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1 Introduction

1.1 References

[1]
Syed (Aon) Mujataba, IEEE802.11-04-0889, “TGn Sync Proposal Technical Specification,”.

[2]
Syed (Aon) Mujataba, IEEE802.11-04-0890, “TGn Sync Proposal FRCC Compliance,”.

[3]
Adrian Stephens, IEEE802.11-03-0814-r31, “802.11 TGn Comparison Criteria,” July 12 2004.

1.2 Scope

This document provides PHY simulation results in support of the TGn Sync proposal 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].

Section 4 contains PHY throughput simulations (not required by the CCs) that shed additional light into the efficiency of the TGn Sync proposal and establish the potential gains of the beam forming options of the proposal.

1.3 Simulation updates

The results in Sections 2 and 3, i.e. those required for CC complience, have been updated to fully reflect all changes in the latest revision of the technical specification (889r4, March 05).

The results in Section 4 have not been updated. These are based upon the original TGn Sync technical specification (889r0, August 04). However, as the intent of these simulations is to demonstrate the relative performance of optional modes of the proposal, the conclusions are still valid.

2 CC59 Smulations

CC59 requires ideal AWGN channel simulations with no impairments.  In this section we provide PER curves for the full Basic MCS set 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 (modulation coding scheme) definitions and indexing, as defined in [1], for the Basic MIMO set are found in Table 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 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


2.1 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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Figure ‎2‑4:  20 MHz, 4 spatial streams

2.2 Results for 40 MHz Channels
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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

3 CC67 Simulations

This section provides CC67 simulations from different simulators.  Each simulation was created and managed by different engineering teams, utilising 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.

Our various simulation efforts have different capabilities, and not all simulators are capabile of fully satisfying all of the CC67 requirements.  The table below establishes which CC67 requirements are satisfied by each simulator. Note that in this document revision (r4), only results for PHY-1 and PHY-2 are present – the results from additional simulations will be added shortly in a subsequent revision.
Table 2:  CC67 Compliance

	CC67 Requirement
	PHY-1
	PHY-2
	PHY-3
	PHY-4
	PHY-5

	PER for 5 MCSs in 20 MHz
	X
	X
	
	
	

	PER for minimum rate Basic MCS in 20 MHz
	X
	
	X
	
	

	PER for maximum rate Basic MCS in 20 MHz
	X
	
	
	
	

	CC67.2 frequency offset simulations in 20 MHz
	X
	
	
	
	

	PER for maximum rate Basic MCS with fluorescent effect in Model D in 20 MHz
	X
	
	
	
	

	PER for 5 MCSs in 40 MHz
	X
	
	
	
	

	PER for minimum rate Basic MCS in 40 MHz
	X
	
	
	
	

	PER for maximum rate Basic MCS in 40 MHz
	X
	
	
	
	

	CC67.2 frequency offset simulations in 40 MHz
	X
	
	
	
	

	PER for maximum rate Basic MCS with fluorescent effect in Model D in 40 MHz
	X
	
	
	
	

	PER for LDPC coding*
	
	X
	
	
	

	PER for advanced Beamforming Modes*
	
	
	
	
	


* These simulations are not required for CC67 compliance.

3.1 PHY-1 Simulations

3.1.1 Supported rates
According to CC67 the following 5 data rates are selected including the maximum and the minimum data rete. The data rates indicated by ( ) means the data rates with Half GI. Half GI is applied only for Channel Model B. Fluorescent effect is added for the maximum rate, 252Mbps in 20MHz mode and 567Mbps in 40MHz mode. 
In 6Mbps in 40MHz mode, the duplicate format is applied. The same data is transmitted both in the upper channel and the lower channel. 
3.1.1.1 5 supported data rates in 20MHz mode
1. 6.5Mbps (7.2Mbps) :
1x2x20, BPSK, R=1/2 coding

