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Channel coding schemes with Incremental Redundancy for MBMS

1 Introduction

In [1] possible new coding schemes without Incremental Redundancy for MBMS were investigated. At the MBMS Workshop, performance results for MCS-1 and MCS-5 with IR were also presented in [2].  In the present paper we present simulation results for new coding schemes with Incremental Redundancy for MBMS.

2 Simulation model

Figure 1 shows the simulation model used. The model consists of a CRC code generator, a convolutional encoder, a rate-matching algorithm, an interleaver and a radio channel model. The rate-matching algorithm (as specified for FLO in subclause 7.3 of TR 45.902 [5]) has been used in order to avoid designing new puncturing/repetition patterns for different coding rates.
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Figure 1: Simulation chain with rate matching algorithm.

Table 1 shows the parameters used for the simulations.

	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.

It is important to note that in these simulations, the BLER for the IR cases has been calculated after all of the redundancy versions have been received and combined. It may be possible to improve this performance by attempting to decode each block separately first, before performing the bit combining with redundancy versions that may have been previously received.

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 [4].

In [2], it was demonstrated that a gross bit rate of 4.4 kbits/s would be achievable with MCS-1 and two transmissions using IR. In this contribution, three transmissions have been used and thus, in order to meet a minimum throughput equal to order greater than MCS-1, a minimum block size of 33 octets has been used.

	Simulation
	MCS-1
	MCS-3
	MBMS

	Block size (payload) [octets]
	22
	37
	33, 66, 100

	Header size including USF [bits]
	31
	31
	11

	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
	Ideal
. 2 transmissions. Two redundancy versions using puncturing patterns P1, P2.
	Ideal1. 3 transmissions. Three redundancy versions using puncturing patterns P1, P2, P3.
	Ideal. 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.

	Modulation
	GMSK
	GMSK
	GMSK/8PSK


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

Figure 2 shows a proposed RLC/MAC block structure to be used for MBMS p-t-m transmission, which is similar to that proposed in Annex C of [6]; the only difference is the addition of the RV field in the header, which is needed to correctly identify the redundancy version of the block that has been received. A 2-bit field has been defined because there could be up to 3 redundancy versions of a block.
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Figure 2: Proposed RLC/MAC block for MBMS p-t-m data transfer.
(*) Field not used in the simulations.

This structure has been used in the simulations of MBMS coding schemes (in the simulations of the EGPRS coding schemes, the RLC/MAC block structures defined in TS 44.060 have been used). Unfortunately the RV was neglected in the simulations, where an 11 bit header was used instead of a 13 bit header. Note that the ‘PT’ field may be redundant if signalling is performed on a different timeslot to the MBMS bearer.

One issue for discussion is whether 4 bits for the BSN field are sufficient and, if not, its exact size. 

3 Simulation results and discussion

As discussed in [3], with redundancy in the RAN, and with IR, the relationship between the SDU FER, and the BLER is given by
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where k is the number of times an RLC/MAC block is repeated and N is the number of radio packets per an SDU. Inverting this formula, it is possible to calculate the required BLER to achieve a certain target SDU as a function of N and k. 
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 is the BLER after k replicas or Redundancy Versions of the same block have been combined in the receiver. Thus, after IR or Chase combining has been performed the required BLER, 
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It is thought that MBMS services will belong to Streaming and Background classes. Thus, SDU targets of 10-2 and 10-3, respectively, are required to meet these QoS requirements [7]. 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
	4.43 x 10-4
	4.41 x 10-5

	MCS-1 with IR 

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

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

	MCS-3 with IR (3 transmissions
	37
	4.93
	14
	7.40 x 10-4
	7.40 x 10-5

	MBMS with IR 

(3 transmissions)
	33
	4.4
	16
	6.61 x 10-4
	6.58 x 10-5

	MBMS with IR 

(3 transmissions)
	66
	8.8
	8
	1.13 x 10-3
	1.32 x 10-4

	MBMS with IR 

(3 transmissions)
	100
	13.3
	5
	2.00 x 10-3
	2.00 x 10-4


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

Figure 3 shows the performance of MCS-1, MCS-3, MCS-1 with IR and the MBMS coding schemes for TU3nFH. 20 ms and 40 ms interleaving depths have been simulated for the MBMS 33 octet blocks. It can be seen that the effect of increased the interleaving depth under these radio channel conditions is minimal when compared to 20ms interleaving. Furthermore it is difficult to reach the required BLER to meet SDU FER targets of 10-2 and impossible to reach the requirements for an SDU FER of 10-3.
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Figure 3: MBMS radio bearer performance with IR for TU3nFH.

