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6.9.8 Multi-node ranging
A Ranging Control Message (RCM), which is a frame conveying the Advanced Ranging Control IE (ARC IE), specified in 7.4.4.38, can be used to sets the ranging parameters to control the ranging procedure(s). The RCM can configure aspects of the ranging procedure(s) such as the time-slot structure shown in Figure 12, ranging methods (6.9.5), and STS packet configuration (16.2). 
A Ranging Control Message (RCM) is a frame conveying the Advanced Ranging Control IE (ARC IE) as specified in 7.4.4.38.  The RCM can be used to convey ranging parameters to control and configure aspects of the ranging procedure(s) such as the time-slot structure shown in Figure 12, the ranging methods specified in 6.9.5, and the STS packet configuration as specified in 16.2. 
The following nomenclature is used for ERDEVs: 
· Controller: An ERDEV that controls the ranging and defines and controls the ranging parameters by sending the RCM.
· Controlee: An ERDEV that utilizes the ranging parameters received from the Controller controller in the RCM. 	Comment by Billy Verso: Like the coordinator, the controller, controlee, initiator and the responder should not be lower case throughout the text.  
ZD: Thanks for pointing it out, will correct them accordingly throughout texts. 

· Initiator: An ERDEV that following the RCM initiates a ranging exchange by sending the first RFRAME, i.e., ranging initiation message. A controller or a controllee can be an initiator.
· Responder: An ERDEV that responds to the ranging initiation message received from the initiator.
These terms are illustrated in Figure 11.
[image: ]
Figure 11—Ranging Controller, Controlee, Initiator and Responder

Controlee(s) should be managed by a Controller. The Nnext higher layer of the Controller controller is responsible tofor determineing the ranging parameters and the role device type of the participating ERDEVs, as either i.e., iInitiators or rResponders.
Multi-node ranging is a ranging procedure where in which one or more iInitiators perform rangeings with multiple rResponders. There are two two typescases of multi-node ranging, as indicated  by the Schedule Mode field of the ARC IE (see subclause 7.4.4.38).   . In tThe first casetype, is time-scheduled ranging in which the Controller controller knows the identities of all Controleescontrolees, and specifies the precise schedule ofs  ranging transmissions. In tThe second casetype ,is  contention-based ranging in which the Controller controller may not know the number or identities of the Controleescontrolees, and hencewhere the ERDEVs  have to contend with each other.  Controller can utilize time-scheduled ranging for the first case and contention-based ranging for the second case by using Schedule Mode field of ARC IE (7.4.4.38).	Comment by Billy Verso: Indicated
A message sequence chart for multi-node ranging configuration is illustrated in Figure 12.   



Figure 12—Message sequence chart for multi-node ranging configuration
Next higher layer of controller initiates MCPS-DATA.request with MultiRangingEnable setting to be SCHEDULE or CONTENTION (8.3.1), which enables the MAC sublayer to create the ARC IE (7.4.4.38) for ranging configuration and control via MAC PIB attributes in Table 8-95. The ARC IE is inserted into the RCM. Then, MCPS-DATA.confirm reports the Status of multi-node ranging configuration/control to next higher layer of controller (8.3.2), while MCPS-DATA.indication conveys ARC IE, and other IEs from the Controller’s next higher layer, to next higher layer of the Controlee(s) (8.3.3).	Comment by Billy Verso: I see no reason for this complexity of description. Higher layer should just prepare and consume the ARC IE.  You can implement this internally any way you like.
ZD: removed.	Comment by Billy Verso: Should probably say that the frame shall be a broadcast, (and fail if unicast address is used?). 
ZD: change texts “which is then an RCM” by “which is then an RCM broadcast to the controlees.”
For time-scheduled ranging, the controller selects the ranging devices participating in the ranging, their roles as either initiator or responder, and their assigned time slots these devices will utilize by specifying the Ranging Device Management IE (RDM IE) (7.4.4.X1).  The roles of the participating devices and their transmission schedule may be set by the higher layers. In this case, the RCM will not include the RDM IE. 
For the time-scheduled ranging, Controller can select the Controlees participating in ranging and their device types, i.e., Initiator or Responder, by using RCM with ARC IE (7.4.4.38). For  the contention-based ranging, the Controller controller can include  RIRL IE (7.4.4.51), Ranging Contention Maximum Attempts IE (RCMA IE) ( (7.4.4.43)), and Ranging Contention Phase Structure IE (RCPS IE) (7.4.4.42) in the RCM in addition to the ARC IE (7.4.4.38).  If the controller knows the identities of the controlees, theThe  RDMRIRL  IE can be used for contention-based ranging to determine ranging rolesdevice types. 	Comment by Zheda Li: Add “,” before “the RIRL IE can be used for….”. 
A data frame negative acknowledgement  can be used to convey the non-receipt of messages during a ranging procedure. This procedure can be used whenever ERDEVs are scheduled to send messages bearing payload to the controller. As illustrated in Figure XX. As depicted in Figure X0, RCM is transmitted successfully. However, Responder-21 does not receive the expected rRanging iInitiation mMessage from the rRanging iInitiator/cController. Rather than remaining idle in its assigned time slot for ranging response, Responder-21 can send a response message negative-acknowledgement with theusing  Ranging Message Non-Receipt IE (RMNR IE) Ranging Negative Acknowledgement (RNA) IE (7.4.4.57) in response message to indicate the failure of the rRanging iInitiation mMessage, and implicitly confirm the successful exchange of RCM. For the Responder-12, once the controller receives its ranging response message, the controller also knows that RCM has been received by Responder-12. 	Comment by Billy Verso: I thought we agreed at last week’s meeting to rename this, to not use term “acknowledgement”

ZD: thanks a lot for reminding. The first sentence can be replaced by “A data frame can be used to convey the non-receipt of messages….”. The name of the IE can be changed to “Ranging Message Non-Receipt IE (RMNR IE)”.  	Comment by Billy Verso: I thought you were going to rename this.
ZD: I change it to “A data frame can be used to…”






 
Figure X0X. Ranging message non-receipt Negative-acknowledgement exchange for one iInitiator and multiple rResponders: cController is a ranging initiator	Comment by Billy Verso: Rename

“Ranging message non-receipt exchange


6.9.8.1 Scheduled ranging and the rRanging block and round  structure 
[bookmark: _GoBack]The A Ranging Block is a time period for rangingRanging Block is a time period for ranging.. Each Ranging Block consists of an integer quantity of multiple of Ranging Rounds, , where a Ranging Round is period of sufficient duration to complete one entire range-measurement cycle involving the set of ERDEVs participating in the ranging exchange where a Ranging Round is the time period to complete one entire range-measuring cycle involving the set of ERDEVs participating in the ranging exchange. Each Ranging Round is further subdivided into an integer number of Ranging Slots, where a Ranging Slot is a time periodperiod of time of sufficient durationlength for the transmission of at least one RFRAME. Figure 12 shows the Ranging Block Structure, with the Ranging Block divided into N Ranging Rounds, each consisting of M Ranging Slots. The duration of rounds/slots of a ranging block may vary for different rounds. This can be configured by different RCMs.   	Comment by Billy Verso: I thought ranging round was one compete cycle, and a ranging block was multiple cycles?  What is the significance of the “Round” then?

ZD: it should be “A Ranging Block is a time period for ranging. Each Ranging Block consists of an integer quantity of multiple Ranging Rounds, where a Ranging Round is period of sufficient duration to complete one entire range-measurement cycle involving the set of ERDEVs participating in the ranging exchange. Each Ranging Round is further subdivided into an integer number of Ranging Slots, where a Ranging Slot is a time period of sufficient duration for the transmission of at least one RFRAME.”

[image: ]
[bookmark: _Ref12632511]Figure 12—Illustration of Ranging Block, Ranging Round and Ranging Slot

The time unit used in specifying the duration of Ranging Block, Ranging Round, and Ranging Slot is the RSTU as specified in 6.9.1.2. 
The following nomenclature is used for messages: 
· Ranging Control Message (RCM): A message transmitted by a controller at the beginning Slot 0 of a  Ranging Round(s)  to configure ranging parameters.	Comment by Billy Verso: Each one or only some of them? 
Is a slot reserved for this purpose?
ZD: change it to “at the Slot 0 of a ranging round”
· Ranging Control Update Message (RCUM): Ranging Control Update Message (RCUM): A message transmitted by the controller at the last slot of A message transmitted at the end of rRanging rRound(s) configured by the RCM to update ranging parameters for the next ranging round(s). RCUM includes IEs utilized by RCM in the Ranging Round.) to update ranging parameters configured by RCM in the Ranging Round. RCUM includes IEs utilized by RCM in the Ranging Round.	Comment by Billy Verso: Each one or only some of them? 
Is a slot reserved for this purpose?
ZD: It should be the last slot of the ranging rounds configured by the RCM. This message is optional: the last slot can be reserved by the controller for this purpose. 

· Ranging Interval Update Message (RIUM): A message transmitted by the controller between Ranging Blocks to update the intervals and also to help the synchronization between the participating ERDEVs.	Comment by Billy Verso: Is there is a gap at the end of a ranging block before another one is started?
ZD: yes. There can be an 
interval/gap between two ranging blocks. RIU IE specifies this time interval.  
 The following nomenclature is used to describe the functionalities of different exchanges in a Ranging Roundfor ranging phases: 
· Ranging Control Phase (RCP): A phase in which the controller sends RCM.
· Ranging Initiation Phase (RIP): A phase in which the iInitiator(s) sends ranging initiation message to the rResponder(s).	Comment by Billy Verso: There can be more than 1
ZD: change it to “the initiator(s)”
· Ranging Response Phase (RRP): A phase in which the rResponder(s) send their response messages to the initiator.
· Ranging Final Phase (RFP): A phase in which the iInitiator sends ranging final message to the rResponder(s). This phase is only used for DS-TWR.
· Ranging Phase (RP): A phase which shouldmay comprise RIP, RRP, and/or RFP.
· Measurement Report Phase (MRP): A phase in which participating ERDEVs exchange ranging measurements and related service information,  whenever such measurements and service information  cannot be embedded in RFRAMEs.
· Ranging Control Updpate Phase (RCUP): A phase in which the controller sends RCUM. If present, tThis phase shall be is at the last slot of ranging round(s) configured by the RCM. end of Ranging Round(s), if present.	Comment by Zheda Li: Change “is” to “should be”.	Comment by Billy Verso: What does this mean? Is there a slot reserved for this? Please clarify 
ZD: change it to “shall be at the last slot of ranging round(s) configured by the RCM”
· Ranging Interval Update Phase (RIUP): A phase in which the controller sends RIUM.
· 
In a Ranging Round, SS-TWR or DS-TWR can be used for ranging and localization as described in 6.9.8.4 to 6.9.8.8, or one way ranging (OWR) may be used as described in Applications of IEEE Std 802.15.4 [B3]. As shown in Figure 13, each Ranging Round may be comprised of an RCP, an RP, and an MRP, where each of these phases may consist of multiple slots. In practice, it may be possible to merge some phases. For example, RCP and RIP may be merged into a single phase when the cController and  the iInitiator are the same device. The MRP may be used to convey ranging-related service information via dedicated IEs.	Comment by Billy Verso: Should say each of these phases may be multiple slots long.
ZD: added the texts accordingly 	Comment by Billy Verso: Not a clear statement… Seems to be missing a “shall” or a “may” perhaps?
ZD: use “may”




[bookmark: _Ref12628585]Figure 13—An example of pPhases inof a rRanging rRound	Comment by Billy Verso: Only some of phases mentioned above are shown here?
ZD: Figure 13 is an example. Change the caption of figure by: An example of phases in a ranging round?
 
When the Schedule Mode field in the ARC IE value is zero in the ARC IE, it indicates that  contention-based ranging is usedenabled. The first slot index and the last slot index for ranging phase and/or measurement report phaseeach phase are specified in the RCPS IE described in 7.4.4.42. The RCPS IE provides the slot indices for different phases in a Ranging Round. Without specifying phases for different ranging rolesdevice types via RCPS IE, ERDEVs can also contend for all remaining slots of a Ranging Round (s) configured by the RCM. If the Schedule Mode field in the ARC IE value in the ARC IE is set to one, it indicates thatthe  time-scheduled ranging is usedenabled. In this case, the slot allocation for the ERDEVs is specified either using the RDM IE (7.4.4.X1), or it can be specified by an out-of-band mechanism.	Comment by Billy Verso: Not “enabled”…. This is just an indication to the higher layer, right?
ZD: yes, revise it accordingly 	Comment by Billy Verso: Are all phases contended? I thought only certain phases are contended, if not all please specify which phases are contended.ranging phase and/or measurement report phase
ZD: ranging phase and/or measurement report phase can be contention-based, revise the texts accordingly. 	Comment by Billy Verso: Just initiation and response or others?
ZD: Ranging phase, including the phases for initiators and responders, and/or measurement report phase. 	Comment by Billy Verso: I think you mean initiator and responder, which are not device types just temporary “ranging roles” in the ranging exchange
ZD: revised texts accordingly 	Comment by Billy Verso: Again I think not directly.	Comment by Billy Verso: I think it is always the next higher layer?  Since MAC does not act on RDM directly right.
ZD: Yes, change it to “an out-of-band mechanism”?
, and the Ranging Scheduling (RS) Table field in ARC IE can be used to specify the slot allocation for the ERDEVs.
In Figure 14, the message ordering  tdiming diagramsiagrams for different seven example cases of ranging procedures are presented. In each case, the RCM shoulddetermines be set to indicate the type of ranging that is used.	Comment by Billy Verso: No time is specified, can we call them “timing” diagrams.  Maybe “example message ordering diagrams”. 
ZD: revise texts accordingly. 	Comment by Billy Verso: “should be set to indicate”
ZD: revised. 


