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Introduction

1.1 References

[1]
IEEE 802 11-05/1102, Joint Proposal PHY Specification

[2]

IEEE 802 11-06/0046, FRCC Compliance document name
[3]

IEEE 802.11-03/0814r31, 802.11 TGn Comparison Criteria
1.2 Scope

This document provides PHY simulation results in support of the technical proposal from Joint Proposal team (MitMot/TGnSync/WWiSE) for 802.11n as presented in the technical specification [1].  Simulations presented here establish compliance with CC59 (Section 2) and CC67 (Section 3) as defined in [3].

CC59 Simulations

CC59 requires ideal AWGN channel simulations with no impairments.  In this section we provide PER curves for MCS (modulation coding scheme) 0-31 organized in charts according to the number of spatial streams.  In each chart, the number of transmit antennas and the number of receive antennas are the same as the number of spatial streams.

For each SNR, the simulations were run until either least 500 packet errors were observed, or a total of 50,000 packets had been simulated.  In call cases of PER ( 1%, 500 packet errors were observed, hence exceeding the 100 packet error requirement.

The MCS definitions and indexing are defined in [1]. The same definitions are used for both 20 and 40 MHz channels.  There is one exception.  MCS 32 (not listed in the table) is a BPSK rate 1/2 duplicate format transmission mode that provides a 6 Mbps rate for 40 MHz channels.  (The data rate for MCS 0 in 40 MHz is 13.5 Mbps.)
Table ‎2‑1:  MCS Definition

	MCS Indices
for 1/2/3/4 Spatial Streams
	Modulation
	FEC Code Rate

	0 / 8 / 16 / 24
	BPSK
	1/2

	1 / 9 / 17 / 25
	QPSK
	1/2

	2 / 10 / 18 / 26
	QPSK
	3/4

	3 / 11 / 19 / 27
	16 QAM
	1/2

	4 / 12 / 20 / 28
	16 QAM
	3/4

	5 / 13 / 21 / 29
	64 QAM
	2/3

	6 / 14 / 22 / 30
	64 QAM
	3/4

	7 / 15 / 23 / 31
	64 QAM
	5/6


1.3 Results for 20 MHz Channels
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Figure ‎2‑1:  20 MHz, 1 spatial stream
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Figure ‎2‑2:  20 MHz, 2 spatial streams
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Figure ‎2‑3:  20 MHz, 3 spatial streams
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20 MHz, 4 Spatial Streams - MCS 24-31

1.E-03

1.E-02

1.E-01

1.E+00

0 5 10 15 20 25

SNR (dB)

PER

mcs 24

mcs 25

mcs 26

mcs 27

mcs 28

mcs 29

mcs 30

mcs 31


Figure ‎2‑4:  20 MHz, 4 spatial streams

Results for 40 MHz Channels

[image: image5.emf]CC59:  AWGN PER vs. SNR

40 MHz, 1 Spatial Stream - MCS 0-7

1.E-03

1.E-02

1.E-01

1.E+00

-5 0 5 10 15 20 25

SNR (dB)

PER

mcs 0

mcs 1

mcs 2

mcs 3

mcs 4

mcs 5

mcs 6

mcs 7

mcs 32


Figure ‎2‑5:  40 MHz, 1 spatial stream
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Figure ‎2‑6:  40 MHz, 2 spatial streams
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Figure ‎2‑7:  40 MHz, 3 spatial streams
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Figure ‎2‑8:  40 MHz, 4 spatial streams

CC67 Simulations

This section provides CC67 simulations from different simulators.  Each simulation was created and managed by different engineering teams, utilizing different algorithms for coping with the PHY impairments (e.g. acquisition and channel estimation algorithms) and in some cases introducing different additional blocks such as TX/RX filtering.

In compliance with CC67 we provide “Set 1” CC67 simulation results [3].  We do not provide the optional throughput simulation as specified in “Set 2”.

CC67 simulations are intended to establish the practicality of proposed transmission modes in the presence of impairments and acquisition errors.   Clearly various aspects of receiver designs (such as filtering, acquisition algorithms, channel estimation algorithm, etc.) will vary across device manufacturers, so some variation in results is to be expected.  Hence, showing results from multiple and disjoint modem engineering efforts only serves to strengthen the conclusions.

