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Forward Error Correction in the GERAN for MBMS

1 Introduction

At GERAN#17, simulation and performance results for MBMS data transmission (without feedback) using either outer coding or block repetitions were presented [1]
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 \* MERGEFORMAT [2]. A complexity estimate for applying outer coding at the RLC layer can be found in [3]. A decision was also made to only use existing coding schemes for MBMS, and that no new coding schemes at the physical layer would be used. The present document expands on the previous contribution by providing results for all of the GPRS and EGPRS coding schemes.

2 Summary of alternative schemes

Two alternatives for providing the necessary QoS requirements for MBMS are the use of additional FEC (Outer Coding), or the retransmission of each RLC/MAC block a predefined number of times (repetition schemes). The following sections provide a summary of the two approaches.

2.1 Outer coding at the RLC layer

As explained in more detail in [2], in this analysis the outer Reed-Solomon coding is applied column-wise to a sequence of RLC/MAC blocks, as shown in Figure 1.
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Figure 1: Outer coding applied at the RLC layer

Each symbol of the code consists of 8 bits, i.e. m = 8. Thus, for MCS-1 RLC/MAC blocks, 22 RS coding operations are applied to the sequence. The outer coding generates n-k parity symbol blocks from k systematic blocks, where n is the length of the code block. As n RLC/MAC blocks need to be transmitted rather than the original k, the throughput is reduced by a factor of k/n. At the receiver, the RLC checks whether each block is in error using the CRC information provided by Layer 1. If a block is found in error, the block is discarded, and in each of the 22 RS codewords the symbol corresponding to that RLC/MAC block is marked as an erasure. During the decoding process it is therefore assumed that the position of all errors in each code block is known, and the RS code is use only for error correction but not for error detection. This arrangement significantly decreases the complexity of the decoding procedure.

2.2 Repetition schemes

In this case, each RLC/MAC block is repeated a predefined number of times. For the GPRS coding schemes, CS1-4, results are provided with and without Chase Combining in the receiver. For the EGPRS coding schemes, MCS1-9, incremental redundancy has been used: during each repetition, a different puncturing pattern is applied.

As can be found in [4], after IR or Chase combining has been performed the required BLER, 
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where k is the number of times an RLC/MAC block is repeated and N is the number of RLC/MAC blocks that are required to transmit an SDU (i.e. an IP packet). Assuming an LLC frame size of 510 octets
, the required 
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 to reach target SDU FER of 10-2 and 10-3 can be calculated based on the payload size of the coding scheme being used.

3 Comparison 

The section compares the performance of the repetition schemes and of outer coding for SDU FER of 1% and 0.1%. Figure 2 and Figure 3 show results for CS1-4 with and without Chase combining. Figure 4 and Figure 5 provide performance results for MCS1-4. Figure 6 and Figure 7 show results for MCS5-9.

Table 1 summarizes the assumptions made for the results presented in the paper.

	Radio channel profile
	TU3iFH

	IP packet size
	500 octets

	LLC frame size
	510 octets


Table 1: Parameters.

It is worth noting that the results for outer coding have been derived from the link layer simulations analytically, using the formulas provided in [2].

In the present document, all of the outer codes used to produce the results are derived from a single RS(255,128) mother code through shortening and puncturing [2]
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[3]. Each point on the curves represents a different value of the parameters n and/or k, and hence a different value of the ratio k/n. The parameters of the outer code could be configurable by the network, and signalled to the MS in the resources assignment message. By doing so, the scheme allows a high degree of flexibility. The other alternative is to standardise some specific configurations of the (n, k) pairs.

In the following figures, no implementation margin has been taken into account.
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Figure 2: Performance of CS1-4 for the repetition schemes (with/without Chase combining) and with outer coding for 1% SDU FER.
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Figure 3: Performance of CS1-4 for the repetition schemes (with/without Chase combining) and with outer coding for 0.1% SDU FER.
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Figure 4: Performance of MCS1-4 for the repetition schemes (with Incremental Redundancy) and with outer coding for 1% SDU FER.
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Figure 5: Performance of MCS1-4 for the repetition schemes (with Incremental Redundancy) and with outer coding for 0.1% SDU FER.
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Figure 6: Performance of MCS5-9 for the repetition schemes (with Incremental Redundancy) and with outer coding for 1% SDU FER.
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Figure 7: Performance of MCS5-9 for the repetition schemes (with Incremental Redundancy) and with outer coding for 0.1% SDU FER.

4 Selection of outer code parameters

In the present document, all of the outer codes used to produce the results are derived from a single RS(255,128) mother code through shortening and puncturing [3]. The different code rates all use a block length k of 128 symbols. The effect of reducing the block length on the throughput is shown in Figure 8.
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Figure 8: Performance of Outer coding with code block length k.

As the value of k changes, the value of n required to achieve an SDU FER of 10-2 at a fixed value of the C/I is derived, and the new value of the throughput (which depends on the ratio k/n) calculated. From the graph it can be seen that, as the value of k is reduced the performance is degraded. However, by reducing the value of k, the complexity of the encoder and the decoder is reduced: halving k also halves the processing and memory requirements at the encoder and decoder [3].

The results shown in Figure 8 indicate that for values of k equal to 64 or higher there is no significant degradation in performance. It is therefore proposed that a value of k = 64 is used. Thus, all coding rates would be derived from a RS(255,64) mother code.

5 Conclusions

Based on the results presented in the present document, the following conclusions can be made:

· For CS1-4 and MCS1-4 there is a clear performance gain in using outer coding with respect to the repetition schemes.

· CS1-4 and MCS1-4 provide similar throughput with outer coding.

· For MCS5-9, outer coding and the repetition schemes with incremental redundancy provide similar performance.

· Using outer coding, the C/I required to achieve a certain value of the throughput with SDU FER = 0.1% is very close to the C/I required to achieve the same throughput with SDU FER = 1%, whereas for repetitions schemes there is generally a 1 to 2 dB difference.

· Outer coding allows much greater flexibility in providing the required QoS at a given C/I, compared to the repetition schemes.

· A mother code RS(255,64) is proposed to be used for outer coding.

Performance results for p-t-m with feedback with IR or outer coding can be found in [5] and [6], respectively.

Siemens believe that the use of outer coding is beneficial for MBMS, and therefore request that outer coding at the RLC layer be considered for MBMS service delivery. In order to enable a timely progression of the work on MBMS, it is recommended that a decision be made at this meeting.
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� This assumes an IP packet of 500 octets plus 10 octets deriving from the overhead introduced by the SNDCP and LLC protocols.
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