   
Figure 14—Example timing diagrams for seven different multi-device ranging use cases

FFor ranging with HRP UWB PHY, , SP3 format packets (with no PHR or data payloadRFRAMES without PHR and payload)  may be used. These are SP3 format packets, see described in 16.2, may be used.  The round structure of SP3 ranging is shown in Figure 15. In addition to the RCP and the RP, the ccontroller may request certain certain information, (e.g., AOA, reply time, or round trip time measurements,) from the ccontrolees participating in the ranging exchange. .	Comment by Billy Verso: Let’s not say "round structure” on its own since this is not defined. Indeed I am not sure it is actually a structure.  Figure15 is calling it a structure but figure13 did not.
ZD: revised.	Comment by Zheda Li: I prefer to use “certain” here. To calculate TOF, reply time, roundtrip time have to be exchanged. “Additional” sounds like optional. 
The ccontroller may send its request either in-band as part of the RCM, (e.g., using SP3 Ranging Request Reports (SRRR) IE (7.4.4.55)) or this may be coordinated through ansome out-of-band mechanism.
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Figure 15—SP3 Ranging Round Structure
Only time-scheduled ranging shall be used for SP3 ranging in order to differentiate messages from different devicesTo distinguish the messages from different devices, since there is no payload in the SP3 RFRAME, SP3 RFRAME exchanges have to be scheduled ahead of time.  Therefore, contention-based ranging using SP3 is not allowed. However, tThe scheduling can be static or dynamic via the RS Table field of the ARC IE (7.4.4.38 RDM IE (7.4.4.X1)).	Comment by Tim Harrington: Is this only true for HRP, or does it also apply to LRP?
ZD: this is only true for HRP. 

There can be SP3 ranging use casesmay be performed without a measurement report report phase in the ranging round structure. (e.g., For example, an ERDEV can may estimate theuse AOA offrom another multiple ERDEVs to determine ranging). by using received SP3 RFRAME, without sending measurement report to the remote device afterwards. 	Comment by Billy Verso: This is a new phase, not mentioned previously or shown in the figure?
ZD: revised	Comment by Billy Verso: Ranging round “structure” is this something different from a ranging round…. How is it “structured”
ZD: revised
For LRP-ERDEV, the payload only mode (see 19.4.7) can be used in which case the time structure of the Ranging Round can be similar to that shown Figure 15 for HRP-ERDEV SP3 ranging.	Comment by Billy Verso: Let’s delete this statement, not needed especially if we have removed fig 15 as I suggested earlier.  Ranging procedures are general for the most part and don’t need to call off the PHY in use.
ZD: deleted. 
One-to-many multi-node ranging with fixed reply times can be supported in the block structure as shown in the example in Figure X4. All UWB packets from the controller and the initiator will follow the slot structure. However, the responders will respond after fixed reply times FRT1, FRT2, …, FRTN. The fixed reply time FRTj is measured from the RMARKER of the ranging initiation message P1 to the RMARKER of the response message Rj Furthermore, the following conditions should be satisfied:
1. FRT1 >= 16*RSTU
2. FRTi > FRTj   for  i > j
3. The duration between the start of any two consecutive transmissions minus the packet length is greater than or equal to 16*RSTU 
4. (FRTN + Packet_Length) < N*(Ranging Slot Duration)
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Figure X4—Example Ranging Block Structure with Fixed Reply Time 
Fixed reply time cannot be used if the scheduling mode of the responses is contention-based.	Comment by Billy Verso: Not all ERDEVs sine as next sentence says it is only the controller that sets it for all nodes.

“Controller (next higher layer) is responsible for choosing the transmission offset and communicating it to all other devices in the Ranging Round IE. Controller may change of the transmission offset each ranging round, as a strategy to help reduce interference.  Controllees should send at the specified offset in their slots, otherwise the packets may be missed by receiving devices expecting the transmission at that offset.”
ZD: revised accordingly.

5. 
6. 
7. 
8. 
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6.9.8.2 Transmission offset	Comment by Billy Verso: Here we are saying it again….. remove ones above, use wording I suggested in earlier comment.
6.9.9 
6.9.9.1 Ranging modes
In this section, two modes for ranging resource management are introducedtwo types of ranging modes for access control are introduced: Interval-based mode and Block-based mode. The key difference between the Block-based mode and the Interval-based mode is that the time between successive rRanging rRounds in the Block-based mode is constant (i.e., using a time structure with uniform sampling) while in the Interval-based mode the time between successive rRanging rRounds can be varied. The cController selects the mode and the corresponding time structure. This selection may be achieved by an out-of-band mechanism or in-band using the Time Structure Indicator field in the ARC IE (7.4.4.38).	Comment by Billy Verso: Sole mention of “ranging resource”
Let’s fix on one set of terms.
ZD: not sure how to revise. The texts in D1 say ”two types of ranging modes for access control”, which is also requested by a comment to revise.	Comment by Billy Verso: Why not have one mode where it can vary, and then have the controller not vary it when no varying is appropriate.  Then you don’t need to talk about two modes and confuse people.
6.9.9.1.1 Interval-based mode
The Iinterval-based mode utilizes the three intervals: Block block Iinterval, Round round Iinterval, and RIUM interval. Settings of these intervals are specified in the RIU IE described in 7.4.4.39. 
Definitions The following nomenclature is used in this modeof intervals are as follows: 
· Ranging Round Set: A set of ranging round(s) covered by a specific RCM in a ranging block
· Block Interval: Time remaining until the start time of the next rRanging bBlock relative to the start time of the current message.
· Round Interval: Time remaining until the start time of the ranging round set next RCM relative to the start time of the  ranging blockcurrent message.
· RIUM interval: Time remaining until the start time of the next RIUM relative to the start time of the current message.
· 
A set of Ranging Round(s) covered by a specific RCM in a Ranging Block is defined as Ranging Round Set. In the first rRanging rRound of an rRanging rRound sSet, an RCM with the ARC IE (7.4.4.38) configures ranging parameters of the rRanging rRound sSet. The number of rRanging rRounds in an rRanging rRound sSet is specified by the RCM Validity Rounds Number of Ranging Rounds field of the ARC IE (7.4.4.38). Ranging bBlock can consist of multiple rRanging rRound sSets, while each rRanging rRound sSet can be configured by its RCM at the beginning of the first rRanging rRound. 	Comment by Billy Verso: “Ranging Rround Set” is not defined.
ZD: it is defined at the beginning of this page. 
The cController transmits interval information to cControlee(s) using RIU IE (7.4.4.39). The RIU IE  (7.4.4.39) can be included in the RCM, RCUM, and RIUM.  Upon reception of the RIU IE (7.4.4.39), each ccontrolee knows the start time of next scheduled rRanging rRound sSet. The cController can adjust Block block Intervalinterval and, Round round Iinterval, and transmission offset as a strategy  to help reduce interferenceavoid collisions. The criteria and mechanism for adjusting Block block Intervalinterval and, Round round Iinterval, and transmission offset are out of scope of the standard.	Comment by Billy Verso: Could remove this. Or maybe use wording uses above “as a strategy to help reduce interference, or maybe change “6.9.8.2 Transmission offset” into a more general clause about modifying the ranging round parameters for this reason.
ZD: revised accordingly. 	Comment by Billy Verso: This would belong in that general clause
ZD: may not need another subclause, since block interval , round interval here are used for the interval-based mode. 
A cControlee can request a change to the current ranging configurationcurrent ranging configuration and/or Intervals by sending a change request with Ranging Change Request IE (RCR) IE), as  (defined in 7.4.4.45,) to the cController. The RCR IE can be transmitted along with various IEs to indicate the preferred parameter settings of a controlee, such as ARC IE (7.4.4.38), RIU IE, Ranging Channel and Preamble Code Selection (RCPCS) IE, and Ranging STS Key and IV (RSKI) IE. The cController can receive the change request with the preferred ranging parameters in the ARC IE and the preferred intervals in RIU IE from the cControlee. After receiving the change request, the cController should decide whether to accept the change request or not. The cController can transmit RCUM including IEs with updated ranging parameters. For example, RCUM can include  RIUinclude RIU IE (7.4.4.39) with updated Intervalsintervals, which specify the start time of the next RCM ranging block and the ranging round set with updated ranging parameters in the subsequent rRanging rRounds.
The cController can transmit multiple RIUMs between Ranging ranging bBlocks as shown in Figure 16, each of which contains which contain an RIU IE to indicate Block block Interval interval and next Round round Intervalinterval. In addition,The  Remaining Number of RIUMs field in RIU IE decreases until it becomes zero. If Remaining Number of RIUMs field is zero, it means that no more RIUMs are expected until the next RCMranging block.	Comment by Zheda Li: “each of which contains the”


 
 Figure 16—Time diagram for an example of Interval-based mode with one rRanging rRound per rRanging bBlock	Comment by Billy Verso: Are the RCM and RIUM in Slot 0 of each round?  Is it reserved for that purpose, let’s state that.
ZD: On page 4, I have stated that the RCM is transmitted at Slot 0 of a ranging round. The RIUM is transmitted between ranging blocks, which is not within a ranging round.  	Comment by Billy Verso: Top arrow says “block interval & round interval” but is this period actually either of those quantities?  

Bottom arrow is labeled “Ranging Block” which is confusing since this should be made up of multiple ranging round as per in “Figure 12—Illustration of Ranging Block, Ranging Round and Ranging Slot" 

Suggest middle arrow only says RIUM Interval (and does not mention ranging round since it makes it seem at first glance that the ranging round is bigger than the ranging block below.

ZD: revise the figure accordingly. Figure 16 is an example of a ranging block with one ranging round, which is not contradicting to Figure 12.



Figure 16 shows a time diagram for an example of Interval-based mode with one rRanging rRound per rRanging bBlock. In Ranging Round 1 of the first rRanging bBlock, the cController transmits an RCM which includes ARC IE (7.4.4.38) and RIU IE (7.4.4.39).  The ARC IE is supplied to the next higher layer of the controlee to set its ranging parametersControlees should set their ranging parameters based on the field values supplied by the ARC IE. Since the RCM covers one rRanging rRound, the RCM Validity Rounds Number of Ranging Rounds field in ARC IE of the RCM is one. Intervals are specified by corresponding fields in the RIU IE. Since the start time of the rRanging bBlock and the start time of the RCM are the same, the round interval for Ranging Round 1 of the second ranging block is zerothe Block Interval and the Round Interval for Ranging Round 1 are the same. The Next Round Interval field in RIU IE is zero to specify the round interval for Ranging Round 1 of the second ranging block. The cController can transmit RIUMs between rRanging bBlocks. Block Interval field, Round Interval field, RIUM Interval field, and Remaining Number of RIUM field are updated in every RIUM. 


 
 Figure 17—Time diagram for an example of Interval-based mode with two rRanging rRounds per rRanging bBlock

Figure 17 shows a time diagram for an example of Interval-based mode with two rRanging rRounds per rRanging bBlock. The first rRanging bBlock has two rRanging rRounds. In Ranging Round 1 of the first rRanging bBlock, the cController transmits an RCM which includes ARC IE (7.4.4.38) and RIU IE for Ranging Rounds 1 and 2. Upon reception of the RCM, cControlees acquire ranging parameters specified in the ARC IE. Since the RCM covers two rRanging rRounds, the RCM Validity Rounds Number of Ranging Rounds field in the ARC IE of the RCM is two. Intervals are specified by the corresponding fields in the RIU IE. Since the start times of subsequent rRanging bBlock and the RCM are the same, the round interval for the ranging round set of the second ranging block is zerothe Block Interval and the Round Interval are the same. The Next Round Interval field in RIU IE is zero to specify the round interval for the ranging round set of the second ranging block. The cController can transmit RIUMs between rRanging bBlocks. Block Interval field, Round Interval field, RIUM Interval field, and Remaining Number of RIUM field are updated in every RIUM. The second rRanging bBlock has two rRanging rRounds for the same set of ERDEVs in the first rRanging bBlock. 	Comment by Billy Verso: Are they actually between blocks, or just in Slot 0 of otherwise empty blocks?
ZD: there is no concept of empty block here. In the example illustrated by Figure 18, a ranging block consists of three ranging rounds. The ranging block is scheduled after a time interval. This time interval is independent of the block structure. In the block based mode, ranging blocks are consecutive. 


