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Abstract

This document provides an overview of the simulation methodologies adopted for the system level and physical layer simulations supporting Qualcomm’s proposal for high throughput extensions to 802.11. Detailed simulation results that address the 802.11n Functional Requirements and Comparison Criteria are also presented.

The salient features of the proposal are:

1. Maximum PHY data rates in 20 MHz:

a. 202 Mbps for stations with two antennas

b. 404 Mbps for stations with four antennas

2. Highly reliable, high-performance operation with existing 802.11 convolutional codes used in combination with Eigenvector Steering spatial multiplexing techniques

3. Backward compatible modulation, coding and interleaving

4. Backward compatible preamble and PLCP. Extended SIGNAL field.

5. Adaptation of rates and spatial multiplexing mode through low overhead asynchronous feedback. Works with TXOPs obtained through EDCA, HCF or ACF

6. Two spatial multiplexing modes:

a. Eigenvector Steering (ES). 

b. Spatial Spreading (SS). 

7. Calibration procedure for ES

8. Up to four spatial streams

9. Scalable antenna configurations (minimum 1, maximum 4 or more)

10. Steered reference: Eigenvector Steered MIMO training sequence to reduce receiver complexity, e.g. at AP steering to dozens of STAs.

11. Reduced OFDM symbol overhead through shortened guard interval and additional data subcarriers

12. Flexible frame aggregation with limit on maximum aggregated PSDU size

13. Mandatory 802.11e Block Ack and Delayed Block Ack

14. Elimination of Immediate ACK for MIMO transmissions. Permits reduction in IFS.

15. Adaptive coordination function (ACF): Low latency scheduled operation

16. QoS-capable IBSS operation

17. Mandatory 802.11h TPC and DFS

Through these features we are able to demonstrate excellent performance in a 20 MHz bandwidth for STAs with 2 transmit and 2 receive antennas. Even higher performance is achieved in networks where a subset of high capability, high throughput STAs and the AP are equipped with 4 antennas. The proposed system achieves high throughput and robust performance at increased range and lower power utilization. These features have been characterized, analyzed and implemented in an operational FPGA prototype.

The complete proposal submitted by QUALCOMM consists of the following four documents:

1. 11-04-870 High Throughput System Description and Operating Principles (this document.) 

a. Section 1 provides an overview of the proposed PHY and MAC enhancements

b. Section 2 provides a detailed description and proposed text for the MAC and PLCP enhancements. 

c. Section 3 provides a detailed description and proposed text for the PHY enhancements.

d. Appendix A provides the mathematical background and operating principles for MIMO applicable to the proposal.

2. 11-04-871 High Throughput Proposal Compliance Statement. 

a. Section 1 addresses compliance with the functional requirements of 802.11n.

b. Section 2 addresses compliance with the PAR and Five Criteria of 802.11n.

c. Section 3 addresses Comparison Criteria of 802.11n.

3. 11-04-872 Link Level and System Performance Results for High Throughput Enhancements.

a. Section 1 provides a brief summary of the performances results

b. Section 2 describes the system simulation methodology

c. Section 3 provides system performance results for the simulation scenarios defined in the 802.11n usage models document.

d. Section 4 describes the PHY simulation methodology

e. Section 5 provides link level simulation results for packet error rate and throughput.

f. Section 6 defines the link abstraction used to capture the packet error model in system level simulations and also provides model verification results.

g. 
h. 
i. 
j. 
k. 
l. 
4. 11-04-873 High Throughput Enhancements Presentation – Features and Performance. Summary presentation of the proposal features and performance results.

a. PHY Features

b. MAC Features

c. Link Performance

d. System Performance
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252Figure 7‑178: Reverse link packet error rate distributions for channel model D, 2×2, Spatial Spreading, SGI-52


253Figure 7‑179: Throughput vs SNR and Average PER vs SNR for channel model E, 2×2, Spatial Spreading, SGI-52


254Figure 7‑180: Forward link throughput distributions for channel model E, 2×2, Spatial Spreading, SGI-52


255Figure 7‑181: Reverse link throughput distributions for channel model E, 2×2, Spatial Spreading, SGI-52


256Figure 7‑182: Forward link packet error rate distributions for channel model E, 2×2, Spatial Spreading, SGI-52


257Figure 7‑183: Reverse link packet error rate distributions for channel model E, 2×2, Spatial Spreading, SGI-52


258Figure 7‑184: Performance of Eigenvector Steering, 2×2, channel model B,  fixed rates, Short Guard Interval, 52 subcarriers


259Figure 7‑185: Performance of Eigenvector Steering, 2×2, channel model D,  fixed rates, Short Guard Interval, 52 subcarriers


260Figure 7‑186: Performance of Eigenvector Steering, 4×4, channel model B, fixed rates, Short Guard Interval, 52 subcarriers


261Figure 7‑187: Performance of Eigenvector Steering, 4×4, channel model D, fixed rates, Short Guard Interval, 52 subcarriers


262Figure 7‑188: Performance of Eigenvector Steering, 4×4, channel model E, fixed rates, Short Guard Interval, 52 subcarriers


263Figure 7‑189: Simulated and predicted PERs, channel model B, 4×4, Eigenvector Steering, 1, 2, and 3 active spatial streams


264Figure 7‑190: Simulated and predicted PER distributions for channel model B, 4×4, Eigenvector Steering, 2 active spatial streams


265Figure 7‑191: Simulated and predicted PERs, channel model D, 4×4, Eigenvector Steering, 2 and 3 active spatial streams


266Figure 7‑192: Simulated and predicted PERs, channel model B, 4×4, Spatial Spreading, 1, 2, and 3 active spatial streams


267Figure 7‑193: Simulated and predicted PERs, channel model E, 4×4, Spatial Spreading, 1, 2, and 3 active spatial streams




1. Introduction

In this document we present an overview of the simulation methodologies used to assess the performance of Qualcomm’s MAC and PHY layer proposals for 802.11n. Results of extensive simulations that satisfy the requirements of the 802.11n Functional Requirements and Comparison Criteria documents are also presented. The document consists of four main sections.  In Section 2, we describe the simulation tool used for system level performance simulations. Simulation results obtained with this tool are presented in Section 3. In Section 4, we give a description of the methodology adopted for the physical layer simulations.  In Section 5, various PHY related simulation results are presented. The system level simulations are configured with PHY dependent parameters in order to simulate physical layer events such as packet errors. These parameters represent an abstraction of the physical layer, and are obtained from a specific set of physical layer simulations described in Section 6.

1.1 Summary of System Simulation Results

System simulation results show that 802.11e access mechanisms (HCCA and EDCA) are insufficient to fully exploit the physical layer data rates that are unleashed by physical layer MIMO technology. Even for Scenario 1 with only 11 STAs, HCCA and EDCA prove to be a bottleneck. Scenarios 4 and 6 have many more STAs and consequently even lower MAC efficiency. For Scenario 1, as physical layer data rates are increased going from 2x2 to 4x4 operation, the MAC efficiency of HCCA (enhanced with Frame Aggregation) decreases from around 0.5 to 0.4, while the MAC Efficiency of EDCA (enhanced with Frame Aggregation) decreases from 0.45 to 0.23. Moreover, the requirements of STA-AP QoS flows (in particular, VoIP) cannot be satisfied with EDCA.

Using the proposed ACF (SCHED frame and SCAP), MAC efficiency of 0.6-0.7 is achieved for Scenario 1. For Scenarios 4 and 6, the MAC efficiency is above 0.58 and 0.65, respectively. In Scenario 1, the low latency scheduling mechanism of ACF permits us to achieve a tighter delay bound on the video and audio streaming flows (less than 50 ms) and greater range for the HDTV flows (up to 25 m).
System simulation results demonstrate that the proposed MAC and PHY enhancements achieve robust throughput and range. In the AP-STA (Scenario 16) 100 Mbps throughput above the MAC is achieved in a bandwidth of 20 MHz at the following distance:
· 29 m for 2x2, 5.25 GHz

· 40 m for 2x2, 2.4 GHz

· 47 m for 4x4, 5.25 GHz

· 75 m for 4x4, 2.4 GHz

This corresponds to a physical layer spectral efficiency of approximately 5.85 bps/Hz or equivalently, a MAC efficiency of 0.85.

While remaining backward compatible with 802.11a and 802.11g, and introducing measured enhancements to features already included in 802.11e and 802.11h, the 802.11n MAC is shown to deliver BSS throughput in excess of 100 Mbps.
1.2 Summary of PHY Simulation Results

The physical layer results clearly demonstrate that highly reliable, high throughput operation can be achieved using MIMO eigenvector steering techniques in conjunction with the resources of the existing 802.11 physical layer, such as OFDM symbol design, convolutional coding, and PLCP header design.  An important component of the enhancements that make such MIMO techniques work in the 802.11 framework is the addition of provisions for adaptive rate selection.

MIMO Spatial Spreading provides somewhat diminished performance compared to the eigenvector steering approach.  There are two primary sources of performance degradation.  First is the limitation of the MMSE receiver processing used in this case, which can be shown to suffer a capacity degradation of about 20% relative to the use of eigenvector steering on the same channel.  The second is the difficulty that the convolutional decoder has in dealing with the high SNR variance across an OFDM symbol that is transmitted using spatial spreading and related techniques. 

In spite of these shortcomings, Spatial Spreading is a useful and necessary tool for transmitting broadcast/multicast data and for fallback when a transmitting STA does not have enough information to use eigenvector steering.

Adaptive rate selection is a critical component in achieving sustained high throughput operation in any MIMO system, whether transmission is done using eigenvector steering or related approaches, or it is done using spatial spreading or other similar approaches.   This is made clear by the high sustained rates at low PERS that are shown in section 5.

Results are also shown for the use expanded OFDM symbols that use 52 data subcarriers instead of the standard 48, and a shortened guard interval of 400 ns.  These results demonstrate clear improvements in throughput, in spite of increased vulnerability to time dispersive channels and timing errors.

2. System Simulation Methodology
The system level simulations were performed using NS [1].  NS is a widely used simulation tool for the study of communication network systems.  It is an event driven simulator implemented using object oriented methods.  NS captures the layered structure of a communication network.   The function of each layer is implemented within separate objects providing increased flexibility for introducing new protocols at a given layer while reusing existing modules from other layers.  The availability of several flavors of TCP and an implementation of the 802.11 MAC in the simulation make the tool particularly attractive for the purpose of studying 802.11n.
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Figure 2‑1: Schematic of the NS based Simulation Tool for performance studies of the 802.11n MAC

In Figure 2‑1 we present a block diagram to illustrate the NS objects and flow of data traffic in the simulation of data traffic between two nodes.  Each node has a protocol stack that includes a transport layer, network layer and the MAC layer.  A typical simulation scenario consists of several such nodes.  Each of these nodes is configured to receive and/or send one or more streams of traffic using either TCP or UDP.  A single PHY layer object and a single MIMO propagation module are shared by all the nodes in the simulation.  Existing NS modules are used to simulate the operation of the TCP and UDP protocol.      

The version of TCP used in the simulations is TCP SACK with delayed ACK.  This version of TCP is based on TCP Reno and therefore includes fast retransmit, fast recovery. In addition, SACK TCP allows the transmission of delayed acknowledgements, thus allowing multiple TCP segments to be recovered with the receipt of a single ACK packet. SACK TCP is used in the current versions of Windows and Linux.

Due to the high data rate (>100Mb/s) available with 802.11n and delays on the order of hundreds of milliseconds, high application layer throughput can be obtained only if the TCP window is allowed to grow to a value larger than 65536 octets.  In the simulations the TCP scale option [4] is used.  This option allows the TCP windows to grow beyond 65KB.  The scale option is available in both Linux and Windows operating systems.  Throughout the system simulations, all TCP sources are policed using a leaky bucket.  The leaky bucket limits the rate of packets sent out of the TCP source to the desired rate for the TCP flow specified in the scenario description.  The parameters used for the TCP sources are:

· Maximal TCP window size: 500 TCP segments.

· Delay Ack timer:  20 ms.

We developed a module for the proposed 802.11n MAC based on an existing 802.11 MAC implementation for NS that includes the EDCA operation [2].  We added features such as the Block ACK, ARQ operation and the newly proposed 802.11n framing.  We also implemented the proposed scheduled mode of operation within the MAC.  The 802.11n module can be configured to operate as an AP or a station.  The MAC module operates in conjunction with the MIMO Propagation Module (MPM) to determine the instantaneous transmit rates and packet error rates.

In addition to the MAC layer, the operation of the MIMO based physical layer has also been implemented in the simulation tool.   The “MIMO Propagation Module” implements the channel models specified by 802.11 TGn [3].  The MPM is configured using the coordinates of each node and the channel model (e.g., Channel B, Channel D, etc) on each node pair.  Once the MPM is configured, it simulates the time evolution of the channel between each node pair.  The MPM can be queried by the MAC to obtain the instantaneous SNR (and data rate) on each MIMO spatial stream for a given node pair.  The MPM can also be queried for the instantaneous packet error rate for a packet based on three properties of the packet: SNR in each spatial stream, MIMO transmission mode (i.e., Spatial Spreading or Eigenvector Steering), and modulation scheme used for the packet.  The MPM uses a table look-up to determine the packet error probability based on the received SNR, modulation scheme and packet size.  For a detailed description of the error model see Section 6.
3. System Simulation Results

We report results for the simulation scenarios defined in the Usage Models document 11-03-0802-19-000n-usage-models. 

3.1 Simulation Conditions That Are Fixed

The following parameters are fixed for all system simulation results.

· Bandwidth: 20 MHz.

· Frame Aggregation

· No Header Compression

· Fragmentation Threshold: 100 kB

· Delayed Block Ack

· No Compressed Block Ack

· Adaptive Rate Control

· Adaptive Mode Control between ES and SS

3.2 Simulation Conditions That Are Varied

The following parameters are varied. Results are provided for different combinations of these parameters. 

· Bands: 

· 2.4 GHz 

· 5.25 GHz

· MIMO: 

· 2x2: All STAs with 2 antennas

· 4x4: All STAs with 4 antennas

· Mixed: 

· Scenario 1: the AP and the HDTV/SDTV displays are assumed to have 4 antennas; all other STAs have 2 antennas.

· Scenario 6: AP and all STAs, except VoIP terminals have 4 antennas; VoIP terminals have 2 antennas.

· OFDM symbols

· Standard: 0.8 μs Guard Interval, 48 data subcarriers

· SGI-EXP: 0.4 μs Shortened Guard Interval, 52 data subcarriers. SGI-EXP symbols are not used for Scenario 6 (Hot Spot) due to the larger STA-STA distances.
· Access Mechanisms

· ACF (SCHED)

· HCF (Poll)

· EDCA with additional AC for Block Ack

3.3 EDCA Parameters

The EDCA Parameters used in the simulations are:
	AC
	CW min
	CW max
	AIFS
	 

	0
	127
	1023
	2
	BlockAck/VoIP

	1
	127
	1023
	4
	Video HDTV

	2
	127
	1023
	8
	Other QoS

	3
	127
	1023
	10
	Best effort


Table 3‑1  EDCA Parameters

3.4 Additional Scenarios

Scenario 1 HT is an extension of Scenario 1:

· Additional FTP flow of up to 130 Mbps at 15.6 m from the AP for 2×2. 

Scenario 1 EXT is an extension of Scenario 1:

· Additional FTP flow of up to 130 Mbps at 15.6 m from the AP for 2×2. 

· Maximum delay requirement for all video/audio streaming flows is decreased from 100/200 ms to 50 ms.

· Two HDTV flows are moved from 5 m from the AP, to 25 m from the AP.

Scenario 6 EXT is an extension of Scenario 6:

· One FTP flow of 2 Mbps at 31.1 m from the AP is increased up to 80 Mbps for 4x4.

3.5 Summary and Observations from System Simulation Results

3.5.1 Aggregate Throughput Results

[image: image2.emf]Metric 1 Metric 2 Metric 3 Metric 1 Metric 2 Metric 3 Metric 1 Metric 2 Metric 3

Scenario 1 - 2.4GHz standard symbols 84.029 84.029 84.029 84.035 84.035 84.035 NA NA NA

Scenario 1 - 2.4GHz SGI-EXP symbols 84.029 84.029 84.029 84.036 84.036 84.036 NA NA NA

Scenario 1 - 2.4GHz SGI-EXP HCF 58.885 58.138 53.201 NA NA NA NA NA NA

Scenario 1 - 2.4GHz SGI-EXP EDCA 54.532 54.389 51.673 NA NA NA NA NA NA

Scenario 1 - 5.25GHz SGI-EXP HCF 58.813 57.904 53.003 83.136 83.133 81.657 NA NA NA

Scenario 1 - 5.25GHz SGI-EXP EDCA 53.007 52.891 50.112 53.941 53.879 51.208 NA NA NA

Scenario 1 - 5.25GHz standard symbols 77.449 77.442 75.947 84.007 84.007 84.007 NA NA NA

Scenario 1 - 5.25GHz SGI-EXP symbols 84.018 84.018 84.018 84.032 84.032 84.032 NA NA NA

Scenario 1 HT - 2.4GHz SGI-EXP symbols 103.111 103.111 103.111 185.841 185.841 185.841 NA NA NA

Scenario 1 HT - 5.25GHz SGI-EXP symbol 95.069 95.069 95.069 164.750 164.750 164.750 NA NA NA

Scenario 1 EXT - 2.4GHz SGI-EXP symbols 86.152 86.152 82.165 164.706 164.705 164.705 121.204 121.204 121.204

Scenario 1 EXT - 5.25GHz SGI-EXP symbols 68.137 68.087 64.211 130.365 130.363 130.363 105.213 105.213 104.716

Scenario 4 - 2.4GHz SGI-EXP symbols 104.980 104.980 104.980 199.995 199.995 199.995 NA NA NA

Scenario 4 - 5.25GHz SGI-EXP symbols 100.296 100.296 100.296 191.566 191.566 191.566 NA NA NA

Scenario 6 - 5.25GHz standard symbols 60.228 60.228 60.138 66.138 66.137 66.137 66.119 66.119 66.029

Scenario 6 - 5.25GHz standard symbols HCF 44.825 44.689 32.967 NA NA NA NA NA NA

Scenario 6 - 5.25GHz standard symbols EDCA 45.608 45.167 7.029 NA NA NA NA NA NA

Scenario 6 EXT-  5.25GHz standard symbols 67.434 67.434 67.256 100.308 100.308 100.308 105.174 105.174 105.085

2x2 4x4 Mixed


NA: Not available

Table 3‑2 Aggregate Throughput Results for Scenarios 1, 1 HT, 1 EXT, 4, 6 and 6 EXT for 2x2, 4x4 and Mixed
Observations:

· ACF provides highest total throughput compared to HCF and EDCA.

· ACF satisfies all QoS flows for all Scenarios when SGI-EXP symbols are used. 

· Only in the case standard symbols are used (giving reduced throughput) at 5.25 GHz (giving reduced range), the PLR requirement of gaming flows is not satisfied.

· No increase in throughput for EDCA with 4x4 compared to 2x2.

· Scenario 1 EXT imposes stringent delay (less than 50 ms for streaming) and range (HDTV flows at 25 m) requirements on QoS flows. When 2x2 is used, one or two QoS flows are not satisfied. In the Mixed case, by equipping the AP and the HDTV and SDTV displays with 4 antennas, all QoS flows except the gaming flow are satisfied with an almost 50% increase in total throughput compared to 2x2. 

· In Scenario 4, throughput achieved is over 100 Mbps with 2x2 and almost 200 Mbps with 4x4.

· Scenario 6 EXT Mixed case (mixture of 4-antenna and 2-antenna STAs) gives higher TCP throughput than the 4x4 case. This is because there is more time available for TCP flows due to the reduced training sequence overhead for VoIP STAs with 2 antennas compared to VoIP STAs with 4 antennas. Scenario 6 EXT has 30 VoIP flows.

