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1 Introduction

An asynchronous and adaptive IR (A2IR) scheme for HSDPA was proposed in [1]. More details on the scheme are provided in [2]. This contribution provides link-level simulation results for the A2IR scheme.

2 Modulation and coding schemes

Table 1 summarises different modulation and coding schemes supported in A2IR. Note that different code block size (number of transport blocks) can be selected for the same data rate depending upon the data backlog in the user’s buffer. The data rates below 60 Kb/s are achieved by repeating the 60 Kb/s code sub-blocks using the A2IR scheme.  Implicit in the A2IR approach is the use of a variable length TTI whose advantages have been outlined in [3]. As an example, consider a code block of 640 bits first transmitted at 960 Kbps. If the receiver sends a negative acknowledgement, then the code block can be retransmitted at any rate from MCS1-MCS5 with the suitable rate and corresponding TTI being picked based on the UE link quality feedback. 

Table 1. Data Rates [assumes 20channelization codes of SF=32 and transport block size=320 bits]

MCS
Data Rate

[Kb/s]
Modulation
Effective coding rate

[actual coding + repetition]
Transmission Time Interval (TTI) [number of slots]







16 Transport blocks per TTI

[code block = 5120 bits]
8 Transport blocks per TTI

[code block = 2560 bits]
4 Transport blocks per TTI

[code block = 1280 bits]
2 Transport blocks per TTI

[code block = 640 bits]



1
60
QPSK
0.0125



16

2
120
QPSK
0.0250


16
8

3
240
QPSK
0.0500

16
8
4

4
480
QPSK
0.1000
16
8
4
2

5
960
QPSK
0.2000
8
4
2
1

6
1920
QPSK
0.4000
4
2
1


7
3840
QPSK
0.8000
2
1



8
7680
16-QAM
0.8000
1




The sub-block rate is selected based on the link quality feedback from the receiver. In order to benefit from HARQ operation, the sub-block rate is always selected to be greater than or equal to the supportable rate determined by the mapping from link quality feedback. The larger the difference between the sub-block rate and the supportable rate better the throughput due to improved IR/combining granularity. However, the delays are directly proportional to the rate difference because the average number of transmission attempts needed to recover a code block increases, as the sub-block rates become more and more aggressive relative to the supportable rate. The sub-block rates corresponding to different supportable rates are given in Table 2. The supportable rate would be determined based on mapping of link quality feedback to rate.

Table 2. A2IR sub-block rates. 

Supportable rate

[Kb/s]
Sub-block rate

[Kb/s]

15
60

30
120

60
240

120
480

240
960

480
1920

960
3840

1920
3840

3840
7680

7680
7680

3 Simulations

The simulation parameters are summarised in Table 3. We provide AWGN link level performance results for a single user. The throughput results are obtained by simulating multiple users (eight users). The simulations are performed for different values of average I^or/Ioc. However, in a given simulation run, the average I^or/Ioc is set to the same value for all users. Different users see different SNR due to independent Raleigh fading. The scheduler selects the user with the highest supportable rate and start sending data to that user at the sub-block rate (see Table 2). The sub-block rate is kept unchanged during the transmission time of the sub-block. However, the subsequent sub-blocks will use the sub-block rate based on the prevailing supportable data rate.

Table 3. Simulation Parameters

Parameter
Value

Carrier Frequency
2GHz

Channel Model
AWGN, 3.0 Km/h Raleigh

Overhead Power Allocation (CPICH+P-CCPCH+S-CCPCH+SCH+PICH…)
20% (-7dB)

Max Traffic Channel Power Allocation
-1dB

I^or/Ioc
Variable

Channel Estimation
Ideal

Fading Model
Jakes 

No of iterations for Turbo Codes
8

Metric for Turbo Code
Max

Turbo Code Rates
0.2-0.8

Input to Turbo Decoder
Soft

Turbo Interleaver
As per 3GPP (modified to handle higher data rates)

Hybrid ARQ
IR/Chase Combining

ACK Feedback Error
0 %

Max number of frame transmissions for H-ARQ
15

ACK/NACK delay
3 slots (2 ms)

Link quality feedback delay
6 slots (4 ms)

Number of parallel “Stop and Wait” channels per user
Up to 4

Multipath
1-path

Information Bit Rates Simulated (Kbps)
As defined in Table 1

Number of users
8

Number of channelization codes
20 at SF=32

Scheduling
Best link quality user first (Max C/I) 

3.1 Performance in an AWGN channel

Figure 1 through  Figure 4 depict FER as a function of I^or/Ioc in an AWGN channel for code block sizes of 5120, 2560, 1280, and 640 bits respectively.
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Figure 2
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Figure 4
3.2 Throughput in a fading channel

The multi-user throughput results are depicted in Figure 5 and Table 4 for a code block size of 5120 bits. We simulated two different levels of aggressiveness for A2IR sub-block starting rates. In the first case, sub-block rate is selected by mapping the received SNR to a rate that guarantees 1% or better FER from the AWGN curves (supportable rate). In the second case, the sub-block rate is 1-4 times higher than the supportable rate as depicted in Table 2. It can be seen that he aggressive approach provides up to 45% better throughput compared to the non-aggressive case.
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Figure 5: Throughput vs Ior/Ioc for aggressive and non-aggressive sub-block rates. For the aggressive scheme, the sub-block rates are as in Table 2. For both cases, the maximum number of retransmissions is 15. 

