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1. Introduction

This contribution aims at comparing performance obtained with Full IR (FIR), Partial IR (PIR) and Chase combining (CC), in order to determine their respective operating ranges. Only 16QAM is considered in this contribution. Two different coding rates have been simulated, ½ and ¾. Performances are provided on AWGN, flat Rayleigh fading at 3 km/h, ITU Pedestrian B at 3 km/h and ITU Vehicular A at 120 km/h.

Results show that IR works at least as well as CC, whatever the initial coding rate and the propagation environment, contrary to what is concluded in [1]. For high coding rates, e.g. ¾, FIR is better than PIR (between almost 1 and 2 dB typically), which is also better than CC (between almost 1 and 2 dB as well). For low initial coding rates, e.g. ½, PIR (in this case PIR and FIR may be the same) works better than CC, though the gain achieved by IR is smaller than at high coding rates, i.e. less than 1 dB.

Generally, gains brought by IR are very small when the initial coding rate is small and gains become more and more significant when the initial coding rate is high and tends towards 1.

2. Simulation Assumptions

Simulation assumptions are listed below. Simulated HARQ types are HARQ type 1 with optimum combining (Chase Combining), HARQ type 2 (Full IR) including non self-decodable versions and HARQ type 3 (Partial IR) with self-decodable versions only. Two different initial coding rates are proposed, ¾ and ½ and enhanced bit to symbol mapping techniques are not used. The second interleaver is the R99 bit level interleaver, modified to accommodate the 2ms TTI duration. The number of columns remains the same as in R99 with 30 columns as well as inter-column permutation rules. Transmit diversity is not used.

The R5 coding and multiplexing chain is considered with latest decisions made in Korea, though the first stage of the two-stage rate matching remains transparent.

	Parameter
	Value
	Comment

	Carrier Frequency
	2 GHz
	

	Chip rate
	3.84 Mcps
	

	HS-DSCH Ec/Ior
	-1 dB
	80 %

	CPICH Ec/Ior
	-10 dB
	10 %

	HSDPA Frame length
	2 ms
	3 time slots

	Îor / Ioc 
	Variable
	

	Spreading Factor
	16
	

	Number of codes
	1
	No multi-code

	Turbo mother coding rate
	1/3
	R99 turbo encoder

	Transmit diversity
	OFF
	A single transmit antenna

	Number of iterations
	8
	Max MAP decoder

	Receiver
	Rake
	

	Number of fingers
	From 1 to 4
	Depends on the profile

	Modulation scheme
	16 QAM
	Same modulation scheme for retransmissions

	HARQ types
	1, 2 and 3
	Chase, FIR, PIR

	Combining of bits
	Optimum
	As explained below

	Bit to symbol mapping
	Classical.
	No enhanced mapping

	Channel estimation
	Ideal
	CPICH is not used

	Channels
	AWGN, flat fading @ 3 km/h, PB @ 3 km/h and VA @ 120 km/h.
	

	Initial coding rates
	¾ and ½ 
	For the initial transmission

	Number of retransmissions
	2
	

	Metric
	BLER
	Bit to bit comparisons

	Rate matching
	Same as R99 or the R5 two step RM but with the first one being transparent
	Assuming that the UE memory is not limited.

	Feedback channel
	Error free
	ACK/NACK are error free

	Initial rate = ¾ 
	
	

	Puncturing matrices for PIR
	See below, table 1
	

	Puncturing matrices for FIR
	See below, table 2
	

	Coding rate after the first retransmission
	3/5 for PIR and 3/8 for FIR
	

	Coding rate after the second retransmission
	½ for FIR and 1/3 for PIR
	

	Initial rate = ½ 
	
	PIR = FIR in this case

	Puncturing matrices for PIR 
	See below, table 3
	

	Puncturing matrices for FIR
	See below, table 3
	

	Coding rate after the first retransmission
	1/3 for both PIR and FIR
	

	Coding rate after the second retransmission
	1/3 for both PIR and FIR
	Constant after any subsequent retransmissions.

	Coding rate for Chase combining after retransmissions
	Constant to ¾ or ½ depending the initial rate
	

	# of output bits
	1920 bits
	Including CRC and tail bits

	Second interleaver
	Based on R99 but adapted to the TTI length
	At the bit level. Same permutation rules and number of columns as in R99


HARQ types properties are rapidly recalled here.

HARQ type 1: the same block is retransmitted and optimum combining at the bit level is performed. This is Chase Combining (CC).

