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1 Introduction

Several proposals have been made during the last meetings on the usage of an outer coding scheme (OC) for MBMS [1,2]. It has already been agreed that OC can provide significant gains with regard to service robustness, transmission gaps during HO or Inter-RAT respectively Inter-frequency measurements. Performance figures are provided in RAN1. This contribution summarizes the functionalities needed by the encoding and decoding entities, and proposes to establish a new RLC mode including OC instead of introducing an additional FEC layer above RLC.

2 Functionality of Outer Coding

In order to perform OC, ReedSolomon coding schemes have been proposed. In the example shown in Fig.1, Reed-Solomon RS (n=16, k=12) coding is applied column-wise to a block of k=12 PDUs carrying higher layer payload. The code symbols consist of e.g. m=8 bits, which allows for arbitrary RS code parameters k and n within the limits k ( n ( 2m=256. Systematic encoding is applied, i.e. the payload PDUs can be sent immediately after creation by the segmentation process, while copies are buffered in the transmitting entity. As soon as k PDUs are in the buffer, n-k=4 PDUs carrying parity symbols are generated. In this example, s/m RS codewords are calculated column-wise. 

In case of varying traffic rate, a timer can be used to limit the delay until encoding is performed, in order to limit the resulting end-to-end delay. Padding PDUs can be inserted to replace the missing payload PDUs before encoding. Optionally, padding-only PDUs can be transmitted, or their existence be signaled to the receiver.

At the receiving side, any subset of k=12 received PDUs out of the n=16 sent PDUs can be used to calculate the payload PDUs by Erasure Decoding. Erasure Decoding requires to know the exact position of the PDU within the codewords, which necessitates to include sequence numbers in the PDU headers.

The described OC scheme reduces the data rate available for higher layer traffic. If OC is properly configured, this effect is over-compensated by the low residual error rate after decoding. The maximum end-to-en delay for PDU 0 of each block is the time until PDU n-1 is received.
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Fig. 1: Example of a systematic OC scheme based on RS codes.

From the previous description and the proposals already discussed in RAN1 and RAN2, the basic functionalities required by an OC protocol layer are:

· Segmentation

· Concatenation

· Padding

· Sequence Numbering

· PDU error indication

· Reassembly

These functionalities are typically provided by RLC. New functionalities of the OC protocol layer are:

· Sequence number range large enough to support maximum code length n 

· Maximum delay timer

· Signaling of padding-only PDUs

· Fixed or variable PDU size handling or both 

Since the basic functionalities of the OC entity are similar to those already specified for UM RLC , it is suggested to establish a new RLC Erasure Mode , RLC EM. By extending from the already existing UM RLC, significant specification effort can be saved. 

Proposal

Since the functionalities of the OC are very similar, it is proposed to introduce a new Rel.6 RLC mode, the RLC Erasure Mode (EM). This new EM RLC performs outer coding on top of extended UM RLC functionalities in order to reduce the complexity of introducing an entirely new FEC layer.
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