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1. Introduction
In RAN#102 meeting, a new SI on solutions for Ambient IoT in NR was approved with the following objectives [1]
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· 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.
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.
· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception


[bookmark: _Hlk155950016][bookmark: _Hlk155949809][bookmark: _Hlk155949964]In this contribution, we discuss the frame structure and timing aspects for A-IoT, which also includes the synchronization, random access, scheduling and timing relationships. In addition, it is noted that in this contribution, the link direction DL and UL is used from A-IoT perspective. More specifically, DL describes the forward link which is the transmission from the Reader to A-IoT device and the UL describes the reverse link which is the transmission from the A-IoT device to Reader.
2. Frame structure for A-IoT 
[bookmark: _Hlk157417871][bookmark: _Hlk157419605]In RFID C1G2 (Class 1 Generation 2) systems, the basic time unit for constructing the transmission and reception, and for determining the duration of various timing relations is defined as Tari (Type A Reference Interval). Tari is also the time interval for a data-0 in Reader-to-Tag signaling and it has a variable length in the range of [6.25~25us]. For the duration of one inventory round, the transmission length for data-0 (i.e., Tari) and for data-1 (1.5Tari≤data-1≤Tari) is fixed and Tag determines the Tari and transmission length of data-1 by detecting the Reader=>Tag (R=>T) Preamble transmitted in front of Query command. The DL transmission from Reader to tag always starts with a R=>T Preamble or Frame-sync, then followed by a command with/without parameters related to the command such as MemBank, WordPtr, Data, etc., and 5-bit or 16-bit CRC is added in the last. The UL transmission from Reader to tag also always starts with a T=>R Preamble, then followed by Response data, and with/without the CRC in the last. In short, the frame structure for RFID C1G2 is constructed based on the time unit called Tari and the frame length can be variable which typically consists of Preamble followed by the DL/UL payload (e.g. DL Command, Command parameters, or UL Response data) with or without CRC, depending on the Command. 
In NR, the basic time unit is one OFDM symbol, or one slot with 14/12 OFDM symbol for normal/extended CP cases, of which the time length can be scalable with the numerologies. Other time references, like 1 subframe with 1ms duration, and 1 frame with 10ms duration, have  fixed time length. One slot in NR can contain all DL, all UL, all flexible or {some DL symbol(s), some UL symbol(s), and some flexible symbol(s)}. One transmission can start at any OFDM symbol within a slot and the transmission length can be various to span as small as one OFDM symbol or as large as multiple slots. Since NR is a synchronized system, every DL/UL transmission does not need to be started with the preamble once UE and the network have established a connection. In short, the frame structure in NR is quite flexible, built up based on the OFDM symbol as the time unit and can also have variable transmission length.
For A-IoT operation, a frame structure is still needed as the time domain building block for constructing A-IoT DL and UL channel/signals as well as for defining DL and UL scheduling and response timing. A unified frame structure design for A-IoT is preferred, which is applicable for all A-IoT device Types (incapable/capable of signal generation), Topology 1 and 2, spectrum deployment (in-band to NR, in guard-band to LTE/NR, in standalone band(s)). To accommodate the A-IoT device with ~1uw power consumption target, the potential waveform for both A-IoT DL/UL transmission is OOK-based [3]. 
For A-IoT DL, it is easy and beneficial for Reader to re-use OFDM-based transmitter for OOK generation so that the transmission can be aligned with OFDM symbol boundary for efficient TDMed multiplexing between A-IoT transmissions and NR signal/channels. The OFDM symbol boundary alignment for A-IoT DL transmission can be transparent to the A-IoT device. However, CP impacts for A-IoT device reception may need to be discussed, for example, whether the A-IoT device is required to discard the CP part when it receives the DL transmission in terms of OFDM symbol, which may also depend on the number of bits carried by OOK within one OFDM symbol. 
For A-IoT UL, at least the backscattered signal is not OFDM-based. Therefore, it is unnecessary to restrict the start of a transmission to be aligned with the OFDM symbol boundary. An OOK symbol/chip length can be defined as the minimum time domain resource unit for A-IoT UL transmission. Similar to DL, it is also desirable to support integer multiple numbers of OOK symbols within a slot for efficient resource usage and enable slot-level TDMed multiplexing between NR and AIoT. The detailed design for an OOK symbol duration also depends on target data rate, waveform/modulation, and tolerance to timing variation (e.g., timing error, or channel variation).      
Observation 1: From Reader (gNB or UE) side, it is beneficial to re-use the NR OFDM symbol or slot at least for A-IoT DL transmissions, which can be transparent to A-IoT device. 
