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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102 meeting [1], a new study item “New SID: Study on solutions for Ambient IoT (Internet of Things) in NR” was approved. In RAN#103 meeting, a revised SID was approved [2]. According to the objective in the SID, potential solutions for Ambient IoT would be studied and RAN1 related scope in the SID was provided as following.
	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, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (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.
… 



In this contribution, we will discuss and analysis synchronization and timing, random access, scheduling and timing relationships for Ambient IoT.
Discussion
Random access
In RAN2#125bis meeting, the following agreements on random access procedures were achieved [3]. random access procedures will be discussed in RAN2. In this section, we will further discuss random access from RAN1 perspective.
Agreement
1 RAN2 confirms slotted-ALOHA is the baseline for Ambient IoT random access 
2 We will study the support for access triggering for a single device, group of devices, or all devices.    RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions. 
3 Random Access is triggered by the reader 
4 Reader provides the information that the device needs to respond to the random access trigger.  FFS what those parameters are
5 Study the solution and benefits of both 2-step like random access procedure and 4-step like random access procedure.  FFS the details on each procedure and how we call it.  
6 Handling of contention resolution failure and access failure at the device will be studied in RAN2, including failure detection and re-access.  FFS details
7 For the very first access message from the device to reader in random access an ID is included.  RAN2 to discuss whether a temporary identifier is included, or the permanent device ID is included (considering other WGs input as well).   
[bookmark: _Hlk166240938]According to the RAN1 and RAN2 agreements, A-IoT random access is triggered by the reader. Furthermore, contention based and contention-free based access procedure will be studied. For contention based access procedure, multiple devices would be triggered simultaneously. For contention-free based access procedure, one or multiple devices can also be triggered. Based on RAN2’s agreement, it will be studied that the access triggering from the reader applies for a single device, group of devices and all devices, hence, both PRDCH providing dedicated information (i.e., unicast PRDCH) and PRDCH providing common information (i.e., broadcast PRDCH) should be supported.
Proposal 1: Support both unicast PRDCH and broadcast PRDCH to trigger single device, group of devices and all devices.
For contention based random access, according to the procedures in RFID, the reader selects or schedules a group of devices or all devices, generates a Q value, and sends Select/Query to the devices. Upon receiving the Select/Query, devices respectively generate a value between 0 and  randomly. A device will response with a ramson access number (i.e., RN16) if the value of the device is 0, otherwise, not response. Each device shall decrement its own value after each round of access. After the random access is successful, the device sends its own information, such as device ID, to the reader.
Based on the procedures as similar in RFID, the devices would be accessed one by one, i.e., at most one device can complete the random access procedure in each round of access. For the other devices not completing the procedure, they will perform the procedure in the next round. By this procedure, an inventory task should take a long time to complete from reader side. The reader needs send signaling frequently and devices also need receive the signaling from the reader frequently. Hence, we have the following proposal.
Proposal 2: Study the solutions to improve the efficiency of random access procedure.
For the TDM based random access, to improve the efficiency of random access procedure, solutions on multiple devices access in one access round can be considered. For contention based random access, by the triggering from the reader, multiple devices can randomly select or determine their own transmission occasions of random access number in the time domain. For contention-free based random access, the reader can indicate the device(s) to the UL transmission occasions respectively. By this way, multiple devices can complete the random access procedure in one round of access.
Proposal 3: For TDM based random access, study the solution on multiple devices transmit in different time occasions in one round of access.
In some use cases, e.g., warehouse inventory, device may be inventoried repeatedly at this time when this device was inventoried by TDM or FDM before. In addition, the number of UE readers may be more than 1, then different UE reader will inventory same device in different time period. To improve inventory efficiency, inventoried device repeatedly needs to be avoid by buffering this device ID or other rules. If reader buffered the inventoried device ID, some procedures like TDM based random access may not be required. 
Another case is that inventoried device repeatedly is required. For example, inventoried device needs to be inventoried again for input and output warehouse in short time period. In this way, random access should be corrected based on slotted-aloha scheme.
Proposal 4: Discuss random access procedures considered repeated inventory, including avoiding repeated inventory and the need for repeated inventory.

Synchronization
R2D/D2R Preamble
In RAN1#116bis meeting, the following agreements were achieved.
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact

Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble



D2R and R2D preamble is used to indicate the start time of a PDRCH and PRDCH transmission respectively. And the SFO tracking can be achieved by D2R/R2D preamble. Considering the different capability of devices and different D2R payload size, different chip rates for D2R/R2D preamble should be studied.
Proposal 5: Study different chip rates for R2D/D2R preamble.

