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1 Introduction

The IR based HARQ schemes have been shown to provide performance benefit over Chase combining [2]. However, the results presented in [2] accounted for channel estimation errors due to channel quality feedback delay only. This type of channel estimation error is function of the UE speed. The results presented in [2] also showed that the performance benefit of IR based schemes over Chase combining is larger at 30.0Km/h compared to 3.0Km/h. In fact, a non-adaptive IR scheme showed no gains over Chase combining at 3.0 Km/h. In another contribution [4], it was shown that at 3.0 Km/h, a simple Fast ARQ scheme performs as good as Chase or non-adaptive IR. The larger gains at 30.0Km/h for IR based schemes come from the fact that Chase combining is more sensitive to channel estimation errors resulting from comparatively higher speeds. 

 Another type of channel quality estimation error results from inaccurate channel quality measurements at the receiver. After accounting for these two different sources of errors i.e. channel estimation errors due to measurement errors and channel quality estimation errors due to feedback delay, the resulting total error in the channel quality estimation used for scheduling and MCS selection will even be larger. The channel quality measurement errors may also impact the receiver performance. However, we assumed ideal receiver performance in this study. 

The channel estimation errors impact the overall system throughput due to the following two main reasons:

· Loss in scheduling efficiency due to the fact that the user selected by the scheduler based on delayed and/or erroneous channel quality measurement may not actually be the best user from scheduling efficiency point of view.

· The performance loss due to errors in MCS selection (link adaptation errors).

The channel estimation errors also impact the residual Eb/No estimation used in MCS selection for retransmissions in A2IR. 

The results from this study are summarized below:

	
	Gain of IR based schemes over Chase combining

	
	3.0Km/h
	30.0Km/h

	
	1.5dB Error
	3.0dB Error
	1.5dB Error
	3.0dB Error

	NAIR vs. Chase
	~15%
	~34%
	~15%
	~24%

	A2IR vs. Chase
	~67%
	~67%
	~50%
	~50%


Following conclusions can be drawn from the results presented here and in [3] and [4]:

· At 3.0Km/h speed without any additional channel estimation errors due to inaccurate measurements at the receiver, non-adaptive HARQ schemes provide no significant gain over simple link adaptation i.e. Fast ARQ, Chase and non-adaptive IR provides similar performance. However, adaptive IR scheme provides gains even at 3.0 Km/h speed because it provides larger data rate granularity (by performing HARQ transmissions for the same code block at different data rates).

· In the presence of channel estimation errors due to inaccurate measurements and/or due to delay in channel quality feedback (relative to the UE speed), HARQ schemes provide clear performance benefit over Fast ARQ. However, under these conditions, IR based HARQ schemes outperform Chase combining. 

· For the same soft buffering capacity of the UE, IR based HARQ schemes gives better performance compared to Chase combining [3].

2 Performance Results

The details on simulation assumptions and parameters along with the modulation and coding schemes used are provided in the Appendix. In addition to the average throughput metrics, we use packet call throughput CDF as the performance metric [5].

2.1 Modeling of channel estimation errors

The channel estimation errors are modelled as an additive noise term to the link quality feedback in the dB domain. The additive noise term is modelled as a Gaussian random variable with 0dB mean and a specified standard deviation (the case of 1.5 dB and 3 dB are considered here). Note that this channel estimation error is in addition to the error due to channel quality feedback delay (6-slots feedback delay is considered in these simulations). The estimation errors will affect the scheduler and the selection of modulation and coding scheme for Chase combining and non-adaptive IR. Additionally, the residual Eb/No computation is impacted in the case of adaptive IR.
2.2 Impact of channel estimation errors

The packet call throughput CDF for Chase, NAIR and A2IR is given in Figure 1, Figure 2 and Figure 3 respectively for 0.0dB, 1.5dB and 3.0dB channel estimation error. It can be seen that Chase is most affected (the CDF curves are widely separated) by channel estimation errors compared to the IR based schemes. 
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Figure 1 Cumulative distribution function of Packet call throughput for Chase at 3.0 Km/h
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Figure 2 Cumulative distribution function of Packet call throughput for NAIR at 3.0 Km/h
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Figure 3 Cumulative distribution function of Packet call throughput for A2IR at 3.0 Km/h

2.3 Performance at 3.0Km/h
2.3.1 1.5dB channel estimation error

The throughput performance results for FARQ, Chase, NAIR and A2IR are summarized in Table 1 through Table 4. The packet call throughput CDF for Chase, NAIR and A2IR is compared in Figure 4 for 1.5 dB channel estimation error and 75 UEs. It can be seen that for the same number of UE, A2IR and NAIR provide better QoS compared to Chase combining. 

Figure 5 shows the CDF for Chase and NAIR with 65 and 75 UEs respectively. The NAIR scheme with 75 UEs matches the Chase scheme with 65 UEs and thus represents a performance gain of approximately 15%.

The packet call throughput CDF for Chase with 45 UEs is matched with A2IR with 75 UEs in Figure 6. This represents a 67% improvement in the number of UEs supported for the same QoS. The service throughput for A2IR with 75 UEs is 2.6 Mb/s compared to only 1.58 Mb/s for Chase with 45 UEs.
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Figure 4 Cumulative distribution function of Packet call throughput for Chase, NAIR and A2IR at 3.0 Km/h and 1.5dB channel estimation error
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Figure 5 Cumulative distribution function of Packet call throughput for Chase and NAIR at 3.0 Km/h and 1.5dB channel estimation error
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Figure 6 Cumulative distribution function of Packet call throughput for Chase and A2IR at 3.0 Km/h and 1.5dB channel estimation error

Table 1 Throughput performance for FARQ with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1330.9
	1292.3
	440.3
	0.354
	1.244

	37
	1114.6
	1575.2
	1304.5
	0.830
	1.196

	56
	1057.6
	2004.5
	1925.2
	0.961
	1.175

	75
	998.9
	2440.3
	2426.8
	0.994
	1.177

	100
	931.4
	2958.2
	2958.1
	1.000
	1.194


Table 2 Throughput performance for Chase with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1338.9
	1380.4
	435.5
	0.324
	1.190

	37
	1202.7
	1684.6
	1303.9
	0.776
	1.158

	56
	1095.9
	2038.2
	1907.6
	0.936
	1.142

	65
	1035.6
	2251.0
	2200.0
	0.978
	1.140

	75
	1023.6
	2485.1
	2462.1
	0.991
	1.138

	100
	958.0
	3093.2
	3092.7
	1.000
	1.143


Table 3 Throughput performance for NAIR with [6320] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1484.7
	1670.5
	430.2
	0.262
	1.775

