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1	Introduction
The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1][2][3] targets a further assessment at RAN WG level of Ambient IoT (A-IoT), a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study follows an initial study captured in TR 38.848 [4].
RAN1#116 was the first meeting in this study item. For this agenda item, we provided our initial views in [5], and the RAN1 discussion was captured in the feature lead summary in [6].
[bookmark: _Ref178064866]2	Frame structure
2.1	Time domain
RAN1#116 made these agreements regarding time domain frame structure and timing acquisition:
	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




The following related proposals can be found in the FLS [6]:
	[bookmark: _Hlk163149082]Proposal 2.1-1a: Agree following observation:
· It is beneficial to align the A-IoT DL transmission with NR symbol or slot boundary, which can be controlled by the Reader and transparent to the A-IoT device.

Proposal 2.1-2b:
· [bookmark: _Hlk163149119]For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), the UL transmission may not be aligned with NR symbol or slot boundary.




The coexistence of A-IoT frame with existing NR frame structure is for better handling the coexistence and interference, and for the transparent operation of intermediate node.
A R2D transmission can be aligned with the NR DL symbol or slot boundary as the transmissions are generated under perfect synchronization.
1. [bookmark: _Toc163157886][bookmark: _Toc163157887][bookmark: _Toc163157888][bookmark: _Toc163219339]Agree following observation: It is beneficial to align the A-IoT R2D transmission with NR symbol or slot boundary.
On the other hand, as discussed in RAN1#116, it may be challenging to align the D2R transmission from devices experiencing a high timing error/drift with the NR UL symbol boundary or even with the NR UL slot boundary.
1. [bookmark: _Toc163219340]Agree following observation: It is beneficial to align the A-IoT D2R transmission with NR symbol or slot boundary.
1. [bookmark: _Toc163219341]Agree following observation: For A-IoT device, due to high timing error/drift, the D2R transmission may not be aligned with NR symbol boundary.
· [bookmark: _Toc163219342]FFS: feasibility of alignment of D2R transmission with NR slot boundary

2.2	Frequency domain
A-IoT devices will be susceptible to large timing/frequency drifts. As a result, it is not clear that for how long such a device can be expected to reliably maintain its timing and frequency synchronization. Moreover, due to the low-complexity device architecture and low power consumption, the sampling frequency offset can be very large. Given these differences, the achievable frequency errors may be different for different device types. The error in case of different A-IoT devices will be different depending on whether it relies on an external carrier wave (CW) transmitter or not. For example, 
· Device 2b (internal UL generation): Freq error/offset = x(x) = 900x=90 MHz
· Devices 1 and 2a (external CW dependant): Freq error/offset = x(x) = 15x=1.5 kHz

To progress the study, it is desired to reach a common understanding of these aspects.
1. [bookmark: _Toc158204558][bookmark: _Toc159249761][bookmark: _Toc163219343]Discuss and determine the maximum time/frequency offsets for each of the A-IoT device types, before and after synchronization.
Good frequency and time synchronization in A-IoT devices may facilitate coexistence with other A-IoT and NR devices. Maintaining synchronization requires the A-IoT device to support a mechanism that enables the device clock to adjust to its frequency relative to a reference signal, for example, using a duty-cycled frequency-locked loop (FLL) for the A-IoT device clock. With the current power budget of a few hundred µW, low power crystal oscillators with duty-cycled FLL can be supported by Devices 2a and 2b. However, for Device 1, this could be challenging with the current power budget limitation of ~1 µW.
[bookmark: _Toc159249764][bookmark: _Toc163219344]Study whether the current power budget limitations allow each category of A-IoT device to support mechanisms that enable frequency and time synchronization.
To facilitate coexistence with NR, it may be beneficial if the D2R transmission bandwidths are integer multiples of NR resource block bandwidths or at least integer multiples of the (15-kHz) NR subcarrier spacing, and the D2R resource borders in the frequency domain can be aligned with the NR resource block borders. This is related to the transmission bandwidth discussion under agenda item 9.4.2.1 and the coverage evaluation discussion under agenda item 9.4.1.1.
[bookmark: _Toc163219338]It may be beneficial if the D2R transmission bandwidths are integer multiples of NR resource block bandwidths or at least integer multiples of the (15-kHz) NR subcarrier spacing, and the D2R resource borders in the frequency domain can be aligned with the NR resource block borders.

