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1 Summary
In S4-050089 the concept of the Permeable-Layer Receiver (PLR) has been introduced. This method basically allows passing partly correct RLC-SDUs through the protocol stack at the receiver to the application FEC decoder. These modifications can basically done at the receiver only, but some clarification issues have been mentioned in S4-050089 which might be considered in the specification to support the PLR in 3GPP. Simulation results show the performance of the PLR for different use cases, UTRAN and GERAN, as well as in combination with Raptor codes. A side effect of these results is the performance verification of Raptor codes on GERAN systems. With respect to the PLR we do not propose modification in the specification within the Release 6 framework, but we might address those in a Release 7 framework if this viewed to be necessary.
However, we propose to take into account that a receiver might use the PLR. Therefore, the recommended parameter settings should be such that they do not harm the performance of conventional receivers, but support the PLR as good as possible. This can be achieved by the application of shorter symbol length T at the expense of increasing the number of source symbols K to a maximum and transporting more than one symbol in a packet. In this work we show additional and complementary simulation results to those in S4-050089. 
2 Discussion
In S4-050089 the concept of the Permeable-Layer Receiver (PLR) has been introduced. This method basically allows passing partly correct RLC-SDUs through protocol stack to the application FEC decoder. Three different modes of the PLR have been discussed, whereby the simple PLR can be used without modifying the FEC decoder at all. In this case correctly received encoding symbols are passed to the decoder even if other parts of the packet the encoding symbol is transported in are not available. In any case all symbols in a packet are dropped if the header is not available. These modifications could basically be done at the receiver only, but some clarification issues have been mentioned in S4-050089 which might be considered in the specification to support the PLR in 3GPP. Modification in the specification are not proposed in the Release 6 framework, but might be addressed in a Release 7 framework. In addition in S4-050089 also some initial simulation results on the performance of the PLR have been shown, exclusively for streaming delivery. Furthermore, only an ideal code has been considered in the simulations. Finally, the results where restricted to UTRAN and GERAN GPRS.
In this work we present additional results for the PLR which extend and complement the results in S4-050089 into the following directions:
· Results are presented for the download delivery case which match the simulation conditions as agreed for the FEC selection process.

· The UTRAN parameters as agreed for the FEC selection process have been applied.

· Additional results are shown for GERAN parameters as proposed in S4-AHP215, which include GPRS as well as EGPRS parameters.

· The recommended parameter settings for symbol length T and source block length K as proposed in S4-AHP205 have been applied.

· In addition to ideal codes, performance results are also shown for the Raptor codes as specified in S4-AHP205. 
· As we only show results for the simple PLR, the same software as provided in S4-AHP216 has been used. 
3 Results for UTRAN
3.1 Simulation Parameters

For the simulation parameters, the following UTRAN parameters have been used:
	UTRAN
	

	
	Bearer rates
	64kbit/s

	
	RLC PDU size
	640 bytes (for 64kbit/s),

	
	RLC BLER
	1%, 5%, 10%

	
	RLC block loss pattern
	Random

	
	ROHC
	No


The download delivery of three different files of size 100 kByte, 500 kByte, and 3MByte has been evaluated. In any case the percentage of users which were not able to receive the file correctly for different overheads has been evaluated. For 100 kByte file, the performance for 10000 users has been evaluated, for the other two files 1000 users have been tested.

A packet payload size of 512 bytes has been used resulting in an SDU size of 556 bytes. The recommended parameters according to S4-AHP205 have been used without considering any limitations in the working memory, i.e. only a single sub-block is used resulting in N=1. The following parameters have been used:

	
	100 kByte
	500 kByte
	3 MByte

	source symbol size T
	64
	256
	512

	source block length K
	1600
	2000
	6144

	symbols per packet G
	8
	2
	1


 Results for different file sizes are shown in the following.
3.2 Results for small-size file
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3.3 Results for medium-size file
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3.4 Results for large-size file
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4 Results for GERAN

4.1 Simulation Parameters

For GERAN, the same simulation parameters as proposed in S4-AHP215 have been used. The parameters are repeated for information.
	