2. 78Mbps (87Mbps) :
2x2x20, 16-QAM, R=3/4 coding

3. 130Mbps (144Mbps) :
2x2x20, 64-QAM, R=5/6 coding

4. 130Mbps (144Mbps) :
2x3x20, 64-QAM, R=5/6 coding

5. 260Mbps (289Mbps) :
4x6x20, 64-QAM, R=5/6 coding

3.1.1.2 5 supported data rates in 40MHz mode
1. 6Mbps (6.67Mbps) :
1x2x40, BPSK, R=1/2 coding, Duplicated Format

2. 108Mbps (120Mbps) :
2x2x40, 16-QAM, R=1/2 coding

3. 243Mbps (270Mbps) :
2x2x40, 64-QAM, R=3/4 coding

4. 243Mbps (270Mbps) :
2x3x40, 64-QAM, R=3/4 coding

5. 540Mbps (600Mbps) :
4x6x40, 64-QAM, R=5/6 coding

3.1.2 CC67 Simulation parameters
Table 3 Simulation Conditions for CC67
	Sampling Rate
	80MHz in 20MHz mode

160MHz in 40MHz mode

	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)


3.1.3 Results for CC67 in 20MHz mode

The following figures show the results of CC67.Figure ‎3‑1, Figure ‎3‑2 and Figure ‎3‑3 show the results for Channel Model B, D and E, respectively. Half GI is applied only for Channel Model B.
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Figure ‎3‑1:  Channel Model B, NLOS, 20MHz (with Half GI)
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Figure ‎3‑2:  Channel Model D, NLOS, 20MHz
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Figure ‎3‑3:  Channel Model E, NLOS, 20MHz
3.1.4 Results for CC67 in 40MHz mode
Figure ‎3‑4, Figure ‎3‑5 and Figure ‎3‑6 show the results for Channel Model B, D and E, respectively. Same as 20MHz mode, Half GI is applied only for Channel Model B.
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Figure ‎3‑4:  Channel Model B, NLOS, 40MHz (with Half GI)
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Figure ‎3‑5:  Channel Model D, NLOS, 40MHz
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Figure ‎3‑6:  Channel Model E, NLOS, 40MHz
3.1.5 CC67.2 Simulation parameters
According to CC67.2, the simulation conditions are same as CC67. Therefore, the 10 data rates shown in Section ‎3.1.1.1 and Section ‎3.1.1.2 are used.

Table 4 Simulation Conditions for CC67.2
	Sampling Rate
	80MHz in 20MHz mode

160MHz in 40MHz mode

	Receiver Type
	MMSE

	PPDU Length
	1,000Bytes

	Channel Model
	E(LOS/NLOS)

	Half GI
	Not applied

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


3.1.6 Results for CC67.2 in 20MHz mode
Table 5 shows the result of CC67.2 in Channel Model E/NLOS case. At first, the simulations in no offset (0ppm) are done to find SNR values below PER=1%. The SNR values in the forth column represents these and PERs are shown in the fifth column. Once SNR values are found, the simulations in +-40ppm are done and PERs are shown in the sixth and seventh column.

Table 5 Results of CC67.2 in 20MHz Mode (E/NLOS)
	No
	Rate (Mbps)
	Mode
	SNR
	PER (-13.675ppm)
	PER (0ppm)

	1
	6.5
	1x2x20, BPSK, R=1/2
	5
	4.21E-02
	4.19E-02

	2
	78
	2x2x20, 16QAM, R=3/4
	27
	6.10E-02
	6.10E-02

	3
	130
	2x2x20, 64QAM, R=5/6
	37
	8.62E-02
	8.58E-02

	4
	130
	2x3x20, 64QAM, R=5/6
	29
	5.03E-02
	4.98E-02

	5
	260
	4x6x20, 64QAM, R=5/6
	30
	6.50E-02
	6.47E-02
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Figure ‎3‑7:  CC67.2 in 20MHz Mode (E/NLOS)