	37
	1305.6
	1906.7
	1325.8
	0.698
	1.710

	56
	1204.8
	2226.6
	1957.6
	0.880
	1.641

	75
	1082.0
	2597.6
	2537.2
	0.977
	1.573

	100
	975.5
	3086.7
	3084.4
	0.999
	1.500


Table 4 Throughput performance for A2IR with [6320] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1538.0
	1735.4
	438.2
	0.259
	1.743

	37
	1389.1
	2028.8
	1316.5
	0.652
	1.702

	56
	1284.1
	2329.2
	1975.1
	0.849
	1.672

	75
	1173.6
	2720.8
	2608.0
	0.958
	1.630

	100
	1065.1
	3286.1
	3274.2
	0.996
	1.576


2.3.2 3.0dB channel estimation error

The throughput performance results for FARQ, Chase, NAIR and A2IR are summarized in Table 5 through Table 8. The packet call throughput CDF for Chase with 56 UEs is matched with NAIR with 75 UEs in Figure 7. This represents a 34% improvement in the number of UEs supported for the same QoS. The service throughput for NAIR with 75 UEs is 2.47 Mb/s compared to only 1.88 Mb/s for Chase with 56 UEs.

The packet call throughput CDF for Chase with 45 UEs is matched with A2IR with 75 UEs in Figure 8. This represents a 67% improvement in the number of UEs supported for the same QoS. The service throughput for A2IR with 75 UEs is 2.58 Mb/s compared to only 1.56 Mb/s for Chase with 45 UEs.
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Figure 7 Cumulative distribution function of Packet call throughput for Chase and NAIR at 3.0 Km/h and 3.0dB channel estimation error
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Figure 8 Cumulative distribution function of Packet call throughput for Chase and A2IR at 3.0 Km/h and 3.0dB channel estimation error
Table 5 Throughput performance for FARQ with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1182.4
	1108.4
	411.2
	0.381
	1.400

	37
	964.7
	1453.3
	1273.3
	0.878
	1.473

	56
	910.5
	1822.6
	1797.6
	0.986
	1.588

	75
	846.8
	2098.3
	2098.1
	1.000
	1.786

	100
	811.0
	2319.6
	2319.6
	1.000
	1.943


Table 6 Throughput performance for Chase with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1273.5
	1273.6
	435.8
	0.349
	1.348

	37
	1094.8
	1640.4
	1321.6
	0.807
	1.348

	56
	983.0
	1975.0
	1882.5
	0.953
	1.384

	75
	899.2
	2426.3
	2420.3
	0.997
	1.433

	100
	834.8
	2878.0
	2878.0
	1.000
	1.475


Table 7 Throughput performance for NAIR with [6320] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1465.9
	1582.1
	426.8
	0.276
	1.824

	37
	1283.1
	1889.4
	1323.5
	0.703
	1.760

	56
	1155.9
	2175.0
	1924.2
	0.886
	1.724

	75
	1005.7
	2532.9
	2476.2
	0.977
	1.699

	100
	865.8
	3078.3
	3076.9
	1.000
	1.620


Table 8 Throughput performance for A2IR with [6320] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1510.6
	1671.0
	424.5
	0.259
	1.820

	37
	1315.1
	1933.6
	1320.6
	0.687
	1.845

	56
	1171.3
	2244.8
	1970.1
	0.879
	1.847

	75
	1080.5
	2661.7
	2588.1
	0.972
	1.826

	100
	958.2
	3236.1
	3231.8
	0.999
	1.769


2.4 Performance at 30.0Km/h

2.4.1 1.5dB channel estimation error

The throughput performance results for FARQ, Chase, NAIR and A2IR are summarized in Table 9 through Table 12. The packet call throughput CDF for Chase and NAIR with 65 and 75 UEs respectively is given in Figure 9. The NAIR CDF with 75 UEs match the Chase CDF with 65 UEs that represents a gain of approximately 15% in the number of UEs supported.

The packet call throughput CDF for A2IR and Chase with 56 and 37 UEs are compared in Figure 10. The A2IR performance with 56 UEs matches to that for Chase with 37 UEs that represents approximately 50% improvement with A2IR over Chase combining.
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Figure 9 Cumulative distribution function of Packet call throughput for Chase and NAIR at 30.0 Km/h and 1.5dB channel estimation error
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Figure 10 Cumulative distribution function of Packet call throughput for Chase and A2IR at 30.0 Km/h and 1.5dB channel estimation error
Table 9 Throughput performance for FARQ with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	971.4
	969.2
	416.6
	0.438
	1.632

	37
	802.2
	1172.8
	1132.0
	0.967
	2.210

	56
	813.8
	1430.1
	1429.7
	1.000
	2.503

	75
	800.3
	1605.2
	1605.2
	1.000
	2.595

	100
	834.6
	1834.1
	1834.1
	1.000
	2.480


Table 10 Throughput performance for Chase with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1151.1
	1249.6
	439.5
	0.360
	1.656

	37
	950.9
	1457.9
	1259.7
	0.867
	1.801

	56
	865.1
	1742.8
	1720.9
	0.988
	1.918

	65
	831.2
	1900.9
	1898.6
	0.999
	1.956

	75
	792.2
	2032.4
	2032.4
	1.000
	1.980

	100
	780.0
	2321.9
	2321.9
	1.000
	1.958


Table 11 Throughput performance for NAIR with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1191.2
	1241.9
	422.7
	0.350
	1.459

	37
	992.4
	1507.0
	1267.3
	0.843
	1.562

	56
	861.4
	1806.4
	1776.8
	0.984
	1.659

	75
	826.1
	2192.5
	2191.9
	1.000
	1.691

	100
	812.5
	2571.5
	2571.5
	1.000
	1.664


Table 12 Throughput performance for A2IR with [6320] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1339.7
	1437.2
	438.7
	0.313
	1.824

	37
	1144.8
	1705.3
	1301.2
	0.765
	1.935

	56
	1017.1
	2032.6
	1928.8
	0.950
	2.023

	75
	920.9
	2387.9
	2379.7
	0.997
	2.102

	100
	909.0
	2819.1
	2819.0
	1.000
	2.024


2.4.2 3.0dB channel estimation error

The throughput results with 3.0dB channel estimation error are given in Table 13 through Table 16. The packet call throughput CDF for different HARQ schemes are compared in Figure 11 through Figure 13. From Figure 11, it can be seen that A2IR performance with 75 UEs matches to that for NAIR with 56 UEs. This represents a 34% improvement in the number of UEs supported. The service throughput for A2IR with 75 UEs is 2.3 Mb/s compared to only 1.82 Mb/s for NAIR with 56 UEs. 

The performance of A2IR and Chase is compared in Figure 12.  The A2IR CDF with 56 UEs s matches to that for Chase with 37 UEs. This represents approximately 50% improvement in the number of UEs supported. The service throughput for A2IR with 56 UEs is 1.88 Mb/s compared to only 1.24 Mb/s for Chase with 37 UEs.

