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· Page 30 Line 15 (Figure 22)
i-0839, i-0840, i-1476, i-1477, i-2691, i-2692
Replace line 4-16 on page 30, and line 1-9 on page 31 by the following texts and figure
6.9.8.4 Ranging Procedure for One-to-Many SS-TWR
For one-to-many SS-TWR, the ranging exchange is started by the Initiator, where the Ranging Request Measurement and Control IE (RRMC IE) as described in 7.4.4.X1 is embedded in the ranging initiation message sent to multiple responders. The Ranging Control Information field of the RRMC IE shall be set to zero according to the Table TX, which is indicated by the RRMC(0) IE in the Figure 22. The Reply Time Request field of the RRMC IE is set to be one, which requests the reply time of the responding ERDEV.  At the Responder side, the MCPS-DATA.indication delivering RRMC(0) IE tells its next higher layer to initiate the ranging response message, which conveys the Ranging Measurement Information IE (RMI IE) (7.4.4.X2) with the reply time and the RRMC IE. The Ranging Control Information field of the RRMC IE in the response RFRAME shall be set to one according to the Table TX, which is indicated by the RRMC(1) IE in the Figure 22.  

For the multi-node ranging based on scheduling (as described in 6.9.8.1), Responders send the ranging response messages in their assigned time slots, while for the multi-node ranging based on contention, Responders contend in the time slots of the ranging response phase. After acquisition of ranging response messages, the Initiator has the full information to calculate the TOF to different Responders. 




Figure 22-Message sequence chart for one-to-many SS-TWR

Figure 22 illustrates the message sequence chart for one-to-many SS-TWR between one Initiator and N Responders, i.e., Responder-1, Responder-2, …, Responder-N, where ranging response messages from different Responders are scheduled for transmission in a sequential order. At the point labeled (R), the Initiator has the sufficient information to calculate the ranging result for the corresponding pair. Different Responders can have different requests of ranging results. In Figure 22, for example, Responder-N requests the TX-to-RX round-trip time, i.e., the Roundtrip Time Request field value of the RRMC IE in the ranging response message is set to be one, while Responder-1 directly request the ranging result, i.e., the TOF Request field value of the RRMC IE in the ranging response message is set to be one. The final data message broadcast by the Initiator conveying multiple RMI IEs to fulfill measurement report, where the destinations of the measurement reports can be distinguished by the Address field of the RMI IE. Note that if multiple Responders request the same set of information, e.g., TOF, measurement report can be fulfilled by one RMI IE in the final data message (see 7.4.4.X2). 


· Page 32 Line 18 (Figure 24), Page 33 Line 4 (Figure 25), Page 34 Line 2 (Figure 26), Page 35 Line 2 (Figure 27)

i-0851, i-0852, i-1488, i-1489, i-2699, i-2700, i-0854, i-0855, i-1491, i-1492, i-2701, i-2702, i-0856, i-0857, i-1493, i-1494, i-2703, i-2704

Replace sub-clause 6.9.8.5 by following texts and figures
6.9.8.5 Ranging Procedure for One-to-Many DS-TWR
For one-to-many DS-TWR, the three-way ranging method can be considered in order to reduce the number of transmissions. The ranging exchange is started by the Initiator, where the RRMC IE (7.4.4.X1) is embedded in the ranging initiation message, and sent to multiple responders. The Ranging Control Information field value in the RRMC IE shall be two according to the Table TX, which is indicated by RRMC(2) IE in Figure 24. 


Once the responder receives the ranging initiation message, it will form the ranging response message, containing the RRMC IE to initialize the second roundtrip measurement. The Ranging Control Information field value in the RRMC IE shall be three according to the Table TX, which is indicated by RRMC(3) IE in Figure 24. To request the first roundtrip time and the reply time of the final RFRAME from the initiator, the fields of Reply Time Request and Roundtrip Time Request in the RRMC IE of the ranging response message are set to be one. Similar to one-to-many SS-TWR in 6.9.8.4, ranging response messages of different responders can be scheduled, or contend for the time slots in the ranging response phase. Then, the Initiator forms the final RFRAME, which incorporates the RMI IE (7.4.4.X2) reporting requested reply time and roundtrip time to different responders. 

