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Abstract
The uniform use of CTR Interval and the SPS Interval (Set) in CTR specifications is specified for Section 7 and Section 8.  New figures are added for clarity.

The SPS mode device must determine what to do when an ACTIVE mode device sources data to it.  Should it stay in SPS mode or should it begin listening to every beacon and superframe?  Text is given for a PCTM-based solution.

Purpose
Fill in gaps in the SPS specification with regard to switching between ACTIVE mode and SPS mode.
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The following is based on draft 10 of the 802.15.3 standard.  The unchanged text is black, the deleted text is red and added text is blue.  For some of the changed tables and figures, the entire figure or table is blue.

7.5.5.1 Channel time request command
The channel time request (CTR) command may be used to request, modify, or terminate CTAs associated with either isochronous streams or with asynchronous data traffic. The channel time request command structure shall be formatted as illustrated in Figure 72.The DEV that sends this command is the originator and is seeking from the PNC channel time allocations during which to communicate with a target DEV or DEVs.

Octets: 12
…
12
12
2
2

Channel Time Request Block for CTR-n
…
Channel Time Request Block for CTR-2
Channel Time Request Block for CTR-1
Length = 12 *n
Command

Figure 72 —Channel time request command format

Each channel time request block (CTRB) corresponds to a channel time request.  If the DEV is making an request for asynchronous channel time where the destinations share GTSs, then there shall be only one CTRB in the command and it shall be last CTRB in the CTR command.  The channel time request block for a given CTR shall be formatted as illustrated in Figure 73.

Octets: 1
1
2
2
2
1
1
1
1-127
1

Desired

Number

of TUs


Minimum Number of TUs
CTR TU
CTR Interval
CTR Control
Stream Index
Stream Request ID
SPS Set Index
Target ID List
Num Targets

Figure 73 Channel Time Request Block

The num targets field indicates the number of target DEVIDs will be in the target ID list.  For isochronous requests, i.e. stream index not equal to the asynchronous stream index, the num targets field shall be set to ‘1 ’.For asynchronous requests, the num targets fields shall take on values from 1 to 127.

The target ID list is a series of DEVIDs with which the originating DEV seeks to establish communications by requesting channel time allocations from the PNC.  

The SPS set index field is used to identify the SPS set with which the CTR is associated, if the CTR is for an SPS allocation. Otherwise, the field shall be set to 0 and shall be ignored on reception.  The stream request ID field is a unique identifier generated by the originating DEV. 

The stream request ID shall remain constant during the entire frame exchange sequence for establishing a new stream. If the channel time request is to modify or terminate an existing stream, the stream request ID shall be set to zero and shall be ignored on reception.  

The stream index field is defined in 7.2.5.  In the case where the DEV is requesting the creation of a isochronous stream, it is set to the unassigned stream value, 7.2.5, by the originating DEV.  In the case where the DEV is requesting the creation, modification or termination of an asynchronous stream, it is set to the asynchronous stream value, 7.2.5.  When the stream index is other than the unassigned stream index or asynchronous stream index value, this CTR is either a request to modify or terminate an existing CTA. 

The CTR control field shall be formatted as illustrated in Figure 74 and Table ??1.
Bits: 7
1
1
1
1
1
1
3

Reserved
Set PCTM
Time Base
CTR Interval Type
GTS Type
CTR Type
Stream Termination
Priority

Figure 94.  CTR Control field in the Channel Time Request Block.
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Figure ??4:

Minimum Slot Loading GTS Alloctations for 8 DEVs Requesting

SPS Interval = 2 and CTR Interval = 4


Table ??1 CTR Control Field bit value definitions

The priority field is defined in Table A.1.

The stream termination field shall be set to 1 if this is a request to terminate an existing stream and shall be set to 0 otherwise.  

The CTR type field indicates the type of request:

— 0: The request is for an ACTIVE time allocation.

— 1: The request is for an SPS time allocation.

— 2: The request is to change the open MTS repetition rate.

— 3: Reserved.

The GTS type field shall be set to 1 if the channel time request is for a pseudo static GTSs and shall be set to otherwise. 

The CTR interval type field shall be set to when the CTR interval field represents the number of slots per superframe, and shall be set to 1 when the CTR interval field represents the number of superframes per slot.  

The CTR interval field indicates either the number of slots per superframe or the number of superframes per slot depending on the setting of the CTR interval type. If the CTR interval type is set to 1,the value contained in the CTR interval field shall be a power of 2.

