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1 Introduction 
The paper summarizes the link level throughput results for different HARQ schemes proposed for HSDPA.  

2 Simulation Parameters 
Results for Chase combining, non-adaptive IR (where the modulation used for retransmission is restricted to be the same 
as the original transmission) and adaptive, asynchronous IR (A2IR) were obtained using the data rates table shown in 
Table 1. All the schemes use variable TTI for transmission as shown in the table. 

Table 1. Data rates 

TTI 

[slots] 

Data rate [Kb/s] 

(Modulation, 
Coding Rate) 

5120 bits code 
block 

15 
512 

(QPSK, 0.106) 

5 
1536 

(QPSK, 0.32) 

3 
2560 

(QPSK, 0.53) 

2 
3840 

(QPSK, 0.8) 

1 
7680 

(16QAM, 0.8) 

 

The simulation parameters are summarised in Table 2. The throughput results are obtained by simulating multiple users 
(eight users). The simulations are performed for different values of average Ec/Nt. However, in a given simulation run, 
the average Ec/Nt is set to the same value for all users. Different users see different instantaneous values of C/I due to 
independent Rayleigh fading. The scheduler selects the user with the highest reported C/I.  
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Table 2. Simulation Parameters 

Parameter Value 
Carrier Frequency 2GHz 

Channel Model 3.0 Km/h Rayleigh, 30.0 Km/h Rayleigh 
Ec/Nt Variable 

Channel Estimation Ideal 
Fading Model Jakes  

No of iterations for Turbo Codes 8 
Metric for Turbo Code Max 
Base Turbo Code Rate 0.2 
Input to Turbo Decoder Soft 

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

Hybrid ARQ A2IR/Non-adaptive IR/Chase Combining 
ACK Feedback Error 0 % 

Max number of frame transmissions for H-
ARQ 

10 

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 

Code block size simulated 5120 bits 
Number of users 8 

Number of channelization codes 10 at SF=16 
Scheduling Best link quality user first (Max C/I)  

FRP 1.0 
 

2.1 MCS Selection and Aggressiveness 
Both the Chase combining scheme and the non-adaptive IR scheme has flexibility in selecting the MCS and TTI for the 
first transmission of a frame. All retransmissions are performed with the MCS used for the original transmission. The 
MCS selected is a function of the most recent link quality feedback. The A2IR scheme can select MCS and TTI both on 
the first transmission as well as on retransmissions of a frame. For the first transmission of a frame, the A2IR scheme 
selects the MCS and TTI based on the most recent link quality feedback. However, for retransmissions, link quality 
feedback valid during previous transmissions of a frame and the most recent link quality feedback are used to select the 
MCS and TTI. Precisely, it uses the link quality feedback valid during previous transmissions to obtain an estimate of 
the aggregated energy for that frame at the receiver. That information is used in conjunction with the most recent link 
quality feedback to determine the MCS and TTI for retransmission. This adaptive scheme attempts to pick the MCS and 
TTI to fulfil the residual energy required for the frame to be successful with high probability. For example, for a given 
MCS, suppose we need Eb/No of 1 (= 0 dB) for successful decoding. If Eb/No from earlier transmissions is 9/10, then we 
need only 1/10 (= -10 dB) more. The MCS for retransmission can be selected to provide just the required energy (= -10 
dB) under the current channel conditions. However, since the TTI can only take discrete values, the energy added per 
retransmission fulfills the residual energy need in a coarse rather than fine manner. In Appendix B, we present the CDF 
of these step sizes obtained from simulations. 

The MCS selection for the first transmission is based on the so-called aggressiveness vector 1 2 3 4[    ]a a a a , where 

1 2 3 4   and , , , ,a a a a  represent the aggressiveness in dB used for QPSK, 8-PSK, 16-QAM and 64-QAM schemes, 
respectively. We illustrate the use of this vector by means of an example. Suppose the Ec/Nt required to achieve an FER 
of 1% with an MCS that uses QPSK modulation is x dB, and the most recent link quality feedback is y dB. Then, the 

MCS can be selected for the transmission of the frame if and only if 1y x a− > . If, however, the MCS uses 16-QAM 

modulation, then the MCS can be selected only if 3y x a− > . The method is analogous for MCSs that use 8-PSK and 
64-QAM modulations. Now, using this method, we first form a list of MCSs that can be used for the first transmission 
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based on the selected aggressiveness factor and the most recent link quality feedback. The MCS in this list that provides 
the highest data rate is then used for transmission of the frame. See also [2] for additional details on aggressiveness.   

From a system throughput perspective, both non-adaptive IR and A2IR were found to perform well when the 
aggressiveness vector is [6 3 2 0]. However, Chase combining, performed slightly better with an aggressiveness vector 
of [3 1.5 1 0] than the other vectors. See Appendix A for a comparison of the performance of Chase combining for 
different aggressiveness vectors. 

In the next sections we compare the link-level throughput performance of the different HARQ combining choices. Issues 
related to signaling and buffer requirements for adaptive IR are addressed in [2]. 