3.5.2 MAC Efficiency

[image: image3.emf]2x2 4x4 Mixed

Scenario 1 - 2.4GHz standard symbols 0.650 0.354 NA

Scenario 1 - 2.4GHz SGI-EXP symbols 0.574 0.295 NA

Scenario 1 - 2.4GHz SGI-EXP HCF 0.509 NA NA

Scenario 1 - 2.4GHz SGI-EXP EDCA 0.470 NA NA

Scenario 1 - 5.25GHz SGI-EXP HCF 0.509 0.415 NA

Scenario 1 - 5.25GHz SGI-EXP EDCA 0.450 0.231 NA

Scenario 1 - 5.25GHz standard symbols 0.694 0.406 NA

Scenario 1 - 5.25GHz SGI-EXP symbols 0.639 0.336 NA

Scenario 1 HT - 2.4GHz SGI-EXP symbols 0.685 0.634 NA

Scenario 1 HT - 5.25GHz SGI-EXP symbol 0.673 0.649 NA

Scenario 1 EXT - 2.4GHz SGI-EXP symbols 0.605 0.610 0.611

Scenario 1 EXT - 5.25GHz SGI-EXP symbols 0.599 0.599 0.607

Scenario 4 - 2.4GHz SGI-EXP symbols 0.658 0.659 NA

Scenario 4 - 5.25GHz SGI-EXP symbols 0.652 0.655 NA

Scenario 6 - 5.25GHz standard symbols 0.614 0.343 0.335

Scenario 6 - 5.25GHz standard symbols HCF 0.486 NA NA

Scenario 6 - 5.25GHz standard symbols EDCA 0.511 NA NA

Scenario 6 EXT-  5.25GHz standard symbols 0.616 0.578 0.598


Table 3‑3 MAC Efficiency Results

Observations:

As defined, MAC Efficiency is meaningful only when the offered load for a scenario exceeds the carried load and there is always backlogged traffic at some flow. In the above table, the MAC Efficiency numbers are shown in red for the cases where the medium is forced idle due to no backlog. These numbers are not meaningful.

· For 2x2, the MAC Efficiency for ACF is between 0.65-0.7. 

· For 2x2, the MAC Efficiency for HCF and EDCA is around 0.5.

· For 4x4, the MAC Efficiency for HCF and EDCA reduces to 0.4 and 0.2, respectively. ACF manages to sustain a MAC Efficiency around 0.6, even with 4x4.

3.5.3 Summary of QoS Flows Satisfied

[image: image4.emf]Number of 

Qos Flows

2x2 4x4 Mixed

Scenario 1 - 2.4GHz standard symbols 17 17 17 NA

Scenario 1 - 2.4GHz SGI-EXP symbols 17 17 17 NA

Scenario 1 - 2.4GHz SGI-EXP HCF 17 13 NA NA

Scenario 1 - 2.4GHz SGI-EXP EDCA 17 7 NA NA

Scenario 1 - 5.25GHz SGI-EXP HCF 17 13 15 NA

Scenario 1 - 5.25GHz SGI-EXP EDCA 17 7 10 NA

Scenario 1 - 5.25GHz standard symbols 17 15 17 NA

Scenario 1 - 5.25GHz SGI-EXP symbols 17 17 17 NA

Scenario 1 HT - 2.4GHz SGI-EXP symbols 17 17 17 NA

Scenario 1 HT - 5.25GHz SGI-EXP symbol 17 17 17 NA

Scenario 1 EXT - 2.4GHz SGI-EXP symbols 17 16 17 17

Scenario 1 EXT - 5.25GHz SGI-EXP symbols 17 15 17 16

Scenario 4 - 2.4GHz SGI-EXP symbols 18 18 18 NA

Scenario 4 - 5.25GHz SGI-EXP symbols 18 18 18 NA

Scenario 6 - 5.25GHz standard symbols 39 38 39 38

Scenario 6 - 5.25GHz standard symbols HCF 39 36 NA NA

Scenario 6 - 5.25GHz standard symbols EDCA 39 13 NA NA

Scenario 6 EXT-  5.25GHz standard symbols 39 37 39 38

Number of flows that meet their QoS 

requrement


Table 3‑4 Summary of QoS Flows Satisfied

Observations:

· Scenario 1 EXT imposes stringent delay (less than 50 ms for streaming) and range (HDTV flows at 25 m) requirements on QoS flows. When 2x2 is used, one or two QoS flows are not satisfied. In the Mixed case, by equipping the AP and the HDTV and SDTV displays with 4 antennas, all QoS flows except the gaming flow are satisfied with an almost 50% increase in total throughput compared to 2x2. 

· More QoS flows are satisfied with HCF than with EDCA. However, ACF is required to address stringent QoS requirements.

· QoS for uplink EDCA VoIP flows is not satisfied.

· All QoS Flows are satisfied for Scenario 4.

3.5.4 Summary of Non-QoS Throughput Achieved

[image: image5.emf]All figures except ratio are in Mbps

Non-QoS 

offered load

Aggregate 

non-QoS 

throughput

Ratio

Aggregate 

non-QoS 

throughput

Ratio

Aggregate 

non-QoS 

throughput

Ratio

Scenario 1 - 2.4GHz standard symbols 31.00 31.66 1.02 31.66 1.02 NA NA

Scenario 1 - 2.4GHz SGI-EXP symbols 31.00 31.66 1.02 31.66 1.02 NA NA

Scenario 1 - 2.4GHz SGI-EXP HCF 31.00 6.88 0.22 NA NA NA NA

Scenario 1 - 2.4GHz SGI-EXP EDCA 31.00 2.33 0.08 NA NA NA NA

Scenario 1 - 5.25GHz SGI-EXP HCF 31.00 6.67 0.22 31.33 1.01 NA NA

Scenario 1 - 5.25GHz SGI-EXP EDCA 31.00 0.98 0.03 3.44 0.11 NA NA

Scenario 1 - 5.25GHz standard symbols 31.00 25.08 0.81 31.71 1.02 NA NA

Scenario 1 - 5.25GHz SGI-EXP symbols 31.00 31.66 1.02 31.66 1.02 NA NA

Scenario 1 HT - 2.4GHz SGI-EXP symbols Extra TCP 50.74 x 133.47 x NA NA

Scenario 1 HT - 5.25GHz SGI-EXP symbol Extra TCP 42.55 x 112.45 x NA NA

Scenario 1 EXT - 2.4GHz SGI-EXP symbols Extra TCP 33.78 x 112.33 x 68.84 x

Scenario 1 EXT - 5.25GHz SGI-EXP symbols Extra TCP 16.04 x 77.99 x 52.92 x

Scenario 4 - 2.4GHz SGI-EXP symbols 451.02 93.48 0.21 187.24 0.42 NA NA

Scenario 4 - 5.25GHz SGI-EXP symbols 451.02 88.86 0.20 178.93 0.40 NA NA

Scenario 6 - 5.25GHz standard symbols 20.00 15.58 0.78 20.09 1.00 20.14 1.01

Scenario 6 - 5.25GHz standard symbols HCF 20.00 0.259 0.01 NA NA NA NA

Scenario 6 - 5.25GHz standard symbols EDCA 20.00 0.87 0.04 NA NA NA NA

Scenario 6 EXT-  5.25GHz standard symbols Extra TCP 21.37 x 52.13 x 56.76 x

HT Usage Models Supported (non QoS)

2x2 4x4 Mix


Table 3‑5 Summary of Non-QoS Throughput Achieved
Observations:

· Scenario 6 EXT Mixed case (mixture of 4-antenna and 2-antenna STAs) gives higher TCP throughput than the 4x4 case. This is because there is more time available for TCP flows due to the reduced training sequence overhead for VoIP STAs with 2 antennas compared to VoIP STAs with 4 antennas. Scenario 6 EXT has 30 VoIP flows.

3.5.5 Rate versus Range

The plots for Channel Model B and Channel Model D are roughly similar. A throughput above the MAC of 100 Mbps is achieved at:

· 29 m for 2x2, 5.25 GHz

· 40 m for 2x2, 2.4 GHz

· 47 m for 4x4, 5.25 GHz

· 75 m for 4x4, 2.4 GHz

3.5.6 Legacy Sharing

ACF efficiently shares the medium with legacy STAs. With equal-time sharing of the medium, the legacy STA in CC15 achieves approximately half the throughput when the HT STA is present. The HT STA in the presence of the legacy STA achieves less than half the throughput compared to the case when the legacy STA is not present. After the medium is released by the legacy STA, the HT STA needs to ramp up its rate by reacquiring MIMO channel estimate.

When equal-time sharing with a legacy STA, the throughput achieved by the HT STA exceeds 60 Mbps for 2x2 and 100 Mbps for 4x4.

3.6 What the Columns in the Following Sections Mean

Detailed results are in the following sections. For each flow we show:

· Application

· Distance: from the Transmitter STA to Receiver STA

· Offered Load (Mbps)

· Delay Tolerance (seconds). For non-QoS (TCP) there is no delay bound specified and it is shown as ‘-1’ in the Tables. 

· Achieved Throughput (Mbps) for the flow. Metric 2 as defined for CC 20.

· Mean Delay (ms) for packets from the flow.

· Packet Loss Rate (PLR) achieved. When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7 Scenario 1 (Residential BSS) Results

The following results for Scenario 1 are provided.

1. Scenario 1: 

· 2×2, 2.4 GHz, SGI-EXP, ACF

· 2×2, 2.4 GHz, SGI-EXP, HCF

· 2×2, 2.4 GHz, SGI-EXP, EDCA

2. Scenario 1: 

· 2×2, 5.25 GHz, SGI-EXP,  ACF

· 2×2, 5.25 GHz, SGI-EXP, HCF

· 2×2, 5.25 GHz, SGI-EXP, EDCA

3. Scenario 1: 

· 4×4, 5.25 GHz, SGI-EXP,  ACF

· 4×4, 5.25 GHz, SGI-EXP, HCF

· 4×4, 5.25 GHz, SGI-EXP, EDCA

4. Scenario 1: 

· 2×2, 5.25 GHz, Standard,  ACF

· 4×4, 5.25 GHz, Standard, ACF

3.7.1 Comparison of ACF, HCF and EDCA for Scenario 1 (2x2, 2.4 GHz)

3.7.1.1 Scenario 1: 2x2, 2.4 GHz, SGI-EXP, ACF

[image: image6.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.139 5.0 0.0E+00

HDTV 5.0 24 0.2 23.923 4.1 0.0E+00

SDTV 9.9 4 0.2 3.987 12.0 0.0E+00

Internet_file 9.9 1 -1 1.005 13.9 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.1 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.1 6.5E-04

VoIP 20.0 0.096 0.03 0.096 8.0 9.7E-04

Streming_video 14.1 2 0.2 2.010 5.4 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 26.4 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 8.2 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.3 0.0E+00

File_Transfer 24.0 30 -1 30.107 5.5 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 12.6 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 12.7 0.0E+00

VoIP 20.0 0.096 0.03 0.095 8.6 4.8E-03

VoIP 20.0 0.096 0.03 0.095 8.6 6.5E-03

VoIP 20.0 0.096 0.03 0.095 8.7 8.7E-03

Console_to_Inet 14.1 1 0.05 0.997 6.9 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.2 0.0E+00

TCP Acks 0.547

83.524 84.029


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.1.2 Scenario 1: 2x2, 2.4 GHz, SGI-EXP, HCF

[image: image7.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 18.957 13.6 0.0E+00

HDTV 5.0 24 0.2 23.696 11.4 0.0E+00

SDTV 9.9 4 0.2 3.336 170.7 2.9E-01

Internet_file 9.9 1 -1 0.745 259.1 0.0E+00

VoIP 20.0 0.096 0.03 0.093 8.2 2.3E-02

VoIP 20.0 0.096 0.03 0.093 6.6 2.3E-02

VoIP 20.0 0.096 0.03 0.093 6.0 1.4E-02

Streming_video 14.1 2 0.2 2.003 14.3 0.0E+00

MP3_audio 11.2 0.128 0.2 0.124 65.9 2.1E-02

VoD_Ctl_channel 5.0 0.06 0.1 0.059 26.3 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.059 24.0 0.0E+00

File_Transfer 24.0 30 -1 5.928 141.9 4.0E-04

Video_Phone 21.2 0.5 0.1 0.493 24.5 3.5E-03

Video_Phone 21.2 0.5 0.1 0.493 23.4 1.1E-03

VoIP 20.0 0.096 0.03 0.093 5.7 1.4E-02

VoIP 20.0 0.096 0.03 0.093 5.7 1.5E-02

VoIP 20.0 0.096 0.03 0.093 5.9 1.4E-02

Console_to_Inet 14.1 1 0.05 0.987 19.9 2.5E-03

Ctrler_to_cons 5.0 0.5 0.016 0.490 5.1 1.3E-02

TCP Acks 0.208

83.524 58.138


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.1.3 Scenario 1: 2x2, 2.4 GHz, SGI-EXP, EDCA

[image: image8.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.140 8.8 0.0E+00

HDTV 5.0 24 0.2 23.924 13.3 0.0E+00

SDTV 9.9 4 0.2 3.987 8.3 0.0E+00

Internet_file 9.9 1 -1 0.309 92.8 1.0E-02

VoIP 20.0 0.096 0.03 0.091 5.1 4.8E-02

VoIP 20.0 0.096 0.03 0.093 5.1 3.3E-02

VoIP 20.0 0.096 0.03 0.093 5.1 2.6E-02

Streming_video 14.1 2 0.2 2.011 6.3 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 20.8 1.7E-03

VoD_Ctl_channel 5.0 0.06 0.1 0.058 27.3 6.5E-02

VoD_Ctl_channel 5.0 0.06 0.1 0.058 26.4 5.8E-02

File_Transfer 24.0 30 -1 1.899 113.6 3.0E-03

Video_Phone 21.2 0.5 0.1 0.476 29.6 8.0E-02

Video_Phone 21.2 0.5 0.1 0.483 29.5 7.6E-02

VoIP 20.0 0.096 0.03 0.087 4.3 7.2E-02

VoIP 20.0 0.096 0.03 0.086 4.4 7.7E-02

VoIP 20.0 0.096 0.03 0.086 4.3 8.3E-02

Console_to_Inet 14.1 1 0.05 0.933 18.3 1.0E-01

Ctrler_to_cons 5.0 0.5 0.016 0.320 7.9 3.4E-01

TCP Acks 0.126

83.524 54.389


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.2 Comparison of ACF, HCF and EDCA for Scenario 1 (2x2, 5.25 GHz)

3.7.2.1 Scenario 1: 2x2, 5.25 GHz, SGI-EXP, ACF

[image: image9.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.138 5.1 0.0E+00

HDTV 5.0 24 0.2 23.923 4.1 0.0E+00

SDTV 9.9 4 0.2 3.987 17.1 0.0E+00

Internet_file 9.9 1 -1 1.005 18.6 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.1 6.5E-04

VoIP 20.0 0.096 0.03 0.095 8.3 1.2E-02

VoIP 20.0 0.096 0.03 0.095 8.1 1.1E-02

Streming_video 14.1 2 0.2 2.010 5.5 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 27.7 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 8.2 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.3 0.0E+00

File_Transfer 24.0 30 -1 30.108 13.2 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 13.1 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 13.3 0.0E+00

VoIP 20.0 0.096 0.03 0.092 9.8 3.8E-02

VoIP 20.0 0.096 0.03 0.092 9.7 3.7E-02

VoIP 20.0 0.096 0.03 0.092 9.9 4.1E-02

Console_to_Inet 14.1 1 0.05 0.997 6.9 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.2 0.0E+00

TCP Acks 0.547

83.524 84.018


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.2.2 Scenario 1: 2x2, 5.25 GHz, SGI-EXP, HCF

[image: image10.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 18.963 14.3 0.0E+00

HDTV 5.0 24 0.2 23.704 10.9 0.0E+00

SDTV 9.9 4 0.2 3.302 176.6 3.2E-01

Internet_file 9.9 1 -1 0.628 304.0 0.0E+00

VoIP 20.0 0.096 0.03 0.093 8.2 1.7E-02

VoIP 20.0 0.096 0.03 0.094 6.5 1.3E-02

VoIP 20.0 0.096 0.03 0.093 6.0 1.9E-02

Streming_video 14.1 2 0.2 2.003 14.2 0.0E+00

MP3_audio 11.2 0.128 0.2 0.125 68.9 3.1E-02

VoD_Ctl_channel 5.0 0.06 0.1 0.059 26.2 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.059 23.7 0.0E+00

File_Transfer 24.0 30 -1 5.840 198.0 0.0E+00

Video_Phone 21.2 0.5 0.1 0.494 23.8 2.7E-04

Video_Phone 21.2 0.5 0.1 0.494 23.5 0.0E+00

VoIP 20.0 0.096 0.03 0.094 5.6 1.3E-02

VoIP 20.0 0.096 0.03 0.094 5.7 1.0E-02

VoIP 20.0 0.096 0.03 0.093 5.7 1.7E-02

Console_to_Inet 14.1 1 0.05 0.985 20.0 4.4E-03

Ctrler_to_cons 5.0 0.5 0.016 0.490 5.0 1.0E-02

TCP Acks 0.198

83.524 57.904


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.2.3 Scenario 1: 2x2, 5.25 GHz, SGI-EXP, EDCA

[image: image11.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.193 9.2 0.0E+00

HDTV 5.0 24 0.2 23.992 12.3 0.0E+00

SDTV 9.9 4 0.2 3.999 8.7 0.0E+00

Internet_file 9.9 1 -1 0.095 257.0 0.0E+00

VoIP 20.0 0.096 0.03 0.091 4.4 4.4E-02

VoIP 20.0 0.096 0.03 0.092 4.4 3.7E-02

VoIP 20.0 0.096 0.03 0.094 4.5 2.1E-02

Streming_video 14.1 2 0.2 1.669 6.6 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 20.7 6.7E-03

VoD_Ctl_channel 5.0 0.06 0.1 0.059 22.3 3.6E-02

VoD_Ctl_channel 5.0 0.06 0.1 0.059 21.9 4.0E-02

File_Transfer 24.0 30 -1 0.802 118.3 0.0E+00

Video_Phone 21.2 0.5 0.1 0.487 24.8 5.0E-02

Video_Phone 21.2 0.5 0.1 0.487 25.0 6.2E-02

VoIP 20.0 0.096 0.03 0.086 3.8 7.9E-02

VoIP 20.0 0.096 0.03 0.086 4.0 8.1E-02

VoIP 20.0 0.096 0.03 0.087 3.9 7.4E-02

Console_to_Inet 14.1 1 0.05 0.941 16.0 8.5E-02

Ctrler_to_cons 5.0 0.5 0.016 0.358 8.0 2.8E-01

TCP Acks 0.085

83.524 52.891


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.3 Comparison of ACF, HCF and EDCA for Scenario 1 (4x4, 5.25 GHz)

3.7.3.1 Scenario 1: 4x4, 5.25 GHz, SGI-EXP, ACF

[image: image12.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.139 4.8 0.0E+00

HDTV 5.0 24 0.2 23.923 3.9 0.0E+00

SDTV 9.9 4 0.2 3.987 2.4 0.0E+00

Internet_file 9.9 1 -1 1.005 1.9 0.0E+00

VoIP 20.0 0.096 0.03 0.096 9.9 0.0E+00

VoIP 20.0 0.096 0.03 0.095 8.1 5.2E-03

VoIP 20.0 0.096 0.03 0.095 8.0 3.6E-03

Streming_video 14.1 2 0.2 2.010 6.7 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 25.5 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 7.8 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.0 0.0E+00

File_Transfer 24.0 30 -1 30.112 4.1 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 14.1 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 14.3 0.0E+00

VoIP 20.0 0.096 0.03 0.095 10.5 9.0E-03

VoIP 20.0 0.096 0.03 0.094 10.2 1.3E-02

VoIP 20.0 0.096 0.03 0.095 10.2 1.2E-02

Console_to_Inet 14.1 1 0.05 0.997 6.7 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.1 0.0E+00

TCP Acks 0.547

83.524 84.032


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.3.2 Scenario 1: 4x4, 5.25 GHz, SGI-EXP, HCF

[image: image13.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 18.929 6.9 0.0E+00

HDTV 5.0 24 0.2 23.661 6.9 0.0E+00

SDTV 9.9 4 0.2 3.944 18.1 0.0E+00

Internet_file 9.9 1 -1 0.999 32.1 0.0E+00

VoIP 20.0 0.096 0.03 0.094 6.0 5.0E-03

VoIP 20.0 0.096 0.03 0.094 5.2 5.3E-03

VoIP 20.0 0.096 0.03 0.094 5.1 4.3E-03

Streming_video 14.1 2 0.2 2.000 10.4 0.0E+00

MP3_audio 11.2 0.128 0.2 0.126 46.5 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.059 22.5 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.059 20.3 0.0E+00

