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1 Introduction

In [1], we described the outer coding procedure in detail. We also outlined the number of computations involved in RS erasure decoding.

In this document, we compare three schemes suggested for transporting MBMS content on S-CCPCH.

· Outer Coding

· Repetition

· Long TTI

The comparison across schemes is done with respect to the memory requirements, number of computations and the impact of UE capability.
2 Outer Coding
Let us define the following for a [N, k] outer RS code over GF(256).
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2.1 Overhead
To maintain the same effective data rate, the physical layer data rate on S-CCPCH increases. This overhead can be written as:
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2.2 Number of computations

The total number of computations can be written as:


[image: image3.wmf]0

0

)

(

2

2

/

)

2

1

2

(

)

1

2

(

}

,

{

min

N

d

k

d

N

d

k

d

d

N

k

N

k

d

c

×

-

×

×

+

×

+

+

-

×

×

×

-

×

=

-

=


2.3 Memory Requirements

The decoder needs to store the first k correctly received symbols. Therefore:
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The exponential and inverse look-up tables need an additional 512 bytes. The interleaver soft memory size (needed for every inner block) is given by:
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3 Long TTI and Repetition
3.1 Overhead
To maintain the same effective data rate, the physical layer data rate on S-CCPCH increases. This overhead can be written as:
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3.2 Number of computations

There is no exact expression for the number of computations needed by a turbo decoder, as this is implementation specific. However, for the encoder block sizes in consideration, the number of computations needed in a turbo decoder is greater than what is needed for the RS erasure decoder.
3.3 Memory Requirements

The soft memory required at the receiver can be written as:
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4 Comparison

4.1 Memory Requirement
Table 1 compares the memory requirement of outer coding and longer TTI or repetition scheme.

	Source Rate (kbps)
	Base TTI (ms)
	Long TTI / Repetition
	Outer Coding

	
	
	Extn.

Factor
	SF
	Memory (KB)
	N
	k
	SF
	Outer Block (KB)
	Memory (KB)

	
	
	
	
	b=5
	b=10
	
	
	
	
	b=5
	b=10

	64
	20
	16
	32 / 2
	46.7
	93.5
	16
	12
	32
	2.5
	2.8
	5.6

	64
	40
	8
	32 / 4
	46.6
	93.1
	16
	12
	32
	5.0
	5.5
	11.1

	64
	80
	4
	32 / 8
	46.3
	92.6
	16
	12
	32
	10.0
	11.1
	22.2


Table 1

Memory Requirements
Note the following:
1. When the TTI is effectively extended to 320 ms by repetition, the SF reduces.

a. Currently, there is no S-CCPCH slot format supporting SF=2

b. The code rate improves as SF reduces, since the % overhead of TFCI bits reduces.

2. When the TTI is extended to 320 ms, the SF remains the same at 32.

a. The code rate doesn’t improve here.

b. Table 1 was optimistic in the sense that an improved code rate was assumed for both long TTI and repetition scheme.

3. The number of bits needed per soft symbol is an implementation detail, depending upon the front-end A/D converter and the bit-widths used within the receiver modem chain.

4. The memory requirement for a repetition or long TTI scheme is significantly higher than what is needed for outer coding.

4.2 Computational Requirement

Table 2 shows the number of computations needed for outer coding. This contains is a subset of the results shown in [1].
	SourceRate (kbps)
	TTI (ms)
	N
	k
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	Computations per second (Mcps)

	64
	20
	16
	12
	214
	19,982
	0.99

	64
	40
	16
	12
	427
	39,578
	0.99

	64
	80
	16
	12
	854
	78,862
	0.99


Table 2

Number of Computations for Outer Coding
It is seen that less than 1 Mcps are needed for outer coding. For turbo decoding, the number of computations is implementation specific.

4.3 UE Capability

Table 3 shows the impact of UE capability on the maximum interleaver and outer block span.
	Rel-5 UE Capability
	Source Rate (kbps)
	Maximum IL Span (ms)
	Outer Block Span (ms)

	Class (kbps)
	Payload
	
	
	

	64
	3840
	64
	40
	640

	128
	3840
	64
	40
	640

	384
	6400
	64
	80
	1280


Table 3

Impact of Rel-5 UE Capability
Note the following.

1. Maximum IL span depends on the UE capability whereas the applicability of outer code is pretty much independent of the UE capability. 
2. Further time diversity could be achieved by interleaving multiple outer code blocks together thus fully exploiting the available RLC buffer memory.

The amount of additional buffering needed in order to enable terminals to support 320 ms IL span is significant as shown in Table 1, and would require a large relative increase in IL buffer memory.

On the other hand it would be possible to achieve the large spans offered by outer code using processing resources which can be re-used in a much more flexible manner than IL buffer memory.

5 Conclusions

In this document, we compared different schemes to mitigate the average power requirement for transporting MBMS on S-CCPCH. We conclude that:
1. The buffer requirements for outer coding are minimal compared to what is needed for long TTI or repetition schemes.

2. The number of computations required for outer coding is small.

3. Outer coding relies on resources that are available in Rel-5 UE classes, or which can be re-used for other functionality within the terminal. 
a. From the implementation point of view, this is the best way to achieve increased time diversity with no hardware or memory upgrades.
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