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9.3 CPE spectrum sensing automaton

The BS normally controls the sensing behavior of the CPE. However the CPE shall control its sensing behavior locally under the three following conditions:

1. at the initial turn-on of the CPE before association is established with the base station;

2. when the CPE loses contact with its base station; and

3. during idle time when the base station has not attributed any specific task to either the CPE sensing signal path or the WRAN signal path, or both.

The functionality of the CPE autonomous spectrum sensing for these three specific cases and embodied in the local sensing automaton is covered in the following sub-clauses.
9.3.1 Initial turn-on

The functionality of the CPE local autonomous spectrum sensing process, when the CPE is initially switched on before association with the base station, is described below and depicted in Figure 1..  This process is part of the more general CPE initialization process described in section 6.17.2.  At initial turn-on and self-test, the CPE shall sweep a specific channel, a specified range of channels or all the channels that are likely to be impacted by the CPE operating on a given channel depending on the pre-set at the CPE or direction from the higher layers at thte CPE.    If all TV channels of a range of operation need to be sensed, one additional channel at both ends of the range shall be sensed to cover the adjacent channel case unless it goes beyond the extent of the relevant TV band.

For each channel, an RSSI measurement
 shall be performed on the WRAN signal path and attempt shall be made to capture a WRAN superframe header or a CBP burst. If an SCH is captured and the level of the RF signal is sufficiently high (see section 9.xxx), the WRAN signal path shall attempt to acquire the frame header, the broadcast PDU’s sent by the BS to advertise the WRAN service for CPE initialization and the management packet providing the channel occupancy from the base station; i.e., the CHO-UPD MAC message.  If an SCH can be acquired but the signal level is insufficient or a CBP burst can be captured, the presence of a WRAN signal shall be recorded along with the channel number and the measured RSSI.  If an SCH or a CBP burst cannot be detected, RF signal sensing and 
signal classification shall be carried out to determine the presence of broadcast incumbents and their signal type.  The result of the measurement and the signal classification shall be stored locally so that it can later be sent to the base station when association is established or later on upon request from the BS.

The channel shall then be incremented and the above initial sensing shall be repeated.  The order in which the channels are to be sensed will be implementation dependent.  Note that the information acquired from the local WRAN base stations through the CHO-UPD MAC message during initialization could be used to skip the non-available channels. It could also be used to skip the signal classification and low level sensing on channels belonging to the “protected” set to save time although, since time is less critical at initialization, it may be useful that the CPE confirms that the incumbents indicated by the BS really exist in these ‘occupied’ channels at its location.

Once all the TV channels to be scanned have been sensed, the information on the local WRAN channel occupancy that would not create interference to local incumbents on channels N and N+/-1 shall be made available to the higher layers at the CPE.  If there is no WRAN channel that can be used, the CPE initialization shall be aborted.  Depending on the CPE implementation, the information obtained from the various WRAN base stations may be presented to the local interface of the CPE so that it could ultimately be displayed on the screen of the user terminal to allow for an informed selection among available local WRAN networks (similar to the Access Point selection in Wi-Fi).  Local algorithms could also be implemented in the CPE to automate the process for choosing the WRAN network.


A second round of spectrum sensing shall then take place on the selected channel (N0) and its adjacent channels (N0+/-1).  Since, by definition, a WRAN service is present on the selected channel, the WRAN signal path shall acquire the SCH or the CBP burst to determine the timing of the quiet periods in this channel.  RF signal sensing and signal classification shall then be carried out on channel N0 by the sensing path during the quiet periods to verify the presence and attempt identification of incumbent service underneath the WRAN service at the specific CPE location. The findings shall be recorded locally.

The sensing process shall then move to sense the two adjacent channels during the quiet periods by sensing the presence of an incumbent signal and classifying its type The findings shall be recorded locally and if incumbents are found in these channels, the selected channel shall be removed from the list of available WRAN services and the updated list shall be presented to the higher layers at the CPE for the selection of another WRAN service.  If no more WRAN service exists, the CPE initialization shall be aborted. If no incumbent is present in the three channels, the CPE initialization process shall continue as described in section 6.17.2.