R2D/D2R Midamble
In RAN1#116bis meeting, the following agreements were achieved.
	Agreement
For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size
· Midamble overhead
· Timing/frequency accuracy
· Phase accuracy

Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 




Based on the discussion in the last meeting, D2R midamble is embedded in the adjacent segments which is divided by a long PDRCH. The D2R midamble is considered to be used for SFO tracking, channel estimation or inference estimation. However, considering the A-IoT device with the ultra-low complexity and power consumption, a simplified frame structure is expected. From this point, D2R midamble is not necessary. On the other hand, it is not flexible to using the midamble to perform channel estimation or inference estimation. Taken the inference estimation as an example, during the duration of inference estimation, the device should not transmit any signal. The efficiency of D2R midamble should be considered.
Proposal 6: For D2R transmission, midamble for the purpose of SFO tracking, channel estimation and interference estimation is not considered.
Based on the discussion in the last meeting, R2D midamble is used for SFO tracking. According to the agreement, R2D midamble is not considered if Manchester encoding is used. For PIE encoding, there is also a power transition in each chip, the device can utilize the power transition to achieve the chip level tracking, hence, R2D midamble is not necessary when PIE is used. 
Proposal 7: R2D midamble is not considered in case PIE encoding is used.

Frame structure
Time domain frame structure for A-IoT
In RAN1#116bis meeting, the following agreements were achieved. 
	Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.


It was agreed that the start of a R2D transmission is aligned with the boundary of an NR OFDM symbol. Another issue is whether the end of R2D transmission is aligned with the boundary of an NR symbol. For this issue, the implementation complexity of the device may be increase if only part of a OFDM symbol is used for a R2D transmission, the device buffers per OFDM symbol, the impact of CP handling should be considered.
Proposal 8: whether the end of R2D transmission is aligned with the boundary of an NR symbol, the impact of CP handling should be considered.
For D2R transmission, due to the large time drift caused by the high SFO and the A-IoT device with the ultra-low complexity and power consumption, it is not possible to align a D2R transmission with NR symbol or slot boundary.
Proposal 9: No necessity to assume the start and the end of a D2R reception is aligned with a NR time boundary.
Self-clock signal is a potential scheme for D2R transmission because of line encoding used for AIoT system. For example, Manchester encoding has change in middle location of every chip or symbol, which can be detected by reader as D2R synchronization signal. Thus, the characteristic of rising edge and fall edge can be used for synchronizing rules.  
Proposal 10: Consider self-clock signal for D2R transmission based on line encoding.
The chip duration is related to the chip rate and data rate. The shorter chip duration, the higher chip rate. higher chip rate is beneficial to reduce the latency while it is not helpful for coverage or robustness. Considering the different requirement, e.g., latency and coverage/robustness, different chip durations should be supported for D2R transmission. Based on the chip durations, the reader can select and indicate a chip duration for a D2R transmission, for example, by control information. Similarly, different chip durations can also be supported for R2D transmission.
Proposal 11: Support different chip durations for D2R transmission and different chip durations for R2D transmission.

Scheduling related aspects
The frame structure of R2D and D2R transmission are discussed in last meeting. In addition to the preamble for R2D and D2R transmission, other essential information should also be discussed.
For PRDCH, control information is needed. The control information can indicate target device(s) to trigger random access, e.g., device ID, or a group ID. Moreover, control information can also used to indicate the resource for D2R transmission following it. If acknowledge is supported, control information should also include the acknowledgement.
Proposal 12: For PRDCH, control information is included, which can indicate target device(s) to trigger random access, D2R Time/Frequency resource.

Timing relationships
In RAN1#116 meeting [5], the following agreements were achieved. In this section, we will further discuss the following processing timing.
	Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects 



Based on the discussions in the last meeting, some companies provided the views on TD2R_D2R_min. According the discussion, TD2R_D2R_min is related to different segments of PDRCH, energy harvesting, or in-process reply in RFID. As companies have different views on  TD2R_D2R_min, it is better to have a common understanding on the use case of TD2R_D2R_min as it impact the value of TD2R_D2R_min.
Proposal 13: It is better to clarify the use case of TD2R_D2R_min.
The minimum time as mentioned above is related to the capability of the reader and device. For TR2D_min, it mainly includes the processing time of a R2D transmission and the preparation time of the corresponding D2R transmission, which depends on the implementation of the device. For TR2D_R2D_min, it is mainly impacted by the processing time of a R2D transmission and/or the preparation time of the second R2D transmission, which depends on the implementation of the device and/or the reader. For TD2R_min, it mainly includes the processing time of a D2R transmission and the preparation time of the corresponding R2D transmission, which depends on the implementation of the reader. As the capability of different device types is different, the processing time of R2D transmission and the preparation time of D2R transmission would be different for different types. For the reader, it can be gNB or UE in different topologies, the capability of gNB and UE is different, the preparation time of a R2D transmission and the processing time of a D2R transmission would also be different. It is reasonable that TR2D_min, TR2D_R2D_min and TD2R_min can be respectively different for different device types. 
Observation 1: TR2D_min mainly includes the processing time of a R2D transmission and the preparation time of the corresponding D2R transmission, which depends on the implementation of the device. 
Observation 2: TR2D_R2D_min is mainly impacted by the processing time of a R2D transmission and/or the preparation time of the second R2D transmission, which depends on the implementation of the device and/or the reader.
Observation 3: TD2R_min mainly includes the processing time of a D2R transmission and the preparation time of the corresponding R2D transmission, which depends on the implementation of the reader.
Observation 4: For the different device types, the processing time of R2D transmission and the preparation time of D2R transmission would be different. For the gNB or UE as a reader, the preparation time of a R2D transmission and the processing time of a D2R transmission would also be different.
Proposal 14: TR2D_min can be different for different device types. 
Proposal 15: TR2D_R2D_min can be different for different device types and/or different readers.
Proposal 16: TD2R_min can be different for different readers.
[bookmark: _Hlk162989312]In addition to the minimum time as mentioned above, a maximum time between a R2D transmission and the corresponding D2R transmission following it can also be studied. According to the random access procedure in Figure 2 in section 2.1, the multiple device will be accessed in step 2. Hence, a maximum value TR2D_max is necessary to limit the maximum time for the device to response to the reader. The devices should response to reader within the maximum time after R2D transmission. For example, the value of TR2D_max is 1s, the devices should determine the transmission occasions within 1s. Otherwise, the device can be considered as a failure of random access.
Proposal 17: Study the maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it.
In addition to TR2D_max, TD2R_max can also be studied, which means the maximum time between a D2R transmission and the corresponding R2D transmission following it. This is because the reader may miss-detect a D2R transmission for the device, then it would not transmit the corresponding R2D transmission to the device. If TD2R_max is defined, the device will detect the corresponding R2D transmission before the TD2R_max. If the R2D transmission is not detected before TD2R_max, it can be considered that the reader miss-detects the D2R transmission and the device can stop the detection of the corresponding R2D transmission after the TD2R_max.
[bookmark: _Hlk166264182]Proposal 18: Study maximum time TD2R_max between a D2R transmission and the corresponding R2D transmission following it.