Figure 4 shows the performance of MCS-1 and MCS-3 with and without IR, compared with the MBMS coding schemes of 33, 66 and 100 octets with IR for TU50iFH. All of the MBMS coding schemes use 20ms interleaving in this case. The effect of greater interleaving depths with IR is for further study.
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Figure 4: MBMS radio bearer performance with IR for TU50iFH.

Table 4 summaries the BLER achievable at 9dB for MCS-1, MCS-3 and the MBMS coding schemes. It can be seen that with TU3nFH the BLERs at 9dB are too high to meet the SDU FER targets.

Table 5 summarises the required C/Ic, under TU50iFH, to meet SDU FER targets for 10-2 and 10-3.

	Coding scheme, modulation and interleaving depth
	TU3nFH [dB]
	TU50iFH [dB]

	MCS-1, 20ms interleaving, GMSK
	0.136
	0.0332

	MCS-1 with IR (2 transmissions), 20ms interleaving, GMSK
	0.0542
	4 x 10-5

	MCS-3, 20ms interleaving, GMSK
	0.2476
	0.4011

	MCS-3 with IR (3 transmissions), 20ms interleaving, GMSK
	-
	0.0001

	MBMS with IR (3 transmissions), 33 octets, 20ms interleaving, GMSK
	0.053
	7 x 10-5

	MBMS with IR (3 transmissions), 33 octets, 20ms interleaving, 8PSK
	0.0719
	2.41 x 10-5

	MBMS with IR (3 transmissions), 33 octets, 40ms interleaving, GMSK
	0.053
	-

	MBMS with IR (3 transmissions), 33 octets, 40ms interleaving, 8PSK
	0.068
	-

	MBMS with IR (3 transmissions), 66 octets, 20ms interleaving, GMSK
	-
	4.2 x 10-4

	MBMS with IR (3 transmissions), 66 octets, 20ms interleaving, 8PSK
	-
	2.4 x 10-4

	MBMS with IR (3 transmissions), 100 octets, 20ms interleaving, GMSK
	-
	0.0544

	MBMS with IR (3 transmissions), 100 octets, 20ms interleaving, 8PSK
	-
	0.00462



Table 4: BLER at 9dB for MCS-1, MCS-3 and the MBMS coding schemes.

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

	MCS-1, 20ms interleaving, GMSK
	 14.8 (+)
	unknown

	MCS-1 with IR (2 transmissions), 20ms interleaving, GMSK
	7.2
	9.1

	MCS-3, 20ms interleaving, GMSK
	unknown
	unknown

	MCS-3 with IR (3 transmissions), 20ms interleaving, GMSK
	7.6
	9.2

	MBMS with IR (3 transmissions), 33 octets, 20ms interleaving, GMSK
	5.5
	7.1 (+)

	MBMS with IR (3 transmissions), 33 octets, 20ms interleaving, 8PSK
	5.6
	6.5

	MBMS with IR (3 transmissions), 66 octets, 20ms interleaving, GMSK
	8.3
	9.8

	MBMS with IR (3 transmissions), 66 octets, 20ms interleaving, 8PSK
	7.9
	9.5

	MBMS with IR (3 transmissions), 100 octets, 20ms interleaving, GMSK
	12.2
	> 14 (+)

	MBMS with IR (3 transmissions), 100 octets, 20ms interleaving, 8PSK
	9.7
	12.6 (+)


Table 5: C/Ic required to reach 1% and 0.1% SDU FER with TU50iFH
.

From Table 1, using GMSK modulation, at the 1% SDU FER target, and assuming a C/Ic of 9dB, an estimate for the optimum RLC/MAC block size (to maximise throughput) is between 70-80 octets. Considering the effect of implementation margin that would account for RF impairments, a block size of around 50 octets may be more realistic. For a 0.1% SDU FER target, an optimum block size of 66 octets is found. In hotspot areas, where the C/I is likely to be significantly greater than the reference value of 9dB, using a block size of 100 octets (leading to a throughput of 13.3 kbit/s per timeslot) with GMSK modulation may be possible for both streaming and background services.