Table 6 shows the results of LOS case. In this case, SNR=50dB and PERs are shown. 0ppm means no offset is added.
Table 6 Results of CC67.2 in 20MHz Mode (E/LOS)
	No
	Rate (Mbps)
	Mode
	SNR
	PER (+40ppm)
	PER
(-40ppm)

	3
	130
	2x2x20, 64QAM, R=5/6
	50
	1.82E-02
	1.73E-02


3.1.7 CC67.2 Results in 40MHz mode
Same as in 20MHz mode, at first, the simulations in no offset (0ppm) are done to find SNR values below PER=1%. As shown in Table 7, the SNR values in the forth column represents them and PERs are shown in the fifth column. Once SNR values are found, the simulations in +-40ppm are done and PERs are shown in the sixth and seventh column.
Table 7 Results of CC67.2 in 40MHz Mode (E/NLOS)
	No
	Rate (Mbps)
	Mode
	SNR
	PER
(-13.675ppm)
	PER
(0ppm)

	1
	6
	1x2x40, BPSK, R=1/2
	2
	6.16E-02
	6.18E-02

	2
	108
	2x2x40, 16QAM, R=1/2
	20
	9.04E-02
	8.97E-02

	3
	243
	2x2x40, 64QAM, R=3/4
	32
	6.49E-02
	6.51E-02

	4
	243
	2x3x40, 64QAM, R=3/4
	26
	6.20E-02
	6.20E-02

	5
	540
	4x6x40, 64QAM, R=5/6
	30
	3.28E-02
	3.23E-02
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Figure ‎3‑8:  CC67.2 in 40MHz Mode (E/NLOS)

Table 8 shows the results of LOS case. In this case, SNR=50dB and PERs are shown. 0ppm means no offset is added.
Table 8 Results of CC67.2 in 40MHz Mode (E/LOS)
	No
	Rate (Mbps)
	Mode
	SNR
	PER (+40ppm)
	PER
(-40ppm)

	3
	243
	2x2x40, 64QAM, R=3/4
	50
	5.00E-04
	4.00E-04


3.2 PHY-2 Simulations
3.2.1 Simulation parameters

1. Simulator format: Simulink (20MHz)

2. Simulation parameters: 

a. RF impairment (PA nonlinearity, phase noise, frequency offset )

b. MMSE decoder (No successive cancellation)

c. Per-tone channel estimation (No smoothing)

d. Viterbi trace back length of 128 with 12-bit quantization for the input soft metrics

e. 11n Channel model B, D, E non-LOS 
f. PPDU length is 1000 bytes, as CC specified
g. SNR is calculated as ensemble averaged SNR
h. 10000 packets are simulated for each SNR value. 

i. Short GI only applied to channel model B

j. Channel coding:

A. Convolutional codes

B. Advanced LDPC codes: 

· Min-sum with one term correction decoding algorithm:


· Maximum iteration = 50

· No channel interleaver

k. No CDD or Walsh+CDD

3. Remark: MCS 15 is 64QAM with 5/6 code
3.2.2 Simulation results
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Figure ‎3‑9:  CC67 Channel B-NLOS, 2x2x20MHz, 1000-Byte (Half GI)
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Figure ‎3‑10:  CC67 Channel D-NLOS, 2x2x20MHz, 1000-Byte
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Figure ‎3‑11:  CC67 Channel E-NLOS, 2x2x20MHz, 1000-Byte
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Figure ‎3‑12:  CC67 Channel B-NLOS, 2x3x20MHz, 1000-Byte (Half GI)
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Figure ‎3‑13:  CC67 Channel D-NLOS, 2x3x20MHz, 1000-Byte
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Figure ‎3‑14:  CC67 Channel E-NLOS, 2x3x20MHz, 1000-Byte
3.3 PHY-3 Simulations

This subsection provides the simulation results for CC 67. 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.

· Half guard interval (GI) for B-NLOS channel.

· Symbol and carrier frequency synchronization performed.

· Simple per tone channel estimation.