The performance of NAIR and Chase is compared in Figure 13. The NAIR CDF with 56 UEs matches to that for Chase with 45 UEs. This represents a 24% improvement in the number of UEs supported.  The service throughput for NAIR with 56 UEs is 1.82 Mb/s compared to only 1.45 Mb/s for Chase with 45 UEs.
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Figure 11 Cumulative distribution function of Packet call throughput for NAIR and A2IR at 30.0 Km/h and 3.0dB channel estimation error
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Figure 12 Cumulative distribution function of Packet call throughput for Chase and A2IR at 30.0 Km/h and 3.0dB channel estimation error
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Figure 13 Cumulative distribution function of Packet call throughput for NAIR and Chase at 30.0 Km/h and 3.0dB channel estimation error
Table 13 Throughput performance for FARQ with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	932.8
	938.7
	418.6
	0.452
	1.701

	37
	732.5
	1067.9
	1045.4
	0.980
	2.800

	56
	759.5
	1221.2
	1220.6
	1.000
	3.461

	75
	761.6
	1388.3
	1388.3
	1.000
	3.472

	100
	755.2
	1617.4
	1617.4
	1.000
	3.220


Table 14 Throughput performance for Chase with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1162.9
	1262.4
	432.9
	0.355
	1.718

	37
	891.7
	1417.1
	1243.4
	0.879
	2.008

	45
	829.3
	1529.3
	1458.5
	0.955
	2.098

	56
	795.2
	1692.7
	1676.7
	0.991
	2.199

	75
	757.0
	1997.5
	1997.3
	1.000
	2.261

	100
	687.9
	2225.3
	2225.3
	1.000
	2.284


Table 15 Throughput performance for NAIR with [0000] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1169.7
	1238.4
	419.1
	0.346
	1.510

	37
	963.2
	1532.8
	1285.4
	0.842
	1.642

	56
	852.7
	1865.0
	1828.3
	0.981
	1.746

	75
	792.8
	2242.7
	2239.6
	0.999
	1.802

	100
	715.5
	2582.1
	2582.0
	1.000
	1.832


Table 16 Throughput performance for A2IR with [6320] aggressiveness

	Number of UEs
	Packet Call Throughput

[Kb/s]
	OTA

[Kb/s]
	Service Throughput

[Kb/s]
	Utilization
	Average number of transmissions per success

	12
	1320.3
	1425.4
	433.3
	0.313
	1.900

	37
	1073.6
	1631.9
	1299.1
	0.799
	2.136

	56
	979.6
	1960.0
	1883.8
	0.961
	2.287

	75
	887.5
	2313.9
	2308.1
	0.997
	2.400

	100
	810.3
	2702.2
	2701.9
	1.000
	2.354


3 Conclusions

Following conclusions can be drawn from the results presented here and in [3] and [4]:

· At 3.0Km/h speed without any additional channel estimation errors due to inaccurate measurements at the receiver, non-adaptive HARQ schemes provide no significant gain over simple link adaptation i.e. Fast ARQ, Chase and non-adaptive IR provides similar performance. However, adaptive IR scheme provides gains even at 3.0 Km/h speed because it provides larger data rate granularity (by performing HARQ transmissions for the same code block at different data rates).

· In the presence of channel estimation errors due to inaccurate measurements and or due to delay in channel quality feedback, HARQ schemes provide clear performance benefit over Fast ARQ. However, under these conditions, IR based HARQ schemes outperform Chase combining. 

· For the same soft buffering capacity of the UE, IR based HARQ schemes gives better performance compared to Chase combining [3].
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Appendix

5 Simulation Assumptions and Parameters

Results for Fast ARQ, Chase combining, non-adaptive IR and A2IR were obtained using the data rates table shown in Table 17. All the schemes use variable TTI for transmission as shown in Table 17.

Table 17 Modulation and coding schemes

	TTI

[Slots]
	Data rate [Kb/s]

(Modulation, Coding Rate)

	
	7680 bits code block
	5120 bits code block
	3840 bits code block
	2560 bits code block
	1280 bits code block

	15
	768

(QPSK, 0.16)
	512

(QPSK, 0.106)
	384

(QPSK, 0.08)
	256

(QPSK, 0.053)
	128

(QPSK, 0.027)

	5
	2304

(QPSK, 0.48)
	1536

(QPSK, 0.32)
	1152

(QPSK, 0.24)
	768

(QPSK, 0.16)
	384

(QPSK, 0.08)

	3
	3840

(QPSK, 0.8)
	2560

(QPSK, 0.53)
	1920

(QPSK, 0.4)
	1280

(QPSK, 0.27)
	640

(QPSK, 0.13)

	2
	5760

(8PSK, 0.8)
	3840

(QPSK, 0.8)
	2880

(8PSK, 0.4)
	1920

(QPSK, 0.4)
	960

(QPSK, 0.2)

	1
	11520

(64QAM, 0.8)
	7680

(16QAM, 0.8)
	5760

(8PSK, 0.8)
	3840

(QPSK, 0.8)
	1920

(QPSK, 0.4)


The throughput metrics used viz. Over-The-Air (OTA) Throughput, Service Throughput and Packet Call Throughput are as defined in the TR (see [1]). In addition, the cumulative distribution function (CDF) of the UE packet call throughput is also provided as a measure of quality of service.

As used in [1], the following assumptions are made (other assumptions from TR are listed in the Appendix of this document). 

· 30% power used by overhead channels

· Single path Raleigh fading with 3km/hr and 30 km/hr speeds.

· Fractional Recovered Power (FRP) is 0.98

The following additional assumptions are made in obtaining the simulation results:

· No limit on maximum number of retries.

· Fast cell selection is not considered.

· Results do not count padding into the throughput (i.e. only information bits count towards throughput).

· Channel quality measurement and ACK/NACK feedback are error-free.

· The channel quality feedback delay is assumed to be 6 slots and the ACK/NACK delay is assumed to be 3 slots.

· Maximum C/I scheduler is used for all the schemes.

· Neighbour cells are assumed to be transmitting at full power and statistics are collected in the center cell.

· A 0.0dB aggressiveness is chosen for A2IR retransmissions 

The system level simulation parameters are listed in Table 18 below.

Table 18 Basic system level simulation assumptions.
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	Provide your cell layout picture

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in [1]
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Max. 70 % of total cell power
	

	Slow fading
	As modelled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	Infinite – Full recovery
	Retransmissions by fast HARQ


	Fast HARQ scheme
	Chase combining Non-Adaptive IR and Adaptive IR
	

	BS total Tx power
	Up to 44 dBm
	

	Active set size
	3
	Maximum size

	Frame duration
	Variable 
	See rates Table

	Scheduling
	Max C/I
	

	Specify Fast Fading model
	Jakes spectrum
	Generated e.g. by Jakes or Filter approach 


The fundamentals of the data-traffic model are captured in Table 19 below.

