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Outer coding in the BM-SC for MBMS

1 Introduction

At GERAN#16, a proposal to introduce outer coding in the BM-SC was presented by Siemens [1]. In this document the proposal is further refined. The purpose of the contribution is to discuss the proposal with experts from SA4 and other groups, and to request their opinion about whether such an arrangement is feasible for MBMS.

Please note that this is a Siemens proposal, and it is not necessarily endorsed by TSG GERAN and/or by the companies that participate in this group.

2 Reed-Solomon coding

Reed Solomon codes are non-binary codes and are particularly useful in correcting burst errors. The codes are defined by the following

(n, k) = (2m – 1, 2m – 1 – 2t)

where m is the number of bits per symbols; the block size is n symbols, with k systematic symbols and n–k parity symbols. t is the symbol error correcting capability of the code. For example a code constructed using 8-bit symbols and capable of correcting 10 symbols will have n = 255, t = 10 and k = 235. Reed-Solomon codes are used in many applications because of their good properties: they have the largest possible minimum distance of any other code of the same rate and block length, namely

dmin = n – k + 1.

Reed-Solomon codes can correct both symbol errors and erasures. An erasure occurs when the location of an error is known. A Reed-Solomon code with 2t parity symbols is capable of correcting s erroneous symbols and r erased symbols provided that the following condition is met [3]:

2s + r ≤ 2t
Correcting only erasures (i.e. when the position of all the errors is known) is preferable because the decoding algorithm has a lower complexity than in the case in which the code is attempting to correct both errors and erasures [4]
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[6].

Reed-Solomon codes can be shortened while still maintaining the error correcting properties of the code. For example, a (255,230) code could be shortened to a (200,175) code. To achieve this, 55 dummy symbols (equal to zero) are appended in the transmitter at the end of 175 information symbols before encoding. Of the 255 symbols generated by the encoder, only the first 175 systematic symbols and the 25 parity symbols are transmitted; the 55 dummy symbols are discarded. At the receiver, the 55 dummy symbols are then reinserted into the received block before decoding. While the properties of the code remain unchanged, shortening the code allows the block size to remain independent of the code size (n), which is a restriction imposed by m.

Proposals for the use of outer coding with Reed-Solomon coding have been made also in other 3GPP working groups. For example, in RAN1 and RAN2, the focus has been mainly the study of outer coding in the UTRAN, i.e. as part of the MBMS Bearer Service (see [6], [7], [8] and [9]). In this contribution, the possibility to use outer coding in the BM-SC, i.e. as part of the MBMS User Service, is investigated.

One reason why the use of outer coding in the BM-SC is considered useful is to recover data lost during interruptions in the reception of MBMS data due to cell reselections. A similar proposal has been presented in [5] for the UTRAN. As stated in [9], in the UTRAN the transmission timing of different cells is not expected to drift more than 100 ms. This means that during cell reselection a maximum of 10 radio frame’s worth of data will be lost, which corresponds to 10 PDUs if the TTI is 10 ms. This makes the use of outer coding in the UTRAN feasible for this purpose. In the case of the GERAN, on the other hand, the interruption time could be up to 1 to 2 seconds
, and therefore the use of outer coding in the GERAN is not suitable for this purpose. Also, having outer code as part of the User Service may be helpful in the case of cell reselection from 2G to 3G or vice versa (although in this case a “loose synchronisation” between the MBMS service in the two systems may not be guaranteed).

The standardisation of the technique discussed in the document is outside the scope of TSG GERAN. However, the decision about whether to incorporate outer coding in the BM-SC will have an impact on the SDU error rate required from the Radio Access Network, and will therefore have an impact on the design of the MBMS Bearer Service and the QoS that it should provide. Having error detection and correction mechanisms in the BM-SC would mean that a higher SDU error ratio may be tolerated over the MBMS Bearer Service.

It is worth noting that this technique is suitable for “download and play” services, but is considered not to be suitable for streaming services due to the delay introduced by the decoding operation.

