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Introduction
[bookmark: _Ref494215420]In RAN#102, a new SID for Ambient IoT (Internet of Things) was approved [1], and the objectives include frame structure and timing aspects, including synchronization and timing, random access, scheduling and timing relationships.
	· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.



In this contribution, we present our opinions on frame structure and timing aspects.
Discussion
Frame structure
Based on our analysis in contribution of 9.4.2.3 [2], a possible frame structure is shown as Figure 1, five parts of information may be included in the frame. Specifically, control channel and data channel should be introduced for both A-DL and A-UL and control channel can accompany data channel.


Figure 1. A possible frame structure of A-IoT
The detail information of the five part is shown in Table 1:
Table 1: The detail information of frame structure
	Part
	Signal/channel
	Motivation
	Note

	Part 1
	DL Delimiter
	· used to activate the device and indicate the beginning of a frame
	May be absence

	Part 2
	Preamble
	· a frame synchronization signal for data reception similar as RFID
	

	Part 3+Part 4
	Control channel and data channel
	· Data scheduling
	

	Part 5
	EOF
	· indicate the end of a frame
	May be absence



Proposal 1: To design the A-DL or A-UL frame structure, the following full or partial five sequential parts in order should be a baseline structure: {DL Delimiter, Preamble, Control channel, Data channel, EOF}. 
Synchronization and timing
The asynchronous design in RFID systems can be a reference for A-IoT. In RFID, taking PIE coding as an example, absolute synchronization is not required. Before DL data transmitted, reader sends a frame synchronization signal, and device decoding the subsequent data reception based on the duration of data "0" and data "1" through the frame-synchronization signal. The specific structure of the preamble and frame synchronization signal is shown in Figure 2. When the reader performs inventory procedure, preamble is used before the Query command. All other R=>T commands start with a frame synchronization signal, where Tari is the reference time interval in PIE coding, as well as the duration of data "0". Two key parameters are specified in the preamble and frame synchronization signal: RTcal and TRcal, for symbol duration calibration of R=>T and T=>R, respectively. Therefore, data frame synchronization procedure does not require an absolute timing synchronization, nor does it need to consider the impact of frequency offset.
[image: ]
Figure 2. preamble and frame-sync in RFID
Observation 1: For RFID system, Reader sends a frame synchronization signal for tag reception, which does not require an absolute timing synchronization, and no need to consider the impact of frequency offset. 
In 5G NR, synchronization refers to the timing aligned between network and UEs, which is a prerequisite for UE to access the network. Specifically, UE needs to know at which symbol/time slot/frame to transmit data, in order to confirm the starting point of downlink and uplink transmission and receive data correctly. In the NR system, UE search synchronization signal like PSS/SSS to keep DL synchronization, and UE sent preamble during random access procedure for its UL synchronization, and TA is applied to align uplink transmissions from different UEs. Absolute synchronization procedure is based on the accurate clock frequency of both basestation and UE. The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B [3].
As for the A-IoT system, according to the SID, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. SFO refers to the frequency offset caused by the inaccuracy or instability of the sampling clock. SFO may cause misaligned between the sampling time of the receiver and the symbol boundary of the transmitter, resulting in timing offset in the received signal. The asynchronous clock of the receiver and transmitter may affect the demodulation and processing of the signal. For A-IoT devices, taking X=5 as an example, the timing error accumulates every 10ms for 1ms (10% × 10ms=1ms), which is as large as one slot in NR. If synchronization was kept between basestation and device, the synchronization signals need to be sent more frequently, and device has been in a state of receiving synchronization signals, posing new challenges to the energy consumption of the device.
Observation 2：Large frequency offset in A-IoT device will make it difficult to achieve accurate time-domain synchronization between basestation/intermediate node and A-IoT device.
Proposal 2: Similar with RFID, asynchronous procedure should be adopted to design A-IoT system. 
Random access
In 5G NR, UE selects one or more SSBs based on the SSB-RSRP threshold and choose one for Random access procedure. The random access resources included RO and preamble. Multiple PRACH preamble formats are defined with one or more PRACH OFDM symbols, and different CP and guard time. After obtaining configuration of the random access resource, UE sends a preamble based on the mapping rule between SSB-to-RO. However, for A-IoT devices, according to the analysis in 2.1, the frequency offset of A-IoT devices is large, and asynchronous procedure cannot be achieved. Therefore, the time-domain resource of RO may not be configured similar as NR through system information. 
Observation 3: RO is not needed in A-IoT Random access procedure.
In addition, according to the SID[1], further research is needed on DO-A (Device-originated autonomous) use cases. Therefore, basestation triggered random access procedure, i.e., DO-DTT and DT use case, should be discuss first. One possible procedure for the two case is shown in Figure 3. The key point of DT is on downlink data transmission, which requires the handshake procedure between basestation and device before data transmission, similar to the inventory command in RFID. However, the key point of DO-DTT is on uplink data transmission based on the trigger command by basestation.
	E.	Traffic types DO-DTT (Device-originated – device-terminated triggered), DT (Device-terminated), with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
•From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.