Table 19 Data-traffic model parameters

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	μ = 5 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time

 (open- loop)
	Geometric
	μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)

	Packet Inter-arrival Time

 (closed-loop)
	Deterministic
	TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)


6 MCS Selection and Aggressiveness

Chase combining and Non-adaptive IR schemes have the flexibility in selecting the MCS and TTI only for the first transmission of a frame. The selection is done using Table 17. The Fast ARQ and A2IR schemes can select MCS and TTI both on the first transmission as well as on retransmissions of a code block, again using Table 17. Note that with Fast ARQ, the retransmissions are not combined with the previous transmissions i.e. the receiver simply discards the unsuccessful transmission and sends back a NACK. On receiving a NACK, the transmitter retransmits the code block. The same code block size is selected for Fast ARQ retransmissions as for the original transmission.

The adaptive IR scheme uses link quality feedback valid during previous transmissions of a frame 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. The robustness of A2IR scheme against channel estimation errors is studied in [2].

The aggressive factor [w x y z] indicates w dB aggressiveness for QPSK, x dB for 8-PSK, y dB for 16-QAM and z dB for 64QAM. As an example, assuming 7680 bits code block (Figure 14, where w = 6, x = 3, y = 2 and z = 0) has been selected. If a, b, c, d and e represent the SNR required to maintain 1% BLER for MCS 1 (QPSK, 0.16), 2 (QPSK, 0.48), 3 (QPSK, 0.8), 4 (8PSK, 0.8) and 5 (64QAM, 0.8), respectively, the SNR is partitioned into five regions: (-(, b-w], (b-w, c-w], (c-w, d-x], (d-x, e-z] and (e-z,(). These regions correspond to the SNR ranges where the MCS 1, 2, 3, 4 and 5 will be chosen. 
[image: image14.emf] 
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Figure 14 An Illustration of MCS selection with [6 3 2 0] aggressiveness

7 Packet Call Throughput CDFs

Table 20 Cumulative distribution function of packet call throughput for Chase with  [0000] aggressiveness and 1.5 dB channel estimation error at 3.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	65 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	.00%
	.37%
	3.33%

	64
	.00%
	.00%
	.00%
	.31%
	1.67%
	9.30%

	100
	.00%
	.00%
	.40%
	1.46%
	4.10%
	14.07%

	200
	.00%
	.38%
	4.33%
	9.54%
	12.73%
	25.20%

	300
	.17%
	3.84%
	12.46%
	18.04%
	20.80%
	33.67%

	400
	.67%
	9.51%
	19.11%
	25.77%
	28.87%
	40.67%

	500
	4.67%
	15.30%
	25.58%
	33.23%
	35.60%
	45.57%

	600
	9.50%
	22.00%
	32.77%
	39.77%
	40.23%
	50.13%

	700
	16.83%
	28.43%
	38.30%
	44.92%
	45.63%
	54.23%

	800
	23.00%
	35.68%
	43.75%
	49.19%
	49.57%
	57.80%

	900
	29.00%
	40.38%
	48.75%
	52.88%
	54.27%
	61.10%

	1000
	36.00%
	45.68%
	52.86%
	57.00%
	58.83%
	63.87%

	1100
	43.33%
	50.59%
	56.96%
	60.77%
	62.20%
	66.20%

	1200
	48.50%
	55.51%
	60.40%
	64.00%
	65.57%
	68.63%

	1300
	53.83%
	59.84%
	64.06%
	66.96%
	68.17%
	71.27%

	1400
	57.17%
	63.73%
	67.19%
	70.12%
	70.93%
	73.77%

	1500
	63.00%
	66.43%
	70.31%
	73.12%
	73.17%
	76.47%

	1600
	67.17%
	70.43%
	73.35%
	75.69%
	76.17%
	79.10%

	1700
	70.67%
	74.11%
	77.32%
	79.31%
	79.67%
	81.93%

	1800
	74.17%
	78.16%
	81.52%
	82.88%
	83.03%
	84.70%

	1900
	76.83%
	81.95%
	85.27%
	86.08%
	86.27%
	87.50%

	2000
	82.17%
	85.62%
	88.97%
	89.46%
	89.90%
	90.23%

	2100
	85.83%
	90.49%
	93.13%
	93.31%
	93.40%
	93.53%

	2200
	90.00%
	94.92%
	96.61%
	96.69%
	96.63%
	96.03%

	2300
	93.33%
	98.16%
	98.35%
	99.15%
	98.57%
	98.13%

	2400
	97.50%
	99.41%
	99.46%
	99.77%
	99.43%
	99.13%

	2500
	99.17%
	99.78%
	99.91%
	99.88%
	99.80%
	99.70%

	2600
	99.67%
	100.00%
	100.00%
	100.00%
	99.97%
	99.97%

	2700
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 21 Cumulative distribution function of packet call throughput for Chase with  [0000] aggressiveness and 3.0 dB channel estimation error at 3.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	65 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	.00%
	.50%
	6.83%

