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Multiple RSF Transmission in a slot
[bookmark: _Toc124820492]Introduction
As one of the PAR objectives provided by TG4ab, next generation UWB should improve link budget and/or reduced air-time. In this document we address the way to reduce air-time by allowing multiple transmitters to transmit ranging sequence fragments (RSFs) simultaneously.

There are two main sections: One focuses on MAC aspects of various features that rely on multiple RSF transmission in a slot, and the other one develops the message formats required to support the features introduced in the MAC section.

[bookmark: _Toc124820493]Basic Operation
In order to support delay sensitive applications among the co-located devices at the same time, efficient use and scheduling of resources (i.e., slots) are required. The purpose of multiple RSF transmission in a slot is to increase slot efficiency by allowing multiple RSF transmission in a slot between devices. Support of multiple RSF transmission in a slot is optional.
As presented in Figure 1, Multiple RSF transmission can be applied to devices in a ranging area network (RAN). For example, as shown in Figure 1, responders in a RAN can transmit RSFs simultaneously as scheduled by an initiator. In order to provide performance, it is recommended to have a channel condition between an initiator and responders good enough to keep the received signal strength levels within the cross-correlation performance. 
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[bookmark: _Ref126239931][bookmark: _Ref126240469]Figure 1 Multiple RSF Transmission in a RAN
Procedure of multiple RSF transmission in a slot is divided into 3 phases, which are control, ranging phase, and measurement report phase. In control phase, RSF transmission is scheduled to have the RSF transmission timing of each responder. In the ranging phase, an initiator sends (SYNC + SFD) packet of UWB or poll message of NB to trigger RSF transmission. After that, multiple RSF transmissions occur among the responders in the slot. The measurement report phase delivers ranging results to the responders. Initiator may send Ranging report message to responders to conduct this phase. Control and measurement report phase of multiple RSF transmission can be omitted if unnecessary.

[bookmark: _Toc124820494]Multiple RSF transmission without NB assist
The operation of multiple RSF transmission in a slot without NB assist is presented in Figure 2. Control phase is conducted by transmitting a control message in UWB channel. This control message shall include the scheduling IE. In ranging phase, (SYNC + SFD) only packet is transmitted to trigger multiple RSF transmission. After RSF transmission occurs, measurement report phase is proceeded by sending ranging report messages in UWB channel from initiator to responders, if necessary. If there is no change in scheduling, the control phase of RSF transmission (i.e., control message in UWB channel) can be omitted.



[bookmark: _Ref126239906]Figure 2 Multiple RSF transmission in a slot without NB assist

[bookmark: _Toc124820495]Multiple RSF transmission in a slot with NB assist
The operation of multiple RSF transmission in a slot with NB assist is shown in Figure 3. The control phase is conducted by sending a poll (one-to-many) message in NB channel. After control phase, poll (one-to-many) message is transmitted to trigger RSF transmissions. After the RSF transmission occurs, measurement report phase is proceeded by sending ranging report messages in NB channel from initiator to responders, if necessary. If there is no change in scheduling, the control phase of RSF transmission (i.e., control message in NB channel) can be omitted.



[bookmark: _Ref126239919]Figure 3 Multiple RSF transmission in a slot with NB assist
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These information are included in [1] (Already approved).
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	Message Name
	Octet 0 (Msg ID)
	Octets 1-N [Len]
	Description

	Initialization
	POLL (one-to-many)
	0x10
	[RPA_hash[3], RPA_prand[3],
MessageControl[1],
MessageContent[],
CRC16]
	MessageControl=0x80:
MessageContent={
Number of Responders[1],
Request Bitmap[1],
Presence Bitmap[1],
List of {Responder Address[3],
If Bit 0 of Presence Bitmap == 1 then {NbaChannelMap[6]},
If Bit 1 of Presence Bitmap == 1 then {NB PHY Config[1]},
If Bit 2 of Presence Bitmap == 1 then {NB MAC Config[7]},
If Bit 3 of Presence Bitmap == 1 then {UWB PHY Config[3]},
If Bit 4 of Presence Bitmap == 1 then {UWB MAC Config[2]},
If Bit 5 of Presence Bitmap == 1 then {StartSlotIndex[2], EndSlotIndex[2]}
}}


Ranging Report
These information are included in 1.6.3.1 of [2] (Already approved).
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