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1 Introduction

One of the aspects when defining a piggybacked Ack/Nack reporting scheme is the length of the report, i.e. the size of the bitmap. The number of errors will vary depending of service and error reporting strategy. The length of a report may be fixed or variable and various concepts can be found in [1-3]. In a previous contribution [4], bitmap sizes were shown as the number of required number of segments. The results for a selected number of use cases and reporting strategies were obtained through simulations. The evaluation was based on the concept of having an Ack/Nack report constructed by one or more segments, as outlined in [4], having the possibilities of reporting more than one TBF in the same report. The conclusion from that paper was that the definition of a PAN should support variable size. 

In this contribution the number of segments has been limited. A limitation of #segments is needed in order to reduce the complexity when the PAN is individually FEC encoded. A few combinations of segment sizes have been evaluated showing the probability of incomplete reporting. The results are supposed to be used in order to select the final bit map sizes for PAN.
The contribution describes the simulation assumptions in chapter 2, which are the same as in the previous contribution [4]. Chapter 3 contains the new results where the number of segments has been limited to one or two with different segment size combinations. Annex A shows a kind of upper bound case where a maximum of five segments have been tested.
2 Simulation assumptions

The following common assumptions have been used in the simulations:

· Piggybacked Ack/Nack reports are sent every 20 ms, if there are new errors to report 

· All of the assigned time slots are utilised 
· One data block per radio block (i.e. MCS-1 to 6 is used)
· Block errors are distributed uniformly

· Ideal feedback channel
· RTT= 160 ms (Ack/Nack round-trip time) 
(Defined as the time from sending an Ack/Nack report to receiving a re-transmitted block)

· The chosen RTT is what is achievable in today’s state of the art implementations
The SSN range is 2*window_size
 for RLC non-persistent mode, and 11 bits, i.e. equal to BSN length, for RLC acknowledged mode. 

Each segment includes complete Ack/Nack information, since it includes SSN and Ack/Nack bitmap. TBF is not needed to be identified, since only one TBF is assumed in these simulations. No compression of bitmap.
3 Results

Two different cases of number of allowed segments have been evaluated
:

1. Maximum of one or two segments, same size
2. Maximum of two segments, different sizes
Results are shown for the following use cases:
· Speech, non-persistent RLC mode, maximum one re-transmission, 1 time slot

· Video, non-persistent RLC mode, maximum two retransmissions, 4 time slots

· FTP download, acknowledged RLC mode, 4 time slots

A PAN report is sent only if an error has been detected during the last 20 ms reporting period. The results are shown for two cases: a) All errors not previously reported (“new errors”) are included in the PAN (including erroneous received retransmissions) and b) All outstanding BSN in the transmission window is included in the PAN (full Ack/Nack report). 

The results show how the probability of an incomplete report depends on reporting strategy and BLER. It also shows Ack/Nack report overhead.  
3.1 Maximum of one or two segments of same size

In this chapter, performance of the Ack/Nack reporting is shown for the case when all segments are of the same size, and the number of segments is limited to one or two.

3.1.1 Voice

As previously seen, one segment is sufficient to report all errors in the Voice traffic scenario [4]. However, the overhead varies with the size of the first segment. In Figure 1 the Ack/Nack reporting overhead is shown before channel coding.
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Figure 1: PAN overhead for voice traffic

Since no more than one segment is sent, the performance is only dependent on the segment size, and not the maximum number of segments. If optimizing the PAN sizes for this service scenario, the smallest report size should be set to 14 bits, or possible even smaller. However, the overhead is quite small with all investigated reporting sizes, so such an optimization is not considered necessary.

3.1.2 Video

In Figure 2 the probability that the PAN is large enough to include complete Ack/Nack information for the Video service case is shown. On the left hand side of Figure 2, it is assumed that all outstanding errors are required to be reported in order to consider the report complete, while the requirement in the right part of Figure 2 is that all new errors should be reported. 
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Figure 2: Probability that the PAN is not complete for the video traffic case. Two requirements for completeness used. Left: All errors reported, Right: All new errors reported.

On the issue if it is better having two segments or one big segment, one could compare the curves of ‘one segment of 26 bits’ and ‘two segments of 14 bits’. It shows that two segments of 14 bits each is slightly better than having one large segment and this even when considering that the two segment case needs two SSNs and thus have a smaller bitmap field. However, the major advantage of having multiple segments is that it is possibly to report two different TBFs in the same PAN report. 
In Figure 3 the overhead of the PAN reports are given before channel coding when all outstanding errors are included in the report, and when all new errors are included respectively.   
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Figure 3: PAN overhead for video traffic

When there are few errors to report, (such as low BLER, new errors reported) only one segment is sent, and the overhead is proportional to the size of the first segment. When there are a large amount of errors, the overhead is proportional to the maximum PAN size.
3.1.3 FTP download

In Figure 4, the probability that the PAN is complete in the FTP download service case is shown. Figure 5 shows the PAN overhead in the same service case.
[image: image6.emf]0 5 10 15 20 25 30 35 40 45 50

0

10

20

30

40

50

60

70

80

90

100

BLER

probability of receiving incomplete report [%]

Acknowledged mode, 4 TS used, full error report.

