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1. Introduction

In this paper, we present link-level simulation results for MBMS. In particular, we focus on outer RS coding for MBMS provision on the S-CCPCH. We concentrate on the Case 1 environments at 3 km/h and show that we can further gain by using an improved interleaving scheme around outer coding. The achieved gain can be obtained without increasing peak complexity. For comparison we use the results shown in [1], and the results using the interleaver structure from [2], and recently in [3].
For this first presentation only results with a TTI length of 20 ms and 40 ms and the critical Case 1 channel are shown.
2. General overview

The baseline MBMS design calls for the payload to be “Turbo” encoded and transported on the S-CCPCH. In this paper, we use the already presented serial concatenated code (with RS and Turbo code) for the MBMS channel (e.g., [2]) and propose a new interleaving structure.
In the following we speak of outer transport blocks (OTB) which denote the transport block before the outer code is applied and inner transport block (ITB) which are fed per TTI to the channel coding and multiplexing part of the UTRAN physical layer.

1. Outer code – (N, K) Reed-Solomon (RS) code with no CRC

2. Inner code - rate 1/3 turbo code with a 16-bit CRC (standardized in UMTS)

3. The number of OTBs is the same as the number of inner transport blocks ITBs.

4. The overall block length is given by the number of OTBs which are jointly RS coded and then mapped onto the ITBs, e.g., if 16 OTBs each with length 20 ms are considered we obtain a duration of a block of 320 ms. If we consider a service with a rate of 64 kbps this would lead to a input blocklength of 20480 bits.
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Figure 1: Overview of mapping OTBs to input for the RS encoders, and mapping of the RS codewords onto ITBs.

Example:

· OTB length: NOTB=1280 bits per 20 ms

· Combined OTBs for RS encoding: 16 ( 20480 bits (2560 bytes) in 240 ms

· Usage of a (N=16, K=12) RS code working on byte level. Each RS coder has 12 bytes input and 16 bytes output. ( We need Z=(2560 / 12(=214 times RS encoding.
· Output from the RS coding: 214*16 = 3424 bytes (27392 bits)

· Mapping onto 16 ITBs ( NITB=1712 bits per ITB of length 20 ms.

The RS decoding step is based on the information that the result of the CRC check for each ITB is known at the receiver and thus, it is known which ITBs are erroneous. RS decoding is then applied as an erasure decoding procedure.

3. The interleaving structure

One interleaver for the outer code in [2] maps N outer transport blocks (OTBs) onto K rows. Then (N,K) RS Coding is performed column-wise on a byte level (each column is 8 bit wide), which delivers for each column (N-K) parity bytes which are simply appended to the column containing the input data for the RS encoder. This means RS coding has to be performed Z times. To apply this scheme in general the length of an ITB has to be a multiple of 8 bits (for byte alignment). Since N OTBs are mapped onto K ITBs we obtain the length NITB of an ITB in bits:
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(3.1)

where 
[image: image3.wmf]é

ù

.

 denotes the next larger integer value and the number of RS codes Z being NITB / 8. Due to the byte alignment it may be that dummy bits have to be added after mapping the OTBs onto the ITBs. Finally, the overall N rows are transmitted as N TTIs with standard UMTS multiplexing and channel coding.
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Figure 2: Structure of Outer Code shown in [2]. The blue column denotes one of the Z RS codecs which are applied columnwise.
The interleaver has the advantage that if less or equal than N-K ITBs are in error after “Turbo” decoding, these errors can be corrected. However, if there are more than N-K erroneous ITBs, the errors can not be corrected and thus, OTBs which are mapped onto the respective ITBs are in error. Since one ITB contains at least always parts of two OTBs (except the ITBs which contain only parity bits), a single ITB error leads to a double OTB error.
In the following, we present a new interleaving of outer transport block onto inner transport blocks. 
Again we set the length of an OTB to NOTB (maybe add dummy bits to have byte alignment). Then, the OTBs are structured in a to each other shifted manner, and space is left for 
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 parity bytes. In this way we structure N OTBs. In each column there are now at least (N-K) empty locations and K Bytes (maybe K-1 Bytes due to byte alignment) from different OTBs. Column-wise RS coding can be applied to the K Bytes (fill a dummy byte in column with only K-1 bytes) and then the obtained (N-K) parity bytes can be mapped onto the empty locations of each column.

The new interleaver combines the advantage that if we have more errors than those which can be corrected by the RS code each error in an ITB leads to one error in an OTB and the advantage that one error in an ITB only leads to one error in an RS code word (shown in [2], and [3]).
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Figure 3: Two new interleaver structures for the outer coding approach. The first is shown for an RS-Code with size (4*M, 3*M) (M ( {1,2,3,…}, while the second for simplification is shown for an (16,12) RS-Code.

