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Proposal for Outer coding for MBMS

1 Introduction

Contributions discussing and assessing the performance of outer coding for MBMS have been presented since GERAN#16 [1]

 REF _Ref67115266 \r \h 
[2]

 REF _Ref48640666 \r \h 
[3]

 REF _Ref55292096 \r \h 
[4]. Simulation results confirming the previous analysis on the performance of the technique can be found in [5]. The present document expands on the concept and proposes an implementation using Reed-Solomon codes, based on a mother code with a defined set of MBMS coding schemes.

2 Outer coding with different SDU packet sizes

In the previous contributions and the accompanying analyses, it has been assumed that the SDU size is fixed, with each RTP/IP/UDP packet containing 500 octet payload. However, this will almost certainly not be the case and is highly dependent on the type of codec used at the BM-SC. Furthermore, if variable bit rate codecs are used the SDU packet size can vary significantly. In this section, throughput curves against CIR for different SDU packet sizes are presented. Also, SA4 are now considering FEC at the application layer, in which case other SDU FERs than those previously considered may be required from the (GE)RAN. For example, as indicated in [6], it may be worth considering SDU FER as high as 10%, as well as 1% and 0.1% SDU FER. Throughput performance curves for 10% SDU FER can be found in Annex A.

Figure 1, Figure 2 and Figure 3 show the throughput performance using MCS-1, MCS-5 and MCS-9 respectively. A Reed-Solomon RS(k,64) code has been used. The target SDU FER is 1% and SDU sizes range from 50 and 1000 octets.
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Figure 1: Outer coding with MCS-1 for different SDU sizes.
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Figure 2: Outer coding with MCS-5 for different SDU sizes.
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Figure 3: Outer coding with MCS-9 for different SDU sizes.

The results, presented in the figures above, demonstrate that with a variation in the SDU packet size the CIR required to meet the SDU FER target only varies by a maximum of 1dB. This result is particularly useful especially if variable bit rate codecs are being used. For example, the outer code could be dimensioned so that the code parameters are optimised for median SDU packet size. In this case there will be a small loss when SDUs larger than the median size, but equally there will be some gain when SDUs smaller than the median size are being transported. 

3 Modifications to the RLC/MAC 

Minimal changes to the current RLC/MAC at defined in TS 44.060 are required in order to support MBMS. 

In the BSS, the encoding unit will need to be placed between the LLC frame segmentation and the RLC/MAC block buffer
, and before block headers (including the BSN) are added to each segment, as illustrated in Figure 4.

In the MS, the received RLC/MAC blocks need to be passed, sequentially, to the decoding unit, together with an index into the outer code buffer. This index could be simply the BSN. After outer coding the parity blocks will be discarded and only the systematic blocks are reassembled into frames, which are then passed to the LLC layer.

Outer codes would be applied to each TBF independently.
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Figure 4: MBMS outer code encoding and decoding process.

In general, after outer code decoding, and if M is the outer code block number

· Block segments 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 encoding process can be found in Annex B.

4 Proposal for MBMS Coding scheme set

The level of coding required may vary depending upon the scenario, the application QoS requirements and cell planning. To provide as much flexibility as possible, but on the other hand to avoid the implementation of different decoders, a single mother code is specified. An RS mother code with (N=255, K=64) is proposed [1]. 

Using the results presented in [1], Table 1 shows the CIR range over which each MCS with outer coding should be used for optimum throughput and SDU FER. As shown in Figure 5, the curves of the outer codes (defined by k=64, n) intersect which allows the optimum range of each (M)CS to be estimated. An example of this is demonstrated in Figure 5, with k=64, block size n, and coding rate r. As can be observed, the optimum coding scheme to use is CS-1 up to a CIR of approximately 8.5dB, then CS-2 from 8 to 15.5dB and CS-4 from a CIR of 15.5dB upwards.
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Figure 5: Outer codes using CS-1, CS-2 and CS-4, with systematic block size k, block size n and rate r.

