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GERAN Evolution – A performance evaluation of short ACK/NACK reports
1 Introduction
Two different approaches defining a short Ack/Nack report has been presented. The fundamental difference between the two is the way the content of the Ack/Nack report is synchronised between the sender and receiver sides. The two ways are either based on asynchronous or synchronous reporting where the latter relies on strict timing requirements between sender and receiver, thereby not needing sequence numbers, while the former uses the sequence numbers to enable the sender to understand the Ack/Nack report. The suggested methods can be found in [1] and [2]. These two methods have been used to evaluate the overhead. The purpose of this paper is to give a rough estimation of the performance of the different schemes by the means of analytical calculations. In addition the robustness of the sequence number based (BSN) short Ack/Nack report is analysed.
An analysis of the principles has previously been presented in [3]. Compared to the earlier paper, this contribution has made update on the size of the time-based Ack/Nack reports to become 3 bytes, i.e. to equal the size of the sequence number based report and to align with the size used in [4]. Chapter 2 contains the new performance estimates. The analysis has expanded on the BSN robustness, see Chapter 3, to also consider effects of header errors and a new Chapter 4 has been added discussing the consequences and issues around re-transmissions (IR) and the different methods of including piggy-backed Ack/Nack report in the channel coding scheme (by individual channel coding or included as part of normal data using the same channel coding).
2 Ack/Nack overhead estimation 

The average overhead for Ack/Nack reporting is estimated for a few different traffic scenarios. For the time based Ack/Nack report, the size of 3 bytes is used. For event based reporting, a size of n*3 bytes is used. The value n depends on the service and bit rate (#allocated time slots) and will be defined for each case below. When possible, the same polling interval is used for the different Ack/Nack methods in each traffic scenario. (Event based polling is assumed for the BSN based method.) No considerations have been taken to that legacy reporting may be additionally needed for the short Ack/Nack reports. As it looks, at least for the time-based method it would be necessary (e.g. for acknowledged based services). 
In order to simplify the calculations, it is assumed that both methods use the same channel coding as the data block. If the Ack/Nack report is independently coded, as suggested in [4], the overhead will be larger. For the time-based Ack/Nack reporting scheme, it is assumed that one Ack/Nack report every 40 ms is sufficient, even though that might not be true with some multislot allocations.

The three evaluated traffic cases are low delay VoIP, TCP download and TCP bidirectional traffic.
2.1 Low delay VoIP
Assumed media load and time slot allocation: 2 time slots (TS) in both directions.
No Ack/Nack polling delay acceptable, thus assuming polling every 20 ms. Non-persistent RLC mode is used with maximum one retransmission.

Ack/Nack overhead, on average; on the feedback link:

· Legacy Ack/Nack: 1 TS  (Polling every 20 ms.)

· BSN based Ack/Nack: 3*8*BLER*2/0.020 bit/s   (Since non-persistent mode is used, old errors are not reported, and 3 byte Ack/Nack is sufficient. Two TS are used, so probability of error in received TSs is at most BLER*2.)
· Time-based Ack/Nack: 3*8/0.020 bit/s (One ACK/NACK report of 3 byte every 20 ms.) 
Table 1: RLC Ack/Nack resource usage for low delay VoIP
	
	Legacy reporting
(RLC/MAC control signalling)
	BSN based, BLER=5 %
	BSN based, BLER=10 %
	Time-based

	Overhead
	1 TS
	120 bit/s
	240 bit/s
	1200 bit/s

	Fraction of TS, MCS1
	100 %
(CS-1 encoded)
	1.4 %
	2.7 %

	14 %

	Fraction of TS, MCS9
	100 %
(CS-1 encoded)
	0.2 %
	0.4 %
	2.0 %


2.2 TCP download (unidirectional transfer)
Assumed media load and time slot allocation: 4 full TSs in receiving link, ¼ TS in feedback link used for TCP-ACK (i.e. a TCP-ACK every 4th radio block period of 20 ms).
Ack/Nack overhead, feedback link:

Legacy Ack/Nack:  ¼ TS.  (Polling is done every 80 ms, i.e. every 16th RLC block with MCS1-6 and every 32nd RLC block with MCS7-9.) 
BSN based Ack/Nack:  0   (The extra space in the radio blocks with TCP-ACK is sufficient. Hence, there are no extra overhead since sent in radio block containing TCP-ACK.)

