July 2007

doc.: IEEE 802.22-07/0369r1

IEEE P802.22
Wireless RANs

	CBP Updates

	Date:  2007-06-19

	Author(s):

	Name
	Company
	Address
	Phone
	email

	Dave Cavalcanti
	Philips
	345 Scarborough Rd, Briarcliff Manor, NY
	914-945-6083
	Dave.Cavalcanti@philips.com

	Carlos Cordeiro
	Philips
	345 Scarborough Rd, Briarcliff Manor, NY
	914-945-6091
	Carlos.Cordeiro@philips.com





Introduction
This submission contains the proposed changes to the current normative text changes to clarify the coordination among neighboring cells to guarantee reliable reception of CBP packets and synchronization of quiet periods, and the access method for transmitting CBP packets within the Self-Coexistence Window (SCW).

In clause 6.14 Contention Resolution, insert a new subclause 6.14.2 Contention Resoltuion during the Self-Coexistence Window after subclause 6.14.1 and updated the Figure numbers and cross references as needed:
6.14.2 Contention Resoltuion during the Self-Coexistence Window
This section describes a contention access mechanism that shall be used during the Self-Coexistence Window (SCW) with the default CBP packet size corresponding to two OFDM symbols. The purpose of this mechanism is to reduce the collision probability amongst stations with CBP packets to transmit during the same SCW. In the case, the CBP packet corresponds to the duration of three OFDM symbols, which is an optional size as described in 8.4, the sender shall use the contention resolution mechanism described in 6.14, in which the size of the transmission opportunity shall be the same size of the whole SCW, i.e., three OFDM symbols.
In order to transmit a CBP packet, the station shall invoke a random SCW backoff procedure. To begin the SCW backoff procedure, the station shall set its SCW_Backoff_Timer to a random number using the following equation:
SCW_Backoff_Timer = Random() x SCW_Slot_Time

where

Random() = Pseudo-random integer drawn from a uniform distribution over the interval [0, SCWBackoffMax], where

SCWBackoffMax is an integer system parameter as defined in Table X. 
SCW_Slot_Time = The value of the correspondingly named PHY characteristic. The SCW_Slot_Time parameter size is a fraction of one symbol duration.
A SCW backoff slot is defined by one SCW_Slot_Time and all the backoff slots occur during the first symbol of the SCW. The station performing the SCW backoff, shall sense the medium to determine whether there is activity during each SCW backoff slot. If no medium activity is indicated for the duration of a particular SCW backoff slot, then the station shall decrement its SCW_Backoff_Time by SCW_Slot_Time. 
If the medium is determined to be busy at any time during a SCW backoff slot, then the backoff procedure is suspended and the SCW_Backoff_Timer shall not decrement for that slot. The station shall save its SCW_Backoff_Timer, and resume the SCW bakcoff procedure in the next SCW. The station shall transmit the CBP packet when the SCW_Backoff_Timer reaches zero.
Figure X illustrates an example of a SCW backoff procedure in which three CPEs (1, 2 and 3) associated to three different WRAN BSs have CBP packets to transmit in the same SCW. The values of the CPEs’ SCW_Backoff_Timers at the beginig of each SCW are also shown in Figure X. 
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Figure X: Example of the SCW Backoff Procedure.

6.20.2.1.2 CBP Packet Generation

In clause 6.20.2.1.2, Page 181 and Line 5, delete the following sentence:

“The BS shall do this in such a way that it can be discovered by other overlapping WRANs in at most four superframes.”

Comment: The BS should control the scheduling of the SCW in Active mode in a way to enable the discovery of other WRANs in reasonable time, but we don’t need to enforce a given number. For that, a minimal frequency of CBP transmissions is already specified in the paragraph between lines 11 and 22 in this same subclause, which is at least one SCW in active mode within every four frames.

In clause 6.20.2.1.2, Page 180 and second paragraph, replace the text following text between lines 35 and 37
“In addition, the BS also specifies the channel number in which the CPE shall transmit a coexistence beacon (Active) or listen to the medium for a coexistence beacon (Passive).” by the following text:
CBP packet transmissions shall be performed in the opearitng channel, but stations shall be capable of receiving CBP packets in any channel it is capable of opereating in. The BS specifies the channel number in which the CPE shall listen to the medium for a coexistence beacon (SCW in Passive mode).
6.20.2.1.3.1 Network Discovery during Entry and Initialization

In clause 6.20.2.1.2.1 Network Discovery during Entry and Initialization, replace the first paragraph by the following:

During network entry and initialization and before any data tranmsission, the BS and CPE shall perform a network discovery procedure by scanning the wireless medium for CBP packets or SCH (transmitted in the beginning of every superframe). This discovery procedure is part of the BS and CPE initialization procedures described in 6.15. 

In the case of BS initialization (see 6.15.1), this procedure is performed before the selection of the operating channel and it may be performed after or at the same time as the BS performs incumbent detection in all usable TV channels. 

