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Draft CR to TS 43.246: Outer Coding in the RLC for MBMS

The present contribution contains the proposal to add a new subclause in the MBMS Stage 2 specification [1] (subclause 6.3.1) to describe the use of outer coding using Reed-Solomon codes for MBMS as discussed in [2].

It is worth noting that the proposed text in the CR is mainly applicable to A/Gb mode; if the proposal is accepted, the necessary revisions for Iu mode will be provided.

[1] 3GPP TS 43.246 “Multimedia Broadcast Multicast Service (MBMS) in the GERAN; Stage 2”

[2] GP-040716, “Proposal for outer coding for MBMS”, Siemens, GERAN#19, Cancun, Mexico, 19-23 April 2004

6.3.1 Outer coding in the RLC
In the BSS the outer coding unit is located between the LLC frame segmentation and the RLC/MAC block buffer, and before block headers (including the BSN) are added to each LLC segment. For a code (n,k), the outer coding unit generates n-k parity blocks from k systematic blocks.  The headers are then added to each segment sequentially starting with BSN=0. The other header fields should be set according to the RLC mode used, as defined in 3GPP TS 44.060 and 3GPP TS 44.160.
RLC/MAC control blocks do not undergo outer coding. In order to provide signalling robustness, the control blocks may be repeated a predefined number of times. 
In the MS, the received RLC/MAC blocks are passed, sequentially, to the outer coding unit together with the BSN. After decoding, the parity blocks are discarded and only the systematic blocks reassembled into LLC frames, which are then passed to the LLC layer. The entries in the outer code buffer indexed by the BSNs of control blocks are marked as erased.
The RLC/MAC architecture with Outer coding is depicted in Figure 1.
[image: image1.wmf]LLC PDU segmentation

Outer coding unit

RLC scheduler

Control

blocks

block

repetition

RLC/MAC

BSS

from LLC layer

to physical layer

LLC PDU segmentation

Outer coding unit

RLC descheduler

Control

blocks

to LLC layer

RLC/MAC

MS

from physical layer


Figure 1: RLC/MAC with outer coding for MBMS.
After outer code decoding, and where M is the outer code block number

· Blocks with BSNs equal to (M·n,…, M·n + k-1) are passed to the LLC layer.

· Blocks with BSNs equal to (M·n+ k,…, M·n+n-1) are discarded.

for M= 0,…∞.

A detailed description of the outer coding process is defined in Annex X.
The outer coding schemes are Reed-Solomon code derived from a mother code RS(255,64). Nine MBMS coding schemes are defined in the coding scheme set (Table 1). 
	MBMS coding scheme
	Reed-Solomon code, RS(n,k)
	Coding rate, r = k/n
	Modulation and Coding schemes

	0
	No coding
	1
	CS-1 to CS-4, MCS-1 to MCS-6

	1
	RS(68,64)
	0.94
	CS-1 to CS-4, MCS-1 to MCS-6

	2
	RS(72,64)
	0.89
	CS-1 to CS-4, MCS-1 to MCS-6

	3
	RS(76,64)
	0.84
	CS-1 to CS-4, MCS-1 to MCS-6

	4
	RS(80,64)
	0.80
	CS-1 to CS-4, MCS-1 to MCS-6

	5
	RS(88,64)
	0.73
	CS-1 to CS-4, MCS-1 to MCS-6

	6
	RS(96,64)
	0.67
	CS-1 to CS-4, MCS-1 to MCS-6

	7
	RS(128,64)
	0.50
	CS-1 to CS-4, MCS-1 to MCS-6

	8 
	RS(160,64)
	0.4
	MCS-1 to MCS-6


Table 1: MBMS coding scheme set.
Note:
It is for FFS if the reduced BSN of 7-bits in GPRS is a problem for supporting outer coding. One option is to limit the maximum value of n to 128 or to add an additional field for the outer code sequence number.
**** Next modified section ****

Annex X: Reed-Solomon encoding
The proposal uses a single mother code which is then used to generate the different codes with their associated coding rates. As discussed in section 4, it is proposed to use RS(255,64) as the mother code.

The code is defined over GF(28)=GF(256). To construct the code with a primitive polynomial of degree, m=8. As with E-TCH/F channels, the primitive polynomial 
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is used. For RS(255,64) the generator polynomial is defined as
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where the binary representation of GF(256) is {α7, α6, α5, α4, α3, α2, α1, 1}

For each column consisting of 8 bits the following, RS coding for RS(n,k) is performed as follows: 

i) Indexing the outer code buffer

Figure x defines the outer code input buffer. Segments are received from the upper layer (LLC layer) sequentially. For every k segments of the same size received, the RS encoding process is performed. A restriction is that the coding scheme is fixed over a k blocks. Each column is 8 bits wide of which there are PS columns, where PS is the payload size (in octets) of the MCS in use. The columns are labelled, s = 0,…,PS. The blocks in the buffer are indexed for j = 0,…,n–1.
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Figure x : Outer coding input buffer.

Each bit in the buffer, d can be indexed using s and j, where j the block and 8s+i the bit within the block. For example, bit 0 of block 0 is d(0, 0). 

ii) Bit to symbol conversion

Each set of 8 bits, d(8s)…d(8s+7), from each of the RLC/MAC blocks from one 8-bit wide column of the input buffer, is then converted to symbols. The symbol, D(s, j) is defined as
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Where j is the block number index within the outer code input buffer, j=0,…,k–1. d(8s+7),…,d(8s) are ordered from the most significant bit (MSB) to the least significant bit(LSB). Hence, in decimal D(k) can be defined as
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iii) RS encoding

For each column of the input buffer, s, the symbols are defined D(s, j) for s=0,…,PS–1 and j=0,…,k–1.

Before encoding, 64–k dummy symbols, are added to the k systematic symbols from one column. From this the encoder (using the generator polynomial, g(x)) outputs 191 parity symbols, P(0),…,P(190). The 64–k dummy symbols are then discarded. The parity symbols are then punctured such that P(0),…,P(k–n) are kept and the remaining symbols discarded. The parity symbols are then placed back into the outer code buffer, such that,
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for j = k,…,n–1.

The encoding process is repeated for all of the columns independently from s=0 to s=PS.

iv) Symbol to bit conversion

The output symbols are converted back into binary bits with the LSB coming out first. The bit to symbol definition is defined in ii)
v) Parity RLC/MAC blocks

Once all of the columns in the outer code buffer have be en processed, the parity blocks are formed using the symbols held in the blocks indexed from j=k,…,n–1. The systematic blocks, j=0,…,k–1 and the parity blocks, j=k,…,n–1 are transmitted. In order to allow decoding to occur, the first block sent will be sent with BSN = 0. Thus at the receiver, 

· Blocks with BSN = (M·n,…, M·n + k–1) will be systematic blocks, and

· Blocks with BSN = (M·n+k,…, M·n + n–1)  will be parity blocks

where M is the outer code block number starting from zero. 
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