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1. Introduction
In legacy IEEE802.11a, although the maximum physical data rate is 54Mbps, the throughput at the medium access control (MAC) service access point (SAP) is less than 30Mbps when transmits 1500byte UDP data because of the MAC overhead using CSMA/CA. Therefore in some situation, the throughput to transmit broadband data like HDTV traffic, Video streaming is insufficient.

Additionally, there are many applications (e.g., HDTV, VoIP, Video streaming, of course data) for using IEEE802.11 wireless local area networks (WLAN) [1]because of diversification of applications at the Home or Office. These enhancing the QoS support at the MAC layer is becoming the standard at Task Group e(TGe)[2].

Task Group n(TGn) mainly intends to boost the network throughput over 100Mbps at the MAC SAP to meet the demand of future applications and environments.

However, even if increasing bandwidth at the physical layer and the bursting time to transmit data spends less time, the overhead of PLCP header, PLCP preamble, random backoff and interframe space(IFS) for carrier sense and bursting time to transmit acknowledge frame(ACK) are constant, therefore the legacy MAC protocol doesn’t meet enough throughput in accordance with increasing bandwidth at the physical layer. Moreover, many legacy IEEE802.11a system limit the maximum length as 1500byte, because 1500byte is maximum length at Wired LAN. The results shown in Table  1, Figure  1.

	Parameter
	Value

	SIFS
	16μs

	DIFS
	34μs

	Slot time
	9μs

	PLCP preamble
	16μs

	Signal
	4μs

	CWmin
	15

	CWmax
	1023

	MAC Header
	28byte

	ACK rate
	6Mbps


Table  1: IEEE802.11a parameters
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Figure  1: 802.11 CSAMA/CA Throughput Limit
In this document, we propose a new MAC architecture, which not only meets the 100Mbps throughput requirement at the top of the MAC SAP, but also maintain the affinity with legacy IEEE802.11, IEEE802.11a and IEEE802.11e.

As shown in Figure  2, our MAC protocol retains the temporal structure of superframe and the channel access alternates between a contention period (CP) and a contention-free period (CFP) to serve QoS for diversification of applications. 

The super frame starts with a beacon broadcast by the AP. Then after point (coordination function ) interframe space (PIFS), if there are some QoS frames that need to satisfy delay and throughput during CFP, CF-Poll will broadcast by the AP. The AP terminates the contention-free period by broadcasting a CF-End message. Then, the contention period begins until next beacon broadcasting by the AP.

In our proposal, the contention-free period between first CF-Poll and CF-End is simple hybrid coordinated channel access (SHCCA), the contention period between after CF-end and next beacon broadcasting by the AP is Adaptive Distributed Channel Access (ADCA).

The SHCCA used in the contention-free period is a highly efficient centralized polling access protocol, which similar to a part of IEEE802.11e HCCA and PCF. So the SHCCA is backward compatible with both the HCCA mode of IEEE802.11e and the PCF mode of legacy IEEE02.11. Each STA requests the transmission opportunity (TXOP) for the AP based on their traffic. Then STA can be allocated TXOP from the AP if possible. Additionally, SHCCA use 1 ideas, namely adaptive frame aggregation to improve channel efficiency.

The ADCA used in the contention period is a highly efficient CSMA/CA based random access protocol, which is backward compatible with both the DCF mode of IEEE802.11 and EDCA mode of IEEE802.11e. The ADCA uses 2 main ideas, namely adaptive frame aggregation and bursting based on channel condition for high-rate STAs, to improve channel efficiency.
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Figure  2: Super Frame Structure for TGn

In this document, we expand the MAC protocol architecture as shown Figure  3. The Enhanced MAC can control in addition to legacy IEEE802.11a, enable to control multiple channels. We don’t care that the multiple channels mean that using frequency multiple channels on channel bundling or using multiple antennas on MIMO, as shown Figure  4.
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Figure  3: Proposed Protocol Architecture
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Figure  4: Channel Structure definition for Channel Bundling and MIMO

The document is organized as follows. First, ADCA and SHCCA MAC mechanisms are explained in details in section 2 and 3. Then, the new messages used in our proposed MAC protocols will be defined in section 4. Finally, the document is concluded with section 5.

2. Adaptive Distributed Channel Access (ADCA)
In this section, the adaptive distributed channel access protocol will be presented. The basic algorithm is fist introduced in 2.1. Then, more details on the adaptive frame aggregation and bursting are provided in section 2.2, and the frame distribution based on channel condition is explained in section 2.3, and the copied ACK mechanism is explained in section 2.4. The backward compatibility and Implementation issues are provided in section 2.5. Finally, the simulation results are presented in section 2.6.
2.1. Basic Algorithm

The ADCA uses a combination with the Adaptive Frame Aggregation and the Bursting in order to reduce MAC over head and improve overall channel throughput. Additionally, it offers multiple access categories (ACs) to provide service differentiation. We use four arbitration inter frame space (AIFS) to provide four access categories, defined in IEEE802.11e[2]. 

Therefore, we propose the ADCA, which not only reduces MAC over head and improves overall channel throughput using Adaptive Frame Aggregation and Bursting, but also meets QoS using ACs that a part of IEEE802.11e.
2.2. Adaptive Frame Aggregation and Bursting

The ADCA uses Frame Aggregation that aggregates multiple frames to transmit. In our proposal, the STA (AP) changes “maximum aggregated frame length” based on channel condition and control from AP. Therefore we provide the Adaptive Frame Aggregation that changes maximum aggregated frame length based on channel condition and the control from AP.

When the situation at some channel is changed by channel condition is changed and then the STA (AP) changes transmit rate, we decrease maximum aggregated frame length and enable to reduce the transmission time and channel occupation time. Additionally, we enable to reduce the effect of the fading.

The Adaptive Frame Aggregation Architecture in this document is shown in Figure  5.
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Figure  5: Adaptive Frame Aggregation Architecture

The adaptive Frame Aggregation is consist of “Frame Aggregate Unit” that aggregates some frames to transmit as one long frame and “Frame De-Aggregate Unit” that drive one long frame into some frames and “Shared Memory”. Moreover, there is one feed back path called “Aggregate Information” that indicates channel information included channel condition and so on from physical layer via MAC core as shown in Figure  5.

The frame format is shown in section 4.
Then the ADCA uses Bursting to archive highly efficient MAC. As shown in Figure  6, DATA frame and ACK frame are transmitted over and over at interval of short inter frame space (SIFS) for several times after carrier sensing DIFS + Back off at first.
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Figure  6: Bursting
When the channel condition is something wrong with fading and so on, the Total Bursting Time is decreased from channel information from physical layer or control from AP.

2.3. Adaptive Frame Distribution based on channel condition
The ADCA can use multiple channels to transmit data. In our proposal, we provide “Frame Distribution Architecture” that distributes one frame for using channels with same bursting time and same OFDM symbols even if the transmit rates differ for channel by channel. 

