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Limited ‘Spectrum Management’ functions at the CPE

The operation of the CPE should be under the complete control of the Base Station so that the WRAN operation has maximum control of its network operation and its potential impact on the operation of the incumbent services in the band.  However, there will be instances where the CPE will need to control its behavior locally before the base station can take over.  These are:

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

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

c) during idle time when the base station has not given any specific task to be done by the CPE.

These are the only cases where local intelligence akin to a ‘spectrum management’ function will be required at the CPE.  Such local intelligence should be considered more as a set of  MAC routines at the CPE rather than ‘spectrum manager’ functions which should reside at the base station.  The functionality of the local intelligence at the CPE for these three specific cases is described below. 

1- Initial turn-on

At initial turn-on, the CPE should start by sweeping all the TV channels that are within its range of operation plus 15 channels below and above this range, or up to the extent of the relevant TV band (low-VHF, high-VHF and UHF).  Normally, the scanning should start with a RSSI measurement in each TV channel and a fast identification of the type of signal (in presence of sufficiently high RF signal).  The result of the measurement should be stored locally so that it can later be sent to the base station when association is established and upon request from the BS.

For those TV channels where the RF energy was found to be insufficient to provide for a reliable RSSI measurement, fine sensing will be applied to determine the presence of broadcast incumbents and their 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 and upon request from the BS.

The CPE should then sweep the TV channels where WRAN type emissions with sufficient RF energy was found.  For each of these TV channels, the CPE will try to get information from the local WRAN base station by capturing the superframe header.  Depending on the implementation, the information on the local WRAN operation could be presented at the local interface of the CPE so that it could be displayed on the user terminal to allow for a choice of the WRAN network by the potential subscriber.  Sufficient information on the WRAN networks should be received and stored at the CPE prior to association to allow for an informed choice among the local WRAN services.

Finally, the CPE should attempt to associate with the WRAN service selected by the user through the initial CDMA ranging burst.  Upon successful association, the base station will request the CPE to send the results of the initial sensing and, in turn, it will download the list of available channels including the current channel on which the association has taken place and the list of back-up channels available in the area.  The length of this list could be set (beyond a minimum of, say, 3 channels) by the WRAN operator on the basis of the local channel availability and the dynamic nature of the environment.

2- Loss of contact with base station

When the CPE looses contact with its base station, local intelligence should make sure that sufficient attempts are made at trying to re-connect with the base station while avoiding any potential interference to broadcast incumbent.

An initial sensing of the channel should take place to identify whether a WRAN RF signal is still present.  If this is the case, attempt to re-associate should be made through the BW Request opportunistic burst.  If it does not work, the re-association should start from an earlier stage with the CDMA ranging burst.  If the sensing results in the presence of a broadcast incumbent or an absence of RF signal, then the CPE will select the next TV channel on its back-up list and try to capture the superframe header to lock to the base station on this new channel.

If the superframe capture is not successful, then, the same process described in the previous paragraph for the re-association on the main channel will take place.  If the superframe capture is again unsuccessful, then the CPE will select the next TV channel on its backup list and repeat the process until a successful superframe capture.

Upon capture of the superframe, the CPE will synchronize with the BS and acquire the frame header.  The CPE will then attempt association by sending a CDMA ranging burst at the appropriate time.  Upon successful association, the base station will send the updated list of available channels.

3- CPE idle time

If a CPE is not allocated any time to transmit during the upcoming sub-frame from the US-MAP and has not been asked to do specific in-band or out-of-band sensing, the CPE should have the necessary routines to automatically sense, in turn, the TV channels in its ‘list of available channels’ and report to the base station any presence of incumbents in these channels using the UCS opportunistic slot in the following frame.  The sensing scheme that will be used will need to meet the intra-frame sensing constraint and the required sensing period will need to be no longer than the extent of the upstream sub-frame.

If a coexistence window at the end of the frame is signaled by the base station in the UP-MAP, the CPE will automatically shorten its sensing window and its WRAN receiving path will be enabled during that period to acquire an asynchronous CBP burst.  Upon successful acquisition of a CBP burst, the CPE will send a bandwidth request using the BW-Req opportunistic window and send the information extracted from the CBP burst (i.e., the SCH and CBP payload and the information needed for the geolocation (i.e., phase of the key carriers and the time difference between receive and transmit).

Extension to the adjacent channels

Since the sensing on the adjacent channels (N+/-1) will also be needed, the CPE should have the capability of re-tuning its sensing RF path to these channels during the idle sub-frame periods and repeat the sensing process described above for the on-channel case.  As explained above, a RSSI measurement should first take place with a fast RF signal type identification.  If insufficient RF signal is found, then a sensing scheme that would fit within the extent of the upstream sub-frame should take place to identify possible broadcast incumbent.  If the sensing is unsuccessful, this would also be signaled to the BS so that a real quiet period be scheduled to sense this adjacent channel.  The advantage here is that is a successful sensing can be done by CPEs during their idles periods, the formal sensing with he scheduled quiet period could be skipped.)

Similarly, the CPE could tune its WRAN RF path to an adjacent channel during its idle period to try to capture a CBP burst coming from an adjacent channel.  If successful, the CPE, once reversed to its normal operating TV channel would send the CPB information to its base station so that synchronization of quiet periods among adjacent channels can take place for proper sensing.  It would be appropriate that the coexistence windows be scheduled at the same time among the base stations operating on adjacent channels in the same area.  This way, the CPE would decide to re-tune its WRAN RF path and open its circuits for the asynchronous capture of the CBP burst only when the coexistence window is scheduled for its own channel operation.
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Abstract


This contribution is an attempt at listing the automated functions that would exist at the CPEs which are related to the ‘Spectrum Management’ functions residing at the Base Stations.
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