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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 operator has maximum control of the network operation and its potential impact on the operation of the incumbent services in the frequency band.  However, there will be instances where the CPE will need to control its 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 CPE MAC routines (sensing automaton) rather than ‘spectrum manager’ functions that should reside at the base station.  The functionality of the CPE local autonomous spectrum sensing for these three specific cases is described below and illustrated in Figure 1. 

1- Initial turn-on

At initial turn-on and self-test, the CPE sweeps all the TV channels that are within its range of operation plus 15 channels below and above this range, depending on the EIRP profile that needs to be complied with, or up to the extent of the relevant TV band (low-VHF, high-VHF and UHF) (see section 6.15.2.1).  For each channel, the scanning performs a RSSI measurement and tries to capture a SCH or a CBP burst on the WRAN signal path, and performs a RSSI measurement on the sensing signal path.  If a SCH is captured and the 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 packets providing the channel occupancy from the base station (CHO-UPD)
.  If a SCH can be acquired but the signal level is insufficient or a CBP burst can be captured, the presence of a WRAN signal will be recorded along the channel number and the RSSI’s.  If a 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.  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 upon request from the BS.

[Note: the RSSI measurements will generate more useful information than a simple signal detection and classification.  The actual signal level will be used in particular to evaluate the potential impact of 3rd order intermodulation on specific TV channels.  When sufficiently high level signals are present, the RF sensing schemes normally used in the case of low signal levels may not be needed.  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 need to be described somewhere in the standard.]

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 upon request from the BS.

[It may appear that the systematic sweep of all the channels in the range as proposed above may not provide for the most efficient order for initial channel sensing. For example, if the CPE is told or finds the channel where the BS with which it is to associate is located, it would be more efficient to only search the channels that could be impacted by WRAN operation on the designated channel.  If no incumbent operation was found in these channels, the CPE  could readily attempt to associate on the designated channel without further verification.  This would be the case if 3rd order intermodulation which calls for investigation of all possible ‘2a-b’ channel frequency combinations did not need to be considered.  Unfortunately, this 3rd order intermodulation requirement calls for an identification of all the high power incumbent signals present in the environment on any channel within the sensing range.]

Once all the TV channels to be scanned have been sensed, the information on the local WRAN channel occupancy is sent to the higher layers at the CPE.  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 a 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.  The necessary hooks need to be present in the standard to allow different implementations for successful association with a base station.

Once the choice of a WRAN service N on TV channel N0 has been done, a second round of spectrum sensing takes place.
  A list of critical channels where interference could result if the CPE uses the selected channel for WRAN transmission is generated from the EIRP profile and the 3rd order harmonic distortion consideration (‘2a-b’).  With the information collected in the first round of sensing, a first verification is made that transmission on the TV channel carrying the selected WRAN service would not create objectionable interference to incumbent services.  Only reliable cases of incumbent presence are considered at this stage (i.e., high level incumbents).  If potential interference cases are found through this process, the selected WRAN channel is removed from the list of available WRAN services and the process prepares for a new selection.  If no more WRAN service is available in the area, the initialization process will be aborted.

If the initial verification of potential interference has been successful, the RSSI measured by the sensing signal path is compared with the normalized RSSI measured by the WRAN path
.  If these two levels are not equal (within a reasonable tolerance), indication is sent to the higher layer that the azimuth of the antenna needs to be changed 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 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 loops until adequate azimuth alignment is achieved with the base station of the selected WRAN service (i.e., the two RSSI’s are within a given tolerance).

Once proper antenna alignment is achieved, a channel NK is selected among the list of K critical channels for the selected WRAN service N.
  If this channel belongs to the “disallowed” set, the process skips to the next channel in the list since the base station has indicated that this channel cannot be occupied by a WRAN service nor an incumbent in the area.
  If a WRAN service was found in the first round on the selected channel, the WRAN signal path will acquire the SCH or the CBP burst to determine the timing of the quiet periods in this channel, and low power signal sensing and signal classification will be carried out by the sensing path during these quiet periods to try to identify whether an incumbent service is present underneath the WRAN service.  If no WRAN service is present in the selected channel, a verification will be made for the presence of WRAN operation in the two first adjacent channels (NK-1 and NK+1).  If it is the case, then the WRAN signal path will re-tune to acquire the SCH or the CBP burst to determine the timing of the quiet periods in these channels.  Such timing will then be used by the sensing path to try to identify whether an incumbent service is present underneath the WRAN service in channel NK.  If no WRAN service is found, the high level fast incumbent signal classification or the low level detection and signal classification will be carried out depending on the RSSI measured in the channel.  If the channel belongs to the “Occupied”set, the signal classification is skipped since it is already known to the base station.  The results are recorded and a new channel is selected and the same process repeated.