The Frame Distribution Architecture in this document is shown in Figure  7.
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Figure  7: Frame Distribution Architecture

In Adaptive Frame Distribution, One long frame is distributed for each channel based on Data octets per OFDM symbol from the beginning of the frame (as written PPDU in physical layer), as shown in Figure  8. The NDBPS means “Data bit per OFDM symbol”. And the NDOPS means “Data octets per symbol”. At the beginning OFDM symbol, the distributed data length is 2byte less than subsequent OFDM symbol because of SERVICE field (2byte).
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Figure  8: Frame Distribution Algorism

At the last OFDM symbol as shown in Figure  9, there are the cases that the channel OFDM symbols differ for channel by channel, if distributing one frame for channels unthinkingly. In our proposal, as shown in Figure  10, we add “MAC pad” that make same OFDM symbols. 

MAC pad is one octet Null data and inserted by MAC in front of “Tail (6bit)+PHY pad(2bit)” to adjust OFDM symbols for channel by channel. The rest of the OFDM is filled in up by PHY pad.

Additionally, the presence or absence of MAC pad is indicated at the reserved bit in Signal Field or Service Field. The receiver detects MAC pad by reserved bit. In our proposal, the length field indicated in TXVECTOR doesn’t include MAC pad length, so the modulator should work based on MAC pad field using reserved bit as shown in Figure  15 and  Figure  16.
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Figure  9: Different OFDM symbols case without MAC Pad
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Figure  10: Same OFDM symbols case with MAC Pad
2.4. Copied Frame (ACK)

In this section, the receiving ACK in the situation of using multiple IEEE802.11a channels are presented. In case when channel bundling is used, ACK frame are sent using multiple channels as shown in Figure  11. 

In our proposal, as shown in section 2.3, one aggregated data frame is distributed for multiple channels. On the other hand, the contents of ACK frames and rate are same in every channel called “Copied ACK”. So, we don’t have to worry about OFDM symbols.

In “the normal transmission case” as shown in Figure  11, at first the STA(AP) transmits data frames using multiple channels, in this case 2 channels. The Receive STA(AP) check CRC and reply ACK frames using two channels.

In “the fail to receive data case” as shown in Figure  11, at first the STA(AP) transmits data frames using multiple channels, in this case two channels. Unfortunately, the data #1 is dropped because of fading and so on. In this case, there is one CRC field for one aggregated data frame, so if one of transmitted frame is dropped, we should retransmit whole one aggregated data frame again. Therefore, the Receive STA(AP) don’t reply.

In “the fail to receive ACK case” as shown in Figure  11, at first the STA(AP) transmits data frames using multiple channels, in this case 2 channels. The Receive STA(AP) check CRC and reply ACK frames using two channels. Unfortunately, the ACK #1 is dropped because of fading and so on. In this case, same ACK frames are transmitted in 2 channels, so the STA (AP) can receive one ACK#2 frame and recognize the success of transmission.

Therefore, there is some possibility of using higher rate to transmit ACK frame than usual rate. 
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Figure  11: Copied ACK Architecture

Although we provided only Copied ACK scheme, we can use same mechanism for the control frames of RTS, CTS and so on.
2.5. Backward Compatibility and Implementation Issues
We provide some typical frame sequences among the ADCA AP and the ADCA STA#1 and the legacy STA#1 in Figure  12. 

In our proposal, the ADCA uses the Adaptive Frame Aggregation, the Bursting and a part of the EDCA that defined in IEEE802.11e to provide ACs. So, the ADCA is based on CSMA/CA access protocol defined in [1],[2]. Therefore, the legacy IEEE802.11a STA#2 can connect to our proposal ADCA AP. Moreover, the proposed ADCA STA#1 can meet high throughput using the Adaptive Frame Aggregation, the Bursting and ACs.
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Figure  12: Interoperability Situation

2.6. Simulation Results

We use NS2 (Network Simulator 2) to evaluate our protocol and compare with Legacy IEEE802.11a. The PHY and MAC parameters for IEEE802.11a used in this simulation are listed in Table  1. And the PHY and MAC parameters for our proposal in this simulation are listed in Table  2
	Parameter
	Value
	Parameter
	Value

	SIFS
	16μs
	PIFS
	25μs

	DIFS
	34μs
	Slot time
	9μs

	PLCP preamble
	16μs
	Signal
	4μs

	CWmin
	15
	CWmax
	511

	MAC Header
	28byte
	Maximum Length
	9100byte

	Channel Bandwidth
	20MHz
	ACK rate
	24Mbps

	Carrier Frequency
	5.25GHz
	
	

	
	
	
	


Table  2: PHY/MAC parameters used in this simulation

2.6.1. MAC Throughput Gain using Adaptive Frame Aggregation and Bursting

The throughput performance of ACDA at different PHY layer rate is compared with legacy IEEE802.11 MAC transmitting 1500byte length as shown in Figure  13.

In this case, the maximum aggregated data length is less than 9100byte, because of data length from LLC is 1500byte UDP data, then we aggregate up to 6 packets to make long frame and distribute for 2 or 4 channels as shown 2x2 or 4x4 in Figure  13. Each transmission rates are 63Mbps (64QAM, R=7/8), 54Mbps(64QAM, R=3/4), 36Mbps (16QAM, R=3/4), 24Mbps (16QAM, R=1/2), and 18Mbps (QPSK, R=3/4). The Bursting is 2 times. Additionally, ACK rate is 24Mbps and used “Copied ACK”.
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Figure  13: Throughput vs. Data Transmission Rate

2.6.2. IEEE802.11n Usage Model and Simulation Results

The throughput performance of ADCA at Error Fee is shown in Figure  13. In this case, our proposal using the ADCA archives over 100Mbps at the top of the MAC SAP.

Additionally, the throughput performance of ADCA in the situation of Usage Model[4] are shown in Figure  18, Figure  19, Figure  20, Figure  21 . In these cases, the channel models are implemented as 20MHz SISO model written in [5], but just sample data for this document. 

3. Simple Hybrid Coordinated Channel Access (SHCCA)

In this section, the simple hybrid coordinated channel access protocol will be presented.
3.1. Basic Algorithm

The SHCCA uses a combination with the Adaptive Frame Aggregation and the Bursting that explained in section 2 and a part of the hybrid coordinated channel access (HCCA) that defined in IEEE802.11e in order to reduce MAC over head and improve overall channel throughput and satisfy QoS. As shown in Figure  14, the STA#1 use the Bursting to transmit multiple data during the TXOP for STA#1, and the STA#2 use the Frame Aggregation to transmit during the TXOP for STA#2.
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Figure  14: Simple Hybrid Coordinated Channel Access 

3.2. Backward Compatibility and Implementation Issues

The SHCCA protocol is similar to the HCCA defined at IEEE802.11e. So, Legacy IEEE802.11a STA can communicate with our proposed AP when polled from AP. Moreover, Adaptive Frame Aggregation makes more MAC efficiency. So we can archive not only Backward Compatibility and Interoperability, but also MAC efficiency.

