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1.
Introduction

Consider the following scenario: A user is subscribed to an MBMS download of the top ten hits of the day. Soon after the download has started, the user wants to replay the hits immediately without waiting for the successful transmission of the whole file. This is a well known feature, but it has not been discussed so far for MBMS download.
To allow such a spontaneous replay, the transmission data rate may be adapted to the data rate of the media stream. More precisely, the transmission data rate must be equal to or larger than the data rate of the media stream including header overhead and FEC overhead if it is used. In this case the replay may start after a short buffering delay of a few seconds. When the transmission data rate is high enough, buffer underflow is prevented. In any case the data is stored in a local file of the UE. When the transmission data rate is higher than the replay rate (including overhead) the replay data will be fetched from the local storage instead from the input buffer.
Problems with such an early replay feature may arise in case of lost packets due to transmission errors or interruptions during cell changes. When an overall FEC protection of the whole file is applied, the repair of missing packets cannot be performed until the reception of the FEC parity packets at the end of the transmission session. As a result, the quality during early replay may be rather bad depending on the packet loss ratio and depending on the sensitivity of the multimedia application with respect to packet losses. It is well known that this sensitivity is quite high in case of video coding based on motion compensated temporal prediction.
In this contribution we investigate the performance gain for early replay by adding an FEC protection to small source blocks of the multimedia download file. 
2.
Inner and outer block FEC
For MBMS download services the content shall be transmitted to the user without any errors or data losses. An FEC could be used to recover lost data packets. If FEC fails or in case that no FEC is used, missing packets can be retransmitted over a ptp connection from a repair server to the client (ptp repair service).
To improve the quality for the early replay feature a small amount of FEC overhead is added to inner source blocks representing a short time (about 5s) of multimedia data as shown in Fig. 1. In the depicted example, the whole file is segmented into 800 data packets (Data_1 to Data_800). These packets are grouped in small source blocks of 40 packets. Each source block is protected by 2 parity packets. This way, overhead and delay are kept low and it’s possible to recover up to two lost packets within one block.
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Fig. 1: Adding inner and outer parities to source file data packets
Because this weak inner protection is not capable to recover all erasures, especially in case of burst erasures, an outer FEC and/or a ptp repair mechanism is still required. It is a question of an optimization procedure to find an optimal distribution of the parities.
An important requirement to allow early replay is that the source data remain unchanged during the outer coding process. Therefore, systematic codes must be used for outer block coding, otherwise it would not be possible to recover the data before the reception of the whole outer data blocks.
3.
Simulation examples
3.1
Short time FEC

As a first example we consider an MBMS download scenario with the following parameters as listed below. To get statistical representative results, 1000 simulations with different PDU error patterns but all with the same PDU loss ratio have been performed. 
Parameters:

· File size
3 MByte
· SDU size
556 bytes (512 bytes payload)

· number of SDUs
5860

· encoding block size
64 SDUs

· decoding delay
4.45 s

· Bearer bit rate (UTRAN)
64 kbps

· PDU size (RLC block length)
640 bytes

· PDU loss ratio 
1%

· Cell change interruption
none

Table 1 and Fig. 1 below show the results for short time FEC over an encoding block length of 64 packets. Without FEC nearly every second encoding block remains erroneous. With a weak RS FEC of 4 parity packets, the probability of erroneous blocks is reduced to about 4%.
	RS-Code
	# sims
	# symbols
	# blocks
	# erasures
	# err. blocks
	# succ. decodings
	overhead
	average # err. blocks
	average # erasures
	Proba-bility

	none
	1000
	5860
	92
	109888
	40000
	0
	0,00%
	40,00
	109,89
	43,48%

	(64, 61)
	1000
	5860
	97
	45854
	10187
	0
	4,92%
	10,19
	45,85
	10,50%

	(64, 60)
	1000
	5860
	98
	22074
	4081
	18
	6,67%
	4,08
	22,07
	4,16%

	(64, 58)
	1000
	5860
	102
	5550
	808
	461
	10,34%
	0,81
	5,55
	0,79%

	(64, 56)
	1000
	5860
	105
	915
	109
	895
	14,29%
	0,11
	0,92
	0,10%


Table 1: Simulation results of short time FEC for 1% PDU loss ratio
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Fig. 1: Histogram of the post recovery errors for RS(64,61) and RS (64,58)

