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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Rel-19 study item of ambient IoT has been finalized in RAN#102 meeting in RP-234058 [1] and further revised in RAN#103 meeting in RP-240826. In addition, RAN1#116 meeting started relevant technology discussion on physical layer signal and procedure design as well as channel structure for ambient IoT. A set of preliminary agreements is reached and listed below:
[bookmark: _Hlk148044407]Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period

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

Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study

In this contribution, we focus on physical layer procedure for ambient IoT and elaborate our views on synchronization procedure, random access procedure, and scheduling procedure issues.

Discussion

Energy harvesting
[bookmark: _Hlk88813982]As mentioned in the SID, most of the existing wireless communication devices are powered by battery that needs to be replaced or recharged manually. TR 22.840 is being developed by SA1 to capture use cases, traffic scenarios, device constraints of ambient power-enabled Internet of Things and identify new potential service requirements as well as new KPIs. SA1 are considering devices being either battery-less or with limited energy storage capability (i.e., using a capacitor) and the energy is provided through the harvesting of radio waves, light, motion, heat, or any other power source that could be seen suitable. The form factor of such devices must be reasonably small to convey the validity of target use cases.
Considering the limited size and complexity required by practical applications for battery-less devices with no energy storage capability or devices with limited energy storage that do not need to be replaced or recharged manually, the output power of energy harvester is typically from 1µW to a few hundreds of µW. Existing cellular devices may not work well with energy harvesting due to their peak power consumption of higher than 10mW. 
Since existing technologies cannot meet all the requirements of target use cases, a new IoT technology is recommended to open new markets within 3GPP systems, whose number of connections and/or device density can be orders of magnitude higher than existing 3GPP IoT technologies. The new IoT technology shall provide complexity and power consumption orders of magnitude lower than the existing 3GPP LPWA technologies (e.g., NB-IoT and eMTC), and shall address use cases and scenarios that cannot be fulfilled based on existing 3GPP LPWA IoT technologies.
For Rel-19 ambient IoT communication, the study targets ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications and addresses use cases and scenarios that cannot be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power. Considering the ambient IoT device is expected to be very-low end, the ambient IoT device should be designed with very low cost even affordable for one-off use. Therefore, oscillator of the ambient IoT device is quite cheap with low accuracy. A typical sampling frequency offset (SFO) of the ambient IoT tag is about 105 ppm. This leads to significant frequency shift and low synchronization accuracy in time domain and frequency domain for ambient IoT communication. Improving the synchronization accuracy by prolonging the synchronization sequence(s) or repeating the synchronization sequence(s) multiple times will lead to more complicated device receiver architecture. Moreover, the longer access delay will be inevitable. 
On the other hand, for this ultra-low complexity, ultra-low power consumption and very-low end ambient IoT device, the processing energy of the device is from the energy harvester which collects energy from the environment, e.g., RF, solar, kinetics, and so on, by converting the forms of energy into electric energy, for a period of time until the harvested energy is sufficient to wake up the processing module of the device, e.g., -20dBm of the input power. Then the device detects the downlink synchronization signals to complete downlink synchronization procedure then receives system information if defined or data transmission from the base station in Topology 1 or intermediate UE in Topology 2, or transmit response to the base station or the intermediate UE upon reception of indoor inventory command. Furthermore, the device enters “sleep” mode for harvesting energy when it runs out of the stored energy or the remaining energy in the storage is not sufficient for performing subsequent reception or transmission. It is quite optimistic to assume all the devices have sufficient energy to receive or transmit data.  
Observation 1: Consider energy harvesting in the study of device’s transmission and reception procedures.

The Ambient IoT D2R transmission needs to take into consideration that the Ambient IoT device may run out of stored energy even while transmission. In case there is insufficient energy then the payload is segmented according to the available energy. The size of the payload segment in the frame is determined based on the available energy to transmit a frame containing the segment and control header information indicates the information about the next payload segment so that the reader can store the existing segment, otherwise the Ambient IoT may need to retransmit the entire segments again resulting in unnecessary wastage of energy or the Ambient IoT device may need to harvest more energy to transmit the entire payload segment rather than transmitting the remaining payload segments. 
The minimum time between the D2R and R2D communication and the minimum time between the D2R communication from the same Ambient IoT device should be flexible to take into consideration on the time to harvest energy to transmit the remaining part of the payload segment to the reader. 
Proposal 1: Consider energy aware transmission of payload segmentation from Ambient IoT device in D2R communication. 
Proposal 2: Consider harvesting time in the scheduling/processing timings (TD2R_D2R_min  and TD2R_min  ) to transmit the remaining payload segments to the reader in case of payload segmentation.. 