File_Transfer 24.0 30 -1 29.786 9.3 0.0E+00

Video_Phone 21.2 0.5 0.1 0.493 13.7 0.0E+00

Video_Phone 21.2 0.5 0.1 0.493 17.1 0.0E+00

VoIP 20.0 0.096 0.03 0.094 4.9 5.3E-03

VoIP 20.0 0.096 0.03 0.095 4.8 1.7E-03

VoIP 20.0 0.096 0.03 0.094 5.0 3.0E-03

Console_to_Inet 14.1 1 0.05 0.984 21.9 5.0E-03

Ctrler_to_cons 5.0 0.5 0.016 0.492 3.8 1.9E-03

TCP Acks 0.542

83.524 83.133


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.3.3 Scenario 1: 4x4, 5.25 GHz, SGI-EXP, EDCA

[image: image14.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.139 3.9 0.0E+00

HDTV 5.0 24 0.2 23.924 4.5 0.0E+00

SDTV 9.9 4 0.2 3.987 3.8 0.0E+00

Internet_file 9.9 1 -1 1.005 6.7 0.0E+00

VoIP 20.0 0.096 0.03 0.093 2.9 3.2E-02

VoIP 20.0 0.096 0.03 0.094 2.6 1.9E-02

VoIP 20.0 0.096 0.03 0.094 2.7 1.2E-02

Streming_video 14.1 2 0.2 0.196 4.5 0.0E+00

MP3_audio 11.2 0.128 0.2 0.127 10.5 3.4E-03

VoD_Ctl_channel 5.0 0.06 0.1 0.060 11.9 8.8E-03

VoD_Ctl_channel 5.0 0.06 0.1 0.059 12.5 1.1E-02

File_Transfer 24.0 30 -1 2.330 16.3 0.0E+00

Video_Phone 21.2 0.5 0.1 0.491 13.0 2.2E-02

Video_Phone 21.2 0.5 0.1 0.495 12.4 1.4E-02

VoIP 20.0 0.096 0.03 0.090 2.0 4.9E-02

VoIP 20.0 0.096 0.03 0.090 2.0 5.0E-02

VoIP 20.0 0.096 0.03 0.090 2.0 4.8E-02

Console_to_Inet 14.1 1 0.05 0.979 11.8 4.3E-02

Ctrler_to_cons 5.0 0.5 0.016 0.429 5.8 1.3E-01

TCP Acks 0.107

83.524 53.879


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.4 Comparison of 2x2 and 4x4 for Scenario 1 (Standard symbols)

3.7.4.1 Scenario 1: 2x2, 5.25 GHz, Standard, ACF

[image: image15.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.139 5.1 0.0E+00

HDTV 5.0 24 0.2 23.923 4.2 0.0E+00

SDTV 9.9 4 0.2 3.987 17.8 0.0E+00

Internet_file 9.9 1 -1 1.005 21.9 0.0E+00

VoIP 20.0 0.096 0.03 0.095 8.3 9.4E-03

VoIP 20.0 0.096 0.03 0.094 8.3 1.5E-02

VoIP 20.0 0.096 0.03 0.095 8.4 1.1E-02

Streming_video 14.1 2 0.2 2.010 8.0 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 28.0 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 8.3 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.7 0.0E+00

File_Transfer 24.0 30 -1 23.619 79.8 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 13.2 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 13.4 0.0E+00

VoIP 20.0 0.096 0.03 0.092 10.6 3.8E-02

VoIP 20.0 0.096 0.03 0.092 10.7 4.0E-02

VoIP 20.0 0.096 0.03 0.091 10.6 4.5E-02

Console_to_Inet 14.1 1 0.05 0.997 16.5 6.6E-03

Ctrler_to_cons 5.0 0.5 0.016 0.498 4.1 9.8E-04

TCP Acks 0.460

83.524 77.442


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.7.4.2 Scenario 1: 4x4, 5.25 GHz, Standard, ACF

[image: image16.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.109 5.0 0.0E+00

HDTV 5.0 24 0.2 23.886 4.0 0.0E+00

SDTV 9.9 4 0.2 3.981 3.2 0.0E+00

Internet_file 9.9 1 -1 1.007 2.5 0.0E+00

VoIP 20.0 0.096 0.03 0.096 11.7 0.0E+00

VoIP 20.0 0.096 0.03 0.095 7.9 3.3E-03

VoIP 20.0 0.096 0.03 0.095 7.9 2.4E-03

Streming_video 14.1 2 0.2 2.015 6.6 0.0E+00

MP3_audio 11.2 0.128 0.2 0.127 25.7 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 7.9 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.0 0.0E+00

File_Transfer 24.0 30 -1 30.158 4.4 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 14.0 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 14.0 0.0E+00

VoIP 20.0 0.096 0.03 0.093 12.1 2.3E-02

VoIP 20.0 0.096 0.03 0.094 12.1 2.0E-02

VoIP 20.0 0.096 0.03 0.094 11.4 1.8E-02

Console_to_Inet 14.1 1 0.05 0.995 6.9 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.1 0.0E+00

TCP Acks 0.548

83.524 84.007


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.8 Extended Scenario 1 Results

5. Scenario 1 HT: 

· 2×2, 5.25 GHz, SGI-EXP, ACF

· 4×4, 5.25 GHz, SGI-EXP, ACF

6. Scenario 1 EXT: 

· 2×2, 5.25 GHz, SGI-EXP, ACF

· Mixed, 5.25 GHz, SGI-EXP, ACF

· 4×4, 5.25 GHz, SGI-EXP, ACF

· Mixed: The AP and the HDTV/SDTV displays are assumed to have 4 antennas, all other STAs have 2 antennas.

· Scenario 1 HT demonstrates that higher throughput can be achieved than that specified for Scenario 1 in the usage models.

· Scenario 1 EXT shows an extreme case where the delay and range requirements are made more stringent.

3.8.1 Scenario 1 HT
3.8.1.1 Scenario 1 HT: 2x2, 5.25 GHz, SGI-EXP, ACF

[image: image17.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.197 4.9 0.0E+00

HDTV 5.0 24 0.2 23.999 4.0 0.0E+00

SDTV 9.9 4 0.2 3.999 17.5 0.0E+00

Internet_file 9.9 1 -1 1.005 22.1 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.1 1.8E-03

VoIP 20.0 0.096 0.03 0.093 8.1 3.0E-02

VoIP 20.0 0.096 0.03 0.094 8.1 2.5E-02

Streming_video 14.1 2 0.2 2.011 5.2 0.0E+00

MP3_audio 11.2 0.128 0.2 0.128 26.7 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 7.9 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.3 0.0E+00

File_Transfer 24.0 30 -1 19.482 88.0 0.0E+00

Video_Phone 21.2 0.5 0.1 0.500 12.8 0.0E+00

Video_Phone 21.2 0.5 0.1 0.500 12.7 0.0E+00

VoIP 20.0 0.096 0.03 0.093 9.7 3.2E-02

VoIP 20.0 0.096 0.03 0.093 9.9 3.2E-02

VoIP 20.0 0.096 0.03 0.093 9.6 3.6E-02

Console_to_Inet 14.1 1 0.05 1.000 6.9 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.500 1.2 0.0E+00

File_Transfer 15.6 30 -1 21.378 87.7 0.0E+00

TCP Acks 0.690

113.524 95.069


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.8.1.2 Scenario 1 HT: 4x4, 5.25 GHz, SGI-EXP, ACF

[image: image18.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 5.0 19.2 0.2 19.109 4.8 0.0E+00

HDTV 5.0 24 0.2 23.886 3.8 0.0E+00

SDTV 9.9 4 0.2 3.981 18.8 0.0E+00

Internet_file 9.9 1 -1 1.007 22.1 0.0E+00

VoIP 20.0 0.096 0.03 0.096 11.0 0.0E+00

VoIP 20.0 0.096 0.03 0.095 7.9 7.6E-03

VoIP 20.0 0.096 0.03 0.095 7.8 9.1E-03

Streming_video 14.1 2 0.2 2.015 6.8 0.0E+00

MP3_audio 11.2 0.128 0.2 0.127 25.3 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 8.1 0.0E+00

VoD_Ctl_channel 5.0 0.06 0.1 0.060 6.0 0.0E+00

File_Transfer 24.0 30 -1 30.150 10.3 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 14.2 0.0E+00

Video_Phone 21.2 0.5 0.1 0.498 14.0 0.0E+00

VoIP 20.0 0.096 0.03 0.095 9.9 7.6E-03

VoIP 20.0 0.096 0.03 0.095 9.7 1.1E-02

VoIP 20.0 0.096 0.03 0.095 9.6 8.1E-03

Console_to_Inet 14.1 1 0.05 0.995 6.8 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.1 0.0E+00

File_Transfer 15.6 90 -1 79.686 34.9 0.0E+00

TCP Acks 1.610

173.524 164.750


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.8.2 Scenario 1 EXT
3.8.2.1 Scenario 1 EXT: 2x2, 5.25 GHz, SGI-EXP, ACF 

[image: image19.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 25.0 19.2 0.05 19.109 5.1 0.0E+00

HDTV 25.0 24 0.05 23.886 4.4 0.0E+00

SDTV 9.9 4 0.05 3.748 16.6 6.9E-02

Internet_file 9.9 1 -1 1.007 27.7 0.0E+00

VoIP 20.0 0.096 0.03 0.093 7.8 2.2E-02

VoIP 20.0 0.096 0.03 0.093 7.9 3.0E-02

VoIP 20.0 0.096 0.03 0.093 7.9 3.1E-02

Streming_video 14.1 2 0.05 2.016 4.7 0.0E+00

MP3_audio 11.2 0.128 0.05 0.127 7.2 1.2E-03

VoD_Ctl_channel 25.0 0.06 0.05 0.060 8.4 0.0E+00

VoD_Ctl_channel 25.0 0.06 0.05 0.060 6.8 8.1E-04

File_Transfer 24.0 30 -1 5.112 204.3 0.0E+00

Video_Phone 21.2 0.5 0.05 0.498 10.1 1.2E-03

Video_Phone 21.2 0.5 0.05 0.498 9.8 3.9E-04

VoIP 20.0 0.096 0.03 0.093 9.4 3.1E-02

VoIP 20.0 0.096 0.03 0.092 9.4 3.3E-02

VoIP 20.0 0.096 0.03 0.093 9.4 3.2E-02

Console_to_Inet 14.1 1 0.05 0.995 7.7 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.2 0.0E+00

File_Transfer 15.6 10 -1 9.575 91.3 0.0E+00

TCP Acks 0.342

93.524 68.087


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.8.2.2 Scenario 1 EXT: Mixed, 5.25 GHz, SGI-EXP, ACF 

[image: image20.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 25.0 19.2 0.05 19.109 4.4 0.0E+00

HDTV 25.0 24 0.05 23.886 3.7 0.0E+00

SDTV 9.9 4 0.05 3.981 6.6 0.0E+00

Internet_file 9.9 1 -1 1.007 7.5 0.0E+00

VoIP 20.0 0.096 0.03 0.095 7.9 5.7E-03

VoIP 20.0 0.096 0.03 0.093 7.8 2.2E-02

VoIP 20.0 0.096 0.03 0.093 7.7 2.9E-02

Streming_video 14.1 2 0.05 2.016 5.1 0.0E+00

MP3_audio 11.2 0.128 0.05 0.127 6.0 0.0E+00

VoD_Ctl_channel 25.0 0.06 0.05 0.060 7.4 0.0E+00

VoD_Ctl_channel 25.0 0.06 0.05 0.060 6.3 0.0E+00

File_Transfer 24.0 30 -1 0.187 295.4 1.2E-02

Video_Phone 21.2 0.5 0.05 0.498 10.1 0.0E+00

Video_Phone 21.2 0.5 0.05 0.498 7.7 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.9 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.9 0.0E+00

VoIP 20.0 0.096 0.03 0.096 9.0 0.0E+00

Console_to_Inet 14.1 1 0.05 0.995 10.8 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 3.4 3.1E-04

File_Transfer 15.6 130 -1 50.897 45.1 0.0E+00

TCP Acks 0.828

213.524 105.213


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.8.2.3 Scenario 1 EXT: 4x4, 5.25 GHz, SGI-EXP, ACF 

[image: image21.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

HDTV_PCM 25.0 19.2 0.05 19.139 4.5 0.0E+00

HDTV 25.0 24 0.05 23.923 3.8 0.0E+00

SDTV 9.9 4 0.05 3.987 6.5 0.0E+00

Internet_file 9.9 1 -1 1.005 7.3 0.0E+00

VoIP 20.0 0.096 0.03 0.096 8.1 0.0E+00

VoIP 20.0 0.096 0.03 0.095 8.0 1.2E-02

VoIP 20.0 0.096 0.03 0.095 8.0 9.4E-03

Streming_video 14.1 2 0.05 2.011 4.6 0.0E+00

MP3_audio 11.2 0.128 0.05 0.128 6.0 0.0E+00

VoD_Ctl_channel 25.0 0.06 0.05 0.060 7.1 8.3E-04

VoD_Ctl_channel 25.0 0.06 0.05 0.060 6.1 0.0E+00

File_Transfer 24.0 30 -1 29.905 23.0 1.3E-05

Video_Phone 21.2 0.5 0.05 0.498 8.3 3.2E-03

Video_Phone 21.2 0.5 0.05 0.498 7.4 0.0E+00

VoIP 20.0 0.096 0.03 0.095 8.0 6.5E-03

VoIP 20.0 0.096 0.03 0.095 8.0 7.7E-03

VoIP 20.0 0.096 0.03 0.095 8.0 1.2E-02

Console_to_Inet 14.1 1 0.05 0.997 3.7 0.0E+00

Ctrler_to_cons 5.0 0.5 0.016 0.498 1.2 0.0E+00

File_Transfer 15.6 130 -1 45.927 58.5 0.0E+00

TCP Acks 1.158

213.524 130.363


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.9 Scenario 4 (Large Enterprise) Results

List of results for Scenario 4:

7. Scenario 4: 

· 2×2, 2.4 GHz, SGI-EXP, ACF

· 4×4, 2.4 GHz, SGI-EXP, ACF

8. Scenario 4: 

· 2×2, 5.25 GHz, SGI-EXP, ACF

· 4×4, 5.25 GHz, SGI-EXP, ACF

3.9.1 Scenario 4: 2.4 GHz
3.9.1.1 Scenario 4: 2x2, 2.4 GHz, SGI-EXP, ACF

[image: image22.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

File_transfer 10.7 1 -1 1.005 18.2 0.0E+00

File_transfer 8.3 1 -1 1.003 17.4 0.0E+00

File_transfer 12.1 1 -1 1.006 15.7 0.0E+00

File_transfer 4.5 1 -1 1.005 15.4 0.0E+00

File_transfer 6.2 1 -1 1.005 14.1 0.0E+00

File_transfer 7.1 10 -1 10.017 5.1 0.0E+00

Video_Conf 10.3 1 0.1 0.997 10.7 0.0E+00

Video_Conf 12.0 1 0.1 0.997 10.7 0.0E+00

Inet_Streaming 10.3 2 0.2 1.994 19.0 0.0E+00

Inet_Streaming 3.0 2 0.2 1.994 19.0 0.0E+00

File_transfer 8.0 30 -1 11.848 99.0 0.0E+00

File_transfer 9.9 30 -1 4.023 243.8 0.0E+00

File_transfer 5.7 30 -1 3.823 266.4 0.0E+00

File_transfer 7.6 30 -1 3.294 304.3 0.0E+00

File_transfer 3.0 30 -1 3.692 264.2 0.0E+00

File_transfer 10.0 30 -1 4.188 238.2 0.0E+00

File_transfer 7.5 30 -1 3.760 265.0 0.0E+00

File_transfer 10.0 30 -1 3.136 312.3 0.0E+00

File_transfer 5.1 30 -1 4.141 262.5 0.0E+00

File_transfer 2.1 30 -1 4.863 238.0 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.0 0.0E+00

VoIP 13.1 0.096 0.03 0.095 8.0 7.4E-03

VoIP 6.5 0.096 0.03 0.096 8.0 0.0E+00

VoIP 9.7 0.096 0.03 0.095 8.0 4.5E-03

VoIP 3.8 0.096 0.03 0.096 8.0 0.0E+00

VoIP 10.1 0.096 0.03 0.095 8.0 5.5E-03

Web_ 10.7 0.256 -1 0.256 48.7 0.0E+00

Web_ 8.3 0.256 -1 0.257 45.6 0.0E+00

Web_ 12.1 0.256 -1 0.256 43.3 0.0E+00

File_transfer 4.5 5 -1 5.012 37.4 0.0E+00

File_transfer 6.2 10 -1 10.004 40.0 0.0E+00

Web_ 7.1 0.256 -1 0.257 2.2 0.0E+00

Video_Conf 10.3 1 0.1 0.997 15.4 0.0E+00

Video_Conf 12.0 1 0.1 0.997 15.1 0.0E+00

File_transfer 7.2 30 -1 4.291 261.1 0.0E+00

File_transfer 4.5 30 -1 3.694 295.0 0.0E+00

File_transfer 7.2 30 -1 3.156 333.2 0.0E+00

File_transfer 3.9 30 -1 4.485 254.1 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.1 0.0E+00

VoIP 13.1 0.096 0.03 0.095 8.2 3.6E-03

VoIP 6.5 0.096 0.03 0.096 8.0 0.0E+00

VoIP 9.7 0.096 0.03 0.096 8.0 0.0E+00

VoIP 3.8 0.096 0.03 0.096 8.1 0.0E+00

VoIP 10.1 0.096 0.03 0.096 8.0 1.6E-03

TCP Acks 2.384

460.176 104.980


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.9.1.2 Scenario 4: 4x4, 2.4 GHz, SGI-EXP, ACF

[image: image23.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

File_transfer 10.7 1 -1 1.005 19.8 0.0E+00

File_transfer 8.3 1 -1 1.003 19.3 0.0E+00

File_transfer 12.1 1 -1 1.006 18.2 0.0E+00

File_transfer 4.5 1 -1 1.006 16.1 0.0E+00

File_transfer 6.2 1 -1 1.005 13.5 0.0E+00

File_transfer 7.1 10 -1 10.016 5.2 0.0E+00

Video_Conf 10.3 1 0.1 0.997 10.8 0.0E+00

Video_Conf 12.0 1 0.1 0.997 10.9 0.0E+00

Inet_Streaming 10.3 2 0.2 1.994 18.8 0.0E+00

Inet_Streaming 3.0 2 0.2 1.994 18.6 0.0E+00

File_transfer 8.0 30 -1 21.747 54.0 0.0E+00

File_transfer 9.9 30 -1 17.944 59.2 0.0E+00

File_transfer 5.7 30 -1 12.975 84.5 0.0E+00

File_transfer 7.6 30 -1 9.393 139.7 0.0E+00

File_transfer 3.0 30 -1 9.464 130.3 0.0E+00

File_transfer 10.0 30 -1 9.179 117.8 0.0E+00

File_transfer 7.5 30 -1 9.406 113.4 0.0E+00

File_transfer 10.0 30 -1 7.379 157.6 0.0E+00

File_transfer 5.1 30 -1 10.803 136.4 0.0E+00

File_transfer 2.1 30 -1 10.107 145.0 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.0 3.2E-04

VoIP 13.1 0.096 0.03 0.095 8.1 2.9E-03

VoIP 6.5 0.096 0.03 0.095 8.0 3.2E-03

VoIP 9.7 0.096 0.03 0.095 8.0 4.9E-03

VoIP 3.8 0.096 0.03 0.096 8.0 6.5E-04

VoIP 10.1 0.096 0.03 0.095 8.0 3.9E-03

Web_ 10.7 0.256 -1 0.256 49.4 0.0E+00

Web_ 8.3 0.256 -1 0.257 47.2 0.0E+00

Web_ 12.1 0.256 -1 0.256 45.8 0.0E+00

File_transfer 4.5 5 -1 5.012 38.0 0.0E+00

File_transfer 6.2 10 -1 10.033 36.9 0.0E+00

Web_ 7.1 0.256 -1 0.257 2.5 0.0E+00

Video_Conf 10.3 1 0.1 0.997 14.2 0.0E+00

Video_Conf 12.0 1 0.1 0.997 14.6 0.0E+00

File_transfer 7.2 30 -1 10.219 148.0 0.0E+00

File_transfer 4.5 30 -1 8.970 161.7 0.0E+00

File_transfer 7.2 30 -1 8.781 163.5 0.0E+00

File_transfer 3.9 30 -1 9.763 151.4 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.0 0.0E+00