Once the list of critical channels has been exhausted, the CPE initialization process will proceed to the next level.  As indicated in section 6.15, if the CPE is equipped with a satellite-based geolocation receiver, it should acquire its position.  If it is not successful after a given number of trials, the CPE initialization is aborted.   

The CPE will then attempt to associate with the selected WRAN service through the initial CDMA ranging burst.  The CPE will need to analyze the downstream channel characteristics, as revealed by the frame preamble and the pilot carriers to allow it to respond to the CDMA ranging invitation with the set of geolocation carriers that is the most appropriate for the spectral characteristics of the channel.   Upon being recognized by the base station, the CPE will send the necessary information to the base station for acquiring authorization to continue association.  This includes the satellite-based geolocation capability and the local channel occupancy on its list of critical channels obtained through the second round of sensing so that the amount of information to be sent is minimized to reduce this initial management burst length for minimal potential interference.
  This will give the necessary information to the base station so that it can decide whether or not the CPE can associate with the network.  
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Figure 1:  Flow diagram for CPE sensing during initialization

If the authorization is refused by the current 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.  Then, the second round of sensing process will be repeated with the initial verification on critical interference situation, the adjustment of the azimuth of the antenna toward the newly selected WRAN base station and the sensing of the new list of critical channels for this selected WRAN service.
Once authorization is received from the base station, then the CPE will transmit its MAC address and its basic capabilities such as the set of burst profiles that it supports.  The detailed association procedure is described in section 6.15.  Once association has been achieved, the base station may request the CPE to send the results of the initial complete sensing or any update thereof at anytime using the BLM-REQ PDU.  The CPE will therefore need to keep the information stored by the sensing process in its local registers at all times.  The following table gives a representation of the information stored in these registers.

	Channel number
	14
	15
	16
	17
	18
	…
	50
	51

	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-UDP)
	
	
	
	
	
	
	
	


Table 1:  Sensing report registers at CPE
2- Loss of contact with the base station

If the CPE looses contact with its base station, local intelligence should 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 autonomous spectrum sensing for this loss of contact with the base station is described below and illustrated in Figure 2.

The CPE should first identify whether or not a WRAN signal is still present on the selected channel by trying to capture the SCH.  If successful, 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 at the entry point “C” in Figure 1.  If re-association cannot be achieved within [10 s], the CPE shall regenerate the list of potentially affected channels from the EIRP profile and 3rd order intermodulation distortion to protect wireless microphones and TV services and execute the second round of initial sensing from the entry point “B” indicated in Figure 1.
  If the time lapsed is less than 10 s but more than 2 s, then the CPE shall built the list of potentially affected channels with the co-channel and first adjacent channel cases to protect the wireless microphones and execute the second round of initial sensing from the entry point “B” indicated 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 new channel and acquire the frame header.  If successful within [2 s], attempts to re-associate should be made through the BW Request opportunistic burst or upon specific invitation by the BS, or through the CDMA ranging burst as described above.  
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Figure 2:  Flow diagram for CPE sensing after loss of contact with the base station

If the superframe capture is not successful, then the CPE will 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 has to re-start its initialization process from the entry point “A” in Figure 1.

3- CPE idle time

If a CPE is not allocated any time during a frame from the DS-MAP and/or US-MAP and has not been asked by the base station to do specific in-band or out-of-band sensing, the CPE should have the necessary routines to autonomously sense the TV channels in its backup channel list as well as all the channels potentially impacted by operation in these backup channels during this idle time.

As a minimum, the CPE will need to acquire all superframe headers and all frame headers (typically 3 OFDM symbols per 10 ms frame) unless an inter-frame sensing period is signaled by the superframe header.  Sensing through the WRAN signal path will need to be interrupted during the following intervals:

· Superframe headers

· Frame headers

· CPE receiving activity during the DS subframe as signaled in the DS-MAP;

· CPE transmitting activity during the US subframe as signaled in the US-MAP;

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

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

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

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.  If the CPE is implemented with two separate RF chains for WRAN operation and sensing, sensing through the sensing signal path would need to be interrupted only during the transmission periods on the WRAN signal path because of the potential signal leakage from the WRAN transmit path to the sensing receive path due to the large signal level differential and the limited RF isolation.    If the sensing side has more time to carryout its tasks, this extra time availability could be used to explore more TV channels and more potential interference situations while the CPE is in normal operation.  However, when sensing is to be done on channels where WRAN transmission is involved, co-channel or first adjacent channels, the WRAN signal path will be needed to acquire the SCH to identify the quiet periods so that the presence of incumbents can be sensed underneath the WRAN operation.

The sensing scheme that will be used may need to meet the intra-frame sensing constraint to avoid the sensing to continue into a subsequent frame where the CPE may be asked to transmit.  Inter-frame sensing could also be used but at the risk of an invalid result if the CPE is requested to transmit during the multi-frame period.  Note that the sensing of the operating channel needs to be managed by the base station since appropriate quiet periods will need to be scheduled to empty the channel from any WRAN operation.

