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1 Introduction

In general RLC protocol ([1]) using AM mode (acknowledged mode) handles retransmissions very well with minimal overhead. There are, however, scenarios of bad radio condition, such as cases of slow fading. This may result in very poor radio quality for extended periods of time which may result in a lot of RLC retransmissions that fails in succession and in worst case may eventually lead to a radio link failure (RLF).

In this paper we discuss the impacts on the radio system when setting different polling intervals in RLC. In particular we show that in some scenarios link characteristics are better when using a short polling interval while in others, link characteristics are better when using a longer polling interval.

To enable the RLC protocol to handle these scenarios of bad radio condition better, we also discuss how the polling mechanism in RLC can be improved.
2 Discussion

In RLC AM mode all data transmitted must be acknowledged by the receiver. It is the responsibility of the RLC transmitter to send a poll to the RLC receiver to request the RLC receiver to send the acknowledgements, which are sent in an RLC status report. To ensure that the poll eventually will reach the RLC receiver, the RLC transmitter starts the t-PollRetransmit timer when sending a poll, and if the corresponding RLC status report has not been received when the timer expires, the RLC transmitter will re-transmit the poll and restart this timer.
2.1 Evaluation of using different polling intervals

To get an optimized behaviour in the radio network it is important to set the value of the t-PollRetransmit timer so that it achieves the following goals:

· Trigger retransmission of a poll as soon as possible in order to avoid decreased throughput and to be able to perform important radio procedures, such as handover, without unnecessary delays. See subsections 2.1.1 and 2.1.2 for more details.
· Avoid triggering a poll too soon when the RLC status report from the original poll is on its way to the RLC transmitter but has not yet arrived. Re-polling in this case results in an unnecessary transmission of an additional poll and RLC status report. See subsection 2.1.3 for more details.
· In certain scenarios when the radio condition for the UE is rather bad there is a risk that repeated polling occurs. In this case it is important that polling is not done too frequently because otherwise it will waste a lot of radio resources and potentially result in RLF when too many RLC retransmission attempts are performed. But RLF should not be declared too soon because there is always the possibility that the radio condition will improve and eventually the RLC transmitter will get an RLC status report. See section 2.1.4 for more details.
2.1.1 Polling interval used at handover

Handover is a critical radio procedure which should be performed as efficiently as possible. But typically the UE is in rather bad radio condition when this procedure is performed and there is risk that RLC retransmissions needs to be carried out to complete the procedure, in particular we may have the following scenario:
1. The UE sends a measurement report to the eNB.
2. The eNB evaluates the measurement report and decides that handover needs to be performed, and sends a handover command to the UE. The poll bit is also set in this message.

3. The UE fails to receive the handover command because of HARQ failure.

4. When the t-PollRetransmit timer expires the eNB will retransmit an RLC message, for instance the handover command, including the poll bit.

It is important that the time period between steps 3 and 4 is rather short, because delaying the handover command for too long may result in failed handover and cause RLF for the UE if the UE moves out of coverage before receiving the handover command.

Observation 1 To achieve robust handover performance the length of the t-PollRetransmit timer should be rather short.

2.1.2 Polling interval used at high data rate
For high data rate scenarios it is important that HARQ failures, which happen occasionally, do not cause a significant decrease of the peak throughput. Therefore the RLC protocol should be sufficiently fast to provide retransmissions in cases of HARQ failure. For instance, we may have the following DL data transfer scenario:
1. The eNB sends TCP packets in DL.
2. The UE needs to acknowledge one or more TCP packets and requests UL resources by sending an SR.

3. The eNB grants the UE, and the UE sends a TCP ACK, including a poll bit.

4. The eNB fails to receive the TCP ACK because of HARQ failure.

5. When the t-PollRetransmit timer expires, the UE will retransmit an RLC message, most likely the TCP ACK, including the poll bit.

It is important that the time period between steps 4 and 5 is rather short, because delaying sending a TCP ACK may cause the congestion window in the TCP transmitter to be full and this will result in decreased throughput.
Observation 2 To achieve high peak TCP data rates, it is important that the t-PollRetransmit timer is rather short.

