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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref115331598][bookmark: _Ref129681832]A revision to the study item on solutions for Ambient IoT (Internet of Things) was approved in RAN#103 [1]. The objectives are captured in Appendix A. Appendix B captures agreements for several RAN1 agenda items from both RAN1#116 and RAN1#116bis. Appendix C lists several feature lead suggestions for RAN1#117 contributions [5].
In this contribution, we provide proposals based on the agreements and the feature lead suggestions.
Discussion
Timing between channels
During RAN1#116bis, there were several follow-up proposals to the minimum processing time agreements reached in RAN1#116.
One proposal was to study the start timing of the corresponding D2R transmission after a R2D transmission.
	[bookmark: _Hlk165880800]Proposal 6.1-1b: For A-IoT device, for the start timing of the corresponding D2R transmission after a R2D transmission, study at least following options.
· Option 1: Define a maximum time TR2D_max between the end of a R2D transmission and the start of the corresponding D2R transmission following it, so that the R2D transmission timing is within [TR2D_min, TR2D_max]. 
· Option 2: Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· Note above options may not be mutually exclusive.




The proposal attempted to define two aspects: transmission timing for the device and a timing range when transmission should be completed at the reader. Fig. 1a) shows the timing from the device perspective. The agreed minimum processing time between the PRDCH and PDRCH is shown. A device transmits PDRCH at time t after the end of the PRDCH, with t ≥ TR2D_min. Option 2 mentions that the reader can provide the timing value t as part of the scheduling information in the R2D transmission. t can be an equivalent of the TDRA value used in NR. Here the time units need to be specified. In the absence of other timing information from the reader, the device should transmit immediately (technically after TR2D_min). Note from the device perspective, the SFO is not an issue – the device will start transmitting after a fixed number of clock ticks. 
Fig. 1b) shows the timing from the reader perspective. After a reader finishes transmission of the PRDCH, it waits time t for a response. At the reader, there is uncertainty when t occurs. Propagation delay causes the start of the reception of the PDRCH to be slightly greater than t. A bigger factor is the uncertainty due to the device’s SFO, which can cause the reception of the PDRCH before t or later than t. If a reader fails to receive any PDRCH by time TR2D_max after the end of the transmission of PRDCH, there can be several possible causes, including that the device did not receive the PRDCH, the device did not have enough power to transmit the PDRCH, and there were poor channel conditions (e.g., interference). The time TR2D_max allows the reader to perform other transmissions / receptions or even begin additional procedures for this device.
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[bookmark: _Ref165875920]Fig. 1. Time between PRDCH and PDRCH transmissions from both a device and reader perspective.
Some revising can clarify the proposal by separating the reader and device. 
For the start timing of the corresponding D2R transmission after a R2D transmission, study the following options.
· For an A-IoT device:
· Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· In absence of reader indication, the start timing is TR2D_min.
· For a reader:
· Define a maximum time TR2D_max after the end of a R2D transmission so that the start of the corresponding D2R transmission is within [TR2D_min, TR2D_max]. 
Using the revision, we propose
Proposal 1: Revise the FL proposal for the start timing of the corresponding D2R transmission after a R2D transmission to:
For the start timing of the corresponding D2R transmission after a R2D transmission, study the following options.
· For an A-IoT device:
· Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· In absence of reader indication, the start timing is TR2D_min.
· For a reader:
· Define a maximum time TR2D_max after the end of a R2D transmission so that the start of the corresponding D2R transmission is within [TR2D_min, TR2D_max]. 

Another FL proposal was regarding whether to define a maximum time between the end of the D2R transmission and the start of the expected R2D transmission following it (TD2R_max).
	Proposal 6.1-2b: When a response for a D2R transmission from reader is expected for the A-IoT device, define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it, so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max].



For NR UEs, having a maximum time is needed for the random access procedure. If the UE does not receive a response in time (e.g., Msg2 [clause 8.2 of 38.213], Msg4 [clause 8.4 of 38.213], MsgB [clause 8.2A of 38.213]), the UE can fallback to a known state and recover. 
It is unclear what a maximum time (TD2R_max) provides to a device. First, there is a clock issue. Due to the SFO, TD2R_max can vary at each device. If the clock at the device is faster than the reference clock at the reader, TD2R_max at the device occurs earlier than at the reader; causing potential race issues with a R2D transmission sent in time from reader but late according to the device. Secondly, not all D2R transmissions require a corresponding R2D transmission. 
If the intent of the maximum time is for contention based access, the maximum time may impact device availability. For example, a reader may decide to communicate with other devices; allowing the device to become available for future communications, e.g., to complete the contention based access procedure. 
Proposal 2: For Ambient IoT, do not support defining a maximum time between the end of the D2R transmission and the start of the expected R2D transmission following it.