VoIP 13.1 0.096 0.03 0.096 8.1 1.9E-03

VoIP 6.5 0.096 0.03 0.096 8.0 6.5E-04

VoIP 9.7 0.096 0.03 0.096 8.0 3.2E-04

VoIP 3.8 0.096 0.03 0.096 8.1 0.0E+00

VoIP 10.1 0.096 0.03 0.096 8.0 6.5E-04

TCP Acks 3.632

460.176 199.995


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.9.2 Scenario 4: 5.25 GHz
3.9.2.1 Scenario 4: 2x2, 5.25 GHz, SGI-EXP, ACF

[image: image24.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

File_transfer 10.7 1 -1 1.005 18.8 0.0E+00

File_transfer 8.3 1 -1 1.003 18.6 0.0E+00

File_transfer 12.1 1 -1 1.006 17.1 0.0E+00

File_transfer 4.5 1 -1 1.006 16.3 0.0E+00

File_transfer 6.2 1 -1 1.005 14.6 0.0E+00

File_transfer 7.1 10 -1 10.015 5.3 0.0E+00

Video_Conf 10.3 1 0.1 0.997 10.8 0.0E+00

Video_Conf 12.0 1 0.1 0.997 11.1 0.0E+00

Inet_Streaming 10.3 2 0.2 1.994 19.0 0.0E+00

Inet_Streaming 3.0 2 0.2 1.994 18.8 0.0E+00

File_transfer 8.0 30 -1 10.486 99.5 0.0E+00

File_transfer 9.9 30 -1 3.359 279.7 0.0E+00

File_transfer 5.7 30 -1 4.070 240.9 0.0E+00

File_transfer 7.6 30 -1 2.790 347.2 0.0E+00

File_transfer 3.0 30 -1 3.540 276.0 0.0E+00

File_transfer 10.0 30 -1 3.645 258.2 0.0E+00

File_transfer 7.5 30 -1 3.813 260.1 0.0E+00

File_transfer 10.0 30 -1 2.739 340.8 0.0E+00

File_transfer 5.1 30 -1 3.943 274.8 0.0E+00

File_transfer 2.1 30 -1 4.318 260.4 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.0 3.2E-04

VoIP 13.1 0.096 0.03 0.095 8.1 9.7E-03

VoIP 6.5 0.096 0.03 0.095 8.0 8.7E-03

VoIP 9.7 0.096 0.03 0.094 8.1 1.5E-02

VoIP 3.8 0.096 0.03 0.096 8.0 9.7E-04

VoIP 10.1 0.096 0.03 0.095 8.1 9.7E-03

Web_ 10.7 0.256 -1 0.256 48.4 0.0E+00

Web_ 8.3 0.256 -1 0.257 47.9 0.0E+00

Web_ 12.1 0.256 -1 0.257 48.0 0.0E+00

File_transfer 4.5 5 -1 5.012 39.4 0.0E+00

File_transfer 6.2 10 -1 10.035 41.0 0.0E+00

Web_ 7.1 0.256 -1 0.257 2.3 0.0E+00

Video_Conf 10.3 1 0.1 0.997 15.7 0.0E+00

Video_Conf 12.0 1 0.1 0.997 15.2 0.0E+00

File_transfer 7.2 30 -1 4.271 263.2 0.0E+00

File_transfer 4.5 30 -1 3.480 306.0 0.0E+00

File_transfer 7.2 30 -1 3.195 328.4 0.0E+00

File_transfer 3.9 30 -1 4.097 272.9 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.1 0.0E+00

VoIP 13.1 0.096 0.03 0.094 8.7 2.2E-02

VoIP 6.5 0.096 0.03 0.095 8.0 2.6E-03

VoIP 9.7 0.096 0.03 0.095 8.1 8.7E-03

VoIP 3.8 0.096 0.03 0.096 8.1 0.0E+00

VoIP 10.1 0.096 0.03 0.095 8.1 8.4E-03

TCP Acks 2.323

460.176 100.296


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.9.2.2 Scenario 4: 4x4, 5.25 GHz, SGI-EXP, ACF

[image: image25.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

File_transfer 10.7 1 -1 1.005 19.4 0.0E+00

File_transfer 8.3 1 -1 1.003 18.0 0.0E+00

File_transfer 12.1 1 -1 1.006 15.9 0.0E+00

File_transfer 4.5 1 -1 1.006 15.8 0.0E+00

File_transfer 6.2 1 -1 1.005 13.4 0.0E+00

File_transfer 7.1 10 -1 10.017 5.3 0.0E+00

Video_Conf 10.3 1 0.1 0.997 11.5 0.0E+00

Video_Conf 12.0 1 0.1 0.997 11.1 0.0E+00

Inet_Streaming 10.3 2 0.2 1.994 18.7 0.0E+00

Inet_Streaming 3.0 2 0.2 1.994 18.5 0.0E+00

File_transfer 8.0 30 -1 21.506 54.4 0.0E+00

File_transfer 9.9 30 -1 16.396 61.1 0.0E+00

File_transfer 5.7 30 -1 11.370 95.4 0.0E+00

File_transfer 7.6 30 -1 7.513 121.8 0.0E+00

File_transfer 3.0 30 -1 9.263 133.5 0.0E+00

File_transfer 10.0 30 -1 9.298 116.6 0.0E+00

File_transfer 7.5 30 -1 8.961 122.3 0.0E+00

File_transfer 10.0 30 -1 6.697 169.4 0.0E+00

File_transfer 5.1 30 -1 10.152 140.8 0.0E+00

File_transfer 2.1 30 -1 9.889 145.6 0.0E+00

VoIP 6.1 0.096 0.03 0.095 8.0 6.8E-03

VoIP 13.1 0.096 0.03 0.096 8.0 0.0E+00

VoIP 6.5 0.096 0.03 0.095 8.0 4.2E-03

VoIP 9.7 0.096 0.03 0.095 8.0 5.5E-03

VoIP 3.8 0.096 0.03 0.095 8.0 4.5E-03

VoIP 10.1 0.096 0.03 0.096 8.0 6.5E-04

Web_ 10.7 0.256 -1 0.256 50.7 0.0E+00

Web_ 8.3 0.256 -1 0.257 48.5 0.0E+00

Web_ 12.1 0.256 -1 0.256 47.2 0.0E+00

File_transfer 4.5 5 -1 5.013 40.7 0.0E+00

File_transfer 6.2 10 -1 10.032 38.8 0.0E+00

Web_ 7.1 0.256 -1 0.257 2.6 0.0E+00

Video_Conf 10.3 1 0.1 0.997 14.9 0.0E+00

Video_Conf 12.0 1 0.1 0.997 17.0 0.0E+00

File_transfer 7.2 30 -1 9.616 152.8 0.0E+00

File_transfer 4.5 30 -1 8.878 162.7 0.0E+00

File_transfer 7.2 30 -1 7.802 177.4 0.0E+00

File_transfer 3.9 30 -1 10.474 143.4 0.0E+00

VoIP 6.1 0.096 0.03 0.096 8.0 0.0E+00

VoIP 13.1 0.096 0.03 0.095 8.1 1.2E-02

VoIP 6.5 0.096 0.03 0.095 8.0 3.2E-03

VoIP 9.7 0.096 0.03 0.095 8.0 1.0E-02

VoIP 3.8 0.096 0.03 0.096 8.1 0.0E+00

VoIP 10.1 0.096 0.03 0.095 8.0 9.1E-03

TCP Acks 3.522

460.176 191.566

 

When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.10 Scenario 6 (Hot Spot) Results

List of results for Scenario 6:

9. Scenario 6: 

· 2×2, 5.25 GHz, Standard,  ACF

· 2×2, 5.25 GHz, Standard, HCF

· 2×2, 5.25 GHz, Standard, EDCA

10. Scenario 6: 

· 2×2, 5.25 GHz, Standard,  ACF

· Mixed, 5.25 GHz, Standard,  ACF

· 4×4, 5.25 GHz, Standard, ACF

3.10.1 Comparison of ACF, HCF and EDCA for Scenario 6

3.10.1.1 Scenario 6: 2x2, 5.25 GHz, Standard, ACF

[image: image26.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 2 -1 0.725 267.9 0.0E+00

Internet_file 26.4 2 -1 1.051 143.1 0.0E+00

Internet_file 13.0 2 -1 1.523 143.6 0.0E+00

Internet_file 9.2 2 -1 2.012 25.1 0.0E+00

Internet_file 29.0 2 -1 1.380 161.0 0.0E+00

Internet_file 5.1 2 -1 2.012 25.1 0.0E+00

Internet_file 25.1 2 -1 1.532 144.1 0.0E+00

Internet_file 12.1 2 -1 1.805 90.2 0.0E+00

Internet_file 16.2 2 -1 1.326 176.5 0.0E+00

Internet_file 23.1 2 -1 1.210 176.4 0.0E+00

Audio_Video 23.0 2 0.2 1.994 23.3 0.0E+00

Audio_Video 23.0 2 0.2 1.994 22.3 0.0E+00

Audio_Video 22.6 2 0.2 1.994 22.6 0.0E+00

Audio_Video 24.8 2 0.2 1.994 23.4 0.0E+00

Audio_Video 16.1 8 0.2 7.975 7.5 0.0E+00

Audio_Video 10.4 8 0.2 7.975 7.5 0.0E+00

Audio_Video 15.8 8 0.2 7.975 7.5 0.0E+00

Audio_Video 4.1 5 0.2 4.984 19.7 0.0E+00

Audio_Video 6.0 5 0.2 4.984 20.1 0.0E+00

VoIP 30.4 0.096 0.03 0.094 8.3 1.3E-02

VoIP 22.0 0.096 0.03 0.094 8.3 1.5E-02

VoIP 18.0 0.096 0.03 0.095 8.2 1.1E-02

VoIP 10.3 0.096 0.03 0.095 8.1 8.4E-03

VoIP 12.6 0.096 0.03 0.095 8.1 8.7E-03

VoIP 22.1 0.096 0.03 0.094 8.4 1.6E-02

VoIP 19.7 0.096 0.03 0.095 8.3 1.0E-02

VoIP 22.8 0.096 0.03 0.093 8.5 2.3E-02

VoIP 18.8 0.096 0.03 0.095 8.3 9.4E-03

VoIP 25.1 0.096 0.03 0.094 8.8 2.1E-02

VoIP 21.0 0.096 0.03 0.094 8.6 1.9E-02

VoIP 29.1 0.096 0.03 0.095 9.8 8.1E-03

VoIP 22.5 0.096 0.03 0.094 8.8 1.9E-02

VoIP 15.7 0.096 0.03 0.095 8.5 2.3E-03

VoIP 3.6 0.096 0.03 0.096 8.1 3.2E-04

VoIP 30.4 0.096 0.03 0.090 14.1 6.1E-02

VoIP 22.0 0.096 0.03 0.092 10.8 3.7E-02

VoIP 18.0 0.096 0.03 0.092 10.1 4.2E-02

VoIP 10.3 0.096 0.03 0.095 8.2 1.0E-02

VoIP 12.6 0.096 0.03 0.094 8.3 1.7E-02

VoIP 22.1 0.096 0.03 0.093 11.2 3.4E-02

VoIP 19.7 0.096 0.03 0.093 10.3 3.0E-02

VoIP 22.8 0.096 0.03 0.092 10.9 4.3E-02

VoIP 18.8 0.096 0.03 0.093 10.2 3.2E-02

VoIP 25.1 0.096 0.03 0.092 11.6 3.6E-02

VoIP 21.0 0.096 0.03 0.092 10.4 4.0E-02

VoIP 29.1 0.096 0.03 0.094 1.3 1.6E-02

VoIP 22.5 0.096 0.03 0.092 10.8 3.9E-02

VoIP 15.7 0.096 0.03 0.094 1.4 1.5E-02

VoIP 3.6 0.096 0.03 0.096 8.0 0.0E+00

TCP Acks 0.973

64.88 60.228

When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.10.1.2 Scenario 6: 2x2, 5.25 GHz, Standard, HCF

[image: image27.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 2 -1 0.013 384.5 3.9E-01

Internet_file 26.4 2 -1 0.027 330.1 1.5E-01

Internet_file 13.0 2 -1 0.021 630.9 1.2E-01

Internet_file 9.2 2 -1 0.019 2088.1 1.8E-01

Internet_file 29.0 2 -1 0.008 629.7 4.0E-01

Internet_file 5.1 2 -1 0.029 799.2 1.8E-01

Internet_file 25.1 2 -1 0.029 290.9 1.5E-01

Internet_file 12.1 2 -1 0.053 299.3 1.0E-01

Internet_file 16.2 2 -1 0.030 364.0 1.6E-01

Internet_file 23.1 2 -1 0.030 473.3 1.8E-01

Audio_Video 23.0 2 0.2 1.990 42.7 0.0E+00

Audio_Video 23.0 2 0.2 1.991 42.3 0.0E+00

Audio_Video 22.6 2 0.2 1.990 42.7 0.0E+00

Audio_Video 24.8 2 0.2 1.986 47.8 5.4E-03

Audio_Video 16.1 8 0.2 7.962 28.5 1.7E-05

Audio_Video 10.4 8 0.2 7.962 25.8 0.0E+00

Audio_Video 15.8 8 0.2 7.962 29.5 0.0E+00

Audio_Video 4.1 5 0.2 4.938 59.3 1.0E-02

Audio_Video 6.0 5 0.2 4.798 90.6 5.8E-02

VoIP 30.4 0.096 0.03 0.094 6.4 1.7E-02

VoIP 22.0 0.096 0.03 0.093 6.0 2.3E-02

VoIP 18.0 0.096 0.03 0.094 5.9 1.7E-02

VoIP 10.3 0.096 0.03 0.095 5.8 8.7E-03

VoIP 12.6 0.096 0.03 0.094 5.7 1.2E-02

VoIP 22.1 0.096 0.03 0.094 5.7 1.7E-02

VoIP 19.7 0.096 0.03 0.094 5.6 1.5E-02

VoIP 22.8 0.096 0.03 0.094 5.6 1.4E-02

VoIP 18.8 0.096 0.03 0.094 5.6 1.1E-02

VoIP 25.1 0.096 0.03 0.094 5.7 1.7E-02

VoIP 21.0 0.096 0.03 0.094 5.6 1.3E-02

VoIP 29.1 0.096 0.03 0.094 6.4 1.3E-02

VoIP 22.5 0.096 0.03 0.094 5.6 1.4E-02

VoIP 15.7 0.096 0.03 0.095 5.6 2.0E-03

VoIP 3.6 0.096 0.03 0.095 5.7 6.6E-04

VoIP 30.4 0.096 0.03 0.094 5.7 1.6E-02

VoIP 22.0 0.096 0.03 0.094 5.6 1.6E-02

VoIP 18.0 0.096 0.03 0.095 5.7 8.0E-03

VoIP 10.3 0.096 0.03 0.095 5.8 7.3E-03

VoIP 12.6 0.096 0.03 0.095 5.7 7.7E-03

VoIP 22.1 0.096 0.03 0.094 5.8 1.8E-02

VoIP 19.7 0.096 0.03 0.094 5.7 1.2E-02

VoIP 22.8 0.096 0.03 0.094 5.7 1.7E-02

VoIP 18.8 0.096 0.03 0.095 5.7 9.3E-03

VoIP 25.1 0.096 0.03 0.093 5.8 2.2E-02

VoIP 21.0 0.096 0.03 0.094 5.8 1.4E-02

VoIP 29.1 0.096 0.03 0.094 5.8 1.6E-02

VoIP 22.5 0.096 0.03 0.094 5.9 2.1E-02

VoIP 15.7 0.096 0.03 0.094 5.8 1.2E-02

VoIP 3.6 0.096 0.03 0.096 6.5 3.3E-04

TCP Acks 0.022

64.88 44.689


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.10.1.3 Scenario 6: 2x2, 5.25 GHz, Standard, EDCA

[image: image28.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 2 -1 0.145 74.2 0.0E+00

Internet_file 26.4 2 -1 0.035 54.0 0.0E+00

Internet_file 13.0 2 -1 0.113 68.8 0.0E+00

Internet_file 9.2 2 -1 0.103 60.0 0.0E+00

Internet_file 29.0 2 -1 0.096 86.8 0.0E+00

Internet_file 5.1 2 -1 0.159 69.2 0.0E+00

Internet_file 25.1 2 -1 0.033 166.4 0.0E+00

Internet_file 12.1 2 -1 0.040 51.4 0.0E+00

Internet_file 16.2 2 -1 0.083 84.5 0.0E+00

Internet_file 23.1 2 -1 0.058 52.4 0.0E+00

Audio_Video 23.0 2 0.2 1.984 33.2 2.5E-02

Audio_Video 23.0 2 0.2 1.986 35.7 2.8E-02

Audio_Video 22.6 2 0.2 1.987 28.3 1.3E-02

Audio_Video 24.8 2 0.2 1.990 33.3 2.4E-02

Audio_Video 16.1 8 0.2 7.929 31.4 1.9E-02

Audio_Video 10.4 8 0.2 7.977 24.6 3.1E-03

Audio_Video 15.8 8 0.2 7.916 31.7 1.8E-02

Audio_Video 4.1 5 0.2 4.983 25.9 1.8E-02

Audio_Video 6.0 5 0.2 4.991 18.9 0.0E+00

VoIP 30.4 0.096 0.03 0.092 8.6 4.4E-02

VoIP 22.0 0.096 0.03 0.092 8.7 5.0E-02

VoIP 18.0 0.096 0.03 0.093 8.7 3.5E-02

VoIP 10.3 0.096 0.03 0.092 8.8 4.8E-02

VoIP 12.6 0.096 0.03 0.093 8.7 3.8E-02

VoIP 22.1 0.096 0.03 0.091 8.5 5.7E-02

VoIP 19.7 0.096 0.03 0.092 8.6 4.6E-02

VoIP 22.8 0.096 0.03 0.092 8.6 5.2E-02

VoIP 18.8 0.096 0.03 0.093 8.8 4.0E-02

VoIP 25.1 0.096 0.03 0.092 8.8 5.0E-02

VoIP 21.0 0.096 0.03 0.092 8.9 4.4E-02

VoIP 29.1 0.096 0.03 0.092 8.8 4.4E-02

VoIP 22.5 0.096 0.03 0.091 8.9 5.4E-02

VoIP 15.7 0.096 0.03 0.092 8.7 4.5E-02

VoIP 3.6 0.096 0.03 0.093 8.8 3.3E-02

VoIP 30.4 0.096 0.03 0.075 8.5 2.1E-01

VoIP 22.0 0.096 0.03 0.073 8.6 2.3E-01

VoIP 18.0 0.096 0.03 0.075 8.3 2.1E-01

VoIP 10.3 0.096 0.03 0.074 8.4 2.2E-01

VoIP 12.6 0.096 0.03 0.073 8.4 2.3E-01

VoIP 22.1 0.096 0.03 0.074 8.4 2.2E-01

VoIP 19.7 0.096 0.03 0.074 8.7 2.2E-01

VoIP 22.8 0.096 0.03 0.074 8.4 2.1E-01

VoIP 18.8 0.096 0.03 0.073 8.4 2.3E-01

VoIP 25.1 0.096 0.03 0.073 8.4 2.3E-01

VoIP 21.0 0.096 0.03 0.075 8.4 2.1E-01

VoIP 29.1 0.096 0.03 0.074 8.4 2.2E-01

VoIP 22.5 0.096 0.03 0.073 8.4 2.3E-01

VoIP 15.7 0.096 0.03 0.075 8.3 2.1E-01

VoIP 3.6 0.096 0.03 0.075 8.4 2.1E-01

TCP Acks 0.065

64.88 45.167


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.10.2 Scenario 6: Comparison of 2x2, Mixed and 4x4
3.10.2.1 Scenario 6: 2x2, 5.25 GHz, Standard, ACF

[image: image29.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 2 -1 0.725 267.9 0.0E+00