3 Proposal for outer coding in the BM-SC

As described in [1], in this analysis the outer RS coding is applied to a sequence of RTP packets as shown in Figure 1. A buffer holds k codec packets and the RS code is applied column-wise to generate 2t parity packets. The parity packets are then transmitted in addition to the k systematic symbol packets.
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Figure 1: Outer coding applied at the BM-SC.

The outer coding is applied between the codec (or information source) and the RTP protocol layer as depicted in Figure 2.
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Figure 2: Outer coding applied between the codec and RTP protocol

The packets from the outer coding unit are forwarded to the RTP protocol layer, which appends the header including the RTP sequence number. The RTP sequence number contained in the RTP header (see Annex B) is incremented by one for every packet delivered to the RTP protocol unit (including parity blocks). The UDP/IP header is then attached to the packet to form the MBMS SDU
. SDUs are transmitted by the BM-SC to the GPRS network over the Gi interface. After being routed through the core network, the packets are sent to the GERAN over LLC frames. It is assumed that each RTP packet is transmitted over one SNDCP PDU, which in turn is contained in one LLC frame
.

At the receiver, the RTP sequence numbers are used to identify which packets have been lost during cell-reselection or discarded due to errors, and to place each packet at the correct position in the buffer before decoding. Note that the reason for performing outer coding on the RTP payload is that no sequence numbers are contained in the IP and UDP headers, and therefore it would not be possible to know the correct location within the buffer of a received packet.

As the UDP checksum is used to protect both the header and payload, erroneous RTP packets will be discarded at the UDP protocol layer. This will ensure that no errors are present in the RTP headers.

At the application layer on the receiving side, the RTP sequence number field is used to reconstruct the outer coding buffer containing n frames by placing each packet in the correct position in the buffer. Service data units that have been discarded either at the LLC layer or by the UDP checksum (see Annex B) are not delivered to the RTP layer or outer coding unit. The missing packets (which have either been discarded due to bit errors or lost during cell-reselection) are marked as erased.

It should be noted that a similar proposal already exists in the IETF for a forward error correction scheme for the RTP protocol, see RFC 2733 [11]. In this RFC, FEC frames (parity frames) are generated by XOR operation between a sequence of RTP frames. One possibility could be to extend this technique to include Reed-Solomon coding. In the proposal contained in [11], however, the RTP header is encoded as well. This would be equivalent to have the encoding after the RTP protocol in Figure 2, rather than before.

4 SDU transmission

Figure 3 shows what happens to the RTP/UDP/IP packets as they flow through the protocol layers when transmitted over GERAN A/Gb mode
.
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Figure 3: Transmission of MBMS SDUs across several protocol layers for GERAN A/Gb mode.

In the present contribution, it is assumed that for MBMS unacknowledged mode will be used in all layers of the protocol architecture. A brief description of the operation in each layer is given below.

RLC/MAC layer. The RLC/MAC layer will operate in unacknowledged mode. TS 44.060 [12] states:

During RLC unacknowledged mode operation, received upper layer PDUs shall be delivered to the higher layer in the order in which they are received. Fill bits having the value ‘0’ shall be substituted for RLC data units not received. However, in EGPRS TBF mode, for erroneous RLC data blocks for which the header is correctly received, the output from decoder shall be delivered to the higher layer.

Some fields in the RLC/MAC header are used to signal whether an RLC/MAC contains the first octets of a new LLC PDU, see subclauses 10.4.13, 10.4.14 and 10.4.14a of TS 44.060. This is particularly useful to determine the starting point of an LLC PDU after cell reselection.

LLC layer. When the LLC layer operates in unacknowledged mode, two different modes are possible, as defined in TS 44.064 [13]: protected mode and unprotected mode. In protected mode the LLC header and payload are protected by a 24-bit frame check sequence (FCS). In unprotected mode, only the LLC header and the first octet of the payload are protected by the FCS. 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.

SNDCP layer. Unacknowledged operation will be used in the SNDCP layer, see TS 44.065 [14]. As stated in section 3, it is assumed that no segmentation of RTP packets for MBMS data transmission is performed.

