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1 Introduction

During the last meeting in Beijing we presented a CR with a couple of E‑DCH corrections. Most of the corrections are straight forward and seem to be common understanding anyway. However regarding the correction of the HARQ rate matching stage we received a couple of questions. Therefore this document explains the rational behind the formulas and why a correction is needed.

2 Correction of E‑DCH HARQ Scheme

Case 3/2 Nsys ( Ndata < 2 Nsys:

If the number of physical channel bits Ndata is between 3/2 Nsys and 2 Nsys the used coding rate R = Nsys/Ndata is in the range between 1/2 and 2/3. This is the range where two transmissions are sufficient to achieve an effective coding rate after one retransmission of 1/3, if one of the transmission emphasizes the systematic bits whereas the other emphasizes the parity bits (s=0) and if the rate matching patterns are carefully balanced to each other. Unfortunately for the current scheme this is not the case and therefore we propose to do the following correction for the range 3/2 Nsys ( Ndata < 2 Nsys as explained below.

In the initial transmission Nt,sys = Nsys systematic bits, 
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 parity 2 bits are transmitted. That means all systematic bits are transmitted, the number of not transmitted parity 1 bits is Nsys-Nt,p1 and the number of not transmitted parity 2 bits is Nsys-Nt,p2. In the retransmission the number of parity bits that need to be transmitted to achieve an effective coding rate of 1/3 is therefore 3Nsys-Ndata, there of 
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 parity 2 bits. By setting eini(r) as follows:
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it is further ensured, that parity bits already transmitted in the initial transmission are not repeatedly transmitted in the retransmission. Then after the retransmission we have transmitted all Nsys parity 1 and all Nsys parity 2 bits. The remaining space Ndata-(3Nsys-Ndata) = 2Ndata-3Nsys is used for repetition of systematic bits, as we know e.g. from the investigations regarding SMP that systematic bits are somewhat more important than parity bits.

	
	Systematic Bits
	Parity Bits
	Parity 2 Bits

	Initial Transmission
	Nsys
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	1st Retransmission
	2Ndata-3Nsys
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	Combination of initial transmission and first retransmission
	Nsys
	Nsys
	Nsys


Table 1: Number of bits available after HARQ combining (repeatedly transmitted bits are counted once)

In table 2 and table 3 an example for the rate matching patterns for Ndata=30 and Nsys=18 is given. The used coding rate is 0.6. It can be seen that without the correction 6 parity 1 and 6 parity 2 bits are transmitted redundantly in both the initial and retransmission (blue) whereas 3 parity 1 and 3 parity 2 bits are not transmitted at all (red). In table 3 it can be seen that with the correction all of the parity 1 and parity 2 bits are transmitted after the first retransmission and some of the systematic bits are repeated.
	
	Systematic Bits
	Parity 1 Bits
	Parity 2 Bits

	Initial Transmission
	111111111111111111
	010010010010010010
	100100100100100100

	1st Retransmission
	000000000000000000
	111110111110111110
	110111110111110111


Table 2: Rate Matching example without Correction (Ndata=30, Nsys=18)

	
	Systematic Bits
	Parity 1 Bits
	Parity 2 Bits

	Initial Transmission
	111111111111111111
	010010010010010010
	100100100100100100

	1st Retransmission
	001001001001001001
	101101101101101101
	011011011011011011


Table 3: Rate Matching Example with Correction (Ndata=30, Nsys=18)

Case 4/3 Nsys ( Ndata < 3/2 Nsys:

If the number of physical channel bits Ndata is between 4/3 Nsys and 3/2 Nsys the used coding rate R=Nsys/Ndata is in the range between 2/3 and 3/4. This is the range where three transmissions are necessary to achieve an effective coding rate of 1/3, if two of the transmissions emphasize the systematic bits (s=1) whereas the 1st retransmission emphasizes the parity bits (s=0) and if the transmissions are carefully balanced to each other. Since this is currently not the case, we propose also a correction for the range 4/3 Nsys ( Ndata < 3/2 Nsys as explained below:

In the initial transmission all Nsys systematic bits are transmitted (Nt,sys = Nsys). Further in the initial transmission and the second retransmission 
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 parity 2 bits are transmitted. The number of parity 1 and parity 2 bits, that are neither transmitted in the initial transmission nor in the second retransmission is 4Nsys-2Ndata. These bits are transmitted in the first retransmission. The remaining space in the first retransmission of 3Ndata-4Nsys is used for repetition of systematic bits. By setting eini(r) 
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it is ensured, that parity bits transmitted in the initial or second retransmission are not repeatedly transmitted in the first retransmission.

	
	Systematic Bits
	Parity Bits
	Parity 2 Bits

	Initial Transmission
	Nsys
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	1st Retransmission
	3Ndata-4Nsys
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	Sum of bits received after 1st retransmission
	Nsys
	Nsys
	Nsys


Table 4: Parameters for E‑DCH HARQ Rate Matching (repeatedly transmitted bits are counted once)

3 Performance
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Figure 1: Effective coding rate after the first and second retransmission
4 Conclusion

As shown above the current HSDPA rate matching scheme is suboptimum for E‑DCH in case of used coding rates higher than 0.5. The rate matching patterns of the parity bits for initial and retransmissions need to be corrected.

With the correction for a used coding rate between 1/2 and 2/3 we achieve an effective coding rate of 1/3 after the first retransmission and for the range between 2/3 and 3/4 we achieve an effective coding rate of 1/3 after the second retransmission in any case. As can be seen in Figure 1 with the current rate matching and a used coding rate of 0.7 for example we optain an effective coding rate after the second retransmission of 0.41 whereas 1/3 is obtained with the corrected scheme.

Taking the achievable gain and the decision to support IR combining for E‑DCH into account, we propose to do the correction as described.
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