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Incremental Redundancy and TFC

1. Introduction

In incremental redundancy with FLO, one transport format for each possible (re)transmission (or value of R) is configured. The TFCI tells the receiver which transport format (or value of R) to use for decoding. But how many transport formats are required for IR? This contribution investigates the problem.

2. POssible Puncturing patterns

An earlier contribution [1] has shown how to easily calculate the number of different possible puncturing patterns in rate matching. This value is given by 
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average distance between transmitted bits
Figure 1 and Figure 2 below show d as a function of the block size on both FR GMSK and 8PSK channels. The CRC size was assumed to be 12 bits always and two TFCI sizes were included: 2 bits and 5 bits. When the size of the TFCI increases, the available bandwidth for coded payload bits decreases. Since changing the CRC size has the same effect it was not studied here.
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Figure 1. D(block size) on GMSK FR Channels
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Figure 2. D(block size) on 8PSK FR Channels
The behaviour of the number of possible puncturing patterns as a function of the transport block size is constant throughout Figure 1 and Figure 2:

· Left part: the block size is small and only a few bits are punctured ( many different puncturing patterns are possible. For instance if 1 bit is punctured every 400, there are 400 different puncturing patterns (bit 0 is punctured, bit 1 is punctured… bit 399 is punctured).

· Middle part: for a given transport block size, exactly one bit every second one is punctured and only two possible puncturing patterns are possible (d=2).

· Right part: when the block size increases the number of possible puncturing patterns reaches the limit set by the channel coding block. Since the overall coding rate cannot go above 1, for the FLO convolutional encoder of rate 1/3 there are at most 2 bits every 3 punctured, which gives 3 different puncturing patterns. Hence the limit of 3 for d.

3. Limit on Puncturing patterns

Theoretically there could be as many transport formats as possible puncturing patterns (or values of R): one transport format for the first transmission (R=0 / first puncturing pattern used), another transport format for the first retransmission (R=1 / second puncturing pattern used)… transport format N for the N-1 retransmission (R=N-1 / Nth puncturing pattern used). But given the great number of puncturing patterns that are possible for some transport block sizes (see Figure 1 and Figure 2), this does not seem feasible always.

Fortunately in practise the more puncturing patterns there are, the less probable it is to use the last ones. For instance if 50 different puncturing patterns can be made in rate matching for a given transport block size (d=50), it is very unlikely that the 20 last puncturing patterns number will ever be used. And even though more than 30 retransmissions would be needed, it is always possible to retransmit with puncturing patterns that were already used. 

The idea is thus to limit the number of different puncturing patterns that are used. By doing so we also limit the number of required transport format and therefore the number of TFCIs. From Figure 1 and Figure 2 we can see that (d ( 3) for most of the transport block sizes and especially for the largest ones for which IR is more likely to be used. A limit of 3 is therefore proposed. With such a limit only 3 transport formats need to be configured for the transport channels using incremental redundancy. 

In rate matching this simply means that (R mod 3) must be used instead of (R) for the calculation of eini [1]. When (d ( 3) it does not change anything (R mod 3 = R) and the performance remains the same. But when (d>3) the rate matching loops among the 3 first possible puncturing patterns without using the others and this may affect the performance.

In order to assess the effects of limiting the amount of possible puncturing patterns for small transport block sizes, simulations were run in TU3 with ideal frequency hopping over 20,000 frames and typical MS impairments were included. Both GMSK and 8PSK FR channels were simulated. Interleaving was block rectangular over 4 bursts. Simulation results are summarized in Table 1 below. We can see that limiting the amount of possible puncturing patterns for small transport block sizes has negligible effects on the average throughput.

Table 1: Average Loss with R limited to 3
	Modulation
	TB Size (bits)
	Data Rate (bit/s)
	d
	Average Loss

	GMSK
	135
	6 250
	14.8
	0 %

	GMSK
	155
	7 750
	5.7
	0 %

	GMSK
	170
	8 500
	4.1
	0 %

	8PSK
	430
	21 500
	56
	0.07%

	8PSK
	470
	23 500
	10.2
	0 %

	8PSK
	500
	25 000
	6.6
	0.02 %

	8PSK
	550
	27 500
	4.4
	0.1 %


4. Conclusion

In incremental redundancy with FLO, one transport format for each possible (re)transmission (or value of R) can theoretically be configured. The TFCI tells the receiver which transport format (or value of R) to use for decoding. For small transport block sizes, the number of possible retransmissions can be quite large and it is not feasible to configure one transport format for each of them. A theoretical analysis has shown that in average no more than 3 different puncturing patterns are possible. A limit of 3 was therefore proposed. With such a limit, only 3 transport formats need to be configured for the transport channels using incremental redundancy. Link level results have shown that putting such a limit has negligible effects on the average throughput of TrCH with small transport block sizes. By setting this limit, incremental redundancy does not lead to use too many TFCIs.

5. References

[1] TDoc GP-023117, Incremental Redundancy for FLO, Nokia & Siemens

	3GPP TSG GERAN #13
	TDoc GP-030197
	1 / 3



_1095534418.unknown

_1097403818.unknown

_1095533725.unknown

_1095534405.unknown

