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1. Introduction

For MBMS, a loss of a single RLC PDU leads to the loss of two or more consecutive IP packet [1]. To minimize the loss of a large IP packet, we propose to reconsider the current SDU reassembly scheme, which may deteriorate the decoding capability of FEC in the application layer [2]. The new proposed reassembly scheme minimizes erasure bits in the application layer. If the receiver in the upper layer complies with the proposed reassembly scheme, it can reduce the loss of IP packets approximately by half.
2. Proposed SDU reassembly scheme for MBMS
For MBMS, SA4 has adopted Raptor codes as a mandatory FEC scheme in order to support the increased QoS of MBMS service. On the other hand, RAN2 and SA4 have discussed selection of a limited set of IP packet size to reduce the loss of large IP packets. But, at the present time, RAN2 and SA4 have different points of view. From the RAN2 point of view, such a limitation would be beneficial [3, 4]. However, from the SA4 point of view, there was the need to support all packet sizes up to the IP MTU size with one octet granularity [5].
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Figure 1: Protocol stack view of the p-t-m download and streaming MBMS

As shown Fig. 1, for both streaming and download service, FEC works in the upper layer. Since there is no ARQ for p-t-m MBMS, it is efficient to use Raptor codes to recover missing IP packet. Raptor codes in the application layer work in binary erasure channels. In [6], it is well known that for a binary erasure channel with erasure probability p, the capacity of the ideal code is given as (1-p). In the application layer, discarded SDU is treated as erasures. In TS 26.346, since Raptor codes are systematic codes, a packet consists of a source packet and a repair packet. If all source packets have been received, the receiver does not perform FEC decoding. If some source packets are missing, then the FEC decoder determines whether it has enough source and repair packets to decode and, if so, performs the decoding operation. Therefore, it is necessary to minimize erasure bits in the application layer in order to guarantee a good error correction performance. The current RLC reassembly scheme results in the increase of erasure as follows. If an UM RLC entity receives an RLC PDU with a CRC error indication, it shall discard the RLC PDU. And then, the SDU reassembly processor discards the SDU which includes the discarded RLC PDU [7]. Consequently, the current RLC SAR scheme results in an increased number of erasure bits, compared with original erasure bits contained in erroneous PDUs, and thus it causes the erasure of a large IP packet. Figure 2 shows the PDU containing segmented and concatenated SDU. If the second PDU is corrupted, the second, third, and fourth SDUs will be discarded according to the current SDU reassembly scheme.
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Figure 2: Example of segmenting SDUs into PDUs
We propose SDUs, which consist of PDU with CRC error indicator and PDU without CRC error indicator, are not discarded but are delivered to the upper layer. In Figure 2, for example, if the second PDU is corrupted, the second SDU will not be discarded according to the proposed reassembly scheme. The part of the second SDU which does not have CRC error indicator may be utilized in FEC decoder. Whenever SDUs are delivered to the upper layer, the STATUS SDU is delivered together. The STATUS SDU information consists of the CRC error indicator to indicate whether the SDU contains any erroneous PDUs, the length of the STATUS SDU information, the first erroneous PDU position, and the relative positions of later erroneous PDUs measured from the previous erroneous PDU. Figure 3 shows one example of STATUS SDU. If there is no PDU with CRC error indicator, only CRC error indicator is delivered. 
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Figure 3: Example of STATUS SDU 
Since SDUs delivered to the upper layer are a source or repair packet, the proposed reassembly scheme results in the reduction of missing source packet and repair packet. However, if PDU with CRC error indicator includes the header of the upper layer, it can not be recovered. Thus, in the proposed scheme, the rate of the loss of consecutive IP packets due to the loss of a single RLC PDU can be reduced by half approximately.
3. Conclusion

Raptor codes are used for the MBMS service. The current reassembly scheme in RLC causes the erasure of a large IP packet and may deteriorate the FEC capability. In this contribution, we have proposed a new reassembly scheme, in which SDUs consisting of PDU with CRC error indicator and PDU without CRC error indicator are delivered to the upper layer to minimize erasure bits. The smaller erasure bits are expected to improve the decoding performance of Raptor codes, thereby improving the quality of service by minimizing the loss of large IP packets. Furthermore, we have proposed the RLC deliver the information of STATUS SDU to the upper layer.
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