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Abstract

This document contains results for the TGnSync TGn Proposal for the MAC portions of the comparison criteria.

1 Introduction

1.1 Purpose of this Document

This document contains MAC simulation results for the "TGnSync" proposal to IEEE 802.11 TGn in compliance to the TGn call for proposals.

The TGn comparison criteria call for full disclosure of results and conditions.  We present the results at varying levels of detail in the following documents.  The most summarised form is found in the presentation material [5].  This document contains all of the mandatory results – except per-flow results. Documents [3] and [4] contain the detailed per-flow results and parameter settings as well as results for optional simulation scenarios.
1.2 Revision History

	Document Revision
	Date
	Author
	Change

	0
	August 13, 2004
	Adrian Stephens and Yuichi Morioka
	Initial Version for 13 Aug 2004 submission

	1
	September  12, 2004
	Adrian Stephens and Yuichi Morioka
	Minor corrections and updates


1.3 Simulation Methodology

Document [1] describes in full the methodology used to obtain this result.  This section contains a very brief summary of the methodologies.

Results were obtained using two independent MAC simulations which are called MAC1 and MAC2 in this document.

The MAC1 simulation is based on the commercial Opnet ** simulation tool, with a substantially re-written MAC process and PHY pipeline.  The PHY model built into the pipeline is based on PER vs post-detection capacity.  The simulation uses three possible protection methods: Standard NAV the LongNAV method of protection (a MAC-layer technique described in [2, section 8.1.7.1]) and pairwise spoofing (desribed in [1]).  

Results reported here from that model use the LongNAV protection method.

The MAC2 simulation is a discrete event-based simulator written in "C".  The PHY model is based on PER vs SNR curves.  The simulation supports three protection methods:  Standard NAV and pairwise spoofing (desribed in [1]).  Results reported here from that model use the pairwise spoofing protection method.

1.3.1 Model Credits

The following people created the models and provided the PHY simulation results embodied in the MAC simulations.
	Model
	MAC Model
	PHY Curves

	MAC1
	Dmitry Akhmetov, Intel

Sergey Shtin, Intel

Adrian Stephens, Intel
	John Sadowsky, Intel

	MAC2
	Yuichi Morioka, Sony

Kenzoh Nishikawa, Sony

Kazuyuki Sakoda, Sony
	Darren McNamarra, Toshiba


1.4 References

[1] IEEE 802.11-04/895, "TGnSync Proposal MAC Simulation Methodology"

[2] IEEE 802.11-04/889, "TGnSync Proposal Technical Specification"

[3] IEEE 802.11-04/893, "TGnSync Proposal MAC1 Simulation Results"

[4] IEEE 802.11-04/894, "TGnSync Proposal MAC2 Simulation Results"

[5] IEEE 802.11-04/888, "TGnSync Proposal"

2 Results for Mandatory Comparison Criteria and FR

2.1 Summary of Configurations

2.1.1 MAC1 2x2x20

	Parameter
	Value

	Number of Tx Antennae
	2

	Number of Rx Antennae
	2

	Nominal Channel Width
	20 MHz

	PHY Options enabled
	None

	TCP Model
	Reno

	Protection Method
	LongNAV

	Channel Access Method
	Optimised HCCA for QoS flows and EDCA for non-QoS flows mimicking the use of TSPECs

	QoS parameter Optimization
	An HCCA schedule was created manually that satisfied the QoS constraints.


2.1.2 MAC1 2x2x40

	Parameter
	Value

	Number of Tx Antennae
	2

	Number of Rx Antennae
	2

	Nominal Channel Width
	40 MHz

	PHY Options enabled
	None

	TCP Model
	Reno

	Protection Method
	LongNAV

	Channel Access Method
	Optimised HCCA for QoS flows and EDCA for non-QoS flows mimicking the use of TSPECs

	QoS parameter Optimization
	An HCCA schedule was created manually that satisfied the QoS constraints.


2.1.3 MAC2 2x2x40

	Parameter
	Value

	Number of Tx Antennae
	2

	Number of Rx Antennae
	2

	Nominal Channel Width
	40 MHz

	PHY Options enabled
	None

	TCP Model
	New Reno

	ProtectionMethod
	Pairwise Spoofing
Note, comparative results for the LongNAV are shown in section 4.1 below.