	Modulation and Coding scheme
	Useful range with outer coding 

(10% SDU FER)
	Useful range with outer coding 

(1% SDU FER)
	Useful range with outer coding 

(0.1% SDU FER)

	CS-1
	<7.9dB

	<7.9dB
	<8dB

	CS-2
	7.9-9.5dB
	7.9-9.5dB
	7.9-9.6dB

	CS-3
	9.5-16.6dB
	9.5-16.9dB
	9.6-17dB

	CS-4
	>16.6dB
	>16.9dB
	>17dB

	MCS-1
	<6dB
	<6.1dB
	<6.1dB

	MCS-2
	6-11dB
	6.1-11.1dB
	6.1-11.6dB

	MCS-3
	11-16.5dB
	11.1-17.5dB
	11.6-17.7dB

	MCS-4
	>16.5dB
	>17.5dB
	>17.7dB

	MCS-5
	6.5-12dB
	7-12dB
	7-12.1dB

	MCS-6
	12-17dB
	12-17.1dB
	12.1-17.1dB

	MCS-7
	17-23.2dB
	17.1-24dB
	17.1-24.3dB

	MCS-8
	23.2-25.5dB
	24-25.5dB
	24.3-25.7dB

	MCS-9
	>25.5dB
	>25.5dB
	>25.7dB


Table 1: CIR range over which MCSs with outer coding are the optimum for SDU size of 500 octets for TU3iFH
.

Using the assessment in [4], the processing and memory requirements for the mother code RS(255,64) with MCS-1 to MCS-9 are presented in Table 2.

	Reed-Solomon code
	Modulation and Coding scheme
	Processing complexity (MIPS)
	Memory requirement (Kbytes)



	
	
	BTS
	MS
	

	RS(255, 64)
	CS-1


	3.37
	1.69
	22.7

	RS(255, 64)
	CS-2
	4.60
	2.30
	24.7

	RS(255, 64)
	CS-3
	5.52
	2.76
	26.3

	RS(255, 64)
	CS-4
	7.66
	3.83
	29.8

	RS(255,64)
	MCS-1
	3.37
	1.69
	22.7

	RS(255,64)
	MCS-2
	4.29
	2.15
	24.2

	RS(255,64)
	MCS-3
	5.67
	2.84
	26.5

	RS(255,64)
	MCS-4
	6.74
	3.37
	28.3

	RS(255,64)
	MCS-5
	8.58
	4.29
	31.4

	RS(255,64)
	MCS-6
	11.34
	5.67
	36.0

	RS(255,64)
	MCS-7
	17.16
	8.58
	45.6

	RS(255,64)
	MCS-8
	20.84
	10.42
	51.8

	RS(255,64)
	MCS-9
	22.67
	11.34
	54.8


Table 2: Complexity estimates with flexible outer coding scheme.

One way to limit the complexity of applying the outer code is to limit the maximum MCS that can be used. For example, if the useful range of CIR at the cell border is approximately 9-18dB, then MBMS outer codes can be restricted to using up to CS-1 to CS-4 and MCS-1 to MCS-6. Another possibility for reducing the complexity is to limit the maximum coding rate that can be used. An important observation from the results in [1] is that coding rates less than a ½ are not required since the curves from different MCSs overlap, as demonstrated in Figure 5. Therefore, only coding rates between ½ and 1 should be selected in general. An exception to this is for the use of MCS-5 below approximately 9dB, where it is useful to support coding rates down to 0.4. The revised complexity estimates are presented in the table below.

	Reed-Solomon code
	Modulation and Coding scheme
	Processing complexity (MIPS)
	Memory requirement (Kbytes)



	
	
	BTS
	MS
	

	RS(160, 64)
	CS-1


	1.70
	1.35
	14.5

	RS(160, 64)
	CS-2
	2.32
	1.84
	15.8

	RS(160, 64)
	CS-3
	2.78
	2.21
	16.8

	RS(160, 64)
	CS-4
	3.86
	3.07
	19.0

	RS(160,64)
	MCS-1
	1.70
	1.35
	14.5

	RS(160,64)
	MCS-2
	2.16
	1.72
	15.5

	RS(160,64)
	MCS-3
	2.86
	2.27
	16.9

	RS(160,64)
	MCS-4
	3.40
	2.71
	18.0

	RS(160,64)
	MCS-5
	4.32
	3.44
	20.0

	RS(160,64)
	MCS-6
	5.71
	4.55
	22.8


Table 3: Complexity estimates with flexible outer coding scheme with a maximum coding rate of 0.4 and the highest MCS limited to MCS-6.