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 ranging response messages from different Responders are scheduled for transmission in a sequential order. At the point labeled (R), Responders have sufficient information to calculate the ranging result. If the fields of Reply Time Request, Round-trip Measurement Request, and TOF Request in the RRMC IE in the ranging initiation message are set to be zero, the Responder will not send back the ranging result or relevant time measurement to the Initiator. 





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



Figure 25 illustrates the message sequence chart for one-to-many DS-TWR when the Deferred Mode field value is set to be one in the ARC IE (7.4.4.38) of the RCM. Therefore, the Initiator sends the 1st roundtrip time and 2nd reply time to the Responders via the RMI IE (7.4.4.X2) in a deferred data frame, where the Deferred Mode field of the RMI IE is set to be one.   




Figure 25-Message sequence chart for one-to-many DS-TWR: no request of ranging result from the Initiator with deferred mode


In Figure 26, the Initiator requests the 1st reply time and 2nd roundtrip time at the Responder by setting the Reply Time Request and Roundtrip Time Request fields to be one in the RRMC IE of the ranging initiation message. Upon reception of the RRMC(2) IE by MCPS-DATA.indication, the next higher layer of the Responder initializes the second roundtrip measurement via the MCPS-DATA.request with RRMC(3) IE. Meanwhile, it creates the RMI IE, which reports the reply time of ranging response message to the Initiator. Since Initiator requests the second roundtrip time from the Responder, a separate data frame after ranging transmissions is used by each Responder to send this information back. Therefore, Initiator is also able to calculate the TOF after the measurement report phase.



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


In Figure 27, the Initiator requests the ranging result, i.e., TOF, by setting the field value of the TOF Request to be one in the RRMC IE of the ranging initiation message. Therefore, the Responders respectively send back the ranging result (RMI IE) in separate data frames based on either time-scheduling or contention.



Figure 27-Message sequence chart for one-to-many DS-TWR: request of ranging result from the Initiator
· Page 36 Line 5 (Figure 28)
i-0860, i-0861, i-0862, i-0863, i-0864, i-1497, i-1498, i-1499, i-1500, i-1501, i-2705, i-2706, i-2707, i-2708, i-2709
Replace sub-clause 6.9.8.6 by following texts and figures
6.9.8.6 Ranging Procedure for Many-to-Many SS-TWR
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 one-to-many 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 RRMC IE (7.4.4.X1), where the Ranging Control Information field value is set to be zero, and the Reply Time Request field value is set to be one. After collecting ranging initiation messages from different Initiators, Responders form the RMI (7.4.4.X2), RRMC IEs, 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. Contention-based transmissions for both Ranging Initiation Phase and Ranging Response Phase can also be performed. 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 Controller can ascertain this using the ARC IE and RDM IE. In Figure 28, Responders do not request the ranging results. However, similar to Figure 22, Responders can also request the ranging results or relevant time measurement from Initiators to calculate the ranging results, which need additional data frames transmitted from Initiators.

· Page 37 Line 2 (Figure 29)
i-0865, i-0866, i-0867, i-0868, i-0869, i-1502, i-1503, i-1504, i-1505, i-1506, i-2710, i-2711, i-2712, i-2713, i-2714
Replace sub-clause 6.9.8.7 by following texts and figures

For the M2M DS-TWR, based on the ranging configuration, multiple initiators will contend or be time-scheduled for the time slots in the ranging initiation phase to send the ranging initiation messages, which convey RRMC IEs. The Ranging Control Information field value in the RRMC IE shall be two, which is indicated by the RRMC(2) IE in Figure 29. 