Regardless of the CTR interval type field, if the CTR interval field is zero, the DEV is requesting its fair

share of as much channel time as is available. 

The CTR time unit field indicates the unit of time that the DEV is using for its request. This allows the PNC to know what units of GTS time the DEV can make use of so that the PNC can efficiently allocate GTS time.  It also enables the PNC to fragment a slot if necessary. The resolution of this field is 1 µs and therefore has a range of [0-65535 ] µs.

For an isochronous request, the minimum number of TUs field indicates the minimum number required by the originating DEV to support the stream.
For an isochronous request, the desired number of TUs field indicates the number of CTR TUs per slot that is desired by the requesting DEV. The desired number of TUs shall be greater than or equal to minimum number of TUs.  

For an asynchronous request, the concatenation of the minimum number of TUs field and the desired number of TUs field indicates the total number of TUs that are requested for this allocation, i.e. it is interpreted as a single, 2-octet field. Note that this is a request for a total amount of time rather than a recurring use of time in the superframe. The use of this field is defined in 8.5.2.

The PNC shall use the Time Base field to select the source of timing used in CTRs. The Time Base field tells the PNC whether to select the CTR Interval field (0) or the SPS Interval (1) of the specified SPS Set as the primary time base.  The primary time base for an ACTIVE CTR Type specifies the superframes in which GTS slots are allocated.  The primary time base for an SPS CTR Type specifies the time between awake beacons. 

An ACTIVE type CTR with Time Base = SPS Set allows the ACTIVE source to communicate with an SPS destination while allowing it to continue saving power.

An ACTIVE type CTR with Time Base = CTR Interval allows the user to specify the timing of GTS slots to an ACTIVE destination, or to wake up an SPS mode device for higher data rate traffic.

An SPS type CTR with Time Base = SPS Set allows two SPS DEVs to communicate synchronously, and allows other DEVs to also use the same time base in their CTRs, regardless of their power save mode.

An SPS type CTR with a Time Base = CTR Interval, defines an unshared awake beacon interval.  When the source DEV switches to SPS mode, it shall have no channel time allocated to it, but shall listen to its awake beacon including CTAs and its PCTM bit (Table ??2).  ed note: This mode is similar to APS mode, except that the SPS DEV listens to beacons at fixed intervals and can stay in SPS mode indefinitely as long as there is no PCTM bit detected. 

The Set PCTM field enables an ACTIVE mode source DEV to tell an SPS mode destination DEV to start listening to every beacon plus issue an SPS Change command for persistent ACTIVE mode.  The conditions required for the setting of the destination DEV’s bit in the PCTM {XREF 7.4.15} are shown in Table ??2. The CTR Type field, the Time Base field, and the Set TIM field are used together to select whether or not the PNC sets a bit in the PCTM information element. If the Set PCTM field is “1”, the PNC shall set the PCTM Bit only if CTR Type field is “ACTIVE” and the Time Base field is set to “CTR Interval”.  Otherwise the TIM Bit is not set by the PNC.
CTR

Type
Time

Base
CTR

Interval

Type


Set PCTM
Destination DEV  PS mode =
CTR

Interval Use
SPS 

Set Use
Set PCTM Bit? 

ACTIVE
CTR Interval
SFs per Slot
OFF
X
SFs per Slot
X
No

ACTIVE
CTR Interval
SFs per Slot
SPS
SPS
SFs per Slot
X
Yes

ACTIVE
CTR Interval
Slots per SF
OFF
X
Slots per SF
X
No

ACTIVE
CTR Interval
Slots per SF
SPS
SPS
Slots per SF
X
Yes

ACTIVE
SPS Set 
X
X
X
---
SFs per Slot
No

SPS
CTR Interval
X
X
X
SFs per Wake Beacon
X
No

SPS
SPS Set 
X
X
X
Wake Beacons per Slot
SFs per Wake Beacon
No

Table ??2 - Control of GTS Slot Timing, Wake Beacon Timing, and Setting the TIM Bit Flag. 

 (Note: X = “don’t care”)

7.5.5.2 Channel time status command

. 

.

.
The following is based on draft 10 of the 802.15.3 standard.  The unchanged text is black, the deleted text is red and added text is blue, except for figures ??3 and ??4. 

8.12.2.1 Creation, use and management of SPS sets 

Each SPS set has a two parameters associated with it; the SPS interval and the next awake beacon. The SPS set is represented by an index value, SPS set index.  The SPS interval is the the number of superframes between two successive awake beacons of DEVs registered in that SPS set. The next awake beacon parameter is the beacon number corresponding to the immediate next awake beacon of DEVs registered in that SPS set.  These parameters of an SPS set are maintained by the PNC. The parameters of an SPS set, wake beacons and SPS-cycle are illustrated in Figure 137.   