The Ambient IoT device can periodically wake up to monitor for the Query command within the inventory round and once the inventory of the Ambient IoT device is finished, the Ambient IoT may sleep until the end of the inventory round. The Ambient IoT device might need to maintain minimum power consumption within the inventory round to maintain the RAM memory from erasing. Hence duty cycle-based operation needs to be supported within the inventory round.  

[image: ]
Figure 1: Illustration of Duty cycle based operation of Ambient IoT device in an inventory round

Proposal 3: Consider the following duty cycle-based operation in R2D and D2R communication for an inventory round:  
· Periodic Rx and synchronization 
· Minimum sleep state to maintain the RAM memory 
· Tx operation for transmitting random access and EPC ID

Synchronization

Since the design target for Rel-19 ambient IoT device is about 1µW power consumption, a device with such low power consumption can’t maintain the downlink synchronization timing for a bit long time. Hence, for ambient IoT communication between a gNB and an ambient IoT device in Topology 1 or ambient IoT communication between a UE (as an intermediate node) and an ambient IoT device in Topology 2, on-demand downlink synchronization signals are considered for Rel-19 which allows the gNB or UE to transmit the downlink synchronization signals in case that it intends to transmit downlink data/command to the device or receive the sensed data from the device. After the completion of downlink transmission to the device or uplink reception from the device, the DL synchronization signals can be terminated by the gNB or UE for power saving. 
Proposal 4: Study on-demand downlink synchronization procedures for Rel-19 ambient IoT. 

As mentioned in the SID, “For Topology 2, no difference in physical layer design from Topology 1.”, same downlink synchronization signals/channels are transmitted from a gNB in Topology 1 and a UE in Topology 2 (as intermediate node), where the UE is under the control of the gNB. 
Hence, from an ambient IoT device’s perspective, it detects downlink synchronization signals/channels and does not need to differentiate whether a detected synchronization signal/channel is from a gNB or a UE. This can simplify the device implementation complexity.
Proposal 5: Same downlink synchronization signals/channels are designed for gNB in Topology 1 and UE in Topology 2. 

If an intermediate node provides synchronization services for ambient IoT devices, the intermediate node needs to become a synchronization point to ambient IoT devices firstly. Considering that same downlink synchronization signal/channels are designed for gNB in Topology 1 and UE in Topology 2, the configuration for providing synchronization services needs to be provided from gNB to UE. Therefore, it is needed to study how to configure an intermediate node as synchronization point for providing synchronization services to ambient IoT devices.
Proposal 6: Study how to configure UE in Topology 2 for providing synchronization services to ambient IoT. 

A predefined binary pattern modulated using ASK/FSK/PSK waveforms can be used as synchronization signal, Examples of such predefined binary patterns are shown below,  
· Alternating "1" and "0" (e.g., 101010...), where each symbol "1" or "0" is ASK-modulated.
· Group of multiple "1s" followed by a single "0," such as "110110110...," where each symbol is ASK modulated.
· Composed of all "1s." using ASK modulation
Hierarchical synchronization mechanism is needed in such low capability device as it loses the synchronization due to timing errors, clock drifts due to cheap oscillators. The synchronization signal can only provide coarse synchronization on timing and frequency, while preamble is inserted at the beginning of every slot preceding the data portion to fine tune synchronization. 
The receiver may turn on and start the synchronization sometime in the middle of the synchronization signal and due to the repeatable pattern, a sync word or delimiter is needed to identify the end of the synchronization pattern. Finally, byte level synchronization is needed to know the beginning or end of slot by inserting a unique bit pattern e.g., 8 bits at the end of the transmission as shown in the figure 2. The sync word can also be a part of the synchronization signal design.  


Figure 2: illustration of Sync word at the beginning of a synchronization signal
 Proposal 7: RAN1 consider the feasibility of generating binary pattern modulated using binary modulated waveform such as ASK, FSK, PSK for synchronization signal.   
Proposal 8: Consider synchronization mechanism in Ambient IoT by studying aspect of   
· Coarse synchronization using a periodic/on-demand synchronization signal
· Fine tuning synchronization using preamble transmission preceding every data slot
· Byte level synchronization using SYNC word or delimiter at the end of the synchronization signal 


Random access procedure

Based on the discussion from RAN1#116, below agreements were made on random access procedure:
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.