3.3. Simulation Results

We evaluate the SHCCA within Super frame as shown in Figure  2. so we don’t provide only  SHCCA simulation results. The throughput performance of our proposal in the situation of Usage Model[4] are shown from Table  3 to Table  8.

In these cases, we provide the simulation results of “Error Free using appropriate rate” and “Implemented PHY mode”.
4. Frame formats
In this section, the frame format will be presented.

4.1. PLCP frame format

The PLCP frame format that transmitted from physical layer is shown in Figure  15. Figure  15 shows the format for the PPDU including the OFDM PLCP preamble, OFDM PLCP header, PSDU, tail bits, and PHY pad bits. The PLCP header contains the following fields: LENGTH, RATE a reserved bit, an even parity bit, and the SERVICE field. 

In Figure  15, the MIMO preamble is omitted, so if necessary we can provide “Extended Preamble” between PLCP Preamble and SIGNAL or SIGNAL and DATA to detect MIMO.
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Figure  15: PPDU frame format

4.1.1. Reserved field

The Reserved field is 1bit in length and is set null in IEEE802.11a[3]. In our proposal, The Reserved field is set to 1 indicating the presence of TGn Mode.

4.1.2. SERVICE field

The SERVICE field is 16 bits in length, which shall be denote as bits 0-15. The bit 0 shall be transmitted first in time. The bits from 0-6 of the SERVICE field, which are transmitted first, are set to zeros and are used to synchronize the descrambler in the receiver. The remaining 9 bits (7-15) of the SERVICE field shall be reserved for future use in[3].

In our proposal, the remaining 9bits(7-15) of the SERVICE field are set as shown in Figure  16. The SERVICE field of (7) is set to 1 indicating this frame being Copied frame. Therefore, If ACK is transmitted as Copied frame, this field is set to 1. The SERVICE field of (8) is set to 1 indicating the presence of MAC Pad at the end of PSDU, and the Length in the PLCP contains one octet of MAC pad length also. The following 5bit(9-13) contain channel structure, so if using MIMO or Channel Bundling system, this field indicating this channel number and total usage channel number. The last 2bits of SERVICE field (14-15) indicated “Extended Length bit” to extend maximum length at physical layer. So the total length field in our proposal is 14 bits, the Length (12bit) and the Extended Length bits (2bit).
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Figure  16: SERVICE field bit assignment

4.2. MAC frame format

The format of the MAC frames is specified in this subsection. The MAC frames consist of the MAC Header, Frame Body, FCS as same as IEEE802.11[1].

In our proposal, the Frame Body is extended for high efficiency MAC using the Adaptive Frame aggregation. The Frame Body consists of the Aggregate Header and the Aggregated Frame Body. 

The Aggregate Header is 2 octets in length and is set to frame type and total aggregate length without the aggregate header and total packets number in the aggregated frame body.

The Aggregated Frame Body is variable length up to “maximum aggregate length” and consists of the pair of Length field and Data. The Length field is 16 bits in length and indicates the length of following one data length.
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Figure  17: Aggregated Data frame format

5. Conclusion
In this document, we proposed a new MAC architecture, which not only meets the 100Mbps throughput requirement at the top of the MAC SAP, but also maintain the affinity with legacy IEEE802.11, IEEE802.11a and IEEE802.11e.
The main schemes are the Adaptive Frame Aggregation, the Bursting, and the Adaptive Frame Distribution for channels to meet the 100Mbps. Additionally, the SHCCA mechanism and the ACs during CP based on IEEE802.11e were implemented in our proposal and satisfied simple QoS, although we haven’t implemented and simulated perfectly yet.

The simulation result in section2 and 3 indicated that our proposal using the Adaptive Frame aggregation, the Bursting, and the Adaptive Frame Distribution for channels are quite effective schemes to archive high MAC efficiency and high throughput at MAC SAP.

6. References
[1] IEEE 802.11, “Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications”, Standard, IEEE, August, 1999
[2] IEEE 802.11e, “Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications: Medium Access Control (MAC) Enhancements for Quality of Service (QoS)”, Draft v6, IEEE, November 2003
[3] IEEE 802.11a, “Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications: High-speed Physical Layer in the 5GHz Band”, Standard, IEEE, 1999
[4] IEEE802.11-03/0802r23, “Usage Models”
[5] IEEE802.11-03/0940r04, “TGn Channel Model”
[6] IEEE802.11-03/0813r12, “Functional Requirements”
7. Appendix

7.1. Simulation Results

7.1.1. Scenario 1: Home

	Flow Name
	Type
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)
	Mean

Rate

In UM

	HDTV#0
	CBR
	AP( STA1
	5
	4x4 54Mbps
	216
	19.072
	19.2

	HDTV#1
	CBR
	AP( STA3
	5
	4x4 54Mbps
	216
	23.74
	24

	SDTV#0
	CBR
	AP( STA4
	9.89
	4x4 36Mbps
	144
	3.992
	4

	Internet File
	TCP
	AP( STA4
	9.89
	4x4 36Mbps
	144
	0.9904
	1

	VoIP_DL
	CBR
	AP( STA7
	20
	4x4 24Mbps
	96
	0.09728
	0.096

	VoIP_DL
	CBR
	AP( STA8
	20
	4x4 24Mbps
	96
	0.09408
	0.096

	VoIP_DL
	CBR
	AP( STA9
	20
	4x4 24Mbps
	96
	0.09664
	0.096

	Inernet Streaming
	CBR
	AP( STA10
	14.14
	4x4 36Mbps
	144
	2.00158
	2

	MP3 Audio
	CBR
	AP( STA11
	11.18
	4x4 36Mbps
	144
	0.12707
	0.128

	VoD control#0
	CBR
	STA1( AP
	5
	4x4 63Mbps
	252
	0.06263
	0.06

	VoD control#1
	CBR
	STA2( AP
	5
	4x4 63Mbps
	252
	0.06193
	0.06

	Local file transfer
	TCP
	STA4( AP
	24.04
	4x4 36Mbps
	144
	27.992
	30

	Video Phone#0
	CBR
	STA5( STA6
	30
	4x4 18Mbps
	72
	0.49698
	0.5

	Video Phone#1
	CBR
	STA6( STA5
	30
	4x4 18Mbps
	72
	0.49971
	0.5

	Console to Internet
	CBR
	STA10( AP
	14.14
	4x4 36Mbps
	144
	0.99806
	1

	Video Gaming

Controller
	CBR
	STA11( AP
	5
	4x4 63Mbps
	252
	0.44933
	0.5

	VoIP_UL
	CBR
	STA7( AP
	20
	4x4 24Mbps
	96
	0.09824
	0.096

	VoIP_UL
	CBR
	STA8( AP
	20
	4x4 24Mbps
	96
	0.09601
	0.096

	VoIP_UL
	CBR
	STA9( AP
	20
	4x4 24Mbps
	96
	0.09760
	0.096

	
	