Internet_file 26.4 2 -1 1.051 143.1 0.0E+00

Internet_file 13.0 2 -1 1.523 143.6 0.0E+00

Internet_file 9.2 2 -1 2.012 25.1 0.0E+00

Internet_file 29.0 2 -1 1.380 161.0 0.0E+00

Internet_file 5.1 2 -1 2.012 25.1 0.0E+00

Internet_file 25.1 2 -1 1.532 144.1 0.0E+00

Internet_file 12.1 2 -1 1.805 90.2 0.0E+00

Internet_file 16.2 2 -1 1.326 176.5 0.0E+00

Internet_file 23.1 2 -1 1.210 176.4 0.0E+00

Audio_Video 23.0 2 0.2 1.994 23.3 0.0E+00

Audio_Video 23.0 2 0.2 1.994 22.3 0.0E+00

Audio_Video 22.6 2 0.2 1.994 22.6 0.0E+00

Audio_Video 24.8 2 0.2 1.994 23.4 0.0E+00

Audio_Video 16.1 8 0.2 7.975 7.5 0.0E+00

Audio_Video 10.4 8 0.2 7.975 7.5 0.0E+00

Audio_Video 15.8 8 0.2 7.975 7.5 0.0E+00

Audio_Video 4.1 5 0.2 4.984 19.7 0.0E+00

Audio_Video 6.0 5 0.2 4.984 20.1 0.0E+00

VoIP 30.4 0.096 0.03 0.094 8.3 1.3E-02

VoIP 22.0 0.096 0.03 0.094 8.3 1.5E-02

VoIP 18.0 0.096 0.03 0.095 8.2 1.1E-02

VoIP 10.3 0.096 0.03 0.095 8.1 8.4E-03

VoIP 12.6 0.096 0.03 0.095 8.1 8.7E-03

VoIP 22.1 0.096 0.03 0.094 8.4 1.6E-02

VoIP 19.7 0.096 0.03 0.095 8.3 1.0E-02

VoIP 22.8 0.096 0.03 0.093 8.5 2.3E-02

VoIP 18.8 0.096 0.03 0.095 8.3 9.4E-03

VoIP 25.1 0.096 0.03 0.094 8.8 2.1E-02

VoIP 21.0 0.096 0.03 0.094 8.6 1.9E-02

VoIP 29.1 0.096 0.03 0.095 9.8 8.1E-03

VoIP 22.5 0.096 0.03 0.094 8.8 1.9E-02

VoIP 15.7 0.096 0.03 0.095 8.5 2.3E-03

VoIP 3.6 0.096 0.03 0.096 8.1 3.2E-04

VoIP 30.4 0.096 0.03 0.090 14.1 6.1E-02

VoIP 22.0 0.096 0.03 0.092 10.8 3.7E-02

VoIP 18.0 0.096 0.03 0.092 10.1 4.2E-02

VoIP 10.3 0.096 0.03 0.095 8.2 1.0E-02

VoIP 12.6 0.096 0.03 0.094 8.3 1.7E-02

VoIP 22.1 0.096 0.03 0.093 11.2 3.4E-02

VoIP 19.7 0.096 0.03 0.093 10.3 3.0E-02

VoIP 22.8 0.096 0.03 0.092 10.9 4.3E-02

VoIP 18.8 0.096 0.03 0.093 10.2 3.2E-02

VoIP 25.1 0.096 0.03 0.092 11.6 3.6E-02

VoIP 21.0 0.096 0.03 0.092 10.4 4.0E-02

VoIP 29.1 0.096 0.03 0.094 1.3 1.6E-02

VoIP 22.5 0.096 0.03 0.092 10.8 3.9E-02

VoIP 15.7 0.096 0.03 0.094 1.4 1.5E-02

VoIP 3.6 0.096 0.03 0.096 8.0 0.0E+00

TCP Acks 0.973

64.88 60.228


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.10.2.2 Scenario 6: Mixed, 5.25 GHz, Standard, ACF

[image: image30.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 2 -1 2.015 3.9 0.0E+00

Internet_file 26.4 2 -1 2.010 3.6 0.0E+00

Internet_file 13.0 2 -1 2.017 3.3 0.0E+00

Internet_file 9.2 2 -1 2.017 3.2 0.0E+00

Internet_file 29.0 2 -1 2.015 3.9 0.0E+00

Internet_file 5.1 2 -1 2.017 3.1 0.0E+00

Internet_file 25.1 2 -1 2.010 3.7 0.0E+00

Internet_file 12.1 2 -1 2.010 3.1 0.0E+00

Internet_file 16.2 2 -1 2.013 3.2 0.0E+00

Internet_file 23.1 2 -1 2.010 3.4 0.0E+00

Audio_Video 23.0 2 0.2 1.991 17.6 0.0E+00

Audio_Video 23.0 2 0.2 1.991 17.6 0.0E+00

Audio_Video 22.6 2 0.2 1.991 17.6 0.0E+00

Audio_Video 24.8 2 0.2 1.990 17.6 0.0E+00

Audio_Video 16.1 8 0.2 7.962 5.5 0.0E+00

Audio_Video 10.4 8 0.2 7.962 5.5 0.0E+00

Audio_Video 15.8 8 0.2 7.962 5.6 0.0E+00

Audio_Video 4.1 5 0.2 4.977 20.9 0.0E+00

Audio_Video 6.0 5 0.2 4.977 20.2 0.0E+00

VoIP 30.4 0.096 0.03 0.095 7.9 8.1E-03

VoIP 22.0 0.096 0.03 0.095 7.8 2.4E-03

VoIP 18.0 0.096 0.03 0.094 7.8 1.3E-02

VoIP 10.3 0.096 0.03 0.095 7.8 4.3E-03

VoIP 12.6 0.096 0.03 0.094 7.7 1.2E-02

VoIP 22.1 0.096 0.03 0.090 8.0 5.9E-02

VoIP 19.7 0.096 0.03 0.091 7.9 4.9E-02

VoIP 22.8 0.096 0.03 0.093 8.0 2.6E-02

VoIP 18.8 0.096 0.03 0.094 7.8 1.7E-02

VoIP 25.1 0.096 0.03 0.095 7.9 8.6E-03

VoIP 21.0 0.096 0.03 0.095 7.9 1.4E-03

VoIP 29.1 0.096 0.03 0.096 8.1 0.0E+00

VoIP 22.5 0.096 0.03 0.095 7.8 2.9E-03

VoIP 15.7 0.096 0.03 0.096 8.0 0.0E+00

VoIP 3.6 0.096 0.03 0.096 7.9 0.0E+00

VoIP 30.4 0.096 0.03 0.093 17.8 2.9E-02

VoIP 22.0 0.096 0.03 0.095 12.2 4.8E-03

VoIP 18.0 0.096 0.03 0.096 11.6 4.8E-04

VoIP 10.3 0.096 0.03 0.096 7.9 0.0E+00

VoIP 12.6 0.096 0.03 0.096 8.5 0.0E+00

VoIP 22.1 0.096 0.03 0.095 12.0 5.2E-03

VoIP 19.7 0.096 0.03 0.095 12.0 9.6E-04

VoIP 22.8 0.096 0.03 0.095 12.6 7.6E-03

VoIP 18.8 0.096 0.03 0.096 11.6 0.0E+00

VoIP 25.1 0.096 0.03 0.094 14.5 1.7E-02

VoIP 21.0 0.096 0.03 0.095 11.9 1.9E-03

VoIP 29.1 0.096 0.03 0.096 1.3 0.0E+00

VoIP 22.5 0.096 0.03 0.095 12.4 2.9E-03

VoIP 15.7 0.096 0.03 0.096 1.3 0.0E+00

VoIP 3.6 0.096 0.03 0.096 7.8 0.0E+00

TCP Acks 1.340

64.88 66.119


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.10.2.3 Scenario 6: 4x4, 5.25 GHz, Standard, ACF

[image: image31.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 2 -1 2.010 5.3 0.0E+00

Internet_file 26.4 2 -1 2.007 4.8 0.0E+00

Internet_file 13.0 2 -1 2.011 3.6 0.0E+00

Internet_file 9.2 2 -1 2.012 3.5 0.0E+00

Internet_file 29.0 2 -1 2.010 5.1 0.0E+00

Internet_file 5.1 2 -1 2.012 3.6 0.0E+00

Internet_file 25.1 2 -1 2.006 4.7 0.0E+00

Internet_file 12.1 2 -1 2.007 3.6 0.0E+00

Internet_file 16.2 2 -1 2.009 3.8 0.0E+00

Internet_file 23.1 2 -1 2.007 4.5 0.0E+00

Audio_Video 23.0 2 0.2 1.994 20.9 0.0E+00

Audio_Video 23.0 2 0.2 1.994 21.1 0.0E+00

Audio_Video 22.6 2 0.2 1.994 21.4 0.0E+00

Audio_Video 24.8 2 0.2 1.994 21.2 0.0E+00

Audio_Video 16.1 8 0.2 7.974 5.8 0.0E+00

Audio_Video 10.4 8 0.2 7.974 5.7 0.0E+00

Audio_Video 15.8 8 0.2 7.974 5.8 0.0E+00

Audio_Video 4.1 5 0.2 4.984 21.2 0.0E+00

Audio_Video 6.0 5 0.2 4.984 20.2 0.0E+00

VoIP 30.4 0.096 0.03 0.095 8.1 7.7E-03

VoIP 22.0 0.096 0.03 0.095 8.1 7.7E-03

VoIP 18.0 0.096 0.03 0.096 8.0 1.9E-03

VoIP 10.3 0.096 0.03 0.096 8.0 9.7E-04

VoIP 12.6 0.096 0.03 0.096 8.0 0.0E+00

VoIP 22.1 0.096 0.03 0.095 8.0 5.5E-03

VoIP 19.7 0.096 0.03 0.095 8.0 4.5E-03

VoIP 22.8 0.096 0.03 0.095 8.1 6.5E-03

VoIP 18.8 0.096 0.03 0.095 8.0 2.6E-03

VoIP 25.1 0.096 0.03 0.095 8.1 8.7E-03

VoIP 21.0 0.096 0.03 0.095 8.1 4.5E-03

VoIP 29.1 0.096 0.03 0.095 8.9 9.1E-03

VoIP 22.5 0.096 0.03 0.095 8.1 9.7E-03

VoIP 15.7 0.096 0.03 0.096 9.2 3.2E-04

VoIP 3.6 0.096 0.03 0.095 8.1 5.2E-03

VoIP 30.4 0.096 0.03 0.095 9.3 3.9E-03

VoIP 22.0 0.096 0.03 0.094 10.1 1.8E-02

VoIP 18.0 0.096 0.03 0.093 13.1 2.8E-02

VoIP 10.3 0.096 0.03 0.095 8.1 6.1E-03

VoIP 12.6 0.096 0.03 0.095 8.3 1.0E-02

VoIP 22.1 0.096 0.03 0.094 9.8 1.4E-02

VoIP 19.7 0.096 0.03 0.093 12.4 2.8E-02

VoIP 22.8 0.096 0.03 0.094 9.6 1.3E-02

VoIP 18.8 0.096 0.03 0.093 13.1 2.9E-02

VoIP 25.1 0.096 0.03 0.095 9.1 9.7E-03

VoIP 21.0 0.096 0.03 0.093 11.1 2.5E-02

VoIP 29.1 0.096 0.03 0.096 1.3 1.3E-03

VoIP 22.5 0.096 0.03 0.094 9.5 2.1E-02

VoIP 15.7 0.096 0.03 0.095 1.3 5.8E-03

VoIP 3.6 0.096 0.03 0.096 8.1 1.3E-03

TCP Acks 1.338

64.88 66.137


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.11 Scenario 6 EXT Results

List of results for Scenario 6:

11. Scenario 6 EXT: 

· 2x2, 5.25 GHz, Standard,  ACF

· Mixed, 5.25 GHz, Standard,  ACF

· 4x4, 5.25 GHz, Standard,  ACF

3.11.1 Scenario 6 EXT: Comparison of 2x2, Mixed and 4x4
3.11.1.1 Scenario 6 EXT: 2x2, 5.25 GHz, Standard, ACF 
[image: image32.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 80 -1 3.907 97.9 0.0E+00

Internet_file 26.4 2 -1 1.418 157.5 0.0E+00

Internet_file 13.0 2 -1 2.011 23.4 0.0E+00

Internet_file 9.2 2 -1 2.012 21.6 0.0E+00

Internet_file 29.0 2 -1 1.987 49.8 0.0E+00

Internet_file 5.1 2 -1 2.012 19.7 0.0E+00

Internet_file 25.1 2 -1 1.997 29.4 0.0E+00

Internet_file 12.1 2 -1 2.007 19.8 0.0E+00

Internet_file 16.2 2 -1 2.009 19.2 0.0E+00

Internet_file 23.1 2 -1 2.006 19.7 0.0E+00

Audio_Video 23.0 2 0.2 1.994 18.3 0.0E+00

Audio_Video 23.0 2 0.2 1.994 18.4 0.0E+00

Audio_Video 22.6 2 0.2 1.994 18.2 0.0E+00

Audio_Video 24.8 2 0.2 1.994 18.9 0.0E+00

Audio_Video 16.1 8 0.2 7.974 6.8 0.0E+00

Audio_Video 10.4 8 0.2 7.974 6.9 0.0E+00

Audio_Video 15.8 8 0.2 7.974 6.9 0.0E+00

Audio_Video 4.1 5 0.2 4.984 19.6 0.0E+00

Audio_Video 6.0 5 0.2 4.984 20.0 0.0E+00

VoIP 30.4 0.096 0.03 0.092 8.2 4.0E-02

VoIP 22.0 0.096 0.03 0.092 8.2 3.4E-02

VoIP 18.0 0.096 0.03 0.093 8.3 2.8E-02

VoIP 10.3 0.096 0.03 0.094 8.1 1.5E-02

VoIP 12.6 0.096 0.03 0.094 8.3 1.6E-02

VoIP 22.1 0.096 0.03 0.093 8.6 2.4E-02

VoIP 19.7 0.096 0.03 0.093 8.4 2.7E-02

VoIP 22.8 0.096 0.03 0.093 8.4 3.3E-02

VoIP 18.8 0.096 0.03 0.091 8.1 4.4E-02

VoIP 25.1 0.096 0.03 0.092 8.4 3.6E-02

VoIP 21.0 0.096 0.03 0.092 8.2 4.0E-02

VoIP 29.1 0.096 0.03 0.091 8.8 4.4E-02

VoIP 22.5 0.096 0.03 0.093 8.3 3.3E-02

VoIP 15.7 0.096 0.03 0.093 8.1 3.0E-02

VoIP 3.6 0.096 0.03 0.096 8.0 0.0E+00

VoIP 30.4 0.096 0.03 0.089 17.9 7.3E-02

VoIP 22.0 0.096 0.03 0.092 14.1 3.4E-02

VoIP 18.0 0.096 0.03 0.093 12.2 2.8E-02

VoIP 10.3 0.096 0.03 0.094 9.8 1.6E-02

VoIP 12.6 0.096 0.03 0.094 10.9 1.6E-02

VoIP 22.1 0.096 0.03 0.092 14.0 4.2E-02

VoIP 19.7 0.096 0.03 0.093 13.0 2.8E-02

VoIP 22.8 0.096 0.03 0.092 14.6 3.8E-02

VoIP 18.8 0.096 0.03 0.093 12.7 2.7E-02

VoIP 25.1 0.096 0.03 0.091 16.0 4.6E-02

VoIP 21.0 0.096 0.03 0.093 13.5 3.2E-02

VoIP 29.1 0.096 0.03 0.089 17.6 7.5E-02

VoIP 22.5 0.096 0.03 0.092 14.1 4.4E-02

VoIP 15.7 0.096 0.03 0.094 12.0 1.4E-02

VoIP 3.6 0.096 0.03 0.096 8.1 0.0E+00

TCP Acks 1.423

142.88 67.434


3.11.1.2 Scenario 6 EXT: Mixed, 5.25 GHz, Standard, ACF 
[image: image33.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 80 -1 38.635 20.5 0.0E+00

Internet_file 26.4 2 -1 2.010 19.7 0.0E+00

Internet_file 13.0 2 -1 2.017 16.7 0.0E+00

Internet_file 9.2 2 -1 2.017 16.0 0.0E+00

Internet_file 29.0 2 -1 2.015 15.2 0.0E+00

Internet_file 5.1 2 -1 2.017 13.5 0.0E+00

Internet_file 25.1 2 -1 2.010 12.6 0.0E+00

Internet_file 12.1 2 -1 2.010 11.5 0.0E+00

Internet_file 16.2 2 -1 2.013 10.6 0.0E+00

Internet_file 23.1 2 -1 2.010 9.9 0.0E+00

Audio_Video 23.0 2 0.2 1.991 17.6 0.0E+00

Audio_Video 23.0 2 0.2 1.991 17.6 0.0E+00

Audio_Video 22.6 2 0.2 1.991 17.6 0.0E+00

Audio_Video 24.8 2 0.2 1.991 17.7 0.0E+00

Audio_Video 16.1 8 0.2 7.962 5.4 0.0E+00

Audio_Video 10.4 8 0.2 7.962 5.4 0.0E+00

Audio_Video 15.8 8 0.2 7.962 5.4 0.0E+00

Audio_Video 4.1 5 0.2 4.977 20.1 0.0E+00

Audio_Video 6.0 5 0.2 4.977 20.0 0.0E+00

VoIP 30.4 0.096 0.03 0.095 7.8 9.1E-03

VoIP 22.0 0.096 0.03 0.095 7.8 2.9E-03

VoIP 18.0 0.096 0.03 0.094 7.9 1.7E-02

VoIP 10.3 0.096 0.03 0.095 7.8 9.1E-03

VoIP 12.6 0.096 0.03 0.093 7.7 2.2E-02

VoIP 22.1 0.096 0.03 0.091 7.9 4.8E-02

VoIP 19.7 0.096 0.03 0.089 7.9 6.9E-02

VoIP 22.8 0.096 0.03 0.092 8.0 3.5E-02

VoIP 18.8 0.096 0.03 0.092 7.8 4.0E-02

VoIP 25.1 0.096 0.03 0.095 7.9 4.3E-03

VoIP 21.0 0.096 0.03 0.095 7.8 2.9E-03

VoIP 29.1 0.096 0.03 0.095 7.8 7.7E-03

VoIP 22.5 0.096 0.03 0.095 7.8 5.3E-03

VoIP 15.7 0.096 0.03 0.096 7.8 0.0E+00

VoIP 3.6 0.096 0.03 0.096 7.9 0.0E+00

VoIP 30.4 0.096 0.03 0.095 8.8 2.4E-03

VoIP 22.0 0.096 0.03 0.096 8.6 0.0E+00

VoIP 18.0 0.096 0.03 0.096 7.9 4.8E-04

VoIP 10.3 0.096 0.03 0.096 7.8 0.0E+00

VoIP 12.6 0.096 0.03 0.096 7.8 0.0E+00

VoIP 22.1 0.096 0.03 0.096 8.7 0.0E+00

VoIP 19.7 0.096 0.03 0.096 8.1 0.0E+00

VoIP 22.8 0.096 0.03 0.096 8.6 0.0E+00

VoIP 18.8 0.096 0.03 0.096 8.1 0.0E+00

VoIP 25.1 0.096 0.03 0.096 8.6 0.0E+00

VoIP 21.0 0.096 0.03 0.096 8.5 0.0E+00

VoIP 29.1 0.096 0.03 0.095 8.5 9.5E-04

VoIP 22.5 0.096 0.03 0.096 8.6 0.0E+00

VoIP 15.7 0.096 0.03 0.096 7.9 0.0E+00

VoIP 3.6 0.096 0.03 0.096 7.7 0.0E+00

TCP Acks 3.775

142.88 105.174


When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.11.1.3 Scenario 6 EXT: 4x4, 5.25 GHz, Standard, ACF 
[image: image34.emf]Application Distance [m]

Offered Load 

[Mbps]

Delay 

Tolerance [ms]

Achieved 

tput (Metric 

2) [Mpbs]

Mean Delay 

[ms]

PLR (CC19)

Internet_file 31.1 80 -1 34.046 25.3 0.0E+00

Internet_file 26.4 2 -1 2.007 21.1 0.0E+00

Internet_file 13.0 2 -1 2.011 18.0 0.0E+00

Internet_file 9.2 2 -1 2.012 15.4 0.0E+00

Internet_file 29.0 2 -1 2.010 17.4 0.0E+00

Internet_file 5.1 2 -1 2.012 14.4 0.0E+00

Internet_file 25.1 2 -1 2.006 14.1 0.0E+00

Internet_file 12.1 2 -1 2.007 12.3 0.0E+00

Internet_file 16.2 2 -1 2.009 11.3 0.0E+00

Internet_file 23.1 2 -1 2.007 11.2 0.0E+00

Audio_Video 23.0 2 0.2 1.994 22.5 0.0E+00

Audio_Video 23.0 2 0.2 1.994 20.7 0.0E+00

Audio_Video 22.6 2 0.2 1.994 21.8 0.0E+00

Audio_Video 24.8 2 0.2 1.994 21.3 0.0E+00

Audio_Video 16.1 8 0.2 7.974 5.6 0.0E+00

Audio_Video 10.4 8 0.2 7.974 5.6 0.0E+00

Audio_Video 15.8 8 0.2 7.974 5.6 0.0E+00

Audio_Video 4.1 5 0.2 4.984 19.9 0.0E+00

Audio_Video 6.0 5 0.2 4.984 20.1 0.0E+00

VoIP 30.4 0.096 0.03 0.095 8.1 8.4E-03

VoIP 22.0 0.096 0.03 0.095 8.0 6.1E-03

VoIP 18.0 0.096 0.03 0.095 8.0 2.6E-03

VoIP 10.3 0.096 0.03 0.096 8.1 1.6E-03

VoIP 12.6 0.096 0.03 0.096 8.0 3.2E-04

VoIP 22.1 0.096 0.03 0.095 8.0 6.8E-03

VoIP 19.7 0.096 0.03 0.095 8.0 2.9E-03

VoIP 22.8 0.096 0.03 0.095 8.1 7.7E-03

VoIP 18.8 0.096 0.03 0.095 8.0 4.5E-03

VoIP 25.1 0.096 0.03 0.095 8.0 2.6E-03

VoIP 21.0 0.096 0.03 0.095 8.1 5.8E-03

VoIP 29.1 0.096 0.03 0.095 8.0 8.1E-03

VoIP 22.5 0.096 0.03 0.095 8.1 6.8E-03

VoIP 15.7 0.096 0.03 0.096 8.0 0.0E+00

VoIP 3.6 0.096 0.03 0.095 8.0 4.5E-03

VoIP 30.4 0.096 0.03 0.095 9.2 5.8E-03

VoIP 22.0 0.096 0.03 0.094 9.8 1.6E-02

VoIP 18.0 0.096 0.03 0.093 13.5 2.6E-02

VoIP 10.3 0.096 0.03 0.095 8.1 7.4E-03

VoIP 12.6 0.096 0.03 0.095 8.4 1.0E-02

VoIP 22.1 0.096 0.03 0.094 9.8 1.6E-02

VoIP 19.7 0.096 0.03 0.093 12.4 2.5E-02

VoIP 22.8 0.096 0.03 0.094 9.2 1.3E-02

VoIP 18.8 0.096 0.03 0.093 13.1 2.4E-02

VoIP 25.1 0.096 0.03 0.095 9.2 8.1E-03

VoIP 21.0 0.096 0.03 0.094 10.8 2.1E-02

VoIP 29.1 0.096 0.03 0.095 9.3 5.2E-03

VoIP 22.5 0.096 0.03 0.094 9.9 1.3E-02

VoIP 15.7 0.096 0.03 0.095 10.3 1.2E-02

VoIP 3.6 0.096 0.03 0.096 8.1 0.0E+00

TCP Acks 3.470

142.88 100.308

 

When the achieved PLR exceeds the permitted loss rate for the application it is shown in red.