Time-based Ack/Nack: ¼ TS (Ack/Nack is needed every 40 ms. Every 80th ms the ACK/NACK can be piggy-backed on a TCP-ACK, but additional radio blocks are needed for the rest.)

Table 2: RLC Ack/Nack resource usage for TCP download
	
	Legacy reporting
	BSN based
	Time-based

	Overhead
	¼ TS 
	0
	¼ TS 

	Fraction of TS
	25 %
	0 %
	25 %


2.3 TCP bidirectional transfer
Assumed media load and time slot allocation: 4 TSs in receiving link and 1 TS in feedback link (used for both data transfer and TCP-ACK).

Ack/Nack overhead, feedback link:

· Legacy Ack/Nack:  ¼ TS.  (Polling every 16th radio block.)

· BSN based Ack/Nack:  6*8*BLER*4/0.020 bit/s (Using the rough estimate that a measurement report of 6 byte is sent when block error. Very conservative estimate for high BLER. For better estimates, simulations are needed. 4 radio blocks per 20 ms.)

· Time-based Ack/Nack: 3*8/0.040 bit/s (One Ack/Nack report of 3 byte every 40 ms.)

Table 3: RLC Ack/Nack resource usage for TCP bidirectional transfer
	
	Legacy reporting
	BSN based, BLER=10%
	BSN based, BLER=20%
	Time-based

	Overhead
	¼ TS 
	960 bit/s
	1920 bit/s
	600 bit/s

	Fraction of TS, MCS1
	25 %
	10.8 %
	21 %
	6.8 %

	Fraction of TS, MCS9
	25 %
	1.6 %
	3.2 %
	1.0 %


3 Robustness of the BSN based scheme

When the Ack/Nack report is placed in the beginning of the data block, the probability that the report is erroneous, P, is related to the BLER of the data block according to the formula:

1-BLER = (1-P) ^ (L/3), 
 

where L is the size of the data block in bytes. In Figure 1 the function is shown for the different data block sizes of each MCS. It can be noted that the Ack/Nack report error rate is significantly lower than BLER in all coding schemes, even though the gain is largest when MCS 6 and 9 is used. 
The above calculation is only relevant if the header of the radio block is correctly received. If there is a header error, the Ack/Nack report is lost, regardless of how well protected it is. In Figure 2 the header error rate is shown as a function of the BLER of the data block. 
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Figure 1: Probability that a 3 byte Ack/Nack report is correct, as a function of the BLER of the data block.
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Figure 2: Probability of header failure as a function of the BLER of the data block. (TU3 channel with ideal FH and single co-channel interferer.)
In order to get an idea of how the channel will affect the Ack/Nack reporting performance, the probability of a delayed Ack/Nack report is given for two example radio conditions:

· In bad radio conditions, MCS1 might be used with a BLER of 10% on both links. This corresponds to an Ack/Nack report error rate of approx. 1.5%, and a header error rate of 7%, so the header error rate will dominate. The probability that a radio block is delayed due to a lost Ack/Nack report is than 0.10*0.07 = 0.7 %. 

· In better radio conditions, and an aggressive LQC, MCS9 might be used with 50% BLER on both links. This corresponds to an Ack/Nack report error rate of approx. 3% and a header error rate close to 0, so the Ack/Nack report error rate will dominate and the probability that a radio block is delayed due to a lost Ack/Nack report is 0.5*0.03=1.5%. 

Note that a lost Ack/Nack report will only cause an extra delay, and not a lost radio block. All outstanding radio blocks are given in every Ack/Nack report, so the extra delay is the time until next Ack/Nack report arrives. It should normally be quite small if the BLER is high. Also, the network can also minimize the delay through the use of forced poll. The Ack/Nack reports are also retransmitted together with the application data, so the extra delay should rarely be more than one round-trip-time.
4 Possibilities for improved channel coding of the BSN based Ack/Nack reports.

In the contribution [4] from Siemens, it is suggested that the Short Ack/Nack report should not be joint coded together with the RLC data block, but protected by separate channel coding. That is a viable implementation for both BSN based Ack/Nack reporting and time based reporting. In this section the advantages and drawbacks of such a solution is discussed for BSN based reporting, as well as other possible channel coding options.

