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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 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 local autonomous spectrum sensing for these three specific cases is covered in the following sub-clauses.  A more detailed description using an example of a possible implementation is given in 0.

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 summarized below and a description of an example of implementation is given in Annex D.  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 indications for the higher layers.    If all the 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, 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, the sensing path RSSI will be evaluated whether the level of the RF signal is sufficient to carry out a fast signal classification.  

For those TV channels where the RF energy is found to be insufficient to allow for fast signal classification or even provide for a reliable RSSI measurement, fine sensing shall be applied 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 to repeat the above initial sensing.  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.  Low-power signal sensing and signal classification shall then be carried out in channel N0 by the sensing path during the quiet periods to verify the presence and attempt identification of incumbent service underneath the WRAN service. The findings shall be recorded locally.

The sensing process shall then move to sense the two adjacent channels during the quiet periods by measuring the RSSI and, depending on whether the measured signal level is high or low, sense the presence of an incumbent signal and classify its type using a fast algorithm or a low-level sensing scheme.  If the channel belongs to the “protected” set as signaled by the CHO-UPD message, the signal classification could be skipped since it is already known by the base station. Otherwise, the findings shall be recorded locally and if incumbents are found in these channels, the selected channel shall be eliminated from the list of available WRAN services and the updated list will 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 sensed, the CPE initialization process shall continue as described in section 6.16.2.

If the authorization is refused by the currently selected base station, a new shortened list of available WRAN services 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 alignment of the azimuth of the antenna toward the newly selected WRAN base station and the sensing of the newly selected channel (N0) and its adjacent channels (N0+/-1) as described above.  Upon successful sensing results, the CPE association process will continue as described in section  Error! Reference source not found..

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 any potential interference to licensed incumbents.  The functionality of the CPE local automaton is summarized below for the loss of contact with the base station.

The CPE shall first identify whether or not a WRAN signal is still present on the selected channel by trying to capture the 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.  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 the broadcast incumbents.

If the WRAN signal is no longer present in the channel, then the CPE shall select the next TV channel on its back-up list and try to capture the superframe header to synchronize with the base station on this new channel and acquire the frame header.  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. 

If the new superframe capture 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.

9.3.3 CPE idle time

In addition to being able to carry out all the on-channel and out-of-channel sensing requested by the base station through the specific messages described in section Error! Reference source not found., the CPE shall have the necessary routines to autonomously sense its operating channel, the TV channels in its backup list and, as many channels as possible in its candidate channel list in the proper order of priority during its idle time.

Since the channels adjacent to the one being sensed (N+/-1) will also need to be verified, the CPE will need to have the capability of re-tuning its sensing RF path and WRAN signal path to the channels adjacent to those contained in its lists of channels to be sensed.  A RSSI measurement shall first take place on the sensing path and RSSI will also be acquired through the WRAN signal path along with an acquisition of the SCH or CBP if WRAN operation is detected on the channel.

The CPE shall begin by sensing the operating channel (N0) and its adjacent channels (N0+/-1) and it shall inform the BS of any urgent finding using the UCS Notification.  If the last sensing has been carried out less than 2 seconds earlier, this sensing can be skipped.  The next channels to be sensed shall be the backup channels (NB) in the order given in the list and their respective adjacent channels (NB+/-1).  Again, if the sensing on a specific backup channel has been carried out less than 6 seconds earlier, this sensing can be skipped.  The following channels to be sensed are the channels appearing in the candidate list (NC) in the order given in the list.  Any channel sensed less than 6 seconds before can be skipped.  The CPE shall try to go as deep as possible in the candidate channel list given the sensing periods available and the interruptions that will come up.

If there is no WRAN operation on the channel being sensed, the sensing process shall verify whether there is WRAN operation on the adjacent channels to be able to schedule its sensing during the quiet intervals of these WRAN operation.  Since signal sensing has to be done on the adjacent channels, if no WRAN operation could 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.