If a coexistence window at the end of the frame is signaled by the base station in the US-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-Request opportunistic window and, when scheduled by the BS, 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).

If the CPE determines that it might cause interference if it operates on the BS’s current channel, it should inform the BS using the UCS Notification.  Once the CPE is associated with the BS on the current channel, it would seem to make sense that the next channels to be sensed would be those that could be negatively impacted by operation on the set of backup channels that the BS is advertising.  If the CPE determines that its use of any of the advertised backup channels could cause interference, it should inform the BS, which could then either delete the problematic channel(s) from its backup list, replacing them with  clear channels from the candidate list, or move them to a lower priority position if no other backup channels are available (with the knowledge that in this latter case some CPEs may have to be dropped from service).


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 the channels adjacent to those contained in its ‘list of available channels’ during the idle sub-frame periods and repeat the sensing process described above for the sensing of the channels in the ‘list of available channels’.  As explained above, a RSSI measurement should first take place with a fast RF signal type identification.  If insufficient RF signal is found, then an intra-frame sensing scheme should be used to identify possible broadcast incumbents. Inter-frame sensing can be used as long as the CPE is not being asked to transmit during the sensing interval.  

The advantage here is that if successful sensing can be done by CPEs during their idles periods, the need for more formal sensing with the scheduled quiet periods is reduced.  Note that such formal channel sensing is needed in the case of the channels adjacent to the operating channels since appropriate quiet periods will need to be scheduled by the base stations to sense these adjacent channels

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 this adjacent channel.  If successful, the CPE, once reverted to its normal operating TV channel would request an upstream time slot to relay 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 desirable 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.
Figure 3 illustrates the way channels can be sensed when the sensing time for each signal type is considered.  The process can be interrupted at anytime and then needs to restart at the beginning in all cases.  The normal sensing process also needs to be interrupted to restart when the lapsed time since the last sensing on a channel goes beyond the stated limit.

[image: image3.wmf]Start sensing

process

Yes

Sense TG1

beacon and W.

Micro on

channel N

during QP of N,

N-1 and N+1

No

Channel N

lapsed time > 2-x s since

last sensing?

TG1 or W. Micro

present?

Send warning

to BS on UCS

Yes

Sense presence of

WRAN on N+2

(SCH or CBP capture)

No

Channel N+1

lapsed time > 2-x s since

last sensing?

WRAN operation

on N+2?

Acquire timing of QP on

N+2 from CBP burst

Sense TG1 beacon and W.

Micro on channel N+1 during

QP on channels N and N+2

Can we assume that WRAN

operation will be known by the BS

and indicated to the CPE through

the CHO-UPD message?

Yes

Sense presence of

WRAN on N-2

(SCH or CBP capture)

No

Channel N-1

lapsed time > 2-x s since

last sensing?

WRAN operation

on N-2?

Acquire timing of QP on

N-2 from CBP burst

Sense TG1 beacon and W.

Micro on channel N-1 during

QP on channels N and N-2

Can we assume that WRAN

operation will be known by the BS

and indicated to the CPE through

the CHO-UPD message?

Note time of sensing

Yes

No

Note time

of positive

presence

No

Yes

Sense TG1 beacon and

W. Micro on channel N+1

during QP on channels N

QPs on N and N+2 need

to be aligned to allow

clean sensing on N+1

Sense TG1 beacon and

W. Micro on channel N-1

during QP on channel N

QPs on N and N-2 need

to be aligned to allow

clean sensing on N+1

TG1 or W. Micro

present?

Send warning

to BS on UCS

Yes

Note time

of positive

presence

No

TG1 or W. Micro

present?

Send warning

to BS on UCS

Yes

Note time

of positive

presence

No

Repeat above sensing process for each

backup and candidate channels identified

by the base station and signalled through

the CHO-UPD MAC message.  The

allowed lapse time will be 6-x  s.

Sensing process for the

operating channel and the

backup and candidate channels

can be interrupted at any time.

The sensing process will need

to always restart at the

beginning of the process.

Sensing RSSI

> threshold A?

Select channel with

smallest lapsed time

since last sensing

Low signal sensing and

signal classification with

proposed sensing schemes

Fast incumbent signal classification

- Pilot capture for DTV

- Carrier capture for NTSC

- TG1 burst capture for beacon

- 100 kHz signal capture for micro

No

Yes

Measure RSSI in

selected channel on

sensing signal path

Record channel no.,

type of signal and

RSSI levels

Noise only?

No

SCH capture and

RSSI measure on

WRAN signal path

SCH present?