Table 4: Performance of A2IR with and without aggressive sub-block rate.

Ior/Ioc

in dB
Throughput

(aggressive)

[Mb/s]
Throughput

(non-aggressive)

[Mb/s]
% gain with

aggressive

-6
1.12
0.81
38.08

-5
1.35
0.93
45.65

-4
1.49
1.04
43.23

-3
1.68
1.29
30.08

-2
1.88
1.59
18.41

-1
2.16
2.02
6.93

0
2.48
2.04
21.51

1
2.83
2.41
17.67

2
3.17
2.72
16.55

3
3.45
3.21
7.42

4
3.67
3.45
6.59

5
4.00
3.71
7.86

6
4.50
3.99
12.71

7
5.26
4.46
18.10

8
5.73
5.06
13.22

9
6.50
5.87
10.71

10
7.12
6.60
7.89

11
7.43
7.12
4.39

12
7.58
7.47
1.52

4 Conclusions

We provided the link-level simulation results for Asynchronous and Adaptive IR (A2IR) scheme. The Throughput is improved when the sub-block rate (HARQ starting rate) is aggressive compared to the supportable rate. The difference between the supportable rate and the sub-block rate can be made larger at low to medium data rates (using QPSK modulation). The larger the difference between the sub-block rate and the supportable rate better the throughput due to improved IR/combining granularity. However, the delays are directly proportional to the rate difference because the average number of transmission attempts needed to recover a code block increases, as the sub-block rates become more and more aggressive relative to the supportable rate.
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			-4.4			-5.472			0.015083


			-4.2			-5.272			0.0102


			-4			-5.072			0.004755


			PKT3 MCS5


			-3.6			-4.672			0.970874


			-3.4			-4.472			0.877193


			-3.2			-4.272			0.806452


			-3			-4.072			0.628931


			-2.8			-3.872			0.507614


			-2.6			-3.672			0.369004


			-2.4			-3.472			0.212314


			-2.2			-3.272			0.145773


			-2			-3.072			0.07764


			-1.8			-2.872			0.039714


			-1.6			-2.672			0.027533


			-1.4			-2.472			0.018447


			-1.2			-2.272			0.010011


			-1			-2.072			0.005265


			PKT3 MCS6


			0			-1.072			1


			0.2			-0.872			0.980392


			0.4			-0.672			0.980392


			0.6			-0.472			0.925926


			0.8			-0.272			0.793651


			1			-0.072			0.621118


			1.2			0.128			0.507614


			1.4			0.328			0.358423


			1.6			0.528			0.268097


			1.8			0.728			0.166945


			2			0.928			0.100806


			2.2			1.128			0.068353


			2.4			1.328			0.046232


			2.6			1.528			0.027533


			2.8			1.728			0.018598


			3			1.928			0.012022


			3.2			2.128			0.008891


			3.4			2.328			0.005034
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PKT3 MCS2