Impact of energy harvesting on device availability for transmission and reception procedures
For the energy harvesting time, the following conclusion was agreed in RANP#103. During the last RAN1 meeting, the energy harvesting time was also studied. In this section, we will have some discussions on the issue.
	Proposal 2 (RANP#103)
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



During the inventory procedure, the device needs detect R2D signaling and transmit D2R signaling, the energy of the device will be decreased. On the other hand, continuous charging which means that the node providing energy is always on is not acceptable. Moreover, considering the impact of charging efficiency, it is impossible that assuming a device is always available for the reader.
Proposal 19: It is impossible that assuming a device is always available for the reader.
For this issue, an activation signaling can be considered. When device is not working, the device can be stayed at a “sleep” state. If the reader triggers an inventory procedure, the reader can transmit a activation signaling first. After triggered by the activation signaling, the device actives the circuit and starts to working including detection R2D signaling or transmit D2R signaling. For example, the activation signaling can be included in R2D preamble.
Proposal 20: Study activation signaling to trigger the device work.

Conclusion
In this contribution, we discuss synchronization and timing, random access, scheduling and timing relationships for Ambient IoT. We have the following observations.
Observation 1: TR2D_min mainly includes the processing time of a R2D transmission and the preparation time of the corresponding D2R transmission, which depends on the implementation of the device. 
Observation 2: TR2D_R2D_min is mainly impacted by the processing time of a R2D transmission and/or the preparation time of the second R2D transmission, which depends on the implementation of the device and/or the reader.
Observation 3: TD2R_min mainly includes the processing time of a D2R transmission and the preparation time of the corresponding R2D transmission, which depends on the implementation of the reader.
Observation 4: For the different device types, the processing time of R2D transmission and the preparation time of D2R transmission would be different. For the gNB or UE as a reader, the preparation time of a R2D transmission and the processing time of a D2R transmission would also be different.
It is proposed that
Proposal 1: Support both unicast PRDCH and broadcast PRDCH to trigger single device, group of devices and all devices.
Proposal 2: Study the solutions to improve the efficiency of random access procedure.
Proposal 3: For TDM based random access, study the solution on multiple devices transmit in different time occasions in one round of access.
Proposal 4: Discuss random access procedures considered repeated inventory, including avoiding repeated inventory and the need for repeated inventory.
Proposal 5: Study different chip rates for R2D/D2R preamble.
Proposal 6: For D2R transmission, midamble for the purpose of SFO tracking, channel estimation and interference estimation is not considered.
Proposal 7: R2D midamble is not considered in case PIE encoding is used.
Proposal 8: whether the end of R2D transmission is aligned with the boundary of an NR symbol, the impact of CP handling should be considered.
Proposal 9: No necessity to assume the start and the end of a D2R reception is aligned with a NR time boundary.
Proposal 10: Consider self-clock signal for D2R transmission based on line encoding.
Proposal 11: Support different chip durations for D2R transmission and different chip durations for R2D transmission.
Proposal 12: For PRDCH, control information is included, which can indicate target device(s) to trigger random access, D2R Time/Frequency resource.
Proposal 13: It is better to clarify the use case of TD2R_D2R_min.
Proposal 14: TR2D_min can be different for different device types. 
Proposal 15: TR2D_R2D_min can be different for different device types and/or different readers.
Proposal 16: TD2R_min can be different for different readers.
Proposal 17: Study the maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it.
Proposal 18: Study maximum time TD2R_max between a D2R transmission and the corresponding R2D transmission following it.
Proposal 19: It is impossible that assuming a device is always available for the reader.
Proposal 20: Study activation signaling to trigger the device work.
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