2.1.3 Polling interval to avoid unnecessary RLC status reports

In case the round-trip-time from sending an RLC PDU containing a poll and until an RLC status report is received (called the RLC RTT) is longer than the value of the t-PollRetransmit timer, the RLC transmitter will retransmit the poll causing an unnecessary RLC status report to be sent by the RLC receiver. Thus we may have the following scenario:
1. The RLC transmitter sends an RLC PDU containing a poll.

2. The RLC receiver receives the poll and sends an RLC status report.

3. Before the RLC status report has been received by the RLC transmitter the t-PollRetransmit timer expires and causes the RLC transmitter to retransmit the poll.

4. The RLC transmitter receives the first RLC status report.

5. The RLC receiver receives the second poll request and responds with a second RLC status report.

6. The RLC transmitter receives the second, now redundant, RLC status report.

In this scenario the transmission of the extra poll in step 3, and the transmission of the second RLC status report are not needed, and hence causes waste of radio resources. The reason why this scenario happens is because the RLC RTT is longer than the t-PollRetransmit timer. The actual RLC RTT may vary a lot for a specific UE bearer, because it depends a lot on the current load in the eNB and of the current radio condition the UE is currently in. In a heavily loaded network, UEs with data in low priority bearers may wait appreciable time before being scheduled by eNB.
Observation 3 To avoid transmission of unnecessary RLC status reports, the length of the t-PollRetransmit timer should be longer than the current RLC RTT.

2.1.4 Scenarios causing repeated polling
There are situations when the RLC transmitter needs to retransmit the poll several times because the UE may happen to be in bad radio condition which causes either the poll transmission to fail or the RLC status report transmission to fail and this may happen repeatedly during a time period of bad radio condition.

One example of when performing repeated polling may happen in UL is when the DL PDCCH channel is sufficiently good to provide a grant for the UE but the UL PUSCH channel is in such a bad radio condition that the UL transmission fails. This case may happen if the UL channel condition is worse than the DL channel condition. Thus, we may have the following scenario:

· Repeated polling in UL due to bad radio condition in UL:
A. The UE sends an SR to request UL transmission.

B. The eNB receives the SR and responds with a grant.

C. The UE sends an UL PUSCH, containing an RLC PDU, including an RLC poll.

D. The eNB fails to receive the UL transmission.

E. The HARQ process continues until it fails.

F. The t-PollRetransmit timer expires and the UE initiates sending a new poll to the eNB.

G. The sequence of events continues from step A.

One other example of performing repeated polling and which happens in DL is when the DL PDCCH or the DL PDSCH channels are in such a bad radio condition that DL transmission fails. Thus, we may have the following scenario:

· Repeated polling in DL due to bad radio condition in DL:

A. The eNB sends an assignment on PDCCH and an RLC PDU on PDSCH, including an RLC poll.

B. The UE fails to receive the DL transmission.

C. The HARQ process continues until it fails.

D. The t-PollRetransmit timer expires and the eNB initiates sending a new poll to the UE.

E. The sequence of events continues from step A.

One final example of performing repeated polling in DL is when the DL PDCCH and the DL PDSCH channels are in good enough radio condition to convey the transmitted RLC PDU, but the UL PUSCH channel is in such a bad radio condition that UL transmission fails. Thus, we may have the following scenario:

· Repeated polling in DL due to bad radio condition in UL:

A. The eNB sends an assignment on PDCCH and an RLC PDU on PDSCH, including an RLC poll.

B. The UE receives the DL transmission.

C. The UE sends an SR to request UL transmission.

D. The eNB receives the SR and responds with a grant.

E. The UE sends an UL PUSCH containing the RLC status report.

F. The eNB fails to receive the UL transmission.

G. The HARQ process continues until it fails.

H. The t-PollRetransmit timer expires and the eNB initiates sending a new poll to the UE.

I. The sequence of events continues from step A.

In these scenarios of repeated polling there will potentially be a lot of wasted radio resources to convey the poll many times and there is a risk that when maximum number of RLC retransmissions has occurred there will be a RLF triggered. If the polling interval is too short there is a risk that RLF is triggered too soon when there still is the possibility that the radio condition for the UE will improve and hence the call may be saved. In case of slow fading,  the radio condition may be bad for many seconds (e.g. 5 seconds or more)  and it is important that RLF is not triggered too soon in situations when this happens.

