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Abstract

VISA based MIMO with 2 transmitting antenna and 4 transmitting antenna is introduced.
The suitable PLCP frame structure is proposed.

Since the most of coding and modulation structure is kept the same as .11a or .11g, building blocks of .11a ro .11g can be reused.
1. Introduction

This is an IEEE802.11 WLAN Physical Layer proposal which makes 100Mbps throughput at the the MAC SAP possible.  In order to realize 100Mbps at the MAC SAP, data rate at the physical layer have to be much higher than that of the MAC SAP. This proposal proposes a physical layer specification that supports up to 216Mbps data transmission rate with maximum backward compatibility with .11a or .11g devices. One of the features of the proposal is that the header of the physical frame is kept same as .11a OFDM or .11g ERP-PFDM so that the new .11n device and .11a or .11g device can co-exist. The another feature is that functional blocks such as coding or modulation are also kept the same to minimize the manufacturing cost. These features make our proposed system  matches well to IEEE802.11n PAR[PAR] and 5 criteria[5C].
The maximum physical layer data rate supported in this proposal is 216Mbps. It is realized by using MIMO transmission with 4 transmitting antennas (receiver has to have more than 4 antennas) with the coding and modulation scheme which supported 54Mbps in .11a or .11g specifications.  Besides several distinctive MIMO processing methods such as MMSE or BLAST, the proposed system well supports the MIMO processing based on VISA principle. Since the VISA based MIMO processing does not require matrix inversion nor does layered processing, the implementation will be simpler than other methods. 
In the remaining part of this document, Supported Modes and Rates are described first, and VISA principle is introduced. Then the proposed physical layer specification and one supporting MAC layer modification are described in the succeeding sections.
2. Supported Modes and Rates

In order to fully utilize the .11a or .11g modulation block and avoid costly new development, we propose to use the combination of the coding and modulation which is defined in .11a or .11g specifications as the basic coding and modulation scheme for the new .11n specification. They are listed in the table 1.
Table 1. Coding and Modulation Scheme
(Table 78 of 802.11a specification)
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In our proposal, in order to support more than 54Mbps upto 216Mbps, 2 transmitter antenna MIMO and 4 transmitter antenna MIMO are defined  on top of some of the .11a or .11g coding and modulation schemes. Table 2.  shows the rate and MIMO configurations. Note that 72Mbps and 96Mbps are supported by either 2 transmitter antenna MIMO or 4 transmitter antenna MIMO. For instance, 72Mbps is supported either by using 16QAM 3/4 (36Mbps) with 2 transmitter antenna MIMO or by using QPSK 3/4 with 4 transmitter antenna MIMO. 
Table. 2. MIMO modes

	Bit Rate (Mbps)
	Modulation
	Coding Rate
	# of Tx antenna

	72
	16QAM
	3/4
	2

	72
	QPSK
	3/4
	4

	96
	64QAM
	2/3
	2

	96
	16QAM
	1/2
	4

	108
	64QAM
	3/4
	2

	144
	16QAM
	3/4
	4

	192
	64QAM
	2/3
	4

	216
	64QAM
	3/4
	4


3. VISA principle

VISA(VIrtual Subcarrier Assignment) is a technique to enable Null-Steering beam forming for OFDM signal proposed by Hara et. al.[VTC’03 Spring, VTC’04 Spring]. In [VTC’04 Spring], SDMA (spatial division multiple access) method by using VISA for spatial filtering has been introduced. Here we quote the section on the principle and procedure of VISA is described.