 
Figure 18—Time diagram for an example of Interval-based mode

Figure 18 shows a time diagram for an example of Interval-based mode. The first rRanging bBlock has three rRanging rRounds. In the Ranging Round 1 of the first rRanging bBlock, the cController transmits an RCM which includes the ARC IE (7.4.4.38) and the RIU IE. Upon reception of the RCM, the cControlees acquire ranging parameters specified in the ARC IE. The RCM Validity Rounds field in the ARC IE of the first RCM is one, which indicates that the first RCM covers one ranging round, i.e., RSanging Round 1ince the first RCM covers one Ranging Round, i.e., Ranging Round 1, Number of Ranging Rounds field in ARC IE of the first RCM is one. Intervals are specified by corresponding fields in the RIU IE. Since start times of the next rRanging bBlock and the next RCM for Ranging Round 1 are the same, the round interval for Ranging Round 1 of the second ranging block is zerothe Block Interval and the Round Interval for Ranging Round 1 are the same. Each RIUM for Ranging Round 1 is transmitted with the RIU IE, which specifies the Block/Round Iintervals of for Ranging Round 1 of the second rRanging bBlock. Since the second RCM covers two rRanging rRounds, i.e., Ranging Roundss 2 and 3, the RCM Validity Rounds Number of Ranging Rounds field in the ARC IE of the second RCM is two. Since start times of the next Ranging Block and the next RCM for Ranging Rounds 2 and 3 are different, the Block Interval and the Round Interval for Ranging Rounds 2 and 3 are different.	Comment by Billy Verso: Why is this? (If it is just in this example, say that.  How is it that it only covers one round, this in not apparent from the figure or the text, should state it to help in understanding.
ZD: In this example, the first RCM conveys the ARC IE, where the RCM Validity Rounds field value is one, indicating the number of covered ranging rounds is one, i.e., Ranging Round 1. I revised this sentence. 
For different rRanging rRound sSets in a  rRanging bBlock, the cController should have the same setting for theof Ranging Block Duration field in the ARC IEs conveyed by different RCMs, while other ranging parameters and participated ERDEVs can be different. For example, the Ranging ranging Round round Sets sets with different ranging parameters can support different sets of ERDEVs with different capabilities, or the same set of ERDEVs for different applications.
If a cControlee fails to receive an RCM and the cControlee has no information for intervals, the cControlee can keep listening to the channel for receiving the RCM. 
If a cControlee fails to receive RCM, RCUM, or RIUM with updated value of intervals and has information for the previous intervals updated by the previous RCM, the cControlee will continue using the previous iRound Intervals. One of these two possibilities will occur:
· The updated time for the next RCM Round Interval is shorter thanprior to  the previously scheduled timeprevious Round Interval. As the cController will use the updated time for the next RCM Round Interval and it will not receive ranging initiation message or ranging response message from the cControlee, the cController shall resume using the previously scheduled time for the next RCMprevious Round Interval.	Comment by Billy Verso: Since there are multiple controlees, the controller cannot revert to previous round interval if only one controlee does not get it since controlees that did get the update will already have moved on to use the new info. 
Also this lack of message from the controlee may be just an error in the controller RX, i.e. the controlee actually did get the message. 

ZD: From controller perspective, if partial controlees fail to receive RCM, and the interval is shorter than the previous one, the controller will use both intervals to send the RCMs. This sentence states that the controller does not receive expected message from a controlee with the updated interval, then it will use the previous interval to send the RCM again.   
· The updated time for the next RCM Round Interval is longer after than the previously scheduled time previous Round Interval and the cControlee continues with the previous previously scheduled timeRound Interval. In this case,  the cControlee will not receive the RCM, it will continue listening to the channel and will receivefor the RCM sent by the controller at the updated time for the next RCMRound Interval.

RCM Timing Window (RTW) operation is optionally configured by the RIU IE as described in 7.4.4.39. Specifically, a controller can send the RCM at random timing within a time window, namely RTW, centered at its originally scheduled time. The size of RTW in the unit of RSTU can remain constant or vary for subsequent ranging round sets. The RCM shall be transmitted within the RTW. In order to participate in the exchange, a controlee has to enable its receiver during the RTW in order to receive the RCM
The A Controlee shall be awake to receive RCM during RTW. Controller and Controlee may not try to exchange RCM out of RTW.
cController and the cControlee may change the size of the RTW by using the  RTW Initial Size field or RTW Multiplier field of the RIU IE (7.4.4.39).  The size of RTW is RTW Initial Size*2^(RTW Multiplier). The duration of the RTW should not overlap with the last ranging round set.The size of RTW cannot exceed twice the size of Round Interval. The RTW window is centered on the Round Interval configured by the most recent successful RCM.  If RCM is acknowledged by a frame transmitted by Controlee, Controller can recognize whether the RCM is successful or not. If the RTW is configured by the RIU IE for the subsequent ranging round, tThe cController randomly chooses the transmission timing of the next RCM within the RTW. The cControlee waits during the RTW to receive the RCM. 
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Figure 19-Timing diagram for an example of RCM transmission without RTW

Figure 19 shows a timing diagram for an example of the RCM transmission without the RTW. The RCMs are transmitted at the exact start time of ranging round timing of Round Interval without the RTW. Since the RCM of Ranging Round N+1 failed, the RCM of Ranging Round N+2 is transmitted at the start time of ranging round Round Interval which is specified in the RCM of Ranging Round N.
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Figure 20- Timing diagram for an example of RCM transmission with RTW

Figure 20 shows a timing diagram for an example of the RCM transmission with the RTW. RCMs are transmitted at random time within the RTW. Since the RCM of Ranging Round N+1 failed, the RCM of Ranging Round N+2 is transmitted within the RTW which is centered on the scheduled time Round Interval configured by the RCM of Ranging Round N. The size of the RTW is  also calculated by using the RTW Initial Size field and the RTW Multiplier Multiplier field of the RIU IE in the RCM of Ranging Round N.	Comment by Billy Verso: Not sure I understand the causality here, what does failed mean and who knows it failed? Does controller  know?

I suppose some nodes may receive RCM and some not.  So some move window on and some don’t?

ZD:  In the ranging round N, if controller receives responses from partial controlees, it will both intervals to send RCMs: one is specified in the Round N, the other is specified in the Round N-1. As you mentioned, since it might be due to the failures of receiving at the controller, controller should use two intervals to send RCMs. 

6.9.9.1.2 Block-based modes 
The Block-based mode uses a structured timeline where the ranging block structure, as defined in 6.9.8.1, is periodic by default.  Figure X1 shows an example timing diagram for the Block-based mode. The ranging block structure can be setup by specifying the Ranging Block Duration, the Ranging Round Duration, and the Ranging Slot Duration fields in the ARC IE (7.4.4.38). 

The number of ranging rounds in a ranging block is derived by:


The number of ranging slots in a ranging round is then given by:


These fields completely define the ranging block structure. An ERDEV that receives an RCM successfully may set the initial ranging block structure and the associated timeline for ranging using the values of those ARC IE fields. Alternatively, the ranging block structure may be setup and/or fixed by the next higher layer. 
The ranging block structure can be repeatedly transmitted in every RCM by the controller. If the block structure needs to be changed or updated (i.e., to a new ranging block duration, ranging round duration, and/or ranging slot duration), the controller may send a Ranging Block Update (RBU) IE (7.4.4.41) with the new configuration. In addition to the new configuration, the RBU IE should include a field for the number of remaining ranging blocks with the current configuration before switching to the new configuration. Alternatively, the block structure update signaled to the participating ERDEVs via the next higher layer. 
For a given block configuration, each ranging block will be assigned an index relative to the first block in that configuration (block number 0). Each ranging round in any ranging block will have an index relative to the first ranging round in the current ranging block. For example, if the ranging block has M ranging rounds, the first ranging round in the block will have index 0 and the last ranging round in the block will have index M -1. Similarly, each ranging slot in a ranging round will have an index relative to the first ranging slot in the ranging round. For example, in a ranging round with K ranging slots, the first ranging slot in the round will have index 0 and the last ranging slot in the round will have index K-1. A new ranging session will start by transmitting the first RCM in Ranging Slot 0 of Ranging Round 0 in Ranging Block 0. 


9. 
10. 
11. 
12. 





In the first ranging round of a ranging session, a UWB packet is transmitted at the beginning of the ranging slot. However, in subsequent ranging rounds, the controller can decide to start the transmission within each slot at a transmission offset which is indicated by the Transmission Offset field of Ranging Round IE (RR IE), as defined in 7.4.4.40. This offset can be less than the Ranging Slot Duration minus the UWB packet duration. Figure X2 shows an example of ranging rounds with different Transmission Offsets. 
The transmission offset is expressed as a multiple of RSTU. All packet transmissions within the same ranging round should be transmitted with the same transmission offset. The next higher layer of controller is responsible for choosing the transmission offset and communicating it to all other devices in the RR IE. Controller may change the transmission offset of each ranging round, as a strategy to help reduce interference.  Controlees should send at the specified offset in their slots, otherwise the packets may be missed by receiving devices expecting the transmission at that offset. 
Additionally, participating ERDEVs may continue to use the same ranging round in the next ranging block (i.e., if they are using Ranging Round m in Ranging Block n, they will also use Ranging Round m in Ranging Block n+1). Alternatively, the controller may also decide to “hop” to a different relative ranging round in the next ranging block (i.e., if participating ERDEVs are using Ranging Round m in Ranging Block n, they will use Ranging Round k in Ranging Block n+1). Figure X3 shows an illustration for the concept of transmission offset and round hopping. The criteria for using a different transmission offset and/or hopping to a different relative ranging round is out of scope of the standard and is assumed to be a next higher layer function/protocol. However, it is assumed that as part of such function/protocol, the devices participating in the ranging exchange have either (a) pre-negotiated a hopping sequence that it is known to all devices, or (b) have exchanged all the information necessary such that each device can generate the hopping sequence so that they know which ranging round in each ranging block is to be used if hopping is triggered. If the block structure is updated (by sending an RBU IE or by a next higher layer protocol), the participating ERDEVs can set Transmission Offset to zero and reset the block, round, and slot indices at the beginning of the new block structure.  	Comment by Billy Verso: New concept.
In the allocated ranging round of a ranging block, the controller configures the ranging round by sending the RCM with the ARC IE and the RR IE (as defined in 7.4.4.40). The RR IE includes the following fields: current Ranging Block Index, current Ranging Round Index, Transmission Offset of the current Ranging Round, and Hopping Mode of the current round. By default, the controller selects the hopping mode and transmission offset to be used in the ranging round of the next ranging block. If the last scheduled message in the current ranging round in block i is a message sent by the controller to the controlees, then the controller will send the RR IE in this last message of the current ranging round to signal to the participating ERDEVs whether to hop to a different round and/or use a different transmission offset in the ranging round of the next ranging block i+1. If the last scheduled message in the current ranging round is not from the controller, then the Controller will send a second RR IE in the RCM of the ranging round in block i+1 to signal to the participating ERDEVs whether to hop to a different round and/or use a different transmission offset in the ranging round of ranging block i+2. Note that in this last case, the RCM in the i+1 block will include two instances of the RR IE. The first one is applicable to ranging in the i+1 block while the second instance is applicable to ranging in the i+2 block.   The contents of the RR IE in this case will be Ranging Block Index and Ranging Round Index of the current ranging block, the Hopping Mode and the Transmission Offset for the ranging round of the next ranging block. A Controlee that receives the RR IE shall follow the controller instruction and, in the subsequent ranging block, uses a new transmission offset (as specified in the RR IE) and switches to a new ranging round (as determined by the ranging block index, ranging round index, and hoping mode specified in the RR IE and the hopping sequence). If the controlee does not receive the RR IE(either in the final message of the exchange or in the RCM), e.g. due to interference event, the controlee can turn on hopping in the next ranging block and move to a new ranging round (as determined by the new hopping mode, next ranging block index, and hopping sequence) with a zero transmission offset.  An ERDEV that misses the ARC IE but correctly receive the RR IE in the last message in the current round can use the content of the RR IE to resynchronize itself and be able to receive the RCM and ARC IE in the next ranging block if the block structure is unchanged. The block structure configured by the ARC IE and RR IE sent in the RCM and the RR IE and RBU IE sent either in the in the last message or in the RCM, allow the participating ERDEVs to maintain the block structure while being idle with its receiver turned between transmit and receive slots to save energy. 
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[bookmark: _Ref1739881]Figure X1—Time diagram for an example of block-based mode
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[bookmark: _Ref4401989]Figure X2—Ranging Rounds with Different Transmission Offsets
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Figure X3: Illustration of Transmission Offset and Round Hopping
The Block-based mode uses a structured timeline based on the Ranging Block length and the Ranging Round length as shown in Figure 19. The structured time line in the Block-based mode is setup and maintained using a number of IEs that are exchanged between the participating devices. The ARC IE (7.4.4.38) has fields for MinimumBlockLength and BlockLengthMultiplier. Block length is defined as MinimumBlockLength ˣ BlockLengthMultiplier. Additionally, ARC IE has fields for Ranging Round Length, Number of Ranging Rounds, and Length of Ranging Slot. A ranging device that receives an RCM successfully may set the initial block, round structure and the associated timeline for ranging using the values of the RCM fields. Additionally, this initial configuration may be set through an out-of-band channel or set by an upper-layer protocol.
Each Ranging Block and Ranging Round has their indices relative to the first ranging block and with a first Ranging Round. In each active Ranging Block and Ranging Round, the Controller may transmit the RCM with ARC IE and Ranging Round Start IE. ARC IE is to set the ranging parameters (in addition to establishing the block structure and timeline as mentioned above). Ranging Round Start IE shall include the current Ranging Block index, current Ranging Round index, Transmission offset of the current Ranging Round, and current Hopping mode. 
The devices participating in the ranging exchange may continue to use the same Ranging Round in the next Ranging Block (i.e., the Ranging Round with the same round index) or chose to use a different round (i.e., hop) in the next ranging block. The criteria to hop to a different round in the next ranging block is out of scope of the standard. However, one such criteria would be, for example, if the participating devices determine that there is a significant level of co-channel interference in the current round or that they experienced a large number of collision events in the current round (perhaps due to another ranging exchange). This is done by sending the Next Ranging Round IE in the last message in the current Ranging Round with the Hopping Mode field accordingly set to indicate whether the ranging devices will continue to use the same Ranging Round or whether a they will hop to a different round. Next Ranging Round IE will also include a field for Ranging Round Index and Transmission offset of the next Ranging Round in the next Ranging Block. Ranging device may sleep between active Ranging Rounds for energy saving. 
Block structure can be repeatedly transmitted in every RCM by the Controller. If the block structure needs to be changed or updated (i.e., to a new Ranging Block Length, Number of Ranging Rounds, Ranging Round Length, and Number of Slots), this change may occur using an out-of-band channel or through an upper-layer protocol. Additionally, this change may also occur in-band by sending a Ranging Block Update IE. The Ranging Update IE fields will include the fields necessary to establish the new block and timeline structure. It will also include the future block index where the new block structure shall be used.
Figure 19 shows the timing diagram for an example of Block-based mode. Each Ranging Block has multiple Ranging Rounds. Among the Ranging Rounds, one Ranging Round is active. In each Ranging Round, the UWB frame transmission in each slot in the exchange will start after a Transmission offset from the beginning of the slot. This offset shall be at most Ranging Slot Length minus the RFRAME Length. In the Ranging Round in the Ranging Block N, Controller shall transmit an RCM which includes ARC IE (7.4.4.38) and Ranging Round Start IE. Ranging devices sets the ranging parameters by using the values of fields in ARC IE. Controller transmits the information for the Ranging Round in the Ranging Block N+1 to Controlee(s) by using the last message with Next Ranging Round IE in the current active Ranging Round in Ranging Block N. 
[image: ]
Figure 19—Time diagram for an example of Block-based mode