Observation 2: For a A-IoT DL transmission, the starting time can be aligned with the slot/symbol boundary and a single transmission can be confined within one or multiple consecutive slots which is under Reader’s control. However, it is also transparent to A-IoT device.  
Observation 3: For a A-IoT UL transmission, the starting time may or may not be aligned with the slot/symbol boundary given the timing variations at A-IoT device side, while a single transmission can be confined within one or multiple consecutive slots which can be achieved by Reader controlling the CW transmission.      
Proposal 1: From the A-IoT device side, an OOK symbol/chip length can be considered as the basic resource unit for A-IoT DL/UL channel/signals.  
1. 
2. 
3. [bookmark: _Hlk157423243]Synchornization for A-IoT
RFID C1G2 is an asynchronized system, hence periodic synchronization signal is not needed for RFID system. Then in RFID, for DL/UL synchronization, each DL transmission starts with a R=>T Preamble or Frame-sync and each UL transmission starts with a T=>R Preamble to facilitate the receiver synchronization of its clock with the transmitter's clock for the incoming signal. 
NR is a synchronized system, where the DL synchronization signal such as SSB is transmitted periodically to help the UE to know the NR system time, more specifically, to let the UE know the exact timing like frame number, subframe number, slot number, OFDM number, and the corresponding frame/subframe/slot/OFDM symbol boundary. The UL synchronization is achieved by adjusting a UE’s transmission timing by RACH procedure and/or TA command so that the uplink signal from multiple UEs can be aligned with a common time at the network side.   
For A-IoT synchronization, the main discussion point is whether the periodic synchronization signal is needed or not. It is obvious that for passive A-IoT device like device Type 1 with ~1 µW peak power consumption, it cannot keep synchronization with the Reader when the device is not energized. However, for active A-IoT device a.k.a Device C, it may be possible to maintain the synchronization with the Reader by periodically detecting the synchronization signal to achieve the DRX based operation. Although such optimization for Device C is possible, the benefits versus the overhead for the periodic synchronization signal, power consumption and required standard efforts need to be further justified. Considering the target of a harmonized air interface design for different A-IoT devices, and asynchronous design similar as RFID system is anyway required for passive A-IoT device, periodic DL synchronization signal should not be considered for A-IoT operation. 
Proposal 2: For A-IoT synchronization, 
· Periodic Synchronization signal like NR SSB/TRS is not needed for A-IoT operation
· A-IoT device does not need to maintain or know the frame/subframe/slot number/index
· Once A-IoT device is energized/activated, it continuously detects the DL signals transmitted by the Reader. 
· For DL reception, DL preamble is needed for a A-IoT device to synchronize with the reader’s timing                
For UL transmission originated from DO-DTT (Device-originated – device-terminated triggered) and DT (Device-terminated) traffic, the UL transmission timing can use the DL timing as reference, for example, the UL transmission can start at subframe/slot/symbol index n+k, where n is the subframe/slot/symbol index of the end of the DL signal that triggers the UL transmission and k is used to cover the processing time for decoding the DL signal and preparing the UL transmission, and the DL-to-UL transition time. However, due to the poor accuracy of the clock/oscillator for A-IoT device, preamble is still needed just before the start of the UL transmission. Based on the preamble, the Reader can synchronize with the A-IoT device for UL reception, thus timing advance (TA) is not needed. The preamble structure may have different designs for DL and UL transmissions, which is discussed in our companion contribution [4].
Proposal 3: For UL transmission, UL preamble is needed for the reader to synchronize with the A-IoT device’s timing. 
· Timing Advance (TA) is not needed.
Proposal 4: Each DL/UL transmission starting with a DL/UL preamble should be the baseline
· Whether some optimization can be done, e.g. subsequent DL/UL transmission can omit the preamble transmission, depending on how long time the A-IoT device can stay synchronized during successive operations. 
4. Random access 
[bookmark: PP12]Based on the general scope described in the SID [1], the study should first focus on the traffic types of DO-DTT and DT for use case 1 of indoor inventory and use case 4 of indoor command. For the DO-A (Device-originated autonomous) use case, it will be assessed from RAN#104 to identify which parts of the design is/are not sufficient. In the following, we provide our views on how the A-IoT device communicates with the Reader (BS or UE) for DO-DTT and DT use cases. 
The “random access” for DO-DTT and/or DT use cases, should be firstly initiated by Reader’s triggering/command, which is similar to NR paging triggered random access. The A-IoT random access is to achieve at least the following functions:
· Identify a A-IoT device, including the selection of one or a group of or all A-IoT devices within the Reader’s coverage to participate in a given inventory  
