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1 Introduction

Two-stage rate-matching method proposed in [1] and [2] has been accepted as a structure of Hybrid ARQ functionality for HSDPA, and redundancy versions (RVs) proposed in [3] can be seen in the technical report[4]. However, basic performance and characteristics of the Hybrid ARQ functionality using the RVs have not shown sufficiently. In this report, we investigate preferable combinations of the RVs in second and third transmission based on the simulations under AWGN environment and clarify a basic rule concerning the selection of the RVs in re-transmissions. In addition, although it is limited to 16QAM with R=3/4 case, we compare throughput performance of Hybrid ARQ functionality using an optimum combination of the RVs from current working assumption with one using optimum RVs that have been made based on the RV selection rule. It is shown that there is no performance degradation between two cases under Rayleigh fading environment.

2 Definition of the redundancy versions

Table 1 shows the definition of the redundancy versions used in the simulations for the second rate-matching stage [4]. It should be noted that the simulations have been done with puncturing case only.

Table 1. Definition of the redundancy versions.

R.V.
Systematic bits
1st parity bits
2nd parity bits
Note

1
Self-decodable with following initial value.
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2
Self-decodable with following initial value.
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3
Non-self-decodable with following initial value.


[image: image3.wmf](

)

[

]

{

}

1

mod

1

0

+

-

×

-

=

plus

minus

i

ini

e

e

X

r

e


[3]



4
Non-self-decodable with following initial value.
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 EMBED Equation.3  [image: image33.wmf]X

e

ini

=



[image: image34.wmf]X

e

plus

=



[image: image35.wmf]N

e

us

D

=

min


No puncture
[1]


[image: image36.wmf]1

1

3

/

st

TTI

N

N

x

D

+

=



 EMBED Equation.3  [image: image37.wmf]nd

N

y

2

D

=



[image: image38.wmf]y

x

z

+

=




7
Non-self-decodable with following initial value.
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3 Simulation results

3.4 Basic packet error rate property

3.4.1 Simulation conditions

In order to confirm packet error rate performance, computer simulations were conducted under AWGN environment. Simulation conditions are shown in the Table 2.

Table 2. Simulation conditions

Parameter
Value

Carrier Frequency
2GHz

Propagation conditions
1 path

Channel
AWGN

CPICH relative power
10% (-10dB)

Ec/Ior
-1dB

Closed loop Power Control
OFF

HSDPA frame Length
2 ms (3 slots)

Spreading factor
16

The number of code
1

Ior/(Ioc+No)
Variable

Channel Estimation
Ideal

Modulations
QPSK , 16QAM

Coding rate
1/2 , 3/4

Channel coding
Rel’99 Turbo code (PCCC), 

Max no. of iterations for Turbo Coder
8

Metric for Turbo Coder
Max-log MAP

Input to Turbo Decoder
Soft

Number of Rake fingers
1

Transmitter diversity
STTD is not applied.

Channel interleaving
Random

Packet error rate (PER) properties were taken concerning some IR buffer size. In order to see the effect of different IR buffer size, we define increase of IR buffer size as

Increase of IR buffer size 
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where

a: the total number of Turbo encoded bits,

b: the number of physical channel bits,

c: IR buffer size.

In the graph, “0%” means the bit level Chase Combining and “100%” implies to apply full IR using the Turbo decoder with R=1/3.

3.4.2 QPSK 

3.4.2.1 R=1/2

Figure 1 shows PER properties in second transmission with several combinations of the RVs which can be defined from [4]. It can be seen that the combination of (RV1, RV2) shows superior performance in all IR buffer size. From these results, it is obvious that the combination of self-decodable versions with different eini is feasible. This implies that once punctured parity bits are compensated as first priority of the re-transmission, systematic bits should be transmitted again as second priority.

Figure 2 shows PER properties in third transmission. The combinations of (RV1,RV2,RV3) , (RV1,RV2,RV4) and (RV1,RV2,RV7) show superior performance. From these results, it is preferable to apply non-self-decodable versions in third transmission. This implies that additional parity bits should be sent in third transmission in order to average the power per bit between the systematic and parity bits since all systematic bits have already been resent in second transmission.

3.4.2.2 R=3/4

Figure 3 shows PER properties in second transmission. The combinations of (RV1,RV4), (RV1,RV7) and (RV2,RV7) show superior performance. From these results, it is obvious that parity bits that was not transmitted in first transmission should be compensated in send transmission as first priority. 

Figure 4 shows PER properties in third transmission. The combination (RV1,RV5,RV6) shows superior performance in limited case with 100% of the increase of IR buffer size. However, in other cases, the combination (RV1, RV7, RV2) shows the best performance. This shows that it is preferable to apply a self-decodable version with different eini in third transmission. By doing this, small number of residual non-transmitted parity bits can be compensated and additional power can be assigned to systematic bits.

3.4.3 16QAM

3.4.3.1 R=1/2

Figure 5 and 6 show PER properties in second and third transmission, respectively. The results are the same as the QPSK case.

3.4.3.2 R=3/4

Figure 7 and 8 show PER properties in second and third transmission, respectively. The results are the same as the QPSK case.
3.4.4 On the selection of the redundancy versions

According to the simulation results shown in 3.1.2 and 3.1.3, the selection of the RVs in re-transmissions should be based on the rule below.