[image: ]
 Figure 20—Ranging Rounds with Different Slot Offset

One-to-many multi-node ranging with a fixed reply time can be supported in the block structure by setting the slot duration to be the packet duration + the fixed reply time. Here the reply time for Responder n is (n-1) ˣ Slot_Duration + Fixed_Reply_Time. An example of this is shown in Figure 21 for one Initiator and three Responders.
[image: ]
Figure 21—Example Ranging Block Structure with Fixed Reply Time 

Where the responses are contention-based, fixed reply time ranging algorithms cannot be used.


· Page 63 Line 23 [7.4.4.40]
i-0265, i-0356, i-1015, i-1031, i-1032, i-1652, i-1668, i-1669, i-2161, i-2248, i-2552
Definition of the RR IE is incomplete. Replace the whole section with the following: 
7.4.4.40 [bookmark: _Ref536795570]Ranging Round IE 
The Ranging Round IE (RR IE) may be included in the RCM, or in the final RFRAME, or in the final data message of a ranging message sequence.  Its role is to specify scheduling of the ranging round.  
The content field the RR IE shall be formatted as shown in Figure .
	Octets : 2
	Bits: 1
	15
	Octets: 2

	Ranging Block Index
	Hopping Mode
	Round Index
	Transmission Offset


[bookmark: _Ref4428976][bookmark: _Ref4428954]Figure 48—Ranging Round IE Content field format
The Ranging Block Index field specifies the index of the ranging block with a range of 0 to 65535.  
The Hopping Mode field specifies the hop mode for the ranging block, where 0 = No Hopping, and 1 = Hopping. 	Comment by Billy Verso: Can save an octet by making “hopping mode” a single bit and making “round index” 15 bits (0 to 32767)
The Round Index field specifies the ranging round index for the ranging block with a range of 0 to 32767.  
The Transmission Offset field specifies the value of transmission offset of the ranging round in the block. The time unit of Transmission Offset is the RSTU. This offset shall be at most the Ranging Slot Duration minus the packet duration. 
When the time structure, as selected by the Time Structure Indicator field of the ARC IE (7.4.4.38), is Block-based mode, then all the fields shown in Figure 48 shall be included in the RR IE. 
Note that for the Block-based mode, when the RR IE is included in the RCM, the configurations it conveys relate to the current ranging round in the current ranging block. However, when it is sent at the end of the ranging round in the final RFRAME or the final data message, the configurations it conveys relate to the next ranging round.

· Page 64 Section 7.4.4.41. Definition of the RBU IE is incomplete. Replace the whole section with the following: 
i-0187, i-0188, i-0496, i-1033, i-1034, i-1035, i-1036, i-1037, i-1670, i-1671, i-1672, i-1673, i-1674, i-1857, i-2414, i-2436, i-2456, i-2516, i-2536, i-2787
7.4.4.41 [bookmark: _Ref536795572]Ranging Block Update IE
The Ranging Block Update IE (RBU IE) is included in the final Ranging frame or final data frame of ranging message sequence. The content field of the RBU IE shall be formatted as shown in Figure 50.
	Octet: 1
	Octet: 3
	 1/0
	2/0

	Relative Block Index
	Updated Block Duration
	Updated  Ranging Round Duration
	Updated Slot Duration



Figure 50: Ranging Block Update IE Content Field Format
The Relative Block Index indicates the number of ranging blocks with the current block structure before switching to the new block structure.
The Updated Block Duration field is an unsigned integer used to set the new ranging block duration and is expressed in multiple of RSTUs.
The Updated Ranging Round Duration field is an unsigned integer used to specify the value of the ranging round duration in the new block structure as an integer multiple of ranging slot duration. 
The Updated Ranging Slot Duration field is an unsigned integer used to specify the value of the ranging slot duration in the new block structure and is expressed in multiple of RSTU.
 Note that the RBU IE can be used to update the block duration only, in which case the Updated Ranging Round Duration and Updated Ranging Slot Duration fields will not be present.

· Page 53 Line 11
i-0392, i-0393, i-0432

Add the following row to Table 7-16
 
	Sub-ID Value
	Name
	E-B.
	E-ACK
	Data
	MP
	MAC cmd
	Format Sub Clause
	Use Description
	Used By
	Created By

	<ANA>
	Ranging Negative Ranging Message Non-Receipt IE  Acknowledgement IE	Comment by Billy Verso: Use another name?
	
	
	X
	
	
	7.4.4.X
	6.9.8
	UL
	UL




Add the following sub-clause to 7.4.4
7.4.4.X Ranging Message Non-Receipt IE   Ranging Negative Acknowledgment IE

The Ranging Message Non-Receipt IE   Ranging Negative Acknowledgement IE (RMNRNA IE) is used to convey non-receipt of a ranging message. This IE is formatted without any content field. An example procedure of using this IE is described in Section 6.9.8. 


· Page 6 Line 7, Page 18 Line 25, Page 7 Line 19, Page 53 Line 11, Page 76 Line 19, Page 80 Line 3  
i-1419, i-1420, i-2011, i-2012
The following texts and figures are considered to be included for the feature of channel selection, which is proposed in the original contribution: 15-19-0034-02-004z-ieee-802-15-4z-mac
1. MAC functional description
6.9.2 Set-up activities before a ranging exchange 
Change the following sentences between line 7 and line 13 on page 6: “Furthermore, if the optional dynamic preamble selection (DPS) capability is to be used, there shall have been some sort of coordination of preambles prior to the two-way ranging exchange. The RPCS IE, as specified in 7.4.4.57, may be used for this purpose” by:

Furthermore, if the optional dynamic preamble selection (DPS) and dynamic channel selection (DCS) capability are to be used, there shall have been some sort of coordination of preambles and channels prior to the ranging exchange. The RCPCS IE, as specified in 7.4.4.57, may be used for this purpose.

6.9.7.8 Other procedures for coordinating RDEV and ERDEV
Change the following sentences between line 25 and line 27 on page 18: “Similarly when using DPS as described in 6.9.4, the RDEVs need to coordinate the preamble codes they are going to employ and again the secure private data communication capability of this standard may be used to transfer the DSP selection between devices using the RPCS IE (7.4.4.57)” by:

Similarly when using DPS and DCS as described in 6.9.4 and 6.9.5, the RDEVs need to coordinate the preamble codes and UWB sub-band they are going to employ and again the secure private data communication capability of this standard may be used to transfer the DPS and DCS between devices using the RCPCS IE (7.4.4.57). 


Include the following subsection after 6.9.4, and increment the numbering of all the subsequent subsections and figures as required
6.9.5 Managing DCS 
Figure 6-49 shows a suggested message sequence chart to configure a selected UWB channel. Messages are the suggestions showing how the communications capability of the RDEV can be used to accomplish the DCS. 


Figure 6-49 – A message sequence chart to configure a selected channel
The originator may transmit the RCPCS IE (7.4.4.57) to exchange the sub-band selection for the coordination of ranging channel. The coordination of ranging channel is needed only when using the optional DCS capability of the PHY. For the multi-node ranging scheme (6.9.8), controller shall be the originator to initiate DCS, and RCPCS IE can be inserted in the ranging control message (RCM).
In the coordination process of ranging channel, a timer shall be initiated at the next higher layer of both sides of the link. Channel Configuration Interval (CCI) specifies this timer duration, after which the selected channel is configured. The setting of CCI is determined by the originator next higher layer, which may be exchanged via RCPCS IE. CCI has to be long enough for PHY to configure a channel switch. The bottom interactions between next higher layer and MAC illustrate the use of the MLME-DCS.request, as described in 8.2.27.1, and the MLME-DCS.confirm, as described in 8.2.27.2. Use of these primitives is unique to the optional DCS.  
Upon the assertion of the MLME-DCS.confirm primitives, as illustrated in Figure 6-49, PHYs of both sides have switched to a selected channel, where future Ranging Round(s) will be operated on. After a certain period of time, if the originator intends to switch to another available channel or back to a previous one, it can reiterate procedures illustrated in Figure 6-49, where an MLME-DCS.request primitive with requested ChannelNumber will be initiated. DCS provides more flexibility to manage multi-node ranging, and can also help to avoid collisions.    


Change the row of Ranging Preamble Code Selection IE in Table 7-16

	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	





Change the following subsection
0.4 
0.5 
0.6 
0.7 
0.8 
0.8.3 
0.8.4 
0.8.5 
0.8.6 
0.8.7 
0.8.8 
0.8.9 
0.8.9.6 
0.8.9.7 
0.8.9.8 
7.4.4.57 Ranging Channel and Preamble Code Selection IE 
The Ranging Channel and Preamble Code Selection IE (RCPCS IE) is provided as a mechanism to signal the choice of UWB channel for DCS as described in 6.9.5, and/or preamble code for DPS as described in 6.9.4. The content format of the RCPCS IE shall be formatted as shown in Figure 71.   
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Figure 71 – Ranging Channel and Preamble Code Selection IE content field format

The field of CCI Present (CCIP) indicates the presence of CCI field. If its value is 1, CCI field is present. Otherwise, it does not exist, and the setting of CCI is specified by the next higher layer.    