PHY-1 Simulations

This subsection provides CC67 results for MCS 20, 30, and 31 for 40 MHz.  Channel models B, D (with and without fluorescent effect), and E with NLOS are simulated.  In addition, channel model E with LOS is simulated.  For MCS’s simulated the number of transmitters and receivers is equal to the number of spatial streams.  For CC67.2 results (offset compensation), MCS 0, 14, and 15 with 20 MHz and MCS 20, 30, and 31 with 40MHz are simulated.

1.3.1 CC67 Simulation Results
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Figure ‎3‑1: MCS 20; 40MHz; 3 Tx Antennas; 3 Rx Antennas
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Figure ‎3‑2: MCS 30; 40MHz; 4 Tx Antennas; 4 Rx Antennas
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Figure ‎3‑3: MCS 31; 40MHz; 4 Tx Antennas; 4 Rx Antennas

1.3.1.1 Disclosure for Physical Layer Impairments

	Number
	Name
	Disclosure

	IM 1
	PA Non-linearity
	a) EIRP was +17 dBm.  Equal power was transmitted by all antennas in each configuration.  Each antenna was assumed to have a gain of 0 dB.

b) Except as noted we assumed each TX path had an amplifier with Psat = +25 dBm.  Total power was +17 dBm.  Thus the backoff is 11 dB for 2 TX antennas, 12.8 dB for 3 TX antennas, and 14 dB for 4 TX antennas
c) Psat = +25 dBm

	IM 2
	Carrier Frequency Offset
	-13.675 ppm as specified.

	IM 4
	Phase Noise
	As specified in the Comparison Criteria.

	IM 6
	Antenna Configuration
	As specified in the Comparison Criteria.


1.3.2 CC67.2 (Offset Compensation) Results

Channel E NLOS:

	Rate
	CFO / SFO
	SNR @ 10% PER

	6.75 Mbps; MCS 0; 20MHz
	0 ppm
	1.3 dB

	
	+40
	1.3

	
	-40
	1.3

	
	
	

	117 Mbps; MCS 14; 20MHz
	0 ppm
	32.1 dB

	
	+40 
	32.4

	
	-40 
	32.4

	
	
	

	130 Mbps; MCS 15; 20MHz
	0 ppm
	35.0 dB

	
	+40 
	35.3

	
	-40 
	35.3

	
	
	

	243 Mbps; MCS 20; 40MHz
	0 ppm
	28.1 dB

	
	+40 
	28.5

	
	-40 
	28.6

	
	
	

	486 Mbps; MCS 30; 40MHz
	0 ppm
	37.0 dB

	
	+40 
	41.2

	
	-40 
	41.9

	
	
	

	540 Mbps; MCS 31; 40MHz
	0 ppm
	42.0 dB

	
	+40 
	floor at 17% PER

	
	-40 
	floor at 17% PER


Channel E LOS

	Rate
	CFO / SFO
	PER @ 50dB SNR

	6.75 Mbps; MCS 0; 20MHz
	+40  ppm
	0.0

	
	-40
	0.0

	
	
	

	117 Mbps; MCS 14; 20MHz
	+40  ppm
	0.0

	
	-40
	0.0

	
	
	

	130 Mbps; MCS 15; 20MHz
	+40  ppm
	0.0

	
	-40
	0.0

	
	
	

	243 Mbps; MCS 20; 40MHz
	+40  ppm
	0.0

	
	-40
	0.0

	
	
	

	486 Mbps; MCS 30; 40MHz
	+40  ppm
	0.048

	
	-40
	0.035

	
	
	

	540 Mbps; MCS 31; 40MHz
	+40  ppm
	0.23

	
	-40
	0.23


1.4  PHY-2 Simulations
This subsection provides CC67 simulation results for SDM MIMO and TxBF MIMO using implicit feedback. After here, when we write m x n, “m” is the number of Tx antennas (and it is identical to the number of spatial stream in SDM MIMO case), and “n” is the number of Rx antennas.
In this subsection, ‘SE’ means spatial expansion, and ‘DM’ means direct mapping.