The sensing process shall be re-initiated on the operating channel (N0) at each time. Due to the nature of the algorithm, this process will be directed to any channel reaching the end of its period of validity in order of priority from the operating channel (2 seconds) to the backup list and candidate list (6 seconds).  Also, any sensing request coming from the base station will be executed as soon as the operating and the backup channels have been cleared within their period of validity.

9.3.4 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 a representation of the information that needs to be stored in these registers.  The CPE shall be capable of reporting the information in all rows of the table except for the two last rows that contain information obtained from the base station.

Table 1 — 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.)
	
	
	
	
	
	
	
	


Annex B(informative)

Example of the functionality of the CPE Spectrum Automaton
Introduction

There are three instances where the CPE will need to control its sensing behavior locally without immediate control of the base station.  These are:

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

b)
when the CPE looses contact with its base station; and

c)
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.

These are the only cases where local autonomous intelligence related to spectrum sensing, akin to a ‘spectrum management’ function at the base station, will be required at the CPE.  The CPE local spectrum sensing should be considered more as a set of simple CPE MAC routines (sensing automaton) than complex ‘spectrum manager’ functions that will reside at the base station.  The functionality of the CPE local autonomous spectrum sensing for these three specific cases is covered in the following sub-sections.

Initial turn on

The functionality of the CPE local autonomous spectrum sensing when the CPE is initially switched on is described below for an example of implementation and illustrated in Figure 1.  At initial turn-on and self-test, the CPE will need to sweep all the TV channels that are within its range of operation plus one more channel at both ends unless it goes beyond the extent of the relevant TV band.

For each channel, an RSSI measurement will be performed on the WRAN signal path and attempt shall be made to capture a WRAN superframe header or a CBP packet. An RSSI measurement
 shall also be performed on the sensing signal path.  If an SCH is captured and the level of RF signal is sufficiently high, the WRAN signal path will 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; the CHO-UPD MAC message.  If an SCH can be acquired but the signal level is insufficient or a CBP packet can be captured, the presence of a WRAN signal will be recorded along the channel number and the measured RSSI.  If an SCH or a CBP packet cannot be detected, the sensing path RSSI will be evaluated whether the level of the RF signal is sufficient to carry out a fast signal classification.  The result of the measurement will 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.

For those TV channels where the RF energy is found to be insufficient to allow for fast signal classification or even provide for a reliable RSSI measurement, fine sensing will be applied to determine the presence of broadcast incumbents and their signal type.  Again, the information on whether there is a broadcast incumbent in a channel or not and its type will be stored locally so that it can later be sent to the base station when association is established or later upon request from the BS.

The channel will then be incremented to repeat the above initial sensing.  The order in which the channels are to be sensed will be implementation dependent but a simple sweep going from the lowest channel of the range to the highest will likely be the most straight-forward.  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 and the signal classification and low level sensing on channels belonging to the “occupied” set to save time, but since time is less critical at initialization, it will be more useful for the CPE to document all the channels in the range and confirm that the incumbents indicated by the BS really exist in these ‘occupied’ channels and at what signal level at the CPE 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.  Note that if there is no WRAN channel that can be used, the CPE initialization will be aborted.  Depending on the CPE implementation, this information 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 choice 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.

Once the choice of a WRAN service on TV channel N0 has been made by the user or a local routine, a process to verify that the WRAN TX/RX antenna is properly oriented for the selected channel can be carried out based on the fact that the RSSI can be obtained from both the WRAN directional and the sensing omni-directional antennas.  If these two levels are not equal (within a 1 dB tolerance), indication would be sent to the higher layer that the azimuth of the antenna needs to be aligned for proper association with the selected WRAN service
.  (The signal differential could be sent to provide a variable indicating the goodness of the azimuth alignment for easy setup.)  Once the antenna azimuth has been changed, a new RSSI sensing is performed on the sensing and WRAN signal paths and a new comparison is made.  The process would loop until adequate azimuth alignment is achieved with the base station of the selected WRAN service (i.e., the two RSSI’s are within the 1 dB tolerance).  Although useful, this process will need to be used with care by the installer because it may not always result in a successful alignment of the WRAN antenna if high level multipath is present at the CPE location.