	
	
	
	
	
	

	
	
	Aggregate PHY Rate(Mbits/s)
	145.894
	145.895

	
	
	Aggregated MAC Goodput (Mbits/s) (CC20)
	81.0642
	83.524

	
	
	ADCF (Mbit/s)
	31.4265
	

	
	
	SHCCA (Mbits/s)
	49.6377
	

	
	
	MAC Efficiency (%) (CC24)
	55.5635
	57.249


Table  3: Scenario1 (Error Free using appropriate rate)

Not consider AIFS in simulation scenario1,4

	Flow Name
	Type
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)
	Mean

Rate

In UM

	HDTV#0
	CBR
	AP( STA1
	5
	4x4 54Mbps
	216
	19.0899
	19.2

	HDTV#1
	CBR
	AP( STA3
	5
	4x4 54Mbps
	216
	23.5386
	24

	SDTV#0
	CBR
	AP( STA4
	9.89
	4x4 36Mbps
	144
	4.0521
	4

	Internet File
	TCP
	AP( STA4
	9.89
	4x4 36Mbps
	144
	0.1528
	1

	VoIP_DL
	CBR
	AP( STA7
	20
	4x4 24Mbps
	96
	0.09312
	0.096

	VoIP_DL
	CBR
	AP( STA8
	20
	4x4 24Mbps
	96
	0.09696
	0.096

	VoIP_DL
	CBR
	AP( STA9
	20
	4x4 24Mbps
	96
	0.0944
	0.096

	Inernet Streaming
	CBR
	AP( STA10
	14.14
	4x4 36Mbps
	144
	1.96873
	2

	MP3 Audio
	CBR
	AP( STA11
	11.18
	4x4 36Mbps
	144
	0.12707
	0.128

	VoD control#0
	CBR
	STA1( AP
	5
	2x2 63Mbps
	126
	0.06005
	0.06

	VoD control#1
	CBR
	STA2( AP
	5
	2x2 63Mbps
	126
	0.05994
	0.06

	Local file transfer
	TCP
	STA4( AP
	24.04
	4x4 24Mbps
	96
	1.06
	30

	Video Phone#0
	CBR
	STA5( STA6
	30
	4x4 24Mbps
	96
	0.10513
	0.5

	Video Phone#1
	CBR
	STA6( STA5
	30
	4x4 24Mbps
	96
	0.13653
	0.5

	Console to Internet
	CBR
	STA10( AP
	14.14
	4x4 24Mbps
	96
	0.21026
	1

	Video Gaming

Controller
	CBR
	STA11( AP
	5
	4x4 63Mbps
	252
	0.46427
	0.5

	VoIP_UL
	CBR
	STA7( AP
	20
	4x4 24Mbps
	96
	0.09130
	0.096

	VoIP_UL
	CBR
	STA8( AP
	20
	4x4 24Mbps
	96
	0.09478
	0.096

	VoIP_UL
	CBR
	STA9( AP
	20
	4x4 24Mbps
	96
	0.09172
	0.096

	
	
	
	
	
	
	
	

	
	
	Aggregate PHY Rate(Mbits/s)
	130.105
	130.105

	
	
	Aggregated MAC Goodput (Mbits/s) (CC20)
	51.588
	83.524

	
	
	ADCF (Mbit/s)
	2.1290
	-

	
	
	SHCCA (Mbits/s)
	49.4589
	-

	
	
	MAC Efficiency (%) (CC24)
	39.651
	64.19


Table  4: Scenario1 (implemented PHY model)

7.1.2. Scenario 4: Large Enterprise

	Flow Name
	Type
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)
	Mean

Rate

In UM

	Internet File#1
	TCP
	AP(STA1
	10.73
	4x4 36Mbps
	144
	0.01886
	1

	Internet File#2
	TCP
	AP(STA2
	8.27
	4x4 54Mbps
	216
	0.02922
	1

	Internet File#3
	TCP
	AP(STA3
	12.1
	4x4 36Mbps
	144
	0.01555
	1

	Internet File#4
	TCP
	AP(STA4
	4.52
	4x4 54Mbps
	216
	0.03599
	1

	Internet File#5
	TCP
	AP(STA5
	6.18
	4x4 54Mbps
	216
	0.0024
	1

	Internet File, Large email attachments
	TCP
	AP(STA6
	7.1
	4x4 54Mbps
	216
	0.62633
	10

	Video conferencing#1
	TCP
	AP(STA7
	10.29
	4x4 36Mbps
	144
	1.0008
	1

	Video conferencing#2
	TCP
	AP(STA8
	12.02
	4x4 36Mbps
	144
	0.9981
	1

	Internet Streaming Video+MP3 audio#1
	CBR
	AP(STA9
	10.25
	4x4 36Mbps
	144
	1.99031
	2

	Internet Streaming Video+MP3 audio#2
	CBP
	AP(STA10
	3.04
	4x4 54Mbps
	216
	1.96331
	2

	Local File transfer#1
	TCP
	AP(STA11
	8.01
	4x4 36Mbps
	144
	4.38
	30

	Local File transfer#2
	TCP
	AP(STA12
	0.89
	4x4 36Mbps
	144
	4.076
	30

	Local File transfer#3
	TCP
	AP(STA13
	5.65
	4x4 54Mbps
	216
	4.38
	30

	Local File transfer#4
	TCP
	AP(STA14
	7.56
	4x4 36Mbps
	144
	4.38
	30

	Local File transfer#5
	TCP
	AP(STA15
	3.04
	4x4 54Mbps
	216
	4.38
	30

	Local File transfer#6
	TCP
	AP(STA16
	10
	4x4 36Mbps
	144
	4.38
	30

	Local File transfer#7
	TCP
	AP(STA17
	7.5
	4x4 36Mbps
	144
	4.312
	30

	Local File transfer#8
	TCP
	AP(STA18
	10.01
	4x4 36Mbps
	144
	4.38
	30

	Local File transfer#9
	TCP
	AP(STA19
	5.14
	4x4 54Mbps
	216
	4.38
	30

	Local File transfer#10
	TCP
	AP(STA20
	2.06
	4x4 54Mbps
	216
	4.38
	30

	VoIP_DL#1
	CBR
	AP(STA25
	6.1
	4x4 54Mbps
	216
	0.09376
	0.096

	VoIP_DL#2
	CBR
	AP(STA26
	13.08
	4x4 36Mbps
	144
	0.09248
	0.096

	VoIP_DL#3
	CBR
	AP(STA27
	6.5
	4x4 54Mbps
	216
	0.09536
	0.096

	VoIP_DL#4
	CBR
	AP(STA28
	9.7
	4x4 54Mbps
	216
	0.09664
	0.096

	VoIP_DL#5
	CBR
	AP(STA29
	3.8
	4x4 63Mbps
	252
	0.09632
	0.096

	VoIP_DL#6
	CBR
	AP(STA30
	10.12
	4x4 54Mbps
	216
	0.09824
	0.096

	Clicking on web lin#1
	TCP
	STA1(AP
	10.73
	4x4 54Mbps
	216
	0.00397
	0.256

	Clicking on web lin#2
	TCP
	STA2(AP
	8.27
	4x4 54Mbps
	216
	0.00602
	0.256

	Clicking on web lin#3
	TCP
	STA3(AP
	12.1
	4x4 36Mbps
	144
	0.00367
	0.256

	Internet file transfer in the upling direction
	TCP
	STA4(AP
	4.52
	4x4 54Mbps
	216
	0.07243
	5