1.4.1 Description of Simulator

Our simulator is fully CC compliant.  Impairments include

· IM1 (PA non-linearity) is included as specified in [3]. P=3 and OBO=8dB.  Sampling clock is 200MHz for this module.

· IM2 (Carrier frequency offset) is included as specified in [3]. Offset value is –13.675ppm, and sampling clock offset is also added. Actual timing acquisition is implemented.

· IM4 (Phase Noise) is included as specified in [3].

· IM6 (Antenna Configuration) is set to what IM6 of CC required, i.e., antenna configuration is linear array and distance between adjacent two antennas is a half . 

Regarding channel model, we used the channel model defined in IEEE802.11-03-0940. 

· channel mode- B, D, and E.
· non-LOS models are used.

· Channel is varying during packet.

· Please note that our results don’t include fluorescent effect at the highest rate in channel-D

Other simulator descriptions are as follows;

· Our simulator includes
· Analog filter model and other FIR filter at each sampling clock converting stage.

· Packet detection without prior knowledge.

· Frequency offset compensation and its tracking.

· Time-of-arrival estimation, and sampling clock offset compensation and its tracking.

· Actual channel estimation at receiver side (MMSE, without any successive cancellation).

· Almost ideal AGC at L-STF and HT-STF.

· Our simulator doesn’t include

· Optional short GI

· Optional advanced coding

· Optional STBC
· Optional 40MHz BW (20MHz only)

· Optional 3 or 4 streams
· Other parameters

· Floating calculation

· Trace-back length of Viterbi decoder is 128.

· No smoothing filter for channel estimation, i.e., per tone estimation
· PPDU length is 1000 bytes, as CC specified.

· SNR is calculated as ensemble averaged SNR.

· When the number of packet error reaches to 100, then quit from this loop.

· 20,000 seeds of channel realization are used

Due to the lack of optimization of timing acquisition, these results show relatively worse performance at channel with large delay spread, but it would be improved by appropriate implementation.

1.4.2 SDM MIMO, 20MHz results

MCS's simulated here are shown in this table.

	MCS index
	Modulation
	Coding rate
	Data Rate [Mbps]

	
	Stream 1
	Stream 2
	
	

	0
	BPSK
	off
	1/2
	6.5

	1
	QPSK
	off
	1/2
	13.0

	2
	QPSK
	off
	3/4
	19.5

	3
	16QAM
	off
	1/2
	26.0

	4
	16QAM
	off
	3/4
	39.0

	5
	64QAM
	off
	2/3
	52.0

	6
	64QAM
	off
	3/4
	58.5

	7
	64QAM
	off
	5/6
	65.0

	8
	BPSK
	BPSK
	1/2
	13.0

	9
	QPSK
	QPSK
	1/2
	26.0

	10
	QPSK
	QPSK
	3/4
	39.0

	11
	16QAM
	16QAM
	1/2
	52.0

	12
	16QAM
	16QAM
	3/4
	78.0

	13
	64QAM
	64QAM
	2/3
	104.0

	14
	64QAM
	64QAM
	3/4
	117.0

	15
	64QAM
	64QAM
	5/6
	130.0


Table ‎3‑1 : simulated MCS’s for SDM MIMO
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Figure ‎3‑4 : ch-B-nLOS, MCS0-7 (1 stream), 1x2 configuration 

[image: image13.emf]2x2 (2-streams), Direct mapping, ch-B-nLoS
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Figure ‎3‑5 : ch-B-nLOS, MCS8-15 (2 streams), 2x2 configuration
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Figure ‎3‑6 : ch-D-nLOS, MCS0-7 (1 stream), 1x2 configuration
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Figure ‎3‑7: ch-D-nLOS, MCS8-15 (2 streams), 2x2 configuration
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Figure ‎3‑8 : ch-E-nLOS, MCS0-7 (1 stream), 1x2 configuration
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Figure ‎3‑9 : ch-E-nLOS, MCS8-15 (2 streams), 2x2 configuration
1.4.3 TxBF MIMO using implicit feedback, 20MHz results

In this subsection, the performance of TxBF MIMO using implicit feedback is compared with SDM MIMO, at same data rate (one exception is MCS38, because there is no MCS having same data rate in mandatory equal modulation MCS’s).

