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1. Introduction
This paper describes how SDU error ratios or error patterns can be derived from Radio Block error ratios or patterns for the purposes to Forward Error Correction simulation.
IP packets are passed to the Radio Network as SDUs over the Iu-ps interface. It is at this level that the RAB bit-rate in the Quality of Service IE is expressed – i.e. the bit-rate includes IP headers, but not any headers added by lower layers in the RAN or any gain achieved by IP header compression in the RAN.
The SDUs arrive first at the Packet Data Convergence Protocol layer, which may apply IP header compression. Applicability of IP header compression to MBMS is not determined yet, and so we do not consider it further.
PDCP passes the SDUs to the RLC layer, which performs segmentation and concatenation into Transport Blocks for delivery to the MAC layer.

For this analysis, we assume that we are given a Block Error Rate or pattern for the Transport Blocks and wish to derive an SDU error rate or pattern.
2.
Notation

We use the following notation:
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3.
SDU to Transport Block Mapping

SDU to transport block mapping is performed by the RLC layer, after PDCP processing.

Assuming a constant stream of SDUs (according to the RAB bit-rate), the effect is one of SDUs being first concatenated and then re-segmented into equal segments, with length equal to the Transport Block length. If there is one Transport Block per TTI then the Transport Block length will be equal to the bit-rate times the TTI. In fact the length of the Transport Block passed to the MAC layer will be slightly longer than this, since it also includes any PDCP and RLC headers which are not accounted for in the RAB bit-rate. 
This concatenation and re-segmentation is shown below:
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Figure 1: Example of segmenting SDUs into UTRAN RLC blocks.

Simulations from RAN1 provide information on the Transport Block loss probability for various propagation models and transmit power. From this information, information about SDU losses can be derived (taking into account the mapping described above).

It could be noted, though, that the RAB parameters specified in the Quality of Service IE, provide the SDU error ratio, not a Block Error Ratio. This leaves it as a problem for the RAN to adjust parameters affecting the BLER in order to achieve the provided SDU error ratio – a rather challenging task given variable length SDUs and no prior knowledge about their length.
4.
Independent losses
If we assume that Transport Blocks are lost independently with probability 
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Next, we divide both 
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 by their greatest common divisor, 
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. Since we have chosen the SDU at random, then it is equally likely that the first octet of the SDU is aligned with any one of the 
[image: image8.wmf]d

-octet groups of the first Transport Block carrying that SDU. Therefore,
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This is equal to the expected value of the overall loss ratio of SDUs, assuming there are no synchronisation effects which lead the distribution of SDU starting points within Transport Blocks to be non-uniform. Note that the loss probability of an SDU given the actual loss pattern of previous SDUs will not be as derived above. That is, SDUs are not lost independently. This is because loss of a single Transport Block will cause loss of all SDUs which have segments within that block.

5.
Simulation

If an entire file is sent with SDUs interleaved in completely random order, then only the overall number of lost SDUs is important, not their pattern, and the above formula can be used.
However, for other interleaving schemes, patterns in the lost SDUs may affect the overall FEC scheme performance. It is therefore simpler in practice to simulate.
An algorithm for simulating the SDU loss pattern is shown below. The function transport_block_lost() simulates the transmission/reception of a transport block, returning TRUE or FALSE according to whether the transport block is lost or received successfully respectively.
Initialise variable spare_octets to zero
Initialise variable last_block_lost to FALSE
Let block_length be the transport block length
FOR each SDU

Let sdu_length be the length of the SDU

sdu_lost := (spare_octets != 0) & last_block_lost
IF (sdu_length <= spare_octets) THEN

spare_octets := spare_octets – sdu_length
ELSE

remaining_octets := sdu_length – spare_octets

blocks := Integer part of remaining_octets/block_length

IF (blocks > 0)

FOR i := 1 TO blocks


sdu_lost := transport_block_lost() | sdu_lost
END FOR

ENDIF

last_block_lost := transport_block_lost()

sdu_lost := sdu_lost | last_block_lost

spare_octets := block_length – (remainder of remaining_octets/block_length)
ENDIF

IF (sdu_lost) THEN


Report SDU as lost

END IF

END FOR

Notes:


:= is assignment


= is comparison


| is logical OR operation (evaluating both arguments)


& is logical AND operation (evaluating both arguments)

6.
Conclusion
This contribution provided a formula for deriving the overall SDU loss ratio from the Transport Block loss ratio, SDU size and Transport Block size, assuming independent Transport Block losses and ignoring synchronisation effects.

Furthermore, we provided an algorithm for simulation of the SDU loss pattern, given a Transport Block loss pattern.

These techniques can be used in simulations of link loss for evaluation of Forward Error Correction schemes.
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