Figure 3. A possible random access procedure for (a) DO-DTT and (b) DT
Proposal 3: BS triggered random access procedure, i.e., DO-DTT and DT use case, should be discussed first in A-IoT.
The inventory procedure in RFID can be a starting point for studying the random access procedure in A-IoT. A possible random access procedure for DO-DTT is as follows. Random access procedure is used to obtain the device related information (e.g., EPC/PC), so step1 and step2 may be not necessary.
· Step0: basestation sends trigger command to initiate the random access procedure.
· (Step1): preamble. During the RFID inventory, after reader sends a query command, tag needs to provide feedback like RN16, a 16-bit random or pseudo-random sequences. The design of preamble can refer to RFID, and further study is needed on the preamble sequence to reduce the collision probability.
· (Step2): basestation sends a response and carries the preamble from the device.
· Step3: A-IoT device sends a unique identifier to basestation for subsequent scheduling.
· Step4: basestation receives this unique identifier and transmit an acknowledgement message containing the unique identifier (contention resolution), handshake successful.
Proposal 4: The RFID inventory procedure can be a starting point for studying the random access procedure in A-IoT.
Scheduling and timing relationships
Scheduling includes A-DL transmission and A-DL transmission, considering the latency of reception and transmission preparation for basestation/intermediate nodes and A-IoT devices, the following three scheduling timing need to be further discussed:
· TA-DL – A-DL: the time interval between the end of A-DL and the start of the subsequent A-DL transmission
· TA-DL – A-UL: the time interval between the end of A-DL and the start of the subsequent A-UL transmission
· TA-UL – A-DL: the time interval between the end of A-UL and the start of the subsequent A-DL transmission


Figure 4. A possible scheduling and timing relationships
Taking the three timing relationships shown on Figure 4 as an example, firstly, basestation selects partial of devices to activate, and then transmits the trigger command. After receiving the command, A-IoT device sends a unique identifier to basestation for subsequent scheduling. Then, basestation transmit an acknowledgement message containing the unique identifier (contention resolution). 
For TA-DL – A-DL, it should be a minimum interval between two A-DL signals. It is necessary to leave a certain receiving time for the device. TA-DL – A-DL should be take the worst device processing time that the basestation can tolerate as a reference. If it is less than this value, the device may not receive the subsequent A-DL scheduling information from basestation.
For TA-DL – A-UL, it should be a maximum interval between A-DL transmission and subsequent A-UL transmission. It is necessary to leave a certain reception and transmission preparation time for the device. TA-DL – A-UL also take the worst device processing time that the basestation can tolerate as a reference. Device needs to respond the A-DL transmission from the basestation within TA-DL – A-UL. If it exceeds this value, the basestation may assume that device did not receive A-DL transmission successfully, or the A-UL transmission failed. basestation may transmit A-DL data again or do other processing.
For TA-DL – A-DL, it should be a minimum interval between A-UL transmission and subsequent A-DL transmission. Similar as TA-DL – A-DL, it is necessary to leave a certain preparation time for the device. If it is less than this value, the device may not receive the subsequent A-DL scheduling information from basestation.
Proposal 5: The following three scheduling timing relationships can be considered for A-IoT:
· TA-DL – A-DL: the minimum time interval between the end of A-DL and the start of the subsequent A-DL transmission
· TA-DL – A-UL: the maximum time interval between the end of A-DL and the start of the subsequent A-UL transmission
· TA-UL – A-DL: the minimum time interval between the end of A-UL and the start of the subsequent A-DL transmission
Conclusion
In this contribution, we discuss on enabling transmission/reception in gaps/restrictions for XR during RRM measurements. The following proposals and observations are achieved:
Proposal 1: To design the A-DL or A-UL frame structure, the following full or partial five sequential parts in order should be a baseline structure: {DL Delimiter, Preamble, Control channel, Data channel, EOF}. 
Proposal 2: Similar with RFID, asynchronous procedure should be adopted to design A-IoT system. 
Proposal 3: BS triggered random access procedure, i.e., DO-DTT and DT use case, should be discussed first in A-IoT.
Proposal 4: The RFID inventory procedure can be a starting point for studying the random access procedure in A-IoT.
Proposal 5: The following three scheduling timing relationships can be considered for A-IoT:
· TA-DL – A-DL: the minimum time interval between the end of A-DL and the start of the subsequent A-DL transmission
· TA-DL – A-UL: the maximum time interval between the end of A-DL and the start of the subsequent A-UL transmission
· TA-UL – A-DL: the minimum time interval between the end of A-UL and the start of the subsequent A-DL transmission

Observation 1: For RFID system, Reader sends a frame synchronization signal for tag reception, which does not require an absolute timing synchronization, and no need to consider the impact of frequency offset. 
Observation 2：Large frequency offset in A-IoT device will make it difficult to achieve accurate time-domain synchronization between basestation/intermediate node and A-IoT device.
Observation 3: RO is not needed in A-IoT Random access procedure.
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