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Further simulations and considerations on MBMS channel coding schemes

1 Introduction

At the MBMS Adhoc and GERAN #15 performance results for potential MBMS channel coding schemes with ideal incremental redundancy were presented. With ideal IR the payloads of all retransmissions are combined and the header assumed to be error free, producing lower bounds for the MBMS coding scheme block erasure performance. In this paper more realistic decoding algorithms have been used to produce new simulation results.

2 Simulation model

The same simulation approach was adopted as used in [1]. The simulation parameters are provided in Table 1.

	Radio channel profile
	TU3nFH, TU50iFH

	Channel variation during burst
	Dynamic

	Channel taps
	6

	Frequency
	900MHz

	No. of frames simulated per point
	50000 or 250000

	Interferer
	Cochannel. GMSK.

	RF impairments modelled
	None.


Table 1: Simulation parameters.

As before, schemes are consider in which a block is repeated a predefined number of times. In the investigation and simulations, two possible decoding algorithms are considered. In the first case, soft bit combining of the payloads is only performed with blocks for which the header has been successfully decoded. However, an improvement can be made since the repetition sequence and hence redundancy version is known a priori. The approach is to decode at least one header out of the k repetitions of a particular block
, as shown in Figure 1 and previously presented in [1].
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Figure 1: MBMS bearer with 3 transmissions (and 3 redundancy versions) per transport block with some header losses.

If at least one header, out the k repetitions of each block is successfully decoded, then all k redundancy versions are soft combined before decoding. Otherwise, if all k headers are found to be in error, then all the redundancy versions will be discarded without attempting to decode the soft combined payloads, and this will be counted as a block error. The two algorithms used in the simulation are summarised below:

1) Algorithm 1: Soft bit combining of repetitions is only performed with blocks with valid headers (i.e. blocks for which the header has been successfully decoded). 

2) Algorithm 2: Soft bit combining is performed on all the repetitions of an RLC/MAC block, provided that at least the header of one of the repetitions is successfully decoded.

The following table summarises the parameters of MCS-1, MCS-3 and the MBMS coding schemes used in the simulations. For MBMS the same convolutional encoder as the EGPRS MCS schemes has been used. The schemes reuse polynomials G4, G5 and G7 as specified in 3GPP 45.003 [2].

	Simulation
	MCS-1
	MCS-3
	MBMS

	Block size (payload) [octets]
	22
	37
	33, 46, 55 (GMSK), 76 octets (8PSK)

	Header size including USF [bits]
	31
	31
	12

	Payload CRC size [bits]
	12

	Header CRC size [bits]
	8

	Coding Scheme. Header and payload
	Non-systematic convolutional code, rate 1/3

G4 = 1 + D2 + D3 + D5 + D6
G7 = 1 + D + D2 + D3 + D6
G5 = 1 + D + D4 + D6

	Incremental Redundancy
	2 transmissions. Two redundancy versions using puncturing patterns P1, P2.
	3 transmissions. Three redundancy versions using puncturing patterns P1, P2, P3.
	3 transmissions. 3 redundancy versions. Puncturing patterns are controlled by the rate-matching algorithm using the redundancy version parameter, RV.

	Interleaving depth
	20ms

	Bit redundancy
	Puncturing. Patterns P1, P2 as defined in 3GPP TS 45.003.
	Puncturing. Patterns P1, P2, P3 as defined in 3GPP TS 45.003.
	Puncturing / repetition, using a rate matching algorithm.

	Header bits punctured
	Yes
	Yes
	No

	Modulation
	GMSK
	GMSK
	GMSK/8PSK


Table 2: Parameters for MCS-1, MCS-3 and MBMS coding schemes simulated.

The reason for choosing a value of 46 octets for the block size is that for this block size, no puncturing or repetition of the bits is performed. If the header (12 bits + 8 bit CRC + 6 tail bits) is not punctured, and n is the number of bits in an RLC/MAC block, this happens when
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or n = 368, which corresponds to 46 octets.

For 8PSK, in these simulations, each bit is repeated twice for each redundancy version. For the header (12 bits + 8 bit CRC + 6 tail bits) the number of bits allocated for each transmission is:
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For 1392 – 117 = 1275 remain for the payload. If each bit is repeated twice then:
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or n = 610.5, which corresponds to 76 octets.