HARQ type 2: Full IR (FIR) with non self-decodable retransmissions allowed. Optimum combining is performed for bits already transmitted, if any.

HARQ type 3: Partial IR (PIR) with self-decodable retransmissions only. Optimum combining is performed for bits already transmitted (for instance systematic bits).

In the two next sections, 1 Tx represents the initial transmission, CC1 means Chase Combining with the first retransmission, PIR1 means Partial IR with the first retransmission, FIR1 means Full IR with the first retransmission and so on.

3. Coding rate ¾ as initial rate

Puncturing matrices for PIR and FIR used when the initial coding rate is ¾ are presented in Tables 1 and 2 below:

	S
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1

	P
	0
	0
	1
	0
	0
	0
	
	
	
	0
	1
	0
	0
	0
	0
	
	
	
	1
	0
	0
	0
	0
	0

	P'
	0
	0
	0
	0
	0
	1
	
	
	
	0
	0
	0
	0
	1
	0
	
	
	
	0
	0
	0
	1
	0
	0


Table 1: puncturing matrices for PIR and initial rate ¾ 

	S
	1
	1
	1
	1
	1
	1
	
	
	
	0
	0
	0
	0
	0
	0
	
	
	
	1
	1
	1
	1
	1
	1

	P
	0
	0
	1
	0
	0
	0
	
	
	
	1
	1
	0
	1
	1
	0
	
	
	
	0
	0
	0
	0
	0
	1

	P'
	0
	0
	0
	0
	0
	1
	
	
	
	1
	1
	0
	1
	1
	0
	
	
	
	0
	0
	1
	0
	0
	0


Table 2: puncturing matrices for FIR and initial rate ¾
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Figure 1: Comparison between FIR, PIR and CC on AWGN 
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Figure 2: Comparison between FIR, PIR and CC on flat fading at 3 km/h 
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Figure 3: Comparison between FIR, PIR and CC on Pedestrian B at 3 km/h 
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Figure 4: Comparison between FIR, PIR and CC on Vehicular A at 120 km/h 

Gains over the initial transmission are reported in the following table 3 for the four simulated environments. In this table, gains are expressed in dB.

	AWGN

	
	1st Tx
	CC1
	PIR1
	FIR1
	CC2
	PIR2
	FIR2

	Over 1st Tx
	0
	3
	3.6
	5.5
	4.8
	5.5
	6.7

	IR over CC
	
	
	0.6
	2.5
	
	0.7
	1.9

	FIR over PIR
	
	
	
	1.9
	
	
	1.2

	

	Flat Rayleigh fading at 3 km/h

	
	1st Tx
	CC1
	PIR1
	FIR1
	CC2
	PIR2
	FIR2

	1st Tx
	0
	6.95
	7.65
	9.1
	10.95
	11.6
	12.4

	IR over CC
	
	
	0.7
	2.15
	
	0.65
	1.45

	FIR over PIR
	
	
	
	1.45
	
	
	0.8

	

	Pedestrian B at 3 km/h

	
	1st Tx
	CC1
	PIR1
	FIR1
	CC2
	PIR2
	FIR2

	1st Tx
	0
	4.75
	6.6
	8.6
	7.2
	9.1
	10.25

	IR over CC
	
	
	1.85
	3.85
	
	1.9
	3.05

	FIR over PIR
	
	
	
	2
	
	
	1.15

	

	Vehicular A at 120 km/h

	
	1st Tx
	CC1
	PIR1
	FIR1
	CC2
	PIR2
	FIR2

	1st Tx
	0
	7.45
	8.65
	10.65
	10.25
	11.3
	12.05

	IR over CC
	
	
	1.2
	3.2
	
	1.05
	1.8

	FIR over PIR
	
	
	
	2
	
	
	0.75


Table 3: Gains of CC and IR over the initial transmission when the initial coding rate is ¾.

Gains of PIR over CC with this initial coding rate equal to ¾ are between 0.6 (AWGN) and 1.85 (PB3) for the first retransmission, and between 0.65 (flat fading 3) and 1.9 (PB3) for the second retransmission.

Gains of FIR over PIR with this initial coding rate equal to ¾ are between 1.45 (flat fading 3) and 2 (PB3 and VA120) for the first retransmission, and between 0.75 (VA120) and 1.2 (AWGN) for the second retransmission.

In total, FIR brings between 2.15 dB (flat fading 3) and 3.85 dB (PB3) after the first retransmission and between 1.45 dB (flat fading 3) and 3.05 dB (PB3) after the second retransmission.

