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New channel coding schemes for MBMS

1 Introduction

In [1] the BLER required to fulfil the QoS requirements for the MBMS service is studied. The conclusion from that paper is that using CS-1 (the most robust coding scheme available for packet switched channels), it will not be possible to fulfil some of these requirements. This paper investigates alternative coding scheme for MBMS channels as opposed to CS-1.

2 Simulation model

Figure 1 shows the simulation model used in the simulation of different coding schemes for MBMS bearers. The model consists of a CRC code generator, a convolutional encoder, a rate-matching algorithm, interleaver and a radio channel model. The rate matching algorithm (as specified for FLO in subclause 7.3 of TR 45.902 [6]) 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

	Interferer
	Cochannel. GMSK.

	RF impairments modelled
	None.


Table 1: Simulation parameters

The following table summarises the parameters of CS-1 coding and the MBMS coding scheme 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 [5]. This is also the convolutional code chosen for the Flexible Layer One [6].

	Simulation
	CS1
	MBMS

	Block size (payload + header) [octets]
	23
	23

	CRC size [bits]
	40 bit Fire code

	12

	Coding Scheme
	Convolutional code, rate 1/2:

G0 = 1 + D3 + D4
G1 = 1+ D + D3 + D4
	Convolutional code, rate 1/3:

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

	Interleaving depth
	20ms
	20ms, 40ms, 80ms

	Bit redundancy
	-
	Puncturing / repetition

	Modulation
	GMSK
	GMSK/8PSK


Table 2: Parameters for CS-1 and MBMS coding scheme simulated

Whether puncturing or repetition is applied is dependent on the modulation type used (which determines the number of bits available in a radio packet) and is controlled by the rate matching algorithm.

In order to assess the performance gain that could be achieved by using a higher interleaving depth for an MBMS bearer in the GERAN, interleaving depths of 20ms, 40ms and 80ms have been simulated. Even in the UTRAN there have been proposals to increase the interleaving depth for MBMS by using a new increased value of the TTI (Transmission Time Interval) of 160 ms [2] (currently the maximum allowed value is 80 ms); it has been shown that a longer interleaving depth decreases the Tx Power required to achieve a target BLER of 1%. In [3], a TTI length of 320 ms is also simulated.

The interleaving scheme used in the simulations is the same as for the Flexible Layer One (see subclause 7.6 of TR 45.902 [6]). Currently the option for 80ms interleaving is not present in the TR, but the interleaving algorithm can be easily modified to achieve it.

Assuming that for MBMS the RLC/MAC blocks are made up of a 3 octet header and 20 octets of payload as for CS-1, in both cases the throughput that can be achieved on a single timeslot is 8 kbps
.

3 Simulation results and discussion

Figure 2 and Figure 3 show BLER performances curves for TU3nFH and TU50iFH respectively for CS-1 and the coded MBMS channels.
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Figure 2: Performance curves for TU3nFH
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Figure 3: Performance curves for TU50iFH

Assuming that that the network has been planned in such a way that the lowest C/I over the cell area will be approximately 9dB, this point is of particular interest when designing a new coding scheme. Table 3 summaries the BLER at a C/I of 9dB. For TU3nFH, the BLER performance of GMSK is better than 8PSK modulation and increasing the interleaving depth leads to only slight improvements in the BLER. With TU50iFH, the performance gains in terms of BLER are greater. In this case 8PSK outperforms GMSK and long interleaving depths provide even greater gain. Increasing the interleaving depth further, for example to 160ms, may also be of benefit.

Table 4 summaries the required C/Ic to reach 1% BLER for the various schemes. For TU3nFH, the coding utilised performs better with GMSK modulation than 8PSK modulation. Also, owing to the slow varying nature of the TU3nFH channel, the interleaving depth has only a small affect on the BLER performance at around a C/Ic of 9dB. For GMSK modulation with an interleaving depth of 20ms, a gain of approximately 1.1dB is achieved over CS-1.

For TU50iFH, the coding performance is significantly better than CS-1. For 20ms interleaving a gain of 1.6dB for GMSK and 2.2dB for 8PSK is observed at 1% BLER. Increasing the interleaving depth also leads to further performance gains. With 40ms interleaving a gain of 3.6dB for GMSK and 4.5dB for 8PSK is obtained, and with 80ms gains of 5.3dB for GMSK and 6dB for 8PSK are achieved.

	Coding scheme, modulation and interleaving depth
	TU3nFH
	TU50iFH

	CS-1, 20ms interleaving, GMSK
	0.141
	0.0377

	MBMS, 20ms interleaving, GMSK
	0.113
	0.0153

	MBMS, 20ms interleaving, 8PSK
	0.146
	0.00996

	MBMS, 40ms interleaving, GMSK
	0.112
	0.00218

	MBMS, 40ms interleaving, 8PSK
	0.144
	0.00580

	MBMS, 80ms interleaving, GMSK
	0.105
	0.0002


	MBMS, 80ms interleaving, 8PSK
	0.127
	0.00003983


Table 3: BLER at 9dB for CS-1 and the MBMS bearer

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

	CS-1, 20ms interleaving, GMSK
	10.4
	11.2

	MBMS, 20ms interleaving, GMSK
	9.4
	9.6

	MBMS, 20ms interleaving, 8PSK
	10.5
	9.0

	MBMS, 40ms interleaving, GMSK
	9.3
	7.5

	MBMS, 40ms interleaving, 8PSK
	10.4
	6.7

	MBMS, 80ms interleaving, GMSK
	9.2
	5.9

	MBMS, 80ms interleaving, 8PSK
	9.8
	5.2


Table 4: C/Ic required to reach 1% BLER

The simulation results also show that, with 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.