The field of preamble selection presence (PSP) indicates the presence of last three fields for DPS. If its value is 1, the last three fields are present. Otherwise, they do not exist, and PHY shall use the preamble code specified in phyCurrentCode from the PIB.   

The Channel Number field specifies the UWB channel number, i.e., 0~15, corresponding to field values 0000~1111. For LRP UWB PHY, the valid range is 0~2 as described in 10.1.2.7, while it is 0~15 for HRP UWB PHY as described in 10.1.2.4. The selection of channel number by upper layer shall depend on the device capability and regional-based regulation.  

The 4-octet CCI field specifies the timer duration between the exchange of this IE and configuration of selected channel, which is in the unit of RSTU (6.9.1.2). 

The TX Preamble Code field shall be the DPS preamble code that the IE sender will use for transmission. The RX Preamble Code field shall be DPS preamble code that the IE sender will use for reception. Both these preamble codes shall be selected from Table 16-7, or both from Table 28. The PSR field shall specify the number of preamble symbol repetitions to transmit for the SYNC of each RFRAME of the ranging exchange, if PSR is 0 the length of the SYNC is not changed, otherwise the PSR shall be one of the valid SYNC lengths, as specified in 16.2.5.1.


Include the following subsection after 8.2.26
8.2.27 Primitives for specifying ranging channel
These primitives are used by a device to enable DCS as well as to configure the selected ranging channel for future Ranging Round(s).
8.2.27.1 MLME-DCS.request
Within CCI (6.9.5), the next higher layer of originator initiates MLME-DCS.request to request PHY utilize the given channel until the next MLME-DCS.request for channel reconfiguration. 

The semantics of this primitive are as follows:

	
	
	

	
	
	

	
	
	



The primitive parameters are defined in Table 8-74.
Table 8-74. MLME-DCS.request parameter


	
	
	
	

	
	
	
	




The selected ChannelNumber, which may be exchanged via RCPCS IE, shall reflect the regional-based regulation and device capability. After configuration of the selected ranging channel, MLME responses with a MLME-DCS.confirm primitive with appropriate Status parameter.   

8.2.27.2 MLME-DCS.confirm
The MLME-DCS.confirm primitive reports the results of the attempt to enable the DCS. The semantics of this primitive are as follows:
	
	
	

	
	
	

	
	
	



The primitive parameter is defined in Table 8-75.
Table 8-75. MLME-DCS.confirm parameter


	
	
	
	

	
	
	
	


The MLME-DCS.confirm primitive is generated by the MLME and issued to its next higher layer in response to an MLME-DCS.request primitive.
If ChannelNumber in the MLME-DCS.request is not supported, the Status of DCS_NOT_SUPPORTED is returned. If the request to enable the selected ranging channel was successful, the MLME issue the MLME-DCS.confirm primitive with a Status of SUCCESS. 

· Page 65 Line 22, Page 66 Line 5
i-1421, i-2013i-0272, i-0332, i-1047, i-1058, i-1060, i-1421, i-1684, i-1695, i-1697, i-1987, i-2013, i-2163, i-2599, i-2879

To enhance flexibility of adjusting IV, use 4 bits for IVC field, which correspond to presence indicators of IV potions, i.e., bits [0:31], [32:63], [64:95], and [96:127], respectively. The updated figure 54 can be found below:

	Bits: 14
	1
	1
	1
	1
	2
	1
	Octets: 0/4
	0/4
	0/4
	0/4
	0/16
	0/4/8/16

	IVCP
	IVLP
	IVMP
	IVHP
	SKP
	ICP
	CP
	IV Counter
	IV Low
	IV Mid
	IV High
	STS Key
	Integrity Code



Figure 54-Ranging STS Key IE Content field format

Replace paragraph between line 23 and line 25 on page 65 by following:
The fields of IVCP, IVLP, IVMP, and IVHP respectively indicate the presence of fields, including IV Counter, IV Low, IV Mid, and IV High. If the value of the IVCP/IVLP/IVMP/IVHP field is one, the IV Counter/IV Low/IV Mid/IV high is present, otherwise it is not. 

The IVC field indicates the content of the STS IV Counter field as follows: if the value of i-th bit in IVC is 1, updated bits [32(i-1):32i-1] of the IV are included, otherwise they are not.  

Replace paragraph between line 5 and line 6 on page 66 by following:
If present, the fields of IV Counter, IV Low, IV Mid, and IV High are used to update corresponding portions of IV. Specifically, the IV counter field is used to update bits [0:31] of IV; the IV Low field is used to update bits [32:63] of IV; the IV Mid field is used to update bits [64:95] of IV; and the IV High field is used to update bits [96:127]The STS IV Counter field contains a string intended to set full or portion of the IV. The size of this field equals number of ones in the IVC multiplying by four. T.he string is formed by concatenation of multiple 4-octet strings, each of which is used to update corresponding portion of IV indicated by IVC. For example, if IVC field value is “1001”, size of STS IV Counter field is 8 octets, where first 4-octet is used to update bits [0:31] of IV, and later 4-octet is used to update bits 
 [96:127] of IV.  

Add after line 14 on page 66 the following:
It is assumed that the RSKI IE is sent encrypted, except in applications that require it to be sent (broadcast) in plaintext. 

· Page 54 Table 7-16, Page 61 Line 1, Page 71 Line 10 (Revise [7.4.4.38] ARC IE & Merge [7.4.4.51] RIRL IE and [7.4.4.52] RS IE)
i-0053, i-0054, i-0055, i-0198, i-0199, i-0256, i-0257, i-0258, i-0259, i-0260, i-0287, i-0329, i-0333, i-0334, i-0340, i-0341, i-0388, i-0414, i-0489, i-0490, i-0491, i-0492, i-0493, i-0494, i-0495, i-0500, i-0503, i-0991, i-0994, i-1002, i-1003, i-1004, i-1005, i-1006, i-1007, i-1008, i-1009, i-1010, i-1011, i-1012, i-1020, i-1021, i-1022, i-1023, i-1101, i-1398, i-1628, i-1631, i-1639, i-1640, i-1641, i-1642, i-1643, i-1644, i-1645, i-1646, i-1647, i-1648, i-1649, i-1657, i-1658, i-1659, i-1660, i-1738, i-1980, i-1981, i-1982, i-1983, i-1986, i-2046, i-2074, i-2104, i-2105, i-2107, i-2108, i-2129, i-2130, i-2157, i-2158, i-2160, i-2189, i-2190, i-2192, i-2193, i-2194, i-2226, i-2285, i-2286, i-2289, i-2572, i-2597, i-2779, i-2839, i-2840, i-2841, i-2842, i-2843, i-0336, i-0337, i-0168, i-1436, i-1437, i-2551, i-2562, i-2620, i-2621, i-0501, i-0502, i-1096, i-1733, i-2165, i-1097, i-1734, i-2797, i-1110, i-1747, i-2028,  i-2537 
7.4.4.38 Advanced Ranging Control IE 

Change the row of ARC IE in Table 7-16 on page 54

	Sub-ID
value
	Name
	Enhanced Beacon
	Enhanced ACK
	Data
	Multipurpose
	MAC Command
	Format subclause
	Use description
	Used by
	Created by

	<ANA>
	Advanced Ranging Control IE
	
	
	X
	
	
	7.4.4.38
	6.9.8
	UL 
	UL




Add the following sentence before “The content field of the ARC IE….” at line 29, on page 60:
The ARC IE can also be used by the controlee, along with the RCR IE (7.4.4.45), to send preferred ranging parameters to the controller.


Replace Figure 47 on page 61 by the following one: 

	Bits :2
	2
	2
	1
	1
	1
	6
	1
	Octets: 0/3
	0/1
	0/2

	Multi-node Mode
	Ranging Round Usage
	STS Packet Config
	Schedule Mode
	Deferred Mode
	Time Structure Indicator
	RCM Validity Rounds
	MMRCR
	Ranging Block Duration
	Ranging Round Duration
	Ranging Slot Duration



Figure 47 –Advanced Ranging Control IE content field format
.   
Page 61 Line 5, Page 62 Line 6, Page 63 Line 1, Page 71 Line 10
i-0168, i-1436, i-1437, i-2551, i-2562, i-2620, i-2621

Replace Table 14 on page 61 by the following one: 

Table 14 –Values of the Multi-node Mode field in the ARC IE

	Multi-node Mode field value
	Meaning

	0
	Single device to single device (unicast)

	1
	Multi-node one-to-many

	2
	Multi-node many-to-many

	3
	Reserved



Replace texts line 7-8, and Table 15 on page 61 by the following:
The Ranging Round Usage field specifies the usage of the ranging round(s) that follow the ARC IE. The Ranging Round Usage field shall have one of values as defined in Table 15. 


Table 15 –Values of the Ranging Round Usage field in the ARC IE

	Ranging Round Usage field value
	Meaning

	0
	One way ranging (OWR)

	1
	Single-sided two-way ranging (SS-TWR)

	2
	Double-sided two-way ranging (DS-TWR)

	3
	Ranging ancillary information exchange 



Replace texts of the second row in Table 17 on page 62 bytexts from line 3-9, and Table 17 on page 62
The Schedule Mode field specifies whether the scheduling-based ranging or contention-based ranging is performed in the following ranging rounds as per Table 17.


Table 17 –Values of the Schedule Mode field in the ARC IE

	Schedule Mode field value
	Selected ranging schedule mode and behavior 

	0
	Contention-based ranging is used for the following ranging rounds, and the RDM IE (7.4.4.X1) and the RCPS IE (7.4.4.42) can be employed to control participation. 

	1
	Scheduling-based ranging is used for the following ranging rounds, and the RDM IE (7.4.4.X1) can be employed to control participation and time-slot allocation. 




The Deferred Mode field specifies whether the deferred data frame is required or not for the measurement report. If the field value is one, it indicates that deferred data frame(s) after the ranging cycle will be used to report certain information. If the field value is zero, it indicates that certain requested information can be embedded in the RFRAME, e.g., RRTI IE (7.4.4.32). 


Replace texts on page 63 between line 1 and line 8 by the following texts: 

The RCM Validity Rounds field is an unsigned integer that specifies the number of consecutive ranging rounds controlled by the RCM. Note that this value cannot be larger than the number of remaining ranging rounds in the current block.

The Multiple Message Receipt Confirmation Request (MMRCR) field indicates whether multiple message receipt confirmation is requested or not: if the MMRCR field value is one, it is requested, otherwise it is not.   
The Number of Ranging Rounds field specifies the number of Ranging Rounds configured by the ARC IE. 

The Ranging Block Duration field is an unsigned integer that specifies the duration of a Ranging Block in the unit of RSTU as defined in 6.9.1.2. 

The Ranging Round Duration field is an unsigned integer that specifies the duration of the Ranging Round in the unit of Ranging Slot duration. 

The Ranging Slot Duration field is an unsigned integer that specifies the duration of a Ranging Slot in the unit of RSTU.  

One or more fields of duration, i.e., Ranging Block Duration, Ranging Round Duration, and Ranging Block Duration, may not be present in the ARC IE of the current RCM, if ranging block structure follows the same specified duration as before.  But other fields, e.g., Schedule Mode, STS Packet Config, can still be used to update corresponding ranging parameters. The presence of last three fields in the ARC IE can be determined by its content length. When the length of content fields is 2-octet, the last three fields are not present. When the length of content fields is 5-octet, the Ranging Block Duration field is present. When the length of content fields is 6-octet, Ranging Block Duration and Ranging Round Duration fields are present. When the length of content fields is 8-octet, the last three fields in the ARC IE are present. 

The Ranging Config Indicator is used to indicate the presence of following fields to set up the ranging block structure (6.9.8.1), including Ranging Block Duration, Ranging Round Duration, and Ranging Slot Duration. These fields may not be present in the ARC IE of the current RCM,.  

The Ranging Block Duration field specifies the duration of a Ranging Block in the unit of RSTU as defined in 6.9.1.2. The Ranging Round Duration specified the duration of the Ranging Round in the unit of Ranging Slot duration, which is specified by the field of Ranging Slot Duration in the unit of RSTU.  

If RSP field value is one, RS Table Length and RS Table are present, which are used to specify the list of RDEVs selected to participate in a Ranging Round and convey the slot resource assignment for each selected RDEV.  This applies to the time-scheduled ranging. 

The RS Table Length field indicates the number of rows or elements in the RS Table, which equals the number of time slots in a Ranging Round. The RS Table field contains row elements formatted as per Figure XX.