· Request at least a identified A-IoT device to execute the command like Reading, Writing, Deactivation etc.   
In case the Reader has not identified a A-IoT device, the random access triggered by Reader is a kind of contention-based access. While in case the Reader has already identified a A-IoT device and would like to communicate with an identified A-IoT device, Reader should be be able to select and access the target A-IoT device. Unified solution for the case the Reader has not identify the A-IoT device and the case the Reader has already identified a A-IoT device is preferred, which is similar as contention-based and contention-free triggered/random access. In the following, we provide our views on the contention-based and contention-free triggered access.     
[bookmark: _Hlk159246251]For contention-based triggered access (Figure 1 gives an example):
Step 0):  DL triggering. A Reader sends DL signal to trigger the A-IoT device(s) to perform access. The DL signal can include the following:  
· Select command that enables the Reader to select a desired subset of A-IoT devices to perform the access.   
· Query/Inventory command that starts an access round. The command can indicate a Q value that determines a total number of ‘slots’ to control the collision for the access round
· Scheduling information that indicates the corresponding UL transmission parameters such as time/frequency resource, modulation schemes, coding rate and/or paylaod size, etc. Considering the A-IoT device capable of UL amplification, power control-related parameters can also be indicated by the scheduling information.  
To filter the desired A-IoT devices, the select command may include lots of bits. Therefore, the above Select Command, Query Command and Scheduling information can be included in one or more than one packet, depending on the maximum payload size for one DL packet. 
Since there is no periodic SIB-like information for A-IoT devices, the resource and transmission parameters for each UL transmission are dynamically indicated/scheduled by the Reader for A-IoT device to perform contention-based access. This is different from NR contention based random access in which the resources and transmission parameters for random access, i.e., PRACH are preconfigured by system information. 
Step 1):  A-IoT message 1 transmission. Each A-IoT device joining this access round randomly selects one slot number j among N=fun.(Q) slots. Similarly, the function can be exponential of 2 as used in RFID C1G2.
· If j=0, the A-IoT device performs UL transmission based on the scheduling information indicated by the Reader, including at least a (Random Number) RN16. 
· If j≠0, the A-IoT device transmits nothing and waits for the next DL signal indicating the end of the previous slot and the start of the next slot, until the slot index equals to j.
Above slot is a logical time concept, it is not the same as the physical time concept, due to the asynchronous A-IoT operation as discussed in section 3. Therefore, a similar DL signal as “QueryRep command” in RFID C1G2 is needed for each participating A-IoT device to know the end/start of each slot.     
Step 2):  Reader Access Response (message 2). Reader sends ACK with the same RN16 to acknowledge the successful reception and scheduling information for next UL transmission.
In response to RN16 transmission, a A-IoT tries to detect the response from Reader. The detection outcome determines A-IoT’s behaviour as discussed in Step 3. 
Step 3):  A-IoT message 3 transmission. 
· If the A-IoT device correctly receives the ACK with the same RN16 that A-IoT device sent in step 1, A-IoT device sends its identity to Reader; 
· Otherwise (No ACK is received for a time duration or a different RN16 is received), A-IoT device transmits nothing and waits for the next DL signal.  
Step 4):  [bookmark: _Hlk157506489][bookmark: _Hlk157509350]Reader message 4 to acknowledgement the reception of A-IoT device indentity. Reader sends DL signal including at least the same RN16, implying a A-IoT device is successfully identified. The DL signal can also include other information for the subsequent operation.
After A-IoT message 3 transmission, the A-IoT device attempts to detect the Reader’s message 4. 
· If the A-IoT device correctly decodes the Reader’s message 4 that includes the same RN16, the A-IoT device considers the inventory access successful and may transmit UL signals requested by the Reader. 
· Otherwise (No Reader message 4 is received for a time duration or a different RN16 is received), the A-IoT device transmits nothing and waits for the next DL signal.  
Note that in RFID C1G2, multiple states like Ready, Arbitrate, Reply, Acknowledge, Open, Secured and Killed are defined for a Tag. Depending on a Tag’s current state and the received command from the reader, Tag’s behavior and next state are determined.  
[image: ]
Figure 1: Illustration for A-IoT contention-based access
As discussed in our companion contributions [2]-[3], it is beneficial to support multiple access for UL transmissions e.g., in FDMed or TDMed manner to respond to one DL signal for efficient resource usage. If multiple access for UL transmissions is feasible, then the random access efficiency from latency, resource usage and collision perspective can be well improved. 
Proposal 5: For contention-based triggered access for A-IoT operation, slot-ALOHA based access similar as RFID C1G2 can be the study baseline. 