The major advantage of improved coding of the Ack/Nack reports would be that a decreased Ack/Nack report error rate can be achieved. For the lower MCS:s, the header error rate is higher than the Ack/Nack report error rate with joint coding, so there is no gain in improving the channel coding of the Ack/Nack report. However, for the higher coding schemes there is some potential for robustness improvements. However, the overhead would be increased as well.
If a fixed channel coding is used for the Ack/Nack report, the LQC gain is lost, and there is unnecessary overhead when the channel is good. Therefore, the channel coding should preferable be adapted by the LQC algorithm. With separate coding of the Ack/Nack and data block, this would imply that 9 new channel coding schemes needs to be defined.
Another alternative would be to protect the Ack/Nack report by a small block code, and then joint code it together with the data. That would only require the specification of one new code, since the convolutional code of the data is adapted to the channel. (It could be specified that the block code should not be used for MCS1&2, where there is no gain.) Also, it would introduce minimal overhead, since no tail bits are needed. 
A drawback with joint coding of the Ack/Nack report and the data block is that the Ack/Nack information can not be changed when retransmitting the data. This might have a few effects: 

· Extra delay when there is new Ack/Nack information to transmit. 

This is only a problem when there are limited channel resources. For a conversational service, the transmission rate of new data should normally be the same, even if there are retransmissions, so the delay until an Ack/Nack report can be sent should not be affected. However, in a channel limited scenario, the Ack/Nack reports will occasionally be delayed if retransmissions are prioritized over new data with Ack/Nack reports. The probability for such a delay is approximately BLERul * BLERdl when in active  Ack/Nack reporting state.

· Extra overhead due to retransmitted Ack/Nack reports. 

The extra overhead is BLER*Ack/Nack overhead, as shown in chapter 2. This is in a normal scenario much less than the channel coding overhead that would be needed for separate coding.

· Confusion when receiving a retransmitted Ack/Nack report.

The receiver should use the BSN of the received radio block to determine the age of the piggy-backed Ack/Nack report. If the report is older than the most recently received report, the Ack/Nack information should be discarded. If this functionality is not correctly implemented, there might be some bandwidth wasted for unnecessary re-transmissions. In addition any re-transmissions of RLC data blocks that have been made within the last RTT need to be taken into account when receiving a report, in order to avoid any unnecessary re-transmissions, i.e. the same procedure as with legacy reporting.
Overall the drawbacks with retransmissions of Ack/Nack information are expected to be minor for the BSN based Ack/Nack reports, so there is no reason to introduce separate channel coding.
5 Conclusion

A rough analytical comparison have been made between the two proposed short Ack/Nack reports that are indented to be piggy-backed in RLC data blocks. The legacy reporting is also included in the comparison. No considerations have been taken that the conventional reporting may additionally be needed for Link Quality Control (LQC) purposes, other performance reporting issues or “keep alive” reasons. How much this would be needed in each of the reporting options and resulting overhead performance would need simulations. When those effects are excluded the results show that using short Ack/Nack reports decreases the overhead compared to conventional reporting for the studied services (VoIP, TCP download and bidirectional TCP traffic). The BSN based reports have least overhead in most cases.
The robustness of the BSN based scheme is investigated. The probability that an Ack/Nack report is lost is significantly less than the BLER of the data block that it is piggy-backed on. Also, since outstanding radio blocks are repeated in every Ack/Nack report, and the Ack/Nack reports are retransmitted if erroneous, the reporting scheme is very robust, and the only effect of a lost radio block is a delay of at most the re-transmission round-trip-time. Some alternatives to make the Ack/Nack reports even more robust are discussed. If better robustness would be required, the best option would probably be to protect the Ack/Nack report with a block code as well as with the channel coding of the data. 
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� The radio block is divided in n=L/3 segments of 3 byte. The probability that the first segment is correct is 1-P. The probability that segment k is correct, given that all the previous segment was correct, is also 1-P on a stationary channel with non-recursive convolution coding. Therefore the probability that the whole block is correct, 1-BLER, is (1-P) ^ n. (Due to the interleaving, it is a reasonable assumption that the channel is close to stationary throughout the data block)
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