	Channel access method
	EDCA

	QoS Parameter Optimization
	Optimized EDCA Contension Window Settings were used to satisfy QoS Requirements..


2.2 Results relating to MAC simulations

Note, the channel access mechanism used to obtain the results is indicated with these colours:  

	Optimised HCCA for QoS flows and EDCA for non-QoS flows mimicking the use of TSPECs
	Optimized EDCA Contension Window Settings 


Add reference for per-flow data in CC18 and CC19.

	CC#
	Name
	Result
	MAC1
	MAC2

	
	
	
	2x2x20
	2x2x40
	2x2x20
	2x2x40

	CC3
	List of goodput results for usage models 1, 4 and 6.
	SS1 (Mbps)
	54.91
	81.32
	39.1
	65.6

	
	
	SS4
	48.78
	97.32
	35.5
	57.66

	
	
	SS6
	45.16
	63.10
	28.2
	50.71

	CC15
	Sharing of medium with legacy devices
	T1 (Mbps)
	87.98 

	n/a
	n/a
	n/a

	
	
	T2 (Mbps)
	34.76
	n/a
	n/a
	n/a

	
	
	T3 (Mbps)
	41.59
	n/a
	n/a
	n/a

	
	
	T4 (Mbps)
	20.59
	n/a
	n/a
	n/a

	CC18
	HT Usage Models Supported (non QoS)
	SS1

(Mbps/ratio)
	2.41/0.08

	28.83/0.9

	2.28/0.07

	13.5/0.44


	
	
	SS4
	39.63/0.09
	88.2/0.20
	26.5/0.06
	48.7/0.11

	
	
	SS6
	0.35/0.02
	18.3/0.91
	0.4/0.018
	7.72/0.39

	CC19
	HT Usage Models Supported (QoS)
	SS1
	17/17
	17/17
	7/17
	16/17

	
	
	SS4
	18/18
	18/18
	16/18
	18/18

	
	
	SS6
	39/39
	39/39
	15/39
	39/39

	CC20
	BSS Aggregate Goodput at the MAC data SAP
	SS1
	M1
	54.91
	81.32
	39.1
	65.6

	
	
	
	M2
	54.91
	81.31
	7.42
	65.6

	
	
	
	M3
	54.91
	81.32
	3.68
	65.1

	
	
	SS4
	M1
	48.78
	97.32
	35.5
	57.7

	
	
	
	M2
	48.78
	97.32
	35.5
	57.7

	
	
	
	M3
	48.78
	97.32
	33.6
	57.7

	
	
	SS6
	M1
	45.18
	63.11
	28.2
	50.7

	
	
	
	M2
	45.16
	63.10
	12.0
	50.7

	
	
	
	M3
	45.18
	63.11
	1.79
	50.7

	CC24
	MAC Efficiency
	SS1
	0.53
	0.53
	0.12
	0.61

	
	
	SS4
	0.45
	0.40
	0.50
	0.43

	
	
	SS6
	0.45
	0.36
	0.19
	0.39

	CC27
	Throughput / Range
	
	n/a
	See section 2.4
	
	

	CC28
	Throughput / Range in 20MHz
	
	See section 2.5
	n/a
	
	

	CC58
	HT Spectral Efficiency
	bps/Hz
	From the FR2 curve, goodput is ~100 Mbps at a PSDU PHY rate of 108 Mbps for channel Models B and D.

Spectral Efficiency =

108/20 =

5.4 bps/Hz

(for channel models B and D)
	From CC27, goodput is 216Mbps at a PSDU PHY rate of 243Mbps for Channel Models B and D.

Spectral Efficiency = 243/40 = 

6.075 bps/Hz

(for channel models B and D)
	
	

	Note1: Refer to [3] for CC18/19 per-flow MAC1 results

	Note2: Refer to [4] for CC18/19 per-flow MAC2 results


2.3 MAC Comparison Criteria not related to simulation results

	CC#
	Name
	Disclosure

	CC11
	Backward compatibility  with 802.11-1999 (Rev 2003) and 802.11g
	Backwards compatibility is provided at the PHY level [2, section 12.3.1.2] essentially by retaining the legacy short and long training fields and the legacy signal field.