1 seg. of 14 bit

1 seg. of 20 bit

1 seg. of 26 bit

2 seg. of 14 bit

2 seg. of 20 bit

2 seg. of 26 bit

[image: image7.emf]0 5 10 15 20 25 30 35 40 45 50

0

10

20

30

40

50

60

BLER

probability of receiving incomplete report [%]

Acknowledged mode, 4 TS used, new errors reported.

1 seg. of 14 bit

1 seg. of 20 bit

1 seg. of 26 bit

2 seg. of 14 bit

2 seg. of 20 bit

2 seg. of 26 bit


Figure 4: Probability that the PAN is not complete for the FTP traffic case. Two requirements for completeness used. Left: All errors reported, Right: All new errors reported.
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Figure 5: PAN overhead for FTP traffic
Figure 4 shows the same effect as reported in Figure 2 that comparing one segment of 26 bits with two segments of 14 bits still holds. The use of two segments of 14 bits each makes it possible to report about same amount of errors as having one large segment. Note that the two segment approach must use two SSNs giving less bitmap bits. In addition the advantage of having multiple segments is the possibility to report two different TBFs in same PAN report.
3.2 Maximum of two segments with different size

In this chapter, performance of the Ack/Nack reporting is shown for the case with different segment sizes, when the number of segments is limited to two.
3.2.1 Video

In Figures 6 and 7 the PAN reporting performance are shown with video traffic. In Figure 6, “new errors” part, it can be seen that two segments are always sufficient to report all new errors.
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Figure 6: Probability that the PAN is not complete for the video traffic case. Two requirements for completeness used. Left: All errors reported, Right: All new errors reported.
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Figure 7: PAN overhead for video traffic

As before, the overhead depends on the size of the first segment when there are few errors to report, and on the maximum PAN size when there are many errors to report.
3.2.2 FTP download
In Figures 8 and 9, the PAN reporting performance is shown for FTP download in acknowledged mode.
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Figure 8: Probability that the PAN is not complete for the FTP traffic case. Two requirements for completeness used. Left: All errors reported, Right: All new errors reported.
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Figure 9: PAN overhead for FTP traffic

4 Some aspects of the simulation assumptions

The evaluation has only been done on a single TBF allocation. Multiple TBF allocations would increase number of needed segments. The reason is that to report errors from different TBFs, different segments are always needed. 
The RTT of 160 ms corresponds to a TTI of 20 ms. If reduced TTI is used, it will decrease the RTT and thus reduce the #outstanding errors.

A uniform error distribution has been used in the evaluations.  This assumption could be seen as a kind of worst case as errors would in real life occur, typically, more in bursts. Thus the SSN, bitmap and segments may be better utilised.
5 Concluding remarks
This paper has given some insight to what sizes a piggybacked Ack/Nack report may require for a few different use cases. This would serve as one input when selecting the sizes of piggybacked Ack/Nack reports and evaluate the RLC protocol performance. 
To summarise the results:
· The size of the PAN should be flexible in order to cater for varying number of errors to report. This could be done with a variable segment size and/or a flexible number of segments. 

· Comparing two segments and one segment, having about same total size, the results show at least equally good error reporting performance for the two segment case despite having fewer bits available in bitmap.
· With a variable number of segments, it is possible to report errors that belong to different TBFs.

· The number of segments needed depends on reporting strategy and use case (non-persistent or acknowledged mode, and number of time slots) and channel quality
· If two segments are allowed, a larger segment size for the second segment could be used in order to allow more errors to be reported.
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Annex A Maximum of 5 segments of same size
The performance of the Ack/Nack reporting is shown for the case when all segments are of the same size, and the number of segments is limited to five.
A.1 Video
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Figure 10: Probability that the PAN is not complete for the video traffic case. Two requirements for completeness used. Left: All errors reported, Right: All new errors reported.
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Figure 11: PAN overhead for video traffic

A.2 FTP download
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Figure 12: Probability that the PAN is not complete for the FTP traffic case. Two requirements for completeness used. Left: All errors reported, Right: All new errors reported.
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Figure 13: PAN overhead for FTP traffic








































































































































































































































































� Window size = RTT/20 * TS * 2 * Max_Allowed_Retransmissons.


� A third case, of 5 segments, is included in Annex A.
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