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1.
Introduction
It is expected that MBMS service will be used mostly for transmitting streaming data, since this is typically the kind of data which can tolerate delay and a certain amount of loss. Voice, Audio and Video streaming sources are sometimes intermittent (e.g. conversation) and typically compressed, resulting in a highly variable data-rate arriving at the RAN. It is therefore critical that whatever transmission mechanism is introduced can support variable source data-rates.

Outer-coding is a scheme by which redundancy information is produced for a set of PDUs so that the original information can be re-constructed in case a limited number of PDUs were to be lost. Because it requires data to be assembled into large encoder packets whose dimensions are constrained by the code structure, it may not be immediately obvious how it could be used in conjunction with variable-rate source without resulting in exceedingly large overhead.
The objective of this document is to analyze the different methods by which variable source data-rates can be handled by an outer-coding scheme in order to limit the amount of padding and overhead sent over the air.
2.
Synchronous vs Asynchronous
In this context synchronous means that the outer-code entity needs to produce a payload at each TTI. This implies that PDUs are built in real-time as SDUs are being received from the higher layers. If there is not enough data to build a PDU then padding would be added instead. The data alignment relative to the encoder packet could be maintained thanks to the SFN.
Asynchronous means that the outer-code has some leeway in terms of when it builds PDUs and that these do not need to be sent continuously at every TTI. Some overhead is therefore needed to re-align PDUs with the encoder packet (see [1]). This would typically be in the form of a sequence number.
Advantages of synchronous:

· Does not require overhead to figure out the alignment with the encoder packets.

Advantages of asynchronous:
· Better frame-fill efficiency, less padding overhead.

3GPP is intrinsically an asynchronous system. Therefore, different cells and also data streams terminated at different network entities would not be time-aligned. There are two specific transitions for which providing service continuity would require the inclusion of a sequence number:

· Transition between PTP and PTM modes. The network terminating point might be different in the two cases. 
· Transition between different cells (handover). 

Therefore, the overhead needed to enable asynchronous transmission of MBMS data is anyway required. Therefore, we might as well take advantage of the frame-fill efficiency improvements that it provides. In what follows, we will therefore assume that the building of PDUs can be delayed. The amount of delay that can be tolerated by the application can be derived by the RRC from the QoS parameters.
3.
Proposed Alternatives

As explained in [1], outer-coding requires data to be organized in a matrix structure. For simplicity we will call this entire matrix structure an encoder packet (EP). In order to get the best possible performance, it is desirable that each encoder packet row be transmitted in a separate TTI. Below we will therefore assume that all the information in an encoder packet row will be carried by one and only one PDU and that a given PDU will only carry information from a single EP row.
Note that the outer-code configuration constrains the number of rows used in encoding/decoding but does not constrain the size of the rows. We will therefore distinguish two cases, one where the PDU size and therefore the EP row size will be fixed and another where the EP row size can vary.

It is assumed that a concatenation and segmentation protocol is available above the outer-code that is flexible enough to pack data in any PDU size. Such schemes are discussed in [2]. 
3.1
Fixed Encoder Packet Row size
In this scheme, the PDUs produced by the concatenation and segmentation function are always of a given fixed size. This size could be indicated to the mobile. An illustration is provided below of how the higher layer SDUs would be first formatted into this PDU size and then the outer parity blocks created. For simplicity we assume a similar scheme to what is currently used in RLC for segmentation and concatenation (using length indicators).

[image: image1.emf]Length Indicators (LIs) used

to point to the end of an SDU

Segmentation/

Concatenation

SDUs

12 blocks

Padding



[image: image2.emf]12 blocks

4 bits of data is extracted from

each block. The resulting data

is sent to the RS encoder to

obtain the parity information.

16 blocks

Encoding


As can be seen in the example above, the encoder packet is mostly made up of padding. However, since the encoder packet row size is known at the receiver, it is not necessary to actually transmit this padding over the air. If the padding is made up of a known sequence of bits (e.g. all zeros, all ones or alternate pattern), it is possible for the receiver to pad PDUs up to the nominal encoder packet row length. Therefore, during transmission, instead of selecting the PDU size equal to the EP row size it would be possible to pick the smallest available PDU size that carries all the information bits and re-assembly overhead (e.g. LIs).
Therefore, in the example above, the information that would be sent over the air would be:
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3.2
Variable EP row size
In this scheme it is assumed that the encoder packet row size can take a number of different sizes, each directly linked to the set of PDU sizes that are configured for the S-CCPCH carrying the channel. The encoder row packet size can be selected based on the amount of data available so as to limit padding.
Below we provide the example of how such a scheme would work based on the same set of SDUs as what was used for scheme 1:
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In this specific example no padding was needed what-so-ever. However, it can be understood that given that the number of configured PDU sizes will be limited, some padding may be needed. The method described in 3.2 should also be used here to avoid the transmission of this data over the air.
4.
Comparison between alternatives
Advantages of Fixed EP row size:
· No need to wait until all the data is available before starting to transmit PDUs. Note that this does not help with the buffering because all the data needs to be available at the time when the encoding is performed.

· Single PDU size simplifies physical layer multiplexing of multiple services on single S-CCPCH.

Advantages of Variable EP row size:

· More stable power requirements across all transmissions for an EP
· Less parity overhead

4.
Proposal

It is proposed to adopt the scheme in section 3.3 as a means of achieving variable rate-transmissions with outer coding. Note that on the UTRAN side, this scheme can also be configured to work as the scheme in section 3.2 if it wants to make the decision on the PDU size early on.
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