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1.
Introduction

In [1] a method for IP packet recovery by outer coding at the BM-SC is described. First simulations of this scheme have been performed for a download-and-play service over GERAN A/Gb mode and the results are presented in this document.

2.
Simulation Scenario

For the first simulations we consider a download-and-play service for a large group of users (e.g. the football goal multicast service). For sake of simplicity we restrict ourselves on the situation that the content data is segmented in media packets of equal length. For the simulation we adopt for each media packet a header of 40 octets (e.g. RTP/UDP/IP) and a trailer of 3 octets for the address and signalling field (AS-field). In cases where such equal length segmentation is possible, it has been shown that it is most efficient to perform a mapping of one packet onto one SDU [2] (in our case for GERAN an SNDCP SDU, see Fig. 1). 
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Fig 1: Transmission of MBMS SDUs across several protocol layers for GERAN A/Gb mode.

In the SNDCP layer the unacknowledged mode is used requiring 4 octets in the SNDCP header [3]. For the LLC layer two different modes are possible, as defined in TS 44.064 [4]: protected mode and unprotected mode. In protected mode the LLC header and the entire payload are protected by a 3-octet frame check sequence (FCS). In unprotected mode, only the LLC header and the first 4 octets of the payload are protected by the FCS. This way, the SNDCP header is included in the protection. LLC frames that fail the FCS are discarded by the LLC layer and will not be forwarded to the application level. Note that in unprotected mode it is possible that erroneous frames are delivered to the higher layers even if they contain errors in the information field, provided that the LLC header and first octet of the payload are valid. Unprotected mode is used to support applications that can tolerate bit errors. 

The different protocol layers and the segmentation into RLC data blocks are shown in Fig. 1. For these simulations we consider only the protected mode, i.e. in case of an RLC data block error, the entire LLC frame is discarded.

3.
Simulation Results

3.1
Block Error Rates and Frame Error Rates without Outer Coding at BM-SC
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For the simulations we use MCS-1 error pattern with single transmission [5] for the TU-3 iFH scenario. Fig. 2 shows the BLER and the FER for different LLC frame lengths, RLC data block length is always 22 octets (MCS-1 without header). 

Fig. 2: BLER for MCS-1, TU-3 iFH and FER for different frame lengths

Obviously, the frame loss probability increases with increasing frame length. On the other hand, the frame length should be kept small in order to get not too much header overhead. Form our simulations we conclude that about 300 to 400 octets LLC length corresponding to about 250 to 350 octets payload length for the media data would be a good compromise for BLERs in the range of 1%.

We continue simulations where the BLER is in this range of 1% (C/I = 11 dB). For lower C/I the BLER and correspondingly the FER is too high, so that outer coding doesn’t make sense. For lower C/I an improved protection on RLC has to be used (e.g. repetition with IR [5]) in order to keep the BLER low enough. It should be already mentioned here that error protection on different layers and selection of packet lengths (if possible) have to be tuned together in order to keep the overall overhead low.
We consider now a media content with a data volume of 40000 octets (e.g. corresponding to 5 s of 64 kbit/s video), which shall be transmitted over GERAN A/Gb mode. Tab. 1 shows the number of packet erasures for different packet lengths and different C/I values without any outer coding.
	C/I [dB]
	frame-length
	BLER
	FER-media
	# erasures

	11
	300
	1,33E-02
	2,08E-01
	32

	11
	400
	1,33E-02
	2,68E-01
	30

	11
	500
	1,33E-02
	2,99E-01
	26

	11
	600
	1,33E-02
	3,47E-01
	25

	13
	300
	3,11E-03
	4,55E-02
	7

	13
	400
	3,11E-03
	6,25E-02
	7

	13
	500
	3,11E-03
	6,90E-02
	6

	13
	600
	3,11E-03
	8,33E-02
	6

	15
	300
	5,90E-04
	1,30E-02
	2

	15
	400
	5,90E-04
	1,79E-02
	2

	15
	500
	5,90E-04
	2,30E-02
	2

	15
	600
	5,90E-04
	2,78E-02
	2


Tab. 1: BLERs, FERs and number of erasures for different C/I values and different frame lengths for a single simulation.

As a single simulation does not have statistical relevance, the simulations are repeated using the same error pattern but at different entry points. Tab. 2 shows the results of 10000 simulations for each C/I value at a frame length of 300 octets. 