Another proposal was about the use case for TD2R_D2R_min, the minimum time between two different consecutive D2R transmissions from the same A-IoT device.
	FL1 Medium Priority Question 6.1-3: What is the use case for studying TD2R_D2R_min the minimum Time between two different consecutive D2R transmissions from the same A-IoT device?



In general, we do not see two consecutive D2R transmissions from the same device as a needed case. When we consider the SFO, the device timing for the second transmission can be an issue. It is preferable that a device receives an R2D transmission to adjust its clock. In addition, the reader may be unclear about the device’s availability for a second D2R transmission after the first D2R transmission is completed.  
Proposal 3: For Ambient IoT, do not study use cases and possible values for the minimum time between two different consecutive D2R transmissions from the same A-IoT device.

Device availability
In RAN#103, the following decision was reached for device availability.
	Proposal 2
· 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



The FL had several proposals related to device availability in RAN1#116bis. One of the suggestions proposed for RAN1#117 
	Study following options for the A-IoT device including device 1 and device 2 operation   
· Option 1: A-IoT device is assumed available for the reader 
· Option 2: A-IoT device availability is assumed unknown to the Reader
· Option 3: A-IoT device availability is assumed known by the Reader



Companies had various views about the three options. Option 2 seems to suggest that a reader has no idea whether it can communicate to a device even if a device had hours to harvest energy. Option 3 suggests that a reader knows how long a device can stay charged for continued communication.
From a scheduling perspective, option 1 is preferred and is fully in line with the RAN decision. It assumes there has been sufficient time for devices to acquire enough energy at the onset of communications. At this moment, the reader can start communicating with devices. However, the act of receiving R2D transmissions can affect the device’s availability. As we mentioned in [3][8], one approach to improve device availability is to design the structure of the PRDCH so that a device can determine if that PRDCH is intended for it. For example, if the PRDCH contains a destination ID, allowing the destination ID to be received early in the PRDCH enables a device to stop receiving when the destination ID does not match the device ID. While stopping reception and processing is an implementation choice, the standards can support a mechanism to stop receiving earlier.
Proposal 4. Support providing a destination ID / cast type early within PRDCH to allow devices to stop receiving the PRDCH.
Because PDRCH is transmitted in response to a PRDCH, not receiving PRDCH saves power for receive and transmit. Another approach to address a device’s availability is stopping the device from receiving PRDCH for a certain amount of time. A time-based solution (e.g., DRX) is reasonable when timing is accurate at a device. Due to the SFO, the timing of device can drift significantly even over a span of 10 ms, making the DRX approach less reliable when the period is longer. In contrast to a timer (clock), a signal-based approach, such as detection of a known pattern, can also have low complexity and power consumption. For example, the R2D signal acquisition signal is a known pattern which a device can detect and count without enabling the processing chain. Once the count reaches a limit, a trigger can enable the device to begin receiving and processing PRDCH.
From a scheduler perspective, it needs to know that there are devices unavailable for communications. Since the durations of a PRDCH and a PDRCH can be approximated, a scheduler can estimate how long a device can be unavailable by computing the product of the limit and the approximate durations of the PRDCH and PDRCH. The scheduler ensures that those devices are not scheduled for communications. For example, the reader can broadcast the limit and criteria for a device to be considered unavailable, such as a numerical range. Those devices that satisfy the criteria for unavailability can start counting the R2D signal acquisition signal. The other devices are expected to be available for communications. If a device is unable to communicate at this time, the reader can provide opportunities for such devices to communicate later.
For example, before a session, a CW is on for long enough for a device to charge and store energy. Once a session starts, a device has sufficient stored energy for counting/detecting preambles and for decoding some initial PRDCH. While the device is only counting/detecting preambles, it can store energy so that the device is able to decode an intended PRDCH and to respond with a PDRCH. 
Proposal 5: To improve device availability, a device can be signaled with a number of PRDCH to count before looking for a PRDCH that may be intended for it.
Returning to the feature lead proposal, we prefer
Proposal 6: Revise the FL proposal to
Study following options for the A-IoT device including device 1 and device 2 operation 
· Option 1: A-IoT device is assumed available for the reader

Frame Alignment
In RAN1#116bis, the FL had two proposals that could be discussed in a future meeting along with an agreement for alignment of the start of R2D transmissions.
	FL2 High question 3-1-2: For R2D transmission, if OFDM-based waveform is used, whether the end of R2D transmission is aligned with the boundary of an NR symbol for in-band/guard-band operation?
 Can be discussed in future meeting.

For future meeting, better to consider following points for further discussion:
· Whether/how to confine the D2R transmission within the NR symbols and/or slots with certain unalignment with the NR symbol/slot boundary for reader’s reception? 
· What the extent of certain alignment or non-alignment with the NR symbol/slot boundary by taking into account the device’s time error/drift

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.