If the authorization is refused by the currently selected base station, the currently selected channel shall be removed from the list of available WRAN services at the CPE (entry “A” in Figure xxx) and this list shall be presented to the higher layers at the CPE for a new channel selection to be made.  Then, the next round of sensing process shall be repeated with the sensing of the newly selected channel (N0) and its adjacent channels (N0+/-1) as described above.  Again, if no incumbent is present in the three channels, the CPE initialization process shall continue as described in section 6.17.2..
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Figure 1 Flow diagram for CPE sensing during initialization
9.3.2 Loss of contact with the base station

If the CPE looses contact with its base station, the CPE automaton local intelligence shall make sure that a reasonable number of attempts are made to re-connect with the base station, while avoiding potential interference to licensed incumbents.  The functionality of the CPE local automaton is summarized below for the loss of contact with the base station and depicted in Figure 2.

The CPE shall first identify whether or not a WRAN signal is still present on the selected channel by trying to capture the superframe header (SCH).  If successful within 2 seconds, attempts to re-associate shall be made through the BW Request opportunistic burst or upon specific invitation by the BS.  If this does not work, the re-association shall start from an earlier stage with the CDMA ranging burst (entry “C” in Figure 1).  If re-association cannot be achieved within 2 seconds, then the CPE shall execute the second round of initial sensing for the co-channel and first adjacent channels cases to protect any broadcast incumbent that may have appeared in the affected channels since the loss of connection with the base station (entry “B” in Figure 1).

If the WRAN signal is no longer present in the channel, then the CPE shall select the next TV channel in its back-up list and try to capture the SCH to synchronize with the base station on this new channel.  If successful within 2 seconds, attempts to re-associate shall be made through the BW Request opportunistic burst or upon specific invitation by the BS, or through the earlier stage of the CDMA ranging burst (entry “C” in Figure 1). 

If the SCH capture on the new channel is not successful, then the CPE shall select the next TV channel on its backup list and repeat the process until a successful superframe capture is achieved.  If re-association on all the valid channels in the backup list has failed, the CPE shall re-start its entire initialization process (entry “D” in Figure 1).
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Figure 2 Flow diagram for CPE sensing during loss of contact with the base station
9.3.3 CPE idle time

In addition to being able to carry out the in-band sensing process under the contol of the base station through the specific MAC messages described in section Error! Reference source not found., the CPE shall have the necessary local routines to autonomously sense the TV channels in the backup/candidate channel list provided by the base station in the proper order of priority during its idle time.  This process is described below and depicted in Figure 3. 

The CPE shall begin its autonomous sensing operation by sensing the first channel in the backup/candidate channel list.  If the last sensing has been carried out less than 6 seconds earlier, the sensing on this channel can be skipped.  The next channel is then selected in the order of the backup/candidate channel list.   The CPE shall try to go as deep as possible in the backup/candidate channel list given the amount of idle time provided for local sensing.  

A measure of the depth reached by the local out-of-band sensing process shall be kept at each CPE to keep track of the number of channels that the CPE has been able to ‘clear’, i.e., verify that there is no incumbent on the channel and its two adjacent channels within the 6 seconds validity period, between any interruption from the base station.  After any interruption, the automaton will restart its out-of-band sensing process with the first backup channel and the depth will be reset to 1.  Due to the nature of the algorithm, this process will be directed to any channel reaching the end of its period of validity (6 seconds) in order of priority from the first backup channel through the backup list and the candidate list.
Sensing through the WRAN signal path will be interrupted and the WRAN signal path will be re-tuned to the operating channel ‘N0’ during the following intervals:

· Superframe headers

· Frame headers for the frames assigned to the base station to which the CPE is associated in a coexistence situation;
· CPE receiving data during the DS subframe as signaled by the DS-MAP;

· CPE transmitting data during the US subframe as signaled by the US-MAP;

· CPE transmitting data during the opportunistic ranging/UCS notification/BW request window;

· CPE monitoring activity as requested by the base station for CBP packet capture;

· CPE transmitting activity as requested by the base station for CBP packet transmission.