	64
	.00%
	.00%
	.04%
	.04%
	3.60%
	15.03%

	100
	.00%
	.00%
	.13%
	1.03%
	8.87%
	21.10%

	200
	.00%
	.86%
	3.38%
	9.06%
	20.87%
	35.50%

	300
	.00%
	5.51%
	11.82%
	17.37%
	30.63%
	43.90%

	400
	1.33%
	13.89%
	19.69%
	27.37%
	38.83%
	49.80%

	500
	5.00%
	22.22%
	28.00%
	35.22%
	45.90%
	54.93%

	600
	12.83%
	30.49%
	35.02%
	41.38%
	50.13%
	58.80%

	700
	19.67%
	37.57%
	41.69%
	47.10%
	54.93%
	62.17%

	800
	28.33%
	44.22%
	47.24%
	52.23%
	59.73%
	64.73%

	900
	34.17%
	49.03%
	52.49%
	56.79%
	62.97%
	67.20%

	1000
	40.33%
	53.35%
	56.89%
	60.85%
	66.03%
	69.63%

	1100
	46.33%
	57.68%
	61.07%
	63.44%
	68.80%
	72.10%

	1200
	51.67%
	61.51%
	64.53%
	66.43%
	71.00%
	74.83%

	1300
	56.67%
	64.86%
	68.00%
	70.00%
	73.63%
	77.00%

	1400
	61.67%
	67.57%
	71.07%
	72.23%
	75.90%
	79.03%

	1500
	66.00%
	70.49%
	73.69%
	74.69%
	78.47%
	81.43%

	1600
	68.83%
	74.86%
	76.44%
	78.21%
	81.33%
	83.70%

	1700
	73.00%
	78.11%
	79.91%
	81.12%
	84.03%
	86.07%

	1800
	76.67%
	82.05%
	83.47%
	84.60%
	86.50%
	88.27%

	1900
	80.67%
	85.35%
	87.33%
	88.17%
	89.40%
	91.03%

	2000
	86.00%
	89.51%
	91.42%
	91.38%
	92.07%
	93.90%

	2100
	89.83%
	93.57%
	94.89%
	95.04%
	94.97%
	95.90%

	2200
	94.33%
	97.14%
	97.69%
	97.77%
	97.77%
	97.97%

	2300
	97.50%
	98.86%
	99.24%
	99.15%
	99.37%
	99.13%

	2400
	98.67%
	99.73%
	99.82%
	99.78%
	99.67%
	99.67%

	2500
	99.17%
	99.84%
	99.91%
	99.91%
	99.97%
	99.90%

	2600
	99.83%
	99.95%
	100.00%
	100.00%
	99.97%
	99.97%

	2700
	100.00%
	99.95%
	100.00%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 22 Cumulative distribution function of packet call throughput for NAIR with  [6320] aggressiveness and 1.5 dB channel estimation error at 3.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	.00%
	2.40%

	64
	.00%
	.00%
	.00%
	.27%
	7.10%

	100
	.00%
	.00%
	.00%
	1.27%
	11.60%

	200
	.00%
	.00%
	.80%
	7.97%
	22.23%

	300
	.00%
	.49%
	4.38%
	16.23%
	31.70%

	400
	.00%
	2.76%
	10.49%
	24.10%
	39.00%

	500
	.17%
	7.46%
	17.23%
	31.13%
	44.93%

	600
	2.33%
	13.30%
	24.51%
	37.10%
	49.57%

	700
	5.67%
	19.78%
	32.23%
	42.43%
	54.73%

	800
	9.83%
	26.76%
	37.86%
	46.80%
	58.13%

	900
	14.17%
	33.41%
	43.39%
	51.73%
	61.30%

	1000
	22.33%
	39.46%
	47.90%
	56.30%
	63.77%

	1100
	29.67%
	44.81%
	52.32%
	60.10%
	66.27%

	1200
	36.17%
	50.22%
	56.52%
	63.73%
	68.27%

	1300
	41.67%
	55.24%
	60.18%
	66.57%
	70.47%

	1400
	48.33%
	59.89%
	63.44%
	69.03%
	73.07%

	1500
	53.83%
	63.95%
	66.83%
	71.17%
	75.63%

	1600
	59.67%
	67.51%
	69.73%
	73.97%
	78.20%

	1700
	64.67%
	71.24%
	73.08%
	76.67%
	81.03%

	1800
	67.83%
	74.54%
	76.43%
	80.20%
	83.60%

	1900
	72.83%
	78.11%
	80.00%
	83.33%
	86.17%

	2000
	78.83%
	82.00%
	83.93%
	86.93%
	89.17%

	2100
	83.83%
	86.97%
	88.08%
	90.37%
	92.37%

	2200
	89.17%
	91.41%
	92.28%
	93.87%
	95.37%

	2300
	93.33%
	95.41%
	95.45%
	96.83%
	97.67%

	2400
	96.17%
	98.05%
	98.48%
	98.93%
	99.10%

	2500
	98.67%
	99.19%
	99.46%
	99.63%
	99.60%

	2600
	99.50%
	99.68%
	99.96%
	99.87%
	99.87%

	2700
	99.83%
	99.89%
	99.96%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 23 Cumulative distribution function of packet call throughput for NAIR with  [6320] aggressiveness and 3.0 dB channel estimation error at 3.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	.03%
	2.47%

	64
	.00%
	.00%
	.00%
	.40%
	7.63%

	100
	.00%
	.00%
	.00%
	1.80%
	14.33%

	200
	.00%
	.05%
	.63%
	9.83%
	27.80%

	300
	.00%
	.43%
	5.13%
	18.60%
	37.93%

	400
	.33%
	3.14%
	12.72%
	26.97%
	45.40%

	500
	.67%
	7.30%
	19.96%
	35.13%
	50.67%

	600
	4.00%
	14.49%
	27.46%
	41.57%
	55.60%

	700
	8.50%
	20.76%
	34.60%
	47.30%
	59.60%

	800
	13.50%
	28.16%
	40.40%
	51.90%
	62.70%

	900
	18.17%
	34.27%
	45.54%
	56.93%
	65.10%

	1000
	25.83%
	41.14%
	51.16%
	60.90%
	67.87%

	1100
	32.17%
	46.43%
	55.67%
	64.30%
	70.10%

	1200
	38.67%
	51.24%
	59.96%
	66.50%
	72.77%

	1300
	45.00%
	56.27%
	62.95%
	68.87%
	74.87%

	1400
	50.50%
	60.43%
	66.52%
	72.07%
	77.27%

	1500
	56.50%
	64.05%
	69.06%
	74.80%
	79.77%

	1600
	60.67%
	67.95%
	72.14%
	77.67%
	82.17%

	1700
	65.67%
	71.89%
	75.18%
	80.50%
	84.57%

	1800
	68.33%
	76.43%
	78.84%
	83.33%
	86.67%

	1900
	72.67%
	79.51%
	82.77%
	85.97%
	89.40%

	2000
	77.50%
	83.35%
	86.12%
	88.80%
	92.20%

	2100
	83.33%
	88.16%
	89.96%
	91.90%
	94.97%

	2200
	87.00%
	93.30%
	93.93%
	95.20%
	97.50%

	2300
	91.67%
	96.65%
	96.83%
	97.57%
	99.10%

	2400
	95.83%
	98.27%
	98.66%
	98.90%
	99.63%

	2500
	98.17%
	99.51%
	99.64%
	99.47%
	99.93%

	2600
	99.50%
	99.84%
	99.96%
	99.80%
	100.00%

	2700
	100.00%
	100.00%
	99.96%
	99.97%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 24 Cumulative distribution function of packet call throughput for A2IR with  [6320] aggressiveness and 1.5 dB channel estimation error at 3.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	.00%
	.50%