· No cyclic delay diversity (CDD).
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Figure ‎3‑15:  Channel B-NLOS, 20MHz, half GI
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Figure ‎3‑16:  Channel D-NLOS, 20MHz, full GI
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Figure ‎3‑17:  Channel E-NLOS, 20MHz, full GI
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Figure ‎3‑18:  Channel B-NLOS, 40MHz, half GI
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Figure ‎3‑19:  Channel D-NLOS, 40MHz, full GI
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Figure ‎3‑20:  Channel E-NLOS, 40MHz, full GI
4 PHY Throughput Simulations

The simulations presented in this section are not required by the comparison criteria.

In this section we define PHY Throughput to be the total number of bits delivered divided by the transmission time of the data portions of the transmitted PPDUs.  This throughput does not include PLCP header overheads, or MAC overheads such as inter-frame space or contension time.

4.1 Ideal Throughput Simulations

The simulations presented in this subsection are “ideal” simulations because

(a) there are no impairments, and

(b) an ideal MCS selection algorithm is employed.

All of the simulations in this subsection use the MMSE receiver.

One purpose of these simulations is to investigate the potential throughput gains that are achievable using some of the optional features of the proposal; specifically, advanced coding and beam forming.  Throughput simulations are particularly well suited for this purpose.  When comparing different coding scheme, the data rates of the MCSs between to two systems to be compaired may not match.

Throughput depends on MCS selection algorithms.  As is well know, SNR measurment alone is not a good predictor of PER.  It is highly likely that practical MCS selection algorithm will need to be tuned to the particular air interface technology.  Thus, our use of an ideal MCS selection algorithm provides a fair comparison between technologies; that is, one of the candidates is not given an unfair advantage via the particular algorithm employed.

The ideal throughput simulation is described as follows:

1. Generate a channel realization H
2. For each MCS, simulate 200 packet transmissions.

a. Estimate PER(H,MCS) given the number of error observed in the 200 simulations

b. Calculate TP(H,MCS) = (1 - PER(H,MCS)) * rate(MCS)

3. Calculate per channel statistics

a. TP(H) = maxMCS TP(H,MCS)

b. PER(H) = maxMCS PER(H,MCS*)  where MCS* = arg maxMCS TP(H,MCS)

The plotted simulation results are then averaged over 100 channel realizations H.

On a practical note, not all MCSs are actually simulated in step 2.  There are obvious tricks to minimize the amount of simulation.  For example, if the data rate of a given MCS* is less than the max TP(H,MCS) for the MCSs already simulated, then there is no point to simulate MCS*.  By starting with the best MCS from the previous H, this eliminates many of the lower rate MCSs.  Likewise, as the algorithm searches higher rate MCSs and TP(H,MCS) falls below, say, half the current best TP(H,MCS), then we can stop simulating.  The program search parameters were tuned so that there was no difference in results between the reduced MCS search algorithm and exhaustive search.

4.1.1 Basic MIMO Simulations

Note: These simulations have not yet been updated to reflect the current TGnSync technical specification, however they remain here as they still serve a useful role to demonstrate the relative benefits of different modes of operation.

Figure ‎4‑1, Figure ‎4‑2 and Figure ‎4‑3 show the throughput results of a comparison of four MIMO configuration, respectively, for Model B, Model D and Model E.  These Basic MIMO simulation utilize MCS 0-15 for the 2x2 and 2x3 cases, and MCS 0-31 for the 4x4 case.

These figures show the “sweet spot” of 140 Mbps.  If we assume a MAC efficiency of 70%, 140 Mbps is the required PHY throughput to reach the 100 Mbps top-of-MAC goal.

It is seen that the 2x2-40 MHz TGn Sync solution has a significant SNR advantage over the 20 MHz configuration.

It must be noted that if these curves were translated to throughput vs. range charts there would be a 3 dB plealty applied to the 40 MHz system due to the fact that the total transmit power is the same for both cases.  After this shift 3 dB, it is clear that 2x2-40 MHz is roughly comparable in performance to 4x4-20 MHz.