3.12 Scenario 16 (Rate versus Range) Results

These results are for 20 MHz bandwidth, using SGI-EXP OFDM symbols, i.e., shortened guard interval, 52 sub-carriers.
3.12.1 Channel Model B

[image: image35.emf]Throughput vs Range in 20Mhz, channel model B
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[image: image36.emf]Distance [m]

2x2 2.4Ghz

2x2 

5.25Ghz 4x4 2.4Ghz

4x4 

5.25Ghz

0 176.0 176.1 299.9 299.9

20 150.7 122.7 280.1 228.6

40 98.8 60.9 188.4 120.7

60 70.4 32.8 127.4 71.5

80 42.0 20.5 91.3 42.3

100 31.2 14.6 60.7 27.7

120 22.9 8.2 45.3 18.0

140 16.6 5.7 32.6 12.0

160 13.4 4.4 26.3 8.4

180 9.9 4.1 20.3 5.2

200 7.5 2.6 15.5 3.5

Above MAC throughput [Mbps]


3.12.2 Channel Model D

[image: image37.emf]Throughput vs Range in 20MHz, channel model D
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[image: image38.emf]Distance [m]
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5.25Ghz 4x4 2.4Ghz

4x4 

5.25Ghz

0 176.1 176.1 299.9 299.9

20 150.3 123.4 275.9 224.9

40 101.6 57.9 186.9 122.9

60 66.5 33.9 123.9 71.3

80 40.0 21.5 90.1 41.7

100 28.9 13.5 58.8 28.3

120 20.7 9.4 47.0 17.9

140 16.9 5.2 33.6 12.2

160 13.9 4.5 26.9 8.6

180 8.7 3.8 18.0 5.5

200 6.1 3.4 14.4 4.4

Above MAC throughput [Mbps]



3.13 Results for Scenarios 17, 18, 19 (Legacy Sharing)

List of results for Scenario 17, 18, 19:

[image: image39.emf]2x2 4x4 2x2 4x4 2x2 4x4 2x2 4x4

All numbers in Mbps

T1 Scenario 17 Standard symbols

143.40 264.59 136.32 249.80 143.64 264.08 136.99 249.20

T2 Scenario 18

24.38 24.38 24.38 24.38 24.38 24.38 24.38 24.38

T3 Scenario 19 STA 1 

11.88 12.15 11.94 12.27 11.88 12.14 12.15 12.03

T4 Scenario 19 STA 2  61.37 100.96 60.90 100.54 61.37 101.02 60.94 100.00

Channel model B Channel model D

2.4 GHz 5 GHz 2.4 GHz 5 GHz


4. Physical Layer Simulation Methodology

The proposed 802.11n PHY layer employs MIMO-OFDM with up to four antennas at both the transmitter and receiver. This enables a maximum of four spatial streams to be transmitted simultaneously in the same bandwidth on a single link. Two approaches to spatial multiplexing are proposed, referred to as Eigenvector Steering (ES) and Spatial Spreading (SS), respectively. The proposed PHY layer is described in detail in [4]. This section contains a description of the methodology used to simulate the proposed PHY layer.  In Section 5, we present results of extensive simulations that characterize the performance of both modes of operation.

4.1 Simulation Methodology

In order to obtain performance metrics such as average PHY throughput and packet error rate (PER), the exchange of multiple PPDUs on a single link between two entities (e.g., an AP and a STA) is simulated. The basic time unit during which this exchange takes place is referred to as the Scheduled Access Period (SCAP) [4]. As shown in Figure 4‑1, the duration of the SCAP is 2.048 ms, and the SCAP is divided into a forward link (FL) segment and a reverse link (RL) segment. In the simulations, a single 1000-byte PPDU is transmitted in each of the FL and RL segments, in what is referred to as “FL data” and “RL data”, respectively. 

To allow realistic simulation of channel estimation and rate adaptation in a time-varying channel, a sequence of two or three SCAPs is simulated, depending on whether Spatial Spreading or Eigenvector Steering is employed. Performance metrics such as average throughput and average packet error rate are obtained by simulating a large number of such sequences, each with its own independent channel realization. However, in order to obtain distributions of throughput and packet error rate, a large number of sequences may be simulated with each single channel realization such that a throughput value and a packet error rate may be associated with each realization. Each channel realization provides multiple snapshots of the channel, where the Doppler process evolves from snapshot to snapshot, capturing the time-variance of the channel. Assuming that the channel is stationary throughout the duration of each PPDU, three snapshots are needed per SCAP. In our simulations these snapshots are taken at t0=0 ms, t1=0.5 ms and t2=1.5 ms. The channel realizations are generated in accordance with the TGn channel model document [3] and are implemented as time-varying tapped delay lines. In the following discussion, we assume an AP-centric scenario where FL transmission refers to transmissions from the AP to a STA, and RL transmission refers to transmissions from the STA to the AP. The simulation approach is described below for Eigenvector Steering and Spatial Spreading, respectively.
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Figure 4‑1:  Scheduled Access Period (SCAP)
4.2 Eigenvector Steering Transmission Mode
In simulations of the Eigenvector Steering transmission mode, channel estimation and rate adaptation take place over three SCAPs (6.144 ms). In this mode, the transmitters at each end of the link have sufficient information about the channel to compute optimum steering vectors.

· First SCAP:

· STA receives Common MIMO Training Sequence from AP and computes channel estimate at t0.
· STA sends steered Dedicated MIMO Training Sequence on RL at t2.
· AP receives steered training sequence and computes estimates of its receive and transmit steering vectors.

· Second SCAP:

· STA receives Common MIMO Training Sequence from AP and computes channel estimate at (2.048 ms + t0).

· AP sends steered Dedicated MIMO Training Sequence on FL at (2.048 ms + t1). Based on the received steered training sequence, the STA makes FL rate selection and computes estimates of its receive vectors.

· STA sends steered Dedicated MIMO Training Sequence on RL at (2.048 ms + t2 ) with FL rate selection. Based on the received steered training sequence, the AP makes RL rate selection and computes estimates of its receive and transmit steering vectors.

· Third SCAP:

· STA receives Common MIMO Training Sequence from AP and computes channel estimate at (4.096 ms + t0).

· AP sends steered Dedicated MIMO Training Sequence followed by data PPDU + RL rate selection on FL at (4.096 ms + t1). FL data rates selected in second SCAP. The STA receives the PPDU with receive steering vectors computed from the steered training sequence.

· STA sends steered Dedicated MIMO Training Sequence followed by PPDU on RL at (4.096 ms + t2). RL data rates selected in second SCAP. The AP receives the PPDU with receive steering vectors computed from the steered training sequence.

4.3 Spatial Spreading Transmission Mode

In simulations of the Spatial Spreading transmission mode, channel estimation and rate adaptation take place over two SCAPs (4.096 ms). In this mode the transmitters do not have sufficient channel information to compute optimum steering vectors.

· First SCAP:

· STA receives Common MIMO Training Sequence from AP and computes channel estimate at t0.  Based on the received training sequence, the STA makes FL rate selection.

· STA sends unsteered Dedicated MIMO Training Sequence on RL at t2 with FL rate selection. Based on the received training sequence, the AP makes RL rate selection.

· Second SCAP:

· STA receives Common MIMO Training Sequence from AP and computes receive vectors based on channel estimate at (2.048 ms + t0).

· AP sends data PPDU + RL rate selection on FL at (2.048 ms + t1) based on rate choice made in first SCAP. The STA’s receive vectors are based on the previously received training sequence.

· STA sends unsteered Dedicated MIMO Training Sequence followed by data PPDU on RL at (2.048 ms + t2 ) with data rates selected in first SCAP. The AP’s receive vectors are based on the received training sequence. 

4.4 Common Simulation Conditions

The PHY simulator consists of the functional blocks and impairment models depicted in Figure 7‑1, Figure 7‑2, and Figure 7‑3.  Figure 7‑1 shows the transmitter processing, Figure 7‑2 diagrams the channel and impairment models, and Figure 7‑3 illustrates the receiver processing.  The impairment models comply with the requirements set forth by the 802.11n Comparison Criteria document [5].

The following common simulation conditions were adopted for simulations with both Eigenvector Steering and Spatial Spreading:

· Antenna configurations simulated: NAP × NSTA = 1×1, 2×2, 3×3, 4×4, and 4×2

· 802.11a, g OFDM structure (48 data subcarriers, 4 pilot tones, 12 guard tones, symbol duration: 4 μs including guard interval) 
· Extended OFDM symbol with shortened guard interval (SGI) of 0.4 μs and 52 data subcarriers
· Data rate per spatial stream ranging from 6 Mbps to 101.11 Mbps
· 802.11n channel models B, D and E, as well as Fourier (AWGN) channel

· 802.11n impairment models:

· Time-domain channel simulator with 5× oversampling rate (Ts=10 ns)

· Rapp nonlinear power amplifier model (IM1): 

· Total Tx power = 17 dBm;  Psat = 25 dBm

· Backoff: 11 dB per PA with NTx=2;  12.77 dB per PA with NTx=3;  14 dB per PA with NTx=4

· Carrier frequency offset : -13.675 PPM and +/-40 PPM (IM2)

· Sampling clock frequency offset: -13.675 PPM and +/-40 PPM (IM2) 

· Phase noise at both transmitter and receiver (IM4)
· Targeted packet error rate (PER) performance: mean PER <= 1%

· PPDU size: 1000 bytes

The simulations are all baseband simulations, and for the Eigenvector Steering transmission mode it is assumed that calibration has been performed, ensuring that the FL and RL channels are reciprocal, i.e., the FL and RL channel matrices have the following relationship HFL=HRLT. 

Acquisition is performed on a per-packet basis, i.e., the MIMO Training Sequences are all  preceded by a preamble consisting of 10 short and 2 long training symbols similar to the 802.11a/g preamble. Carrier frequency and symbol clock offsets are estimated and compensated for in both the MIMO Training Sequence and data portions of the received packets. Hence, in the simulations, acquisition is performed three times per SCAP, i.e., at t0, t1, and t2.

The rate adaptation algorithm assigns data rates on a per-stream basis, selecting from the set of data rates listed in Table 4‑1. In the simulations discussed here rate #10a is unavailable and 256-QAM is used whenever supported by the channel conditions. The rate adaptation algorithm makes rate decisions based on the SNRs per subcarrier per stream computed from either the Common MIMO Training Sequence or the Dedicated MIMO Training Sequence.

	Rate #
	Bits per symbol
	Code rate
	Modulation format
	Data rate (Mbps)

	
	
	
	
	48 subcarriers
	52 subcarriers + SGI

	0
	0.5
	1/2
	BPSK
	6
	7.22

	1
	0.75
	3/4
	BPSK
	9
	10.83

	2
	1.0
	1/2
	QPSK
	12
	14.44

	3
	1.5
	3/4
	QPSK
	18
	21.67

	4
	2.0
	1/2
	16 QAM
	24
	28.89

	5
	2.5
	5/8
	16 QAM
	30
	36.11

	6
	3.0
	3/4
	16 QAM
	36
	43.33

	7
	3.5
	7/12
	64 QAM
	42
	50.56

	8
	4.0
	2/3
	64 QAM
	48
	57.78

	9
	4.5
	3/4
	64 QAM
	54
	65.00

	10a
	5.0
	5/6
	64 QAM
	60
	72.22

	10b
	5.0
	5/8
	256 QAM
	60
	72.22

	11
	6.0
	3/4
	256 QAM
	72
	86.67

	12
	7.0
	7/8
	256 QAM
	84
	101.11


Table 4‑1: Data Rates

5. Physical Layer Simulation Results
Simulation results generated according to the requirements of Comparison Criteria 59, 67, and 67.2 are presented below. The performance results are given in terms of 

1) average PHY throughput as a function of SNR, 

2) throughput statistics, 

3) average PER as a function of  SNR, and 

4) PER statistics. 

Results are provided for both forward and reverse links with Eigenvector Steering and Spatial Spreading modes of operation, respectively. SNR is given in terms of total Es/N0 per receiver. Note that Es reflects the captured energy in the received 3.2 μs OFDM symbol, exclusive of the guard interval.

5.1 Eigenvector Steering Transmission Mode

5.1.1 CC59 – AWGN PER Performance

The PER vs Es/N0 performance in AWGN was simulated with the following system configurations: NAP × NSTA = 1×1, 2×2, 3×3, and 4×4. Referring to Table 4‑1, the following set of data rates was used: {0, 3, 6, 9, 12}, corresponding to data rates of 
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Mbps. For each point, a minimum of 100 packet errors were collected. Perfect synchronization and channel estimation was assumed.

Figure 7‑4, Figure 7‑5, Figure 7‑6, and Figure 7‑7 show AWGN performance in Eigenvector Steering mode for 1×1, 2×2, 3×3, and 4×4 configurations, respectively.

5.1.2 CC67 – PER Performance in Non AWGN Channels

Average physical layer data throughput:

Plots illustrating the average physical layer data throughput as a function of SNR per receiver achieved with adaptive rate selection are provided. Also shown on the same figures are the corresponding average packet error rates.  In addition, throughput distributions and packet error rate distributions are shown for each SNR point, each link, and each configuration.  Results are given for the following system configurations:  NAP × NSTA = 2×2, 4×4, and 4×2.  Table 5‑1 provides the figure numbers for each of the plots.
In obtaining the results shown in the figures, 100 channel realizations were simulated for each SNR point, and multiple packets were transmitted per channel realization (stopping criterion: 10 packet errors or 400 independent 3-SCAP sequences simulated per channel realization).  
	
	B
	D
	E

	
	2×2
	4×4
	4×2
	2×2
	4×4
	4×2
	2×2
	4×4
	4×2

	Average throughput
	Figure 7‑8
	Figure 7‑13
	Figure 7‑18
	Figure 7‑23
	Figure 7‑28
	Figure 7‑33
	Figure 7‑38
	Figure 7‑43
	Figure 7‑48

	FL throughput distribution
	Figure 7‑9
	Figure 7‑14
	Figure 7‑19
	Figure 7‑24
	Figure 7‑29
	Figure 7‑34
	Figure 7‑39
	Figure 7‑44
	Figure 7‑49

	RL throughput distribution
	Figure 7‑10
	Figure 7‑15
	Figure 7‑20
	Figure 7‑25
	Figure 7‑30
	Figure 7‑35
	Figure 7‑40
	Figure 7‑45
	Figure 7‑50

	FL PER distribution
	Figure 7‑11
	Figure 7‑16
	Figure 7‑21
	Figure 7‑26
	Figure 7‑31
	Figure 7‑36
	Figure 7‑41
	Figure 7‑46
	Figure 7‑51

	RL PER distribution
	Figure 7‑12
	Figure 7‑17
	Figure 7‑22
	Figure 7‑27
	Figure 7‑32
	Figure 7‑37
	Figure 7‑42
	Figure 7‑47
	Figure 7‑52


Table 5‑1: Organization of plots for ES mode
Packet Error Rate vs SNR:

In addition to the main simulation results showing average throughput achieved with adaptive rate selection, we also provide a select set of fixed data rate packet error rate results. We include plots showing the average PER as a function of SNR per receiver with fixed data rates for 2×2 and 4×4 system configurations. 100 packet errors were collected for each point, and each packet uses an independent channel realization. A set of data rates considered representative of the proposal is given below.

Figure 7‑53, Figure 7‑54, and Figure 7‑55 show performance of the following data rates in a 2×2 

Configuration for channel models B, D, and E, respectively:

· 1 spatial stream - BPSK, R=1/2 (6 Mbps)

· 2 spatial streams - 256-QAM, R=7/8; QPSK, R=3/4 (102 Mbps)

· 2 spatial streams - 256-QAM, R=7/8; 64-QAM, R=2/3 (132 Mbps)

· 2 spatial streams - 256-QAM, R=7/8; 256-QAM, R=7/8 (168 Mbps)

Figure 7‑56, Figure 7‑57, and Figure 7‑58 show performance of the following data rates in a 4×4 configuration for channel models B, D, and E, respectively:

· 1 spatial stream - BPSK, R=1/2  (6 Mbps)

· 2 spatial streams - 16-QAM, R=3/4; QPSK, R=3/4 (54 Mbps)

· 3 spatial streams - 256-QAM, R=7/8; 256-QAM, R=5/8; QPSK, R=3/4 (162 Mbps)

· 4 spatial streams - 256-QAM, R=7/8; 256-QAM, R=3/4; QPSK, R=3/4; BPSK, R=1/2 (180 Mbps)

· 4 spatial streams - 256-QAM, R=7/8; 256-QAM, R=7/8; 256-QAM, R=3/4; 16-QAM, R=3/4 (276 Mbps)

· 4 spatial streams - 256-QAM, R=7/8; 256-QAM, R=7/8; 256-QAM, R=7/8; 256-QAM, R=7/8; (336 Mbps)

Performance in channel D with and without the fluorescent effect:

Figure 7‑59 and Figure 7‑60 compare the average PER as a function of SNR with and without the fluorescent effect present in channel D. Figure 7‑59 shows results obtained with a 4×4 system operating with four active spatial streams and two different rates. The data rates are high, 336 Mbps (rate #12 on all four streams) and 276 Mbps (rates #12, 12, 11, 6), respectively, resulting in a high PER (close to 1.0 in the former case). Figure 7‑60 shows results obtained with a 2×2 system where two spatial streams are active. In this case, the data rate is 144 Mbps (rates #12, 10b). The fluorescent effect has no discernible impact on performance.