	64
	.00%
	.00%
	.00%
	.07%
	1.80%

	100
	.00%
	.00%
	.00%
	.27%
	4.43%

	200
	.00%
	.00%
	.31%
	3.37%
	13.13%

	300
	.00%
	.32%
	2.90%
	9.20%
	21.17%

	400
	.00%
	1.57%
	5.98%
	15.33%
	29.57%

	500
	.67%
	4.65%
	11.21%
	22.20%
	35.67%

	600
	2.67%
	8.86%
	16.88%
	28.83%
	41.03%

	700
	6.83%
	13.41%
	22.28%
	33.80%
	45.83%

	800
	10.50%
	18.86%
	29.38%
	39.40%
	50.23%

	900
	15.17%
	25.73%
	35.49%
	44.33%
	54.27%

	1000
	20.00%
	33.08%
	40.98%
	49.67%
	57.77%

	1100
	25.33%
	38.43%
	46.16%
	54.00%
	61.03%

	1200
	29.50%
	43.95%
	50.45%
	58.00%
	63.73%

	1300
	37.00%
	48.97%
	55.54%
	61.70%
	66.07%

	1400
	43.33%
	53.46%
	59.46%
	64.80%
	68.47%

	1500
	47.67%
	58.05%
	62.59%
	67.57%
	71.33%

	1600
	54.00%
	62.54%
	66.43%
	70.40%
	74.13%

	1700
	60.50%
	66.54%
	71.03%
	74.03%
	76.87%

	1800
	65.50%
	70.81%
	74.55%
	77.77%
	80.00%

	1900
	70.67%
	75.19%
	79.33%
	81.20%
	83.20%

	2000
	74.67%
	80.16%
	83.35%
	85.17%
	86.47%

	2100
	80.67%
	85.24%
	87.41%
	88.60%
	89.93%

	2200
	86.50%
	90.11%
	92.32%
	92.77%
	93.50%

	2300
	91.67%
	94.76%
	95.76%
	96.23%
	97.23%

	2400
	95.33%
	98.22%
	98.26%
	98.47%
	98.80%

	2500
	98.67%
	99.35%
	99.51%
	99.47%
	99.40%

	2600
	99.33%
	99.68%
	99.78%
	99.87%
	99.90%

	2700
	99.67%
	99.89%
	99.91%
	100.00%
	99.97%

	2800
	100.00%
	99.95%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 25 Cumulative distribution function of packet call throughput for A2IR with  [6320] aggressiveness and 3.0 dB channel estimation error at 3.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	.00%
	1.10%

	64
	.00%
	.00%
	.00%
	.13%
	4.17%

	100
	.00%
	.00%
	.00%
	1.33%
	8.17%

	200
	.00%
	.00%
	1.07%
	6.93%
	19.73%

	300
	.00%
	.86%
	4.60%
	14.90%
	29.77%

	400
	.17%
	3.62%
	10.76%
	21.83%
	37.83%

	500
	1.50%
	7.84%
	16.96%
	28.63%
	43.93%

	600
	3.50%
	13.95%
	23.93%
	35.40%
	48.83%

	700
	7.83%
	18.86%
	31.43%
	40.73%
	53.10%

	800
	13.00%
	24.86%
	38.48%
	46.37%
	56.40%

	900
	17.33%
	32.05%
	43.84%
	50.43%
	59.97%

	1000
	22.67%
	37.68%
	48.75%
	55.30%
	62.87%

	1100
	28.50%
	42.32%
	53.57%
	58.97%
	65.60%

	1200
	33.50%
	48.00%
	57.59%
	62.33%
	68.20%

	1300
	38.50%
	54.76%
	61.88%
	65.80%
	70.93%

	1400
	44.00%
	58.81%
	65.13%
	68.27%
	73.83%

	1500
	50.17%
	62.97%
	68.48%
	71.70%
	76.53%

	1600
	55.50%
	67.30%
	71.74%
	74.57%
	79.47%

	1700
	60.83%
	70.81%
	75.49%
	78.27%
	81.67%

	1800
	66.67%
	73.78%
	79.02%
	81.73%
	84.27%

	1900
	71.17%
	77.95%
	83.26%
	85.30%
	86.90%

	2000
	75.00%
	82.16%
	86.83%
	88.30%
	89.77%

	2100
	79.67%
	87.14%
	90.58%
	91.67%
	93.03%

	2200
	85.67%
	91.89%
	94.60%
	94.93%
	96.27%

	2300
	89.83%
	95.95%
	97.23%
	97.27%
	98.00%

	2400
	94.67%
	98.59%
	99.06%
	98.93%
	99.07%

	2500
	98.17%
	99.62%
	99.73%
	99.67%
	99.57%

	2600
	99.83%
	99.89%
	100.00%
	99.90%
	99.90%

	2700
	100.00%
	99.95%
	100.00%
	99.97%
	99.97%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


7.1 Performance at 30.0 Km/h

Table 26 Cumulative distribution function of packet call throughput for Chase with  [0000] aggressiveness and 1.5 dB channel estimation error at 30.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	65 UEs
	75 UEs
	100 UEs

	32
	.00%
	.05%
	2.01%
	8.50%
	16.23%
	31.00%

	64
	.00%
	.32%
	7.81%
	17.35%
	25.90%
	40.27%

	100
	.00%
	1.19%
	14.38%
	26.04%
	33.50%
	46.13%

	200
	.00%
	8.65%
	31.16%
	39.88%
	45.43%
	56.10%

	300
	.00%
	20.22%
	39.96%
	47.35%
	52.73%
	61.37%

	400
	1.33%
	31.57%
	46.34%
	52.19%
	58.53%
	64.63%

	500
	7.67%
	39.73%
	51.88%
	57.04%
	62.13%
	67.67%

	600
	17.00%
	44.97%
	56.34%
	60.85%
	64.97%
	70.13%

	700
	30.50%
	50.86%
	60.27%
	63.08%
	67.60%
	71.97%

	800
	39.67%
	55.84%
	63.30%
	65.62%
	69.40%
	73.50%

	900
	45.67%
	60.11%
	65.80%
	68.12%
	71.10%
	75.03%

	1000
	51.83%
	62.92%
	67.63%
	69.73%
	72.97%
	76.50%

	1100
	55.67%
	65.95%
	69.82%
	72.12%
	74.83%
	78.37%

	1200
	60.83%
	68.22%
	72.28%
	74.27%
	77.00%
	79.97%

	1300
	65.33%
	70.11%
	74.42%
	76.42%
	79.07%
	81.63%

	1400
	67.83%
	72.76%
	76.43%
	78.54%
	80.73%
	83.30%

	1500
	70.83%
	75.89%
	79.06%
	81.00%
	83.00%
	84.97%

	1600
	75.33%
	79.51%
	81.25%
	83.23%
	85.03%
	86.70%

	1700
	78.17%
	82.00%
	83.21%
	85.46%
	86.77%
	88.60%

	1800
	83.17%
	84.65%
	85.27%
	87.31%
	88.73%
	90.50%

	1900
	86.83%
	87.95%
	87.86%
	89.73%
	90.90%
	92.40%

	2000
	90.50%
	91.95%
	91.29%
	92.50%
	93.30%
	94.63%

	2100
	93.33%
	95.78%
	95.00%
	95.65%
	95.90%
	96.97%

	2200
	95.83%
	98.27%
	97.81%
	98.42%
	98.13%
	98.67%

	2300
	97.33%
	99.68%
	99.38%
	99.50%
	99.33%
	99.57%

	2400
	99.17%
	99.95%
	99.91%
	99.92%
	99.87%
	99.87%

	2500
	100.00%
	100.00%
	100.00%
	99.96%
	100.00%
	100.00%

	2600
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2700
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 27 Cumulative distribution function of packet call throughput for Chase with  [0000] aggressiveness and 3.0 dB channel estimation error at 30.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	65 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.18%
	2.32%
	16.00%
	33.43%

