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1.
Introduction
During the previous RAN WG2 meeting (#40), it was agreed that UEs interested in MBMS would continue to perform inter frequency and inter-RAT measurements in the normal fashion. Any data loss would therefore need to be recovered using some kind of channel coding mechanism. Outer coding is being considered for this purpose both at RAN and at application level. 
In this document we provide a tentative framework for introducing outer-coding in RAN. This functionality would be introduced in a separate Layer 2 sub-layer, called the FEC (for Forward Error Correction) and sitting on top of RLC. We also provide some tentative text to capture the introduction of this new functionality in the stage 2 TS.
2.
Layer Characteristics

As explained in [1], the FEC layer requirements are following:

· Support arbitrary SDU sizes (constrained to multiples of 8 bits)
· Support variable-rate source

· Support out-of-sequence reception of packets from lower layers

· Support reception of duplicate packets from lower layers

· Perform Outer-coding/decoding
· FEC PDU sizes are constrained to multiples of 8 bits
The following functions need to be supported by the FEC sub layer:
-
Segmentation/ Concatenation/ Padding and reassembly.

-
Transfer of user data.

-
Error correction.

-
In-sequence delivery of upper layer PDUs.

-
Duplicate detection.

-
Sequence number check.
3.
Overall Protocol Structure
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The new FEC layer is assumed to sit above the RLC layer and at the same level as BMC. Each service would have its own FEC entity. As per the current working assumption header compression will always be used for providing MBMS service, thus the introduction of PDCP on top of the new FEC layer. 
4.
FEC layer model
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4.1
Transmitting Side
The transmitting side of the FEC entity receives FEC SDUs from the higher layers and stores them in an SDU Buffer.

Once the scheduler establishes that there is enough data accumulated, or that the maximum acceptable packet transmission delay has been exhausted, it would trigger the creation of an encoder packet. It would therefore select the FEC PDU size out of those configured by RRC resulting in the least possible padding, and would request the Segmentation & Concatenation function to format the SDUs into k blocks of size PDU_size – FEC_Header_size. This size would include the re-assembly information.
These k blocks are then run through the Outer Code to generate n-k parity blocks. A sequence number is appended at the front of each block, in the same sequence as what was used in the encoder to create PDUs. These PDUs are finally stored in the transmission buffer, to be submitted to MAC when requested.
4.2
Receiving Side
PDUs are re-ordered and duplicates are eliminated based on their sequence numbers. Once it is decided that there will be no more data received for a given encoder-packet, missing PDUs are identified as erasures, the sequence numbers are removed and the data is passed to the outer-decoding function to recover missing information. Independently of whether the de-coding was successful or not, the data is delivered to the re-assembly function and SDUs put together successfully are delivered to the higher layers.
5.
Scheduler

As explained in [1], there is an advantage in terms of the frame-fill efficiency to have flexibility in deciding when to start packing the data. The scheduler is supposed to determine how long it is possible to wait between a packet needs to be sent out. This can be done based on the QoS profile of the service.
Once the scheduler decides that the data can no longer wait, it has to select the PDU size that would result in the least padding. The total amount of data considered should include the overhead incorporated by the concatenation and segmentation function. The concatenation and segmentation function would then be asked to produce k PDUs of that size, i.e. enough to generate an encoder packet.

6.
Re-ordering/Duplicate Detection/Alignment with EP
As explained in [1], 3GPP networks will require the hand-off between asynchronous base-stations. In order to preserve continuity of MBMS service and to avoid the submission of duplicate information, it is necessary to be able to re-align the data coming from the two streams. Since this synchronization cannot be provided intrinsically by the physical layer, it is necessary to introduce a sequence number to explicitly identify the order in which each packet should be considered. This sequence number will make up what we will call the FEC header.

This header needs to be appended to both information and parity PDUs. It would therefore be appended after the encoding is performed. Since it is needed for the de-coding, the sequence number cannot be protected by the outer-code. Therefore, it can only contain trivial information associated with the PDU ordering. If it were to contain for example an LI presence bit as in the case of RLC, the SDUs could not be re-constructed even if the outer decoding was successful because the LI information would not be available.
In addition to re-ordering and duplicate detection, the sequence number is required to align the data with an outer code encoder packet (EP). To facilitate this, it would be beneficial to split it into intra-EP and EP parts.

The sequence number cannot include any non trivial information needed for the re-assembly of SDUs, as it is not protected by the outer code and would therefore become the weak link.
7.
Outer-code

The outer-code is assumed to be an (n, k) erasure-decoding block code. 

The data of consecutive PDUs will be assumed to correspond to different symbols in the code-words as explained in [2].

The following assumptions are made about this sub-layer:

· Delivered PDUs correspond to rows of the encoder packet matrix (see [2]).

· PDUs that are not available at the receiver (did not pass the CRC test) will be replaced by erasures.

The transmitter will perform the encoding on k rows of information of equal length and deliver to the lower sub-layer n PDUs of that same size. The first k will be identical to the ones it receives the following n-k correspond to the parity information.