One possibility is to implement a fully flexible scheme as was proposed in [1]. One advantage of the flexible scheme is for the support in different radio channel types
 i.e. cells in different terrains. Furthermore, if SA4 apply FEC at the application layer then the range of different SDU FER and other QoS parameters may vary greatly and thus flexibility may be desirable. An alternative to using a flexible scheme is to define a set of schemes. This has the advantage that the effort to design the coding for a particular service is lower and can be easily be referenced from a set of performance curves such as those presented in [1]. Testing effort may be lower than for a fully flexible scheme.

Based on the results presented in [1], the following MBMS “outer coding schemes” are proposed in Table 4. As described in section 4, the coding rates have been limited to between 1 and 0.4. 

	MBMS coding scheme
	Reed-Solomon code
	Coding rate, r = k/n
	Modulation and Coding schemes
	Processing complexity with MCS-6 (MIPS)
	Memory requirement with MCS-6 (kbytes)

	
	
	
	
	BTS
	MS
	

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

	1
	RS(68,64)
	0.94
	’’
	0.27
	0.47
	10.1

	2
	RS(72,64)
	0.89
	’’
	0.50
	0.87
	10.7

	3
	RS(76,64)
	0.84
	’’
	0.74
	1.22
	11.3

	4
	RS(80,64)
	0.80
	’’
	0.98
	1.54
	11.8

	5
	RS(88,64)
	0.73
	’’
	1.45
	2.08
	12.9

	6
	RS(96,64)
	0.67
	’’
	1.92
	2.54
	14.0

	7
	RS(128,64)
	0.50
	’’
	3.82
	3.80
	18.4

	8
	RS(160,64)
	0.4
	MCS-1 to MCS-6
	5.71
	4.55
	22.8


Table 4: Proposed MBMS coding scheme set.

It should be noted that it is not possible to support coding scheme 8 for GPRS, owing to the fact that in GPRS only 7-bits are used for the BSN limiting the maximum code length n to 128.

5 Signalling aspects

Another issue that needs to be addressed is how to signal the Reed-Solomon coding parameters. Two possibilities exist for signalling the MBMS coding scheme for each MBMS session:

i) The MBMS coding scheme number is signalled at session establishment in the resource allocation messages and is fixed for the duration of the session. The parameters can only be changed in a new resource allocation message at the start of a new session. Assuming that the existing TBF procedures will be used, then it will be necessary to provide the MBMS coding scheme for each TBF configured in the notification message. For example, TBF 1 may be configured over timeslots 1, 2 and 3, using coding scheme 5 carrying video data, and TBF 2 configured to use timeslot 4 and coding scheme 3 carrying audio data.

ii) The initial coding scheme is signalled in the initial resource allocation message. Reconfiguration can be achieved using the existing TBF reconfiguration procedures by means of resource reallocation messages sent on control blocks (the header field “Payload Type” indicates a control block and CS-1 is used). Some messages would need extensions in order to include the RS coding scheme number. It is proposed that the control blocks do not undergo RS coding. However, failure to receive the reconfiguration message will be catastrophic for the user. Therefore, block repetition of control messages should be performed, e.g. 3 repetitions. Alternatively “mid-stream” reconfigurations could be avoided. A change in the coding parameters can only take place at the boundary of an outer code block. The proposed MBMS RLC/MAC with Outer coding is depicted in Figure 6.
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Figure 6: Proposed RLC/MAC with outer coding for the BTS and MS

To decide which of these two options is preferable it needs to be known whether mid-stream reconfiguration of an MBMS bearer is required or not. Since MBMS is a broadcast/multicast service then reconfigurations based on the requirements of one individual MS are not possible and hence resource reconfigurations will only be required if there is a change in the source data QoS, for example the bit-rate or SDU FER in the event of a change of codec at the BM-SC. The option to include signalling messages on the MBMS bearer should be allowed, in any case, for Rel-6 in order to allow enhancements to be included in future releases.