A second round of spectrum sensing will then take place on the selected channel (N0) and its adjacent channels (N0+/-1) to make sure that the sensing results are valid within a period of 2 seconds before the CPE can transmit.  Since, by definition, a WRAN service is present on the selected channel, the WRAN signal path will need to re-acquire the SCH or the CBP packet to determine the timing of the quiet periods in this channel since sufficient time will likely have passed since the first channel acquisition which was part of the systematic sweep of all the channels and that the timing of the quiet periods would likely have changed.  Low-power signal sensing and signal classification will then be carried out in channel N0 by the sensing path during these quiet periods to try to identify whether an incumbent service is present underneath the WRAN service. The findings will be recorded locally.
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Figure 1 Flow diagram for CPE sensing during initialization

The sensing process will then move to sense the two adjacent channels during the quiet periods
 by measuring the RSSI and, depending on whether the measured signal level is high or low, sense the presence of an incumbent signal and classify its type using a fast algorithm or a low-level sensing scheme.  If the channel belongs to the “occupied” set as signaled by the CHO-UPD message, the signal classification could be skipped since it is already known by the base station. The findings will be recorded locally and if incumbents are found in these channels, the selected channel will be eliminated from the list of available WRAN services and the updated list will 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 will be aborted. If no incumbent is present in the three channels sensed, the CPE initialization process will continue as described in section Error! Reference source not found..

If the authorization is refused by the currently selected base station, a new shortened list of available WRAN services will be presented to the higher layers at the CPE for a new channel selection to be made as illustrated in Figure 1 by the entry point “A”.  Then, the next round of sensing process will be repeated with the alignment of the azimuth of the antenna toward the newly selected WRAN base station and the sensing of the newly selected channel (N0) and its adjacent channels (N0+/-1) as described above.  Upon successful sensing results, the CPE association process will continue as described in section  Error! Reference source not found..

Loss of contact with the base station

If the CPE looses contact with its base station, the CPE automaton local intelligence will make sure that a reasonable number of attempts are made to re-connect with the base station, while avoiding any potential interference to licensed incumbents.
  The functionality of the CPE local automaton for this loss of contact with the base station is described below and illustrated 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 SCH.  If successful within 2 seconds, attempts to re-associate should be made through the BW Request opportunistic burst or upon specific invitation by the BS.  If this does not work, the re-association should start from an earlier stage with the CDMA ranging burst (entry point C in Figure 1).  If re-association cannot be achieved within 2 seconds.
, then the CPE should execute the second round of initial sensing for the co-channel and first adjacent channels cases to protect the broadcast incumbents (entry point B in Figure 1).

If the WRAN signal is no longer present in the channel, then the CPE will select the next TV channel on its back-up list and try to capture the superframe header to synchronize with the base station on this new channel and acquire the frame header.  If successful within 2 seconds, attempts to re-associate should 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 point C in Figure 1).

If the new superframe capture is not successful, then the CPE should 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 will re-start its initialization process from the entry point “D” in Figure 1.
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Figure 2 Flow diagram for CPE sensing during loss of contact with the base station

Sensing during CPE idle time

In addition to being able to carry out all the on-channel and out-of-channel sensing requested by the base station through the specific messages described in section 6.9.22.1, the CPE will need to have the necessary routines to autonomously sense its operating channel, the TV channels in its backup list and, as many channels as possible in its candidate channel list in the proper order of priority during its idle time.

