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1. General
1.1 Simultaneous Sensing and Data Transmission
Sensing is an essential operation for licensed incumbent protection by providing identification of licensed incumbent services. A reliable sensing, however, may impact the data transmission of the IEEE 802.22 WRAN systems. Therefore, sensing shall meet the following requirements: 

· Sensing shall be performed as reliably and as timely as specified in [1];

· The impact of sensing on data transmissions shall be limited to an acceptable level such that QoS requirements as specified in [1] can be satisfied. 

In order to satisfy the above conflicting requirements for spectrum sensing and QoS of data transmission, it’s highly desirable for a cognitive IEEE 802.22 WRAN system to perform spectrum sensing and data transmission simultaneously as depicted in Figure 1. 

A WRAN system, applying the Simultaneous Sensing and Data Transmissions (SSDT) concept, uses the in-band channels for data transmissions and performs channel sensing on out-of-band channels simultaneously. Spectrum gaps specify “guard bands” between the in-band and out-of-band channels in order to mitigate adjacent interference caused by data transmissions to the out-of-band channel sensing. The minimum width of the guard band could be varied and depend on factors such as the sensing receiver technology, the WRAN transmission power, the incumbent services that need to be protected and etc (see section 1.2). 

The bands of spectrum for out-of-band sensing should be selected adaptively by the base station of the WRAN so as to provide the system the flexibility of optimizing both sensing performance and QoS of the WRAN system. The number of channels to be selected for sensing should also be adaptively adjustable. 
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Figure 1 - Simultaneous sensing on out-of-band channels and data transmission on in-band channels
1.2 Guard Bands
In an IEEE 802.22 WRAN system, simultaneous sensing and data transmission (SSDT) using collocated sensing and transmission units are possible with no performance degradation on spectrum sensing when an appropriate guard band between the transmission channel and the channel being sensed is used. The required width of the guard band depends on the following factors:

· Out-of-band emissions of the transmitter

· Performance of transmitter output filter

· Performance of sensing receiver input filter

· Directional antenna performance (side lobe suppression, adaptive antenna)

· Antenna polarization

· Antenna positioning (space separation and orientation)

· Sensing receiver sensitivity

A typical guard band of a “single bandwidth channel” is required between the channel of the sensing receiver and the data transmitter.

1.3 Interference Mitigation Techniques
To reduce the interference between the transmission unit and the sensing unit, the following mitigation techniques can be considered:

· Out-of-band emission mask of the transmitter

· Transmission power control of the transmitter

· Output filter of the transmitter

· Input filter of the sensing receiver

· Antenna side lobe suppression

· Adaptive antenna

· Antenna polarization

· Antenna positioning (space separation and orientation)

2. Out-of-Band Emission Mask
According to 802.22 functional requirement document [1], in order to protect DTV receivers and to protect wireless microphones, 4 W EIRP WRAN CPEs and Base stations SHALL meet the limits specified in Table 1:

	
	If WRAN operates

	
	Case A: First adjacent channel to  wireless microphone
	Case B: 2nd adjacent channel and beyond to TV or wireless microphone

	WRAN first adjacent channel limit
	4.8 uV/m
	200 uV/m 

	WRAN second adjacent channel and beyond limit
	4.8 uV/m 
	4.8 uV/m



Table 1:  Emission levels measured at 3 m in 120 kHz bandwidth

If these numbers (i.e. 4.8uV/m, 200uV/m) are scaled to a 6 MHz channel, they correspond to:

20*log(4.8)+ 10*log(6000/120) = 30.6 dB(uV/m)

20*log(200)+ 10*log(6000/120) = 63 dB(uV/m)

For a CPE or Base station that operates at 4W EIRP, the field strength at 3m in 120 kHz is 114.3 dB(uV/m), which corresponds to 131 dB(uV/m) when it is scaled to a 6 MHz channel.

The maximum out-of-band emission rejection for the WRAN CPE or Base station on the first or the second adjacent channel (depending on the situation described in the Table 1) is:

131 – 63 = 68 dB, or

131 – 30.6 = 100.4 dB

	
	Case A
	Case B

	First adjacent channel
	100.4 dBc
	68 dBc

	Second adjacent channel and beyond
	100.4 dBc
	100.4 dBc


Table 2 – Out of Band Emission Mask for WRAN

3. Transmission Power Control
The maximum transmission of the CPE and Base station is 4W EIRP.

The minimum transmission power should be used by service carriers for the service coverage whenever possible.
4. Transmitter Output Filter (could be ignored)
A typical low cost pass band cavity filter can provide ~15dB (~40dB) rejection at one (two) bandwidth away from the pass band center.

Combining the transmitter out-of-band emission suppression and the transmitter output filter out-of-band rejection, the effective transmitter out-of-band emissions will be as shown in Table 3:

	
	Case A
	Case B

	First adjacent channel
	115.4 dBc
	83 dBc

	Second adjacent channel and beyond
	140.4 dBc
	140.4 dBc


Table 3 Effective Transmitter Out-of-band Emissions After Adding Transmitter Output Filter
5. Receiver Input Filter
A good radio receiver should provide an adjacent channel (the 1st adjacent channel) rejection ratio of 30-40 dB and an alternate channel (2nd adjacent channel and beyond) rejection ratio of around 60dB.
6. Antenna Polarization
If possible, the transmission system and the sensing system should use different antenna polarization. The cross polarization isolation is about 10~15dB.

The transmit antenna should use vertical polarization to allow maximum isolation toward nearby outdoor TV receiving antennas.

On the other hand, the sensing antenna should be horizontally polarized in order to sense TV signal.