However, it is still appropriate to compare throughput on the SNR scale for a very important reason.  All else equal, High SNR implies high RF cost and power consumption.  High SNR requires additional PA back-off, additional bits in data converters, additional dynamic range, less I/Q imbalance and highly linear analog circuits.  These factors drive RF and analog cost and power consumption across the transmit and receive RF chains.

It is therefore clear that the 2x2 40 MHz configuration provides an extremely cost effective solution to achieve the 100 Mbps top-of-MAC throughput goal of 802.11n.
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Figure ‎4‑1:  Basic MIMO Throughput Comparison Model B NLOS
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Figure ‎4‑2:  Basic MIMO Throughput Comparison Model D NLOS
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Figure ‎4‑3:  Basic MIMO Throughput Comparison Model E NLOS

In addition to throughput (and PER) statistics, the simulation algorithm can also collect MCS selection statistics to allow us to examine the relative frequency that various MCSs are selected.  These results are shown in the following figures for Model D NLOS.

Compare the 2x2 and 2x3 20 MHz cases of Figure ‎4‑4 and Figure ‎4‑5.  We see in the 2x2 case when the receiver can choose between MCSs of approximately the same rate but different numbers of spatial steams (1 or 2), that the lowner number of spatial streams generally wins.  This is because in the 2x2 case, 2 spatial stream transmissions lacks diversity.  Moving to the 2x3 chart, we clearly see the impact of the additional diversity in that the lower rate 2 spatial stream cases are chosen more often.  The same trend is evident in 4x4 case in Figure ‎4‑6, where we see a predominance of 3 spatial streams, and very little occurance of 4 spatial streams.

Figure ‎4‑7 shows the 2x2-40 MHz case.  These selection probability curves are quite similar to the 2x2-20 MHz case.
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Figure ‎4‑4:  MCS Selection Probabilities for 2x2-20 MHz, Model D NLOS
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Figure ‎4‑5:  MCS Selection Probabilities for 2x3-20 MHz, Model D NLOS
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Figure ‎4‑6:  MCS Selection Probabilities for 4x4-20 MHz, Model D NLOS
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Figure ‎4‑7:  MCS Selection Probabilities for 2x2-40 MHz, Model D NLOS
4.1.2 Beam Forming Simuations

Note: These simulations have not yet been updated to reflect the current TGnSync technical specification, however they remain here as they still serve a useful role to demonstrate the relative benefits of different modes of operation.

This subsection examines the impact of beam forming on throughput.  We shall show results for both the ABF (Advanced Beam Forming) and much simpler BBF (Basic Beam Forming).  In both cases we shall show that tremendous gains are achievable.

All of the Beam Forming calculations in this section were preformed using the SVD method.

ABF differs from BBF in two primary ways.  ABF utilizes an extended MCS set, and it allows for variable power loading across spatial streams.

The extended MCS set includes MCSs having different code rates and different modulations across the spatial streams.  Additionaly, the extended MCS set includes 256 QAM.  Normally, 256 QAM would be difficult to support due to the high SNR requirement.  However, beam forming gains allow these high data rate modes to operate with substantially lower SNRs, which potentially brings 256 QAM into the realm of possibility.

Figure ‎4‑8, Figure ‎4‑9 and Figure ‎4‑10 show a comparison of 2x2, 3x2 and 4x2 the Advanced BF to 2x2 and 3x2 open loop.  We see that the 3x2 advanced BF is generally several dB better than the 2x3 solution.

TGn Sync believes that the logical application for beam forming transmission is for very high throughput traffic with stringent QoS requirement; specifically streaming video such has HDTV.  The technology makes sense because high costs and power consumption are contained in the media server, which could be a set-top box AP or a multi-media PC.  Power consumption is not such a problem as these devices are pluged into the wall.  One media server device, however, can serve high rate media to several low cost, low power (battery operated) clients.