After the ranging initiation phase, the responder forms the ranging response message, containing the RRMC IE to initialize the second roundtrip measurement. The Ranging Control Information field value shall be three, which is indicated by the RRMC(3) IE in Figure 29. The fields of Reply Time Request and Roundtrip Time Request in the RRMC IE are set to be one.  Ranging response messages can also be transmitted through either time-scheduling or contention determined via ranging configuration. Then, the Initiator forms the final RFRAME, which includes the RMI IE (7.4.4.X2) to report reply time and roundtrip time. 




Figure 29-Message sequence chart for M2M DS-TWR

Figure 29 illustrates the message sequence chart for M2M DS-TWR between M initiators and N responders, where both ranging initiation messages and ranging response messages are scheduled for transmission in a sequential order. At the point labeled (R), Responders have sufficient information to calculate the ranging results. If the fields of Reply Time Request, Round-trip Measurement Request, and TOF Request in the RRMC IE in the ranging initiation message are set to be zero, the Responder will not send back the ranging result or relevant time measurement to the Initiator. 

· Page 38 Line 3 (Figure 30)
i-0470, i-0871, i-0872, i-0873, i-0874, i-0875, i-0876, i-0877, i-0882, i-0883, i-0884, i-0886, i-0887, i-0888, i-1508, i-1509, i-1510, i-1511, i-1512, i-1513, i-1514, i-1519, i-1520, i-1521, i-1523, i-1524, i-1525, 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
Replace Figure 30 on page 38 by the following one: 




Figure 30-Message sequence chart for SP3 one-to-many SS-TWR
Replace the sentence at line 9-10 on page 38:
For example, SRRR(R1|I) indicates that the Responder-1 requests AOA and the roundtrip time at the Initiator side, where the fields of RAOA and RRTM are set to be one in the SRRR IE (7.4.4.55).

Replace line 18-19 on page 38, and line 1-2 on page 39 by the following paragraph:

After the SP3 ranging phase, ERDEVs are scheduled in the measurement report phase to send the requested information. For example, Initiator conveys the AOA and roundtrip time to the Responder-1 via the RMI IE (7.4.4.X2). Responder-1 and Responder-N separately embed the requested reply time in the RMI IE to the Initiators. 

· Page 39 Line 7 (Figure 31)
i-0890, i-0891, i-0892, i-0893, i-0894, i-0895, i-0896, i-0897, i-0898, i-0899, i-0900, i-0901, i-0902, i-0903, i-0904, i-0905, i-0906, i-0907, i-1527, i-1528, i-1529, i-1530, i-1531, i-1532, i-1533, i-1534, i-1535, i-1536, i-1537, i-1538, i-1539, i-1540, i-1541, i-1542, i-1543, i-1544, i-2732, i-2733, i-2734, i-2735, i-2736, i-2737, i-2738, i-2739, i-2740, i-2741, i-2742, i-2743, i-2744, i-2745, i-2746, i-2747, i-2748, i-2749




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

Figure 31 illustrates an example of one-to-many DS-TWR with SP3 ranging, which is similar to Figure 30. The main difference is that there is a second SP3 RFRAME in the ranging phase from the Initiator. At the beginning of the ranging round, the requests are broadcast from the Controller to Controlees. For example, Initiator requests the AOA report from both Responder-1 and Responder-N by setting the RAOA field of the SRRR IE to be one. After the SP3 ranging phase, ERDEVs are scheduled to send their data reports with the requested information via the RMI IEs (7.4.4.X2). For example, the Initiator sends its reply time and round-trip time to Responder-1, while Responder-1 and Responder-N send the AOA report back to the Initiator, respectively. The Controller assumes the role of a Responder in this example. The Controller may alternatively have been the Initiator. 


