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1. Introduction

This document is aimed at summarizing the main benefits of using outer coding for MBMS.  After a brief review of the possible introduction of outer coding in the RAN, we will evaluate the general advantages of using outer coding for the MBMS transmissions and the specific advantages of using outer coding in RAN.
2. Discussion

The basic principles of outer coding can be better understood with the following picture:
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Fig. 1. Outer coding applied to MBMS
A detailed explanation of the possible use of outer coding is included in [1].  Fig. 1 is generic and it can represent both outer coding in RAN and at the application level.  A possible introduction of outer coding in RAN is exemplified in the figure below:
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 Fig. 2. Introduction of the FEC layer above RLC
More details can be found in [8].  In Fig. 2 we also highlight the possibility to have PDCP on top of the FEC layer.  A unidirectional variant of PDCP could perform IP header compression.
2.1 General Advantages of Outer Coding
In this section a brief analysis of the advantages of outer coding is provided
2.1.2 Outer Coding removes the need for inter-frequency and inter-RAT measurement occasions on the S-CCPCH carrying the MTCH

As already discussed in RAN2, the use of measurement occasions on the S-CCPCH carrying the MTCH is not as advantageous as for the measurement occasions for FACH.  Each S-CCPCH carrying the MTCH could require a considerable amount of base station power [5], and it would be impossible to multiplex efficiently several S-CCPCH carrying MTCH in the same cell so that the power level would be overall constant.

Outer coding could add enough channel protection so that the UE could perform inter-frequency and inter-RAT measurements without the need to implement a dual receiver.  The UE could stop receiving the MTCH during these measurements and rely on the channel protection offered by outer coding to minimize the loss of MBMS data.
2.1.3 Outer Coding reduces the number of codes the UE needs to support for MBMS

A UE that is receiving the S-CCPCH carrying the MTCH while in CELL_FACH or CELL_DCH state may temporarily stop receiving the S-CCPCH carrying the MTCH in order to receive the MICH or the MCCH.  The channel protection offered by outer coding would minimize the loss of MBMS data.
2.1.4 Link layer improvements in most channel conditions

RAN1 has discussed the link layer performance of outer coding [4, 5].  The results have shown that in most channel conditions outer coding provides link layer performance gains.
2.1.5 Both MBMS streaming and download-and-play can benefit from outer coding

Outer coding is suitable for both streaming and download-and-play MBMS services.  In the case of streaming services, the size of the outer block (see Fig. 1 for the terminology) is probably going to be smaller than in the case of download-and-play, since in the latter case a single outer block could span the whole MBMS clip.
2.1.6 Outer Coding allows low complexity UEs to receive the MCCH of neighbour cells

When the UE reselects a new UTRAN cell, it will likely need to read the MCCH of the new cell.  The need to read the MCCH of the new cell may be eased if we decide that information on the MBMS transmission in the neighbour cells is transmitted in the serving cell [11], however, even if that is the case, there is no guarantee that the UE will always have the necessary information for each of the neighbour cell.  When the UE reselects a new cell, if this information is not available, the UE would have to read the MCCH in the new cell in order to find out the transmission parameters of the MTCH.  If the UE was able to read the MCCH of that cell in advance, the reception of MBMS in the new cell would begin sooner.  A fast transition time would be even more important in case selection combining is implemented.
The UE could temporarily stop receiving the S-CCPCH carrying the MTCH in order to receive the MCCH of neighbour cells.  The channel protection offered by outer coding would minimize the loss of MBMS data.
2.1.7 Outer Coding allows seamless transitions between cells and between PtM and PtP

The benefits of outer coding in inter cell transitions and in PtM ((PtP transitions are detailed in [2].  As for the previous cases, the main benefit derives form the fact that the inner blocks lost during these transitions do not necessarily lead to a loss of MBMS data, since the outer coding provides the required error correcting capabilities.
2.2 Specific Advantages of Outer Coding in RAN
We now analyze the specific advantages that Outer Coding provides when implemented in RAN.
2.2.1 Outer Coding performs best when the inner block size is aligned to the TTI
It has been shown that outer coding provides the biggest gains when a whole inner block is transmitted in a TTI [1].  The outer coding gains are reduced if multiple inner blocks are sent in a TTI or if an inner block is sent in multiple TTIs, as it could be the case if outer coding is performed at application level.  The quantitative analysis of the outer code performance when the inner block is not aligned to the TTI is included in [1].
2.2.2 Outer Coding in RAN can be optimized to the UE requirements for inter-frequency and inter-RAT measurements

The UE performance requirements on inter-frequency and inter-RAT measurements are different when the serving cell is a GERAN cell or when it is a UTRAN cell.  The outer coding at application level cannot be optimized at the same time for the measurement requirements defined for GERAN and for UTRAN.  The most stringent requirements will drive the design of the outer code to be used at application level, and this would lead to a sub-optimum allocation of the resources.
2.2.3 Outer Coding in RAN can be optimized to the typical cell reselection time within UTRAN cells
It is well understood that the time it takes to perform a cell reselection are different depending on the radio technology of the serving cell.  As example, common control channels are typically transmitted at a lower bit rate in a GERAN cell, and, therefore, the UE will probably need more time before it can resume MBMS reception after cell reselection in GERAN (assuming that no previous information was available for the target cell).  As for the previous section, the most stringent requirements will drive the design of the outer code to be used at application level, and this would lead to a sub-optimum allocation of the resources.
2.2.4 Outer Coding in RAN allows more flexibility in the scheduling of activities that can not be carried out when MTCH is received

If the outer code spans the whole transmission (e.g. outer code at the application level) the UE will know if it has received enough inner blocks only toward the end of the whole transmission.  Only at that time the UE could safely stop receiving the S-CCPCH that carries the MTCH and performs other activities that can not be carried out when MTCH is received.
With outer coding in RAN, the size of the outer block could be optimized so that it coincides with the typical periodicity of UE activities that can not be carried out when MTCH is received.  For example, if the UE is required to receive the MICH every 5.12 s, the size of the outer block in RAN could be equal to a fraction of this time, and the phase of the outer block transmission could be such that, when the UE may have to stop receiving the MTCH to receive the MICH (e.g. in CELL_FACH or in CELL_DCH), the UE may have already accumulated the minimum number of inner blocks that are required to successfully decode a whole outer block.  These kinds of optimizations are only possible if the outer coding functionality is located in RAN.
Conclusion

We can summarize the benefits of the outer coding as follows:

General Advantages of Outer Coding

· Outer Coding removes the need for inter-frequency and inter-RAT measurement occasions on the S-CCPCH carrying the MTCH

· Outer Coding reduces the number of codes the UE needs to support for MBMS

· Link layer improvements in most channel conditions

· Both MBMS streaming and download-and-play can benefit from outer coding

· Outer Coding allows low complexity UEs to receive the MCCH of neighbour cells

· Outer Coding allows seamless transitions between cells and between PtM and PtP

Specific Advantages of Outer Coding in RAN

· Outer Coding performs best when the inner block size is aligned to the TTI
· Outer Coding in RAN can be optimized to the UE requirements for inter-frequency and inter-RAT measurements

· Outer Coding in RAN can be optimized to the typical cell reselection time within UTRAN cells

· Outer Coding in RAN allows more flexibility in the scheduling of activities that can not be carried out when MTCH is received
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