Since the channels adjacent to the one being sensed (N+/-1) will also need to be verified, the CPE will need to have the capability of re-tuning its sensing RF path and WRAN signal path to the channels adjacent to those contained in its lists of channels to be sensed.  A RSSI measurement will first take place on the sensing path and RSSI will also be acquired through the WRAN signal path along with an acquisition of the SCH or CBP if WRAN operation is detected on the channel.

A large variation of management traffic due to sensing can be expected depending on how much local intelligence can be relied upon at the CPE to carry out the necessary sensing.  At one extreme of the range, all the sensing requests would come from the base station and a relatively sizeable management traffic will be generated from these sensing requests and their reports.  At the other extreme of the range, all the necessary sensing could be initiated autonomously at the CPE to meet the sensing requirements to clear the operating channel within the required 2 seconds and the channels in the backup channel list within the required 6 seconds.  In this case, the base station would only need to keep the backup channel list and the candidate channel list up-to-date by sending any variation there to the CPEs as a bulk message.
  The CPE would only need to send a UCS notification to the base station if an incumbent appears on the operating channel, or a warning using the opportunistic BW Request mechanism if an incumbent appears on one of the backup channels, as well as the number of the channels that the CPE has been able to clear in its candidate channel list.  The advantage here is that if successful sensing can be done by CPEs during their idle periods, the need for more formal sensing with the scheduled quiet periods is reduced.

This way, the base station would still be able to move out of the channel in a timely fashion, remove any occupied channel from its backup list, re-order it and possibly augment it with a candidate channel that has been cleared by all the needed CPEs.

The reality will likely be in between these two extremes where some specific sensing requests will come from the base station while the rest will be carried out by the sensing automaton at the CPE during its idle time.  The functionality of the automaton will be described for the case where all the sensing activities are initiated at the CPE. Figure 3 depicts this process.  Any sensing request from the base station will be scheduled in the local process once the operating channel and the backup channels have been cleared within their respective maximum lapse time.

Note that if a common RF path is used for WRAN operation and sensing, all interruptions on the WRAN signal path will equally affect the sensing signal path.  As a minimum, the CPE needs to acquire all superframe headers and all frame headers from its operating channel unless an inter-frame sensing period is signaled by the superframe control header.  Sensing through the WRAN signal path can be interrupted during the following intervals:

· Superframe headers

· Frame headers

· 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.

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 receive 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.  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 RSSI and, if large enough, the SCH to identify the timing of the quiet periods so that the presence of incumbents can be sensed underneath the WRAN operation. It is assumed that these quiet periods will be aligned among overlapping WRAN cells operating on N, N+/-1 and N+/-2 in the same area.

The sensing of the operating channel will be carried out during the quiet period signaled by the SCH from the base station for inter-frame sensing and by the maps of the frame header for the intra-frame sensing.  If a coexistence window at the end of the frame is signaled by the base station in the US-MAP, the CPE will shorten its sensing window accordingly and its WRAN receiving path will be enabled during that period to either transmit or acquire a CBP burst.  Upon successful acquisition of a CBP burst, the CPE will send a bandwidth request using the BW-Request opportunistic window and, when scheduled by the BS, send the information extracted from the CBP burst.
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Figure 3 Flow diagram for CPE sensing during idle time

Two types of basic sensing and data gathering will be supported: a) sensing during the idle time of the CPE and b) sensing during specific quiet periods during the idle time of the CPE.  These two basic sensing and data gathering mechanisms are depicted in Figure 4 and Figure 5 respectively.  These mechanisms are used as simple blocks in Figure 3 to simplify the diagram.  If sufficient RF signal is available, a fast RF signal type identification can be used.  If insufficient RF signal is found, then an intra-frame sensing scheme will need to be used in presence of WRAN operation on the channel to be sensed or on its adjacent channels to identify possible broadcast incumbents. Inter-frame sensing could also be used as long as the CPE is not being asked to transmit during such sensing interval.
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Figure 4 Basic sensing algorithm (Sensing, record results and note time)
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Figure 5 Basic quiet period sensing algorithm (Sensing during quiet period, record results and note time)