5.1.3 CC67.2 – Offset Compensation

Impact of carrier frequency and symbol clock offset on PER at low SNR, channel E:

Figure 7‑61 illustrates the impact of carrier frequency and symbol clock offsets on the PER for a 2×2 system and a 4×4 system in channel E. With no carrier frequency or symbol clock offsets, the lowest average SNR at which a 10% PER is achieved is approximately 2 dB for the 4x4 system and approximately 6 dB for the 2x2 system. Both are achieved with the lowest data rate (rate #0, BPSK, R=1/2 – 6 Mbps). There is very little difference in performance when operating with +/- 40 PPM carrier frequency and symbol clock offsets at the same SNRs.
Impact of carrier frequency and symbol clock offset on PER at SNR=50 dB, channel E (LOS):

Table 5‑2 shows the impact of carrier frequency and symbol clock offsets on the PER for a 2×2 system and a 4×4 system, respectively, operating at an SNR of 50 dB in channel E (LOS). The following data rates, which are typical of operation at this SNR, are used:

· 2×2: two active spatial streams with rates #11 and 5 (102 Mbps)

· 4×4: four active spatial streams with rates # 12, 12, 8, 3 (234 Mbps)

The table shows the PER performance achieved with 0 PPM and +/-40 PPM carrier frequency and symbol clock offsets. The differences between the three cases are insignificant.

	
	Data rate
	0 PPM
	+ 40 PPM
	- 40 PPM

	2×2
	102 Mbps
	1.80e-2
	1.00e-2
	2.10e-2

	4×4
	234 Mbps
	1.44e-1
	1.13e-1
	1.34e-1


Table 5‑2: Impact of carrier frequency and symbol clock offsets in channel E (LOS) at 50 dB

5.2 Spatial Spreading Transmission Mode

5.2.1 CC59 – AWGN PER Performance

The PER vs Es/N0 performance in AWGN was simulated with the following system configurations: NAP × NSTA = 1×1, 2×2, 3×3, and 4×4.  Referring to Table 4‑1, the following set of data rates was used: {0, 3, 6, 9, and 12}, corresponding to data rates of 
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Mbps. For each point, a minimum of 100 packet errors were collected. Perfect synchronization and channel estimation was assumed.

Figure 7‑62, Figure 7‑63, Figure 7‑64, and Figure 7‑65 show AWGN performance in Spatial Spreading mode for 1×1, 2×2, 3×3, and 4×4 configurations, respectively.

5.2.2 CC67 – PER Performance in Non AWGN Channels

Average physical layer data throughput:

Plots illustrating the average physical layer data throughput as a function of SNR per receiver achieved with adaptive rate selection are provided. Also shown on the same figures are the corresponding average packet error rates.  In addition, throughput distributions and packet error rate distributions are shown for each SNR point, each link, and each configuration.  Results are given for the following system configurations:  NAP  × NSTA = 2×2, 4×4, and 4×2.  Table 5‑3 provides the figure numbers for each of the plots.
In obtaining the results shown in the figures, 100 channel realizations were simulated for each SNR point, and multiple packets were transmitted per channel realization (stopping criterion: 10 packet errors or 400 independent 2-SCAP sequences simulated per channel realization).  
	
	B
	D
	E

	
	2×2
	4×4
	4×2
	2×2
	4×4
	4×2
	2×2
	4×4
	4×2

	Average throughput
	Figure 7‑66
	Figure 7‑71
	Figure 7‑76
	Figure 7‑81
	Figure 7‑86
	Figure 7‑91
	Figure 7‑96
	Figure 7‑101
	Figure 7‑106

	FL throughput distribution
	Figure 7‑67
	Figure 7‑72
	Figure 7‑77
	Figure 7‑82
	Figure 7‑87
	Figure 7‑92
	Figure 7‑97
	Figure 7‑102
	Figure 7‑107

	RL throughput distribution
	Figure 7‑68
	Figure 7‑73
	Figure 7‑78
	Figure 7‑83
	Figure 7‑88
	Figure 7‑93
	Figure 7‑98
	Figure 7‑103
	Figure 7‑108

	FL PER distribution
	Figure 7‑69
	Figure 7‑74
	Figure 7‑79
	Figure 7‑84
	Figure 7‑89
	Figure 7‑94
	Figure 7‑99
	Figure 7‑104
	Figure 7‑109

	RL PER distribution
	Figure 7‑70
	Figure 7‑75
	Figure 7‑80
	Figure 7‑85
	Figure 7‑90
	Figure 7‑95
	Figure 7‑100
	Figure 7‑105
	Figure 7‑110


Table 5‑3: Organization of plots for SS mode
Packet Error Rate vs SNR:

We include plots illustrating the average packet error rate as a function of SNR per receiver with fixed data rates. 100 packet errors were collected for each point, and each packet uses an independent channel realization. A set of data rates considered representative of the proposal is given below.

Figure 7‑111, Figure 7‑112, and Figure 7‑113 show performance of the following data rates in a 2×2 configuration for channel models B, D, and E, respectively:

· 1 stream: QPSK, R=3/4 (18 Mbps)

· 2 streams: 16-QAM, R=3/4 on both streams (72 Mbps)

· 2 streams: 64-QAM, R=3/4 on both streams (108 Mbps)

Figure 7‑114, Figure 7‑115, and Figure 7‑116 show performance of the following data rates in a 4×4 configuration for channel models B, D, and E, respectively:

· 1 stream: QPSK, R=3/4 (18 Mbps)

· 2 streams: 16-QAM, R=1/2 on both streams (48 Mbps)

· 3 streams: 16-QAM, R=3/4 on all three streams (108 Mbps)

· 3 streams: 64-QAM, R=2/3 on all three streams (144 Mbps)

· 4 streams: 64-QAM, R=2/3 on all four streams (192 Mbps)

Performance in channel D with and without the fluorescent effect:

Figure 7‑117 and Figure 7‑118 compare the average PER as a function of SNR with and without the fluorescent effect present in channel D. Figure 7‑117 shows results obtained with a 4×4 system operating with three active spatial streams. The data rate is high, 252 Mbps (rate #12 on all three streams) resulting in a high PER. Figure 7‑118 shows results obtained with a 2×2 system where two spatial streams are active. In this case, the data rate is 120 Mbps (rate #10b on both streams). The fluorescent effect has no discernible impact on performance.

5.2.3 CC67.2 – Offset Compensation

Impact of carrier frequency and symbol clock offset on PER at low SNR, channel E:

Figure 7‑119 illustrates the impact of carrier frequency and symbol clock offsets on the PER for a 2×2 system and a 4×4 system in channel E. With no carrier frequency or symbol clock offsets, the lowest average SNR at which a 10% PER is achieved is approximately 6 dB for the 4x4 system and approximately 9 dB for the 2x2 system. Both are achieved with the lowest data rate (rate #0, BPSK, R=1/2 – 6 Mbps). There is very little difference in performance when operating with +/- 40 PPM carrier frequency and symbol clock offsets at the same SNRs.

Impact of carrier frequency and symbol clock offset on PER at SNR=50 dB, channel E (LOS):

Table 5‑4 shows the impact of carrier frequency and symbol clock offsets on the PER for a 2×2 system and a 4×4 system, respectively, operating at an SNR of 50 dB in channel E (LOS). The following data rates, which are typical of operation at this SNR, are used:

· 2×2: two active spatial streams both with rate # 6 (72 Mbps)

· 4×4: two active spatial streams both with rates # 10b (120 Mbps)

The table shows the PER performance achieved with 0 PPM and +/-40 PPM carrier frequency and symbol clock offsets. The differences between the three cases are insignificant.

	
	Data rate
	0 PPM
	+ 40 PPM
	- 40 PPM

	2×2
	72 Mbps
	4.60e-2
	4.60e-2
	6.60e-2

	4×4
	120 Mbps
	1.10e-2
	1.20e-2
	1.50e-2


Table 5‑4: Impact of carrier frequency and symbol clock offsets in channel E (LOS) at 50 dB

5.2.4 Additional Results Obtained with Spatial Spreading Transmission Mode without Cyclic Delay

Plots illustrating the average physical layer data throughput as a function of SNR per receiver achieved with adaptive rate selection are provided for channel models B, D, and E. Also shown on the same figures are the corresponding average packet error rates.  In addition, throughput distributions and packet error rate distributions are shown for each SNR point, each link, and each configuration.  Results are given for the following system configuration:  NAP  × NSTA = 4×2.  Table 5‑5 provides the figure numbers for each of the plots.
In obtaining the results shown in the figures, 100 channel realizations were simulated for each SNR point, and multiple packets were transmitted per channel realization (stopping criterion: 10 packet errors or 400 independent 3-SCAP sequences simulated per channel realization).  

	
	4×2

	
	B
	D
	E

	Average throughput
	Figure 7‑120
	Figure 7‑125
	Figure 7‑130

	FL throughput distribution
	Figure 7‑121
	Figure 7‑126
	Figure 7‑131

	RL throughput distribution
	Figure 7‑122
	Figure 7‑127
	Figure 7‑132

	FL PER distribution
	Figure 7‑123
	Figure 7‑128
	Figure 7‑133

	RL PER distribution
	Figure 7‑124
	Figure 7‑129
	Figure 7‑134


Table 5‑5: Organization of plots for spatial spreading mode without cyclic delay
5.3 Some Results Obtained with Short Guard Interval and 52 Data Subcarriers

5.3.1 CC59 – AWGN PER Performance

The PER vs Es/N0  performance in AWGN was simulated with the following system configurations: NAP  × NSTA = 1×1, 2×2, 3×3, and 4×4. Referring to Table 4‑1, the following set of data rates was used: {0, 3, 6, 9, 12}. For each point, a minimum of 100 packet errors were collected. Perfect synchronization and channel estimation was assumed.

Figure 7‑135, Figure 7‑136, Figure 7‑137, and Figure 7‑138 show AWGN performance in Eigenvector Steering mode with short guard interval and 52 data subcarriers for 1×1, 2×2, 3×3, and 4×4 configurations, respectively.

5.3.2 CC67 – PER Performance in Non AWGN Channels

Average physical layer data throughput:

Plots illustrating the average physical layer data throughput as a function of SNR per receiver achieved with adaptive rate selection are provided for both ES mode and SS mode. Also shown on the same figures are the corresponding average packet error rates.  In addition, throughput distributions and packet error rate distributions are shown for each SNR point, each link, and each configuration.  Results are given for the following system configurations:  NAP  × NSTA = 2×2, 4×4, and 4×2.  provides the figure numbers for each of the plots obtained with ES mode, while Table 5‑7 provides the figure numbers for the plots obtained with SS mode.
In obtaining the results shown in the figures, 100 channel realizations were simulated for each SNR point, and multiple packets were transmitted per channel realization (stopping criterion: 10 packet errors or 400 independent 3-SCAP sequences simulated per channel realization).  
	
	B
	D

	
	2×2
	4×4
	4×2
	2×2
	4×4
	4×2

	Average throughput
	Figure 7‑139
	Figure 7‑144
	Figure 7‑149
	Figure 7‑154
	Figure 7‑159
	Figure 7‑164

	FL throughput distribution
	Figure 7‑140
	Figure 7‑145
	Figure 7‑150
	Figure 7‑155
	Figure 7‑160
	Figure 7‑165

	RL throughput distribution
	Figure 7‑141
	Figure 7‑146
	Figure 7‑151
	Figure 7‑156
	Figure 7‑161
	Figure 7‑166

	FL PER distribution
	Figure 7‑142
	Figure 7‑147
	Figure 7‑152
	Figure 7‑157
	Figure 7‑162
	Figure 7‑167

	RL PER distribution
	Figure 7‑143
	Figure 7‑148
	Figure 7‑153
	Figure 7‑158
	Figure 7‑163
	Figure 7‑168


Table 5‑6: Organization of plots for SGI-52, ES mode

	
	2×2

	
	B
	D
	E

	Average throughput
	Figure 7‑169
	Figure 7‑174
	Figure 7‑179

	FL throughput distribution
	Figure 7‑170
	Figure 7‑175
	Figure 7‑180

	RL throughput distribution
	Figure 7‑171
	Figure 7‑176
	Figure 7‑181

	FL PER distribution
	Figure 7‑172
	Figure 7‑177
	Figure 7‑182

	RL PER distribution
	Figure 7‑173
	Figure 7‑178
	Figure 7‑183


Table 5‑7: Organization of plots for SGI-52, SS mode

Packet Error Rate vs SNR (ES mode only):

We include plots illustrating the average packet error rate as a function of SNR per receiver with fixed data rates. 100 packet errors were collected for each point, and each packet uses an independent channel realization. A set of data rates considered representative of the proposal is given below.

Figure 7‑184 and Figure 7‑185 show performance of the following data rates in a 2×2 configuration for channel models B and D, respectively:

· 1 spatial stream - BPSK, R=1/2 (7.22 Mbps)

· 2 spatial streams - 256-QAM, R=7/8; QPSK, R=3/4 (122.78 Mbps)

· 2 spatial streams - 256-QAM, R=7/8; 64-QAM, R=2/3 (158.89 Mbps)

Figure 7‑186, Figure 7‑187, and Figure 7‑188 show performance of the following data rates in a 4×4 configuration for channel models B, D, and E, respectively:

· 1 spatial stream - BPSK, R=1/2  (7.22 Mbps)

· 2 spatial streams - 16-QAM, R=3/4; QPSK, R=3/4 (65 Mbps)

· 3 spatial streams - 256-QAM, R=7/8; 256-QAM, R=5/8; QPSK, R=3/4 (195 Mbps)

· 4 spatial streams - 256-QAM, R=7/8; 256-QAM, R=3/4; QPSK, R=3/4; BPSK, R=1/2 (216.67 Mbps)

· 4 spatial streams - 256-QAM, R=7/8; 256-QAM, R=7/8; 256-QAM, R=3/4; 16-QAM, R=3/4 (332.22 Mbps)

6. Error Model for System Simulations Based on PHY Abstraction
6.1 Introduction

In the NS based system simulator, a MIMO propagation module (MPM) has been implemented which simulates the effects of the underlying PHY for each wireless link. The MPM is not a full PHY link simulator, but rather an abstraction of the PHY. This abstract model is sufficient for generating error processes in the system simulations that accurately reflect the interaction between the MIMO OFDM PHY and the wireless channel as modeled by the TGn channel models [3]. In fact, the MPM implements the channel models between each pair of nodes in the system simulation and is queried by the system simulator to obtain the instantaneous post-detection SNRs associated with a specific link’s channel state at the time of a packet arrival. “Post-detection SNRs” refers to estimates of the receive SNRs that include the effects of transmitter and receiver spatial processing. These SNRs represent an abstract model of the PHY, and provide means for computing packet error probabilities, upon which the error processes are based. The post-detection SNRs are also used for rate control purposes, i.e., for selecting the PHY data rates that can be supported by the channel at a given time. In the following sections, a detailed description is given of how post-detection SNRs are calculated, as well as how the error processes are generated from them.

6.2 PHY Abstraction: Post-Detection SNRs

The operation of the proposed 802.11n PHY layer involves estimating the channel (as well as receive/transmit steering vectors in the case of the Eigenvector Steering mode of operation) using the MIMO Training Sequence and the Steered MIMO Training Sequence. Upon receiving either one of the training sequences, the STA computes its receive vectors (steered or unsteered) and determines the number of spatially segregated streams and associated per-stream data rates that can be reliably supported by the channel. Specifically, these decisions are based on estimates of the SNR in each OFDM subcarrier of each spatial stream computed at the output of the receive MIMO spatial processing. Since the TGn channel models are slowly fading channels relative to typical packet durations, the simulator assumes that the channel is stationary over each individual packet. Each OFDM subcarrier can therefore be treated as if it were an AWGN subchannel with a fixed SNR over the course of a packet.

The received signal vector in subcarrier k is given by


[image: image45.wmf](

)

(

)

(

)

(

)

kkTkk

éù

=+

ëû

rHsn


where 
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 is AWGN, and T[.] is a transformation on the transmitted signal vector 
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 representing transmit spatial processing (if any). The output of the receive spatial processing may be represented as
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where R[.] is a transformation on the received signal vector representing receive spatial processing, and 
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 is a noise vector consisting of both AWGN and residual self-interference due to imperfect isolation of the spatial streams.

The post-detection SNR in subcarrier k of stream i is
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where F[.] is determined by the spatial processing performed at the transmitter and receiver. Based on the post-detection SNRs, a rate adaptation algorithm decides the number of spatial streams to be used, 
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, and the per-stream data rates that can be supported under the current channel conditions.

As an example, consider a minimum mean squared error (MMSE) receiver for the case where 
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, where I is the identity matrix. In this case, the receive spatial processing is given by
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where 
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 is the MMSE spatial filter given by
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and 
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6.3 Error Process Generation

Having obtained the post-detection SNRs as well as the number of active spatial streams 
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 and the per-stream data rate selections, the packet error probability can be calculated using the following steps. First we define the effective SNR per stream,
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X(i) is simply the geometric mean of the subcarrier SNRs, adjusted by the variance. The constant a is used to fit the approximation to simulation results obtained with the actual PHY link simulator .

The effective SNR for stream i is now used to look up the coded bit error probability for the data rate used in stream i from a table listing the bit error rate vs SNR in AWGN. Next, the approximate error event probability 
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 is the minimum distance of the code used in stream i. The probability of error in stream i is approximated as
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[image: image74.wmf]i

R

 is the code rate in stream i. Finally, the overall packet error probability with  
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spatial streams is given by
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The packet error probability estimate is the basis for the error process in the system simulation. Each time a packet arrives at a receiver, the packet error probability is calculated based on the post-detection SNRs as described above. A weighted coin toss where the weight is simply the packet error probability is then performed in order to decide whether the packet is received in error.

6.4 Error Model Validation

In order to validate the packet error model, full PHY link simulations were conducted in which simulated packet error rates were compared to predicted packet error rates, i.e., packet error rates obtained with the error process model. In order to comply with the MAC related system simulation scenarios, these link simulations were run using perfect synchronization and perfect channel estimation. The phase noise and PA nonlinearity models were both active, however. 10000 channel realizations were generated, and a single 3(2)-SCAP sequence was simulated per channel realization.

Figure 7‑189 compares simulated and predicted average packet error rates obtained with a 4×4 system operating in Eigenvector Steering mode in channel B. Results are shown for one, two and three active spatial streams with the following data rates (referring to Table 4-1):

· One stream: rate #3 (18 Mbps)

· Two streams: rates #6 and #3 (54 Mbps)

· Three streams: rates #12, #9, #4 (162 Mbps)

Figure 7‑190 shows the distributions of the packet error rates per channel realization for a single SNR point (8dB) for the case of two active streams above. The distributions reflect 100 channel realizations and 1000 3-SCAP sequences per realization. Figure 7‑191 shows simulated and predicted average packet error rates obtained with two and three active spatial streams in channel D.