	64
	.00%
	.05%
	2.04%
	9.11%
	27.27%
	43.43%

	100
	.00%
	.70%
	6.53%
	17.01%
	35.10%
	50.33%

	200
	.00%
	8.76%
	22.84%
	34.73%
	46.90%
	60.13%

	300
	.17%
	22.76%
	36.44%
	44.91%
	54.33%
	64.63%

	400
	1.83%
	34.05%
	45.29%
	51.74%
	59.33%
	67.40%

	500
	9.17%
	42.97%
	50.67%
	56.61%
	62.30%
	70.63%

	600
	15.67%
	50.16%
	55.96%
	60.45%
	65.07%
	73.03%

	700
	27.83%
	55.73%
	60.13%
	63.62%
	67.20%
	75.40%

	800
	39.33%
	60.05%
	63.73%
	66.29%
	69.87%
	76.93%

	900
	45.33%
	63.41%
	66.62%
	68.30%
	72.10%
	78.73%

	1000
	50.67%
	66.05%
	68.58%
	70.36%
	74.30%
	80.83%

	1100
	55.83%
	68.49%
	70.36%
	72.72%
	76.37%
	82.50%

	1200
	61.67%
	71.08%
	73.29%
	74.69%
	78.77%
	83.90%

	1300
	65.17%
	73.68%
	75.47%
	76.96%
	80.97%
	85.47%

	1400
	67.83%
	76.11%
	78.09%
	79.24%
	82.83%
	86.70%

	1500
	69.83%
	78.65%
	80.04%
	81.34%
	84.33%
	88.20%

	1600
	74.00%
	81.95%
	82.53%
	83.13%
	85.80%
	90.00%

	1700
	76.83%
	84.86%
	84.89%
	84.69%
	87.67%
	91.60%

	1800
	80.50%
	87.24%
	87.51%
	87.14%
	90.33%
	93.20%

	1900
	85.50%
	89.62%
	90.31%
	90.13%
	92.47%
	95.33%

	2000
	88.50%
	93.24%
	93.69%
	93.79%
	95.13%
	97.17%

	2100
	92.17%
	96.49%
	96.84%
	96.83%
	97.73%
	98.50%

	2200
	95.50%
	98.65%
	99.02%
	98.71%
	99.20%
	99.47%

	2300
	99.17%
	99.51%
	99.69%
	99.51%
	99.73%
	99.83%

	2400
	99.67%
	99.95%
	99.91%
	99.96%
	99.97%
	99.97%

	2500
	99.83%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2600
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2700
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 28 Cumulative distribution function of packet call throughput for NAIR with  [0000] aggressiveness and 1.5 dB channel estimation error at 30.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.40%
	6.20%
	20.83%

	64
	.00%
	.00%
	2.72%
	14.83%
	31.13%

	100
	.00%
	.11%
	8.17%
	22.57%
	37.33%

	200
	.00%
	4.49%
	24.55%
	37.77%
	48.20%

	300
	.17%
	14.76%
	36.92%
	46.67%
	54.87%

	400
	2.00%
	24.92%
	45.63%
	52.90%
	59.97%

	500
	9.33%
	33.03%
	50.31%
	57.73%
	62.73%

	600
	18.50%
	40.86%
	55.00%
	61.30%
	65.77%

	700
	28.50%
	46.97%
	59.02%
	64.03%
	67.60%

	800
	35.50%
	51.89%
	62.37%
	65.90%
	69.30%

	900
	41.17%
	56.32%
	64.73%
	68.37%
	71.17%

	1000
	48.83%
	60.54%
	67.28%
	70.90%
	73.00%

	1100
	54.33%
	63.08%
	69.29%
	73.03%
	74.80%

	1200
	59.33%
	66.05%
	71.79%
	75.30%
	76.53%

	1300
	63.67%
	68.86%
	74.02%
	77.97%
	78.80%

	1400
	65.67%
	71.41%
	76.79%
	80.13%
	81.13%

	1500
	68.33%
	74.11%
	78.97%
	82.53%
	82.83%

	1600
	71.83%
	77.84%
	81.52%
	84.83%
	84.47%

	1700
	74.67%
	81.19%
	84.11%
	86.53%
	86.97%

	1800
	77.83%
	83.41%
	86.70%
	88.83%
	89.17%

	1900
	81.67%
	86.65%
	89.46%
	91.10%
	91.50%

	2000
	86.67%
	91.30%
	92.81%
	93.73%
	93.87%

	2100
	90.00%
	94.16%
	96.25%
	96.50%
	96.40%

	2200
	93.83%
	97.62%
	98.35%
	98.60%
	98.63%

	2300
	96.83%
	99.46%
	99.42%
	99.37%
	99.40%

	2400
	98.50%
	99.95%
	99.96%
	99.80%
	99.67%

	2500
	99.67%
	100.00%
	100.00%
	99.93%
	100.00%

	2600
	99.83%
	100.00%
	100.00%
	100.00%
	100.00%

	2700
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 29 Cumulative distribution function of packet call throughput for NAIR with  [0000] aggressiveness and 3.0 dB channel estimation error at 30.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.67%
	8.97%
	21.13%