4 Effect of header errors

With EGPRS, to perform Incremental Redundancy upon the received blocks it is necessary to successfully decode the header of each block before combining can be done. If the header is found to be in error, the block is discarded because there is the risk to combine blocks with different BSNs (among other things). However, with MBMS the position of each block containing the same BSN could be known, since the repetitions are periodic. For example, it may still be possible to receive the MBMS channel using the contents of the RV field alone to synchronise to the stream: provided that at least one of the headers is decoded in each set of transmissions, it may still be possible to perform IR on the payloads of all the transmissions. In  Figure 5, each transport block is transmitted three times with a different redundancy version. The different colours are used to group the three transmissions. Assuming only one TBF and hence only one TFI, then IR can still be performed on all the blocks provided that at least 1 in 3 of the headers are successfully decoded. 
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Figure 5: MBMS bearer with 3 transmissions (and 3 redundancy versions) per a transport block with some header loss

However, if the header contains errors, it is likely that the payload may be corrupted as well, and therefore it may be better to discard the block altogether.

The BLER performance of the header of the RLC/MAC block in Figure 2, consisting of 11 bits, is shown below in Figure 6. At 9dB a header error rate, PHE of 0.007 is achieved. If 3 transmissions are sent the probability of failing to decoding at least one header is equal to:


[image: image13.wmf]7

3

10

*

9

.

4

-

=

=

HE

s

HeaderFail

P

P


[image: image14.emf]0.00010

0.00100

0.01000

0.10000

1.00000

4 6 8 10 12 14

C/Ic(dB)

Header Error Rate


Figure 6: BLER performance of 11 bit header coded to 37 bits after puncturing

If the structure of the retransmissions is not known at the MS, then IR combining can only be performed on blocks where the header has been decoded successfully.

Future contributions may include more realistic modelling of IR including header loss, as opposed to the ideal case simulated in this document.

5 Further considerations

During the MBMS Workshop, some concerns were expressed that the introduction of new coding schemes could require upgrading the BTS hardware, and because of this operators may delay the introduction of MBMS services in their networks.

Given that several services will be supported by MBMS with different QoS requirements, Siemens believe that a set of coding schemes should be defined for MBMS rather than a single coding scheme. Some of the coding schemes could be exactly the same as some of the existing EGPRS coding scheme (e.g. MCS-1, MCS-3, etc.), which would allow the support of MBMS on legacy transceivers. However, it would also beneficial to introduce new coding schemes that could lead to an increase in throughput while still meeting the target QoS requirements.

The coding scheme for a particular MBMS service would be chosen depending on the performance required for that service. The coding scheme would be the same during the whole transmission of an MBMS service, and would be signalled to the MS in the resource (channel) assignment message.

The following is an example of a set of coding schemes for MBMS, which have been named “BMCS-x” (“Broadcast and Multicast Coding Scheme x”); in this example, the set consists of 4 coding schemes:

· BMCS-1: reuse existing EGPRS coding schemes (with or without incremental redundancy).

· BMCS-2: reuse existing EGPRS coding schemes (with or without incremental redundancy).

· BMCS-3: new FLO-like coding schemes, no incremental redundancy

· BMCS-4: new FLO-like coding schemes, with incremental redundancy

6 Conclusions

This contribution investigates the performance of possible MBMS coding schemes using Incremental Redundancy. An initial investigation assumes ideal IR with no header loss and therefore provides the lower bounds for the possible MBMS channel BLER. With the coding schemes simulated it is possible to achieve a throughput of 8.8 kbits/s with an SDU FER of 10-2 and a throughput of 4.4 kbits/s with an SDU FER of 10-3 at 9dB. However, further investigations are required using a more realistic simulation model before conclusions can be drawn on the capabilities of the GERAN. Also, as found in the investigation in [1], the simulation results further demonstrate that, with both the existing coding schemes and the coding schemes studied in this paper, it may not be possible to provide a satisfactory quality of service for MBMS without using Frequency Hopping.

The coding schemes simulated using Frequency Hopping had all an interleaving depth of 20 ms. Further improvements in performance could be achieved by increasing the interleaving depth.

One issue for further investigation is whether the BSN field is needed in the RLC/MAC header and its exact size.
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� With ideal Incremental Redundancy the header is always decoded successfully. Hence the redundancy versions can always be combined.


� Note that some of the results in this table have been estimated using extrapolation of the curves presented in � REF _Ref43010772 \h ��Figure 4�;  these results are marked with (+).
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