The first proposal is about the end of R2D transmission is aligned with the boundary of an NR symbol if OFDM-based waveform is used. NR symbol alignment may be beneficial for CP handling at the reader side. Having alignment may impose additional requirements for the reader and device. For the reader, there may be some constraints about the length of the R2D transmission, such as the addition of padding bits at the physical layer. As a result, procedures how a device manages padding bits may be needed. We should study any modifications needed to support alignment.
Proposal 7: For R2D transmission, if OFDM-based waveform is used, study how to align the end of R2D transmission with the boundary of an NR symbol for in-band/guard-band operation
Alignment of D2R transmissions to NR symbol/slot boundary was also discussed. If a reader can provide an equivalent of a TDRA field to the device for its D2R transmission, it is possible that the start of the received D2R transmission can be somewhat aligned to a NR symbol boundary provided the resolution of this TDRA has enough granularity. Due to timing drift/error, a device can start transmitting at the wrong time from the reader’s perspective. If the difference between the starting time of the D2R transmission and end time of the R2D transmission is small, the amount of timing drift/error is small. Since the timing drift/error accumulates over the duration of the D2R transmission, the end of the D2R transmission may not be aligned to any NR symbol/slot boundary. Some companies wanted to try studying making D2R transmissions somewhat (coarsely) aligned but even if coarse alignment at the start of the D2R transmission will accumulate over the duration of the transmission. So, it is better to assume that D2R transmissions are not necessarily aligned and design from there.
Proposal 8: Alignment of receiving of D2R transmission to NR symbol/slot boundaries at the reader is not studied.
Scheduling
In RAN1#116bis, the FL had the following proposal regarding D2R scheduling.
	Proposal 6.2-3a: Study necessary scheduling information for D2R transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing
· FFS other necessary information



We can support this proposal as scheduling information, such as these, is needed. The fourth bullet “Whether/How to know the transmission timing” is related to the discussion of the start timing of the corresponding D2R transmission after a R2D transmission.
Proposal 9: Support the FL proposal
Study necessary scheduling information for D2R transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing
· FFS other necessary information

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we have the following proposals:
Proposal 1: Revise the FL proposal for the start timing of the corresponding D2R transmission after a R2D transmission to:
For the start timing of the corresponding D2R transmission after a R2D transmission, study the following options.
· For an A-IoT device:
· Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· In absence of reader indication, the start timing is TR2D_min.
· For a reader:
· Define a maximum time TR2D_max after the end of a R2D transmission so that the start of the corresponding D2R transmission is within [TR2D_min, TR2D_max]. 
Proposal 2: For Ambient IoT, do not support defining a maximum time between the end of the D2R transmission and the start of the expected R2D transmission following it.
Proposal 3: For Ambient IoT, do not study use cases and possible values for the minimum time between two different consecutive D2R transmissions from the same A-IoT device.
Proposal 4. Support providing a destination ID / cast type early within PRDCH to allow devices to stop receiving the PRDCH.
Proposal 5: To improve device availability, a device can be signaled with a number of PRDCH to count before looking for a PRDCH that may be intended for it.
Proposal 6: Revise the FL proposal to
Study following options for the A-IoT device including device 1 and device 2 operation 
· Option 1: A-IoT device is assumed available for the reader
Proposal 7: For R2D transmission, if OFDM-based waveform is used, study how to align the end of R2D transmission with the boundary of an NR symbol for in-band/guard-band operation
Proposal 8: Alignment of receiving of D2R transmission to NR symbol/slot boundaries at the reader is not studied.
Proposal 9: Support the FL proposal
Study necessary scheduling information for D2R transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing
· FFS other necessary information
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Appendix
Appendix A: Study item objectives [1]
	This study targets a further assessment at RAN WG-level of Ambient 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 shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii.  a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X is to be decided in WGs.
· [bookmark: _Hlk155594205]Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
· Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C. FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. [bookmark: _Hlk157581612]Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.

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, 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.
· 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

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.



Endorsed agreement following the SID [2].
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· [bookmark: _Hlk166068475]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



Appendix B: Agreements
Appendix B1: Agreements from RAN1#116 [6]
	9.4.2.1
Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M¬-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.


Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS

9.4.2.2
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

9.4.2.3
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




Appendix B2: Agreements from RAN1#116bis [7]
	9.4.2.1
Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.

Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.

Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS

Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Agreement
A-IoT D2R study of FEC includes at least convolutional codes.
· Comparisons are encouraged to compare to the case of no FEC
· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied.

Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212

Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.

Agreement
R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.
· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.