· Page 53 Line 9 (7.4.4) ~ Page 72 Line 22 (7.4.4.54)
i-0335, i-0342, i-0346, i-0347, i-0348, i-0349, i-0488, i-0491, i-0497, i-0501, i-0502, i-0503, i-0564, i-0964, i-0973, i-0975, i-1062, i-1096, i-1097, i-1110, i-1116, i-1601, i-1610, i-1612, i-1699, i-1733, i-1734, i-1747, i-1978, i-2020, i-2028, i-2165, i-2191, i-2246, i-2453, i-2519, i-2627, i-2638, i-2797
[bookmark: Table_7_16]Delete the sub-clause 7.4.4.32, 7.4.4.33, 7.4.4.34, 7.4.4.35, 7.4.4.36, 7.4.4.37, 7.4.4.46, 7.4.4.47, 7.4.4.48, 7.4.4.49, 7.4.4.50, 7.4.4.53, 7.4.4.54 in Section 7.4.4


Add the row of RRMC IE in Table 7-16 on page 54. Delete following IEs in this Table: 7.4.4.32, 7.4.4.33, 7.4.4.34, 7.4.4.35, 7.4.4.36, 7.4.4.37, 7.4.4.46, 7.4.4.47, 7.4.4.48, 7.4.4.49, 7.4.4.50, 7.4.4.53, 7.4.4.54.
	Sub-ID Value
	Name
	Enhanced Beacon
	Enhanced ACK
	Data
	Multipurpose
	MAC command
	Format sub-clause
	Use description
	Used by
	Created by

	<ANA>
	Ranging Request Measurement and Control IE
	
	X
	X
	
	
	7.4.4.X1
	6.9.7.3, 6.9.7.4, 6.9.7.6, 6.9.7.7, 6.9.8.4, 6.9.8.5, 6.9.8.6, 6.9.8.7
	UL
	UL



Add the following sub-clause in Section 7.4.4

1.1.1.1 Format of Nested IE
1.1.1.2 TSCH Synchronization IE
1.1.1.3 TSCH Slotframe and Link IE
1.1.1.4 TSCH Timeslot IE
1.1.1.5 Hopping timing IE
1.1.1.6 Enhanced Beacon Filter IE
1.1.1.7 MAC Metrics IE
1.1.1.8 All MAC Metrics IE
1.1.1.9 Coexistence Specification IE
1.1.1.10 SUN Device Capabilities IE
1.1.1.11 SUN FSK Generic PHY IE
1.1.1.12 Mode Switch Parameter IE
1.1.1.13 PHY Parameter Change IE
1.1.1.14 O-QPSK PHY Mode IE
1.1.1.15 PCA Allocation IE
1.1.1.16 LECIM DSSS Operating Mode IE
1.1.1.17 LECIM FSK Operating Mode IE
1.1.1.18 TVWS PHY Operating Mode Description IE
1.1.1.19 TVWS Device Capabilities IE
1.1.1.20 TVWS Device Category IE
1.1.1.21 TVWS Device Identification IE
1.1.1.22 TVWS Device Location IE
1.1.1.23 TVWS Channel Information Query IE
1.1.1.24 TVWS Channel Information Source IE
1.1.1.25 CTM IE
1.1.1.26 Timestamp IE
1.1.1.27 Timestamp Difference IE
1.1.1.28 TMCTP Specification IE
1.1.1.29 RCC PHY Operating Mode IE
1.1.1.30 Vendor Specific Nested IE
1.1.1.31 Channel hopping IE


Insert the following new sub-clauses (7.4.4.32 to 7.4.4.66) after 7.4.4.31:

[bookmark: _Ref536537608]7.4.4.X1 Ranging Request Measurement and Control IE
The Ranging Request Measurement and Control IE (RRMC IE) can be used to send ranging requests to different devices, and control ranging procedures. Figure FX illustrates the content field format for the RRMC IE, where its row element is shown in Figure FY.
	Bit: 0
	1
	2
	3
	4
	5-6
	7
	Octets: 0/1
	0/Variable