MCS’s simulated here are shown in this table.

	MCS index
	Modulation
	Coding rate
	Data Rate [Mbps]
	SDM
	TxBF

	
	Stream 1
	Stream 2
	
	
	
	

	1
	QPSK
	off
	1/2
	13.0
	x
	x

	4
	16QAM
	off
	3/4
	39.0
	x
	x

	11
	16QAM
	16QAM
	1/2
	52.0
	x
	N/A

	34
	64QAM
	QPSK
	1/2
	52.0
	N/A
	x

	7
	64QAM
	off
	5/6
	65.0
	x
	x

	12
	16QAM
	16QAM
	3/4
	78.0
	x
	N/A

	37
	64QAM
	QPSK
	3/4
	78.0
	N/A
	x

	38
	64QAM
	16QAM
	3/4
	97.5
	N/A
	x

	15
	64QAM
	64QAM
	5/6
	130.0
	x
	x


Table ‎3‑2: simulated MCS’s for TxBF MIMO
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Figure ‎3‑10 : ch-B-nLOS, TxBF, 2x2 configuration
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Figure ‎3‑11 : ch-D-nLOS, TxBF, 2x2 configuration
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Figure ‎3‑12 : ch-E-nLOS, TxBF, 2x2 configuration

1.5 PHY-3 Simulations

This subsection provides CC67 results for MCS 0, 12, and 15 for both 20 and 40 MHz.  Channel models B, D, and E with NLOS are simulated.  For MCS 0, a single Tx antenna and two Rx antennas are simulated.  MCS 12 and 15 are simulated with two Tx and two Rx antennas.
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Figure ‎3‑13: Channel Model B, NLOS; 20MHz 
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Figure ‎3‑14: Channel Model D, NLOS; 20MHz
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Figure ‎3‑15: Channel Model E, NLOS; 20MHz
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Figure ‎3‑16: Channel Model B, NLOS; 40MHz
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Figure ‎3‑17: Channel Model D, NLOS; 40MHz
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Figure ‎3‑18: Channel Model E, NLOS; 40MHz
1.6 PHY-4 Simulations
1.6.1 Supported data rates
According to CC67, the following data rates must be selected including the maximum and the minimum data rate. Half GI is applied only for Channel Model B. Fluorescent effect is added for the maximum rate. 

In 6Mbps in 40MHz mode, duplicated format is applied. The same data is transmitted both in the upper channel and the lower channel. 
20 MHz mode:

1. MCS0:
1x2x20, BPSK, R=1/2 coding

2. MCS7:
1x2x20, 64-QAM, R=5/6 coding

3. MCS12:
2x2x20, 16-QAM, R=3/4 coding

4. MCS13:
2x2x20, 64-QAM, R=2/3 coding

5. MCS15:
2x2x20, 64-QAM, R=5/6 coding
6. MCS15:
2x3x20, 64-QAM, R=5/6 coding
40MHz mode:
1. MCS32:
1x2x40, BPSK, R=1/2 coding, Duplicated Format

2. MCS7:
1x2x40, 64-QAM, R=5/6 coding

3. MCS12:
2x2x40, 16-QAM, R=3/4 coding

4. MCS13:
2x2x40, 64-QAM, R=2/3 coding

5. MCS15:
2x2x40, 64-QAM, R=5/6 coding

6. MCS15:
2x3x40, 64-QAM, R=5/6 coding
1.6.2 CC67 Simulation Results
According to CC67, the above data rates must be simulated for NLOS of Channel Model B, D and E. 