For contention-free triggered access (Figure2 gives an example):
In case the Reader has already identified the A-IoT device, then the contention-free access can be simplified as following:
Step 0):  DL triggering. A Reader sends DL signal to trigger an identified A-IoT device to perform access, including the identity for the A-IoT device and scheduling information for the next UL transmission.  
· The DL signal can also include other information for the subsequent operation.

Step 1):  A-IoT UL transmission. If the A-IoT device correctly decodes the DL triggering signal and find the matched identity, it sends UL transmission based on the Reader’s request. 
[image: ]
Figure 2: Illustration for A-IoT contention-free access

Proposal 6: In case the target A-IoT device is already identified by the Reader, the access procedure can be simplified, including the step of DL selecting for an identified A-IoT device and the step of A-IoT UL transmission. 
[bookmark: _Hlk157520227]From the physical layer perspective, the L1 random access procedure for A-IoT operation includes the DL signal to trigger the random access, the transmission of a random number (RN16), the Response to the RN16, and when applicable, e.g. for contention-based access, the transmission of A-IoT device identity and the Response for contention resolution. Since the random access topic involves both RAN1 and RAN2, early work split is better for efficient study. In our view, RAN1 can prioritize the study on channel structure for random access including the possibility of enabling multiple access to improve the access efficiency and A-IoT device behaviour for each step after receiving the DL signal including the DL signal contents, container, etc. similar as NR random access specified in TS 38.213. RAN2 can prioritize the random access functions and procedures, including the potential A-IoT state transitions during the access procedure, similar as NR random access specified in TS 38.321.   
Proposal 7: Random/triggered access for A-IoT operation involves both RAN1 and RAN2, early work split is better for efficient study.  
Proposal 8 RAN1 can prioritize studying the following for A-IoT random/triggered access:
· Channel/signal structure, transmission parameters (e.g. resource allocation, payload size, power control for device with amplifier), timing relations etc. for the DL/UL channel/signal transmitted during the random access
· A-IoT device behaviour after receiving the DL channel/signal, including the DL channel/signal contents, formats etc. 
The timing relations for the above random access e.g. the timing between the DL and UL transmissions and the subsequent DL/UL transmissions are discussed in section 5.   
5. [bookmark: PP6]Scheduling and timing relationships
For scheduling, in RFID C1G2 standard, it is the reader's responsibility to determine the DL and UL transmission parameters and send the scheduling information to Tag by using the preamble and payload when initiating an inventory round. More specifically, 
· for Tag DL transmission, the modulation can be DSB-ASK, SSB-ASK, or PR-ASK, and the Tag is able to demodulate all three modulation schemes; the coding format is fixed as PIE (Pulse-interval encoding); the transmission length for data ‘0’ and data ‘1’ is determined by measuring the length of RTcal in the preamble.      
· for Tag UL transmission, the modulation can be ASK or PSK which can be determined by the Tag, and Reader should demodulate both modulation schemes; the coding format can be FM0 with M=1 or Miller-modulated subcarrier with M=2,4,8; Tag’s backscatter link frequency is also determined and indicated by the Reader by TRcal in the preamble and divide ratio (DR) and modulation scheme M indicated in the payload of a Query command that initiates an inventory round. 
Note that during an inventory round, the Preamble in the Query command sets the UL transmission parameters for the remainder of the inventory session, which means the transmission parameters do not change for the entire inventory round.
In NR, the scheduling can be classified as dynamic grant based which requires dynamic signaling, i.e., DCI to schedule each DL/UL transmission and configured grant based, for which the transmission is periodic and configured by semi-static signaling, implying that the transmission parameters like resource, payload size, power cannot be dynamically changed. For A-IoT operation, since it is an asynchronized system, periodic transmission cannot be possible, scheduling based transmission and reception should be the baseline. In addition, to improve the transmission efficiency and better co-exist with NR signals/channels, a dynamic indication of the DL/UL transmission parameters for A-IoT should be considered.       
Proposal 9: For A-IoT operation, DL and UL transmission should be scheduled based on dynamic signaling.
· [bookmark: _Hlk158296406]The dynamic signaling includes the scheduling information that can indicate at least the time/frequency domain resource and information related to payload size e.g. modulation and coding schemes for the DL/UL transmission if more than one modulation and coding schemes are applicable for A-IoT device. 
Proposal 10: Deprioritize studying on duty cycle/DRX based DL receptions and UL transmissions for A-IoT devices. 