· Non-transmitted parity bits shall be sent with highest priority in re-transmission stage. If a physical channel has still some rooms, systematic bits shall be resent as next priority. After that, RVs shall be selected so that the power per bit is to be averaged between the systematic bits and parity bits.

When we obey the rule above, the selection of RVs in case of R=1/2 and R=3/4 can be written as follows, respectively.

1) The case of R=1/2

· A self-decodable version with different eini shall be applied in second transmission. A non-self-decodable version shall be applied in third transmission so that the power per bits between systematic bits and parity bits can be averaged.

2) The case of R=3/4

· Non-transmitted parity bits shall be sent by applying a non-self-decodable version with different eini in second transmission. In third transmission, a self-decodable version shall be applied. In this case, eini should be different from the one in 1st and 2nd transmission cases. By doing this, small number of non-transmitted parity bits can be compensated and systematic bits can be resent as next priority.

3.5 Throughput performance
3.5.1 Simulation conditions

We can construct optimum RVs that realize the rule described in 3.1.4 without duplication of the re-transmitted bits. We define the RVs as optimum RVs. In this section, we compare throughput performance of Hybrid ARQ functionality based on the optimum selection of the RVs which can be defined from [4] with one based on the optimum RVs. Table 3 shows simulation conditions to obtain the throughout performance.

Table 3 Simulation conditions

Parameter
Value

Carrier Frequency
2GHz

Propagation conditions
1 path

Channel
AWGN, Rayleigh (30km/h,120km/h)

CPICH relative power
10% (-10dB)

Ec/Ior
-1dB

Closed loop Power Control
OFF

HSDPA frame Length
2 ms (3 slots)

Spreading factor
16

The number of code 
1

The number of ARQ process
1

Max number of transmission
3

Ior/(Ioc+No)
Variable

Channel Estimation
Ideal

Modulations
16QAM

Coding rate
3/4

Channel coding
Rel’99 Turbo code (PCCC), 

Max no. of iterations for Turbo Coder
8

Metric for Turbo Coder
Max-log MAP

Input to Turbo Decoder
Soft

Number of Rake fingers
1

Transmitter diversity
STTD is not applied.

Channel interleaving
Random

3.5.2 Simulation results

Figure 9 and 10 show the throughput performance under AWGN and Rayleigh fading environment, respectively. Although the performance difference can be seen in AWGN case, the difference becomes negligible in Rayleigh fading case. This result implies that currently defined RVs are capable of giving enough Hybrid ARQ performance in practical environment when the RV selection rule described in 3.1.4 is applied.  

4 Conclusions

In this report,  a selection rule of the redundancy versions for Hybrid ARQ functionality in re-transmissions was clarified. In addition, it was shown that the currently defined RVs could give enough Hybrid ARQ performance in practical environment when the redundancy versions were selected based on the RVs selection rule.
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(a) Increase of IR buffer size is 100%.
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(b) Increase of IR buffer size is 50%.
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 (c) PER properties with combination of RV1 and RV2.

Fig.1. PER properties of second transmission with various combination of redundancy versions (QPSK R=1/2).
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(a) Increase of IR buffer size is 100%.

[image: image44.wmf]QPSK R=1/2 AWGN (100%)

0.001

0.01

0.1

1

-15.4

-14.6

-13.8

-13

-12.2

Ior/Ioc[dB]

PER

RV1+2+1

RV1+2+2

RV1+2+3

RV1+2+4

RV1+3+4

RV1+2+7


(b) Increase of IR buffer size is 50%.
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 (c) PER properties with combination of RV1, RV2 and RV4.
Fig.2. PER properties of third transmission with various combination of redundancy versions (QPSK R=1/2).
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(a) Increase of IR buffer size is 100%.
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(b) Increase of IR buffer size is 50%.
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(c) PER properties with combination of RV1 and RV7.
Fig.3. PER properties of second transmission with various combination of redundancy versions (QPSK R=3/4).
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(a) Increase of IR buffer size is 100%.
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(b) Increase of IR buffer size is 50%.
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(c) PER properties with combination of RV1, RV7 and RV2.
Fig.4. PER properties of third transmission with various combination of redundancy versions (QPSK R=3/4).
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(a) Increase of IR buffer sizes are 100% and 50%.
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 (b) PER properties with combination of RV1 and RV2.
Fig.5. PER properties of second transmission with various combination of redundancy versions (16QAM R=1/2).
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 (a) Increase of IR buffer size is 100%.
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 (b) Increase of IR buffer size is 50%.
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(c) PER properties with combination of RV1, RV2 and RV3.
Fig.6. PER properties of third transmission with various combination of redundancy versions (16QAM R=1/2).
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(a) Increase of IR buffer size is 100%.
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(b) Increase of IR buffer size is 50%.
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 (c) PER properties with combination of RV1 and RV7.
Fig.7. PER properties of second transmission with various combination of redundancy versions (16QAM R=3/4).
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(a) Increase of IR buffer size is 100%.
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(b) Increase of IR buffer size is 50%.
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(c) PER properties with combination of RV1, RV7 and RV2.
Fig.8. PER properties of third transmission with various combination of redundancy versions (16QAM R=3/4).
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Fig.9. Throughput property of 16QAM, R=3/4 under the AWGN environment.

(The increase of IR buffer size is 100%)
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Fig.10. Throughput property of 16QAM, R=3/4 under Rayleigh fading environment.

(The increase of IR buffer size is 100%)
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