	Bits: 7
	1
	Octets: 2/8

	Slot Index
	Device Type
	Address



Figure XX – RS Table element format

If RCM conveys the ARC IE with ARCP and RSP fields being one, fields of RS Table Length and RS Table should be present along with other fields of ARC IE to fulfill ranging configuration and scheduling. The field of Schedule Mode should have value one to indicate the time-scheduled ranging. If the field of ARCP is set to be zero, and the field of RSP is set to be one, only RS Table Length and RS Table fields are present to fulfill ranging scheduling alone.    
Merge [7.4.4.51] RIRL IE and [7.4.4.52] RS IE into a single IE, namely Ranging Device Management IE (RDM IE)
Since RS IE is merged with ARC IE now, sub-clause 7.4.4.52 can be removed. Remove Sub-clause [7.4.4.51] and [7.4.4.52], and assign a sub-clause to RDM IE.   

7.4.4.X1 Ranging Device Management IE
The Ranging Device Management IE (RDM IE) is used by the controller to control devices participating in a Ranging Round if the controller knows the device identities.  The content field of the RDM IE shall be formatted as shown in the Figure Y1. 


	Bits: 1
	7
	Variable

	SIP
	RDM Table Length
	RDM Table



Figure Y1 –Ranging Device Management IE content field format

The RDM Table field contains row elements formatted as per Figure Y2. 

	Bits: 1
	7
	Octets: 2/8

	Ranging Role
	Slot Index/Reserved
	Address


Other instances of RS IE in the clause 6 should be revised appropriately. The updated texts for 6.9.8 can be found below in this document.

· Page 32 Line 1 ~ Page 35 Line 3 (Fig 27)
i-0851, i-0852, i-0854, i-0855, i-0856, i-0857, i-0860, i-0861, i-0863, i-0864, i-1488, i-1489, i-1491, i-1492, i-1493, i-1494, i-1497, i-1498, i-1500, i-1501, i-2699, i-2700, i-2701, i-2702, i-2703, i-2704, i-2705, i-2706, i-2707, i-2708, i-2709
Replace Figure 24 and update related texts on page 32 from line 11 to line 20: 

Figure 24 illustrates the message sequence chart for one-to-many DS-TWR between one Initiator and N Responders, i.e., Responder-1, Responder-2, … Responder-N, where response frames from different Responders are scheduled for transmission in a sequential order. Upon receptions of ranging response messages, next higher layer of Initiator should use the transmit time of final RFRAME and collected RxRangingCounter values to calculate the reply times to Responders, which will be conveyed by the RRTI IEs. With reference to the RMARKER, the transmit time of final RFRAME is specified by the RangingTxTime of MCPS-DATA.request (See Table 8-75). At the point labeled (R), Responders have sufficient information to calculate the ranging result. Since the value of RRCDT IE is 0 in the ranging initiation message, the Responder will not send back the ranging result or relevant timestamps for the Initiator to calculate the ranging result. 

Figure 24 – Message sequence chart for one-to-many DS-TWR: no request of ranging result from the Initiator

Replace Figure 26 on page 34:




Figure 26 – Message sequence chart for one-to-many DS-TWR: request of the 1st reply time and 2nd round-trip time from the initiator



 Replace Figure 27 on page 35:




Figure 27 – Message sequence chart for one-to-many DS-TWR: request of ranging result from the Initiator

· Page 36 Line 19 ~ Page 37 Line 10 (Fig. 29)
i-0866, i-0867, i-0868, i-0869, i-1503, i-1504, i-1505, i-1506, i-2710, i-2711, i-2712, i-2713, i-2714
Replace Figure 28 on page 36. And revise related texts in 6.9.8.6, including replacing “poll message” by ranging initiation message, “polling phase” by “ranging initiation phase”, “RS IE” by “ARC IE”, “upper layer” by “next higher layer”

For the scenario of many initiators-to-many Responders (M2M), the controller sends the RCM with the ranging configuration to multiple Initiators and Responders. In the scenario of multi-node ranging, there is only one ranging initiation message in the Ranging Initiation Phase (RIP) from a single Initiator, while multiple Initiators can send ranging initiation messages in the RIP through either scheduling or contention in the M2M ranging. The ranging initiation message contains the RRRT IE (7.4.4.53) for the Initiator to request the reply time from the Responder. After collecting ranging initiation messages from different Initiators, Responders respectively form the response frames to convey the IEs of RRTI and RRCST, and send them to Initiators in the ranging response phase based on the time-scheduling or contention determined via the ranging configuration.   




Figure 28 – Message sequence chart for M2M SS-TWR

Figure 28 illustrates the message sequence chart for M2M SS-TWR between M Initiators and N Responders, i.e., Initiator-1, Initiator-2, …, Initiator-M, and Responder-1, Responder-2, …, Responder-N, where transmissions of both ranging initiation and ranging response messages are scheduled in a sequential order. As Section 6.9.6.2 exhibits, contention-based transmission for both Ranging Initiation Phase and Ranging Response Phase can also be implemented. At the point labeled (R), the Initiator has the sufficient information to calculate the ranging result for the corresponding pair. It is the responsibility of the higher layers to ensure that each required response is supplied in good time to allow the MAC to transmit it at the specified time, and similarly to have enabled the receiver in good time to receive any message it needs to receive. The higher layers can ascertain this using ARC IE. In Figure 28, Responders do not request the ranging results by setting the value of RRCST IE to be 0. However, similar to Figure 22, Responders can also request the ranging results or relevant time stamps from Initiators to calculate the ranging results, which need additional data frames transmitted from Initiators, respectively.


Replace Figure 29 on page 37. And revise related texts in 6.9.8.7, including replacing “poll message” by ranging initiation message, “polling phase” by “ranging initiation phase”. 

Line 21, sub-clause 6.9.8.7, page 36, replace “polling phase” by “ranging initiation phase”
Line 22, sub-clause 6.9.8.7, page 36, replace “polling phase” by “ranging initiation phase”
              Line 25, sub-clause 6.9.8.7, page 36, replace “final poll” by “final RFRAME”
Line 5 sub-clause 6.9.8.7, page 37, replace “poll message and response frames” by “ranging initiation and ranging response messages”
Line 9 sub-clause 6.9.8.7, page 37, replace “poll message and response frames” by “ranging initiation and ranging response messages”
Line 9 sub-clause 6.9.8.7, page 37, replace “polling phase” by “ranging initiation phase”



Figure 29 – Message sequence chart for M2M DS-TWR


· Page 37 Line 12 ~ Page 40 Line 2 (Fig. 31)
i-0470, i-0870, i-0878, i-1507, i-1515, i-2357, i-2715, i-2716, i-2717, i-2718, i-2719, i-2720, i-2721, i-2722, i-2723, i-2724, i-2725, i-2726, i-2727, i-2728, i-2729, i-2730, i-2731, i-2732, i-2733, i-2734, i-2735, i-2736, i-2737, i-,738, i-2739, i-2740, i-2741, i-2742, i-2743, i-2744, i-2745, i-2746, i-2747, i-2748, i-2749

Replace Figure 30 and its caption by the following one on page 38: 




Figure 30-Message sequence chart for SP3 one-to-many SS-TWR


Page 39, sub-clause 6.9.8.8.2, Figure 31
Replace Figure 31 and its caption by the following one on page 39: 




Figure 31-Message sequence chart for SP3 one-to-many DS-TWR



· Page 57 Line 18 [7.4.4.32] RRTI IE
i-0342
· Page 58 Line 14 [7.4.4.33] RRTD IE
i-0343
· Page 60 Line 2 [7.4.4.36] RRTM IE
i-0344
· Page 60 Line 14 [7.4.4.37] RTOF IE
i-0345
· Page 54 Table 7-16, Page 61 Line 1 ([7.4.4.38] ARC IE)
i-0053, i-0054, i-0055, i-0198, i-0199, i-0256, i-0257, i-0258, i-0259, i-0260, i-0329, i-0333, i-0334, i-0340, i-0341, i-0388, i-0414, i-0489, i-0490, i-0491, i-0492, i-0493, i-0494, i-0495, i-0991, i-0994, i-1002, i-1003, i-1004, i-1005, i-1006, i-1007, i-1008, i-1009, i-1010, i-1011, i-1012, i-1020, i-1021, i-1022, i-1023, i-1628, i-1631, i-1639, i-1640, i-1641, i-1642, i-1643, i-1644, i-1645, i-1646, i-1647, i-1648, i-1649, i-1657, i-1658, i-1659, i-1660, i-1980, i-1981, i-1982, i-1983, i-1986, i-2046, i-2074, i-2104, i-2105, i-2107, i-2108, i-2129, i-2130, i-2157, i-2158, i-2160, i-2189, i-2190, i-2192, i-2193, i-2194, i-2226, i-2285, i-2286, i-2289, i-2572, i-2597, i-2779, i-2839, i-2840, i-2841, i-2842, i-2843

Change the row of ARC IE in Table 7-16 on page 54

	Sub-ID
value
	Name
	Enhanced Beacon
	Enhanced ACK
	Data
	Multipurpose
	MAC Command
	Format subclause
	Use description
	Used by
	Created by

	<ANA>
	Advanced Ranging Control IE
	
	
	X
	
	
	7.4.4.38
	6.9.8
	UL, MAC
	UL, MAC




	Bits: 1
	1
	6
	0/2
	0/2
	0/2
	0/1
	0/1
	0/1
	0/6
	0/1
	Octets:0/3
	0/1
	0/2

	ARCP
	RSP
	Reserved
	Multi-node Mode
	Ranging Method
	STS Packet Config
	Schedule Mode
	Deferred Mode
	Time Structure Indicator
	Number of Ranging Rounds
	Ranging Config Indicator
	Ranging Block Duration
	Ranging Round Duration
	Ranging Slot Duration


Replace Figure 47 by the following one: 

	0/1
	0/Variable

	RS Table Length
	RS Table


Figure Y2 –RDM Table row element format


The Slot Index Present (SIP) field as shown in Figure Y1 indicates whether Bit: 1-7 of the first octet in each RDM Table row element is used as slot index or reserved: if the SIP field value is one, these 7 bits are used as the slot index, otherwise they are reserved. When the SIP field value is zero, the RDM IE is used to assign ranging role, i.e., initiator or responder, of controlees for the contention-based ranging. When the SPI field value is one, the RDM IE is used to allocate time slots, and specify ranging roles of controlees for the scheduling-based ranging.  

The RDM Table Length field indicates the number of row elements in the RDM Table. If the SIP field value is one, the RDM Table Length field value equals the number of assigned time slots. If the SIP field value is zero, the RDM Table Length field value equals the number of participated ERDEVs.  

Each row element of RDM Table contains the address and ranging role of a particular ERDEV. The Ranging Role field specifies whether the selected device is to be an initiator or a responder. When the Ranging Role field has a value of 0, the selected device is a responder. When the Ranging Role field has a value of 1, the selected device is an Initiator.

The Slot Index field is used if the SIP field value is one, which indicates the time slot assigned to the ERDEV. 

The address field shall contain a short address when the DstAddrMode of the MCPS-DATA.request is SHORT, and an extended address otherwise. 


Figure 47 –Advanced Ranging Control IE content field format

Add the following texts after Figure 47 before the line 2 on page 61:

The field of Advanced Ranging Configuration Present (ARCP) indicates the presence of following fields for ranging configuration, including Multi-node Mode, Ranging Method, STS Packet Config, Schedule Mode, Deferred Mode, Time Structure Indicator, Number of Ranging Rounds, and Ranging Config Indicator. If ARCP field value is one, these fields are present, otherwise they are not. 

The Ranging Scheduling Present (RSP) field is used to denote the presence of fields for ranging scheduling (RS), i.e., RS Table Length and RS Table. If RSP field value is one, RS Table Length and RS Table fields are present, otherwise they are not.   

· Page 63 Line 9 [7.4.4.39] RIU IE
i-0261, i-0262, i-0327, i-0330, i-0391, i-0415, i-1013, i-1016, i-1017, i-1018, i-1650, i-1653, i-1654, i-1655, i-2227, i-2247, i-2272, i-2287, i-2290, i-0381

 Replace Figure 48 by following:

	Bits :1
	1
	1
	1
	2
	2
	Octets: 4
	0/2
	0/2
	0/1
	0/1 
	0/2 
	0/1/2/4

	NRIP
	RIU
MP
	RTWMP
	RTW ISP
	CRSIP
	Reserved
	Block Interval
	Next 
Round Interval
	RIUM Interval
	Remaining Number 
of RIUMs
	RTW Multiplier
	RTW Initial 
Size
	Current Round Set Index




Figure 48-Ranging Interval Update IE Content field format


Add the follow texts before line 13:

The NRIP field indicates the presence of Next Round Interval field as follows: an NRIP field value of 0 means that the Next Round Interval field is not present; while the NRIP field value of 1 means that the Next Round Interval field is present. If the Next Round Interval is 0, the Next Round Interval field can be omitted with the NRIP field value of 0.