Figure 3 shows two possible realizations. In the left part it is shown in general for a (N=4*M, K=3*M) RS code with M ( {1,2,3,…}. For every 3 information bytes we obtain one parity byte which are ordered stair-wise (from top left to bottom right within 4 rows of the ITBs. This is repeated N/4 times and thus we obtain N-K parity bytes in each column. The right part of Figure 3 shows a second realization of the new interleaver structure where the mapping of the parity bits is done in 4 blocks. In the first block the parity bytes are mapped onto the top N-K rows (e.g., 4 in the case of an (16,12) RS code), in the second block the parity bytes are mapped onto the second N-K rows, and so on until the fourth block.
Finally, it is to mention that this new interleaver structure can be used for every (N,K) RS code (e.g., (15,11). However, the structure is not that obvious as it is for a (N=4*M, K=3*M) RS code as shown in Figure 3.
4. Simulation Results

The gain of the new interleaver structure compared to the interleaver from [2] can be calculated mathematically if the errors of the ITBs after “Turbo” decoding are equally distributed and the error rate Pe(ITB=err) is known. We do not go into detail concerning the derivation but show the results in the following table:

	Pe(ITB=err)
	Pe(OTB=err)
from [3]
	Pe(OTB=err)
new interleaver

	0.001
	1.85E-12
	1.35E-12

	0.002
	5.86E-11
	4.29E-11

	0.003
	4.41E-10
	3.23E-10

	0.005
	5.58E-09
	4.08E-09

	0.01
	1.71E-07
	1.25E-07

	0.02
	5.00E-06
	3.66E-06

	0.03
	3.47E-05
	2.54E-05

	0.05
	0.000372
	0.000273

	0.07
	0.00167
	0.00123

	0.1
	0.00754
	0.00556

	0.15
	0.0359
	0.0266

	0.2
	0.0945
	0.0704


Since errors typically do not occur equally distributed in a real system we show in Figure 4 and Figure 5 simulation results for a 64 kbps MBMS service for the Case 1 channel at 3 km/h and a TTI length of 20 and 40 ms using an (16,12) RS code for outer coding.
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Figure 4: Performance in Case1 channel, 3 km/h, 64 kbps, G=-3dB, TTI = 20 ms.
inner coding only: measured after turbo decoding (transport block size = 1280)
outer coding-inner code: measured after turbo decoding (transport block size = 1712)
interleaver from [2], new interleaver: measured after RS decoding (outer block size = 1712*3/4 = 1284)
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Figure 5: The same settings were applied as in Figure 4 except that the TTI length is 40 ms and thus, the transport block sizes are doubled.
5. Conclusion

A new interleaver structure is presented which improves the result of outer coding applied to MBMS service. According to [1] we show in Table 1 the necessary Ec/Ior to obtain a BLER of 0.01. 
Table 1  Required Ec/Ior for 1% BLER

	Channel
	Bit rate,
kbps
	TTI,
ms
	Ec/Ior

	
	
	
	no outer coding
	outer coding
RS (16,12)

	Case1, 3km/h
	64
	20
	>-3.0 dB   (>50%)
	-4.2 dB   (38%)

	Case1, 3km/h
	64
	40
	-2.6 dB   (55%)
	-5.0 dB   (31%)


In this document we presented only first simulation results. Further simulations can be done using other channels, extending the TTI length to 80 ms and/or using longer RS codes.
The here presented gain compared to [3] can be obtained without any additional complexity. Also the shut off of the inner turbo decoder (see [3]) in case of less than N-K errors holds for this modified interleaver.
This document shows that by choosing the interleaver structure for outer coding carefully, further gain in the range of 0.2 to 0.3 dB can be achieved. Summarizing – depending on the decision if outer coding becomes an issue in the TR we propose to include the investigated interleaver structure into the TR as well.
Appendix A: Simulation Assumptions

The simulation assumptions are given in table 2 below.

Table 2  MBMS Simulation Assumptions

	Parameter
	Value

	User data rate
	64 kbps

	S-CCPCH slot format
	10 (sf=32)

	Transport block size
	1280 (TTI 20 ms, when no outer coding) or 2560 (TTI 40 ms)
1712 (TTI 20 ms, with outer coding) or 3424 (TTI 40 ms)

	CRC length
	16

	# turbo decoding iterations
	6

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-12 dB

	S-SCH Ec/Ior
	-12 dB

	OCNS
	varied to sum total Ec/Ior to 0 dB

	STTD
	off

	Geometry (Ior/Ioc)
	-3 dB

	Number of rake fingers
	equal to # of channel taps

	Channel estimation
	from CPICH

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes
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