4. Coding rate ½ as initial rate

Puncturing matrices used for IR (PIR and FIR are identical) when the initial coding rate is ½ are presented in table 4 below:

	S
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1

	P
	1
	0
	1
	0
	1
	0
	
	
	
	0
	1
	0
	1
	0
	1
	
	
	
	1
	0
	1
	0
	1
	0

	P'
	0
	1
	0
	1
	0
	1
	
	
	
	1
	0
	1
	0
	1
	0
	
	
	
	0
	1
	0
	1
	0
	1


Table 4: puncturing matrices for PIR/FIR and initial rate ½ 
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Figure 5: Comparison between FIR, PIR and CC on AWGN 
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Figure 6: Comparison between FIR, PIR and CC on flat fading at 3 km/h 
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Figure 7: Comparison between FIR, PIR and CC on Pedestrian B at 3 km/h 
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Figure 8: Comparison between FIR, PIR and CC on Vehicular A at 120 km/h 

Gains over the initial transmission are reported in the following table 5 for the four simulated environments. In this table, gains are expressed in dB.

	AWGN

	
	1st Tx
	CC1
	PIR/FIR1
	CC2
	PIR/FIR2

	1st Tx
	0
	3
	3.25
	4.8
	5.1

	IR over CC
	
	
	0.25
	
	0.3

	

	Flat Rayleigh fading at 3 km/h

	
	1st Tx
	CC1
	PIR/FIR1
	CC2
	PIR/FIR2

	Over 1st Tx
	0
	5.9
	6.55
	9.45
	9.7

	IR over CC
	
	
	0.65
	
	0.25

	

	Pedestrian B at 3 km/h

	
	1st Tx
	CC1
	PIR/FIR1
	CC2
	PIR/FIR2

	1st Tx
	0
	3.85
	4.75
	5.6
	6.2

	IR over CC
	
	
	0.9
	
	0.6

	

	Vehicular A at 120 km/h

	
	1st Tx
	CC1
	PIR/FIR1
	CC2
	PIR/FIR2

	1st Tx
	0
	4.85
	5.75
	7.2
	7.9

	IR over CC
	
	
	0.9
	
	0.7


Table 5: Gains of CC and IR over the initial transmission when the initial coding rate is ½.

Gains of IR (PIR/FIR) over CC with this initial coding rate are smaller than those reported in the previous section. Generally, there is less than 1 dB, with larger gains obtained under frequency selective propagation conditions, such as PB and VA.

Gains of IR over CC with this initial coding rate equal to ½ are between 0.25 dB (AWGN) and 0.9 dB (PB3 and VA120) for the first retransmission, and between 0.25 dB (flat fading 3) and 0.7 dB (VA120) for the second retransmission.

5. Conclusions

Results show that IR works better than CC, whatever the initial coding rate and the propagation environment.

For high coding rates, e.g. ¾, FIR is better than PIR (between almost 1 and 2 dB typically), which is also better than CC (between almost 1 and 2 dB as well).

For low initial coding rates, e.g. ½, PIR (in this case PIR and FIR may be the same) works better than CC, though the gain achieved by IR is smaller than at high coding rates, i.e. less than 1 dB.

From these results, our conclusion is that though IR always works better that CC, several operating ranges can be determined, as presented in section 2.1 in [2].

When the coding rate of the initial transmission is high (typically greater than 2/3), Full IR is recommended using some non self-decodable redundancy versions.

When the coding rate is intermediate, grossly between ½ (or 1/3) and 2/3, Partial IR is recommended. In this case, it may be impossible to generate non self-decodable redundancy versions due to the initial coding rate.

Finally, when the coding rate of the initial transmission is small (below ½ or 1/3) CC is though to be enough, though IR may bring a slight improvement between coding rates ½ and 1/3. Of course, for coding rates smaller than 1/3, i.e. when repetition is used, CC is the only solution unless repeated bits are changed from one retransmission to the others.

6. References

[1] TSGR1#(01)1113, Fujitsu, "Performance comparison of Chase Combining and Various Incremental Redundancy Schemes for 16-QAM", 3GPP TSG RAN1 meeting # 22, Jeju, Korea, November 2001
[2] TSGR1-01-1023, Nokia, "Hybrid ARQ scheme for HSDPA", 3GPP TSG RAN HSDPA Ad Hoc meeting, Sophia Antipolis, France, November 2001.

PAGE  
1