It should also be noted that in some cases eNBs will be co-sited with NodeBs and consequently experience similar slow fading conditions and gains seen due to longer persistency of RLC layer in WCDMA.
Observation 4 The network should be able to handle slow fading conditions which may last many seconds (e.g. 5 seconds or more) without triggering RLF.
The following subsection (2.1.4.1) gives some characteristics for different settings of the t-PollRetransmit timer in scenarios of repeated polling.
2.1.4.1 Characteristics of repeated polling using the existing fixed polling interval
In RLC retransmission of a poll is controlled by the t-PollRetransmit timer. This timer has been configured with a fixed value ranging from 5 to 500 milliseconds. In this subsection examples are given when this timer is set to 40, 60, 80, and 160 milliseconds. Figures 1 and 2 show the number of RLC retransmissions needed and the number of HARQ transmissions required when performing repeated polling during certain time intervals of bad radio condition.

As shown in Figures 1 and 2 when repeated polling is needed for a time period up to one second or longer and when using a short vaue of the t-PollRetransmit timer it will require a lot of radio resources to perform the constant repetition of the poll transmission.

Even though it is possible to send a poll in a small resegmented RLC PDU using just one byte of payload, it will still cost radio resources on PDSCH, PDCCH, and PUCCH (SR in UL) to schedule the poll. And also, in many cases it is optimal to resend an RLC PDU together with the poll, for instance resending a TCP ack together with a poll or to resend the handover command together with the poll.

Figure 1: Number of RLC transmissions for carrying the RLC poll
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Figure 2: Number of HARQ transmission for carrying the RLC poll
Also note as shown in Figure 1 that the maximum number of RLC retransmissions that can be configured in UE is 32 according to the value range defined in the current standard. Consequently, the time until RLF caused by maximum number of RLC retransmissions being reached varies depending on the setting of the  t-PollRetransmit timer with 40 ms resulting in RLF after 1.28 seconds and 160 ms resulting in RLF after 5.12 seconds.
Observation 5 When poll repetition goes on for an extended period of time and a short t-PollRetransmit timer is used, a lot of HARQ retransmissions needs to be performed, causing a waste of radio resources.
Figure 3 shows for how long time period poll repetition can be ongoing when using the same RLC PDU for transmitting the poll and until RLF is triggered. The figure shows cases when the maximum number of RLC retransmissions has been set to 16 and the maximum value possible to configure which is 32.
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Figure 3: Time until RLF is declared because maximum number of RLC retransmissions has been exceeded
The only case in the figure which allows the UE to be in bad radio condition for up to 5 seconds without triggering RLF, is when the t-PollRetransmit timer has been set to 160 milliseconds and the maximum number of RLC retransmissions has been set to 32. When the t-PollRetransmit timer has been set to 80 milliseconds and using a maximum of 32 RLC retransmissions RLF will be triggered after about 2.5 seconds.

Observation 6 To avoid RLF due to maximum number of RLC retransmissions being reached in scenarios with extended periods in poor coverage, it is necessary to use a rather long setting of the t-PollRetransmit timer, e.g.  160 ms to reach 5 seconds.
2.2 The problem of having a fixed polling interval
As we have shown in the previous section there is no ideal value to use for the t-PollRetransmit timer. In summary we have the following pros and cons of using different values for the t-PollRetransmit timer:

· Advantages of using a short value for the t-PollRetransmit timer:

· Increased throughput
· More robust handover

· Disadvantages of using a short value for the t-PollRetransmit timer:

· Risk of transmitting redundant polls and RLC status reports

· Risk of triggering unnecessary RLF

· Risk of wasting radio resources

If we for instance would set the length of the t-PollRetransmit timer to 60 ms we would get high peak throughput and robust handover behaviour, but we would also in many cases send unnecessary polls and RLC status report, we would in cases of repeated polling trigger RLF already after 1.9 seconds (using maximum number of RLC retransmissions) and we would waste a lot of radio resources while performing the re-polling.

