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1.1 6.3 General Superframe Structure

The superframe structure employed in the MAC is depicted in 0, where it can be seen that it is comprised of three main parts:

· A PHY preamble – see section 8
· A Superframe Control Header (SCH) – see section 6.5.1
· 16 MAC frames – see section 6.4
At the beginning of every superframe, the BS shall transmit a special preamble and SCH (with a known modulation/coding) on the operating TV channel. Any CPE tuned to that TV channel must synchronize and receive the SCH in order to obtain the information it needs to establish communication with the BS. During the lifetime of a superframe, 16 MAC frames are transmitted. During each MAC frame, the BS has the responsibility to manage the upstream and downstream operations, which may include ordinary data communication, measurement activities, coexistence procedures, and so on.

The superframe shall start with a superframe preamble, followed by the first frame preamble, the superframe control header (SCH), a frame control header (FCH), a DS-MAP and a US-MAP, a DCD and a UCD if present, and finally the first frame payload. The first frame payload shall be reduced by two symbols to keep the frame size consistent. 
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Figure 8 —General superframe structure

6.4 General Frame Structure

The top-down TDD frame structure employed in the MAC is illustrated in Figure 9, whileFigure 10 depicts another view of the frame structure which is comprised of a series of time slots that may be allocated for either downstream or upstream traffic. The bursts depicted in Figure 9 may be transmitted across several logical subchannels as defined by the PHY. This is shown in Figure 11, which depicts how a frame may be transmitted (in time and frequency) by the PHY layer.
[Note: a new definition was added to the section 3 as follows:
3.39 Time slot: minimum unit of time allocation at the MAC layer]
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Figure 9—MAC Frame structure

As illustrated in Figure 9 and Figure 10, a frame is comprised of two parts: a DS subframe and a US subframe. The boundary between these two segments is adaptive.  Thus, the downstream and upstream relative capacity can be controlled. The downstream subframe shall consist of only one PHY PDU. An upstream subframe may consist of contention intervals scheduled for:

·  initialization (e.g., initial ranging, geolocation between BS and CPE),

·  bandwidth request,

·  UCS (Urgent Coexistence Situation) notification,

·  self-coexistence window.

It may also contain scheduled upstream PHY PDUs, each transmitted from different CPEs. 
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Figure 10 —The slotted structure of a MAC frame. The boundary between upstream and downstream is adaptive. [Illustrate a time slot]
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Figure 11 – Example of aTime/frequency structure of a MAC frame (with only key zones

A frame shall consist of an integer number of fixed size OFDM slots, each of which shall consist of one OFDM symbol and one sub-channel (i.e. 1 OFDM slot = 1 symbol x 1 sub-channel) To help understand Figure 11, the MAC packets are assumed to be structured in a linear TDM manner (see Figure 9) while the PHY packets are arranged in a two-dimensional time/frequency domain (symbol in the horizontal direction, logical sub-channels in the vertical direction). For the FCH, the DS/US-MAP, the DCD and UCD, and for the downstream payload the MAC information is first layed vertically by sub-channels, then stepped horizontally in the time direction.  The opportunity window which can use multiple sub-channels in the frequency direction with CDMA spreading and occupies the complete US sub-channel width, US payload is arranged in a linear time/frequency structure. 