“Figure 1 shows a VISA-based system for an uplink in an isolated cell, where each user terminal with no array antenna transmits a signal to a base station with an array antenna.
Assume that the two user terminals 1 and 2 want to transmit their packets (signal bursts) to the base station. According to VISA, when the base station receives request packets for data transmission from the two user terminals, it first assigns the virtual subcarrier position A to the user terminal 1 and the virtual subcarrier position B to the user terminal 2 (of course, their positions are different). In the data transmission at the two user terminals, they transmit their signal bursts to the base station deliberately puncturing data subcarrier at the assigned virtual subcarrier position over the whole signal burst. The data transmission rate does not change before/after the puncturing but the puncturing introduces some performance degradation. However, the demodulator at the base station does not care about the punctured data, namely, it can deal with them as those that happen to be close to zero by multipath fading. Therefore, the puncturing-VISA is introducible in already-existing OFDM-based standards without any significant change to transmitter/receiver structures, inserting the function of puncturing between the serial-to-parallel converter (S/P) and the FFT processor at the transmitter and adding an array antenna to the receiver.
If the base station receives the signal from the user 1, it then controls the array weights so as to force the output of the virtual subcarrier A to be zero. Even if the signals from the users 1 and 2 simultaneously arrive at the base station, it can spatially filter out only the signal of the user 2 that has a signal component at the virtual subcarrier position A. On the other hand, when receiving the signal from the user 2, it can also spatially filter out only the signal of the user 1, by forcing the output of the virtual subcarrier B assigned to the user 2 to be zero.
In this way, with the use of array antenna in OFDM signal transmission, we can make a receiver accept only the signal which has no component at an assigned subcarrier position. VISA can easily achieve an SDMA where the position of a virtual subcarrier assigned is an identifier (ID) to identify an individual user. Note that VISA is based on deliberate subcarrier puncturing, so it does not require any special pilot signal to distinguish one users from the other users, and does not reduce the data transmission rate.”
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Figure 1 :  Principle of VISA (figure 1 of [VTC’04Spring])

One of the advantages of using null subcarrier beamforming is the simplicity of the circuit implementation. Solving the optimum weight can be carried out by simply minimizing the filter output. This can be performed by well known algorithms such as RLS(Recursive Least Square) or LMS(Least Mean Square) with zero reference signal. Zero reference signal does not require regeneration of reference signal nor synchronization. To avoid a trivial solution (i.e. all zero weight) one of weights could be constrained. One possibility is to set-up one weight to any non-zero value without losing generality.

Meanwhile, the receiver structure shown in the paper is pre-FFT type which applies the weights generated so that the output of one assigned subcarrier is to be minimized before FFT. It means that the weights are multiplied to the received signal equally for all subcarriers. Therefore its operation will be limited to frequency flat fading environment, which is not the case that IEEE802.11 TGn assumes[11-03/940r5]. Alternatively, we suggest using a post FFT type beamforming where the process is carried out per subcarrier basis. In order to calculate the weight coefficients for each receiving branch, a pilot (training sequence) structure needs to be set-up as follows:

Signal from one antenna has to be totally absent while the signals from other antennas are present, which results in PLCP frame format described in the next section.
4. PLCP Frame Structure

PLCP frame format

Proposed PLCP frame format is shown in the figures 2and 3. For 1st SP, 1st LP and SIGNAL field, we use identical frame format to 802.11a specification. That makes enable for legacy .11a devices to receive SIGNAL field and properly set their NAV to ensure not to interfere .11n traffic. Then 2nd SP is sent from all transmitting antennas for AGC operation of the .11n MIMO receiver. It is a similar approach that is proposed by Toshiba[11-04/046r1]. 2nd LP symbol is also sent from all antennas except for one by one. In the period when no signal is transmitted from one of the antennas, the receiver generates combining weight that suppresses all the receiving signal in that period. By applying such combining weight, it is possible to receive the signal from one antenna and rejecting the signals from the other antennas. Since three LPs are sent from each antenna, channel state parameters are more effectively estimated in contrast to send LPs one by one. 
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PLCP Field definition

(1) 1st SP and 1st LP

Identical signal format to the section 17.3.3 of .11a specification should be applied to ensure the reception by legacy .11a devices.

(2) 2nd SP

The main purpose of the 2nd SP is for .11n MIMO receiver to set AGC. The desired features for the 2nd SP are (a) low cross correlation and (b) low PAPR. One possible 2nd SP configuration is proposed by RealTek[11-04/087r0], where tones of SP of antenna 2,3, and 4 are derived by polarity inversions of SP of antenna 1.
(3) 2nd LP

We will apply similar approach to 2nd SP. We use the identical LP to that of .11a for antenna 1 and polarity inversions of it for other antennas.

(4) SIGNAL

We use identical SIGNAL field definition to .11a specification that is defined in 17.3.4 except that we enhance the RATE field to specify MIMO modes.