	Reply Time Request
	Round-trip Measurement Request
	TOF request
	AOA Azimuth Request
	AOA Elevation Request
	Ranging Control Information
	Reserved
	RRMC Table Length
	RRMC Table


[bookmark: _Ref536792781]Figure FX—Ranging Request Measurement and Control IE content field format
	Octets : 0/2/8

	Address


Figure FY—RRMC Table row element format
[bookmark: _Ref536537600]As shown in the Figure FX, the length of the RRMC IE content field determines the presence of the RRMC Table Length and RRMC Table fields: if its length is one octet, the RRMC Table Length and RRCM Table are not present; if the length is more than one octet, the RRMC Table Length and RRCM Table are present. RRMC Table length equals the number of row elements in the RRMC Table, which is the same as the number of devices receiving requests. 
If the RRMC IE is conveyed in a unicast frame, the destination address has been specified by the MHR. Therefore, the RRMC Table Length and RRMC Table fields are not needed. When the RRMC IE is conveyed in a broadcast message, the device sending this IE intends to request all devices receiving it, then RRMC Table Length and RRMC Table fields are not needed either. However, if the requesting device expects responses from a specified set of devices, RRMC Table Length and RRMC Table fields are present to list addresses of those devices. 
Reply Time Request (RTR) field denotes whether the reply time of ERDEV sending response to the message with this RRMC IE is requested: if RTR field value is one, the reply time is requested, otherwise it is not. 
Round-trip Measurement Request (RMR) field indicates whether the round-trip measurement of ERDEV upon receiving the message with this RRMC IE is requested: if RMR field value is one, the round-trip measurement is requested, otherwise it is not. 
TOF Request (TOFR) field denotes whether the ranging result, i.e., time-of-flight, is requested: if TOFR field value is one, the ranging result is requested, otherwise it is not.  For the SS-TWR, the Initiator is able to calculate the TOF after the ranging transmissions as shown in the Figure 22. The Responder can request the TOF by setting the TOFR field to be one in the RRMC IE of the ranging response message. For the DS-TWR, the Responder is able to calculate the TOF after the ranging transmissions as shown in the Figure 24-27. The Initiator can request the TOF by setting the TOFR field to be one in the RRMC IE of the ranging initiation message. 
Fields of AOA Azimuth Request (AAR) and AOA Elevation Request (AER) denote whether azimuth AOA, elevation AOA are requested or not: if the field value is one, the corresponding information is requested, otherwise it is not.  
With the content field format as shown in the Figure FX, if a device requests different sets of information from different destinations, multiple RRMC IEs can be used in a broadcast message, where different RRMC IEs are used to exchange different sets of requests. 
In the Figure FY, the address type, i.e., 2-octet or 8-octet address, can be specified by the DstAddrMode of MCPS-DATA.request. 
The value of the Ranging Control Information field is illustrated in the following Table TX, which is used to indicate the usage of the RFRAME. 
Table TX—Values of the Ranging Control Information field in the RRMC IE
	Control Info value
	Meaning

	0
	This RFRAME is the ranging initiation message for the SS-TWR

	1
	This RFRAME is responding to the ranging initiation message of SS-TWR

	2
	This RFRAME is the ranging initiation message for the DS-TWR.

	3
	This RFRAME transmitted from ranging responder is continuing the DS-TWR, and initiating the second roundtrip measurement.





Add the row of RMI IE in Table 7-16 on page 54
	Sub-ID Value
	Name
	Enhanced Beacon
	Enhanced ACK
	Data
	Multipurpose
	MAC command
	Format sub-clause
	Use description
	Used by
	Created by

	<ANA>
	Ranging Measurement Information IE
	
	
	X
	
	
	7.4.4.X2
	6.9.7.3, 6.9.7.4, 6.9.7.6, 6.9.7.7, 6.9.8.4,  6.9.8.5, 6.9.8.7 6.9.8.8.1, 6.9.8.8.2
	UL
	UL



Add the following sub-clause in Section 7.4.4

7.4.4.X2 Ranging Measurement Information IE
[bookmark: _Ref536537596]The Ranging Measurement Info IE (RMI IE) can be used to send ranging-related measurements to one or more devices. Figure FX illustrates the content field format for the RMI IE, where its row element is shown in the Figure FY. 