PKT3 MCS3


PKT3 MCS4


PKT3 MCS5


PKT3 MCS6


Ior/Ioc


FER
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			PKT4 MCS1


			-15.6			-16.672			0.990099


			-15.4			-16.472			0.909091


			-15.2			-16.272			0.833333


			-15			-16.072			0.675676


			-14.8			-15.872			0.595238


			-14.6			-15.672			0.4329


			-14.4			-15.472			0.396825


			-14.2			-15.272			0.239234


			-14			-15.072			0.185185


			-13.8			-14.872			0.092764


			-13.6			-14.672			0.07837


			-13.4			-14.472			0.042753


			-13.2			-14.272			0.027189


			-13			-14.072			0.015726


			-12.8			-13.872			0.010797


			-12.6			-13.672			0.005133


			PKT4 MCS2


			-12.4			-13.472			0.970874


			-12.2			-13.272			0.819672


			-12			-13.072			0.75188


			-11.8			-12.872			0.740741


			-11.6			-12.672			0.478469


			-11.4			-12.472			0.34965


			-11.2			-12.272			0.247525


			-11			-12.072			0.200401


			-10.8			-11.872			0.098425


			-10.6			-11.672			0.073855


			-10.4			-11.472			0.04902


			-10.2			-11.272			0.027518


			-10			-11.072			0.015004


			-9.8			-10.872			0.010424


			-9.6			-10.672			0.005812


			PKT4 MCS3


			-9.6			-10.672			0.970874


			-9.4			-10.472			0.961538


			-9.2			-10.272			0.854701


			-9			-10.072			0.763359


			-8.8			-9.872			0.595238


			-8.6			-9.672			0.471698


			-8.4			-9.472			0.358423


			-8.2			-9.272			0.25974


			-8			-9.072			0.15361


			-7.8			-8.872			0.120919


			-7.6			-8.672			0.063654


			-7.4			-8.472			0.044883


			-7.2			-8.272			0.029214


			-7			-8.072			0.015659


			-6.8			-7.872			0.009605


			-6.6			-7.672			0.005104


			-6.4			-7.472			0.002989


			PKT4 MCS4


			-6.6			-7.672			0.980392


			-6.4			-7.472			0.943396


			-6.2			-7.272			0.833333


			-6			-7.072			0.78125


			-5.8			-6.872			0.621118


			-5.6			-6.672			0.460829


			-5.4			-6.472			0.42735


			-5.2			-6.272			0.303951


			-5			-6.072			0.161551


			-4.8			-5.872			0.110988


			-4.6			-5.672			0.07622


			-4.4			-5.472			0.040617


			-4.2			-5.272			0.034188


			-4			-5.072			0.018008


			-3.8			-4.872			0.009636


			-3.6			-4.672			0.006306


			-3.4			-4.472			0.003937


			PKT4 MCS5


			-3.4			-4.472			0.917431


			-3.2			-4.272			0.909091


			-3			-4.072			0.833333


			-2.8			-3.872			0.617284


			-2.6			-3.672			0.534759


			-2.4			-3.472			0.403226


			-2.2			-3.272			0.25974


			-2			-3.072			0.203252


			-1.8			-2.872			0.12837


			-1.6			-2.672			0.074294


			-1.4			-2.472			0.041288


			-1.2			-2.272			0.028401


			-1			-2.072			0.015477


			-0.8			-1.872			0.010561


			-0.6			-1.672			0.005508


			-0.4			-1.472			0.00384
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			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0						0			0			0


									0			0





PKT4 MCS1


PKT4 MCS2


PKT4 MCS3


PKT4 MCS4


PKT4 MCS5


Ior/Ioc


FER


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0
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			PKT5 MCS1


			-15.6			-16.672			0.934579


			-15.4			-16.472			0.813008


			-15.2			-16.272			0.714286


			-15			-16.072			0.680272


			-14.8			-15.872			0.512821


			-14.6			-15.672			0.462963


			-14.4			-15.472			0.307692


			-14.2			-15.272			0.243902


			-14			-15.072			0.169779


			-13.8			-14.872			0.110742


			-13.6			-14.672			0.085397


			-13.4			-14.472			0.055804


			-13.2			-14.272			0.040274


			-13			-14.072			0.022847


			-12.8			-13.872			0.015326


			-12.6			-13.672			0.009314


			PKT5 MCS2


			-12.4			-13.472			0.909091


			-12.2			-13.272			0.689655


			-12			-13.072			0.645161


			-11.8			-12.872			0.546448


			-11.6			-12.672			0.378788


			-11.4			-12.472			0.361011


			-11.2			-12.272			0.282486


			-11			-12.072			0.180505


			-10.8			-11.872			0.125786


			-10.6			-11.672			0.087413


			-10.4			-11.472			0.062035


			-10.2			-11.272			0.035971


			-10			-11.072			0.024576


			-9.8			-10.872			0.018369


			-9.6			-10.672			0.011271


			-9.4			-10.472			0.006398


			-9.2			-10.272			0.004015


			-9			-10.072			0.002443


			-8.8			-9.872			0.0018


			PKT5 MCS3


			-9.6			-10.672			0.884956


			-9.4			-10.472			0.840336


			-9.2			-10.272			0.813008


			-9			-10.072			0.571429


			-8.8			-9.872			0.520833


			-8.6			-9.672			0.41841


			-8.4			-9.472			0.340136


			-8.2			-9.272			0.286533


			-8			-9.072			0.18622


			-7.8			-8.872			0.107066


			-7.6			-8.672			0.093023


			-7.4			-8.472			0.055218


			-7.2			-8.272			0.04029


			-7			-8.072			0.02733


			-6.8			-7.872			0.017683


			-6.6			-7.672			0.012617


			-6.4			-7.472			0.006628


			PKT5 MCS4


			-6.6			-7.672			0.884956


			-6.4			-7.472			0.826446


			-6.2			-7.272			0.787402


			-6			-7.072			0.617284


			-5.8			-6.872			0.537634


			-5.6			-6.672			0.485437


			-5.4			-6.472			0.331126


			-5.2			-6.272			0.260417


			-5			-6.072			0.176991


			-4.8			-5.872			0.114943


			-4.6			-5.672			0.092678


			-4.4			-5.472			0.067249


			-4.2			-5.272			0.047847


			-4			-5.072			0.029326


			-3.8			-4.872			0.014318


			-3.6			-4.672			0.01193


			-3.4			-4.472			0.00733
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PKT5 MCS1