The MBMS coding schemes have been designed so that the header bits are not punctured. As the header is more robust, the likelihood that the header is successfully decoded and the chance that the redundancy versions can be combined is increased. As a result, the performance achievable using algorithm 1 should be improved.

3 Simulation results and discussion

As can be found in [1], after IR or Chase combining has been performed the required BLER, 
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Assuming an IP packet size of 500 octets, the required 
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 to reach target SDU FER of 10-2 and 10-3 are summarised in Table 3.

	Coding scheme, modulation and interleaving depth
	Payload size [octets]
	Maximum throughput [kbps]
	Number of blocks per SDU, N, for SDU packet size of 500 bytes
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	MCS-1
	22
	8.8
	23
	4.4 x 10-4
	4.4 x 10-5

	MCS-1 with IR 

(2 transmissions)
	22
	4.4
	23
	4.4 x 10-4
	4.4 x 10-5

	MCS-3 
	37
	14.8
	14
	7.4 x 10-4
	7.4 x 10-5

	MCS-3 with IR     (3 transmissions)
	37
	4.9
	14
	7.4 x 10-4
	7.4 x 10-5

	MBMS with IR     (3 transmissions)
	33
	4.4
	16
	6.3 x 10-4
	6.3 x 10-5

	MBMS with IR     (3 transmissions
	46
	6.1
	11
	9.1 x 10-4
	9.1 x 10-5

	MBMS with IR 

(3 transmissions)
	55
	7.3
	10
	1 x 10-3
	1 x 10-4

	MBMS with IR     (3 transmissions)
	76
	10.1
	7
	1.4 x 10-3
	1.42 x 10-4


Table 3:
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 required to reach SDU FER targets of 10-2 and 10-3.

Figure 3 and Figure 3 show performance curves for MCS-1 and 3 (with and without IR) and the simulated GMSK MBMS channel coding schemes presented in Table 2 using the two decoding algorithms described in section 2.
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Figure 2: MCS-1 and MCS-3 BLER performance curves with a single transmission of a block.
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Figure 3: GMSK MBMS coding BLER performance curves.

As can be seen there is a clear benefit to using decoding algorithm 2 for MCS-3. An improvement of 2dB is observed for MCS-3 when using algorithm 2 instead of algorithm 1. For the MBMS coding schemes with payloads of 55 and 46 octets there is only a small difference in performance between decoding with algorithm 1 or 2. In the MBMS schemes the header is not punctured and is therefore more robust than the EGPRS header used with MCS-3. The more robust header increases the likelihood that soft combining can be performed with each redundancy version and hence there is a performance improvement in BLER. For MBMS with 33 octet payload there is a gain of around 1dB when using algorithm 2 compared with algorithm 1.

Performance curves for MCS-1 and the 8PSK MBMS channel coding schemes are presented in Figure 4. In this case, algorithm 2 performs up to 0.4dB better than algorithm 1 with a payload of 76 octets. With algorithm 1, a C/I of 8.8 dB is required to reach an SDU FER of 10-2, and 10.7dB for an SDU FER target of 10-3.
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Figure 4: MCS-1 and 8PSK MBMS coding, BLER performance curves.

Table 4 summaries the required C/I to reach FER SDU QoS targets of 1% and 0.1% for each MBMS transmission scheme.

	Coding scheme, modulation and interleaving depth
	Throughput [kbps]
	Required C/I for 1% SDU FER [dB]
	Required C/I for 0.1% SDU FER [dB]

	MCS-1
	8.8
	 14.8 (+)
	Note 


	MCS-1 with IR (2 transmissions). Decoding algorithm 1
	4.4
	10.2
	11.6(+)

	MCS-1 with IR (2 transmissions). Decoding algorithm 2
	4.4
	9.7
	11.3(+)

	MCS-3
	14.8
	Note 2
	Note 2

	MCS-3 with IR (3 transmissions).  Decoding algorithm 1
	4.9
	9.5
	11.2(+)

	MCS-3 with IR (3 transmissions).  Decoding algorithm 2
	4.9
	6.8
	8.2

	MBMS with IR (3 transmissions), 33 octets, 20ms interleaving, GMSK, Decoding algorithm 1
	4.4
	6.1
	8.1

	MBMS with IR (3 transmissions), 33 octets, 20ms interleaving, GMSK, Decoding algorithm 2
	4.4
	5.9
	7.6