5 Performance estimation

With the method described in the previous sections, the performance of the outer code is characterised by the RS erasure decoding performance (i.e. the receiver knows the location of all errors and therefore up to 2t symbols can be recovered), which for a Reed-Solomon code (n, k) is approximately given by the following equation
 [2]:
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where PE is the symbol error probability after decoding and p is the symbol error probability before decoding. In our case the symbol error rate after decoding determines the error rate for application frames and hence


PE = FERapplication
The probability of the symbol error before decoding is equal to the inner code FER, which in our case is the SDU error rate:


p = FERSDU
Figure 4 shows the erasure correcting performance of an RS code with m = 8 for various values of t. The outer code FER refers to the RTP payload erasure rate after RS decoding. The inner code FER refers to the FER of the RTP/UDP/IP packets.
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Figure 4: Outer code FER vs Inner code FER for RS(255, 255-2t) for t = 8, 16, 24, 32, 40, 48, 56, 64.

For example, with t = 16 and a required FER of 10-2 after decoding, the FER of the RTP/UDP/IP packets will need to be approximately 0.1 (10%).

With MCS-1 carrying a payload of 22 octets, 23 RLC/MAC blocks are required to transport an LLC frame of approximately 500 octets. The BLER required to reach the inner code FER is given by
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Table 1 summarises the required inner code BLER, the C/I required and the achievable throughput when using MCS-1 for different values of t. (Annex A contains the BLER performance curve for MCS-1).

	t
	k=n-2t
	k/n
	Inner code FER
	Inner BLER (MCS-1)
	C/I required (dB) (MCS-1)
	Throughput (kbps)
	Max. interruption at cell reselection tolerable (s)

	8
	239
	0.94
	0.049
	0.0022
	13.27
	8.17
	7.36

	16
	223
	0.87
	0.097
	0.0044
	12.93
	7.62
	14.72

	24
	207
	0.81
	0.154
	0.0072
	12.51
	7.07
	22.08

	32
	191
	0.75
	0.208
	0.010
	12.09
	6.53
	29.44

	40
	175
	0.69
	0.265
	0.013
	11.62
	5.98
	36.8

	48
	159
	0.62
	0.320
	0.017
	11.12
	5.43
	44.16

	56
	143
	0.56
	0.375
	0.020
	10.85
	4.89
	51.52

	64
	127
	0.50
	0.440
	0.025
	10.61
	4.34
	58.88


Table 1: Outer coding performance for target FER of 10-2.

The C/I required and achievable throughput for target error rate of 10-3 is summarised in Table 2.

	t
	k=n-2t
	k/n
	Inner code FER
	Inner BLER (MCS-1)
	C/I required (dB) (MCS-1)

	Throughput (kbps)
	Max. interruption at cell reselection tolerable (s)

	8
	239
	0.94
	0.035
	0.0015
	13.36
	8.24
	7.36

	16
	223
	0.87
	0.084
	0.0038
	13.03
	7.69
	14.72

	24
	207
	0.81
	0.134
	0.0062
	12.67
	7.14
	22.08

	32
	191
	0.75
	0.185
	0.0089
	12.28
	6.58
	29.44

	40
	175
	0.69
	0.242
	0.012
	11.81
	6.03
	36.8

	48
	159
	0.62
	0.297
	0.015
	11.33
	5.48
	44.16

	56
	143
	0.56
	0.355
	0.019
	10.92
	4.93
	51.52

	64
	127
	0.50
	0.410
	0.023
	10.73
	4.38
	58.88


Table 2: Outer coding performance for target FER of 10-3.

In both cases, a minimum C/I of 10.6dB will be required with a throughput of around 4.4kbps.

As mentioned in section 2, one situation where it would be useful to have outer coding at the BM-SC is to recover from packet loss at cell reselection. By placing the outer coding at the BM-SC, synchronisation at cell-reselection could be maintained at the application level using RTP sequence numbers. Furthermore, if the code type and parameters are signalled to the mobile (e.g. downloaded with the codec software), the coding could be flexible depending upon the type of traffic being distributed and not restricted by standardised schemes. The maximum interruption tolerable at cell reselection is also included in the tables above
.

A possible problem with this approach is if the codec relies upon the RTP sequence numbers to decode the content
. In this case it may be necessary to change the sequence numbers of packets containing systematic symbols, when the parity frames are discarded in the outer coding unit.