Regarding the scheduling timing relations, RFID C1G2 standard defines multiple link timings and corresponding timing requirements between RFID tags and readers, as shown in Table 1 below.
Table 1: Link timing parameters (Table 6-16 in RFID C1G2 Standard)
	Para.
	Minimum
	Nominal
	Maximum 
	Description

	T1
	MAX(RTcal,10Tpri) × (1 – |FrT|) – 2μs 
	MAX(RTcal,10Tpri) 
	MAX(RTcal,10Tpri) × (1 + |FrT|) + 2μs 
	Immediate reply time from Interrogator transmission to Tag reply. Specifically, the time from the last rising edge of the last bit of the Interrogator transmission to the first rising edge of the Tag reply for an immediate Tag reply, measured at the Tag’s antenna terminals.

	T2
	3.0Tpri
	
	20.0Tpri
	Interrogator reply time if a Tag is to demodulate the Interrogator signal, measured from the end of the last (dummy) bit of the Tag reply to the first falling edge of the Interrogator transmission

	T3
	0.0Tpri 
	
	
	Time an Interrogator waits, after T1, before it issues another command 

	T4
	2.0 RTcal 
	
	20ms 
	Minimum time between Interrogator commands 

	T5
	MAX(RTcal,10Tpri) × (1 – |FrT|) – 2μs 
	
	20ms
	Delayed reply time from Interrogator transmission to Tag reply. Specifically, the time from the last rising edge of the last bit of the Interrogator transmission to the first rising edge of the Tag reply for a delayed Tag reply, measured at the Tag’s antenna terminals. 

	T6
	MAX(RTcal,10Tpri) × (1 – |FrT|) – 2μs 
	
	20ms
	In-process reply time from Interrogator transmission to the first Tag reply. Specifically, the time from the last rising edge of the last bit of the Interrogator transmission to the first rising edge of the first Tag reply indicating that the Tag is either (a) still working, or (b) is done, measured at the Tag’s antenna terminals 

	T7
	MAX(250μs, T2(max)) 

	
	20ms
	In-process reply time between Tag replies. Specifically, the time from the end of the last (dummy) bit of the Tag’s prior transmission indicating that the Tag is still working to the first rising edge of the current Tag reply indicating that the Tag is either (a) still working, or (b) is done, measured at the Tag’s antenna terminals 

