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SC-TDMA Defined

The primary access method supported by the MAC is Slot-cycle Time Division Multiple Access, SC-TDMA. This access method is a distinct variation of traditional TDMA, in which a coordinator, or master station, assigns and governs the times during which stations transmit by assigning each station its own time slot.   A common set of rules governs time slot requests, assignments, and usage.  SC-TDMA protocol is distinguished by a two dimensional array of time slots, such that each column represents a time slot with the same index and each row represents cycle of the indexed of time slots.  A member station, or client, is assigned a, slot-cycle, which is an element in the array with a particular time slot coordinate and a particular cycle coordinate.   Time slots are ordered in time by sequencing all indexed slots in the first row in order, followed by the all indexed slots in the second row in the same order, etc.  The array of slot-cycles is completed when the last element of the last row of the array is sequenced. An example array with 3 slots and 6 cycles is shown in Figure 1.  The sequencing of slot-cycles is analogous to that of pixels in progressive scan television.  The sequence of slot-cycles for the 3 by 6 case is illustrated  in figure 2.

The previous description was actually oversimplified to introduce the concept. In practice, each slot can have a different number slot-cycles assigned to it.  The sequencing of slot-cycles is similar to the previous example, except that the cycle index for a given slot index “j” is counted modulo the maximum cycle count for that slot, Mj.  This can be illustrated for the case where, slot one has M1 = 2, slot two has M2 = 5 and slot three has M3  = 3 as shown in figure 4.  The sequence of time slots for this slot-cycle specification is shown in Figure 3.   Note that some slot-cycles occur more often in the sequence than others, especially those of slot 1.  A station assigned to a slot-cycle in slot one, will be able to access the network more frequently than a station assigned to one a slot-cycle in one of the other slots.  This unequal sharing of slot is the basis for managing, QoS, and will discussed in section __ .
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Figure 4.    Slot-Cycle Sequence for M0 = 2, M1 = 5, M2 = 3
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Figure 3.    Slot-Cycle Array for M0 = 2, M1 = 5, M2 = 3
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    Figure 2.  Time Sequence of Slot-Cycles


Overview – Superframe Primary Elements

One role of the Coordinator is to transmit a periodic network beacon.  The Superframe is defined as the time interval from the beginning of one beacon until the beginning of the next beacon.  The beacon itself contains broadcast information about the identity of the network, security related parameters, the number of piconet members, the number of slots and cycles, and timing parameters necessary to define the Superframe and its elements.  A full list of  the beacon fields appears in section __.

The second element in the Superframe is the Contention Access Period, CAP.   This element serves two distinct roles during each Superframe.  The first role allows non-member stations to reply to the beacon (coordinator) and transmit a request to join the network.  If no request is initiated during a defined listening period,  member stations are free to transmit peer-to-peer messages short enough to fit the time constraints of the CAP.  Since any member is free to send, there is the possibility of a collision, which will initiate a retry scenario.

The third element is the Contention Free Period, CFP, during which the SC-TDMA algorithm operates according to the parameters given in the beacon and the slot-cycle assignments made by the coordinator.

For many implementations, this will probably be the final element before the next beacon.  However, it is also possible that the final portion of the beacon interval will be given to a another piconet according to the time parameters transmitted in the beacon.  In this case, the remaining portion of the beacon cycle will be one in which no transmissions will be allowed by the first piconet.  If and how this is used will depend on protocol layers that are above those defined for the MAC.  Allowing for this silent period will greatly enhance ad hoc networking capabilities by supporting meshes of smaller piconets as well as single larger piconets.

The figure below shows the case where the entire CFP is used  SC-TDMA
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Figure 4.    Slot-Cycle Sequence for M0 = 2, M1 = 5, M2 = 3


1.1 Beacon  {Text TBD}

1.2 Contention Access Period {Text TBD}
1.3 SC-TDMA Algorithm

1.3.1 Algorithm Overview

SC-TDMA was defined section 9.1.  This section will present an overview of the approach to implementing this algorithm that controls the packet overhead and facilitates QoS and automatic return of unused bandwidth to the network members.

· Primary communication mode is peer-to-peer. 
· One station at any one time is a Coordinator. 
· The Coordinator controls Join & Unjoin and transmits the periodic beacon. 