6 Open issues

There are some open issues with the present proposal that will require further consideration. The first one is that the analysis carried out in the paper is valid for GERAN A/Gb mode. For the UTRAN and for GERAN Iu mode the protocol stacks are different, so it needs to be considered how the solution is affected.

The second issue is that the approach described in the document is valid only if the frames produced by the application are of fixed size. For many codecs, this assumption is not valid. In case the frames have different sizes, one possibility could be to set the length of the RS packets to the maximum length of the application data packets and pad those that are shorter, but this is not very efficient. Alternatively, other schemes could be used. Siemens is currently investigating alternative schemes, which may be presented at future meetings.

7 Conclusions

In this contribution, Siemens has presented a proposal to introduce outer coding in the BM-SC. The purpose of the contribution is to discuss the proposal with the experts from SA4 and other working groups, and to request their opinion about whether such an arrangement is feasible for MBMS. We would like to remark that the scheme presented in the paper is only one initial proposal, and that alternative solutions are possible. These are under investigation, and contributions may be presented in the relevant working groups if this technique is considered of interest.

It is worth noting that other techniques to recover data lost during cell reselection are under discussion in TSG GERAN. One example is to let the MS request the missing data frames from the BM-SC using normal p-t-p connections (i.e. GPRS bearers) after the end of the multicast transmission, as described in [15].
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9 Annex A – Link layer performance
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Figure A: MCS-1 BLER, RBER, co-channel interference performance, TU50iFH.

10 Annex B – Protocol headers

For MBMS applications, the RTP/UDP/IP header will be 40 octets, as shown in the following subsections.

10.1 IP header

For MBMS applications, the IP header is 20 octets long.
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Figure 5: IP header fields

The header checksum covers only the integrity of the header.

10.2 UDP header

For MBMS applications, the UDP header is 8 octets long.
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Figure 6: UDP header fields

The “UDP checksum” contained in the header covers the integrity of both the UDP header and the payload.

10.3 RTP header

For MBMS applications, the RTP header is 12 octets long.
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Figure 7: RTP header fields

The first twelve octets are present in every RTP packet, while the list of CSRC identifiers is present only when inserted by a mixer (see [10]). This field will not be used for MBMS. For a detailed explanation of the header fields, see section 5.1 of [10].

� The actual value of the interruption time will depend on many factors, including the notification procedure. This is currently under discussion in TSG GERAN. Also, methods to reduce the interruption time are currently under investigation.


� In this paper, a service data unit (SDU) is considered to be a complete RTP/UDP/IP packet.


� An open question is whether or not RTP packet concatenation could be performed at the LLC layer. If RTP packet concatenation is performed then a reduction in LLC header overhead is possible, leading to a performance improvement. For Release 5, concatenation of RTP packets is not possible at either the SNDCP or LLC layers.


� Only A/Gb mode has been considered in this paper. For Iu mode, the SNDCP and LLC protocols are not used, and they are substituted by the PDCP protocol in the RAN.


� This formula is valid for an AWGN channel, so the analysis in this section should be considered as approximate. Simulation results will be needed to assess the performance of this technique in a realistic scenario.


� A higher C/I here will be required in order to meet the SDU target FER when both packet loss due to errors and due to cell-reselection are considered.


� This estimate only considers packets lost during the cell-reselection. A full analysis should consider both packets lost at cell-reselection and those discarded due to packet errors.


� Note that codecs such as MPEG-4 have their own sequence numbers and timestamps and hence do not necessarily need to rely upon the RTP sequence numbers.
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								32		64		0.0064728532		9.8099946927						0.0460082036						6.2881153388

								48		96		0.013151568		7.8748024471						0.0924768208						4.9796330681

								64		128		0.0196831524		7.4230360839						0.137921747						3.7782692373

								1		2

								1		2

								1		2

								MCS-1								MCS-2								MCS-3

								C/I		BLER		RBER				C/I		BLER		RBER				C/I		BLER		RBER

								5		0.2930893245		0.0728953793				5		0.4226686143		0.1402813705				5		0.4571934502		0.0728953793