4 Further considerations

As indicated in Annex C of [1], although the MBMS transmission is downlink only, it may be desirable for other mobiles (possibly legacy mobiles) to use the uplink part of a timeslot on which MBMS is transmitted for uplink transmission (using a normal PDTCH/U). In order to schedule the transmission of mobiles in the uplink, the USF needs to be transmitted in the downlink.

The USF is coded as specified in TS 45.003 [5], and summarised in subclause 6.5.5.1 of TS 43.064 [4]. Whatever the coding scheme (but depending on the modulation), after interleaving the encoded bits of the USF will always be located at the same positions within a block (see subclause 5.1 of [5]). It is proposed that when transmitted together with MBMS data, the BTS encodes the USF as currently done for (E)GPRS and that the USF encoded bits will continue to occupy the same positions as they currently do. This is useful especially in the cases in which diagonal interleaving is used: the USF bits would, after encoding, be interleaved as if rectangular interleaving were used, so that legacy mobiles will still be able to read them. For the rest of the bits in an RLC/MAC block, diagonal interleaving could be used, and the interleaved bits would be mapped only on those bits in a radio block that are not occupied by the encoded USF bits.

This assumes that a “legacy” mobile that is only allocated the uplink part of a timeslot, when reading the USF decodes only the USF bits; if, on the other hand, an MS needs to decode the whole downlink block, the method proposed above would not work. In case the MS decodes the whole block, it needs to be investigated whether this problem can be circumvented through the use of extended dynamic allocation.

One thing to remark is that, for UL transmission, the MS needs an associated PACCH in the DL. It is proposed not to allow the PACCH to be sent on the timeslots that are used for MBMS, because this would in fact mandate the use of rectangular interleaving on those timeslots and would reduce the available throughput available for MBMS. Therefore the PACCH needs to be sent on another downlink timeslot allocated to the MS. Subclause 6.4.2.2 of TS 45.002 states that:

The PACCH may be mapped onto any of the allocated PDCHs. If there are m timeslots allocated for reception and n timeslots allocated for transmission, there shall be Min(m,n) reception and transmission timeslots with the same TN.

The consequence of this is that the MS needs to have another timeslot allocated, used both for uplink and downlink transmission. Therefore the uplink part of the timeslots allocated to MBMS in the downlink can be used by other mobiles only in multislot configurations, as additional timeslots to the “main” one(s).

These aspects have not been considered in the simulations whose results are presented in this document. Depending on the outcome of the discussion in the workshop, the simulations with diagonal interleaving could be repeated using block interleaving for the USF bits, and diagonal interleaving for all the other bits. However, no significant differences are expected in the results.

During the course of the investigation, the performance of coding schemes using recursive systematic convolutional (RSC) codes has also been studied. In particular, a coding scheme using the same polynomials G4, G5 and G7 was simulated (the same convolutional code as AMR codec modes O-TCH/AHS12.2, O-TCH/WFS23.85 or O-TCH/WHS12.65). However, no significant performance gains (in terms of BLER) were found compared to non-recursive non-systematic codes. Therefore, the additional complexity of RSC in this case is not justified.

5 Conclusions

In this paper possible coding schemes for MBMS p-t-m channels have been presented together with performance simulation results. The results demonstrate that there may be significant performance benefits to designing new coding schemes for MBMS as proposed in [1]. With frequency hopping, large gains are achievable both for GMSK and 8PSK modulated bearers. The choice of modulation will also have a significant bearing on the performance. It is clear that significant gains can be achieved over the existing CS-1 coding, leading to a reduced BLER.

In the present document, very simple coding schemes have been investigated, using codes that already exist in the specifications. Other coding schemes may provide additional benefits and these are for further study. The objective may not just be the reduction of BLER. Alternatively, it may be possible to increase the block sizes (and thus throughput) keeping the block error rate constant. Such coding schemes could be adopted for a possible MBMS logical channel as proposed in [1].

MBMS will be required to support a number of different services with varying QoS parameters and thus a set of coding schemes may be needed (the selection of the particular coding scheme could depend on the throughput and SDU error rate requirements of the particular application). A possible alternative to designing a set of coding schemes could be to adopt FLO for MBMS, although this would require further analysis of the benefits and drawbacks.
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� In the simulations, the error correction capabilities of the Fire code have been taken into account.


� Note that this is “raw” throughput, not considering repetitions � REF _Ref39490839 \w \h ��[1]�; depending on if and how repetitions are implemented, the throughput seen by the application will be lower.


� The number of erroneous frames is very small, so the statistical confidence in this value is low.
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