The sensing process at the CPE automaton will begin by sensing the operating channel (N0) and its adjacent channels (N0+/-1) and it will inform the BS of any urgent finding using the UCS Notification.  If the last sensing has been carried out less than 2 seconds earlier, this sensing will be skipped.  The next channels to be sensed will be the backup channels (NB) in the order given in the list and their respective adjacent channels (NB+/-1).  Again, if the sensing on a specific backup channel has been carried out less than 6 seconds earlier, this sensing will be skipped.  The following channels to be sensed will be the channels appearing in the candidate list (NC) in the order given in the list.  Any channel sensed less than 6 seconds before will be skipped.  The CPE will try to go as deep as possible in the candidate channel list given the sensing periods available and the interruptions that will come up.

If there is no WRAN operation on the channel being sensed, the sensing process will need to verify whether there is WRAN operation on the adjacent channels to be able to schedule its sensing during the quiet intervals of these WRAN operation.  Since signal sensing has to be done on the adjacent channels, if no WRAN operation could be detected on N and N+/-1, the sensing process will need to 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.

The sensing process will be re-initiated on the operating channel (N0) at each time. Due to the nature of the algorithm, this process will be directed to any channel reaching the end of its period of validity in order of priority from the operating channel (2 seconds) to the backup list and candidate list (6 seconds).  Also, any sensing request coming from the base station will be executed as soon as the operating and the backup channels have been cleared within their period of validity.

Local representation of sensing results

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 2 gives a representation of the information that needs to be stored in these registers.  The CPE shall be capable of reporting the information in all rows of the table except for the two last rows that contain information obtained from the base station.

Table 2 — Sensing report 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) (9.3.7)
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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 14.  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 will be done by the editor.











� 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 be dependent on implementation by the manufacturers. Even though 3rd order intermodulation is not to be considered by the sensing process, documenting the levels of the high power signals received at the CPE would be useful for the base station to enquire the incumbent database about possible channels to be excluded to avoid 3rd order intermodulation.  In such case, the RSSI measurement using the omnidirectional sensing antenna should be done on all channels of the TV band to cover for all possible intermodulation beat patterns.  The actual high signal levels present at the TV receiver would be very similar to those measured at the CPE because the worst case intermodulation will occur when the CPE is located close to the TV receiver (limit case considered is 10 m separation distance.


� The CPE should be calibrated by the manufacturer so that the RSSI measured on the WRAN signal path is normalized to compensate for the gain difference between the maximum WRAN receive antenna gain (on-axis) and the gain of the omni-directional sensing antenna, that is when a signal is received on-axis on the WRAN signal path, it appears to have the same level as the signal received by the sensing RF path.  Such calibration should be done at the same time as the 4 Watt EIRP calibration for the CPE so that the TPC process actually controls the EIRP of the CPE and not only the power going to the antenna.


� It is assumed that the quiet periods of the local WRAN systems operating on channels N0, N0+/-1 and N0+/-2 will all be synchronized since the sensing on N0+/-1 could be impacted by WRAN transmissions operating on channels adjacent to the channels being sensed because of possible large signal differential and out-of-band emission from WRAN transmission in adjacent channels.  In the case where the WRAN transmission on N0+/-2are weak because of their distance to the CPE, the quiet periods would not need to be synchronized beause the out-of-band emission would then be negligible.  


�  A mechanism has to be provided to prevent a CPE from trying to re-associate continuously if the BS refuses to re-associate with it.  A positive refusal should be sent from the base station or a limited number of attempts should be specified if the BS can not be reached.


�  The sensing information on the affected TV channels may have become obsolete with the appearance of a wireless microphone within 2 seconds.


� The base station will need to send the information about the 2 second maximum lapse time for sensing the operating channel and the 6 second for the backup channels during the CPE association process since these values may be different in different administrations.
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