Given the deployment secenario just described, the sweet spot configuration is that of the 4 transmit antenna media server device serving 2 receive antenna clients.  The results of Figure ‎4‑8, Figure ‎4‑9 and Figure ‎4‑10 indicate a consistent 10 dB gain relative to the 2x2 baseline.  Of course, for the same configuration, one might argue that there are open loop transmit diversity methods that also provide gain.  However, these will not achieve 10 dB diversity gain.

Next, Figure ‎4‑11 through Figure ‎4‑16 compare what is achievable with substantially less complexity than full advanced BF.  We compare advance to two version of basic BF.  Both basic BF are restricted to MCS 0-15, which do not include 256 QAM, and hence, the peak rate is the same as Basic open loop MIMO.  The two variants are with and without variable power loading across spatial streams.

We see in the 2x2 cases that power loading and the extended MCS set do provide some reasonable gains.  For the 4x2 cases, the simplest Basic BF without variable spatial stream power loading provides nearly as much throughput as the full advanced BF.
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Figure ‎4‑8:  Advanced BF vs. Basic Open Loop Comparison, Model B
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Figure ‎4‑9:  Advanced BF vs. Basic Open Loop Comparison, Model D
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Figure ‎4‑10:  Advanced BF vs. Basic Open Loop Comparison, Model E
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Figure ‎4‑11:  Comparison of Basic and Advanced BF, 2x2 - Model B
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Figure ‎4‑12:  Comparison of Basic and Advanced BF, 4x2 - Model B

[image: image47.emf]Beam Forming Throughput Comparison

Model D NLOS

0

20

40

60

80

100

120

140

160

0 5 10 15 20 25 30 35

SNR (dB)

Throughput (Mbps)

2x2 - Advanced BF

2x2 - Basic BF /wo Pwr Loading

2x2 - Basic BF w/ Pwr Loading

2x2 - Basic Open Loop

No Impairments

1000 byte packets


Figure ‎4‑13:  Comparison of Basic and Advanced BF, 2x2 - Model D
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Figure ‎4‑14:  Comparison of Basic and Advanced BF, 4x2 - Model D
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Figure ‎4‑15:  Comparison of Basic and Advanced BF, 2x2 - Model E
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Figure ‎4‑16:  Comparison of Basic and Advanced BF, 4x2 - Model E

4.2 Throughput Simulations for Beamforming with Impairments

Note: These simulations have not yet been updated to reflect the current TGnSync technical specification, however they remain here as they still serve a useful role to demonstrate the relative benefits of different modes of operation.

This subsection provides additional throughput simulations to compare advanced beamforming with Basic MIMO.  These are not CC67 compliant simulation from the point of required packets number.

· IM1 (PA non-linearity) is included.  Rapp p = 3 and output back-off = 8dB.  Sampling clock is 200 Msps.
· IM2 (carrier frequency offset) is included.  Offset value is -13.675 ppm, and sampling clock offset is also added.  Actual timing acquisition is implemented.
· IM4 (phase noise) is included.
· IM6 (antenna configuration) set to CC67 requirement of ½ wavelength antenna spacing.
· Packet detection, frequency offset compensation, and timing offset compression are implemented.
· Link adaptation algorithm
· We implemented our original link adaptation algorithm.

· It is not ideal one. It could be used in actual implementation.

· Link adaptation uses the MCS set shown in Table 9, without restriction, as far as the number of spatial streams is equal to or less than the number of Tx antennas, in ABF mode.
· In basic MIMO mode, NSS is restricted to be the same as NTx.  As a result, throughput at low SNR regions becomes low compared to the case of employing Walsh+CDD to map one spatial stream to two or more Tx antennas.
· Channel Seed

· We used 100x100 PPDUs for showing rough comparison, fewer than required by CC67. 
· Other remarks

· We did not use 1 spatial stream Walsh+CDD for basic MIMO simulations.