Table ‎3‑3 Simulation Conditions for CC67
	Receiver Type
	MMSE

	PPDU Length
	1,000Bytes

	Channel Model
	B(NLOS), D(NLOS), E(NLOS)

	Half GI
	Applied only for Model B

	Channel Estimation
	Per tone estimation (no smoothing)

	Timing Acquisition
	Matched filtering by L-STF

	Offset Compensation
	Using L-LTF and pilot tones

	Impairments in CC
	IM1,2,4,5,6 (Output Back Off=8dB in IM1)


1.6.2.1 Results of CC67 in 20MHz mode

The following figures show the results of CC67.  Figure 3‑19, Figure 3‑20, and Figure 3‑21 shows the results of Channel Model B, D and E, respectively. Half GI is applied only for Channel Model B and the result of Channel Model D includes the fluorescent effect.
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Figure ‎3‑19:  Channel Model B, NLOS, 20MHz (with Half GI)
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Figure ‎3‑20:  Channel Model D, NLOS, 20MHz
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Figure ‎3‑21:  Channel Model E, NLOS, 20MHz
1.6.2.2 Results of CC67 in 40MHz mode
The following figures show the results of CC67. Figure 3‑22, Figure 3‑23 and Figure 3‑24 shows the results of Channel Model B, D and E, respectively. Same as 20MHz mode, Half GI is applied only for Channel Model B and the result of Channel Model D includes the fluorescent effect.
[image: image30.emf]0.001

0.01

0.1

1

0 5 10 15 20 25 30 35 40

Avg. SNR

Avg. PER

MCS32, 1x2

MCS7, 1x2

MCS12, 2x2

MCS13, 2x2

MCS15, 2x2

MCS15, 2x3


Figure ‎3‑22:  Channel Model B, NLOS, 40MHz (with Half GI)
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Figure ‎3‑23:  Channel Model D, NLOS, 40MHz
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Figure ‎3‑24:  Channel Model E, NLOS, 40MHz
1.6.3 CC67.2 Simulation
1.6.3.1 Results of CC67.2 in 20MHz mode
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Figure ‎3‑25:  Channel Model E, NLOS, 40MHz
Table ‎3‑4 Results of CC67.2 in 20MHz Mode (Channel Model E/NLOS)
	No
	Rate
	Mode
	SNR
	0ppm
	+/- 40ppm

	1
	MCS15
	2x2x20, 64QAM, R=5/6
	50
	2.62E-02
	3.59E-02

	2
	MCS15
	2x3x20, 64QAM, R=5/6
	50
	3.10E-02
	2.40E-02


1.6.3.2 CC67.2 Results in 40MHz mode
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Figure ‎3‑26:  Channel Model E, NLOS, 40MHz
Table ‎3‑5 Results of CC67.2 in 40MHz Mode (Channel Model E/NLOS)
	No
	Rate
	Mode
	SNR
	0ppm
	+/- 40ppm

	1
	MCS15
	2x2x40, 64QAM, R=5/6
	50
	3.34E-02
	3.56E-02

	2
	MCS15
	2x3x40, 64QAM, R=5/6
	50
	3.40E-02
	2.60E-02


1.7 PHY-5 Simulations

This subsection provides CC67 simulation results for SDM MIMO and TxBF MIMO using implicit feedback. Configurations shown are 2x2 and 1x2 direct-mapped, and 2x2 with spatial expansion and implicit TxBF.

1.7.1 Simulation parameters
· System configurations:

· 2x2 direct mapping (DM)

· 1x2 direct mapping

· 2x2 transmit beamforming (TxBF)

· 2x2 spatial spreading (SS)

· 802.11n channel models B, D, E (NLOS)

· 5.25 GHz

· All impairments (PA nonlinearity, phase noise, frequency offset, timing offset)

· JP Mixed Mode preamble

· 800 ns GI

· PPDU length: 1000 bytes

· MMSE receiver

· Acquisition and channel estimation (w/o smoothing) per packet

1.7.2 2x2 Direct-mapped results
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Figure ‎3‑27:  Direct-mapped 2x2, channel model B-NLOS
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Figure ‎3‑28:  Direct-mapped 2x2, channel model D-NLOS
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Figure ‎3‑29:  Direct-mapped 2x2, channel model E-NLOS