6 Conclusion

The present paper describes a proposal for introducing Outer Coding in to the GERAN for the provision of MBMS. The proposal aims to reduce the complexity by introducing a subset of Reed-Solomon codes as fixed MBMS coding schemes. Coding rates from 1 to 0.4 are supported, with an approximate required C/I step of between 0.5-1 dB between each scheme. Furthermore, based on the results presented in this paper and in [1], it is proposed to use only schemes CS-1 to CS-4 and MCS-1 to MCS-6, which greatly limits the maximum computational requirements of the Reed-Solomon coding process. The schemes are summarized in Table 4.

It should also be noted that the proposed scheme is independent of the p-t-m with CFCH proposal [7] and can coexist or be used separately. 

As demonstrated in [8] comparing FEC in the BM-SC with FEC in the RAN, applying FEC in the (GE)RAN provides optimum performance and hence introducing Outer coding in the RLC/MAC is seen as beneficial in meeting the MBMS stream QoS requirements.

A draft CR to the MBMS Stage 2 TS introducing the proposed outer coding scheme set (Table 4) for MBMS is presented in [9].
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8 Annex A

The performance of outer coding for 10% SDU FER is presented for an SDU size of 500 octets.
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Figure 7: Outer coding performance with MCS 1-9 for SDU FER = 10%, k=64 and SDU size of 500 octets.

[image: image8.emf]SDU FER = 10%, k=64, SDU size = 500 octets

0.00

5.00

10.00

15.00

20.00

25.00

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

CIR (dB)

Throughput (kbps)

CS-1

CS-2

CS-3

CS-4


Figure 8: Outer coding performance with CS 1-4 for SDU FER = 10%, k=64 and SDU size of 500 octets.
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Figure 9: Outer coding performance with MCS 1-4 for SDU FER = 10%, k=64 and SDU size of 500 octets.
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Figure 10: Outer coding performance with MCS 1-9 for SDU FER = 1%, k=64 and SDU size of 500 octets.
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Figure 11: Outer coding performance with MCS 1-9 for SDU FER = 0.1%, k=64 and SDU size of 500 octets.

9 Annex B : 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 12 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.

[image: image14.wmf]LLC Segment 1

LLC Segment 2

LLC Segment 3

LLC Segment 4

LLC Segment k

column 0

column PS

8 bit

wide

columns s= 0,...,PS

block, j = 0,...,n

Parity block 1

Parity block 2

Parity block n-k


Figure 12: 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


[image: image16.wmf])

8

(

)

1

8

(

2

)

2

8

(

4

)

,

3

8

(

8

)

,

4

8

(

16

)

,

5

8

(

32

)

,

6

8

(

64

)

,

7

8

(

128

)

,

(

s

d

s

d

s

d

j

s

d

j

s

d

j

s

d

j

s

d

j

s

d

j

s

D

+

+

+

+

+

+

+

+

+

+

+

+

+

+

=


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. 







� If the CFCH is enabled then retransmissions will be required.


� Reducing the required CIR to reach the SDU FER target can be achieved by decreasing the coding rate (i.e below 8dB), but at the expense of decreased throughput.


� Note that the figures presented in this table do not include an implementation margin. Typical values of implementation margins for MCSs are 1dB for GMSK modulation, and between 1.5dB and 2dB for 8PSK modulation.


� It should be noted that the assessment has been based on results presented for TU3iFH. However, it is thought that similar conclusions can be drawn (such as a maximum coding rate of ½, and the use of CS-1 and MCS-1 to MCS-6) for other radio propagation profiles.
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