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2. Adaptive Quiet Period Control

In this document, we shall propose an adaptive quiet period control scheme to exploit extra quiet period and offer certain flexibility on channel sensing. This scheme contains two principle parts, namely Asynchronous Quiet Period and Quiet Burst.
2.1. Asynchronous Quiet Period
In this section, we shall propose an asynchronous quiet period for the in-service monitoring of individual CPEs [p.25, 1] in the WRAN systems with TDD (time division duplex) and OFDMA (Orthogonal Frequency Division Multiple Access) deployment. Here, “in-service monitoring of a CPE” refers to the process of checking the TV channels/sub-channels the CPE is using for normal WRAN operation. We shall use “in-service monitoring” for this meaning throughout the rest of this section. Specifically, this asynchronous quiet period comes from the guard intervals in a TDD frame. While these asynchronous quiet periods can only be used to sense some particular subcarriers in which a CPE (Consumer Premise Equipment) is occupying at, no additional system overhead is required. Moreover, this is particular important for in-service monitoring, where the CPE is required to monitor the sub-bands it is occupying.

2.1.1. Description
In the following, we shall describe the proposed asynchronous quiet period, which makes full use of the guard interval and maintains the flexibility on asynchronous quiet periods such that they can be assigned on demand.
Follow the frame structure of IEEE802.16, a TDD frame can be split into two sub-frames, in which one sub-frame is used for downlink (DL) transmission while the other is for uplink (UL) transmission. Because OFDMA is assumed, UL OFDM symbols should be synchronized at the base station (BS) by means of guard interval and it is usually considered as a system overhead. However, we shall show by examples that this guard interval can be used as asynchronous quiet periods for CPEs.

Consider a scenario in Fig. 1 in which two CPE’s, namely CPE1 and CPE2, located away from the BS by distances d=0 and d=R, respectively, where R is the cell radius. In other words, CPE1 is close to the BS and CPE2 is at the edge of a cell. The figure shows the timing diagram at these two CPEs. It can be observed that each of which has a frame with 8 OFDM symbols, in which the first 4 symbols are for DL transmission whereas the remaining half is used in UL transmission. For CPE1, a guard interval (GI) of length 2τ is required at the switching point from DL to UL, where τ = R/C and C is the speed of light. For CPE2, the guard interval is at the switching point from UL to DL and its duration is also 2τ. As a remark notices that whereas the GI from DL to UL for CPE1 is artificially inserted, the GI from UL to DL for CPE2 is due to the natural propagation delay. In addition, if there is another CPE located away from the BS by the distance 0<d<R, the timing diagram of this CPE will contain two guard intervals in both switching points, and the total length of these two guard intervals is also 2τ. 

The guard interval between DL and UL can be used by each CPE to sense the whole channel, because there is no signal transmitting or arriving within this kind of guard intervals (say GI-1) in the whole channel. However, the guard interval between UL and DL can only be used by CPEs to sense the subcarrier they are occupying. This is because this kind of guard intervals (say GI-2) is not synchronized at CPEs with different locations. For example, if CPE1 is using subcarrier #1 and CPE2 is using subcarrier #2, it can be guaranteed within GI-2 of CPE2 that there is no WRAN signal in subcarrier #2. However, there is still a WRAN signal in subcarrier #1 which comes from CPE1. As a result, CPE2 cannot sense the channel of CPE1.


[image: image1]
Fig. 1 Illustration of the Presence of Guard Intervals (GI)

2.1.2. Performance Gain
Assume that the frame duration is 20ms, a cell with radius of 50km leads to 330us round-trip delay or 330us asynchronous quiet period for the OFDMA users. It amounts to the 330us/20ms = 1.65% of the frame duration. Assume that the normal quiet period already takes up 10% of the total system bandwidth (i.e., in 10% of the time, the whole WRAN system is “silent” on a TV channel to sense the incumbents). Then the asynchronous quiet period occupies (1-0.1)*1.65 = 1.49% increase of the system bandwidth. In addition, the increase of the overall quiet period is 1.49/10 = 14.9% for 50km-radius cell. For the 100km-radius cell, we even get 29.7% increase of the total quiet period without costing any additional resource. The following table shows the percentage increase of total quiet period under different configurations with an assumption of 2K FFT size.

Table 1 Percentage Increase of Total Quiet Period
	
	Frame size (50km cell radius)
	Frame size (100km cell radius)

	
	5ms
	10ms
	20ms
	5ms
	10ms
	20ms

	Bandwidth used for normal QP
	5%
	125.4%
	62.7%
	31.4%
	250.8%
	125.4%
	62.7%

	
	10%
	59.4%
	29.7%
	14.9%
	118.8%
	59.4%
	29.7%

	
	20%
	26.4%
	13.2%
	6.6%
	52.8%
	26.4%
	13.2%


We note that in the current working document [2], 20ms is proposed to be the minimum frame duration. Long frames can reduce the waste of guard intervals in the TDD frame structure in the large WRAN cell. However, the long delay negatively affects the quality of some delay-intolerant applications. The proposed asynchronous quiet period can avoid the waste of the guard interval and hence, shorter frames may be accommodated. In fact, shorter frames can allow more frequent asynchronous quiet period for sensing, which potentially decreases the response time to the abrupt presence of the incumbents.

2.1.3. Constraints
It should be clarified that the use of the proposed asynchronous quiet period has the following constraints.

1. There is no adjacent channel interference from other overlapped cells. When the nearby base stations use the adjacent channels, the sensing in asynchronous quiet period may not be reliable.
2. We need to ensure that to utilize the guard interval between UL and DL, each subcarrier should be occupied by one CPE only.