	Uploading large email attachments
	TCP
	STA5(AP
	6.18
	4x4 54Mbps
	216
	4.68031
	10

	Clicking on web link
	TCP
	STA6(AP
	7.1
	4x4 54Mbps
	216
	0.01145
	0.256

	UL
	CBR
	STA7(AP
	10.29
	4x4 36Mbps
	144
	0.98987
	1

	UL
	CBP
	STA8(AP
	12.02
	4x4 36Mbps
	144
	1.00625
	1

	UL
	TCP
	STA21(AP
	7.15
	4x4 36Mbps
	144
	4.688
	30

	UL
	TCP
	STA22(AP
	4.5
	4x4 54Mbps
	216
	4.684
	30

	UL
	TCP
	STA23(AP
	7.15
	4x4 36Mbps
	144
	4.604
	30

	UL
	TCP
	STA24(AP
	3.9
	4x4 54Mbps
	216
	4.648
	30

	VoIP Phone#1
	CBR
	STA25(AP
	6.1
	4x4 54Mbps
	216
	0.09594
	0.096

	VoIP Phone#2
	CBR
	STA26(AP
	13.08
	4x4 36Mbps
	144
	0.0992
	0.096

	VoIP Phone#3
	CBR
	STA27(AP
	6.5
	4x4 54Mbps
	216
	0.10085
	0.096

	VoIP Phone#4
	CBR
	STA28(AP
	9.7
	4x4 54Mbps
	216
	0.09724
	0.096

	VoIP Phone#5
	CBR
	STA29(AP
	3.8
	4x4 63Mbps
	252
	0.09855
	0.096

	VoIP Phone#6
	CBR
	STA30(AP
	10.12
	4x4 54Mbps
	216
	0.09857
	0.096

	
	
	
	
	
	
	
	

	
	
	Aggregate PHY Rate(Mbits/s)
	188.182
	188.181

	
	
	Aggregated MAC Goodput (Mbits/s) (CC20)
	76.670
	460.176

	
	
	ADCF (Mbit/s)
	71.553
	455.024

	
	
	SHCCA (Mbits/s)
	5.1168
	5.125

	
	
	MAC Efficiency (%) (CC24)
	40.742
	244.538


Table  5: Scenario4 (Error Free using appropriate rate)

	Flow Name
	Type
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)
	Mean

Rate

In UM

	Internet File#1
	TCP
	AP(STA1
	10.73
	4x4 36Mbps
	144
	0.0159
	1

	Internet File#2
	TCP
	AP(STA2
	8.27
	4x4 54Mbps
	216
	0.04779
	1

	Internet File#3
	TCP
	AP(STA3
	12.1
	4x4 36Mbps
	144
	0.50138
	1

	Internet File#4
	TCP
	AP(STA4
	4.52
	4x4 54Mbps
	216
	0.57091
	1

	Internet File#5
	TCP
	AP(STA5
	6.18
	4x4 54Mbps
	216
	0.27830
	1

	Internet File, Large email attachments
	TCP
	AP(STA6
	7.1
	4x4 54Mbps
	216
	0.0096
	10

	Video conferencing#1
	TCP
	AP(STA7
	10.29
	4x4 36Mbps
	144
	0.98577
	1

	Video conferencing#2
	TCP
	AP(STA8
	12.02
	4x4 36Mbps
	144
	0.9885
	1

	Internet Streaming Video+MP3 audio#1
	CBR
	AP(STA9
	10.25
	4x4 36Mbps
	144
	1.98384
	2

	Internet Streaming Video+MP3 audio#2
	CBP
	AP(STA10
	3.04
	4x4 36Mbps
	144
	1.99883
	2

	Local File transfer#1
	TCP
	AP(STA11
	8.01
	4x4 36Mbps
	144
	3.2
	30

	Local File transfer#2
	TCP
	AP(STA12
	0.89
	4x4 36Mbps
	144
	3.164
	30

	Local File transfer#3
	TCP
	AP(STA13
	5.65
	4x4 54Mbps
	216
	3.164
	30

	Local File transfer#4
	TCP
	AP(STA14
	7.56
	4x4 36Mbps
	144
	3.088
	30

	Local File transfer#5
	TCP
	AP(STA15
	3.04
	4x4 54Mbps
	216
	3.088
	30

	Local File transfer#6
	TCP
	AP(STA16
	10
	4x4 36Mbps
	144
	3.164
	30

	Local File transfer#7
	TCP
	AP(STA17
	7.5
	4x4 36Mbps
	144
	2.792
	30

	Local File transfer#8
	TCP
	AP(STA18
	10.01
	4x4 36Mbps
	144
	3.088
	30

	Local File transfer#9
	TCP
	AP(STA19
	5.14
	4x4 54Mbps
	216
	3.164
	30

	Local File transfer#10
	TCP
	AP(STA20
	2.06
	4x4 54Mbps
	216
	3.164
	30

	VoIP_DL#1
	CBR
	AP(STA25
	6.1
	4x4 54Mbps
	216
	0.096
	0.096

	VoIP_DL#2
	CBR
	AP(STA26
	13.08
	4x4 36Mbps
	144
	0.09536
	0.096

	VoIP_DL#3
	CBR
	AP(STA27
	6.5
	4x4 54Mbps
	216
	0.09504
	0.096

	VoIP_DL#4
	CBR
	AP(STA28
	9.7
	4x4 54Mbps
	216
	0.09312
	0.096

	VoIP_DL#5
	CBR
	AP(STA29
	3.8
	4x4 63Mbps
	252
	0.09408
	0.096

	VoIP_DL#6
	CBR
	AP(STA30
	10.12
	4x4 54Mbps
	216
	0.09536
	0.096

	Clicking on web lin#1
	TCP
	STA1(AP
	10.73
	4x4 54Mbps
	216
	0.04326
	0.256

	Clicking on web lin#2
	TCP
	STA2(AP
	8.27
	4x4 54Mbps
	216
	0.09034
	0.256

	Clicking on web lin#3
	TCP
	STA3(AP
	12.1
	4x4 36Mbps
	144
	0.01246
	0.256

	Internet file transfer in the upling direction
	TCP
	STA4(AP
	4.52
	4x4 54Mbps
	216
	0.07529
	5