The RIUMP field indicates the presences of RIUM Interval field and Remaining Number of RIUMs field as follows: The RIUMP field value of 0 means that neither the RIUM Interval field or Remaining Number of RIUMs field are present; while the RIUMP field value of 1 means that the RIUM Interval field and the Remaining Number of RIUMs field are both present.

The RTWMP field indicates the presence of the RTW Multiplier field as follows: RTWMP field value of 0 means that the RTW Multiplier field is not present; while the RTWMP field value of 1 means that the RTW Multiplier field is present.

The RTWISP field indicates the presence of the RTW Initial Size field as follows: RTWISP field value of 0 means that the RTW Initial Size field is not present; while the RTWISP field value of 1 means that the RTW Initial Size field is present.

The CRSIP field indicates the size of the Current Round Set Index field as follows: CRSIP field value of 0  means that the Current Round Set Index field is not present; the CRSIP field value of 1 means that the size of the Current Round Set Index field is 1-octet; the CRSIP field value of 2 means that the size of the Current Round Set Index field is 2-octet; and the CRSIP field value of 3 means that the size of the Current Round Set Index field is 4-octet.

Replace paragraph between line 13 and line 19 by following:

The Block Interval field specifies the time remaining until the start time of the next Ranging Block relative to the start time of the current frame. The Block Interval field is in the unit of RSTU as defined in 6.9.1.2.

The Next Round Interval field if present, as determined by the NRIP field, specifies the time remaining until the start time of the next Ranging Round relative to the start time of the next ranging block. The Next Round Interval field is in the unit of RSTU as defined in 6.9.1.2.

The RIUM Interval field if present, as determined by the RIUIP field, specifies the time remaining until the start time of the next RIU message relative to the start time of the current frame. The RIUM Interval field is in the unit of RSTU as defined in 6.9.1.2.

Add the follow texts before line 22:

The RTW Multiplier field specifies the exponential multiplier of RTW Initial Size to calculate the size of RTW, i.e., RTW Initial Size*2^(RTW Multiplier). The RTW Initial Size field specifies the initial size of RTW in the unit of RSTU as defined in 6.9.1.2. 

RCM Timing Window (RTW) operation is enabled if RTWISP or both RTWISP and RTWMP in the RIU IE is 1. If both RTWMP and RTWISP are 0, a controller sends the RCM with Block Interval field and/or Next Round Interval field in the RIU IE without RTW. If RTWISP is 1 and RTWMP is 0, a controller sends the RCM at random timing within RTW. The size of RTW is fixed with RTW Initial Size. If both RTWMP and RTWISP are 1, a controller sends the RCM at random timing within RTW. 

The Current Round Set Index field specifies the ranging round set index with the size specified by the CRSIP field.




	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




























· Page 64 Line 24 [7.4.4.42 RCPS IE]
i-1102, i-1739, i-2799
The Slot Index should be 7-bit for consistency. Replace the Figure 52 on the page 65 by the following one:

	Bits:2
	7
	7

	Phase Indicator
	Slot Index to Start
	Slot Index to End


Figure 52-Ranging Interval Update IE Content field format

Replace texts line 6-8 on page 65 by the following: 
The Phase Indicator field selects whether the phase being described is used for 
ranging transmissions or measurement reports. The values are specified in the Table YY. 

Table YY –Values of the Phase Indicator field in the RCPS IE

	Phase Indicator field value
	Meaning

	0
	This phase is used by the initiators to contend for ranging transmissions

	1
	This phase is used by the responders to contend for ranging transmissions

	2
	This phase is used by participated RDEVs to contend for measurement report

	3
	Reserved 



· Page 66, 7.4.4.45, Line 24 [RCR IE]
i-1062, i-1699, i-2519, i-0335

Add the follow texts to the end of line 24, on page 66:
The change request of certain information is reflected in the next scheduled time to exchange the updated parameters in a message sent by controller to controlee(s).


· Page 63 Line 23 [7.4.4.40] RR IE
· i-0356
· Page 65 Line 19 [7.4.4.44] RSKI IE
· i-0332
· Page 66 Line 18 [7.4.4.45] RCR IE
· i-0335
· Page 67 Line 1 [7.4.4.46] RRCST IE
· i-0346
· Page 67 Line 16 [7.4.4.47] RRCDT IE
· i-0347
· Page 68 Line 11 [7.4.4.48] RTRST IE
· i-0348
· Page 69 Line 14 [7.4.4.49] RTRDT IE
· i-0349
· Page 71 Line 10 [7.4.4.52] RS IE
· i-0336, i-0337
· Page 72 Line 4 [7.4.4.53] RRRT IE
· i-0350
· Page 73, 7.4.4.55,  Line 13 [Include TOF request in SRRR IE]
i-0338
To include the request of time-of-flight (ToF), use a reserved bit of SRRR IE. The updated Figure 67 can be found below: 

	Bits: 1
	1
	1
	1
	1
	1
	2
	Octets: 0/2/8
	0/2/8

	RAP
	PAP
	RAOA
	RRT
	RRTM
	RTOF
	Reserved
	Requestor Address
	Provider Address



Figure 54-Figure 67— SP3 Ranging Request Reports IE content field format Ranging STS Key IE Content field format


Add the follow texts after line 23:

The RTOF field indicates that a report of time-of-flight (ToF) is required when the RTOF field is 1, and not required when the RTOF field is 0. 

· Page 75 Line 19 [7.4.4.57 RPCS IE]
i-0331, i-0567, i-1121, i-1122, i-1127, i-1130, i-1758, i-1759, i-1764, i-1767, i-2134, i-2168, i-2460, i-2480, i-0506, i-0507, i-0508
Page 6 Line 7, Page 18 Line 25, Page 7 Line 19, Page 53 Line 11, Page 75 Line 19, Page 80 Line 3  
i-1419, i-1420, i-2011, i-2012
The following texts and figures are considered to be included for the feature of channel selection, which is proposed in the original contribution: 15-19-0034-02-004z-ieee-802-15-4z-mac
1. MAC functional description
6.9.2 Set-up activities before a ranging exchange 
Change the following sentences between line 7 and line 13 on page 6: “Furthermore, if the optional dynamic preamble selection (DPS) capability is to be used, there shall have been some sort of coordination of preambles prior to the two-way ranging exchange. The RPCS IE, as specified in 7.4.4.57, may be used for this purpose” by:

Furthermore, if the optional dynamic preamble selection (DPS) and dynamic channel selection (DCS) capability are to be used, there shall have been some sort of coordination of preambles and channels prior to the ranging exchange. The Ranging Channel and Preamble Code Selection IE (RCPCS IE) IE, as specified in 7.4.4.57, may be used for this purpose.

6.9.7.8 Other procedures for coordinating RDEV and ERDEV
Change the following sentences between line 25 and line 27 on page 18: “Similarly when using DPS as described in 6.9.4, the RDEVs need to coordinate the preamble codes they are going to employ and again the secure private data communication capability of this standard may be used to transfer the DSP selection between devices using the RPCS IE (7.4.4.57)” by:

Similarly, when using DPS and DCS as described in 6.9.4 and 6.9.5, the RDEVs need to coordinate the preamble codes and UWB sub-band they are going to employ and again the secure private data communication capability of this standard may be used to transfer the DPS and DCS between devices using the RCPCS IE (7.4.4.57). 


Include the following subsection after 6.9.4, and increment the numbering of all the subsequent subsections and figures as required
6.9.5 Managing DCS 
Figure 6-49 shows a suggested message sequence chart to configure a selected UWB channel. Messages are the suggestions showing how the communications capability of the RDEV can be used to accomplish the DCS. 

 
Figure 6-49 – A message sequence chart to configure a selected channel
The originator may transmit the RCPCS IE (7.4.4.57) to exchange the sub-band selection for the coordination of ranging channel. The coordination of ranging channel is needed only when using the optional DCS capability of the PHY. For the multi-node ranging scheme (6.9.8), controller shall be the originator to initiate DCS, and RCPCS IE can be inserted in the ranging control message (RCM).
In the coordination process of a ranging channel, the next higher layer in each participating devices shall set a Channel Configuration Interval (CCI) timer. Once this timer has elapsed, the selected channel is configured. The setting of CCI is determined by the originator next higher layer, which may be exchanged via RCPCS IE. CCI has to be long enough for PHY to configure a channel switch. The bottom interactions between next higher layer and MAC illustrate the use of the MLME-SET.request, as described in 8.2.6.3, and the MLME-SET.confirm, as described in 8.2.6.4, which adjust phyCurrentChannel /phyCurrentPage (Table 11-2), and report the status of parameter setting. 
Upon the assertion of the MLME-SET.confirm primitives, as illustrated in Figure 6-49, PHYs of both sides will use selected channel, where future Ranging Round(s) will be operated on. After a certain period of time, if the originator intends to switch to another available channel or back to a previous one, it can reiterate procedures illustrated in Figure 6-49. The DCS provides more flexibility to manage multi-node ranging, and can also help to alleviate interference.    

Change the row of Ranging Preamble Code Selection IE in Table 7-16

	Sub-ID
value
	Name
	Enhanced Beacon
	Enhanced ACK
	Data
	Multipurpose
	MAC Command
	Format subclause
	Use description
	Used by
	Created by

	<ANA>
	Ranging Channel and Preamble Code Selection IE
	
	
	
	
	
	7.4.4.57
	6.9.5
6.9.7.8
	UL
	UL





Change the following subsection
1.4 
1.5 
1.6 
1.7 
1.8 
1.8.3 
1.8.4 
1.8.5 
1.8.6 
1.8.7 
1.8.8 
1.8.9 
1.8.9.6 
1.8.9.7 
1.8.9.8 
7.4.4.57 Ranging Channel and Preamble Code Selection IE 
The Ranging Channel and Preamble Code Selection IE (RCPCS IE) is provided as a mechanism to signal the choice of UWB channel for DCS as described in 6.9.5, and/or preamble code for DPS as described in 6.9.4. The content format of the RCPCS IE shall be formatted as shown in Figure 71.   
	Bits: 1
	1
	2
	4
	Octets: 0/4
	0/1
	0/1
	0/2

	CCIP
	PSP
	Reserved
	Channel Number
	CCI
	TX Preamble Code
	RX Preamble Code
	PSR



Figure 71 – Ranging Channel and Preamble Code Selection IE content field format

The field of CCI Present (CCIP) indicates the presence of CCI field. If its value is 1, CCI field is present. Otherwise, it does not exist, and the setting of CCI is specified by the next higher layer.    

The field of preamble selection presence (PSP) indicates the presence of last three fields for DPS. If its value is 1, the last three fields are present. Otherwise, they are not present. 

The Channel Number field specifies the UWB channel number, i.e., 0~15, corresponding to field values 0000~1111. For LRP UWB PHY, the valid range is 0~2 as described in 10.1.2.7, while it is 0~15 for HRP UWB PHY as described in 10.1.2.4. The selection of channel number by upper layer shall depend on the device capability and regional-based regulation.  

The 4-octet CCI field specifies the timer duration between the exchange of this IE and configuration of selected channel, which is in the unit of RSTU (6.9.1.2). 

The TX Preamble Code field shall be set to the DPS preamble code that the IE sender will use for transmission. The RX Preamble Code field shall be DPS preamble code that the IE sender will use for reception. Both these preamble codes shall be selected from Table 16-6, both from Table 16-7, or both from Table 28. The PSR field shall be set to the number of preamble symbol repetitions to transmit for the SYNC of each RFRAME of the ranging exchange, if PSR is 0 the length of the SYNC is not changed, otherwise the PSR shall be one of the valid SYNC lengths, as specified in 16.2.5.1.

· Page 19 Line 1 [6.9.7.9 Secure Service IE]
i-1389, i-2010, i-0146, i-2876, i-0293, i-1119, i-1756, i-2294, i-1124, i-1761, i-2340, i-0071, i-1123, i-1760, i-2800, rg-0004, rg-0010
Replace the sub clause 6.9.7.9 with the following


6.9.7.9 Ranging Enhanced Service Transactions 
The enhanced ranging capabilities of the ERDEV can be used to protect by using ranging to check that the distance between the communicating devices is as expected. In such secure service transaction scenarios, the higher layer is often interfacing between the radio and a secure element used in validating the transaction.  The Secure Service IE (7.4.4.56) is provided as a means to transfer information relevant to the Secure Element between the ERDEVs in conjunction with range measurements. When a Secure Service IE is received in an RFRAME, the MAC delivers it to the higher layer with an associated ranging measurement, which the higher layer can use to limit access based on range. The Secure Service IE contains fields to identify and distinguish transactions, and fields to carry information about the MAC payload that can be used by the higher layer to route the payload to different device components. If the transaction takes place using multiple frames, all frames that transport data belonging to the particular transaction should include the Secure Service IE with the same USS ID value.