3 Non-Adaptive IR versus Chase combining 

3.1 Performance at 3.0 Km/h 
The system throughput results for non-adaptive IR with [6 3 2 0] aggressiveness and Chase combining with [3 1.5 1 0] 
aggressiveness are presented in Table 3. It can be seen that gains as high as 20% can be obtained from non-adaptive IR. 

Table 3. System throughput at 3.0 Km/h 

System throughput (kb/s) 
Ec/Nt 

Chase combining Non-adaptive IR 

% gain of Non-adaptive IR  
over Chase combining 

-6 916.2 1102.4 20.3 

-3 1537.2 1642.8 6.9 

0 2396.2 2422.3 1.1 

3 3509.7 3463.5 -1.3 

6 4419.2 4563.8 3.3 

9 6442.9 7046.6 9.4 

 

The average number of transmissions necessary for the successful transmission of a frame is presented in Table 4. 

Table 4.  Average number of transmissions necessary at 3.0 km/h 

Ec/Nt Chase combining Non-adaptive IR 

-6 1.91 2.31 

-3 1.64 2.03 

0 1.39 1.57 

3 1.08 1.13 

6 1.02 1.15 

9 1.02 1.06 
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3.2 Performance at 30.0 Km/h 
The system throughput results for non-adaptive IR with [6 3 2 0] aggressiveness and Chase combining with [3 1.5 1 0] 
aggressiveness are presented in Table 5. In contrast with the results at low vehicular speeds, the gains from using non-
adaptive IR over Chase combining are higher.  

Table 5. System throughput at 30.0 Km/h 

System throughput (kb/s) 
Ec/Nt 

Chase combining Non-adaptive IR 

% gain of Non-adaptive IR  
over Chase combining 

-6 436.7 604.4 38.4 

-3 751.5 1040.6 38.5 

0 1235.0 1545.1 25.1 

3 1902.5 2046.7 7.6 

6 2559.5 2588.0 1.1 

9 3852.3 3955.0 2.7 

 

The average number of transmissions necessary for successful delivery of a frame is presented in Table 6 below. 

Table 6. Average number of transmissions necessary at 30.0 Km/h 

Ec/Nt Chase combining Non-adaptive IR 

-6 4.34 4.51 

-3 3.63 3.37 

0 2.86 2.46 

3 2.02 1.96 

6 1.95 2.27 

9 1.83 1.86 

 

4 Adaptive IR versus Chase combining 

4.1 Performance at 3.0 Km/h 
The system throughput results for Adaptive IR (A2IR) with [6 3 2 0] aggressiveness and Chase combining with [3 1.5 1 
0] aggressiveness are presented in Table 7. In comparison with Section 3.1 above, A2IR provides higher gains than non-
adaptive IR. 

Table 7. System throughput at 3.0 Km/h 

System throughput (kb/s) 
Ec/Nt 

Chase combining A2IR 

% gain of A2IR 
over Chase 
combining 

-6 916.2 1230.1 34.3 
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-3 1537.2 1906.4 24.0 

0 2396.2 2768.9 15.5 

3 3509.7 3631.4 3.5 

6 4419.2 4420.8 0.0 

9 6442.9 6798.1 5.5 

 

The average number of transmissions necessary for the successful transmission of a frame is presented below. 

Table 8. Average number of transmissions necessary at 3.0 Km/h 

Ec/Nt Chase combining A2IR 

-6 1.913 2.62 

-3 1.65 2.21 

0 1.39 1.67 

3 1.08 1.13 

6 1.02 1.14 

9 1.02 1.06 

 

4.2 Performance at 30.0 Km/h 
The system throughput results for Adaptive IR (A2IR) with [6 3 2 0] aggressiveness and Chase combining with [3 1.5 1 
0] aggressiveness are presented in Table 9. Clearly, A2IR provides significant gains (as high as 40%) over Chase 
combining.  

Table 9. System throughput at 30.0 Km/h 

System throughput (kb/s) 
Ec/Nt 

Chase Combining A2IR 

% gain of A2IR 
over Chase 
Combining 

-6 436.7 633.6 45.1 

-3 751.5 1069.6 42.3 

0 1235.0 1660.3 34.4 

3 1902.5 2395.0 25.9 

6 2559.5 3282.6 28.2 

9 3852.3 4468.1 16.0 

 

The average number of transmissions necessary for the successful transmission of a frame is shown in the table below. 

Table 10. Average number of transmissions necessary at 30.0 Km/h 

Ec/Nt Chase combining A2IR 
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-6 4.34 4.80 

-3 3.63 3.81 

0 2.86 2.77 

3 2.02 2.01 

6 1.95 1.82 

9 1.83 1.66 

Chase combining provides up to 3dB additional energy at the receiver with a retransmission. In most cases this is much 
greater than the residual energy required to decode the frame successfully. A2IR tries to provide just as much energy as 
needed for successful decoding by adapting the TTI of transmission appropriately. This results in slots being freed up 
and consequent scheduling gain.  