	Uploading large email attachments
	TCP
	STA5(AP
	6.18
	4x4 54Mbps
	216
	0.23271
	10

	Clicking on web link
	TCP
	STA6(AP
	7.1
	4x4 54Mbps
	216
	0.13604
	0.256

	UL
	CBR
	STA7(AP
	10.29
	4x4 36Mbps
	144
	0.98577
	1

	UL
	CBP
	STA8(AP
	12.02
	4x4 36Mbps
	144
	0.98167
	1

	UL
	TCP
	STA21(AP
	7.15
	4x4 36Mbps
	144
	3.32
	30

	UL
	TCP
	STA22(AP
	4.5
	4x4 54Mbps
	216
	3.048
	30

	UL
	TCP
	STA23(AP
	7.15
	4x4 36Mbps
	144
	3.316
	30

	UL
	TCP
	STA24(AP
	3.9
	4x4 36Mbps
	144
	3.32
	30

	VoIP Phone#1
	CBR
	STA25(AP
	6.1
	4x4 54Mbps
	216
	0.09675
	0.096

	VoIP Phone#2
	CBR
	STA26(AP
	13.08
	4x4 36Mbps
	144
	0.09486
	0.096

	VoIP Phone#3
	CBR
	STA27(AP
	6.5
	4x4 54Mbps
	216
	0.09373
	0.096

	VoIP Phone#4
	CBR
	STA28(AP
	9.7
	4x4 54Mbps
	216
	0.08997
	0.096

	VoIP Phone#5
	CBR
	STA29(AP
	3.8
	4x4 63Mbps
	252
	0.09236
	0.096

	VoIP Phone#6
	CBR
	STA30(AP
	10.12
	4x4 54Mbps
	216
	0.09706
	0.096

	
	
	
	
	
	
	
	

	
	
	Aggregate PHY Rate(Mbits/s)
	184.909
	184.090

	
	
	Aggregated MAC Goodput (Mbits/s) (CC20)
	55.151
	460.176

	
	
	ADCF (Mbit/s)
	50.0349
	455.024

	
	
	SHCCA (Mbits/s)
	5.116
	5.152

	
	
	MAC Efficiency (%) (CC24)
	29.826
	248.866


Table  6: Scenario4 (implemented PHY model)

7.1.3. Scenario 6: Hot spot

	Flow Name
	Type
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)
	Mean

Rate

In UM

	Internet File Transfer#1
	TCP
	AP(STA1
	31.14
	4x4 24Mbps
	96
	0.7128
	2

	Internet File Transfer#2
	TCP
	AP(STA2
	26.4
	4x4 24Mbps
	96
	0.6848
	2

	Internet File Transfer#3
	TCP
	AP(STA3
	13.03
	4x4 36Mbps
	144
	0.7184
	2

	Internet File Transfer#4
	TCP
	AP(STA4
	9.21
	4x4 36Mbps
	144
	0.7056
	2

	Internet File Transfer#5
	TCP
	AP(STA5
	29
	4x4 24Mbps
	96
	0.728
	2

	Internet File Transfer#6
	TCP
	AP(STA6
	5.09
	4x4 54Mbps
	216
	0.7
	2

	Internet File Transfer#7
	TCP
	AP(STA7
	25.05
	4x4 24Mbps
	96
	0.7
	2

	Internet File Transfer#8
	TCP
	AP(STA8
	12.08
	4x4 36Mbps
	144
	0.7352
	2

	Internet File Transfer#9
	TCP
	AP(STA9
	16.15
	4x4 36Mbps
	144
	0.7632
	2

	Internet File Transfer#10
	TCP
	AP(STA10
	23.08
	4x4 24Mbps
	96
	0.7592
	2

	Mid quality streaming audio/video#1
	CBR
	AP(STA11
	23.02
	4x4 24Mbps
	96
	1.97681
	2

	Mid quality streaming audio/video#2
	CBR
	AP(STA12
	23.02
	4x4 24Mbps
	96
	1.963.5
	2

	Mid quality streaming audio/video#3
	CBR
	AP(STA13
	22.62
	4x4 24Mbps
	96
	1.97267
	2

	Mid quality streaming audio/video#4
	CBR
	AP(STA14
	24.75
	4x4 24Mbps
	96
	1.96166
	2

	High quality streaming audio/video#1
	CBR
	AP(STA15
	16.12
	4x4 24Mbps
	96
	7.89698
	8

	High quality streaming audio/video#2
	CBR
	AP(STA16
	10.44
	4x4 36Mbps
	144
	7.89287
	8

	High quality streaming audio/video#3
	CBR
	AP(STA17
	15.88
	4x4 24Mbps
	96
	7.9557
	8