								7		0.1415989393		0.0289734359				7		0.2344228815		0.0696626514				7		0.3447466066		0.0289734359

								9		0.0557660649		0.0092682982				9		0.1084675923		0.0285759054				9		0.2475996349		0.0092682982

								11		0.0174333159		0.0023659197				11		0.0401337739		0.0097306085				11		0.167532859		0.0023659197

								13		0.0039667059		0.0004304275				13		0.0121338885		0.0025317452				13		0.1077000736		0.0004304275





Coding at the BM-SC

		



MCS-1

MCS-2

MCS-3

C/Ic (dB)

BLER



RS code performance

		



BLER

RBER

C/Ic (dB)

BLER



		

				m=8

				t=8								t=16								t=32								t=64								t=58

				Ps		BER		Pe				Ps		BER		Pe				Ps		BER		Pe				Ps		BER		Pe				Ps		BER		Pe

				1.00E+00		1.00E+00		1.00E+00				1.00E+00		1.00E+00		1.00E+00				1		1		1.00E+00				1.00E+00		1.00E+00		1.00E+00				1.00E+00		1.00E+00		1.00E+00

				9.50E-01		3.12E-01		9.50E-01				9.50E-01		3.12E-01		9.50E-01				0.95		0.3123		9.50E-01				9.50E-01		3.12E-01		9.50E-01				9.50E-01		3.12E-01		9.50E-01

				9.00E-01		2.50E-01		9.00E-01				9.00E-01		2.50E-01		9.00E-01				0.9		0.2501		9.00E-01				9.00E-01		2.50E-01		9.00E-01				9.00E-01		2.50E-01		9.00E-01

				8.50E-01		2.11E-01		8.50E-01				8.50E-01		2.11E-01		8.50E-01				0.85		0.2111		8.50E-01				8.50E-01		2.11E-01		8.50E-01				8.50E-01		2.11E-01		8.50E-01

				8.00E-01		1.82E-01		8.00E-01				8.00E-01		1.82E-01		8.00E-01				0.8		0.1822		8.00E-01				8.00E-01		1.82E-01		8.00E-01				8.00E-01		1.82E-01		8.00E-01

				7.50E-01		1.59E-01		7.50E-01				7.50E-01		1.59E-01		7.50E-01				0.75		0.1591		7.50E-01				7.50E-01		1.59E-01		7.50E-01				7.50E-01		1.59E-01		7.50E-01

				7.00E-01		1.40E-01		7.00E-01				7.00E-01		1.40E-01		7.00E-01				0.7		0.1397		7.00E-01				7.00E-01		1.40E-01		7.00E-01				7.00E-01		1.40E-01		7.00E-01

				6.50E-01		1.23E-01		6.50E-01				6.50E-01		1.23E-01		6.50E-01				0.65		0.123		6.50E-01				6.50E-01		1.23E-01		6.50E-01				6.50E-01		1.23E-01		6.50E-01

				6.00E-01		1.08E-01		6.00E-01				6.00E-01		1.08E-01		6.00E-01				0.6		0.1082		6.00E-01				6.00E-01		1.08E-01		6.00E-01				6.00E-01		1.08E-01		6.00E-01

				5.50E-01		9.50E-02		5.50E-01				5.50E-01		9.50E-02		5.50E-01				0.55		0.095		5.50E-01				5.50E-01		9.50E-02		5.50E-01				5.50E-01		9.50E-02		5.50E-01

				5.00E-01		8.30E-02		5.00E-01				5.00E-01		8.30E-02		5.00E-01				0.5		0.083		5.00E-01				5.00E-01		8.30E-02		5.00E-01				5.00E-01		8.30E-02		5.00E-01

				4.50E-01		7.20E-02		4.50E-01				4.50E-01		7.20E-02		4.50E-01				0.45		0.072		4.50E-01				4.50E-01		7.20E-02		4.50E-01				4.50E-01		7.20E-02		4.50E-01

				4.00E-01		6.19E-02		4.00E-01				4.00E-01		6.19E-02		4.00E-01				0.4		0.0619		4.00E-01				4.00E-01		6.19E-02		4.00E-01				4.00E-01		6.19E-02		4.00E-01