1.7.3 1x2 Direct-mapped results
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Figure ‎3‑30:  Direct-mapped 1x2, channel model B-NLOS
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Figure ‎3‑31:  Direct-mapped 1x2, channel model D-NLOS
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Figure ‎3‑32:  Direct-mapped 1x2, channel model E-NLOS

1.7.4 2x2 Spatial Expansion results
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Figure ‎3‑33:  Spatial expansion 2x2, channel model B-NLOS
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Figure ‎3‑34:  Spatial expansion 2x2, channel model D-NLOS

[image: image43.wmf]0

5

10

15

20

25

30

10

-3

10

-2

10

-1

10

0

E

s

/N

0

 (dB)

Average PER

SS, 2x2, 802.11n Channel E-NLOS, 5.25 GHz, All Impairments

MCS 0

MCS 1

MCS 2

MCS 3

MCS 4

MCS 5

MCS 6

MCS 7


Figure ‎3‑35:  Spatial expansion 2x2, channel model E-NLOS

1.7.5 2x2 TxBF results
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Figure ‎3‑36:  TxBF 2x2, channel model B-NLOS
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Figure ‎3‑37:  TxBF 2x2, channel model D-NLOS
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Figure ‎3‑38:  TxBF 2x2, channel model E-NLOS

1.8 PHY-6 Simulations 

This subsection provides the simulation results for CC67. The performance is evaluated for B, D and E-NLOS channels and the results are presented in average Packet-Error-Rate (PER) versus Signal-to-Noise Ratio (SNR).  The simulation set-up is given below:

· RF impairment: PA non-linearity (IM 1), carrier-frequency offset (IM 2), phase noise (IM 4) and antenna configuration (IM 6).

· PSDU length is 1000 bytes.

· Symbol and carrier frequency synchronization performed.

· Simple per tone channel estimation.

· Binary convolutional codes (BCC)
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Figure ‎3‑39:Channel B-NLOS
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Figure ‎3‑40: Channel D-NLOS
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Figure ‎3‑41: Channel E-NLOS
1.9 PHY-7 Simulations

This section gives CC67 simulation results for STBC with 4 transmit and 2 receive antennas (2 data streams), and 4 transmit and 3 receive antennas (3 data streams) in 20MHz channels.

1.9.1 Supported data rates
For STBC with 4 transmit and 2 receive antennas (2 data streams), the following rates were simulated:

	MCS 9
	R=1/2, QPSK

	MCS 11
	R=1/2, 16-QAM

	MCS14
	R=3/4, 64-QAM


For STBC with 4 transmit and 3 receive antennas (3 data streams), the following rates were simulated:

	MCS 17
	R=1/2, QPSK

	MCS 19
	R=1/2, 16-QAM

	MCS22
	R=3/4, 64-QAM


1.9.2 CC67 Simulation Conditions
According to CC67, the above data rates were simulated for NLOS of Channel Model B, D and E. For Channel Model D, no fluorescent effect was considered.

Table ‎3‑6: CC67 Simulation Conditions 
	Receiver Type
	MMSE

	PPDU Length
	1,000Bytes

	Channel Model
	B(NLOS), D(NLOS), E(NLOS)

	Channel Estimation
	Per tone estimation (no smoothing)

	Impairments in CC
	IM1(OBO=8dB),2,4,5,6 


1.9.3 CC67 Simulation Resullts
1.9.3.1 STBC with 4 transmit and 2 receive antennas, 2 spatial streams
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Figure ‎3‑42: 4x2 STBC, channel B
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Figure ‎3‑43: 4x2 STBC, channel D
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Figure ‎3‑44: 4x2 STBC, Channel E

1.9.3.2 STBC with 4 transmit and 3 receive antennas, 3 spatial streams
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Figure ‎3‑45: 4x3 STBC, channel B
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Figure ‎3‑46: 4x3 STBC, channel D
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Figure ‎3‑47: 4x3 STBC, Channel E
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Abstract


This document contains PHY simulation results for the technical proposal from Joint Proposal team (MitMot/TGnSync/WWiSE).  These simulations establish compliance with CC59 and CC67.  Additional simulations are provided to highlight the potential performance gains of various features of the Joint Proposal.
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