, namely state variable VT(TAG) approach and Timer_Retransmit_Prohibit approach. The simulation results also show the significant improved bandwidth usage through the retransmission restraint. The corresponding CRs are also prepared for presentation if the said mechanisms are agreed in principle. 
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