	Bits : 0
	1
	2
	3
	4
	5
	6
	7
	Octets: 1
	Variable

	Address Present
	Reply Time Present
	Round-trip Time Present 
	TOF Present
	AOA Azimuth Preset
	AOA Elevation Present
	Deferred Mode
	Reserved
	RMI Table Length
	RMI Table


Figure FX—Ranging Measurement Information IE content field format

	Octets: 0/4
	0/4
	0/4
	0/2
	0/2
	0/2/8

	RX-to-Tx Reply Time
	TX-to-RX Round-trip Time
	TOF
	AOA Azimuth
	AOA Elevation
	Address


Figure FY—RMI Table row element format
The first bit of the control octet, i.e., Address Present field, in the Figure FX is used to indicate whether the Address field is present in each row element of the RMI Table as shown in the Figure FY: if the Address Present field value is one, the Address field of RMI Table row element is present, otherwise it is not. For multi-node ranging, an ERDEV can report measurements via an RMI IE, which lists measurement reports to different destinations in the RMI Table. The Address field of the RMI Table row element is used to distinguish ERDEV that requested certain information. For the unicast ranging, the Address field shall be omitted. 
Bit 1-5 are used to denote whether certain information is present in the row element of the RMI Table: if the field value is one, the corresponding information is presented in each row element of the RMI Table, otherwise it is not. 
Bit 6 of the control octet is used to indicate whether this RMI IE is conveyed in the RFRAME, or in a deferred data message: if its value is zero, this RMI IE is embedded in the RFRAME, otherwise it is conveyed in a deferred data message.  
In the Figure FY, the RX-to-TX Reply Time field is the time difference between the receive time of most recently received RFRAME with the RRMC IE (7.4.4.X1) from a particular source to request reply time, and the transmit time of the response RFRAME. If the Deferred Mode field value is zero, the RMI IE reporting the reply time is embedded in the responding RFRAME. If the Deferred Mode filed value is one, the RMI IE is embedded in a deferred data message, while the conveyed reply time is associated with the most recently transmitted RFRAME before this data message. The TX-to-RX Round-trip Time field is the time difference between the transmit time of the RFRAME initiating a roundtrip measurement and the receive time of the response RFRAME that completes a roundtrip measurement. The TOF field contains the time-of-flight estimate.
The reference for these time values, i.e., reply time, roundtrip time, and TOF, is the RMARKER. They are all unsigned integer time values, whose time units are specified in 6.9.1.1. The general procedures for using the RMI IE are specified in 6.9.8.
The AOA Azimuth field, if present, reports the estimated angle of arrival in the azimuth domain of the received RFRAME with the RRMC IE to request azimuth AOA. The AOA Elevation field, if present, reports the estimated angle of arrival in the elevation domain of the received RFRAME with the RRMC IE to request elevation AOA. These fields to report AOA contain unsigned integers. The unit of AOA Azimuth is  multiplying 360 degree, while the unit of AOA Elevation is  multiplying 180 degree.

If Address field is present in each row element of the RMI Table, the address type, i.e., 2-octet or 8-octet address, shall be specified by the DstAddrMode of MCPS-DATA.request. 
· Page 73,  7.4.4.55,  Line 27
               i-0505, i-1115
          Replace the line 27 by the following sentence.
If Address field is present, i.e., Requestor Address and/or Provider Address, the address type, i.e., 2-octet or 8-octet address, shall be specified the DstAddrMode of MCPS-DATA.request, which initializes the exchange of this SRRR IE. 
Submission                                                                     1                 Samsung
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