	SDTV broadcast#1
	CBR
	AP(STA18
	4.12
	4x4 54Mbps
	216
	4.98
	5

	SDTV broadcast#2
	CBR
	AP(STA19
	6
	4x4 36Mbps
	144
	4.90411
	5

	VoIP_DL#1
	CBR
	AP(STA20
	30.41
	4x4 24Mbps
	96
	0.09408
	0.096

	VoIP_DL#2
	CBR
	AP(STA21
	21.95
	4x4 24Mbps
	96
	0.09664
	0.096

	VoIP_DL#3
	CBR
	AP(STA22
	18.02
	4x4 36Mbps
	144
	0.09344
	0.096

	VoIP_DL#4
	CBR
	AP(STA23
	10.29
	4x4 36Mbps
	144
	0.09632
	0.096

	VoIP_DL#5
	CBR
	AP(STA24
	12.64
	4x4 36Mbps
	144
	0.09536
	0.096

	VoIP_DL#6
	CBR
	AP(STA25
	22.09
	4x4 24Mbps
	96
	0.09376
	0.096

	VoIP_DL#7
	CBR
	AP(STA26
	19.69
	4x4 36Mbps
	144
	0.09728
	0.096

	VoIP_DL#8
	CBR
	AP(STA27
	22.8
	4x4 24Mbps
	96
	0.09504
	0.096

	VoIP_DL#9
	CBR
	AP(STA28
	18.78
	4x4 36Mbps
	144
	0.09344
	0.096

	VoIP_DL#10
	CBR
	AP(STA29
	25.07
	4x4 24Mbps
	96
	0.09408
	0.096

	VoIP_DL#11
	CBR
	AP(STA30
	21
	4x4 24Mbps
	96
	0.09664
	0.096

	VoIP_DL#12
	CBR
	AP(STA31
	29.06
	4x4 24Mbps
	96
	0.0944
	0.096

	VoIP_DL#13
	CBR
	AP(STA32
	22.47
	4x4 24Mbps
	96
	0.0944
	0.096

	VoIP_DL#14
	CBR
	AP(STA33
	15.65
	4x4 36Mbps
	144
	0.09344
	0.096

	VoIP_DL#15
	CBR
	AP(STA32
	3.6
	4x4 63Mbps
	252
	0.0944
	0.096

	VoIP_UL#1
	CBR
	STA20(AP
	30.41
	4x4 24Mbps
	96
	0.09856
	0.096

	VoIP_UL#2
	CBR
	STA21(AP
	21.95
	4x4 24Mbps
	96
	0.09725
	0.096

	VoIP_UL#3
	CBR
	STA22(AP
	18.02
	4x4 36Mbps
	144
	0.09762
	0.096

	VoIP_UL#4
	CBR
	STA23(AP
	10.29
	4x4 36Mbps
	144
	0.09789
	0.096

	VoIP_UL#5
	CBR
	STA24(AP
	12.64
	4x4 36Mbps
	144
	0.09530
	0.096

	VoIP_UL#6
	CBR
	STA25(AP
	11.09
	4x4 24Mbps
	96
	0.09564
	0.096

	VoIP_UL#7
	CBR
	STA26(AP
	19.69
	4x4 36Mbps
	144
	0.1005
	0.096

	VoIP_UL#8
	CBR
	STA27(AP
	22.8
	4x4 24Mbps
	96
	0.09661
	0.096

	VoIP_UL#9
	CBR
	STA28(AP
	18.78
	4x4 36Mbps
	144
	0.09790
	0.096

	VoIP_UL#10
	CBR
	STA29(AP
	25.07
	4x4 24Mbps
	96
	0.09973
	0.096

	VoIP_UL#11
	CBR
	STA30(AP
	21
	4x4 24Mbps
	96
	0.09728
	0.096

	VoIP_UL#12
	CBR
	STA31(AP
	29.06
	4x4 24Mbps
	96
	0.09661
	0.096

	VoIP_UL#13
	CBR
	STA32(AP
	22.47
	4x4 24Mbps
	96
	0.09561
	0.096

	VoIP_UL#14
	CBR
	STA33(AP
	15.65
	4x4 36Mbps
	144
	0.09729
	0.096

	VoIP_UL#15
	CBR
	STA34(AP
	3.6
	4x4 63Mbps
	252
	0.09824
	0.096

	
	
	
	
	
	
	
	

	
	
	Aggregate PHY Rate(Mbits/s)
	124.897
	124.897

	
	
	Aggregated MAC Goodput (Mbits/s) (CC20)
	51.595
	64.88

	
	
	ADCF (Mbit/s)
	7.207
	20

	
	
	SHCCA (Mbits/s)
	44.388
	44.88

	
	
	MAC Efficiency (%) (CC24)
	41.310
	51.946


Table  7: Scenario6 (Error Free using appropriate rate)

	Flow Name
	Type
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)
	Mean

Rate

In UM

	Internet File Transfer#1
	TCP
	AP(STA1
	31.14
	4x4 24Mbps
	96
	0.4048
	2

	Internet File Transfer#2
	TCP
	AP(STA2
	26.4
	4x4 24Mbps
	96
	0.4024
	2

	Internet File Transfer#3
	TCP
	AP(STA3
	13.03
	4x4 36Mbps
	144
	0.428
	2

	Internet File Transfer#4
	TCP
	AP(STA4
	9.21
	4x4 36Mbps
	144
	0.4338
	2

	Internet File Transfer#5
	TCP
	AP(STA5
	29
	4x4 24Mbps
	96
	0.4192
	2

	Internet File Transfer#6
	TCP
	AP(STA6
	5.09
	4x4 54Mbps
	216
	0.4224
	2

	Internet File Transfer#7
	TCP
	AP(STA7
	25.05
	4x4 24Mbps
	96
	0.4296
	2

	Internet File Transfer#8
	TCP
	AP(STA8
	12.08
	4x4 36Mbps
	144
	0.4472
	2

	Internet File Transfer#9
	TCP
	AP(STA9
	16.15
	4x4 36Mbps
	144
	0.4264
	2

	Internet File Transfer#10
	TCP
	AP(STA10
	23.08
	4x4 24Mbps
	96
	0.4056
	2

	Mid quality streaming audio/video#1
	CBR
	AP(STA11
	23.02
	4x4 24Mbps
	96
	1.98901
	2

	Mid quality streaming audio/video#2
	CBR
	AP(STA12
	23.02
	4x4 24Mbps
	96
	1.98549
	2

	Mid quality streaming audio/video#3
	CBR
	AP(STA13
	22.62
	4x4 24Mbps
	96
	2.00213
	2

	Mid quality streaming audio/video#4
	CBR
	AP(STA14
	24.75
	4x4 24Mbps
	96
	1.96449
	2

	High quality streaming audio/video#1
	CBR
	AP(STA15
	16.12
	4x4 24Mbps
	96
	7.9575
	8

	High quality streaming audio/video#2
	CBR
	AP(STA16
	10.44
	4x4 36Mbps
	144
	7.91398
	8

	High quality streaming audio/video#3
	CBR
	AP(STA17
	15.88
	4x4 24Mbps
	96
	7.85657
	8