Although overlapping is a common problem, it is quite possible that the first constraint is satisfied. It is because different WRAN systems should try to use channels that are apart from each other in the frequency domain. Otherwise, the adjacent channel interference will degrade the system performance. Even when the frequency resource is tough and the overlapped cells have to use nearby channels, we can still use the proposed asynchronous quiet period to do out-of-band sensing. There may already be an antenna working on out-of-band sensing. However, it does not matter as the WRAN entities can make use of this asynchronous quiet period to sense other out-of-band channels.

Furthermore, the second constraint can be easily handled by the scheduling to make many CPEs to satisfy it. Though only the CPEs that satisfy the second constraint can benefit from the asynchronous quiet period, those that do not satisfy it incur no loss compared to the conventional scheme.

2.2. Quiet Burst
The scheme of quiet burst is illustrated in Fig 2. As shown in this figure, the idea of the quiet burst is that some OFDM symbols in the sub-frames can be replaced by the sensing period. In MAC, what the BS needs to do is to assign a quiet burst in which no signal is transmitted. In Fig 2, quiet bursts are assigned to CPE2 and CPE3, and hence the asynchronous quiet period of these two users are increased. Compared with the original frame structure, flexibility can be achieved because sensing period can be assigned according to the demand. 


[image: image2]
It is worth noticing that with or without the proposed quiet burst, the asynchronous quiet period can still be employed. However, the quiet burst further provides flexibility for the CPE to trade-off between the OFDMA symbols for traffic with asynchronous quiet period for sensing. Such flexibility can be very important for the CPE that is relatively isolated. Distributed sensing can hardly help an isolated CPE to detect incumbents, especially the weaker incumbent transmitters like the Part 74 devices, in its proximity. Hence the need of the quiet period is not uniform among the CPEs. The flexibility as discussed above allows the BS to compensate the weakness of the detection capability in some isolated regions by boosting the sensing performance of the CPEs within.

Potential Issue of the Inter-subcarrier Interference
The issue of the inter-subcarrier interference can be examined as follows.

1. Frequency Offset. In OFDMA, all CPEs have to synchronize the frequency offsets of their oscillators with the BS before OFDMA can work. Since all CPEs in the WRAN system are immobile, the signal from CPE2 to CPE1 receiver would not experience “additional” frequency offset due to mobility. Even considering the variation of the environment, the resulting Doppler frequency would be very small compared to the subcarrier spacing, which is about 300kHz for 2K FFT.

2. Path Loss Model. The path loss model between CPE and BS is different from that between two CPEs.

· According to [3], a CPE has directional antennas for the traffic, while omni-directional antennas for sensing. The CPE has directional antennas pointing up toward the BS, which is located at a higher altitude. According to [3], it is potentially up to 30m or higher, and it even considers when the height of the BS antenna is up to 1200m.

· Hence, the path loss exponent is higher and the antenna gains are smaller in CPE-CPE path loss model, reducing the interference from CPE to some other CPE receivers.

· The BS has the knowledge of the geolocations of all CPEs. BS can even schedule the subcarrier/channel allocations to CPEs such that the CPEs in proximity would not use neighboring subcarriers of the same TV channel.

3.
Lastly, according to [2], there are two types of subcarrier allocation, namely adjacent and distributed. The inter-subcarrier interference in the former is less of an issue. Hence, at least the CPEs using adjacent subcarrier allocation can benefit from the asynchronous quiet period, which boost their performance of the sensing. 

2.3. Complexity
For the proposed asynchronous quiet period alone, the capability of the BS to enable the CPEs to perform sensing during the asynchronous quiet period may require modification on the MAC management messages. In addition, the scheduler needs to dedicate the same sets of subcarriers to the CPEs throughout the frame to realize the asynchronous quiet period for sensing. Note that if the scheduler fails to dedicate the same sets of subcarriers to the CPEs throughout the frame, it costs no performance loss. The only consequence is that these CPEs do not have the proposed asynchronous quiet period.

In case both asynchronous quiet period and quiet burst are employed, in addition to the above-mentioned complexity, the MAC management messages are also needed to notify which OFDM burst have been replaced by the sensing period.

2.4. Conclusion
Turning the inherent waste of resource in the TDD system into valuable resources for in-service sensing is very attractive. Even without quiet burst, noticeable increase in overall quiet period could potentially be achieved under many configurations. The proposed asynchronous quiet period is still worth to be considered since it virtually incurs no cost and incumbent detection is primarily important.

In addition, the inclusion of quiet burst allows further flexibility on increasing the total quiet period for the CPEs whose demand for quiet period is larger. As explained above, this helps the system fulfil the requirement of performing channel move promptly after the incumbent system comes to the presence.

Finally, the inclusion of the proposed design virtually incurs no cost and the BS always has the option not to activate the asynchronous quiet period and the quiet burst. Hence, it does not worth the risk for us to exclude the possibility of the use of adaptive quiet period control in the WRAN system. By excluding the use of asynchronous quiet period, we may permanently deprive the WRAN system of the potential usage of the guard interval and the potential boost in sensing capability.

Abstract


This document provides several technology solutions of channel sensing and resource allocation to meet functional requirements of an IEEE 802.22 based WRAN system. These solutions include better quiet period design, sensing overhead scheme, Region based Bayesian method for RF sensing, interference detection algorithm and DFS feedback solution. 
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Fig 2: Illustration of Quiet Burst
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