	MBMS with IR (3 transmissions), 46 octets, 20ms interleaving, GMSK, Decoding algorithm 1
	6.1
	7.0
	8.4

	MBMS with IR (3 transmissions), 46 octets, 20ms interleaving, GMSK, Decoding algorithm 2
	6.1
	7.0
	8.4

	MBMS with IR (3 transmissions), 55 octets, 20ms interleaving, GMSK. Decoding algorithm 1
	7.3
	8.0
	9.8(+)

	MBMS with IR (3 transmissions), 55 octets, 20ms interleaving, GMSK. Decoding algorithm 2
	7.3
	7.9
	9.4(+)

	MBMS with IR (3 transmissions), 76 octets, 20ms interleaving, 8PSK, Decoding algorithm 1
	10.1
	8.8
	10.7

	MBMS with IR (3 transmissions), 76 octets, 20ms interleaving, 8PSK, Decoding algorithm 2
	10.1
	8.4
	10.1


Table 4: C/I required to for an SDU FER of 10-2 and 10-3. (
)
The above figures show a benefit in using algorithm 2 compared to algorithm 1 with MCS-1 or MCS-3. Using MCS-3 with IR (3 transmissions and 3 redundancy versions), an SDU FER of 1% can be reached at 6.8dB with a throughput of approximately 4.9 kbps. MBMS with IR and a payload of 46 octets also provides low enough BLER to meet the 1% SDU FER target with a slightly improved throughput of 6.1 kbps using either algorithm 1 or 2. MCS-3 with IR meets the 1% SDU FER target at 9dB, assuming that an implementation margin of 2dB will be required. For an SDU FER target of 0.1% an additional 1dB would be required when using MCS-3 or MBMS with a 46 octet payload. It is estimated that a payload of approximately 30 octets may provide a sufficiently low BLER to meet the 0.1% SDU FER at 7dB.

4 Conclusions

This paper provides simulation results for MBMS channel coding using either new or existing schemes together with IR.. Results for two different decoding algorithms have been presented and a benefit in using a priori knowledge at the receiver is demonstrated for the existing EGPRS coding schemes. If the header is coded robustly, as in the case of the MBMS coding schemes presented here, then the benefit of using a prior knowledge is less as soft combining will occur more often. The results show that with the existing coding schemes, MCS-3 provides the best throughput with a SDU FER target of 1% at approximately 7dB. A further 1 dB is required to reach an SDU FER of 0.1% with MCS-3.

With the schemes presented in the present document, an extra 0.6-1dB of power is required to meet an SDU FER target of 0.1%. Further optimisations in the decoding algorithm may allow SDU FER targets of 0.1% to be fulfilled at C/I of 7dB or less with MCS-3. Alternatively a smaller payload of around 30 octets could be used with a new coding scheme. However, increased power levels for a C/I of 8dB may be acceptable, particularly if the MBMS service is being provided where coverage over the whole cell is not required.

In conclusion it can be seen that with the existing coding schemes, MCS-3 could be used together with decoding algorithm 2, and 3 repetitions to provide a throughput 4.9kbps and an SDU FER of 10-2. For a SDU FER target of 10-3, an extra 1dB will be required with a throughput of 4.9 kbps.

If new coding schemes are adopted, it is proposed that (assuming a target C/I of 9dB over the whole cell), the following be used:

· For an SDU FER target of 10-2. A payload of 46 octets per block, with 3 repetitions and 3 redundancy versions. The header is not punctured. Providing a throughput of 6.1 kbps per timeslot.

· For an SDU FER target of 10-3. A payload of 30 octets, with 3 repetitions and 3 redundancy versions. The header is not punctured. Providing a throughput of 4.0 kbps per timeslot.

An alternative to the repetition schemes presented in this paper is analysed in [3] and [4] whereby an additional layer of coding (or ‘outer coding’) is applied at the RLC protocol layer or in the BM-SC.
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� This is only one possible scheme; other alternative schemes may be considered.


� Note that the results here are not provided as the estimated C/I required is outside the range covered by the BLER performance curves.


� Note that some of the results in this table have been estimated using extrapolation of the curves presented in � REF _Ref48376442 \h ��Figure 3� and � REF _Ref48377121 \h ��Figure 4�; these results are marked with (+).


� The exact payload size if for further investigation, but it is estimated that 30 octets with provide a BLER low enough to achieve a target SDU FER of 10-3.
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