	· Tpri denotes either the commanded period of an FM0 symbol or the commanded period of a single subcarrier cycle 
· FrT is the frequency tolerance



As seen from Table 1, for RFID C1G2, multiple timing intervals between the two transmissions (DL and UL, DL and DL, UL and UL) are defined semi-statically to cover the Transmit-to-Receive/Receive-to-Transmit Turn-Around Time for the Tag and Reader. In addition, the semi-static time intervals are defined as a range, as long as the time interval between the two transmissions is confined within the range, the timing requirements are satisfied by the Tag and Reader. The exact start time for DL or UL transmission should be determined by the DL or UL preamble transmitted. 
The scheduling and timing relations in NR are quite flexible, as known as K0, K1, K2 which is defined as the exact transmission time since NR is a synchronized system. Besides, NR supports both self-slot and cross-slot scheduling, and support both semi-static and dynamic indication of the timing intervals between the two transmissions. In the following, we provide our views on which kind of timings are needed for A-IoT operation.       
As there is no HARQ, and no ARQ for A-IoT operation based on SID, then from a physical layer perspective, there is no need to define the timing between the DL data reception and UL control carrying HARQ-ACK or vice versa as defined in the NR system. The timings listed below can be considered for A-IoT operation.   
· [bookmark: _Hlk157528316]IoT Response time T1: The time interval(s) between the end of the DL transmission from the Reader and the start of the UL transmission from A-IoT device. 
· Multiple T1 values can be considered to accommodate the different DL/UL packet size and/or DL/UL traffic types. For example, for UL transmission triggered by DO-DTT type, the DL transmission is PDCCH-like transmission with a small number of bits and the UL transmission is more like PUSCH carrying UL-SCH. While, for UL transmission triggered by DT type, the DL transmission is PDSCH-like transmission with a large number of bits and the UL transmission is more like PUSCH carrying acknowledgment information. Due to different packet sizes for DL and UL transmission, the processing time for decoding DL and preparing UL can also be different, which requires multiple T1 values. 
· Reader Response time T2: The time interval(s) between the end of the UL transmission from the A-IoT device and the start of the DL transmission from the Reader. 
· For A-IoT operation, it may be beneficial to define some Reader Response time T2 for A-IoT device to decide the next action in case the A-IoT has not received any reply from Reader when the upper bound of T2 reaches. This is similar as T2 define in RFID C1G2 (see above Table 1) that when T2 expires, if tag does not receive a valid command, the Tag shall transition to the arbitrate state.  
· Reader scheduling time T0: The time interval(s) between the end of the DL transmission containing the scheduling information e.g. PDCCH-alike channel and the start of the DL transmission carrying the DL data e.g., PDSCH-alike channel scheduled by previous PDCCH-alike channel.  
· For A-IoT operation, T0 should be predefined as 0, that is no time separation between the DL scheduling information and the scheduled DL transmission. 
In addition to the above timings, the following timings can be further studied for A-IoT operation.    
· Time interval between the two consecutive DL transmissions, which is similar as T4 defined in RFID C1G2 
· Time interval between the two consecutive UL transmissions, which is similar as T7 defined in RFID C1G2 
Proposal 11: At least following timing is needed for A-IoT operation 
· IoT Response time T1: The time interval(s) between the end of the DL transmission from the Reader and the start of the UL transmission from A-IoT device.
· Multiple T1 values can be considered to accommodate to the different packet size and/or type for the DL transmission.  
Proposal 12: FFS following timings for A-IoT operation:
· Reader Response time T2: The time interval(s) between the end of the UL transmission from the A-IoT device and the start of the DL transmission from the Reader. 
· Time interval between the two consecutive DL transmissions (similar as T4 defined in RFID C1G2) 
· Time interval between the two consecutive UL transmissions (similar as T7 defined in RFID C1G2) 
Proposal 13: For A-IoT DL transmission, there is no time separation between the scheduling information and the scheduled DL data.
Proposal 14: For A-IoT operation, the time interval(s) T between the two consecutive transmissions can be indicated semi-statically and/or dynamically, but needs to meet the timing requirements, e.g. T-Tmin≤ T ≤ T+Tmax. 
6. Conclusion
In this contribution, we provide our views on frame structure and timing aspects for A-IoT. The observations and proposals are summarized as follows.
Observations
Observation 1: From Reader (gNB or UE) side, it is beneficial to re-use the NR OFDM symbol or slot at least for A-IoT DL transmissions, which can be transparent to A-IoT device. 
Observation 2: For a A-IoT DL transmission, the starting time can be aligned with the slot/symbol boundary and a single transmission can be confined within one or multiple consecutive slots which is under Reader’s control. However, it is also transparent to A-IoT device.  
Observation 3: For a A-IoT UL transmission, the starting time may or may not be aligned with the slot/symbol boundary given the timing variations at A-IoT device side, while a single transmission can be confined within one or multiple consecutive slots which can be achieved by Reader controlling the CW transmission.      