The slotted-ALOHA scheme used in RFID is a good reference for random access procedure design of ambient IoT device. Slotted-ALOHA based access with Q protocol is used in ISO 18000-6C UHF RFID. In this method, each device firstly generates a random backoff counter within the range of [0, 2Q-1] and transmits the response until the random backoff counter is counted down to zero. This slotted-Aloha based access procedure has several drawbacks: 
· It is impossible for the reader to estimate an accurate value of Q since the reader is not aware of the concrete number of devices which intend to transmit responses corresponding to the inventory command. When the reader misestimates the number of A-IoT devices, it causes the potential transmission collision (small Q value set) among multiple devices or quite long delay (large Q value set). 
· The required time for an entire inventor round (or a slot) is variable and unpredictable considering the uncertainty within the random-access procedure, such as random backoff for random access and potential transmission collision handling. 
Since the latency target for ambient IoT device inventory is 100 devices per sec as required for 3GPP, the existing slotted-based Aloha based access procedure for RFID can’t meet the latency target for the random-access procedure for ambient IoT devices. Therefore, enhancement is needed to reduce the inventory latency, e.g., supporting simultaneous transmissions from multiple devices in one inventory slot needs to be studied.
Proposal 9: Study supporting simultaneous transmissions from multiple devices in one inventory slot.



Figure 3: Slotted-Aloha based access

Another way to reduce the inventory latency or collision is to update the random access resource configuration based on the received responses from devices, e.g., the (pre)configured random access resource can be updated by the reader based on the response transmitted from ambient IoT device(s) to the reader according to below steps:
· Step 1: Device receives an inventory command from reader.
· Step 2: Device transmits response for the command on (pre)configured random access resources.
· Step 3: Reader updates the random access resource configuration based on the received response and transmits the updated resource configuration to device. For example, the reader can update the resource configuration based on the ratio of occupied resource(s) to total resource(s). 
· Step 4: Device (re)transmits response for the command on updated random access resources.
· Step 5: Device receives an acknowledgement for the response.

Proposal 10: Study random access resource reconfiguration based on transmitted resource occupation .  

The resources are grouped such as to create a transmission/reception occasion for Ambient IoT D2R and R2D communication. Grouping of transmission and reception resources within occasions are configured taking into consideration the processing timings for R2D, D2R transmissions. The Ambient IoT device can transmit random access followed by EPC ID within a same occasion and the contention-based selection procedure can be used to randomly select one of such occasions. Furthermore, timing between two R2D consecutive occasions to receive the query command transmission within an inventory round needs to be considered. 


Figure 4: Illustration of grouping of resources and selection of occasion using slotted aloha method

Proposal 11: Consider grouping of one or more Tx and Rx resources for R2D and D2R communications within an occasion so that Ambient IoT device performs contention-based selection of occasions.
The Ambient IoT device transmits random access binary pattern using waveform such as OOK, FSK, PSK etc.,. using orthogonal binary sequence such as the binary Golay sequence having only two phase. Since the correlation property of such binary orthogonal sequence are very good, multiple Ambient IoT devices can choose to transmit in the same resource but with different orthogonal sequence thereby distinguishing the devices without causing collision. A base binary sequence can be assigned to a group and the cyclic shifted version of the binary sequence can be provided to each Ambient IoT devices within that group which can be stored in its memory. A group can be formed by selecting a subset of Ambient IoT devices before the inventory round. 
Proposal 12: RAN1 consider the feasibility of generating binary pattern modulated using binary modulated waveform such as ASK, FSK, PSK for Random access.
Proposal 13: RAN1 consider the feasibility of reducing RACH collision by assigning each Ambient IoT device within a group a binary orthogonal sequence such as Golay sequence.     