An SPS-type channel time request defines timing represented by Figure 137.  The value of the SPS Interval (SPSI) specifies the time between awake beacons, the beacons during which the SPS DEV listens.  The CTR Interval specifies the interval between assigned GTS slots in units of “SPS Intervals” .  This allows one GTS slot per awake super frame, one slot per 2 superframes, one slot per 4 superframes etc., as shown.

Figure ??3 shows four equivalent PNC slot allocations for an SPS Interval of 2 and the CTR Interval of 4.  The PNC chooses which awake superframes to position the assigned GTS slots at an overall rate of 1 slot per 8 superframes.  
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The example in Figure ??4 shows that SPS Interval and CTR Interval together provide the ability of the DEV to tradeoff power savings and superframe loading, the number of GTS slots allocated to any one superframe.  In this example, the PNC may minimize superframe loading for 8 SPS DEVs because there is one awake beacon every other superframe, rather than the minimum, one awake beacon every 8 superframes if power saving was maximized. 
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The DEV creating the SPS Set has chosen less power savings to accommodate a greater number of simultaneous users of this SPS Interval and CTR Interval combination.  Each source DEV numbered 1 to 8 can specify any of the other 7 DEVs as the destination, since all awake beacons are synchronized.  The exact power management algorithm is part of the application running on the DEV, and is beyond the scope of this standard.

A PNC may decline a CTR because the ratio of the most loaded superframe to the least loaded superframe is too high.  The CTR reason code for this condition is “Superframe Overloading” ( see 7.5.5.2).  Monitoring this condition will prevent the SPS DEVs from making the remaining channel time unusable.

Editors note: The Visio file for figures ??3 and ??4 is “SPS GTS Distribution.vsd”.
The following is based on draft 10 of the 802.15.3 standard.  The unchanged text is black, the deleted text is red and added text is blue.

8.12.2.2 Changing power save mode and operation

SPS DEVs alternate between SPS mode and ACTIVE mode operation depending on amount and type of

data traffic. The SPS change command,7.5.7.3,is used by a DEV to inform the PNC it is either changing its power mode, its use of previous CTRs, or the persistence of the CTR change. 

Three possible actions may occur when the PNC receives an SPS change command.  First, if the power save info field indicates that the DEV is changing power save modes, the PNC shall update the SPS IEs for all SPS sets that the DEV is a member. First is if the DEV is changing its power save mode. If the DEV is changing it mode from ACTIVE to SPS, the PNC shall set the bit corresponding to that DEV in each SPS IE that corresponds to an SPS set to which the DEV is a member.

If the DEV is changing its power save mode from SPS to ACTIVE then the PNC shall no longer set all SPS IE bits belonging to that DEV.  

The PNC shall create one SPS IE in the beacon for each SPS Set that is currently in use, meaning that at least one member is currently in SPS mode. When an SPS set is not in use, the PNC shall discontinue inserting its SPS IE.

The second possible action is that the DEV is requesting that the PNC invoke a one-time use of the resume stream index parameter in the command based on the setting of the persistence parameter. One-time use provides an override to generate a CTA for a destination DEV outside of the normal repetition defined for ACTIVE and SPS CTRs. The one-time use is for a single superframe only.

The third possible action is for the persistence parameter to indicate a persistant persistent change to the suspend stream index parameter and the resume stream index. The PNC shall suspend use of the CTR pointed to by the suspend stream index and resume, or continue, use of the CTR pointed to by the resume stream index parameter. A value of zero for either stream index indicates no change is requested.

Unless overridden by the above, the following actions are taken by the PNC on streams that have been created using CTR Type and the Time Base shown in the first two columns of Table ??3

CTR Parameters
Power Save Mode Transition

CTR Type
Time Base
ACTIVE to SPS 

Effect on Stream


SPS to ACTIVE

Effect on Stream

ACTIVE
CTR Interval
Suspend
Restore

ACTIVE
SPS Set 
Continue
Continue

SPS
CTR Interval
Restore
Suspend

SPS
SPS Set 
Restore
Suspend

Table ??3:

Default Power Save Mode Stream Management
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Figure ??4:

Minimum Slot Loading GTS Alloctations for 8 DEVs Requesting

SPS Interval = 2 and CTR Interval = 4
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CTR Control Field Definitions
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