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1.
Introduction
In this document, we discuss how status report should be triggered in RLC. Because polling can trigger status report, polling is also considered in this document.
2.
Discussion
In WCDMA, there are several occasions where status report is triggered as follows:

1) The ‘polling bit’ is received

2) Missing AMD PDU is detected

3) Timer based status transfer is configured and Timer_status_periodic has expired.

4) Indicator from MAC requesting status report is triggered in relation to MAC-hs reset

Though the exact mechanism used in LTE is different from the mechanism in WCDMA, the principles can be still be used. For example, though it is not yet clear how the ‘poll’ is transferred, the receiver shall send status report when ‘poll’ is received. Accordingly, the principle of 1) , 2) and 3) can still be used in LTE. But, because the combined buffer for MAC and RLC is used, at least 4) will not be used any more
For 1), 2) and 3), they will not be used as they are. Some modifications are needed and this will be discussed in the following sections. 

2.1 Periodic Status Report
For status reporting and polling in WCDMA, many timers are used for periodicity such as periodic poll timer, status periodic timer. If data rate is constant, Every_Poll_SDU or Every_Poll_PDU can be also considered as using periodicity for polling. But considering that internet traffic is bursty, timer approach can cause much overhead. For example, when periodic status report is triggered, the receiver has to send status reports regardless of whether the transmitter actually has a data to send or not. Thus, when a periodic status report is configured for services such as web browsing, the receiver will transmit a status report even during user reading time. This will cause so much inefficiency. Same thing can be said to the periodic polling. I.e, even when there is no data to send, the transmitter may be sending polling and eventually makes the receiver to send status report. The problem is shown in the following figure.
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Fig 1. Problem with WCDMA periodic status report 
As shown in the figure 1, when periodic status report is configured, the receiver has to send a status report or polling even during the time when the transmitter has nothing to send.

Accordingly, if a periodic status report is needed, it should be used for short time period. But because the receiver does not know whether the transmitter has data to send, the periodic status reporting should be controlled by transmitter. To this purpose, some mechanism is needed to activate a periodic status report only when a transmitter has data to send.  Following can be considered.  
1) Implicit activation
In this method, when first RLC PDU is received, the receiver activates a periodic status reporting. The duration of the status report or the number of the status report to send can be configured at RB setup. Or, the periodic status reporting can be deactivated when RLC PDU is not received for a certain amount of time.

2) Explicit activation

In this method, a SUFI or a polling message can be used to (de-)activate a periodic status reporting. So, when a command to start periodic reporting is received from the transmitter, the receiver starts a periodic status reporting. Same approach is applied to deactivate a periodic status reporting when necessary. 
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Fig 2. Periodic status report control 
Above figure 2 shows the proposal either using explicit or implicit mechanism to (de-)activate periodic status reporting. In the figure, when a first PDU is received, a periodic status reporting is triggered. And if a PDU is not received for a while, periodic status reporting is stopped.
One may argue that if the transmitter can send polling periodically, the effect is same. But if periodic polling is configured, the problem still remains as explained above. Secondary, while it is one-way transmission in case of periodic status report, sending a poll and receiving a status report means to 2-way transmission. This can be considered as overhead in resource usage and scheduling process. Moreover, to get a status report at the time the transmitter wants, the poll has to be sent early considering both UL and DL HARQ jitter and possible loss at physical layer. Accordingly, periodic status report is more attractive than periodic poll. And with the mechanism above, other polling and status reporting mechanism using periodicity are not needed.
Conclusion: For periodicity, periodic status reporting is used and periodic polling is not used. Activation and de-activation of periodic status report is dynamically controlled at RLC.
2.2 Event-Triggered Status Report

2.2.1 Status Report Triggering by GAP detection 

To increase throughput, LTE adopted N channel SAW mechanism. Each process in N channel SAW may experience different radio condition. A process which started first does not always terminate first. Accordingly, re-ordering mechanism is needed to correct the jitter caused by N-channel SAW using buffer. But because there is no buffer in MAC, the HARQ reordering is performed in RLC and use RLC buffer. 

On the other hand, RLC also needs buffer to perform ARQ function. Until all the PDU for one SDU arrives successfully in the receiving side and the SDU can be delivered to upper layer, all the segments of the SDU have to be stored in the receiving buffer. When a missing sequence number is detected in the RLC buffer, the receiving side reports this to the transmitting side to recover the missing RLC PDU.

A gap in RLC buffer is generated whenever the termination order of HARQ processes is different from the initiation order. Or, when a RLC PDU is lost over the air, a gap also appears in RLC buffer. The gaps of these two scenarios look similar. Accordingly, RLC entity should work carefully not to confuse the one with the other and should be careful to prevent unnecessary status report trigger.