Scheduling timing and resource allocation

For NR using CP-OFDMA, flexible and efficient time-frequency resource allocation is realized in both time domain and frequency domain so as to adapt for multiple services with variable data packet size. NR PDCCH indicates symbol-level TDRA and RB-level FDRA which fully improves the resource utilization efficiency of NR.
As analyzed in Section 2.1, for Rel-19 ambient IoT communication aiming at ultra-low complexity devices with ultra-low cost and ultra-low power consumption for the very-low end IoT applications, ultra-simple communication techniques should be considered, e.g., using OOK as waveform, ASK/FSK/PSK as modulation scheme, Manchester/Miller/FM0 coding as channel coding scheme, TDMA/FDMA/CDMA as multiple access scheme. Thus, the flexible resource allocation is deprioritized for ambient IoT and a simple resource allocation scheme is needed. 
For simplicity, the frequency resource for ambient IoT communication can be divided into multiple ambient IoT sub-channels via FDM with each sub-channel operating on different carrier frequency. So the frequency resource for each device can be a sub-channel. For each sub-channel, the time domain resource is divided into multiple time units with each time unit assigned for one ambient IoT device. So the time domain resource for each device can be a time unit. One example is shown in Figure 2, where in-band deployment for ambient IoT is considered. 
As mentioned in the SID, no HARQ is considered, so it is not necessary to design the HARQ timing from R2D data reception to the D2R transmission carrying the corresponding HARQ-ACK feedback for the R2D data. 
Furthermore, for R2D transmission, the scheduling information, if necessary, is associated with the R2D data transmission in same burst. So it is not necessary to specify R2D scheduling timing between the R2D control information and the R2D data transmission.
For contention-based access for D2R transmission, as long as the minimum processing time between a R2D transmission and the corresponding D2R transmission following it is satisfied, then it is not necessary to indicate a scheduling timing in the R2D transmission for the corresponding D2R transmission. 
On the other hand, for contention-free access for D2R transmission, a scheduling-based transmission can avoid the transmission collision among multiple devices when they are transmitting on same resource. In that sense, the detailed time domain resource (e.g., a time unit) and frequency domain resource (e.g., a sub-channel) for D2R transmission can be included in the scheduling information of the corresponding R2D transmission. 
As analyzed above, we have below proposals:
Proposal 14: Study a simple resource allocation indicating a sub-channel in frequency domain and a time unit in time domain for D2R transmission. 

[image: ]
Figure 5: Time-frequency resource for ambient IoT for in-band deployment


Coexistence with NR for in-band deployment

As mentioned in the SID, there are three deployment modes for ambient IoT communication, i.e., in-band, guard band, and standalone. For in-band mode, the ambient IoT communication is operating within the band of NR system. For guard band mode, the ambient IoT communication is operating within the guard band region of two adjacent bands. For standalone mode, the ambient IoT communication is allocated with a dedicated spectrum. Among these three deployment modes, the in-band mode is most promising way to fully utilize the existing NR spectrum and the already deployed NR gNB. 
However, when ambient IoT communication is transmitted on one part of NR spectrum, e.g., allocating a narrow bandwidth for ambient IoT within a NR carrier bandwidth, there is mutual interference between two systems due to quite low accuracy of the ambient IoT tag. A typical sampling frequency offset (SFO) of the ambient IoT tag is about 105 ppm. This leads to significant frequency shift in frequency domain for ambient IoT communication. A guard band may be needed between ambient IoT and NR. However, the spectrum utilization efficiency is reduced. How to resolve the mutual interference and ensure the coexistence between two systems should be studied. 
As analyzed above, we have below proposals:
Proposal 15: Study coexistence mechanism between ambient IoT and NR for in-band deployment. 


Group scheduling

According to the SID R19 ambient IoT will focus on rUC1: Indoor inventory and rUC4: indoor command. Based on the detailed description of the use cases in TR 22.840, one the aspects of scheduling following cases shall be considered: 
· One R2D transmission schedules D2R transmission from a dedicated ambient IoT device, e.g., indoor command for a dedicate ambient IoT device; 
· One R2D transmission schedules D2R transmissions from a dedicated group of ambient IoT devices;
· One R2D transmission schedules D2R transmissions from multiple ambient IoT devices proximity to the receiver. 
For one R2D transmission scheduling the R2D transmission from a dedicated ambient IoT device the resource for ambient IoT device’s transmission could be associated to the R2D transmission. However, for one R2D transmission scheduling D2R transmissions from a dedicated group of ambient IoT devices or multiple ambient IoT devices proximity to the receiver, how to determine the resource for each ambient IoT device’s transmission shall be studied. In RFID system anti-collision algorithms have been investigated, such as Aloha, slotted Aloha, Framed slotted Aloha, Query tree and Binary search, these solutions are targeted to get the RFID identifications, and they are mainly random resource selection. Obviously, these solutions may lead to inefficient resource usage considering massive number of ambient IoT devices. 
Proposal 16: Study one R2D transmission to schedule D2R transmission(s) from one ambient IoT device, group of ambient IoT devices or multiple ambient IoT devices proximity to the receiver.
Proposal 17: Study efficient multiple access schemes for one R2D transmission scheduling the D2R transmissions from more than one ambient IoT devices.