Agreement
For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and is down-selected among:
· Alt 1: Including 180 kHz, 360 kHz, and FFS other values
· Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))

Agreement
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· Method Type 1: Removal of CP at device without specified transmit-side 
· FFS: How device determines the CP location
· FFS: Impact on feasibility of device SFO
· FFS: relation to M, if any
· Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
· FFS: relation to M, if any
· FFS: Detail of relationship to line code codewords
· FFS: Impact on feasibility of device SFO
· [Other method types are not precluded]
· Study of the methods should include e.g.:
· CP impact on R2D timing acquisition, and decoding & performance of PRDCH
· Reader and device implementation complexities
· Interference between R2D and NR DL/UL if in the same NR band
· Spectrum efficiency

Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further

9.4.2.2
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.

Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH. 
· Option 2: Based on R2D control information.

Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information

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. 

9.4.2.3
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

Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
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Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.

Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

Agreement
Proximity determination based on device side measurements is not considered. 




Appendix C: FL proposals [5]
The gray highlighting are FL proposals with no decisions.
	Q1
FL2 High question 3-1-2: For R2D transmission, if OFDM-based waveform is used, whether the end of R2D transmission is aligned with the boundary of an NR symbol for in-band/guard-band operation?
 Can be discussed in future meeting.

Q2
For future meeting, better to consider following points for further discussion:
· Whether/how to confine the D2R transmission within the NR symbols and/or slots with certain unalignment with the NR symbol/slot boundary for reader’s reception? 
· What the extent of certain alignment or non-alignment with the NR symbol/slot boundary by taking into account the device’s time error/drift

Q3
Can be discussed further next meeting based on following agreements made in AI 9.4.2.3.
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

Q4
Further discuss in the next meeting.
How to indicate/determine the D2R chip length?
· Option 1: by R2D preamble
· Option 2: by R2D control information 
· Option 3: by D2R transmission bandwidth, e.g. 


Q5
RANP#103 gives the design target for charging time (duration of one device’s unavailability) by energy harvesting that can be assumed up to several tens of seconds. 
More important aspect is to study the duration of one device’s availability, it highly depends on the device’s capacitor size, energy conversion efficiency, activation threshold, power model like wake-up model, clock etc which is related to the device architecture. So, for the duration of one device’s availability, FL suggest discussing it under AI 9.4.1.2 Ambient IoT Device Architecture.
Maybe after knowing the charging duration and device available duration for all device types, whether/how to handle the potential impact of energy harvesting on device availability for transmission and reception procedures can be further discussed.

FL2 High Priority Proposal 4.3-4a: Study following options for the A-IoT device including device 1 and device 2 operation   
· Option 1: A-IoT device is assumed available for the reader 
· Option 2: A-IoT device availability is assumed unknow to the Reader
· Option 3: A-IoT device availability is assumed known by the Reader
 Can be discussed in future meeting.

Q6
Based on the online discussion, companies are encouraged to check the agreements on random access made in RAN2. About what should be studied in RAN1 for random access will be clarified later maybe in next meeting chairman agenda after RAN1 and RAN2 chair coordination.  

Q7
Proposal 6.1-1b: For A-IoT device, for the start timing of the corresponding D2R transmission after a R2D transmission, study at least following options.
· Option 1: Define a maximum time TR2D_max between the end of a R2D transmission and the start of the corresponding D2R transmission following it, so that the R2D transmission timing is within [TR2D_min, TR2D_max]. 
· Option 2: Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· Note above options may not be mutually exclusive.

Based on the offline discussion, the proposal is to study the timing relations for a single R2D transmission and corresponding D2R transmission following it. It is not to study the total time interval for one inventory procedure. 
Some clarifications:
· For Option 1, the intention is not to let the device to determine/select the transmission timing within [TR2D_min, TR2D_max], once device finished processing R2D and prepared D2R, the device can transmit the D2R. On one hand, from device perspective, TR2D_min is defined in the last meeting that is the minimum time to satisfy the processing time capability for a A-IoT device, so the device is not required to send D2R before TR2D_min. On the other hand, from Reader perspective, TR2D_max is a maximum time for Reader to know how long time it needs to ‘wait’ for receiving the D2R. Option 1 is similar as mechanism used in RFID. 
· For Option 2, the start timing of the corresponding D2R transmission is indicated by the Reader, Similar as NR. The device is required to transmit the D2R based on the indicated time interval with some uncertainty caused by SFO.

Q8
Proposal 6.1-2b: When a response for a D2R transmission from reader is expected for the A-IoT device, define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it, so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max].

Q9
FL1 Medium Priority Question 6.1-3: What is the use case for studying TD2R_D2R_min the minimum Time between two different consecutive D2R transmissions from the same A-IoT device?

Q10
Proposal 6.2-3a: Study necessary scheduling information for D2R transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing
· FFS other necessary information
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