Backward compatibility is managed within the MAC through the definition of an operating mode [2, section 9.1.1] and rules [2, sections 9.1.3 and 9.1.4] for operation in each operating mode.

Protection mechanisms are defined using both PHY-level ("spoofing") [2, section 8.1.7.2] and MAC-level techniques [2, section 8.1.7.1].

	CC46
	MAC Compatibility and parameters.
	See section 2.6

	CC47
	MAC  extensions
	See section 2.7


2.4 CC27

Figure 1 shows results for CC27 from the MAC1 simulation, truncated at 100m range for Channel B and Channel D.

The MAC and PHY parameters used are defined in [3, CC27 tab].   Any parameters (e.g. SIFS spacings and slot timings) not specified there take on the 802.11a values.

[image: image1.emf]Goodput vs. Range, 2X2X40, Channels B & D, 
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Figure 1 - CC27 Results
2.5 CC28

Figure 2 shows results for CC28 from the MAC1 simulation, truncated at 100m range for Channel B and Channel D.

The MAC and PHY parameters used are defined in [3, CC28 2x2x20 tab]. Any parameters (e.g. SIFS spacings and slot timings) not specified there take on the 802.11a values.

[image: image2.emf]Goodput vs. Range, 2X2X20, Channels B & D, 

PHY options: R=7/8, Short GI
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Figure 2 - CC28 Results
2.6 CC46 – Baseline options

"Provide a list of optional features of 802.11a/b/d/e/g/h/i/j that are required for HT operation, and a summary description of the manner in which they are used.  Include references to the sections in the technical proposal document where the complete details are given."

IEEE 802.11e
	Item
	Feature
	Brief Description
	Sections in [2]

	CF12
	QoS Supported
	In addition to the QoS features described in IEEE 802.11e drafts, The TGnSync MAC proposal introduces TSPEC renegotiation and TSPEC Packet Loss Priority (PLP) operation
	8.4

	QB4
	Block Acknowledgement
	TGnSync MAC proposal requires support for Block Acknowledgment in the context of frame aggregation 
	8.1

	QB5
	Automatic Power Save Delivery
	Modified in the context of received aggregate PPDU
	8.1.6

	QD3
	Continuation of EDCA TXOP Support
	Under LongNAV rules, a TXOP can be truncated by use of CF-END
	8.1.7.1.2


2.7 CC47

"Provide a summary description of MAC extensions beyond 802.11a/b/d/e/g/h/i/j that are required for HT operation. Include references to the sections in the technical proposal document where the complete details are given."

	Feature
	Brief  Description
	Section in [2]

	Frame Aggregation
	Allows the transmission of multiple MSDU in a single PSDU
	7.1.1, 7.1.2, 7.4, 8.1

	Bi-directional data flow
	Allows the aggregation of control MPDUs in one direction with Data MPDUs in the reverse direction under control of the TXOP owner
	8.1.10

	Multiple Receiver Frame Aggregation
	Allows aggregated frame to be destined to different receivers
	7.1.3, 8.1.11

	Compressed Header
	Compresses redundant information in Data MPDU headers within the same aggregate
	7.2.2

	MAC Protection
	Three additional procedures for MAC protection, Long NAV, Pair wise spoofing, and Single Ended spoofing
	8.1.7

	Coexistence Mechanisms
	Definition of a BSS operating mode (pure, mixed, managed mixed, 20-base managed mixed) for a BSS based on its environment and rules for legacy protection and management of channel width.
	9.1

	MAC Support for Closed Loop Link adaptation
	Allows the adaptation of modulation coding scheme according to channel conditions
	8.1.8

	Power Saving
	Reduction of the number of enabled receive chains in order to save power with a hold-on timer that keeps a STA in full capability mode for a period of time known to its peers.
	9.3


2.8 FR1

"Demonstrate at least one set of conditions under which 100 Mbps at the top of the MAC SAP can be achieved.  Provide all relevant information to document this."