	C/I = 11 dB
	C/I = 13 dB
	C/I = 15 dB

	BLER = 1.33 %
	BLER = 0.31 %
	BLER = 5.9e-004

	# of packets lost within the message
	relative frequency
	# of packets lost within the message
	relative frequency
	# of packets lost within the message
	relative frequency

	0
	0,00%
	0
	0,07%
	0
	27,33%

	< 20
	2,49%
	1
	0,83%
	1
	33,08%

	20
	2,46%
	2
	1,93%
	2
	22,06%

	21
	3,50%
	3
	4,25%
	3
	12,11%

	22
	4,53%
	4
	10,11%
	4
	4,52%

	23
	5,98%
	5
	16,15%
	5
	0,79%

	24
	6,56%
	6
	16,00%
	6
	0,11%

	25
	6,43%
	7
	12,83%
	7
	0,00%

	26
	6,31%
	8
	10,33%
	8
	0,00%

	27
	6,03%
	9
	8,62%
	9
	0,00%

	28
	6,43%
	10
	5,10%
	10
	0,00%

	29
	6,66%
	11
	4,95%
	 
	 

	30
	6,77%
	12
	3,22%
	 
	 

	31
	5,67%
	13
	2,32%
	 
	 

	32
	5,41%
	14
	1,67%
	 
	 

	33
	5,19%
	15
	0,83%
	 
	 

	34
	4,16%
	16
	0,48%
	 
	 

	35
	3,70%
	17
	0,26%
	 
	 

	36
	2,98%
	18
	0,05%
	 
	 

	37
	2,29%
	19
	0,00%
	 
	 

	38
	1,67%
	20
	0,00%
	 
	 

	39
	1,19%
	 
	 
	 
	 

	40
	0,85%
	 
	 
	 
	 

	> 40
	1,14%
	 
	 
	 
	 


Tab. 2: Frame erasure frequency distribution for different C/I values (10000 simulations).

These simulation results justify the use of outer coding: even when the BLER is far below 1e-003, there are only 27% of the UEs, which receives the message of 40 kbyte without errors. 

3.2
Simulations with FEC-coding at the BM-SC

From the frequency distribution of erasures we can get an estimate for the number of RS packets required for erasure correction. We use now 60 RS packets which results in a total overhead of 73 % for headers (RTP/UDP/IP: 40 octets, SNDCP: 4 octets, and LLC: 3 octets), trailers (AS field: 3 octets, LLC FCS: 3 octets), and RS-data including headers and trailers. Note, that even without outer FEC 20% the remaining headers and trailers cover 20% overhead.

We perform again 10000 simulations on the same error pattern file but each time with a different entry point. This is performed for C/I = 11 dB (1.3 % BLER) and C/I = 13 dB (0.3 % BLER). Tab. 3 shows the frequency distribution of the maximum number of erasures (media data packets and RS packets) in the columns of the reconstruction matrix [1]. In contrast to Tab. 2, absolute frequency is used for 10000 simulations. We observe that only once the number of erasures exceeds the error correcting capability of 60 erasures in case of 11 dB C/I. As expected, all erasures can be reconstructed in case of 13 dB C/I. 

	C/I = 11 dB
	C/I = 13 dB

	BLER = 1.33 %
	BLER = 0.31 %

	max. number of erasures in reconstr. matrix
	absolute frequency
	max. number of erasures in reconstr. matrix
	absolute frequency

	0
	0
	0
	0

	< 40
	4338
	1
	0

	40
	506
	2
	42

	41
	557
	3
	72

	42
	552
	4
	121

	43
	549
	5
	222

	44
	490
	6
	517

	45
	430
	7
	1243

	46
	362
	8
	1368

	47
	333
	9
	1368

	48
	311
	10
	1179

	49
	332
	11
	909

	50
	266
	12
	728

	51
	248
	13
	547

	52
	208
	14
	398

	53
	167
	15
	272

	54
	126
	16
	211

	55
	70
	17
	225

	56
	71
	18
	189

	57
	26
	19
	187

	58
	35
	20
	120

	59
	13
	21
	62

	60
	9
	22
	16

	61
	1
	23
	2

	62
	0
	24
	2


Tab. 3:
Frequency distribution of the maximum number of erasures in the columns of the reconstruction matrix

From the simulation results we can also estimate the reconstruction probability in case of an additional packet loss during cell reselection. An interruption of 2 s corresponds roughly to a loss of 8 LLC frames of length 300 octets. Taking the figures of Tab. 3 we conclude that there is still a reconstruction probability of about 95% provided that the BLER in both cells are in the range of 1%..

4.
Conclusion

These first simulation results show, that the probability of error free reception of MBMS data without retransmission is substantially improved with reasonable additional effort for outer FEC. However, a prerequisite is a BLER not exceeding the range of 1%. It has still to be investigated, how to distribute the redundancy for error correction among the different layers to achieve the best behaviour – or the other way around, how to tune the redundancy on the different layers to minimize the total amount of overhead.
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