7. Antenna Side Lobe Suppression
For directional antenna, the side lobes should be at least 30dBc down from the main lobe peak at elevation and 10dBc at azimuth (at an angle of 90 degree from the bore direction).

For omni-directional antenna, the side lobes along the axis should be at least 20dBc down from the main lobe peak.

8. Antenna Separation
Considering the following factors:

· Operating frequency: 617 MHz (channel 38)

· Transmitter antenna gain (Base station): 12 dBi

· Sensing receiver antenna gain: 0 dBi

· Antenna separation: 3 meters

The antenna isolation is:

Horizontal isolation: 25.81 dB 

    
Vertical isolation : 59.62 dB
For CPE transmit antenna with 10 dBi gain, the antenna isolation is:


Horizontal isolation: 27.81 dB 

   
Vertical isolation: 59.62 dB
9. Sensing Antenna Sensitivity
The required sensing antenna sensitivity is -116 dBm [1].

10. Transmitter Interference to the Sensing Receiver
If the transmitter interference to the sensing receiver is much lower than the thermal noise and the signal level for detection, the interference can be ignored.

Assuming 0 dB noise figure, thermal noise (noise floor) in the 6 MHz bandwidth: 

-106.22 dBm.

11. Analysis
11.1 Base Station
Assuming the following operation parameters:
· Transmit antenna and sensing antenna are mounted in the same axial vertically

· Transmitter: WRAN Base station

· Transmission power: 4W EIRP (36dBm)

· Guard band: 6 MHz (1 channel)

· Out-of-band emission mask: 

· -68 dBc (the first adjacent channel)

· -100.4 dBc (the second adjacent channel)

· Transmitter antenna gain: 12 dBi

· Sensing receiver antenna gain: 0 dBi

· Output/input filter rejection: 40 dBc

· Transmit antenna polarization: vertical

· Sensing antenna polarization: horizontal

· Transmitter antenna side lobe suppression (omni-directional): 20 dBc

· Receiver antenna side lobe suppression (omni-directional): 20 dBc

· Antenna isolation (horizontal isolation): 59.62 dBc

Interference on the second adjacent channel: 

36 dBm (TX power) + 12 dBi (TX antenna gain) + 0 dBi (sensing antenna gain) – 100.4 dBc (out-of-band emission mask) – 40 dBc (input filter rejection) – 15 dBc (cross polarization) – 40 dBc (side lobe suppression) – 59.62 (antenna isolation) dBc  = -207.02 dBm (<< -116 dBm)
11.2 CPE

Assuming the following operation parameters:

· Transmit antenna and sensing antenna are mounted in the same axial vertically

· Transmitter: WRAN CPE

· Transmission power: 4W EIRP (36dBm)

· Guard band: 6 MHz (1 channel)

· Out-of-band emission mask: 

· -68 dBc (the first adjacent channel)

· -100.4 dBc (the second adjacent channel)

· Transmitter antenna gain: 10 dBi

· Sensing receiver antenna gain: 0 dBi

· Output/input filter rejection: 40 dBc

· Transmit antenna polarization: vertical

· Sensing antenna polarization: horizontal

· Transmitter antenna side lobe suppression (omni-directional): 20 dBc

· Receiver antenna side lobe suppression (omni-directional): 20 dBc

· Antenna isolation (vertical isolation): 59.62 dBc

Interference on the second adjacent channel: 

36 dBm (TX power) + 10 dBi (TX gain) + 0 dBi (RX gain) – 100.4 dBc (OOB emission mask) – 40 dBc (input filter rejection) – 15 dBc  (cross polarization) – 40 (side lobe suppression) dBc – 59.62 dBc (vertical isolation)

= -209.02 dBm (<< -116 dBm)

11.3 CPE

Assuming the following operation parameters:

· Transmit antenna and sensing antenna are mounted horizontally

· Transmitter: WRAN CPE

· Transmission power: 4W EIRP (36dBm)

· Guard band: 6 MHz (1 channel)

· Out-of-band emission mask: 

· -68 dBc (the first adjacent channel)

· -100.4 dBc (the second adjacent channel)

· Transmitter antenna gain: 10 dBi

· Sensing receiver antenna gain: 0 dBi

· Output/input filter rejection: 40 dBc

· Transmit antenna polarization: vertical

· Sensing antenna polarization: horizontal

· Transmitter antenna side lobe suppression (omni-directional): 20 dBc

· Receiver antenna side lobe suppression (omni-directional): 20 dBc

· Antenna isolation (horizontal isolation): 27.81 dBc

Interference on the second adjacent channel: 

36 dBm + 10 dBi + 0 dBi – 100.4 dBc – 40 dBc – 15 dBc – 27.81 dBc 

= -137.21 dBm (<< -116 dBm)

Conclusion
It is shown in this document that, by applying a number of mitigation techniques, interference from the transmission unit to the co-located sensing unit can be suppressed to a level much lower then the thermal noise and the required sensitivity of the sensing receiver, so that the SSDT functionality can be performed without any performance degradation.
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Abstract


In order to satisfy the conflicting requirements for spectrum sensing and QoS of data transmission, it’s highly desirable for a cognitive IEEE 802.22 WRAN system to perform spectrum sensing and data transmission simultaneously. This document addresses the critical issue of self-interference generated from the transmission unit to the co-located sensing unit when the simultaneous sensing and data transmission (SSDT) technique is applied. A number of interference mitigation techniques are described and analyses are given.
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� This number is derived from 20 dBuV/m field strength at 10m, measured in 6 MHz. and assumes no polarization discrimination.   
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