In 2x2x40 mode of operation, the MAC1 simulation demonstrates a goodput of >200Mbps for SS16 using the mandatory features only of the MAC and PHY, simulation methodology described in [1] and the MAC and PHY parameters reported in [3,  "FR1" tab].

2.9 FR2

"Proposal supports at least one mode of operation that supports 100Mbps throughput at the top of the MAC SAP in a 20MHz channel. Provide all relevant information to document this."

The mandatory minimum PHY mode of operation is 2x2, no Short guard interval, no 7/8 coding, no 256 QAM.

This corresponds to 108Mbps instantaneous rate at the PHY.

A maximum rate of 101.2. Mbps is reported in [3, "FR2" tab]. The curve crosses 100Mbps at about 7m range. 

This is obtained under the conditions specified in CC28 with the following modifications:

	Condition
	Value

	MSDU size
	1500

	TXOP Duration
	8 ms

	Offered Load
	Fully saturated

	Basic MCS
	16-QAM, r=1/2

	PHY Optional features used
	None
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Figure 3 - FR2 result
3 Required Additional Disclosures

	Number
	Name
	Disclosure

	AD2
	TCP Model Parameters
	Refer to [3, "Common" tab].

Refer to [1, section 3.1] (MAC2 tcp parameters)

	AD3
	MAC simulation methodology
	This is described in [1], please refer to [1].

	AD4
	MAC simulation occupied channel width
	For nxnx40 results, a nominal channel width of 40MHz was occupied.

For nxnx20 results, a nominal channel width of 20MHz was occupied.

	AD5
	Justification of low PLR rates achieved
	This disclosure relates specifically to the MAC1 2x2x40 simulation.

MAC1 simulation targets < 10% PER at the top of the PHY.

The fast link adaptation method described in [1, section 2.2.4] achieves the performance shown in [1, section 5].  Typically PER is < 1% except at extreme range.

Assuming a PER of 1%, the specified residual PLR of 10-7 can be reached by permitting 4 transmission attempts (3 retries).

Assuming uncorrelated errors, these retry attempts will include (with high probability) only a single Data MPDU.

At the PHY rates observed in simulation for the Video flows (average 230Mbps), a single Data MPDU / BAR / BA retry exchange takes ~300us.  3 retries takes ~1ms.

The average transport delay observed with the Video traffic is <30ms.  Attributing this entirely to channel access delay, 3 retries in a separate TXOP would take ~31ms, which is comfortably less than the 200ms delay bound.


4 Characterisation of MAC Options

4.1 Protection Mechanisms

Selected CC results are presented from the MAC2 simulation to show the relative performances of the two protection modes described in [1] relating to the MAC2 simulation.

	CC#
	Result
	MAC2 2x2x40 
Standard Nav
	MAC2 2x2x40

Pairwise Spoofing

	CC3
	SS1 (Mbps)
	62.7
	65.6

	
	SS4
	50.2
	57.66

	
	SS6
	48.8
	50.71

	CC18
	SS1

(Mbps/ratio)

	10.6/0.34
	13.5/0.44 

	
	SS4
	41.2/0.09
	48.7/0.11 

	
	SS6
	5.65/0.28
	7.72/0.39 

	CC19
	SS1
	16/17
	16/17 

	
	SS4
	17/18
	18/18 

	
	SS6
	39/39
	39/39 

	CC20
	SS1
	M1
	62.7
	65.6

	
	
	M2
	62.7
	65.6

	
	
	M3
	62.2
	65.1

	
	SS4
	M1
	50.2
	57.7

	
	
	M2
	50.2
	57.7

	
	
	M3
	49.2
	57.7

	
	SS6
	M1
	48.8
	50.7

	
	
	M2
	48.8
	50.7

	
	
	M3
	48.8
	50.7

	CC24
	SS1
	0.53
	0.61

	
	SS4
	0.41
	0.43

	
	SS6
	0.42
	0.39


** Other names and brands may be claimed as the property of others.


� Note that the PHY model used for this simulation (results T1-T4) was the same as that used for the other MAC simulations.  As such it included impairments IM1, IM5 and IM6.  This is not expected to significantly affect these results.
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