3GPP TSG GERAN2#31bis

Tdoc G2-060285
Torino, Italy

Agenda Item 5.3.5
16-20 October 2006

 

Source: Ericsson


3GPP TSG GERAN2#31bis

G2-060285

Some results on piggybacked Ack/Nack segment sizes 

1 Introduction

One of the aspects when defining a piggybacked Ack/Nack reporting scheme is the length of the report. The length of a report may be fixed or variable and various concepts can be found in [1-3]. What has not yet been explicitly shown in GERAN is an estimation of what report lengths are needed for different use cases. This contribution shows results from some high level simulations to provide initial information on possible piggybacked Ack/Nack lengths. The evaluation is based on the concept of having an Ack/Nack report constructed by one or more segments as outlined in [1] having the possibilities of reporting more than one TBF in the same report and the use of extension bit to add reporting capacity. The presented results can be used when deciding on format and coding of the Ack/Nack report and evaluate actual throughput.
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 

· Extension field is being used to indicate variable Ack/Nack size

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

· No header errors (DL & UL) or piggybacked Ack/Nack reports errors (ideal UL)

· 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

WindowSize = RTT/20 * TS * 2 * Max_Allowed_Retransmissons
Ack/Nack segment definition: 
Table 1: Data fields in one Piggybacked Ack/Nack (PAN) report segment

	Field
	Usage

	TbfField
	TBF of the Ack/Nack information (identified by TFI). The size is a function of the number of active TBFs for the user.

	SSNField
	BSN or part of BSN of a radio block that has not been correctly received.

	BitmField
	Ack/Nack bitmap of the block sequence numbers following SSNField

	ExtField
	0: Report is complete, 1: A new Ack/Nack segment follows, using the same format.


· The TBF field is set to zero since only one TBF is used.

· The SSN range is 2*window size for RLC non-persistent mode, and 11 bits for RLC acknowledged mode.

· BitmField = SegmentSize - TbfField - SSNField – ExtField
· Two different segment length strategies have been used:
·  20 bits for all segments

·  20 bits for first segment and 37 bits for subsequent segments
3 Results

Results are shown for the following 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 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 often different number of segments are needed for the PAN report. 
3.1 Speech, one retransmission, one TS
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Figure 1: Number of segments needed in a PAN report for Speech, one re-transmission, and one time slot. 

For speech with non-persistent RLC mode it is enough with one segment of 20 bits to transmit a full PAN, see Figure 1. Therefore, one segment is obviously also enough to report new errors, so that alternative is not shown. The capacity used for PAN reports is very low
.
3.2 Video, two retransmissions, four TS
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Figure 2: Number of segments needed in a PAN report for Video, two retransmissions, four TS, 20 bits in all segments 
Left: full PAN report; Right: new errors in PAN report.
Figure 2 shows the case where the segment size is 20 bits. For the case with four allocated time slots and non-persistent RLC mode with two allowed re-transmissions, the number of needed segments is higher. With two segments, all new errors can be reported, but in order to report all outstanding radio blocks when BLER is 20%, up to four segments are needed.
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Figure 3: Number of segments needed in a PAN report for Video, two retransmissions, four TS, 20 bits in first and 37 bits in subsequent segments. 
Left: full PAN report; Right: new errors in PAN report.
In order to keep the number of segments low and still make it possible to report a large amount of errors, it is possible to use a variable segment size. Figure 3 shows results with a first segment of 20 bits and consecutive segments of 37 bits. Obviously, two segments are still needed to report all new errors as shown before. However, the number of segments needed to transmit a full PAN is decreased. In order to send a full PAN, three segments are always sufficient, and in most cases with BLER 20% or less, two segments are sufficient. 

3.3      FTP download, Acknowledged mode, four TS
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Figure 4: Number of segments needed in a PAN report for FTP download, Acknowledged mode, four TS, 20 bits in all segments. 
Left: full PAN report. Right: new errors in PAN report.
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Figure 5: Number of segments needed in a PAN report for FTP download, Acknowledged mode, four TS, 20 bits in first and 37 bits in subsequent segments. 
Left: full PAN report. Right: new errors in PAN report.
For the case of four TS and acknowledged RLC mode, even more segments are needed, see Figures 4 and 5.  What could be noticed is that when the size of the second and subsequent segments is increased to 37 bits, the number of required segments is decreased with at least one segment for the full PAN report case. Note that in Figure 4, left figure, the number of segment value 5 includes all PAN reports sizes of 5 segments and higher. 
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 and bitmap may be better utilised decreasing the number of segments.
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 size of piggybacked Ack/Nack reports and evaluate the 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. 

· If the number of segments is variable, the PAN size can be defined through extension bits, and there is no need for extra bits in the header to define the PAN size.
· 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 the PAN size is limited, say e.g. that only 2 segments are allowed, a larger segment size for the second segment could be used in order to allow more errors to be reported.
 Further results on link level and protocol performance are expected in coming meetings. 
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� If there is data to piggyback the reports on, it is BLER*(20+channel coding) bits. If there is no data send, 1 TS per report must be used, i.e. BLER TS.
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