5 Robustness of A2IR to Link Quality Estimation Errors 
As mentioned in Section 2.1, A2IR uses both the link quality feedback valid during previous transmissions of a frame 
and the current link quality feedback to determine the MCS to use. In this section, we present results demonstrating the 
robustness of A2IR to link quality estimation errors. We only consider the case where the vehicle speed is 30 Km/h. The 
reason is because, unlike at low vehicle speeds, the C/I estimate at high vehicle speeds is prone to errors. So, it is of 
interest to evaluate the robustness of A2IR in this case.  

In this simulation, a noise term, representing the link quality estimation error, is added to the actual link quality or C/I, 
and then fed back to the base station. The noise is uniformly distributed in the interval [-3dB, 3dB], and therefore 
represents as much as a 100% error in the link quality estimate. We evaluate the performance of A2IR under such 
conditions, and compare it with the case when perfect link quality estimates are available at the base station. The C/I 
feedback delay is 6 slots as before. The other simulation parameters are as shown in Table 2. 

The table below compares the performance of A2IR with and without link quality estimation errors at 30.0 Km/h. The 
aggressiveness vector is [6 3 2 0] in both cases.  

Table 11. System throughput of A2IR with and without channel estimation errors at 30 Km/h 

System throughput (kb/s) 
Ec/Nt A2IR without link quality

estimation errors 
A2IR with link quality 

estimation errors 

% loss due to link 
quality estimation 

errors 

-6 633.6 570.2 11.1 

-3 1069.6 1008.7 6.0 

0 1660.3 1617.6 2.6 

3 2395.0 2146.2 11.6 

6 3282.6 2954.5 11.1 

9 4468.1 4262.5 4.8 

 

Note that despite the fairly high variance noise term added to the link quality estimates, the performance of A2IR 
remains superior to that of Chase combining.  
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6 Conclusion and Recommendation 
We have presented the link level performances for Chase combining, non-adaptive IR and Asynchronous Adaptive IR 
(A2IR). All the schemes used variable TTI. Our results show that at low vehicle speeds, non-adaptive IR does not 
provide significant gains over Chase Combining at most values of Ec/Nt. By comparison, A2IR provides higher gains 
over Chase Combining. At high speeds, the gains are as much as 30% or greater if the Ec/Nt is smaller than 3 dB. By 
adapting the retransmission MCS based on link quality feedbacks during previous transmissions and the current link 
quality feedback, A2IR exploits the benefits of both IR and variable TTI, thereby leading to a comparatively better 
performance. We also demonstrated the robustness of A2IR to link quality estimation errors. 

Finally, we note that the most significant gains of A2IR, as also non-adaptive IR, occur at the lower values of Ec/Nt. So, 
in system level simulations, we can expect that users at poor geometries will experience the maximum benefits of IR, 
which, in turn, will lead to better packet call throughput CDFs. Furthermore, average system throughputs or packet call 
throughputs are unlikely to reflect the gains as much if a max-C/I scheduler is used and a large fraction of the users are 
located at favourable geometries. However, the gains may manifest themselves in system throughput numbers if a fair 
scheduler such as round-robin or proportional fair scheduling, is used, or if the available power fraction is low.  
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8 Appendix A. Aggression factors and Chase combining 
In this section, we briefly discuss the performance of Chase combining with different values of the aggression vector. A 
similar, and more detailed study, albeit for system level simulations, is presented in [2]. As in [2], the system throughput 
is approximately the same at 3 Km/h for the aggressiveness vectors [0 0 0 0] and [3 1.5 1 0]. We only present results 
here for the case when the speed is 30 Km/h. As the table shows, the performance of Chase combining is slightly better 
when an aggressiveness vector of [3 1.5 1 0] is chosen. 

Table 12. System througput for Chase combining with different aggressiveness vectors 

System throughput for Chase combining (kb/s) 
as a function of aggressiveness Ec/Nt 

[0 0 0 0] [3 1.5 1 0] [6 3 2 0] 

-6 374.1 436.7 409.9 

-3 692.7 751.5 736.4 

0 1163.4 1235.0 1270.6 

3 1826.1 1902.6 1863.3 

6 2555.4 2559.5 2608.7 

9 3769.6 3852.3 3832.7 

 

9 Appendix B. CDF of step sizes in A2IR 
This section provides the cdf of the step sizes taken by A2IR with each retransmission. It is observed that greater than 
90% of the steps taken are over 1.0dB and greater than 50% of the steps are over 2.0dB (this is still better than Chase 
combining which would add 3dB per retransmission regardless of whether that much is necessary for successful 
decoding of the frame upon retransmission). The steps are not small and therefore, the method of generating a frame 
error event based on the improved SNR with each retransmission in system simulations, is still quite accurate.  
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Figure 1: CDF of the step sizes (added energy with each retransmission) used by A2IR at 3km/hr. 
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