PKT5 MCS2


PKT5 MCS3


PKT5 MCS4


Ior/Ioc


FER





			-7.672			-7.872			-7.672			-7.672						-4.872			-4.872			-4.672			-4.472			-10.672			-10.872			-10.672


			-7.472			-7.672			-7.472			-7.472						-4.672			-4.672			-4.472			-4.272			-10.472			-10.672			-10.472


			-7.272			-7.472			-7.272			-7.272						-4.472			-4.472			-4.272			-4.072			-10.272			-10.472			-10.272


			-7.072			-7.272			-7.072			-7.072						-4.272			-4.272			-4.072			-3.872			-10.072			-10.272			-10.072


			-6.872			-7.072			-6.872			-6.872						-4.072			-4.072			-3.872			-3.672			-9.872			-10.072			-9.872


			-6.672			-6.872			-6.672			-6.672						-3.872			-3.872			-3.672			-3.472			-9.672			-9.872			-9.672


			-6.472			-6.672			-6.472			-6.472						-3.672			-3.672			-3.472			-3.272			-9.472			-9.672			-9.472


			-6.272			-6.472			-6.272			-6.272						-3.472			-3.472			-3.272			-3.072			-9.272			-9.472			-9.272


			-6.072			-6.272			-6.072			-6.072						-3.272			-3.272			-3.072			-2.872			-9.072			-9.272			-9.072


						-6.072			-5.872			-5.872						-3.072			-3.072			-2.872			-2.672			-8.872			-9.072			-8.872


						-5.872			-5.672			-5.672									-2.872			-2.672			-2.472			-8.672			-8.872			-8.672


						-5.672			-5.472			-5.472									-2.672			-2.472			-2.272						-8.672			-8.472


									-5.272			-5.272												-2.272			-2.072						-8.472			-8.272


									-5.072			-5.072												-2.072			-1.872						-8.272			-8.072


												-4.872															-1.672						-8.072			-7.872


												-4.672															-1.472									-7.672


												-4.472																								-7.472





PKT1 MCS4


PKT2 MCS4


PKT3 MCS4


PKT4 MCS4


PKT5 MCS4


PKT1 MCS5


PKT2 MCS5


PKT3 MCS5


PKT4 MCS5


PKT2 MCS3


PKT3 MCS3


PKT4 MCS3


PKT5 MCS3


Ior/Ioc


FER


0.854701


0.990099


0.990099


0.980392


0.980392


0.980392


0.970874


0.917431


0.925926


1


0.970874


0.588235


0.990099


0.961538


0.943396


0.869565


0.917431


0.877193


0.909091


0.869565


0.961538


0.961538


0.338983


0.787402


0.8


0.833333


0.558659


0.826446


0.806452


0.833333


0.609756


0.934579


0.854701


0.128041


0.641026


0.680272


0.78125


0.3003


0.591716


0.628931


0.617284


0.420168


0.775194


0.763359


0.05814


0.414938


0.543478


0.621118


0.156495


0.469484


0.507614


0.534759


0.218818


0.636943


0.595238


0.031949


0.223714


0.353357


0.460829


0.072727


0.215983


0.369004


0.403226


0.11274


0.423729


0.471698


0.016396


0.119048


0.176678


0.42735


0.034037


0.126422


0.212314


0.25974


0.07758


0.292398


0.358423


0.010109


0.079365


0.11534


0.303951


0.015385


0.076511


0.145773


0.203252


0.038402


0.213675


0.25974


0.00504


0.035063


0.070822


0.161551


0.010363


0.04


0.07764


0.12837


0.017637


0.132275


0.15361


0.017498


0.044863


0.110988


0.005952


0.016952


0.039714


0.074294


0.010866


0.068918


0.120919


0.010055


0.022193


0.07622


0.012179


0.027533


0.041288


0.006605


0.057837


0.063654


0.006362


0.015083


0.040617


0.005109


0.018447


0.028401


0.024331


0.044883


0.0102


0.034188


0.010011


0.015477


0.014391


0.029214


0.004755


0.018008


0.005265


0.010561


0.009228


0.015659


0.009636


0.005508


0.005885


0.009605


0.006306


0.00384


0.005104


0.003937