				3.50E-01		5.24E-02		3.50E-01				3.50E-01		5.24E-02		3.50E-01				0.35		0.0524		3.50E-01				3.50E-01		5.24E-02		3.50E-01				3.50E-01		5.24E-02		3.50E-01

				3.00E-01		4.36E-02		3.00E-01				3.00E-01		4.36E-02		3.00E-01				0.3		0.0436		3.00E-01				3.00E-01		4.36E-02		2.88E-01				3.00E-01		4.36E-02		3.00E-01

				2.50E-01		3.53E-02		2.50E-01				2.50E-01		3.53E-02		2.50E-01				0.25		0.0353		2.50E-01				2.50E-01		3.53E-02		1.24E-01				2.50E-01		3.53E-02		2.48E-01

				2.00E-01		2.75E-02		2.00E-01				2.00E-01		2.75E-02		2.00E-01				0.2		0.0275		2.00E-01				2.00E-01		2.75E-02		5.10E-03				2.00E-01		2.75E-02		1.39E-01

				1.90E-01		2.60E-02		1.90E-01				1.90E-01		2.60E-02		1.90E-01				0.19		0.026		1.90E-01				1.90E-01		2.60E-02		1.70E-03				1.90E-01		2.60E-02		1.03E-01

				1.70E-01		2.30E-02		1.70E-01				1.70E-01		2.30E-02		1.70E-01				0.17		0.023		1.66E-01				1.70E-01		2.30E-02		1.03E-04				1.70E-01		2.30E-02		3.95E-02

				1.50E-01		2.01E-02		1.50E-01				1.50E-01		2.01E-02		1.50E-01				0.15		0.0201		1.32E-01				1.50E-01		2.01E-02		2.35E-06				1.50E-01		2.01E-02		7.88E-03

				1.30E-01		1.73E-02		1.30E-01				1.30E-01		1.73E-02		1.30E-01				0.13		0.0173		7.84E-02				1.30E-01		1.73E-02		1.54E-08				1.30E-01		1.73E-02		6.40E-04

				1.10E-01		1.45E-02		1.10E-01				1.10E-01		1.45E-02		1.10E-01				0.11		0.0145		2.57E-02				1.10E-01		1.45E-02		1.98E-11				1.10E-01		1.45E-02		1.54E-05

				1.00E-01		1.31E-02		1.00E-01				1.00E-01		1.31E-02		9.86E-02				0.1		0.0131		1.04E-02				1.00E-01		1.31E-02		3.19E-13				1.00E-01		1.31E-02		1.31E-06

				7.00E-02		9.03E-03		6.98E-02				7.00E-02		9.03E-03		4.93E-02				0.07		0.009		6.82E-05				7.00E-02		9.03E-03		1.20E-20				7.00E-02		9.03E-03		2.27E-11

				5.00E-02		6.39E-03		4.71E-02				5.00E-02		6.39E-03		1.03E-02				0.05		0.0064		9.02E-08				5.00E-02		6.39E-03		2.00E-28				5.00E-02		6.39E-03		1.11E-16

				3.00E-02		3.80E-03		1.48E-02				3.00E-02		3.80E-03		1.39E-04				0.03		0.0038		3.61E-13				3.00E-02		3.80E-03		3.71E-41				3.00E-02		3.80E-03		9.79E-26

				1.00E-03		1.25E-04		3.09E-13				1.00E-03		1.25E-04		7.08E-27				0.001		0.0001		3.59E-59				1.00E-03		1.25E-04		8.87E-135				1.00E-03		1.25E-04		1.54E-95

				For SDU FER = 10^-2						Pe = 2x 10^-5						For SUD FER = 10^-3						Pe = 2 x 10 ^-6

				t		Ps		RBER								t		Ps		RBER

				8		0.0010391177		0.000130								8		0.0010039118		0.0001255505

				16		0.0051630366		0.0006526273								16		0.0014163037		0.000177812

				32		0.0558424407		0.0071595173								32		0.0505604096		0.0064728532

				64		0.1535031509		0.0206199931								64		0.1470081429		0.0196831524

				48		0.1101483314		0.0144818821								48		0.1004925802		0.013151568