The MAC data elements from Figure 9, starting from the FCH and including the first broadcast burst, are entered into the second OFDM symbol, as shown in Figure 11, in the increasing order of logical subchannels until all logical subchannels are occupied. Then, the subsequent data elements, if they have not all been allocated, are placed in the same order on the following OFDM symbols. The balance of the last OFDM symbol is then padded with zeros.
The MAC data elements that are contained in upstream bursts are mapped to the US sub-frame in a different order as shown in Figure 11. They are mapped OFDM symbol by OFDM symbol first, in the same logical subchannel. Once a logical subchannel has been filled to the maximum capacity, the balance of the MAC data elements are mapped to the next logical sub-channel, in an increasing subchannel order. This process continues until all of the subchannels and symbols alloted to the burst are filled. If the quantity of MAC data elements is insufficient to fill in the burst, padding is inserted at the end. Optionally, the horizontal laying of the MAC data elements may fill one column of 7 symbols at a time.  The MAC data elements are then entered in sequence in an OFDM symbol by symbol order. However, when all logical subchannels have been filled, the next MAC data elements will be placed starting from the first unfilled OFDM symbol on the first logical subchannel that follows the opportunity window and has unfilled OFDM symbols available.  The width of the last vertical column will be between 7 and 13 symbols depending on the total number of symbols in the upstream sub-frame. When all MAC data elements have been placed in a US sub-frame, the balance of the last OFDM symbols is then padded with zeros. (Note that the US-MAP indicates the lengths of the US data bursts, not their absolute position in the US map.)

The downstream’s PHY PDU preamble is followed by a FCH burst.  This FCH burst, which is described in 6.5.2, specifies the burst profile and the length of either a DS-MAP or a US-MAP message. A DS-MAP message, if transmitted, shall be the first MAC PDU in the burst following the FCH. 

An US-MAP message shall immediately follow either the DS-MAP message (if one is transmitted) or the FCH. If UCD and DCD messages are transmitted in the frame, they shall immediately follow the DS-MAP and US-MAP messages.  The symbols containing these broadcast MAC control messages shall be modulated using the most robust modulation/coding (see section 8.xx).

In the upstream direction, if a CPE does not have any data to be transmitted in its US allocation, it shall transmit an US PHY burst containing a general MAC header (see 6.6.1.1) with its basic CID, together with a bandwidth request subheader (see 6.6.1.3.1) with BR = 0. This would allow the BS to reclaim this CPE’s allocation and use the resource for some other purpose. Besides these upstream CPE PHY bursts, the BS may schedule up to four contention windows (see 6.14):[Philips, ETRI, Wendong, Ivan] the Ranging window is used for initializing the association, the BW request window is for CPEs to request upstream bandwidth allocation from the BS, the UCS Notification window is used by CPEs to report an urgent coexistence situation with incumbents, and the Self-coexistence window is employed by CBP for signaling key information to adjacent WRAN cells for the purposes of self-coexistence and carrying out geolocation between CPEs of the same WRAN cell.
To deal with coexistence scenarios where multiple 802.22 BSs are deployed in overlapping coverage areas, the Self-coexistence window together with coexistence beacons (i.e., through CBP) shall be employed. The Self-coexistence window (depicted in Figure 9) is scheduled at the end of the upstream subframe. These beacons are transmitted by selected CPEs and carry information, among the other, about the transmitter’s ongoing service flows with the BS and also about the 802.22 cell as a whole. With this information, CPEs associated with other nearby BSs are capable of implementing mechanisms that allow better inter-cell coexistence such as “interference-free” scheduling (see 6.20.2).

Whenever a CPE is neither receiving nor sending data to its BS, it is capable of decoding CBP packets transmitted by nearby stations belonging to other BSs operating on the same TV channel (N), on adjacent channels (N+/-1), and/or on alternate channels (N+/-2 and beyond).  
In addition, a frame synchronization mechanism is defined so that multiple collocated 802.22 cells can efficiently communicate with each other and align their quiet periods for sensing incumbents.
In addition, the BS has the possibility of using the Self-coexistence window and defines what should be done during this time window. The Self-coexistence window may have two purposes as indicated by the BS: listening for beacons (from nearby CPEs associated with the same BS or associated with other BSs) or transmitting beacons. 
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Abstract


The document contains revised text for sub-clause 6.3 – General Superframe Structure, and subclause 6.4 – General Frame Structure of the IEEE 802.22 draft standard.





It contains changes agreed over the MAC teleconference call held on 24 October down to Figure 11..











�A CPE may not be able to do so during the normal operation periods, as CBP packets are only transmitted in SCW at the end of the frame which are synchronized across co-channel cells.
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