No

Extract timing

of quiet periods

from SCH

Record channel no.,

type of signal, RSSI

levels and QP timing

information

Record channel no.,

presence of incumbent

signal and type of signal,

or noise

Yes

No

Type of signal

= WRAN

Yes

CBP burst present?

No

Yes

Note time of sensing

Note time

of positive

presence

Sense presence of

WRAN on N-1

(SCH or CBP capture)

WRAN operation

on N-1?

Acquire timing of QP on

N-1 from CBP burst

WRAN operation

on N+1?

WRAN operation

on N+1?

Sense TG1

beacon and

W. Micro on

channel N

during QP of

N and N+1

Sense TG1

beacon and

W. Micro on

channel N

during QP of

N and N-1

Acquire timing of QP on

N+1 from CBP burst

Acquire timing of QP on

N-1 from CBP burst

Sense presence of

WRAN on N+1

(SCH or CBP capture)

Sense presence of

WRAN on N+1

(SCH or CBP capture)

No

Yes

Yes

No

Sense TG1

beacon and

W. Micro on

channel N

during QP of

N

No

Yes

Can TG1 beacon and w. micro

sensing be affected by WRAN

operation on adjacent channels?

All QPs should be simultaneous, thus

no need to acquire it independently.

Can we assume that WRAN

operation will be known by the BS

and indicated to the CPE through

the CHO-UPD message?

Does the presence of WRAN

operation need to be verified

within 2 sec. in case of a

suddent appearance?

CBP burst

capture

Threshold A could

be SNR= 0 dB

Extract timing of

quiet periods

from CBP burst


Figure 3:  Flow diagram for CPE sensing during idle periods

_______________________________________

Abstract


This contribution is an attempt at describing the automated functions that should exist at the CPEs.  These functions are related to the ‘Spectrum Management’ functions residing at the Base Station.
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� The use of the channel occupancy acquired from the base station (CHO-UPD) during initialization would be for skipping the sensing on the channels belonging to the “Disallowed”set [if it means that all types of RF transmissions are disallowed, not applicable if only the WRAN transmissions are disalloed] and the signal classification and low level sensing on channels belonging to the “Occupied” set to save some time.  Hoewver, since time is less critical at initialization, it may be useful that the CPE confirms that the incumbents indicated by the BS exist in these ‘occupied’ channels at its location.


� A new concept is proposed where the fine sensing during quiet periods in TV channels where WRAN service is present would take place only when the user has selected the WRAN service that he wants (i.e., the TV channel on which the wanted WRAN service is) rather than during the initial sensing of all TV channels in the range of interest.  This would avoid unduly slowing down the initial sensing process which would render the information out-of-date by the time the initial round of sensing is complete.  Also the signaling to an unselected WRAN base station that there is local interference at the CPE would have little value if the user decides not to associate with this base station since the interference may be created only by this CPE at its location.


� The CPE will 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 so that when a signal is received on-axis on the WRAN signal path, it has 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 TPC indicated in section 8.10.4.1.


� Note that this selection and the way the following channels will be selected is implementation specific.  However, it is suggested that the co-channel and first adjacent channels cases be done investigated at the end of the list since they are the most critical in terms of timing since sudden appearance of wireless microphones in these channels need to be protected within 2 s whereas timing for protection of TV services should not be as critical (WG still needs to adopt position on this).  


� The meaning of this “Disallowed set” still needs confirmation.  If it only means that it is disallowed for WRAN operation but not incumbents, this verification should not be done.


� Note that the CPE will only need to report the presence of wireless microphones and TG1 beacon in the co-channel and first adjacent channels cases while it will need to report the presence of TV operation on any one of the critical channels.


�  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 lapsed before the 10s window.  A shorter periods may need to be specified.


�  A shorter period than 2 s may need to be specified.  The 2 s constraint applies to the protection of wireless microphones and involve the co-channel and first adjacent channels cases.  The other K-3 channels in the critical list can have a more relaxed requirement due to the more stable operation of TV services.  In this case, the second round of initial sensing could be limited to NK, NK+1 and NK-1 until the second time constraint, e.g., 10 s, is missed. The existence of this second time constraint which would make incumbent sensing more manageable is still to be decided by the WG.]


�  Note that the backup channel list will have two purposes, one is to indicate to the CPEs what is the list of channels in order of priority where sensing is required to make sure that these channels are clear from any potential interference to the incumbents, and the other is to indicate the valid channels where the WRAN service can be moved if a channel change is required.  These valid channels will occupy the first places in the stack but more channels will be in the list for CPEs that have more time available to sense to build confidence on these extra channels (see next section).  The backup list will therefore be longer than the list of valid channels. 


� Is the UCS notification window only for alerting the BS that an incumbent is found on the operating channel or it can be used to signal incumbents on other channels potentially impacted by operation in the backup channels?
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