To send a status report only when a RLC PDU is really lost over the air, one easy solution is to use timer. The timer value should be set to the maximum possible HARQ delay. I.e, whenever a gap is detected in RLC buffer, the receiving RLC entity starts a timer. If the gap is not closed until the expiry of timer, the receiver can safely assume that the gap is introduced due to the loss over the air interface. 

Following figure 3 shows the example scenario.
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Fig 3. GAP Detection for Status Report Trigger 

Following is a description for Figure 3. 

1. PDU 1 is received from MAC to RLC. If all the previous RLC PDUs are received, this PDU will be processed.

2. At time ①, RLC receives PDU 3 from MAC. Because a gap is detected, the RLC starts Timer to ensure that the gap is not caused by HARQ N channel SAW mechanism. Or, the timer is started when there is a PDU which can not be processed due to missing of lower SN PDUs.

3. At time ②, which is before the timer expiry, the RLC receives PDU 2. Because the gap is completely closed, the timer is stopped. PDU 2, 3, 4 will be processed.

4. PDU 5 is received and this will be processed.

5. At time ③, PDU 7 is received before reception of PDU 6. Because a gap is detected, RLC starts timer. 

6. At time ④, the timer expires. Because a gap that triggered the timer is not completely closed, RLC declares that there is a missing PDU. Accordingly RLC sends Status Report.

Conclusion: When a GAP is detected in RLC, a timer is started. Upon expiry of the timer, RLC status report is generated.

2.2.2 Status Report Triggering by Buffer Loading

In WCDMA, periodic status report was used to solve long-lasting missing PDUs in the receiver. But this kind of periodic timer did not consider the criticality and sometimes causes the receiver to send a status report even when there is no waiting data in the receiving window.

The window size is the amount of data that the transmitter can send without receiving feedback from the receiver. As long as there are no missing PDUs in the receiver, the receiving buffer in the receiver will be almost empty. And only when a missing PDU is detected in the receiver, the receiving buffer starts to be occupied with data. When the missing PDU is not recovered at the receiver, the amount of data in the receiving buffer will increase as time progresses.

When the amount of data in the receiving buffer approaches to maximum window size, the stall situation is likely to occur. Also it means that much data has not been delivered to upper layer due to missing PDUs. Thus, Buffer loading, which is the ratio of the amount of data in buffer to the total buffer size, can be considered as one measurement object that indicates the impact caused by the missing PDU.  

So, it is proposed to use this characteristic and to adopt buffer loading ratio as the triggering criterion of status report. Following is one example scenario.
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Fig 4. Buffer Loading Detection for Status Report Trigger 

Following is a description for Figure 4. In this example, it is assumed that the UE triggers status report when receiving side buffer loading rises above 25% and 50%.

1. PDU 1 is received from MAC to RLC. If all the previous RLC PDU is received, then this PDU will be processed. The buffer may be empty.

2. At time ①, RLC receives PDU 3 from MAC. Because this PDU can not be immediately delivered to upper layer, the buffer starts to build up. Same thing applies to PDU 4 and PDU 5. The buffer loading ratio starts to increase.

3. At time ②, RLC receives PDU 6. This PDU is put in the receiving buffer. Now that buffer loading is over 25%, the receiver sends a status report. 

4. PDU 7, PDU 8 is added to buffer.

5. At time ③, RLC receives PDU 10. This is put in the receiving buffer. Now that buffer loading is over 50%, the receiver sends another status report. 

6. At time ④, RLC received PDU 2. Now PDUs from 2 to 8 can be processed and can be delivered to upper layer. The buffer loading ratio drops.

Another way to achieve this mechanism is to count the number of RLC PDUs in the buffer. But basically, the effect will be similar.
By the way, the transmitting side buffer loading is a good indicator for the possibility of the TX stalling. Increase in TX buffer loading is due to increase of TX data or non-acknowledgement of lower SN PDUs. If the latter causes the tx buffer loading increase, the transmitter should get a status report from the receiver as soon as possible. Accordingly, when buffer loading at TX goes above the configured threshold, polling should be triggered and sent to the receiving side. In this way, throughput will increase and stalling can be prevented.

If a gap causes tx buffer loading increase, mechanism in section 2.3 can solve the problem. But if there is status report loss in lower layer, the polling should be triggered. 
Conclusion: 
When a RX buffer loading ratio goes above a certain threshold, RLC status report is generated. 
When a TX buffer loading ratio goes above a certain threshold, RLC Polling is triggered.
3.
Proposal
Because event-based triggering can cause frequent reporting, the overhead can be huge and cause duplicate transmission. On the other hand, timer based method is simple and causes low overhead though sometimes the responses are slow. 
Anyway, each has its own merit; it is proposed to adopt both event-trigged and timer-trigged mechanism.
Then, it is further proposed to discuss conclusion in each section. And it is proposed to include the agreement into TS.
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