Table 3: Definition of RARE field

	Data Rate (Mbps)
	Modulation
	Coding Rate
	# of Tx
	(R1,R2,R3,R4)

	6
	BPSK
	1/2
	1
	1101

	9
	BPSK
	3/4
	1
	1111

	12
	QPSK
	1/2
	1
	0101

	18
	QPSK
	3/4
	1
	0111

	24
	16-QAM
	1/2
	1
	1001

	36
	16-QAM
	3/4
	1
	1011

	48
	64-QAM
	2/3
	1
	0001

	54
	64-QAM
	3/4
	1
	0011

	72
	16-QAM
	3/4
	2
	0110

	72
	QPSK
	3/4
	4
	1110

	96
	64-QAM
	2/3
	2
	0100

	96
	16-QAM
	1/2
	4
	1100

	108
	64-QAM
	3/4
	2
	1010

	144
	16-QAM
	3/4
	4
	1000

	192
	64-QAM
	2/3
	4
	0010

	216
	64-QAM
	3/4
	4
	0000


(5) Data

We propose the simplest approach for defining the data field. PSDU is just simply divided into several streams by means of S/P and input to conventional .11a data field configuration, which is described in the sections 17.3.5.1 through 17.3.5.6 (Figure 4). If the number of bits in PSDU is not the integer multiply of the number of antennas, the last a few data fields has 1 bit less data than others. In most cases, the padding function adjusts the length of OFDM symbols are the same, however, in some cases, several branches will have one less OFDM symbol than others. In such cases, signal will not be transmitted from those branches. Although this configuration has slightly less efficiency (because there exists several independent coding blocks that could be one) and does not offer any coding gain in spatial domain, it minimizes implementation impact and any processing delay due to inter branch processing both in transmitter side and receiver side. However, any sophisticated channel coding and interleaving scheme can be applied.
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PMD function (Modulation)

As PLCP format is defined per antenna branch basis, we think .11a modulation scheme (i.e. Subcarrier modulation mapping, Pilot subcarriers, and OFDM modulation) which is defined in 17.3.5.7 to 17.3.5.9 can also be applied per antenna branch basis with no special modification.

5. Backward compatibility with 802.11-1999 (Rev 2003) and 802.11g
As our proposal has identical 1st SP, 1st LP, and SIGNAL frame structure to .11a specification hence ERP-OFDM of 802.11g, if operated in 2.4GHz band, similar level of backward compatibility is supported for 802.11-1999 (Rev 2003) as that to 802.11g. Full backward compatibility is supported with 802.11g as long as 802.11g device correctly decode LENGTH field.

6. MAC frame format

Supported Rates element and Extended Supported Rates element

In the previous 802.11 specifications, Supported Rates element and Extended Supported Rates element specifies supported rate in the Operational Rate Set in units of 500kbps. The msb(bit 7) of the every information octet is set to 1 when the rate belongs to BSSBasicRateSet in Beacon, Probe Response, Association Response, and Reassociation Response management frames.  Therefore 63.5Mbps is the maximum rate which can be represented in the previous 802.11 specifications. On the other hand, 802.11n will support the same rate by different antenna configuration (e.g. Tx=2 or Tx=4). To enhance the field to represent up to 216Mbps and to include the information on antenna configuration, we propose to define the information octet to represent the supported rates according to the following table. 

Table 4. Proposed definition of information octets of Supported Rates element

	Rate (Mbps)
	Code
	Rate (Mbps)
	Code
	Rate (Mbps)
	Code
	Transmit Antenna Mode

	1
	2
	18
	36
	72
	110
	2

	2
	4
	22
	44
	72
	111
	4

	5.5
	11
	24
	48
	96
	112
	2

	6
	12
	33
	66
	96
	113
	4

	9
	18
	36
	72
	108
	114
	2

	11
	22
	48
	96
	144
	115
	4

	12
	24
	54
	108
	192
	116
	4

	
	
	
	
	216
	117
	4
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Figure 2  PLCP Frame Format for Tx=2
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Figure 3  PLCP Frame Format for Tx=4





1st LP





2nd SP





2nd LP





1st SP





2nd SP





2nd SP





2nd SP





2nd LP





2nd LP





2nd LP





DATA





2nd LP





2nd LP





DATA





2nd LP





2nd LP





DATA





2nd LP





DATA





2nd LP





2nd LP





2nd LP





PSDU





S/P





11a coding block





11a coding block





11a coding block





In case PSDU length is not a multiply of the number of branches, the data length of the last few branches will be 1 bit less than the others.





Figure 4  Data Field
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