The receiver will attempt to re-generate the encoder packet as soon as it receives k of the n rows. It will then deliver the information PDUs to the re-assembly function.
8.
Segmentation/Concatenation/Padding – Re-assembly

In 3GPP, RLC provides the framing for higher layers. Since the FEC layer will be sitting above RLC it will have to provide framing itself, lest there be some level of duplication. Therefore, it will need to support the segmentation and concatenation of SDUs into blocks that can be transmitted over the physical layer in a single TTI. 

Some overhead will need to be added to assist the receiver in re-assembling the higher layer SDUs. In RLC, the end of each SDU is indicated by the presence of an LI. The end of the SDU is identified relative to the PDU, rather than the SDU. Given that the PDU size is typically smaller than that of the SDU this helps in reducing the overhead.
Although it is expected that the FEC PDUs for MBMS will be larger than RLC PDUs used in R’99, the same principle applies. Although it is not possible to keep the exact same scheme because (as explained in section 7.1) it is not possible to use a bit in the FEC Header to indicate the presence of an LI, it would be possible to leverage parts of it. Indeed, this scheme is both proven and there are a number of existing implementations which could be leveraged in creating the FEC layer. Of course the final decision is left up to the group. 

9.
Text Proposal

<snip>
5.x
FEC sub-layer
The FEC sub-layer will provide additional channel coding in order to improve service quality as well as to allow the recovery of MBMS data lost due to layer 3 procedures (e.g. inter-frequency, inter-RAT measurements).
This layer could be combined with RLC in AM or TM mode. In either case, it could be configured to produce or not parity information.
PDUs that fail the CRC check will not be delivered to the FEC layer.
5.x.1
Model
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Below we will provide additional detail on each of the functions making up the FEC sub-layer.
5.x.2
Scheduler
The scheduler decides when it is time to generate a new encoder packet. It also decides the size of the encoder packet and/or that of the individual blocks to be generated. This function is beyond the scope of the standardization effort.
5.x.3
Re-ordering/ Duplicate Detection/ Alignment with EP
Transmitter
This function adds a sequence number to every PDU being delivered to the lower layers. The header of this protocol cannot include any information other than the order in which the packet should be handled as it is not protected by the outer code.
The sequence number will be long enough to handle the worse case de-synchronization between two cells being fed data by the same FEC sub-layer.
The exact format of the header is [FFS].

Receiver
This function will eliminate duplicates and re-order the PDUs based on their sequence numbers. It will also align them based on which outer-code encoder packet they belong to. When enough PDUs to decode correctly are received for the same encoder packet, they will be delivered to the outer-decoding function.
The exact re-ordering protocol, including the introduction of stall avoidance mechanisms is [FFS]
5.x.4
Outer-coding
The handling of variable size blocks is [FFS].

The code is assumed to be an (n, k) block code. The values of n and k as well as the specifics of the code are [FFS]

Transmitter

The outer-coding function will generate n-k parity blocks when provided with k information blocks. 
Receiver

The outer-coding function will only attempt to decode if k out of the n blocks of a single encoder packet are available. Missing blocks will be handled as erasures.
It will pass to the re-assembly function whatever blocks are available independently of whether the de-coding was successful.
5.x.5 Segmentation/Concatenation and Re-assembly
Transmitter
This function will segment and concatenate higher layer SDUs into blocks of the size requested by the scheduler. Any overhead introduced by the protocol will need to be taken into account in the block size.
The exact encoding is [FFS].

The support of variable block sizes is [FFS].

Receiver

This function will attempt to re-assemble SDUs based on the available blocks. SDUs that are put back together successfully will be delivered to the higher layers.
<snip>
5.2
Protocol structure 

5.2.1
Overall Architecture
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5.2.2
MBMS User Plane Protocol Stack Architecture
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Figure 2: Protocol Stack for MTCH

Figure 1 illustrates the protocol termination for MTCH in MBMS. 
PDCP sub-layer performs header compression/decompression for the MBMS traffic. 
PDCP sub-layer may operate with RFC 3095 header compression protocol. In that case, header compression should be performed under RFC 3095 U-mode.
In the UTRAN side, there is one PDCP entity per cell supporting MBMS or MBMS Cell Group for each MBMS service in each RNS. The shared PDCP entity in the UTRAN duplicates all PDCP PDUs to every RLC entity for every cell belonging to one MBMS Cell Group.
In the UTRAN, there is one RLC and one FEC entity for each MBMS service in each cell or cell group and one MAC entity for each cell.

In the UE side, there is one PDCP, one RLC and one FEC entity for each MBMS service in each UE. In each UE there is also one MAC entity per cell in case selection combining is used. 

10.
Proposal

It is proposed to introduce in the RAN a new Layer 2 sub-layer that will handle outer-coding for MBMS and to incorporate the proposed text from this contribution into the MBMS Stage 2 TS.
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