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1. Introduction

The contribution [1] provides an analysis of how to compute the SDU loss probability based on the PDU loss probability, the SDU size and the PDU size.  This document takes this one step further and provides a simple analysis that suggests how to choose the SDU size.  The crux of the analysis is to notice that there is a fundamental tradeoff between two competing factors that suggest how to choose the SDU size.  The two factors are the relative length of the SDU header compared to the SDU size, and the SDU loss rate induced by PDU loss.  Generally the SDU header size is fixed by other considerations, and the PDU loss rate is determined by characteristics of the underlying network.  Given a fixed SDU header size and PDU loss rate, making the SDU larger means the header wastes less space per SDU, whereas making the SDU smaller means the SDU loss induced by PDU loss is smaller. Ideally an FEC code has the property that data (which is a source file in the case of the file download service or a source block in the case of the streaming service) can be recovered from the reception of any set of encoding packets equal in length to the data, independent of packet loss amounts or patterns.  If this is the case then it is clear that the loss of SDUs has the same negative impact on wasted bandwidth in terms of delivering the data as the wasted (but necessary) SDU header space.  Thus, the goal is to choose an SDU length so that the bandwidth wasted due to headers and SDU loss induced by PDU loss is minimized.  (It is important to note that this is not trying to minimize total SDU loss, only the contribution to SDU loss due to PDU loss.  Other sources of SDU loss, e.g., cell change loss, cell congestion loss, backbone loss, UE unavailable loss, all independently contribute to bandwidth wastage but do not affect the analysis of how to choose the SDU size based on balancing the header wastage against the PDU loss induced wastage.)

2. Analysis
Let H be the SDU header size (which for example consists of the IP/UDP/FLUTE headers), let B be the PDU size and let p be the PDU loss probability, and all of these parameters are fixed.  Let P be the overall SDU size (including headers) that is to be set based on the fixed parameters.  Let h = H/P be the fractional header wastage.  For example, if H = 44 bytes, P = 440 bytes then h = 0.1.  Let q be the SDU loss probability induced by PDU loss.  To optimize the value of P, one would want to choose the value of P to make h + q minimal.  The contribution [1] derives the value of q as a function of P and B and p.  From [1], and using N·p as an upper bound on the probability that N PDUs are lost, an upper bound on the value of q is (1+P/B)·p.  The actual value of q is at least  (1 - ε/2) times this upper bound when N·p < ε for N = ceil(P/B)+1, and hereafter the upper bound for q will be used for the actual value of q.  To minimize h + q means setting P so as to minimize H/P + (1+P/B)·p, and this is minimized by setting P = sqrt{H·B/p}. Let A = sqrt{H·p/B}.  The overall wastage for this value of P is then h + q = p + 2·A.

Generally the values of H and B are provided.  For example, H = 44 bytes (IP/UDP/FLUTE headers) and B = 640 bytes for UTRAN or B = 30 bytes for GERAN.  The value of p may or may not be known, but it may be possible to heuristically roughly estimate the average value of p and use this to decide on the value of P.

Suppose for example H = 44 bytes, B = 640 bytes and p = 0.1.  The computed value of P is 531 bytes, h = 0.083, q = 0.183 and thus the overall wastage h + q = 0.266.  As another example, suppose H = 44 bytes, B = 30 bytes and p = 0.01.  The computed value of P is 364 bytes, h = 0.121, q = 0.131 and thus the overall wastage h + q = 0.252.

The penalty for using a value for p to determine P that is larger or smaller than the actual average PDU loss is that there will be wasted bandwidth, either from a header too large if the value of p is estimated higher than the actual PDU loss rate or from too much SDU loss induced by PDU loss if the value of p is estimated lower than the actual PDU loss rate. If for example the actual PDU loss is p and the value used to compute P is β·p then the overall wastage will be p + (sqrt{β}+sqrt{1/β})·A instead of p + 2·A.  Since the first term p is the same in both expressions, the ratio of the second terms is an upper bound on the relative wastage of choosing an incorrect p value as a function of β, and this ratio is (sqrt{β}+sqrt{1/β})/2.  For example if β is anywhere in the range from ¼ to 4 then the relative wastage is at most a factor of 1.25 higher than it would be if p were estimated precisely, and typically the actual factor (when the first terms are accounted for) is less than 1.25.  For example if H = 44 bytes, B = 640 bytes and p = 0.1 and β = ¼  (meaning that the estimate of the PDU loss used to set the value of P is β·p = 0.025 whereas the actual PDU loss is p = 0.1) then the chosen value of P is 1,062 bytes and the wastage is 0.1 + 2.5·A where A = 0.083, and thus the wastage is 0.307.  If the correct value of PDU loss were used instead to choose the value of P then P would be set to 531 bytes and the wastage would be 0.1 + 2·A = 0.266.   Thus, the ratio of the actual to the idea wastage is 1.15. 

3. Conclusion

This document describes a simple method for determining the ideal SDU size based on the PDU size, the PDU loss rate and the SDU header size.  Obtaining the exact value of the PDU loss is not crucial in setting the SDU size, a rough estimate of the PDU loss is sufficient to set the SDU size to ensure that the actual wastage is not much higher than the ideal wastage.
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