For each channel ‘N’ for which the 6 seconds validity period has lapsed
, the CPE shall measure the RSSI on this channel ‘N’ through its sensing path as well as through its WRAN signal path and attempt to capture the SCH or CBP burst of a WRAN transmission on that channel.  If the SCH or CBP information can be decoded, the CPE will sense channels N, N-1 and N+1 during the appropriate quiet periods and record the channel number, the RSSI, the signal type (or noise if none is found) and the time at which the sensing took place.
If there is no WRAN operation on the channel being sensed or the signal level is too low to decode the SCH or CPB burst, the sensing process shall verify whether there is WRAN operation on the two adjacent channels by trying to capture the SCH or the CBP burst to be able to schedule its sensing during the quiet intervals of these WRAN operations.  If no WRAN operation is found on channels N and N+/-1, sensing on channel is N is then carried out with no concern about quiet periods.  Since signal sensing has to be done on the adjacent channels, if no WRAN operation can be detected on N and N+/-1, the sensing process shall verify whether there is WRAN operation on N+/-2 to be able to sense N+/-1 during the quiet intervals of N+/-2 because of possible adjacent channel leakage that could mask the presence of incumbents on N+/-1.
  Sensing on N-1 and N+1 will then be carried out at any time or during quiet periods depending on whether WRAN operation is found in N-2 or N+2 respectively.
As a result, the CPE shall send a warning to the base station using the opportunistic BW Request mechanism if an incumbent appears on one of the backup channels.  Furthermore, if the dept reached by the CPE at the time of an interruption is less than the depth of the backup list, the CPE shall use the opportunistic BW Request mechanism to warn the BS.  Otherwise, the CPE shall be prepared to provide the information on its current depth whenever the base station requests it.  This information collected by the base station from all its associated CPEs will be used to adjust the size of the backup channel list. The base station will be responsible for reserving sufficient idle time in the scheduling of the data traffic towards each of its CPEs to allow them the time to verify the availability of the backup channels and some extra candidate channels if possible.
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Figure 3 Flow diagram for CPE sensing during idle time
9.3.4 Example of sensing information representation at the CPE

Once association has been achieved, the base station may request the CPE to send the complete results of the initial sensing or any update thereof at anytime using the BLM-REQ PDU.  The CPE will therefore need to keep the latest information stored by the sensing process in its local registers at all times.  Table 1 gives an example of a possible representation of the information to be stored locally.  The CPE shall be capable of reporting the information from all rows of the table except for the two last rows that contain information obtained from the base station.

Table 1 — Example of sensing registers at the CPE

	Channel number
	…
	25
	26
	27
	28
	29
	30
	…

	Time of last sensing
	
	
	
	
	
	
	
	

	Time of last positive
	
	
	
	
	
	
	
	

	Sensing path RSSI
	
	
	
	
	
	
	
	

	WRAN path RSSI
	
	
	
	
	
	
	
	

	Signal type
	
	
	
	
	
	
	
	

	WRAN service advertisement
	
	
	
	
	
	
	
	

	Sensing path RSSI under WRAN
	
	
	
	
	
	
	
	

	Signal type under WRAN
	
	
	
	
	
	
	
	

	Channel occupancy from BS (CHO-UPD)
	
	
	
	
	
	
	
	

	Max EIRP at CPE (SME-MLME-DB-RESPONSE) (Error! Reference source not found.)
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Abstract


This document proposes a new version of section 9.3 for the 802.22 Draft as a response to comments #768 to #789 and comments #962 to #973.  State of the document is as of May 24.  Block diagrams were approved as “logical depiction of the behaviour of the spectrum automaton but not an implementation example”.  It was agreed unanimously that these diagrams should be brought to the normative section 9.3.  Further refinement to the text to reflect the diagrams was done and included in the Draft.











� The RSSI measurements will generate more useful information than a simple signal detection and classification.  When sufficiently high-level signals are present, the signal classification schemes developed for low signal levels may be replaced by simpler, faster and more effective signal classification schemes.  Such fast incumbent signal classification schemes will beimplementation dependent.


� If the CPE is implemented with two separate RF chains for WRAN operation and sensing, sensing through the sensing signal path would only need to be interrupted during the transmission periods on the WRAN signal path due to the limited RF isolation between the WRAN transmit path and the sensing receiving path.  This additional time for sensing could then be used to explore more TV channels and more potential interference situations over a shorter time while the CPE is in normal operation if no other WRAN operation exists on the channels being sensed.  However, when sensing is to be done on channels where WRAN transmissions are involved or on their respective adjacent channels, the WRAN signal path will be needed to acquire the SCH to identify the timing of the quiet periods so that the presence of incumbents can be sensed underneath the WRAN operation.  Reduction in sensing time would only come from the les frequent re-tuning on the sensing path.


� A time buffer ‘x’ representing the time to go through one typical round of the out-of-band sensing, as depicted in Figure zzx, should be removed from the 6 seconds requirement to avoid that this time requirement lapses during the sensing process.


� It is assumed that the quiet periods will be aligned among WRAN cells operating on channels N, N+/-1 and N+/-2 in the same area.
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