	SDTV broadcast#1
	CBR
	AP(STA18
	4.12
	4x4 36Mbps
	144
	4.868
	5

	SDTV broadcast#2
	CBR
	AP(STA19
	6
	4x4 36Mbps
	144
	5.0361
	5

	VoIP_DL#1
	CBR
	AP(STA20
	30.41
	4x4 24Mbps
	96
	0.09248
	0.096

	VoIP_DL#2
	CBR
	AP(STA21
	21.95
	4x4 24Mbps
	96
	0.09664
	0.096

	VoIP_DL#3
	CBR
	AP(STA22
	18.02
	4x4 36Mbps
	144
	0.09472
	0.096

	VoIP_DL#4
	CBR
	AP(STA23
	10.29
	4x4 36Mbps
	144
	0.09728
	0.096

	VoIP_DL#5
	CBR
	AP(STA24
	12.64
	4x4 36Mbps
	144
	0.0944
	0.096

	VoIP_DL#6
	CBR
	AP(STA25
	22.09
	4x4 36Mbps
	144
	0.09568
	0.096

	VoIP_DL#7
	CBR
	AP(STA26
	19.69
	4x4 36Mbps
	144
	0.09472
	0.096

	VoIP_DL#8
	CBR
	AP(STA27
	22.8
	4x4 24Mbps
	96
	0.09312
	0.096

	VoIP_DL#9
	CBR
	AP(STA28
	18.78
	4x4 36Mbps
	144
	0.0928
	0.096

	VoIP_DL#10
	CBR
	AP(STA29
	25.07
	4x4 18Mbps
	72
	0.09152
	0.096

	VoIP_DL#11
	CBR
	AP(STA30
	21
	4x4 24Mbps
	96
	0.09568
	0.096

	VoIP_DL#12
	CBR
	AP(STA31
	29.06
	4x4 24Mbps
	96
	0.09312
	0.096

	VoIP_DL#13
	CBR
	AP(STA32
	22.47
	4x4 24Mbps
	96
	0.0944
	0.096

	VoIP_DL#14
	CBR
	AP(STA33
	15.65
	4x4 36Mbps
	144
	0.09568
	0.096

	VoIP_DL#15
	CBR
	AP(STA34
	3.6
	4x4 36Mbps
	144
	0.09632
	0.096

	VoIP_UL#1
	CBR
	STA20(AP
	30.41
	4x4 24Mbps
	96
	0.09629
	0.096

	VoIP_UL#2
	CBR
	STA21(AP
	21.95
	4x4 24Mbps
	96
	0.09792
	0.096

	VoIP_UL#3
	CBR
	STA22(AP
	18.02
	4x4 36Mbps
	144
	0.09497
	0.096

	VoIP_UL#4
	CBR
	STA23(AP
	10.29
	4x4 36Mbps
	144
	0.09644
	0.096

	VoIP_UL#5
	CBR
	STA24(AP
	12.64
	4x4 36Mbps
	144
	0.09708
	0.096

	VoIP_UL#6
	CBR
	STA25(AP
	11.09
	4x4 36Mbps
	144
	0.09431
	0.096

	VoIP_UL#7
	CBR
	STA26(AP
	19.69
	4x4 24Mbps
	96
	0.09727
	0.096

	VoIP_UL#8
	CBR
	STA27(AP
	22.8
	4x4 24Mbps
	96
	0.09855
	0.096

	VoIP_UL#9
	CBR
	STA28(AP
	18.78
	4x4 36Mbps
	144
	0.1008
	0.096

	VoIP_UL#10
	CBR
	STA29(AP
	25.07
	4x4 24Mbps
	96
	0.09793
	0.096

	VoIP_UL#11
	CBR
	STA30(AP
	21
	4x4 24Mbps
	96
	0.09758
	0.096

	VoIP_UL#12
	CBR
	STA31(AP
	29.06
	4x4 24Mbps
	96
	0.09956
	0.096

	VoIP_UL#13
	CBR
	STA32(AP
	22.47
	4x4 24Mbps
	96
	0.09758
	0.096

	VoIP_UL#14
	CBR
	STA33(AP
	15.65
	4x4 36Mbps
	144
	0.09582
	0.096

	VoIP_UL#15
	CBR
	STA34(AP
	3.6
	4x4 36Mbps
	144
	0.09790
	0.096

	
	
	
	
	
	
	
	

	
	
	Aggregate PHY Rate(Mbits/s)
	116.571
	116.571

	
	
	Aggregated MAC Goodput (Mbits/s) (CC20)
	48.672
	64.88

	
	
	ADCF (Mbit/s)
	4.2184
	20

	
	
	SHCCA (Mbits/s)
	44.4539
	44.88

	
	
	MAC Efficiency (%) (CC24)
	41.753
	55.6568


Table  8: Scenario6 (implemented PHY model)

7.1.4. Scenario 16: Point-to-Point Throughput Test

	Flow Name
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)

	UDP sources
	AP(STA
	0
	20MHz 4x4 64QAM R=3/4
	216
	104.627

	
	
	2
	
	
	102.344

	
	
	4
	
	
	101.143

	
	
	6
	20MHz 4x4 16QAM R=3/4
	144
	99.593

	
	
	8
	
	
	91.710

	
	
	10
	
	
	81.617

	
	
	12
	20MHz 4x4 64QAM R=1/2
	96
	75.529

	
	
	14
	
	
	71.403

	
	
	16
	
	
	62.944

	
	
	18
	
	
	51.865

	
	
	20
	20MHz 4x4 QPSK R=3/4
	72
	37.734

	
	
	22
	
	
	30.188

	
	
	24
	
	
	24.421

	
	
	26
	
	
	17.692

	
	
	28
	
	
	15.769

	
	
	30
	
	
	10.915

	
	
	35
	
	
	5.431

	
	
	40
	
	
	0


Table  9: Scenario16 (Channel Model B, 4x4)

	Flow Name
	Direction
	Distance

(m)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)

	UDP sources
	AP ( STA
	0
	20MHz 4x4 64QAM R=3/4
	216
	103.330

	
	
	2
	20MHz 4x4 16QAM R=3/4
	144
	103.233

	
	
	4
	
	
	98.103

	
	
	6
	
	
	91.157

	
	
	8
	
	
	83.924

	
	
	10
	20MHz 4x4 64QAM R=1/2
	96
	80.239

	
	
	12
	
	
	78.773

	
	
	14
	
	
	75.409

	
	
	16
	
	
	69.665

	
	
	18
	
	
	60.228

	
	
	20
	
	
	47.251

	
	
	25
	20MHz 4x4 QPSK R=3/4
	72
	17.211

	
	
	30
	
	
	4.796

	
	
	35
	
	
	1.081

	
	
	40
	
	
	0


Table  10: Scenario16 (Channel Model D, 4x4)
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Figure  18: Throughput vs. Distance for Scenario16

7.1.5. Scenario 17: Point-to-Point HT Goodput Test

	Flow Name
	Direction
	Location

(x,y)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)

	UDP 100Mbps  (1500byte)
	STA( AP
	(0.10)
	20MHz 4x4 16QAM R=3/4
	144
	81.721

Ave.


Table  11: Scenario17 (Channel Model B, 4x4)
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Figure  19: Throughput Performance for Scenario17

7.1.6. Scenario 18: Point-to-Point Legacy Throughput Test

	Flow Name
	Direction
	Location

(x,y)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)

	UDP 100Mbps  (1500byte)
	STA( AP
	(0.10)
	20MHz   16QAM  R=3/4
	36
	21.672

Ave.


Table  12: Scenario18 (IEEE802.11a)
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Figure  20: Throughput Performance for Scenario18
7.1.7. Scenario 19: Point-to-Point Legacy Sharing Throughput Test

	Flow Name
	Direction
	Location

(x,y)
	PHY mode
	PHY Rate

(Mbps)
	Mean

Rate

(Mbps)

	UDP 100Mbps  (1500byte)

(Legacy UDP Source)
	STA1( AP
	(-10,0)
	20MHz   16QAM   R=3/4
	36
	10.817

Ave.

	 UDP 100Mbps  (1500byte)

(HT UDP Source)
	STA2(AP
	(10,0)
	20MHz  4x4   16QAM  R=3/4
	144
	41.384

Ave.

	System Throughput Average
	
	
	
	
	52.201


Table  13: Scenario19 (Channel Model B, Legacy STA and HT STA)
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Figure  21: Throughput Performance for Scenario19
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