In typical ambient IoT use cases, such as automated warehouse inventory, medical instruments inventory management and positioning, airport terminal/shipping port inventory scenarios, one common operation requires a frequent information report from large amount of ambient IoT devices. Along with the transfer, storage and inventory of goods/objects, this information generally has the characteristics of frequent data read operations and large data volumes. 
To serve a large number of ambient IoT devices (such as goods, objects, and so on) with low complexity and low power consumption requirements in both Topology 1&2 and to coordinate the intermediate nodes in proximity in Topology 2, simplified and efficient group access transmission is needed for ambient IoT systems. Group access transmissions occur between one transmitter (such as gNB, or intermediate node) and multiple receivers (such as ambient IoT devices). For group access transmissions, one group access signaling can trigger transmission behaviors (such as information reports/updates) from multiple receivers to the signaling transmitter. 
Proposal 18: Study simplified and efficient group access solution for ambient IoT systems. 



Conclusion
[bookmark: _Hlk101873554]In this contribution, we focus on physical layer design for ambient IoT and have below observations and proposals on frame structure, synchronization, random access, and scheduling timing issues:
Observation 1: Consider energy harvesting in the study of device’s transmission and reception procedures.
Proposal 1: Consider energy aware transmission of payload segmentation from Ambient IoT device in D2R communication. 
Proposal 2: Consider harvesting time in the scheduling/processing timings (TD2R_D2R_min  and TD2R_min  ) to transmit the remaining payload segments to the reader in case of payload segmentation.. 
Proposal 3: Consider the following duty cycle-based operation in R2D and D2R communication for an inventory round:  
· Periodic Rx and synchronization 
· Minimum sleep state to maintain the RAM memory 
· Tx operation for transmitting random access and EPC ID
Proposal 4: Study on-demand downlink synchronization procedures for Rel-19 ambient IoT. 
Proposal 5: Same downlink synchronization signals/channels are designed for gNB in Topology 1 and UE in Topology 2. 
Proposal 6: Study how to configure UE in Topology 2 for providing synchronization services to ambient IoT. 
Proposal 7: RAN1 consider the feasibility of generating binary pattern modulated using binary modulated waveform such as ASK, FSK, PSK for synchronization signal.   
Proposal 8: Consider synchronization mechanism in Ambient IoT by studying aspect of   
· Coarse synchronization using a periodic/on-demand synchronization signal
· Fine tuning synchronization using preamble transmission preceding every data slot
· Byte level synchronization using SYNC word or delimiter at the end of the synchronization signal 
Proposal 9: Study supporting simultaneous transmissions from multiple devices in one inventory slot.
Proposal 10: Study random access resource reconfiguration based on transmitted resource occupation .  
Proposal 11: Consider grouping of one or more Tx and Rx resources for R2D and D2R communications within an occasion so that Ambient IoT device performs contention-based selection of occasions.
Proposal 12: RAN1 consider the feasibility of generating binary pattern modulated using binary modulated waveform such as ASK, FSK, PSK for Random access.
Proposal 13: RAN1 consider the feasibility of reducing RACH collision by assigning each Ambient IoT device within a group a binary orthogonal sequence such as Golay sequence.     
Proposal 14: Study a simple resource allocation indicating a sub-channel in frequency domain and a time unit in time domain for D2R transmission. 
Proposal 15: Study coexistence mechanism between ambient IoT and NR for in-band deployment. 
Proposal 16: Study one R2D transmission to schedule D2R transmission(s) from one ambient IoT device, group of ambient IoT devices or multiple ambient IoT devices proximity to the receiver.
Proposal 17: Study efficient multiple access schemes for one R2D transmission scheduling the D2R transmissions from more than one ambient IoT devices.
Proposal 18: Study simplified and efficient group access solution for ambient IoT systems. 
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