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1. Introduction

During recent RAN1 meetings, the introduction of outer coding has been discussed, but mainly in the context of radio layer outer coding (e.g. above the RLC layer). In parallel, SA discusses the use of application layer FEC [3]. As we are now discussing the use of two additional FEC layers on top of the Uu L1 FEC, the interaction of those different FEC layers needs to be considered.

2. Erasure correction performance for Reed-Solomon erasure resilient codes on the radio layer

Based on e.g. CRC based error indication, the erasure correction capability of a (n,k) RS code is k-n, i.e. a RS (16,12) code can correct up to 4 error blocks. Assuming uncorrelated error events, the residual BLER of an (n,k) RS code with ideal error indication can therefore be calculated as:
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where m is the number of errors (erasures).
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Figure 1: BLER with RS (16,12) erasure resilient outer code

It can be seen from Figure 1 that the BLER performance using a radio layer RS (16,12) erasure resilient outer code can be significantly improved, e.g. from an inner code BLER (TrCH BLER) of 10-2 to an outer code BLER in the order of less than 10-6. Alternatively, the inner code BLER requirement can be relaxed, resulting in lower transmit power requirements. However, additional transmit power is required for the additional FEC overhead (code rate (16,12) adds 33% overhead or 1.25dB in transmit power) while keeping the net data rate constant. Considering overhead in the total transmit power reduction, the achievable gains for a target BLER of 1% have been shown to be in the order of 1dB [1].

2.1. Impact of systematic codes

If the Reed Solomon code is systematic, parts of the original source block might still be recoverable, even if the actual decoding process failed due to too many packet erasures. This is in particular useful if the source block consist of a number of independent packets, e.g. IP-packets.
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Figure 2: Advantage of a systematic code, e.g. RS (16,12) code

3. Different coding layers and corresponding error rates

As illustrated in Figure 3, different levels of coding and corresponding error rates are discussed. In addition to the already existing L1 Turbo code & CRC, a Reed-Solomon code may be introduced at or above the L2. The error rate seen by the application layer from the lower layers will be in form of an IP error rate or SDU error rate. Without additional radio layer outer coding, the TrCH BLER after Turbo decoding is more or less the error rate seen by the application layer. 
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Figure 3: Different coding layers and corresponding error rates

4. FEC requirements for different services

From a service perspective the download success rate or the IP loss rate (streaming) is important. From a system perspective it is very important, that a given percentage of all clients (e.g. 95%) successfully receive a file over the point-to-multipoint connection without using a point-to-point repair mechanism. Furthermore, the overall transmit power requirements should be minimized in order to make the service resource efficient.

4.1. Download 

For successful MBMS download, e.g. a video clip of 3Mbyte, any IP loss rate is too high, since the requirement for a successful download is zero errors. As this cannot be provided by any FEC, a recovery mechanism (point-to-point repair) is required, where the amount of users requesting a recovery should not exceed a given percentage. 

In order to reduce the number of recovery requests, a FEC solution based on the radio layer or on the application layer can be used. This seems to be recognized also by the SA WGs who are discussing the introduction of application layer FEC [3]. 

For a file download, the use of application layer FEC may be preferred over radio layer outer coding, since the coding can be done over the whole file, which would maximize the interleaving and minimize the overhead.

A more crucial argument to use application layer FEC is the fact that occasionally IP packets are lost on the core network. These losses cannot be recovered by the radio layer, which means that all users would request a recovery. The consequences, only from the massive simultaneous transmission of the recovery requests on the uplink, are rather obvious.

Therefore, for the download case, application layer FEC and a recovery mechanism seem to be needed to cope with losses from the radio transmission and in the core network.

4.2. Streaming

For MBMS streaming, the TrCH BLER requirement depends mainly on the desired quality of the audio/video stream and the error tolerance of the audio/video codecs. It is expected that an IP loss rate in the order of 10-3 to 10-4 is sufficiently good for streaming applications.

For streaming, it may be benefitial to introduce additional FEC, either on the radio layer or on the application layer. The use of application layer FEC with coding over the whole file would introduce larger delays and is therefore undesirable (e.g. for a 30 minute TV show). 

A recovery mechanism is not applicable for streaming, so from this perspective there is no strong requirement for application layer FEC.

Therefore, either outer coding on the radio layer or an application layer FEC with smaller code blocks (shorter delays) may be needed. 

5. FEC requirements from handover measurements

UE inter-frequency or inter-RAT measurements can be performed by the UE during the MBMS reception using DRX [2]. The frequency and distribution of the measurement occasions and the resulting error events, puts specific requirements on an outer code, irrespective whether it is on the radio or application layer. 

If the inner code block size of an outer code is too large, the occasional loss of one TTI might result in too many corrupted inner code blocks, so that the outer code cannot recover the losses. In general, the outer code erasure correction capability should be in the order of the number of measurement occasions during one outer code span.

Intuitively, a radio layer outer code with smaller code blocks seems more suited to cope with these losses, but the same might be possible for application layer FEC. This aspect would need to be considered for the choice of application layer FEC.

E.g., at a user bitrate of 64kbps, 640 bytes of user data would be transmitted during one 80ms TTI. A RS (16,12) code would have an outer code span of 16(80ms = 1280ms. If one TTI would be lost for handover measurements once every two seconds, this would mean that the measurement occasions generate approximately one lost inner code block in every second outer code block. 

6. Conclusion

The introduction of radio layer outer coding, e.g. RS (16,12) erasure resilient outer code on the radio layer can reduce the transmit power with around 1dB at a target TrCH BLER of 1% for a 64kbps service [1], or provide a lower TrCH BLER at the same transmit power. 

We conclude that for

· Download: FEC on the application layer is needed in addition to a recovery mechanism

· Streaming: Radio layer outer coding or FEC on the application layer with lower delay may be needed.

The expertise about application layer codes resides obviously at the SA WGs, but the RAN WGs should be involved in the selection of additional FEC, since radio aspects as e.g. losses from handover measurements need to be considered. The decision about introducing radio layer outer coding depends on the characteristics of the application layer FEC, which is another reason to coordinate our work with the SA WGs. 
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