Table 9:  MCS Set 

	ID#
	Stream
Count
	Stream ID vs Modulation&Coding
	Full GI

	
	
	stream 1
	stream 2
	stream 3
	stream 4
	Rate in 
20MHz

	0
	1
	BPSK, 1/2
	N/A
	N/A
	N/A
	6

	1
	1
	QPSK, 1/2
	N/A
	N/A
	N/A
	12

	2
	1
	QPSK, 3/4
	N/A
	N/A
	N/A
	18

	3
	1
	16QAM, 1/2
	N/A
	N/A
	N/A
	24

	4
	1
	16QAM, 3/4
	N/A
	N/A
	N/A
	36

	5
	1
	64QAM, 2/3
	N/A
	N/A
	N/A
	48

	6
	1
	64QAM, 3/4
	N/A
	N/A
	N/A
	54

	8
	2
	BPSK, 1/2
	BPSK, 1/2
	N/A
	N/A
	12

	9
	2
	QPSK, 1/2
	QPSK, 1/2
	N/A
	N/A
	24

	10
	2
	QPSK, 3/4
	QPSK, 3/4
	N/A
	N/A
	36

	11
	2
	16QAM, 1/2
	16QAM, 1/2
	N/A
	N/A
	48

	12
	2
	16QAM, 3/4
	16QAM, 3/4
	N/A
	N/A
	72

	13
	2
	64QAM, 2/3
	64QAM, 2/3
	N/A
	N/A
	96

	14
	2
	64QAM, 3/4
	64QAM, 3/4
	N/A
	N/A
	108

	16
	3
	BPSK, 1/2
	BPSK, 1/2
	BPSK, 1/2
	N/A
	18

	17
	3
	QPSK, 1/2
	QPSK, 1/2
	QPSK, 1/2
	N/A
	36

	18
	3
	QPSK, 3/4
	QPSK, 3/4
	QPSK, 3/4
	N/A
	54

	19
	3
	16QAM, 1/2
	16QAM, 1/2
	16QAM, 1/2
	N/A
	72

	20
	3
	16QAM, 3/4
	16QAM, 3/4
	16QAM, 3/4
	N/A
	108

	21
	3
	64QAM, 2/3
	64QAM, 2/3
	64QAM, 2/3
	N/A
	144

	22
	3
	64QAM, 3/4
	64QAM, 3/4
	64QAM, 3/4
	N/A
	162

	24
	4
	BPSK, 1/2
	BPSK, 1/2
	BPSK, 1/2
	BPSK, 1/2
	24

	25
	4
	QPSK, 1/2
	QPSK, 1/2
	QPSK, 1/2
	QPSK, 1/2
	48

	26
	4
	QPSK, 3/4
	QPSK, 3/4
	QPSK, 3/4
	QPSK, 3/4
	72

	27
	4
	16QAM, 1/2
	16QAM, 1/2
	16QAM, 1/2
	16QAM, 1/2
	96

	28
	4
	16QAM, 3/4
	16QAM, 3/4
	16QAM, 3/4
	16QAM, 3/4
	144

	29
	4
	64QAM, 2/3
	64QAM, 2/3
	64QAM, 2/3
	64QAM, 2/3
	192

	30
	4
	64QAM, 3/4
	64QAM, 3/4
	64QAM, 3/4
	64QAM, 3/4
	216

	33
	1
	256QAM, 3/4
	N/A
	N/A
	N/A
	72

	34
	2
	QPSK, 3/4
	BPSK, 1/2
	N/A
	N/A
	24

	35
	2
	QPSK, 3/4
	BPSK, 3/4
	N/A
	N/A
	27

	36
	2
	16QAM, 1/2
	QPSK, 1/2
	N/A
	N/A
	36

	37
	2
	16QAM, 3/4
	QPSK, 1/2
	N/A
	N/A
	48

	38
	2
	16QAM, 3/4
	QPSK, 3/4
	N/A
	N/A
	54

	39
	2
	64QAM, 2/3
	BPSK, 1/2
	N/A
	N/A
	54

	40
	2
	64QAM, 3/4
	QPSK, 3/4
	N/A
	N/A
	72

	41
	2
	64QAM, 2/3
	16QAM, 1/2
	N/A
	N/A
	72

	42
	2
	256QAM, 3/4
	16QAM, 1/2
	N/A
	N/A
	96

	43
	2
	256QAM, 3/4
	16QAM, 3/4
	N/A
	N/A
	108

	44
	2
	256QAM, 3/4
	256QAM, 3/4
	N/A
	N/A
	144

	45
	3
	16QAM, 3/4
	16QAM, 1/2
	QPSK, 1/2
	N/A
	72

	46
	3
	64QAM, 2/3
	QPSK, 3/4
	BPSK, 1/2