· The coordinator assigns slot-cycles based on the QoS requested for a stream associated with that station.
· Each member station transmits during its assigned slot-cycle (or cycles) if the RSSI is below a predefined level.

· An DIT-CSO exchange with the Coordinator before the peer-to-peer message, is a supported Network Access Mode, NAM.
· Regardless of the NAM, DIT-CSO is never required for sending data that requires a slot that is not longer than an Mslot.
· A slot-cycle length, Lsc is a variable controlled by the member station, within limits specified by the Coordinator.
· If the NAM is DIT-CSO, a transmitting station sends the Lsc either in its MAC header (for small messages) or in RTS for larger then Mslot messages.

· If the NAM is DIT-CSO,  the Coordinator Lsc in CTS.

· If the NAM is not DIT-CSO,  the member station transmits Lsc in the MAC header.  

· Time slots are timed by each member station independently as either Mslots or slots of length Lsc defined by CTS or MAC header, depending on the NAM.
1.3.2 Typical Slot-Cycle Types

Slot-cycle types will include message with immediate ACK, message without an ACK and the Mslot, which defines the size of an unused slot-cycle regardless of assigned length parameters.
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1.4 Variation in Slot-cycle Position 

This will place values on the variation in slot cycle position versus the number of slot-cycles that have occurred since the beacon. Slot-cycles can be assigned based on power management criteria if the Coordinator assigns the  slots closest in time to the beacon, to those stations requiring the greatest ability to wake up and transmit at a precisely known time.  The following graph is derived from the following PHY and MAC parameter values from a spreadsheet that quantizes key values to units of 16/22e06 Seconds.

Preamble Size
160
Symbols

Preamble Rate
1.1000E+07
Hz

PLCP Header
5
bytes

PLCP Header Rate
2.2000E+07
Hz

PLCP Header Encoding
1
times

MAC Header 
8
bytes

MAC Header Rate
2.2000E+07
Hz

MAC Header Encoding
2
times

Total1  (Preamble and Headers)
1.5500E-05
Sec.

RxTx Time 
5.5909E-06
Sec.

SIFS Time
1.0682E-05
Sec.





Mslot Time ( RxTx + SIFS + Total1 + pad-to-quantize)
3.2000E-05
Sec.

From these values one can produce the following graph of  the variation in slot-cycle time versus the number of slot-cycles since the beacon.  The graph assumes that the largest MPDU size is 1024 bytes and that the smallest slot-cycle size is an Mslot.


The difference between the earliest time when the slot-cycle could occur and the latest time when the slot-cycle could occur is shown in green triangles.  This line represents the maximum amount to time that a station must be awake, before it can transmit if its slot-cycle is counted as the number on the X-axis in the overall sequence from the beacon.  The average waiting time will depend on the statistics of transmission MPDU’s by member stations.

Note that once a station has transmitted in its slot-cycle, the variation in its next transmission time is counted from zero, the start of the X-axis.  Thus, transmitting resets the count and the variability.

It is unnecessary to create a separate graph for the hidden node case, with DIT-CSO enabled.  Since the important line curve is the difference between the Mslot and the maximum slot case, adding DIT-CSO delays to both the Mslot and the maximum size packet will not change this difference.  

1.5 Mslot: Overhead or Fixed Size Slot?

The Mslot or minislot allows bandwidth to be automatically returned to stations assigned to other slots and at the same time limits the amount of bandwidth that can be returned by its finite size.  This is traded off for having a unified a singular slot architecture, with simple rules for timing and counting slot-cycles.  It is also traded off for having a Coordinator that is not involved with polling, or stations explicitly passing tokens to other stations to return the bandwidth not used up in the token passing message. 

The Mslot is also a fixed size slot that can be used regardless of hidden nodes to send a message that does not exceed the length of the Mslot.  Since Mslot is the default slot-cycle size, no DIT-CSO is needed for sending short message that does not exceed its length.  The length of the slot need only be specified if the Mslot must be extended.  A longer Mslot means more data can be sent without DIT-CSO.