Proposals
Proposal 1: From the A-IoT device side, an OOK symbol/chip length can be considered as the basic resource unit for A-IoT DL/UL channel/signals.
Proposal 2: For A-IoT synchronization, 
· Periodic Synchronization signal like NR SSB/TRS is not needed for A-IoT operation
· A-IoT device does not need to maintain or know the frame/subframe/slot number/index
· Once A-IoT device is energized/activated, it continuously detects the DL signals transmitted by the Reader. 
· For DL reception, DL preamble is needed for a A-IoT device to synchronize with the reader’s timing  

Proposal 3: For UL transmission, UL preamble is needed for the reader to synchronize with the A-IoT device’s timing. 
· Timing Advance (TA) is not needed.
Proposal 4: Each DL/UL transmission starting with a DL/UL preamble should be the baseline
· Whether some optimization can be done, e.g. subsequent DL/UL transmission can omit the preamble transmission, depending on how long time the A-IoT device can stay synchronized during successive operations. 

Proposal 5: For contention-based triggered access for A-IoT operation, slot-ALOHA based access similar as RFID C1G2 can be the study baseline.
Proposal 6: In case the target A-IoT device is already identified by the Reader, the access procedure can be simplified, including the step of DL selecting for an identified A-IoT device and the step of A-IoT UL transmission. 
Proposal 7: Random/triggered access for A-IoT operation involves both RAN1 and RAN2, early work split is better for efficient study.  
Proposal 8 RAN1 can prioritize studying the following for A-IoT random/triggered access:
· Channel/signal structure, transmission parameters (e.g. resource allocation, payload size, power control for device with amplifier), timing relations etc. for the DL/UL channel/signal transmitted during the random access
· A-IoT device behaviour after receiving the DL channel/signal, including the DL channel/signal contents, formats etc. 

Proposal 9: For A-IoT operation, DL and UL transmission should be scheduled based on dynamic signaling.
· The dynamic signaling includes the scheduling information that can indicate at least the time/frequency domain resource and information related to payload size e.g. modulation and coding schemes for the DL/UL transmission if more than one modulation and coding schemes are applicable for A-IoT device. 
Proposal 10: Deprioritize studying on duty cycle/DRX based DL receptions and UL transmissions for A-IoT devices. 

Proposal 11: At least following timing is needed for A-IoT operation 
· IoT Response time T1: The time interval(s) between the end of the DL transmission from the Reader and the start of the UL transmission from A-IoT device.
· Multiple T1 values can be considered to accommodate to the different packet size and/or type for the DL transmission.  
Proposal 12: FFS following timings for A-IoT operation:
· Reader Response time T2: The time interval(s) between the end of the UL transmission from the A-IoT device and the start of the DL transmission from the Reader. 
· Time interval between the two consecutive DL transmissions (similar as T4 defined in RFID C1G2) 
· Time interval between the two consecutive UL transmissions (similar as T7 defined in RFID C1G2) 
Proposal 13: For A-IoT DL transmission, there is no time separation between the scheduling information and the scheduled DL data.
Proposal 14: For A-IoT operation, the time interval(s) T between the two consecutive transmissions can be indicated semi-statically and/or dynamically, but needs to meet the timing requirements, e.g. T-Tmin≤ T ≤ T+Tmax. 
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