In the case of a CPE, this discovery procedure shall scan, at least, the BS’s operating channel (N), its adjacent channels (i.e. N+1 and N-1), and channels N+2 and N-2. This is the minimal requirement to ensure that other 802.22 cells operating in these channels are discovered and reported to the BS, such that sensing quiet periods are synchronized whenever needed to ensure reliable sensing.

If within a given scanning time, which shall be equivalent to at least four frames periods, no CBP packet or BS SCH is received the CPE can conclude that no other nearby 802.22 cell is operating on the scanned channel at that time. If a CBP packet or SCH is received by the CPE, it shall report the information to its BS.
A procedure to discover nearby 802.22 cells is also performed during normal operation as described in 6.20.2.1.3.2. 
6.20.2.1.3.2 Network Discovery during Normal Operation

Replace the content of clause 6.20.2.1.2.1 Network Discovery during Normal Operation by the following:

During normal operation, the BS and CPEs can discover other nearby 802.22 cells by listening to the medium on the look out for CBP packets and, possibly, BS SCH transmissions from other 802.22 cells. This can be accomplished through the scheduling of the Coexistence IUC (or SCW) in Passive mode, via self-coexistence quiet periods or via opportunistic sensing during idle times. The key difference between self-coexistence quiet periods and Coexistence UIUC in passive mode is the time granularity. While the former will typically take at least an entire frame, the later happens within part of a frame. The opportunistic sensing during idle times is done in time windowns smaller than a frame. Also, SCWs are scheduled periodically as described below in 6.20.2.1.3.2.1, whereas self-coexistence quiet periods can be scheduled on-demand by the BS. The self-coexistence quiet periods are not used for sensing incumbents, but to discover neighboring 802.22 cells, therefore there is no need for synchronization of these periods amongst 802.22 cells.
The BS may use these mechanisms to discover other 802.22 cells operating in any channel, but in order to enable efficient coordination amog neighboring 802.22 cells for self-coexistence and to allow efficient sensing, the BS shall use these mechanisms to discover other 802.22 cells operating in the same channel, in adjacent channels (N+1 and N-1), and in channels N+2 and N-2, and synchronize its quiet periods for sensing accordingly, using the procedure described in 6.20.3.2.
6.20.2.1.3.2.1 Discovery with SCW

The BS can discover other WRAN cells by scheduling SCW in passive mode, during which, it may request one or more CPEs to listen to the current operating channel or other channels to look for CBP packets or SCH transmissions from other BSs. This mechanism is not only useful to discover new 802.22 cells, but it is also required to maintain coordination with existing neighboring cells to achieve self-coexistence.

In order to satisfy the requirements for reliable in-band sensing and coexistence, the BS shall schedule at least three SCWs in passive mode within a superframe period. And in every three SCW scheduled, the BS shall request least one CPE to scan the operating channel and the adjacent channels (N+1 and N-1). Furthermore, the BS shall request at least one CPE to scan the channels N+2 and N-2 during SCW in passive mode within the channel detection time period.
The specific procedure of selecting the CPEs to receive the CBP packets is out of scope of this standard, but for higher efficiency it should take into account location information of the CPEs as well as the reported information by the CPEs during their initialization procedure.
In case a BS discovers a neighboring 802.22 cells, given the minimum required frequency of CBP transmissions, the BS will be able to regularly schedule SCWs in passive mode to capture the CBP packets in the corresponding channels.

6.20.2.1.3.2.2 Discovery with Self-coexistence Quiet Periods

The notion of self-coexistence quiet peiords is similar to quiet periods for the detection of incumbents, but are used for the specific purpose to detect overlapping WRANs and hence are called self-coexistence quiet periods. The BS can schedule self-coexistence quiet periods in the same way as it shecules quiet periods for sensing in explicity mode, which is described in 6.8.21.7 and 6.8.22.1. Typically, however, these quiet periods need not be as frequent as those for the detection of incumbents, and nned not to be synchronized across cells. Rather, the self-coexistence quiet periods of different BSs should be scheduled in a random way to increase the probability that overlapping BSs successfully detect each other. The self-coexistence quiet periods shall always be scheduled within the boundaries of a superframe, but its duration may span multiple frames. During this time, both CPEs and the BS shall search for CBP packets or BS SCH transmitted by overlapping 802.22 terminals belonging to other 802.22 cells.

6.20.2.1.3.2.3 Discovery during Idle Times

In order to maximize the probability of discovering collocated 802.22 cells and reduce the discovery time, a CPE does not stay locked to the BS at all times during a frame. A CPE shall only be locked to the BS whenever it is scheduled to receive/send data from/to the BS (indicated through the US-MAP and DS-MAP messages). At all other times during the frame, the CPE should listen to the medium and search for coexistence beacons. With this, the discovery process can conclude in much shorter time scales and the efficiency of CBP can be increased. In case a CPE loses synchronization with BS while listening/receiving a coexistence beacon, it shall regain synchronization in the beginning of the following frame or superframe.
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