1.6 SC-TDMA and Beacon Period

Using SC-TDMA allows the beacon period time to be set independently of QoS allocations. This is not the case for a mixed system, where the latency between occurrences of a single fixed slot includes the beacon.  If video stream QoS is associated with this fixed slot, then either beacon periods of microseconds rather than milliseconds are necessary, or a sequence of commonly owned fixed slots is produced within the beacon period.  The structure and overhead associated with this video (say 6 Mbps) stream should be explicitly determined both in terms of time and complexity.

1.7 QoS Management: Dynamic Simulation of 3, 6Mbps video streams, one 1.2 Mbps audio stream with enhanced latency requirements and an ASYNC (no QoS) stream sending large amounts of data.

See Example in document 01061r1P802-15_TG3-SC-TDMA.PPT,  Slides 43 to 54.

1.8 Slot Bandwidth Allocation Simplification

There is an easier method to limit the bandwidth of a slot than using permanent minislots.  For instane, in the case of 10 minislots to 1 ASYNC slot,  instead of 10 reserved slot cycles of permanent minislots, the ASYNC station got a utilization delay of 10 from the master when it joined.  The utilization delay is the number of times its slot cycle access window must be present before the owner can transmit in that window.  This keeps the total number of slot-cycles for ASYNC slot at the number of assigned stations, but still gives 10/11 of its bandwidth back to the remaining slots.  This would change the counting required of a member station to: slots, cycles, and its slot-cycle modulo an assigned utilization number.  For ISOC the Utilization Delay will be zero.  This will simplify QoS maintenance by the Coordinator, by allowing it to cut down on the bandwidth of a slot or just a slot-cycle, by assigning a utilization delay.

If all stations assigned to a slot have the same utilization delay, they will send data during the same period of cycles, making the latency associated with that period of cycles especially long.  If each uses their member ID to determine the starting point for the count, then they will transmit on different cycle periods.  This will produce a more even distribution of latencies.

If we add a third number which is the number of successive occurrences of the slot cycle on which they can transmit after the Utilization count is reached before restarting the count, then utilization’s of k/m can be created, as well as 1/m.  
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		0.0003752727		0.0044993182		0.0041240455

		0.0004065455		0.0048742614		0.0044677159

		0.0004378182		0.0052492045		0.0048113864

		0.0004690909		0.0056241477		0.0051550568

		0.0005003636		0.0059990909		0.0054987273

		0.0005316364		0.0063740341		0.0058423977

		0.0005629091		0.0067489773		0.0061860682

		0.0005941818		0.0071239205		0.0065297386

		0.0006254545		0.0074988636		0.0068734091
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				Cj = Cycle Nunber				Slot		Slot		Slot

				for Slot j				0		1		2

				Cj = 0				0,0		1,0		2,0

				Cj = Cj + 1 Mod Mj				0,1		1,1		2,1

				Cj = Cj + 1 Mod Mj				0,0		1.2		2,2

				Cj = Cj + 1 Mod Mj				0,1		1,3		2,0

				Cj = Cj + 1 Mod Mj				0,0		1,4		2,1

				Cj = Cj + 1 Mod Mj				0,1		1,0		2,2

				The ordered pair  ( j, Cj ) = ( Slot, Cycle )

				Mj = Maximum number of cycles for slot j

				Figure __     Slot Cycle Sequence for M0 = 2, M1 = 5, M2 = 3
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		0,0		1,0		2,0		0,1		1,1		2,1		0,0		1.2		2,2		0,1		1,3		2,0		0,0		1,4		2,1		0,1		1,0		2,2

				Figure 4.    Slot-Cycle Sequence for M0 = 2, M1 = 5, M2 = 3
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				Slot				0		1		2

				Cycle

				0				0,0		1,0		2,0

				1				0,1		1,1		2,1

				2				0,2		1.2		2,2

				3				0,3		1,3		2,3

				4				0,4		1,4		2,4

				5				0,5		1,5		2,5

				Slot Cycle 1,5

				Figure __       Slot Cycle Array of Time Slots
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		0,0		1,0		2,0		0,1		1,1		2,1		0,2		1.2		2,2		0,3		1,3		2,3		0,4		1,4		2,4		0,5		1,5		2,5

								Figure __     Slot Cycle Sequence for 3 Slots and 6 Cycles.