3	Random access
RAN1#116 made the following agreements regarding random access:
	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
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 
· [bookmark: OLE_LINK33]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 




The SID [1] focuses on indoor inventory and indoor command uses cases. A reader starting an inventory round expects the devices to respond in the uplink, for which a similar procedure as NR RACH can be a starting point of the study. The contention-based uplink will be performed on a shared channel PDRCH, and the data part can for example contain the random identifier for further communication as the first response. With the help of a unique identifier, a particular device can perform the subsequent transmission of the inventory. However, the exact message flow needs to be studied by RAN2.
In our companion contribution [7], we estimate the A-IoT access load, and based on the results, we see a potential need to consider a combination of TDM and FDM based access for the contention-based access procedure. Therefore, we suggest adopting the following proposal, which was put forward in a comment from Vivo in the FLS in [6].
[bookmark: _Toc163157895][bookmark: _Toc163219345]To improve inventory efficiency, at least TDM and FDM of multiple A-IoT devices simultaneously during the random access procedure can be further studied.

4	Scheduling and timing relationships
4.1	Timing relationships
RAN1#116 made the following agreements regarding timing relationships:
	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 




It may be worthwhile to refine the above agreed minimum processing time related definitions to clarify whether they concern the time between the beginning of two subsequent transmissions or the time between the end of one transmission and the beginning of the next transmission.
[bookmark: _Toc163219346]Clarify whether the agreed minimum processing time related definitions concern the time between the beginning of two subsequent transmissions or the time between the end of one transmission and the beginning of the next transmission.
The processing time of A-IoT devices will depend on the energy availability and the hardware capability. A common processing time i.e., execution of the same command in same time duration may not be possible for all the device categories. In some scenarios, the device scheduled by the reader with enough energy and capable hardware reply in the minimum time TR2D_min, while in some case the devices with limited energy and poor hardware may take longer to reply. Such a period of inactivity or unavailability of the device should be considered along with the minimum time, i.e., the maximum time a reader can wait for the reply once the R2D transmission is initiated.
[bookmark: _Toc163219347]Discuss whether there is a need to define maximum processing times (which may be different for different device types, traffic types, and use cases).
Furthermore, RAN#103 agreed the following proposal regarding energy harvesting aspects [8]:
	Proposal 2:
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· [bookmark: _Hlk163157228]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




According to the above agreement, the potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study, and the duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds. It would be good to clarify whether there is any expected impact from energy harvesting on scheduling and timing relationships.
[bookmark: _Toc163219348]Discuss what impact (if any) that energy harvesting may have on scheduling and timing relationships.

4.2	Scheduling aspects
The following related proposal can be found in the FLS [6]:
	Proposal 5.2-1a:
· To receive a PDSCH or to transmit a PUSCH, study following for A-IoT device considering all device types:  
· How to know the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation the PDSCH




The legacy way of scheduling involves the use of DCI which is part of the PDCCH. However, due to limited capabilities, an A-IoT devices may need a scheduling mechanism which considers a variety of devices and limiting to only one type of scheduling mechanism may not be the best case. The above proposal from the previous RAN1 meeting may be a good starting point for the discussion.
[bookmark: _Toc163219349]To receive a PRDCH or to transmit a PDRCH, study following for A-IoT device considering all device types:
· [bookmark: _Toc163219350]How to know the transmission length 
· [bookmark: _Toc163219351]Whether/How to know the frequency domain resource 
· [bookmark: _Toc163219352]How to know the TBS
· [bookmark: _Toc163219353]FFS: other necessary information for demodulation of PRDCH

5	Conclusion
In the previous sections we made the following observation:
Observation 1	It may be beneficial if the D2R transmission bandwidths are integer multiples of NR resource block bandwidths or at least integer multiples of the (15-kHz) NR subcarrier spacing, and the D2R resource borders in the frequency domain can be aligned with the NR resource block borders.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Agree following observation: It is beneficial to align the A-IoT R2D transmission with NR symbol or slot boundary.
Proposal 2	Agree following observation: It is beneficial to align the A-IoT D2R transmission with NR symbol or slot boundary.
Proposal 3	Agree following observation: For A-IoT device, due to high timing error/drift, the D2R transmission may not be aligned with NR symbol boundary.
· FFS: feasibility of alignment of D2R transmission with NR slot boundary
Proposal 4	Discuss and determine the maximum time/frequency offsets for each of the A-IoT device types, before and after synchronization.
Proposal 5	Study whether the current power budget limitations allow each category of A-IoT device to support mechanisms that enable frequency and time synchronization.
Proposal 6	To improve inventory efficiency, at least TDM and FDM of multiple A-IoT devices simultaneously during the random access procedure can be further studied.
Proposal 7	Clarify whether the agreed minimum processing time related definitions concern the time between the beginning of two subsequent transmissions or the time between the end of one transmission and the beginning of the next transmission.
Proposal 8	Discuss whether there is a need to define maximum processing times (which may be different for different device types, traffic types, and use cases).
Proposal 9	Discuss what impact (if any) that energy harvesting may have on scheduling and timing relationships.
Proposal 10	To receive a PRDCH or to transmit a PDRCH, study following for A-IoT device considering all device types:
· How to know the transmission length
· Whether/How to know the frequency domain resource
· How to know the TBS
· FFS: other necessary information for demodulation of PRDCH
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