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In this document, we provide performance results according to the guidelines [5] for the LDPC-Copper codes as specified in [7]. These results show that streaming and download user services over MBMS are possible thanks to FEC using LDPC codes. In addition, this document gives information on the computational complexity required at the decoder side.

Note that simulation results for LDPC codes were already provided in [2], [3] and [6].

1. LDPC-Copper codes

NEC proposes the use of LDPC-Copper FEC scheme for MBMS streaming/download data flows protection. Code construction as well as the coding/decoding process principles are described in [7].

2. Simulation Results

We are presenting in this section simulation results for both MBMS streaming and download cases

2.1. Simulation assumptions

Loss patterns were generated using the PDU/SDU mapping described in the simulation guideline document [7]. The PDU size=640 bytes and SDU size=512 bytes were assumed. For streaming, the header sizes are 46bytes.

2.2. Download

The following figures give the probability of successful decoding of entire files for PDU losses of 10% and 1% (according to simulation guidelines [5])

Download, 3MB file, 10% PDU loss
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Download, 3MB file, 1% PDU loss
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Download, 100kB file, 10% PDU loss
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Download, 100kB file, 1% PDU loss
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In conclusion, for download performances, assuming 1% PDU loss is the correct assumption (based on RAN1 simulations) and assuming a 20% SDU loss is the optimal point for ptp repair, the overhead for files between 100kB and 3MB size the overhead is 4%. Also, with a overhead of 10%, the successful decoding is almost always possible.

2.3. Streaming

The following figures give the Mean Time Between Failures (MTBF, in seconds) for streaming cases at 48kbps and 192kbps media bitrates with PDU loss of 10% and 1% and for 5s protection period (see [5]).

The MTBF measure is better to reflect the user experience. This is because a single decoding failure may produce multiple losses in the media decoding process (especially for video). A target failure probability, e.g. 10^-4, is set so that a viewer experiences one error event on average in a content duration.  In other words, A target MTBF equals the content length.  

48kbps, 10%PDU Loss
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48kbps, 1%PDU Loss
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192kbps, 10%PDU Loss
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192kbps, 1%PDU Loss
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For streaming, assuming 1% PDU loss is the typical case (as indicated by RAN1 simulations), an overhead of 17% gives an MTBF>1000s for 48kbps. For 192kbps, which allows bigger blocks, around 10% overhead is sufficient to ensure MTBF>1000s. 

For example, for an audio clip of 1 minute at 48kbps, an overhead of 10% is enough.

Another example, for an audio/video clip of 1 minute at 192kbps, an overhead of 6% is enough.

3. Complexity

It was pointed out previously that one of the advantages of Copper codes is that the encoding and decoding processes can directly use the parity check matrix H. This makes the processing complexity falling down compared to the general LDPC decoding case.

The decoding complexity of LDPC Copper codes is O(n). I.e. it is linear with the FEC code length. The number of XoR operation is therefore linked to the number of column of H matrix. The number of ‘1’ per column gives the number of XoR required to solve one equation. The number of ones is around 3 or 4 for the matrix presented in [7]. Assuming 4 ones per column, the complexity is 4(n XoR operations.

Note that in the download case, since the LDPC Copper decoder complexity increases linearly with block size, the choice of block size doesn't affect the complexity for a given total file size. I.e. in can be arbitrarily long.

4. Conclusions

In this document, we have provided performance results for the LDPC-Copper codes as specified in [7]. These results show that streaming and download user services over MBMS are possible thanks to FEC using LDPC codes.

In addition, NEC believes that the simplicity of the encoder and decoder specification, plus the ease of signalling of the code to the receiver and finally the extremely low computational complexity required at the decoder side makes Copper the best choice for MBMS FEC.

NEC kindly request 3GPP SA4 to decide on the selection of LDPC Copper codes for MBMS FEC.
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