	Low bit-rate
	Medium bit-rate
	High bit-rate

	Bearer rate
	28.8 kbit/s
	59.2 kbit/s
	118.4 kbit/s

	RLC PDU size
	36 bytes
	74 bytes
	74 bytes

	RLC PDU BLER
	0.1%
	0.5%
	1%

	RLC block loss pattern
	Random

	ROHC
	No


The same payload size of 512 bytes has been used resulting in an RLC-SDU length of 562 bytes assuming 50 bytes overhead. Therefore, the same code parameters as in the UTRAN case are also used in the GERAN case. 
4.2 Results for small-size file
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4.3 Results for medium-size file

[image: image13.emf]500 kB file, 0.1% PDU loss ratio

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 1% 1% 2% 2% 3% 3%

Transmission Overhead

Probability of unsuccessful decoding

Ideal Code CR

Raptor Code CR

Ideal Code PLR

Raptor Code PLR

500 kB file, 0.1% PDU loss ratio

0,00%

0,20%

0,40%

0,60%

0,80%

1,00%

1,20%

1,40%

1,60%

1,80%

2,00%

0,00% 0,50% 1,00% 1,50% 2,00% 2,50% 3,00%

Transmission Overhead

Probability of unsuccessful decoding

Ideal Code CR

Raptor Code CR

Ideal Code PLR

Raptor Code PLR


[image: image14.emf]500 kB file, 0.5% PDU loss ratio

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 1% 2% 3% 4% 5% 6% 7% 8%

Transmission Overhead

Probability of unsuccessful decoding

Ideal Code CR

Raptor Code CR

Ideal Code PLR

Raptor Code PLR

500 kB file, 0.5% PDU loss ratio

0,00%

0,20%

0,40%

0,60%

0,80%

1,00%

1,20%

1,40%

1,60%

1,80%

2,00%

0% 1% 2% 3% 4% 5% 6% 7% 8%

Transmission Overhead

Probability of unsuccessful decoding

Ideal Code CR

Raptor Code CR

Ideal Code PLR

Raptor Code PLR


[image: image15.emf]500 kB file, 1% PDU loss ratio

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 2% 4% 6% 8% 10% 12% 14%

Transmission Overhead

Probability of unsuccessful decoding

Ideal Code CR

Raptor Code CR

Ideal Code PLR

Raptor Code PLR

500 kB file, 1% PDU loss ratio

0,00%

0,20%

0,40%

0,60%

0,80%

1,00%

1,20%

1,40%

1,60%

1,80%

2,00%

0% 2% 4% 6% 8% 10% 12% 14%

Transmission Overhead

Probability of unsuccessful decoding

Ideal Code CR

Raptor Code CR

Ideal Code PLR

Raptor Code PLR


4.4 Results for large-size file
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5 Conclusions
From the results for all cases it observed that the simple PLR for practical codes provides the same excellent performance as for the ideal codes. Therefore, the excellent performance of the combination of the PLR and the Raptor codes is verified. Furthermore, it observed that the simple PLR only provides gains in case that the number of symbols per transmission packet is greater than one. The higher the number of symbols per packet is, the better the simple PLR performance as seen for the low-size file. One should take care in the selection of the parameters to exploit the potential of the simple PLR even in case that it is not mandated. An example is shown in the following figure for the GERAN download case of the medium-size file. Instead of using the recommended parameters T=256, K=2000, and G=2 we propose to use T=64, K=8000, and G=8. 
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It is observed that the alternative parameters do not harm the performance of the ideal code or the Raptor code, but the performance of the PLR is even increased. This might for example allow a GERAN receiver experiencing 1% RLC-PDU loss rate, but using the simple PLR, to participate successfully in a download session which has been originally designed for conventional receivers and an RLC-PDU loss rate of 0.5%. If the parameters are not adjusted, this user could still participate by using the advanced PLR. However, this would need a modified decoder. Therefore, it is reasonable to take into account the possible existence of simple PLRs in the recommended parameter sections.
6 Proposal

We propose to take into account that receivers might use the simple PLR. This should be addressed in the recommended parameter section. Parameters should be selected such that the symbol size is as short as possible under the constraint the source symbol length K can not exceed the maximum source symbol length of KMAX=8192.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� Contact Person: Thomas Stockhammer.