	64
	.00%
	.05%
	5.09%
	16.13%
	32.53%

	100
	.00%
	.32%
	11.21%
	24.90%
	40.20%

	200
	.00%
	4.65%
	26.47%
	38.43%
	52.17%

	300
	.17%
	14.65%
	37.54%
	46.63%
	59.10%

	400
	2.50%
	27.14%
	45.04%
	52.27%
	63.27%

	500
	7.83%
	37.03%
	50.71%
	56.83%
	66.43%

	600
	16.00%
	43.62%
	56.03%
	59.97%
	69.13%

	700
	25.33%
	49.41%
	59.60%
	63.60%
	71.23%

	800
	34.00%
	53.19%
	62.63%
	66.20%
	72.90%

	900
	40.50%
	57.84%
	65.54%
	68.63%
	75.00%

	1000
	48.33%
	62.22%
	67.68%
	70.70%
	77.03%

	1100
	55.17%
	65.03%
	69.64%
	72.43%
	79.30%

	1200
	60.00%
	67.84%
	71.83%
	74.27%
	81.10%

	1300
	65.17%
	70.11%
	73.57%
	76.17%
	82.70%

	1400
	67.83%
	72.86%
	75.98%
	78.10%
	84.50%

	1500
	71.33%
	75.35%
	78.13%
	80.80%
	85.73%

	1600
	73.67%
	78.70%
	80.36%
	82.93%
	87.30%

	1700
	77.50%
	82.22%
	83.17%
	85.33%
	89.00%

	1800
	80.83%
	85.46%
	86.25%
	87.40%
	91.07%

	1900
	84.83%
	88.86%
	89.20%
	89.83%
	93.43%

	2000
	88.50%
	92.76%
	92.14%
	92.60%
	95.60%

	2100
	93.17%
	95.68%
	95.22%
	95.53%
	97.27%

	2200
	95.00%
	97.62%
	97.59%
	98.07%
	98.87%

	2300
	98.33%
	99.41%
	99.42%
	99.33%
	99.60%

	2400
	99.33%
	99.78%
	99.87%
	99.80%
	99.97%

	2500
	99.50%
	99.95%
	99.96%
	99.97%
	100.00%

	2600
	99.83%
	99.95%
	100.00%
	100.00%
	100.00%

	2700
	100.00%
	99.95%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 30 Cumulative distribution function of packet call throughput for A2IR with  [6320] aggressiveness and 1.5 dB channel estimation error at 30.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.00%
	2.17%
	13.07%

	64
	.00%
	.00%
	.54%
	7.53%
	21.20%

	100
	.00%
	.00%
	2.05%
	14.03%
	28.73%

	200
	.00%
	.49%
	12.68%
	27.50%
	39.53%

	300
	.17%
	6.27%
	23.13%
	36.67%
	46.17%

	400
	1.00%
	14.81%
	31.74%
	43.57%
	51.47%

	500
	5.50%
	22.32%
	37.86%
	48.73%
	55.70%

	600
	12.17%
	30.16%
	43.04%
	53.10%
	59.00%

	700
	17.17%
	36.59%
	47.68%
	56.60%
	61.50%

	800
	25.67%
	41.62%
	51.74%
	60.77%
	63.83%

	900
	34.83%
	46.65%
	55.76%
	63.47%
	65.67%

	1000
	39.50%
	51.78%
	59.24%
	65.67%
	67.63%

	1100
	43.67%
	55.14%
	61.92%
	68.17%
	69.30%

	1200
	48.33%
	58.43%
	64.55%
	70.00%
	71.33%

	1300
	53.33%
	61.35%
	66.88%
	72.07%
	73.30%

	1400
	57.33%
	64.59%
	69.38%
	74.37%
	75.70%

	1500
	60.17%
	67.57%
	71.65%
	76.40%
	78.07%

	1600
	65.00%
	70.54%
	74.46%
	78.73%
	80.63%

	1700
	68.67%
	73.68%
	77.19%
	80.90%
	82.70%

	1800
	72.67%
	77.51%
	81.21%
	83.10%
	84.93%

	1900
	77.17%
	81.73%
	84.33%
	85.70%
	87.60%

	2000
	80.33%
	86.76%
	87.72%
	88.87%
	89.57%

	2100
	84.50%
	91.14%
	91.79%
	92.37%
	92.73%

	2200
	89.33%
	95.14%
	95.45%
	95.33%
	95.77%

	2300
	93.67%
	98.00%
	98.39%
	98.23%
	98.17%

	2400
	97.17%
	99.14%
	99.51%
	99.43%
	99.43%

	2500
	99.00%
	99.89%
	99.87%
	99.90%
	99.87%

	2600
	99.83%
	100.00%
	99.96%
	99.97%
	99.97%

	2700
	100.00%
	100.00%
	100.00%
	100.00%
	99.97%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%


Table 31 Cumulative distribution function of packet call throughput for A2IR with  [6320] aggressiveness and 3.0 dB channel estimation error at 30.0 Km/h

	Packet Call Throughput

[Kbps]
	12UEs
	37 UEs
	56 UEs
	75 UEs
	100 UEs

	32
	.00%
	.00%
	.04%
	2.80%
	14.73%

	64
	.00%
	.00%
	.63%
	9.93%
	25.43%

	100
	.00%
	.00%
	2.46%
	16.13%
	33.43%

	200
	.00%
	1.51%
	14.20%
	30.70%
	44.97%

	300
	.00%
	8.11%
	26.03%
	40.33%
	51.43%

	400
	1.17%
	17.73%
	34.46%
	46.07%
	56.17%

	500
	6.33%
	28.11%
	40.71%
	50.77%
	60.93%

	600
	13.33%
	34.70%
	46.74%
	55.40%
	63.50%

	700
	18.67%
	41.68%
	51.83%
	59.63%
	66.63%

	800
	26.33%
	47.41%
	55.71%
	62.80%
	68.60%

	900
	34.17%
	51.46%
	58.26%
	65.07%
	70.23%

	1000
	40.33%
	55.35%
	61.16%
	67.13%
	71.97%

	1100
	45.00%
	58.81%
	63.44%
	69.33%
	73.87%

	1200
	48.83%
	62.43%
	66.12%
	71.50%
	75.93%

	1300
	54.17%
	65.46%
	68.53%
	73.47%
	78.23%

	1400
	58.33%
	68.49%
	70.36%
	75.77%
	79.90%

	1500
	61.17%
	71.19%
	73.44%
	77.67%
	81.93%

	1600
	66.17%
	73.46%
	76.25%
	79.77%
	84.17%

	1700
	69.33%
	76.92%
	79.24%
	81.60%
	85.87%

	1800
	72.33%
	80.70%
	81.65%
	84.07%
	87.90%

	1900
	76.33%
	84.05%
	84.64%
	86.40%
	90.47%

	2000
	80.67%
	88.49%
	88.84%
	88.90%
	93.13%

	2100
	85.00%
	92.92%
	92.50%
	92.97%
	95.37%

	2200
	90.50%
	96.43%
	95.31%
	96.00%
	97.63%

	2300
	95.83%
	98.54%
	98.17%
	98.50%
	99.17%

	2400
	98.00%
	99.73%
	99.60%
	99.77%
	99.67%

	2500
	99.33%
	99.84%
	99.87%
	99.93%
	99.97%

	2600
	99.83%
	99.95%
	100.00%
	100.00%
	100.00%

	2700
	99.83%
	100.00%
	100.00%
	100.00%
	100.00%

	2800
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	2900
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	3000
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
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