To handle cases of slow fading, i.e. for up to 5 seconds, we could extend the maximum number of RLC retransmissions allowed until triggering RLF. If using a t-PollRetransmit timer set to 60 ms, we would need to extend the maximum number of RLC retransmissions to 86 in order to avoid triggering RLF within a time period of 5 seconds. However allowing up to 86 RLC retransmissions that are all failing will result in a lot of waste of radio resources, it will result in unnecessary load for the eNB and also it will cause unnecessary battery drain for the UE. Due to these reasons we do not believe that extending the maximum number of RLC retransmissions is a feasible solution.
Observation 7 Extending the number of RLC retransmissions to avoid too early RLFs leads to wasted radio resources, unnecessary load in the eNB and power consumption in the UE.
If we would set the length of the t-PollRetransmit timer to 160 ms we would avoid transmitting redundant polls and RLC status reports, and we would allow slow fading, i.e. for up to 5 seconds, without triggering RLF. However, we would get lower peak throughput in cases of high data rate transfers due to long recovery period of HARQ failures, and we would get a less robust handover procedure which would risk failing more frequently than when using a shorter polling interval. Note also that even if a slow fading period of up to 5 seconds can be handled in this case, it will still waste a lot of radio resources until RLF is declared.
The problem seems to be that there is no optimal setting of the t-PollRetransmit timer, but what we would need is a polling interval which is dynamic and which is able to adjust its value more optimal than when having a fixed polling interval. Using a more dynamic polling interval would mean that we can use a short poling interval when that is optimal and a long poling interval when that is optimal. This means that a dynamic polling interval would achieve high peak throughput and robust handover without increasing the risk of RLF due to slow fading.
Observation 8 Using dynamic polling would make it possible to achieve both high peak data rates and robust handover without the risk of causing RLF due to prolonged slow fading conditions.

2.3 Alternatives for using a dynamic polling interval
We will analyse the following different alternatives for using dynamic polling in LTE:
i. Reconfigure the polling interval whenever needed using RRC.

ii. Increasing the polling interval at each poll retransmission attempt.

iii. Measure the RLC RTT and use it as a base when setting the polling interval.

2.3.1 Reconfigure the polling interval whenever needed using RRC

This may be a possible alternative for changes in the RLC RTT that are taking place with a very long periodicity. But using RRC reconfiguration is not really a viable alternative for short changes in the RLC RTT, caused by radio changes and fast load changes in the eNB. Furthermore, reconfiguration using RRC is not possible in situations when we reach repetitive polling scenarios because then the UE is in such a bad radio condition that the eNB cannot change the polling interval at this point in time.
2.3.2 Increasing the polling interval at each poll retransmission attempt

To avoid triggering RLC failure too early in the case of slow fading and when we get into the repeated polling scenario, we could also increase the polling interval with a certain amount for each retransmitted poll, until we get an RLC status report in which case we reset the polling interval to the initial value again.

By always increasing the polling interval for retransmitted polls, we can also set the initial value of the t-PollRetransmit timer to a rather low value. For instance we could set it to a value that in most cases is longer than the RLC RTT, and hence in most cases we would avoid getting an unnecessary poll, but in some cases when the RLC RTT is longer than the t-PollRetransmit timer we would still get an unnecessary poll. This may however be acceptable and can be tuned by the eNB to be set to a suitable value.

The increment of the polling interval could be done in different ways such as:

· Increase it with a fixed value for each new polling attempt

· Double the polling interval at each new polling attempt

It would also be possible to set a maximum polling interval that will not exceed regardless of how many re-polling attempts are made.

Figures 4 and 5 show how much resources (RLC and MAC) are needed in case we get into the re-polling scenario and when either extending the polling interval with the base setting of t-PollRetransmit timer at each new polling attempt, or doubling the polling interval at each new polling interval. Also a maximum polling interval set to 500 ms is used in the figures.
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Figure 4: Number of RLC transmissions for carrying the RLC poll
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Figure 5: Number of HARQ transmissions until HARQ failure
As we can see from figures 4 and 5, the least number of resources are needed when using the exponential increasing poll interval, and for the linear increase of the polling interval we use slightly more radio resources. The difference in radio resource usage between using an initial poll interval of 40 milliseconds compared with using 60 milliseconds is very little when using the exponential increasing poll interval, but there is a slight difference when using the linear increasing polling interval.