Revise the Table 22 in the IE description of sub clause 7.4.4.56


[bookmark: _Ref530489212][bookmark: _Ref530489206]Table 22 – Payload Type field values
	Field value
	Meaning

	0
	Application specific payload

	1
	MAC Payload field contains an APDU as defined by ISO/IEC 7816-4 [B##].

	2
	MAC Payload field contains a Mifare Classic® command or response.

	3
	MAC Payload field contains a Mifare Desfire® command or response.

	4
	MAC Payload field contains an Information field as defined by JIS X 6319-4 [B#].

	All other values
	Reserved






· Page 86 Line 14 [Multi-node ranging Primitive&PIB] ZD
i-0328
7.4.4 Nested IE
8.3.1 MCPS-DATA.request
Include the following semantic in the primitive MCPS-DATA.request on page 80

	MCPS-DATA.request
	(
	

	
	MultiRangingEnable
	

	
	)
	



Add the following new row in Table 8-75 on page 81
Table 8-75. MCPS-DATA.request parameter


	Name
	Type
	Valid range 
	Description

	MultiRangingEnable	Comment by Billy Verso: Again we don’t need to define load of PIB attributes and have the MAC use them to form, the ARC IE.  It is a waste of time to write this (and paper and ink).
	Enumeration 
	SCHEDULE,
CONTENTION  
	A value of SCHEDULE indicates that time-scheduled multi-node ranging is to be used. A value of CONTENTION indicates that contention-based multi-node ranging is to be used.



Insert the following paragraph at the end of 8.3.1 on page 82:
If MultiRangingEnable is SCHEDULE, multi-node time-scheduled ranging is enabled to be configured by the MAC sublayer of Controller. According to MAC PIB attributes in Table 8-95, the MAC sublayer attempts to create ARC IE, and insert it into the RCM prior to sending it. The Status of SUCCESS in MCPS-DATA.confirm is reported to next higher layer of controller if the multi-node time-scheduled ranging is successfully configured, otherwise Status of UNSUPPORTED_RANGING is returned.   	Comment by Billy Verso: Again we don’t need to define load of PIB attributes and have the MAC use them to form, the ARC IE.  It is a waste of time to write this (and paper and ink).

Include the following subclause in 8.4.2, and increment numbering of subsequent tables:

8.4.2.9 Multi-node Ranging Specific MAC PIB attributes
The attributes contained in the MAC PIB for multi-node ranging configuration are presented in Table 8-95.
Table 8-95. Multi-node Ranging Specific MAC PIB attributes
	Attribute
	Type
	Range 
	Description
	Default

	macMultiRangingSupport
	Boolean
	FALSE, TRUE
	Read only value indicating whether the device is able to configure multi-node ranging by the MAC sublayer.
	Implementation dependent

	macDevicePresence	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Boolean
	TRUE, FALSE
	If TRUE, ranging controller knows the identities controlees, FALSE otherwise. This parameter is valid only when macMultiRangingSupport is set to be TRUE.
	FALSE

	macUWBrngAddressList	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	IEEE address
	List of addresses 
	The address list of participated RDEVs. The default setting is NULL. This parameter contains address list only when macDevicePresence is TRUE.  
	NULL

	MultiRangingEnable	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.
	Comment by Billy Verso: Should this not be macMultiRangingEnable to distinguish it from the primitive partameter?  Or maybe you don’t need both.
	Enumeration 
	SCHEDULE,
CONTENTION, NONE  
	A value of SCHEDULE indicates that time-scheduled multi-node ranging is to be configured, which can only be used if macDevicePresence is TRUE. A value of CONTENTION indicates that contention-based multi-node ranging is to be used. The default setting of this parameter is NONE, which disables the ranging configuration and control via the MAC sublayer. This parameter is valid only when macMultiRangingSupport is set to be TRUE.
	NONE

	macRangingConfigIndicator	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Boolean
	FALSE, TRUE
	If TRUE, MAC sublayer forms the ARC IE (7.4.4.38) with the fields of Ranging Block Duration, Ranging Round Duration, and Ranging Slot Duration, otherwise these fields are not present. This parameter is valid only when  MultiRangingEnable is SCHEDULE or CONTENTION.
	FALSE

	macRangingBlockDura	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Integer
	0x00-0xffffff
	Specifies the Ranging Block duration in the unit of RSTU (6.9.1.2), which corresponds to the field value of Ranging Block Duration in ARC IE (7.4.4.38). The default value is 0, which indicates that the multi-node ranging is disabled. 
	0

	macRangingSlotDura	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Integer
	0x00-0xff
	Specifies the Ranging Slot duration in the unit of RSTU (6.9.1.2), which corresponds to the field value of Ranging Slot Duration in ARC IE (7.4.4.38). The default value is 0, which indicates that the multi-node ranging is disabled. 
	0

	macRangingRoundDura	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Integer
	0 to 255
	Specifies the Ranging Round duration in the unit of macRangingSlotDura, which corresponds to the field value of Ranging Round Duration in ARC IE (7.4.4.38). The default value is 0, which indicates that the multi-node ranging is disabled.
	FALSE

	macRangingSchedule 	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Boolean
	FALSE, TRUE
	Only when MultiRangingEnable is SCHEDULE, and MAC sublayer is used to fulfill ranging scheduling, this parameter is set to be TRUE. Otherwise it is FALSE.  
	FALSE

	macMultiRangingMode
	Integer
	0-2
	Indicates the multi-node ranging mode: value of 0 indicates one initiator-to-one Responder, value of 1 indicates one initiator-to-multiple Responders, and value of 2 indicates many initiators-to-many Responders (M2M).  

	Implementation dependent

	macMultiRangingMethod	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Enumeration
	OWR, SS-TWR, DS-TWR
	Indicates the ranging method whether it is one-way ranging (OWR), single-sided two-way ranging (SS-TWR), or double-sided two-way ranging (DS-TWR).  
	Implementation dependent

	macMultiRangingSpConfig	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Integer
	0-3
	Indicates the STS packet configuration of ranging transmission, see Table 27. 
	Implementation dependent

	macMultiRangingDefer	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Boolean
	TRUE, FALSE
	If TRUE, the deferred mode of ranging is enabled. Ranging IEs related to reply time, AOA report are exchanged in the data frame(s) of measurement report phase (6.9.8.1). If FALSE, the deferred mode of ranging is disabled, and ranging IEs related to reply time, AOA report are inserted in the RFRAME.    
	Implementation dependent

	macTimeStructure	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	Integer
	0,1
	Indicates the time structure mode of multi-node ranging: value of 0 denotes the interval-based structure (6.9.8.2.1), and value of 1 denotes the block-based structure (6.9.8.2.2).
	Implementation dependent

	RoundNumber	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.
	Integer
	0-63
	Number of Ranging Rounds per ranging configuration. The default value is 0, which indicates that the multi-node ranging is disabled.
	0

	macUWBrngInitiatorList	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	List of enumerations
	INITIATOR,
RESPONDER,
NONE
	The list of enumerations to indicate the role of ranging devices. If INITIATOR, the ranging device is an initiator. If RESPONDER, the ranging device is a Responder. The order of the list follows the same as that of macUWBrngAddressList. This parameter can be present only when macUWBrngAddressList is not NULL.  The default setting of this parameter is NONE. 
	NONE

	macUWBrngScheduleAssign	Comment by Billy Verso: PIB attribute not needed, no mention of it in the text.

	IEEE address
	List of addresses 
	The attribute is present when MultiRangingEnable is SCHEDULE and macRangingSchedule is TRUE. The length of the list equals macRangingRoundDura. Each element of the address list represents an RDEV scheduled on a time slot of a Ranging Round.  
	—
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[RTW] KJ
i-0381
	Comment by Billy Verso: It is not a single enable
Add following lines to Section 6.9.8.1, page 23 after line 7

A block may have one or more ranging rounds during which ranging ancillary information can be exchanged between initiators and responders. For ranging ancillary information exchange, following terminology is used: 	Comment by Billy Verso: Out of scope for the PAR……..  REMOVE

Aditya: As we discussed in CC, this does not fall outside the scope of PAR as this is not a new generic way to transfer data. This facility is not described from the point of view of defining a new way to transfer a message, but rather as an easy way to enable the transfer of messages without having to either terminate the ranging session, or initiate a new session and/or destroy the ranging slot, round and block structure.

Initiator: a Ranging device that initiates a ranging exchange by sending the first message of the exchange or the device that sends ranging ancillary information
Responder: a Ranging device that receives ranging ancillary information and/or responds to the message received from the initiator
Ranging Round Usage field of ARC IE (7.4.4.38) shall be used to indicate that the ranging round(s) following this RCM is used for ranging ancillary information exchange. The information exchange can be scheduled or contention based. A given data may be divided into multiple fragments and transmitted over multiple ranging in a ranging round. In such a case RAICT IE (7.4.4.XX) shall be used by the initiator to convey the number of ranging message frames remaining to complete the transmission. If the initiator is not the controller, the RAICT IE can be used along with RCR IE (7.4.4.45) to request the number of slots to be scheduled. This information may also be exchanged via upper layer. 

A receiver or responder may use a Multiple Message Receipt Confirmation (MMRC) to confirm the receipt of multiple messages originating from the same initiator or to confirm the receipt of multiple messages originating from multiple initiators (or transmitters). The MMRC IE may be used by the responder (or recipient of multiple messages) to acknowledge the multiple messages. The Multiple Message Receipt Confirmation Request (MMRCR) field of the ARC IE shall be used to indicate MMAR.

Figure XW illustrates an example message sequence chart for MMRC with MMRCR from controller in the RCM. Devices A1 to AN each send multiple messages to devices B1 to BM, where the Message  is the th message transmitted from Aj for j in  to . Upon the completion of onward messages from devices A1 to AN, devices B1 to BM confirm the receipt of all the messages to different initiators through by sending MMRC via multicast or multi-node messages using the Ranging Multiple Message Receipt Confirmation IE (RMMRC IE). The messages and the MMRC slots may be scheduled or may be contention based or may be a combination of both.


[image: ]
Figure XW. Illustrative message sequence chart multiple message acknowledgement for multiple many-to-many messages


Add a new IE description 7.4.4.XX

17.4.4.XX Ranging Ancillary Information Message Counter and Type IE 

The Ranging Ancillary Information Message Counter and Type IE (RAICT IE) is used during ranging ancillary information exchange (in payload). This IE is formatted as shown in Figure XX. 

[image: ]
Figure XX— Ranging Ancillary Information Message Counter and Type IE Content field format

initiator uses this IE in two ways: 

1. To convey the sequence number of the current data frame, the number of ranging ancillary data frames remaining to complete this message and the message type to the responder
2. Used along with RCR IE to request the controller to schedule the number of slots as specified in number of data frames (or polls) remaining

To controller (with RCR) bit is set to 1 to use RADCT IE to request the slots from controller. Otherwise it is set to 0.
Sequence number present field is set to 1 if Sequence number of present, else it is set to 0.
Message Type Present field is set to 1 if Message Type is being conveyed. 
Sequence number field conveys the MAC frame sequence number.
Number of data frames field remaining conveys to the responder the number of ranging ancillary data frames remaining to complete the present message/data.
Message Type field is a reserved field of 2 octets which can be used to convey the type of message (e.g., authentication info).


Add a new IE description 7.4.4.XX

17.4.4.XX Ranging Multiple Message Receipt Confirmation IE 

Messages from one or more initiators may be acknowledged with MMRC using Ranging Multiple Message Receipt Confirmation (RMMRC IE) with initiator addresses and MMRC bitmap string to acknowledge all the messages from that initiator (or transmitter). The IE shall contain a table to acknowledge multiple initiators in a single message. The content field of the IE may be formatted as illustrated in Figure XY.

[image: ]
[bookmark: _Ref8392629]Figure XY. Ranging Multiple Message Receipt Confirmation IE content field

Each row of the MMRC table is formatted as illustrated in Figure XZ. 

[image: ]
[bookmark: _Ref8392641]Figure XZ. Format of each row of MMRC table

Confirmation for the receipt of each message in the MMRC is done through a binary bitmap string. Each bit in the bitmap string sequentially maps to the number of slots prior to the slot in which MMRC is sent. The length of this acknowledgement bitmap is equal to the number of slots in the ranging round preceding the MMRC transmission. Each bit confirms the receipt of a message in the slot. The bit is set to 1 to confirm successful reception, otherwise it is set to 0 to convey that the message was not received or not addressed to the MMRC sender in that slot. The confirmation for the receipt of a message in the first slot shall be conveyed using the least significant bit (LSB) of the MMRC bitmap string and sequentially the following bits shall represent the confirmation for the receipt of messages in the subsequent slots with the MSB representing the confirmation receipt for the final slot. 
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