	N/A
	72

	47
	3
	64QAM, 3/4
	16QAM, 1/2
	QPSK 3/4
	N/A
	96

	48
	3
	64QAM, 3/4
	16QAM, 3/4
	QPSK, 3/4
	N/A
	108

	49
	3
	64QAM, 3/4
	64QAM, 2/3
	BPSK, 1/2
	N/A
	108

	50
	3
	64QAM, 3/4
	64QAM, 3/4
	16QAM, 3/4
	N/A
	144

	51
	3
	256QAM, 3/4
	64QAM, 2/3
	16QAM, 1/2
	N/A
	144

	52
	3
	256QAM, 3/4
	64QAM, 3/4
	QPSK 3/4
	N/A
	144

	53
	3
	256QAM, 3/4
	64QAM, 3/4
	16QAM, 3/4
	N/A
	162

	54
	3
	256QAM, 3/4
	256QAM, 3/4
	QPSK 3/4
	N/A
	162

	55
	3
	256QAM, 3/4
	256QAM, 3/4
	64QAM, 2/3
	N/A
	192

	56
	4
	64QAM, 2/3
	16QAM, 3/4
	BPSK, 1/2
	BPSK, 1/2
	96

	57
	4
	64QAM, 3/4
	64QAM, 3/4
	16QAM, 1/2
	QPSK, 1/2
	144

	58
	4
	256QAM, 3/4
	64QAM, 3/4
	64QAM, 2/3
	QPSK, 3/4
	192

	59
	4
	256QAM, 3/4
	64QAM, 3/4
	64QAM, 3/4
	QPSK, 1/2
	192

	60
	4
	256QAM, 3/4
	256QAM, 3/4
	16QAM, 3/4
	QPSK, 1/2
	192

	61
	4
	256QAM, 3/4
	256QAM, 3/4
	64QAM, 2/3
	16QAM, 1/2
	216

	62
	4
	256QAM, 3/4
	256QAM, 3/4
	64QAM, 3/4
	QPSK, 3/4
	216
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Figure ‎4‑17 : Channel-B (nLOS) Throughput, 2x2 : 2x3 : 3x2
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Figure ‎4‑18 : Channel-B (nLOS)  Throughput, 4x4
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Figure ‎4‑19 : Channel-D (nLOS) Throughput, 2x2 : 2x3 : 3x2
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Figure ‎4‑20 : Channel-D (nLOS) Throughput, 4x4

[image: image55.emf] 

Basic MIMO vs Advanced BF MIMO

ch-E(nLOS), 2x2 : 2x3 : 3x2

0

25

50

75

100

125

0 5 10 15 20 25 30 35 40 45

SNR [dB]

Throughput [Mbps]

Basic MIMO 2x2

ABF MIMO 2x2

Basic MIMO 2x3

ABF MIMO 2x3

ABF MIMO 3x2


Figure ‎4‑21 : Channel-E (nLOS) Throughput, , 2x2 : 2x3 : 3x2
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Figure ‎4‑22 : Channel-E (nLOS) Throughput, 4x4
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Abstract


This document contains simulation results for the TGn Sync proposal.  These simulations establish compliance with CC59 and CC67.  Additional simulations are provided to highlight the potential performance gains of various features of the TGn Sync proposal.
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