According to the low overall error probability (no cell change loss, no congestion, etc.), only a slight FEC for overall protection is needed.
The second scenario is derived from the first one by adding cell change interruptions of 1s, where the cell change frequency is on an average 1 per minute and 3 per minute. To allow bridging the interruptions, encoding block size is increased to 150. Accordingly, decoding delay is increased to 10.4 s.
Parameters:

· File size
3 MByte

· SDU size
556 bytes (512 bytes payload)

· number of SDUs
5860

· encoding block size
64 SDUs

· decoding delay
10.4 s

· Bearer bit rate (UTRAN)
64 kbps

· PDU size (RLC block length)
640 bytes

· PDU loss ratio 
1%

· Cell change interruption
1s

· Cell change frequency
1 and 3 per minute

	RS-Code
	# sims
	# symbols
	# blocks
	# erasures
	# err. blocks
	# succ. decodings
	overhead
	average # err. blocks
	average # erasures
	Proba-bility

	none
	1000
	5860
	40
	210640
	30530
	0
	0,00%
	30,53
	210,64
	76,33%

	(150, 135)
	1000
	5860
	44
	89510
	4833
	3
	11,11%
	4,833
	89,51
	10,98%

	(150, 130)
	1000
	5860
	46
	31048
	1357
	251
	15,38%
	1,357
	31,048
	2,95%

	(150, 125)
	1000
	5860
	47
	15308
	569
	565
	20,00%
	0,569
	15,308
	1,21%


Table 2:
Results of short time FEC for 1% PDU loss ratio and one cell change interruption of 1s per minute
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Fig. 2: Histogram of the post recovery errors for RS(150,130) and RS (150,135), 

one cell change interruption of 1s per minute
	RS-Code
	# sims
	# symbols
	# blocks
	# erasures
	# err. blocks
	# succ. decodings
	overhead
	average # err. blocks
	average # erasures
	Proba-bility

	none
	1000
	5860
	40
	406901
	33348
	0
	0,00%
	33,348
	406,901
	83,37%

	(150, 135)
	1000
	5860
	44
	281319
	13252
	0
	11,11%
	13,252
	281,319
	30,12%

	(150, 130)
	1000
	5860
	46
	158107
	6013
	2
	15,38%
	6,013
	158,107
	13,07%

	(150, 125)
	1000
	5860
	47
	118465
	4147
	19
	20,00%
	4,147
	118,465
	8,82%


Table 3:
Results of short time FEC for 1% PDU loss ratio and three cell change interruptions of 1s per minute
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Fig. 3: Histogram of the post recovery errors for RS(150,130) and RS (150,135), 

three cell change interruptions of 1s per minute
3.2 
Overall FEC
For the FEC for overall protection we add further parity symbols as indicated in Fig. 1. For our simulations we consider a protection of the whole set of source symbols which are available after the recovery of short time FEC decoding. With Raptor codes a reception overhead of 1% is expected for a 3MByte file [2]. This means, we check here, whether the number of correctly received and recovered source packets plus the number of correctly received parity packets exceeds 1.01 times the number of source packets.
The next diagram shows the percentage of successful reconstruction as a function of total overhead, i.e. the FEC overhead for the inner short time FEC plus the overhead for overall FEC. Although the latter overhead can be reduced when short time FEC is provided, the saving is not very big because a protection of the whole file at once is much more efficient than a two stage protection. It has to be decided by the operator, how much additional transmission cost shall be spent for this early replay feature.
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Fig. 4: Histogram of the post recovery errors for RS(150,130) and RS (150,135), 

three cell change interruptions of 1s per minute
4.
Conclusion

Early replay during download is an attractive feature for MBMS download services. To offer an acceptable quality for this feature it is necessary to provide additional FEC protection over subblocks of source packets corresponding to a replay time of some seconds (e.g. 5 to 10s). In case this feature is supported, the overall FEC codes must be systematic. 

We propose to adopt this feature for MBMS download services and to allow an optional FEC protection over subblocks of source packets in addition to an overall FEC protection and/or to a ptp repair service. In case an overall FEC protection is provided, these codes shall be systematic.
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