Figure 6 shows how long we can handle slow fading dips, and is shown for maximum number of RLC retransmissions set to 8 or 16.
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Figure 6: Time until RLF is declared because maximum number of RLC retransmissions has been exceeded
As the figure shows using 16 RLC retransmission attempts the UE can handle slow fading dips between 6.5 and 6.9 seconds when using the exponential increase of the polling interval, and using different starting poll interval settings. When we use linear increase of the polling interval the UE can handle slow fading dips between 4.5 and 5.5 seconds for the different starting poll interval settings.

As a conclusion it would seem that both linear and exponential increase of the polling interval would achieve the goals of both allowing a short initial polling interval and also avoid causing too early RLF. The exponential increase has a slight advantage since it uses less radio resources and it allows the UE to be kept for longer time until RLF is declared. The usage of exponential increase of retransmission intervals is used in existing protocols, such as SCTP, see section 6.3 in [2]. However, in a situation where the UE is moving out of coverage and misses the initial retransmission, it is beneficial not to increase the time between successive retransmissions too aggressively and in this case a more restrictive linear scheme would be preferable. In addition, a linear scheme has the advantage of being configurable so that the polling behavior between successive polls could be configured to add e.g. 10, 20, 40 or 80 ms etc. between each poll up to the maximum configured polling interval.

2.3.3 Measure the RLC RTT and use it as a base when setting the polling interval
It would also be possible for the RLC transmitter to measure the time it takes from the transmission of a poll and until the reception of the associated RLC status message. One way to do this would be for the transmitter to keep a time stamp of when the poll was sent for a specific RLC SN (sequence number), and then check the time which has passed when the RLC status report is received containing this RLC SN.

By measuring the RLC RTT the t-PollRetransmit time duration can be set to a value that is just above the RLC RTT. This would mean that we would get the optimal polling interval to achieve high peak data rates, robust handover and still avoid sending unnecessary RLC status reports. In case of not receiving the RLC status report and hence performing re-polling, this measurement of the RLC RTT could be done in such a way that it is increased with a certain amount for each new retransmission of the poll which is required, hence what is described in the previous section (2.3.2). This would then also avoid triggering RLF too early in case we have a slow fading scenario. We believe this is one possible way to improve the polling handing in RLC.
3 Conclusion

In this contribution we discuss the problems associated with having a fixed polling interval in RLC. We have the following observations:

Observation 1
To achieve robust handover performance the length of the t-PollRetransmit timer should be rather short.
Observation 2
To achieve high peak TCP data rates, it is important that the t-PollRetransmit timer is rather short.
Observation 3
To avoid transmission of unnecessary RLC status reports, the length of the t-PollRetransmit timer should be longer than the current RLC RTT.
Observation 4
The network should be able to handle slow fading conditions which may last many seconds (e.g. 5 seconds or more) without triggering RLF.
Observation 5
When poll repetition goes on for an extended period of time and a short t-PollRetransmit timer is used, a lot of HARQ retransmissions needs to be performed, causing a waste of radio resources.
Observation 6
To avoid RLF due to maximum number of RLC retransmissions being reached in scenarios with extended periods in poor coverage, it is necessary to use a rather long setting of the t-PollRetransmit timer, e.g.  160 ms to reach 5 seconds.
Observation 7
Extending the number of RLC retransmissions to avoid too early RLFs leads to wasted radio resources, unnecessary load in the eNB and power consumption in the UE.
Observation 8
Using dynamic polling would make it possible to achieve both high peak data rates and robust handover without the risk of causing RLF due to prolonged slow fading conditions.


Summing up the observations above, this paper has shown that to achieve optimal polling behaviour there is a need to introduce dynamic polling and that dynamic polling can be done in a number of different ways.

Proposal 1
Discuss the polling schemes outlined in the contribution and the need to introduce a dynamic polling scheme.
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