Figure 7‑192 and Figure 7‑193 compare simulated and predicted average packet error rates obtained with a 4×4 system operating in Spatial Spreading mode in channels B and E, respectively. Results are shown for one, two, and three active spatial streams with the following data rates (referring to Table 4-1):

· One stream: rate #3 (18 Mbps)

· Two streams: rate #4 on both streams (48 Mbps)

· Three streams: rates #6 on all three streams (108 Mbps)

The above results were obtained with fitting constant values of a=0 for the ES case and a=0.6 for the SS case. The results show satisfactory agreement between the simulated and predicted packet error rates for a wide range of cases.
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Figure 7‑1: Transmitter processing
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Figure 7‑2: Channel and impairment models
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Figure 7‑3: Receiver processing
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Figure 7‑4: AWGN performance for 1×1 Eigenvector Steering mode
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Figure 7‑5: AWGN performance for 2×2 Eigenvector Steering mode
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Figure 7‑6: AWGN performance for 3×3 Eigenvector Steering mode
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Figure 7‑7: AWGN performance for 4×4 Eigenvector Steering mode
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Figure 7‑8: Throughput vs SNR and Average PER vs SNR for channel model B, 2×2, Eigenvector Steering
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Figure 7‑9: Forward link throughput distributions for channel model B, 2×2, Eigenvector Steering
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Figure 7‑10: Reverse link throughput distributions for channel model B, 2×2, Eigenvector Steering
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Figure 7‑11: Forward link packet error rate distributions for channel model B, 2×2, Eigenvector Steering
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Figure 7‑12: Reverse link packet error rate distributions for channel model B, 2×2, Eigenvector Steering
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Figure 7‑13: Throughput vs SNR and Average PER vs SNR for channel model B, 4×4, Eigenvector Steering
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Figure 7‑14: Forward link throughput distributions for channel model B, 4×4, Eigenvector Steering
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Figure 7‑15: Reverse link throughput distributions for channel model B, 4×4, Eigenvector Steering
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Figure 7‑16: Forward link packet error rate distributions for channel model B, 4×4, Eigenvector Steering
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Figure 7‑17: Reverse link packet error rate distributions for channel model B, 4×4, Eigenvector Steering
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Figure 7‑18: Throughput vs SNR and Average PER vs SNR for channel model B, 4×2, Eigenvector Steering
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Figure 7‑19: Forward link throughput distributions for channel model B, 4×2, Eigenvector Steering
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Figure 7‑20: Reverse link throughput distributions for channel model B, 4×2, Eigenvector Steering
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Figure 7‑21: Forward link packet error rate distributions for channel model B, 4×2, Eigenvector Steering
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Figure 7‑22: Reverse link packet error rate distributions for channel model B, 4×2, Eigenvector Steering
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Figure 7‑23: Throughput vs SNR and Average PER vs SNR for channel model D, 2×2, Eigenvector Steering
[image: image100.wmf]0

20

40

60

80

100

120

140

160

0

0.2

0.4

0.6

0.8

1

ES, 802.11n Ch. D, 2x2, FL

X (Mbps)

Pr(Throughput<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑24: Forward link throughput distributions for channel model D, 2×2, Eigenvector Steering
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Figure 7‑25: Reverse link throughput distributions for channel model D, 2×2, Eigenvector Steering
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Figure 7‑26: Forward link packet error rate distributions for channel model D, 2×2, Eigenvector Steering
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Figure 7‑27: Reverse link packet error rate distributions for channel model D, 2×2, Eigenvector Steering
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Figure 7‑28: Throughput vs SNR and Average PER vs SNR for channel model D, 4×4, Eigenvector Steering
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Figure 7‑29: Forward link throughput distributions for channel model D, 4×4, Eigenvector Steering
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Figure 7‑30: Reverse link throughput distributions for channel model D, 4×4, Eigenvector Steering
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Figure 7‑31: Forward link packet error rate distributions for channel modelDB,4×4, Eigenvector Steering
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Figure 7‑32: Reverse link packet error rate distributions for channel model D, 4×4, Eigenvector Steering
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Figure 7‑33: Throughput vs SNR and Average PER vs SNR for channel model B, 4×2, Eigenvector Steering
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Figure 7‑34: Forward link throughput distributions for channel model D, 4×2, Eigenvector Steering
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Figure 7‑35: Reverse link throughput distributions for channel model B, 4×2, Eigenvector Steering
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Figure 7‑36: Forward link packet error rate distributions for channel model D, 4×2, Eigenvector Steering
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Figure 7‑37: Reverse link packet error rate distributions for channel model D, 4×2, Eigenvector Steering
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Figure 7‑38: Throughput vs SNR and Average PER vs SNR for channel model E, 2×2, Eigenvector Steering
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Figure 7‑39: Forward link throughput distributions for channel model E, 2×2, Eigenvector Steering
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Figure 7‑40: Reverse link throughput distributions for channel model E, 2×2, Eigenvector Steering
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Figure 7‑41: Forward link packet error rate distributions for channel model E, 2×2, Eigenvector Steering
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Figure 7‑42: Reverse link packet error rate distributions for channel model E, 2×2, Eigenvector Steering

[image: image119.wmf]0

5

10

15

20

25

30

35

40

45

50

0

40

80

120

160

200

240

280

320

ES, 802.11n Ch. E, 4x4

E

s

/N

0

 (dB)

Average Throughput (Mbps)

FL

RL

0

5

10

15

20

25

30

35

40

45

50

10

-3

10

-2

10

-1

Average PER


Figure 7‑43: Throughput vs SNR and Average PER vs SNR for channel model E, 4×4, Eigenvector Steering
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Figure 7‑44: Forward link throughput distributions for channel model E, 4×4, Eigenvector Steering
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Figure 7‑45: Reverse link throughput distributions for channel model E, 4×4, Eigenvector Steering
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Figure 7‑46: Forward link packet error rate distributions for channel model E, 4×4, Eigenvector Steering
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Figure 7‑47: Reverse link packet error rate distributions for channel model E, 4×4, Eigenvector Steering
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Figure 7‑48: Throughput vs SNR and Average PER vs SNR for channel model E, 4×2, Eigenvector Steering
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Figure 7‑49: Forward link throughput distributions for channel model E, 4×2, Eigenvector Steering
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Figure 7‑50: Reverse link throughput distributions for channel model E, 4×2, Eigenvector Steering
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Figure 7‑51: Forward link packet error rate distributions for channel model E, 4×2, Eigenvector Steering
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Figure 7‑52: Reverse link packet error rate distributions for channel model E, 4×2, Eigenvector Steering
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Figure 7‑53: Performance in channel model B, 2×2, Eigenvector Steering, fixed rates
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Figure 7‑54: Performance in channel model D, 2×2, Eigenvector Steering, fixed rates
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Figure 7‑55: Performance in channel model E, 2×2, Eigenvector Steering, fixed rates
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Figure 7‑56: Performance in channel model B, 4×4, Eigenvector Steering, fixed rates
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Figure 7‑57: Performance in channel model D, 4×4, Eigenvector Steering, fixed rates
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Figure 7‑58: Performance in channel model E, 4×4, Eigenvector Steering, fixed rates
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Figure 7‑59: Fluorescent effect on and off in channel model D, 4×4, Eigenvector Steering, 4 spatial streams
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Figure 7‑60: Fluorescent effect on and off in channel model D, 2×2, Eigenvector Steering, 2 spatial streams
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Figure 7‑61: Impact of carrier frequency and symbol clock offset for 2×2 and 4×4, Eigenvector Steering, channel model E
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Figure 7‑62: AWGN performance for 1×1 Spatial Spreading mode
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Figure 7‑63: AWGN performance for 2×2 Spatial Spreading mode
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Figure 7‑64: AWGN performance for 3×3 Spatial Spreading mode
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Figure 7‑65: AWGN performance for 4×4 Spatial Spreading mode
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Figure 7‑66: Throughput vs SNR and Average PER vs SNR for channel model B, 2×2, Spatial Spreading
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Figure 7‑67: Forward link throughput distributions for channel model B, 2×2, Spatial Spreading
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Figure 7‑68: Reverse link throughput distributions for channel model B, 2×2, Spatial Spreading
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Figure 7‑69: Forward link packet error rate distributions for channel model B, 2×2, Spatial Spreading
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Figure 7‑70: Reverse link packet error rate distributions for channel model B, 2×2, Spatial Spreading
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Figure 7‑71: Throughput vs SNR and Average PER vs SNR for channel model B, 4×4, Spatial Spreading
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Figure 7‑72: Forward link throughput distributions for channel model B, 4×4, Spatial Spreading
[image: image149.wmf]0

50

100

150

200

250

300

0

0.2

0.4

0.6

0.8

1

SS, 802.11n Ch. B, 4x4, RL

X (Mbps)

Pr(Throughput<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑73: Reverse link throughput distributions for channel model B, 4×4, Spatial Spreading
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Figure 7‑74: Forward link packet error rate distributions for channel model B, 4×4, Spatial Spreading
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Figure 7‑75: Reverse link packet error rate distributions for channel model B,4×4, Spatial Spreading
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Figure 7‑76: Throughput vs SNR and Average PER vs SNR for channel model B, 4×2, Spatial Spreading
[image: image153.wmf]0

20

40

60

80

100

120

140

160

0

0.2

0.4

0.6

0.8

1

SS, 802.11n Ch. B, 4x2, FL

X (Mbps)

Pr(Throughput<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑77: Forward link throughput distributions for channel model B, 4×2, Spatial Spreading
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Figure 7‑78: Reverse link throughput distributions for channel model B, 4×2, Spatial Spreading
[image: image155.wmf]10

-3

10

-2

10

-1

10

0

0

0.2

0.4

0.6

0.8

1

SS, 802.11n Ch. B, 4x2, FL

X

Pr(PER<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑79: Forward link packet error rate distributions for channel model B, 4×2, Spatial Spreading
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Figure 7‑80: Reverse link packet error rate distributions for channel model B, 4×2, Spatial Spreading
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Figure 7‑81: Throughput vs SNR and Average PER vs SNR for channel model D, 2×2, Spatial Spreading
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Figure 7‑82: Forward link throughput distributions for channel model D, 2×2, Spatial Spreading
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Figure 7‑83: Reverse link throughput distributions for channel model D, 2×2, Spatial Spreading
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Figure 7‑84: Forward link packet error rate distributions for channel model D, 2×2, Spatial Spreading
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Figure 7‑85: Reverse link packet error rate distributions for channel model D, 2×2, Spatial Spreading
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Figure 7‑86: Throughput vs SNR and Average PER vs SNR for channel model D, 4×4, Spatial Spreading
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Figure 7‑87: Forward link throughput distributions for channel model D, 4×4, Spatial Spreading
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Figure 7‑88: Reverse link throughput distributions for channel model D, 4×4, Spatial Spreading
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Figure 7‑89: Forward link packet error rate distributions for channel model D, 4×4, Spatial Spreading
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Figure 7‑90: Reverse link packet error rate distributions for channel model D,4×4, Spatial Spreading
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Figure 7‑91: Throughput vs SNR and Average PER vs SNR for channel model D, 4×2, Spatial Spreading
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Figure 7‑92: Forward link throughput distributions for channel model D, 4×2, Spatial Spreading
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Figure 7‑93: Reverse link throughput distributions for channel model D, 4×2, Spatial Spreading
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Figure 7‑94: Forward link packet error rate distributions for channel model D, 4×2, Spatial Spreading
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Figure 7‑95: Reverse link packet error rate distributions for channel model D, 4×2, Spatial Spreading
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Figure 7‑96: Throughput vs SNR and Average PER vs SNR for channel model E, 2×2, Spatial Spreading
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Figure 7‑97: Forward link throughput distributions for channel model E, 2×2, Spatial Spreading
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Figure 7‑98: Reverse link throughput distributions for channel model E, 2×2, Spatial Spreading
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Figure 7‑99: Forward link packet error rate distributions for channel model E, 2×2, Spatial Spreading
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Figure 7‑100: Reverse link packet error rate distributions for channel model E, 2×2, Spatial Spreading
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Figure 7‑101: Throughput vs SNR and Average PER vs SNR for channel model E, 4×4, Spatial Spreading
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Figure 7‑102: Forward link throughput distributions for channel model E, 4×4, Spatial Spreading
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Figure 7‑103: Reverse link throughput distributions for channel model E, 4×4, Spatial Spreading
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Figure 7‑104: Forward link packet error rate distributions for channel model E, 4×4, Spatial Spreading
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Figure 7‑105: Reverse link packet error rate distributions for channel model E,4×4, Spatial Spreading
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Figure 7‑106: Throughput vs SNR and Average PER vs SNR for channel model E, 4×2, Spatial Spreading
[image: image183.wmf]0

20

40

60

80

100

120

140

160

0

0.2

0.4

0.6

0.8

1

SS, 802.11n Ch. E, 4x2, FL

X (Mbps)

Pr(Throughput<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑107: Forward link throughput distributions for channel model E, 4×2, Spatial Spreading
[image: image184.wmf]0

20

40

60

80

100

120

140

160

0

0.2

0.4

0.6

0.8

1

SS, 802.11n Ch. E, 4x2, RL

X (Mbps)

Pr(Throughput<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑108: Reverse link throughput distributions for channel model E, 4×2, Spatial Spreading
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Figure 7‑109: Forward link packet error rate distributions for channel model E, 4×2, Spatial Spreading
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Figure 7‑110: Reverse link packet error rate distributions for channel model E,4×2, Spatial Spreading
[image: image187.wmf]0

10

20

30

40

50

60

10

-3

10

-2

10

-1

10

0

802.11n ch. B, 2x2, SS

E

s

/N

0

 (dB)

PER

1 stream (18 Mbps)

2 streams (72 Mbps)

2 streams (108 Mbps)


Figure 7‑111: Performance in channel model B, 2×2, Spatial Spreading, fixed rates
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Figure 7‑112: Performance in channel model D, 2×2, Spatial Spreading, fixed rates
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Figure 7‑113: Performance in channel model E, 2×2, Spatial Spreading, fixed rates
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Figure 7‑114: Performance in channel model B, 4×4, Spatial Spreading, fixed rates
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Figure 7‑115: Performance in channel model D, 4×4, Spatial Spreading, fixed rates
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Figure 7‑116: Performance in channel model E, 4×4, Spatial Spreading, fixed rates
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Figure 7‑117: Fluorescent effect on and off in channel model D, 4×4, Spatial Spreading, 3 spatial streams
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Figure 7‑118: Fluorescent effect on and off in channel model D, 2×2, Spatial Spreading, 2 spatial streams
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Figure 7‑119: Impact of carrier frequency and symbol clock offset in 2×2 and 4×4, Spatial Spreading, channel model E
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Figure 7‑120: Throughput vs SNR and Average PER vs SNR for channel model B, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑121: Forward link throughput distributions for channel model B, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑122: Reverse link throughput distributions for channel model B, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑123: Forward link packet error rate distributions for channel model B, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑124: Reverse link packet error rate distributions for channel model B, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑125: Throughput vs SNR and Average PER vs SNR for channel model D, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑126: Forward link throughput distributions for channel model D, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑127: Reverse link throughput distributions for channel model D, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑128: Forward link packet error rate distributions for channel model D, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑129: Reverse link packet error rate distributions for channel model D, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑130: Throughput vs SNR and Average PER vs SNR for channel model E, 4×2, Spatial Spreading without Cyclic Delay 
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Figure 7‑131: Forward link throughput distributions for channel model E, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑132: Reverse link throughput distributions for channel model E, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑133: Forward link packet error rate distributions for channel model E, 4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑134: Reverse link packet error rate distributions for channel model E,4×2, Spatial Spreading without Cyclic Delay
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Figure 7‑135: AWGN performance for 1×1 Eigenvector Steering mode, Short Guard Interval, 52 subcarriers

[image: image212.wmf]-5

0

5

10

15

20

25

30

10

-3

10

-2

10

-1

10

0

802.11n AWGN ch., 2x2, ES, SGI-52

E

s

/N

0

 (dB)

PER

Rate 12

Rate 9

Rate 6

Rate 3

Rate 0


Figure 7‑136: AWGN performance for 2×2 Eigenvector Steering mode, Short Guard Interval, 52 subcarriers
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Figure 7‑137: AWGN performance for 3×3 Eigenvector Steering mode, Short Guard Interval, 52 subcarriers
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Figure 7‑138: AWGN performance for 4×4 Eigenvector Steering mode, Short Guard Interval, 52 subcarriers
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Figure 7‑139: Throughput vs SNR and Average PER vs SNR for channel model B, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑140: Forward link throughput distributions for channel model B, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑141: Reverse link throughput distributions for channel model B, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑142: Forward link packet error rate distributions for channel model B, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑143: Reverse link packet error rate distributions for channel model B, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑144: Throughput vs SNR and Average PER vs SNR for channel model B, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑145: Forward link throughput distributions for channel model B, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑146: Reverse link throughput distributions for channel model B, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑147: Forward link packet error rate distributions for channel model B, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑148: Reverse link packet error rate distributions for channel model B, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑149: Throughput vs SNR and Average PER vs SNR for channel model B, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑150: Forward link throughput distributions for channel model B, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑151: Reverse link throughput distributions for channel model B, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑152: Forward link packet error rate distributions for channel model B, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑153: Reverse link packet error rate distributions for channel model B, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑154: Throughput vs SNR and Average PER vs SNR for channel model D, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑155: Forward link throughput distributions for channel model D, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑156: Reverse link throughput distributions for channel model D, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑157: Forward link packet error rate distributions for channel model D, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑158: Reverse link packet error rate distributions for channel model D, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑159: Throughput vs SNR and Average PER vs SNR for channel model D, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑160: Forward link throughput distributions for channel model D, 2×2, Eigenvector Steering, SGI-52
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Figure 7‑161: Reverse link throughput distributions for channel model D, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑162: Forward link packet error rate distributions for channel model D, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑163: Reverse link packet error rate distributions for channel model D, 4×4, Eigenvector Steering, SGI-52
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Figure 7‑164: Throughput vs SNR and Average PER vs SNR for channel model D, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑165: Forward link throughput distributions for channel model D, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑166: Reverse link throughput distributions for channel model D, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑167: Forward link packet error rate distributions for channel model D, 4×2, Eigenvector Steering, SGI-52
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Figure 7‑168: Reverse link packet error rate distributions for channel model D, 4×2, Eigenvector Steering, SGI-52

[image: image245.wmf]0

5

10

15

20

25

30

35

40

45

50

0

20

40

60

80

100

120

140

160

SS, 802.11n Ch. B, 2x2

E

s

/N

0

 (dB)

Average Throughput (Mbps)

FL

RL

0

5

10

15

20

25

30

35

40

45

50

10

-2

10

-1

Average PER


Figure 7‑169: Throughput vs SNR and Average PER vs SNR for channel model B, 2×2, Spatial Spreading, SGI-52
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Figure 7‑170: Forward link throughput distributions for channel model B, 2×2, Spatial Spreading, SGI-52
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Figure 7‑171: Reverse link throughput distributions for channel model B, 2×2, Spatial Spreading, SGI-52
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Figure 7‑172: Forward link packet error rate distributions for channel model B, 2×2, Spatial Spreading, SGI-52
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Figure 7‑173: Reverse link packet error rate distributions for channel model B, 2×2, Spatial Spreading, SGI-52
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Figure 7‑174: Throughput vs SNR and Average PER vs SNR for channel model D, 2×2, Spatial Spreading, SGI-52
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Figure 7‑175: Forward link throughput distributions for channel model D, 2×2, Spatial Spreading, SGI-52
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Figure 7‑176: Reverse link throughput distributions for channel model D, 2×2, Spatial Spreading, SGI-52

[image: image253.wmf]10

-3

10

-2

10

-1

10

0

0

0.2

0.4

0.6

0.8

1

SS, 802.11n Ch. D, 2x2, FL

X

Pr(PER<X)

0 dB

5 dB

10 dB

15 dB

20 dB

25 dB

30 dB

35 dB

40 dB

45 dB

50 dB


Figure 7‑177: Forward link packet error rate distributions for channel model D, 2×2, Spatial Spreading, SGI-52
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Figure 7‑178: Reverse link packet error rate distributions for channel model D, 2×2, Spatial Spreading, SGI-52
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Figure 7‑179: Throughput vs SNR and Average PER vs SNR for channel model E, 2×2, Spatial Spreading, SGI-52
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Figure 7‑180: Forward link throughput distributions for channel model E, 2×2, Spatial Spreading, SGI-52
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Figure 7‑181: Reverse link throughput distributions for channel model E, 2×2, Spatial Spreading, SGI-52
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Figure 7‑182: Forward link packet error rate distributions for channel model E, 2×2, Spatial Spreading, SGI-52
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Figure 7‑183: Reverse link packet error rate distributions for channel model E, 2×2, Spatial Spreading, SGI-52
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Figure 7‑184: Performance of Eigenvector Steering, 2×2, channel model B,  fixed rates, Short Guard Interval, 52 subcarriers
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Figure 7‑185: Performance of Eigenvector Steering, 2×2, channel model D,  fixed rates, Short Guard Interval, 52 subcarriers
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Figure 7‑186: Performance of Eigenvector Steering, 4×4, channel model B, fixed rates, Short Guard Interval, 52 subcarriers
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Figure 7‑187: Performance of Eigenvector Steering, 4×4, channel model D, fixed rates, Short Guard Interval, 52 subcarriers
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Figure 7‑188: Performance of Eigenvector Steering, 4×4, channel model E, fixed rates, Short Guard Interval, 52 subcarriers
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Figure 7‑189: Simulated and predicted PERs, channel model B, 4×4, Eigenvector Steering, 1, 2, and 3 active spatial streams
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Figure 7‑190: Simulated and predicted PER distributions for channel model B, 4×4, Eigenvector Steering, 2 active spatial streams

[image: image267.wmf]0

5

10

15

20

25

10

-3

10

-2

10

-1

10

0

4x4 ES Mode, Ch. D

E

s

/N

0

 per Rx (dB)

PER

2 spatial streams

3 spatial streams

Simulation

Prediction


Figure 7‑191: Simulated and predicted PERs, channel model D, 4×4, Eigenvector Steering, 2 and 3 active spatial streams
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Figure 7‑192: Simulated and predicted PERs, channel model B, 4×4, Spatial Spreading, 1, 2, and 3 active spatial streams
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Figure 7‑193: Simulated and predicted PERs, channel model E, 4×4, Spatial Spreading, 1, 2, and 3 active spatial streams
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