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1. [bookmark: _Ref87036880]Introduction
	The Re1-19 SI on solutions for Ambient IoT was approved in RAN#102 meeting. The SI objective relevant to this agenda item is as follows [1].
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
…
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.
…



2. Discussion
	In this contribution, we present our views on general aspects of Ambient IoT physical layer design.

2.1. General aspects
	According to the description in the objective relevant to Ambient IoT physical layer design, the required functionalities in Section 6.2 of TR 38.848 [2] (also attached in Appendix A) needs to be ensured. And the study on Ambient IoT solutions should be as prescribed in the General Scope (also attached in Appendix B) in the SID [1].
Another aspect to consider in general for Ambient IoT physical layer design, would be very Ambient IoT-specific issues such as whether to provide Ambient IoT devices with ES (Energizing Signals, i.e., RF signals for energy transfer) under gNB/IN control, time/frequency/power resource management for CW (Carrier Wave) and/or ES and potential information feedback e.g., on energy/power state from Ambient IoT devices to assist the resource management at gNB/IN side.
Proposal 1: Study the following Ambient IoT-specific aspects for Ambient IoT physical layer design.
· Whether to provide Ambient IoT devices with ES (Energizing Signals, i.e., RF signals for energy transfer) under gNB/IN control
· Time/frequency/power resource management for CW (Carrier Wave) and/or ES, and potential information feedback e.g., on energy/power state from Ambient IoT devices to assist the resource management at gNB/IN side

2.2. Numerologies
	Agreement (RAN1#116b)
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.



For numerologies discussion, a spectrum deployment aspect need to be considered. As spectrum deployments in-band to NR, in guard-band to LTE/NR, and in standalone band(s) are in the scope of this the Ambient IoT study, there may be benefits of aligning the numerologies for Ambient IoT to those for NR/LTE. Another aspect to consider is the capability of Ambient IoT in terms of clock accuracy and synchronized operation with the NR/LTE CP-OFDM structure. Taking the two aspects above into account, the following proposal is made on the study of numerologies for Ambient IoT.
Proposal 2: Study feasibility of Ambient IoT devices to work with symbols aligned with NR/LTE CP-OFDM structure.
· If feasible, study further
· whether to align numerologies for Ambient IoT with those for NR/LTE
· whether to support multiple numerologies for Ambient IoT (e.g., 15kHz and 30kHz SCSs)

Another aspect relevant to the discussion on Ambient IoT numerologies is whether to support variable symbol durations for Ambient IoT (e.g., for variable data rates and latency). For example, in UHF passive RFID, variable R=>T(R2D) and T=>R(D2R) data rates are supported by an RFID reader controlling RFID symbol duration. For Ambient IoT, we expect at least the same degree of flexibility to be supported and, for this to work, how to indicate those settings dynamically to Ambient IoT devices (e.g., via a preamble if supported) needs to be studied.
Proposal 3: Study whether to support variable Ambient IoT symbol durations including how to indicate the selected symbol durations dynamically (e.g., via a preamble if supported) to Ambient IoT devices.

2.3. Bandwidth
	Agreement (RAN1#116)
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

Agreement (RAN1#116b)
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 (RAN1#116b)
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



Discussion on the bandwidth for Ambient IoT is quite involved. For a single channel (for one-to-one communication b/w gNB/IN and Ambient IoT device), the bandwidth needs to support the instant target peak rate. It is also related to the R2D/D2R waveform designs, for example, in that a single-tone CW for backscattering may require smaller overall bandwidth compared to the multi-tone CW case. If functions requiring wider bandwidth (e.g., frequency shifted backscattering to avoid/mitigate self-interference from gNB/IN perspective) need to be supported, they would also impact the required bandwidth for a single channel for Ambient IoT. Then, the discussion can continue on to whether to support FDMA of devices and/or to support multiple channels e.g., to increase the system capacity for Ambient IoT devices or to reduce the overall latency for an inventory round.
There are issues related to the spectrum deployments aspect. For the spectrum deployment in guard-band to LTE/NR, the available bandwidth for Ambient IoT communication is very limited. Targeting the Ambient IoT physical layer design for this scenario may not be optimal for other spectrum deployments. So, whether to seek a single unified design for both in-band to NR and guard-band to LTE/NR needs to be determined at a relatively early phase so that later studies on the physical layer design itself can be more efficient and useful. 
Proposal 4: Study the following on the bandwidth for Ambient IoT
· feasibility of supporting a unified design for all spectrum deployment scenarios
· whether to support scalable/flexible bandwidth per channel
· whether to support multiple channels for Ambient IoT
· how to operate multiple channels if supported

In RAN1#116 meeting, for the purpose of study, transmission bandwidth and occupied bandwidth were defined for R2D transmission. There were some discussions on whether to further define the system bandwidth for R2D transmission as well. In our view, defining the concept of the system bandwidth for R2D transmission would be useful when we discuss frequency hopping across occupied bandwidths or channels, FDMA (if feasible), etc. Similar wording that we discussed for the system bandwidth for D2R transmission can be used as follows. 
Proposal 5: For R2D transmission, in addition to the transmission bandwidth Btx,R2D and the occupied bandwidth Bocc,R2D, a system bandwidth is defined for the purpose of the study:
· System bandwidth, Bsys,R2D from a Reader perspective: The frequency span containing all the frequency resources that can be used by a Reader for R2D transmissions. The system bandwidth is composed of multiple occupied bandwidths or multiple channels.

Figure 1 shows the relationship between R2D occupied bandwidth and the R2D system bandwidth. If a channel is defined for the study, the channel bandwidth can be equal to the occupied bandwidth. Figure 1 also shows the possibility of configuring multiple R2D system bandwidths for FDMA and the possibility of configuring multiple system bandwidths with different sizes.


[bookmark: _Ref163260743]Figure 1 R2D occupied (= channel) bandwidth and system bandwidths

For D2R transmission, similar to the R2D case, system bandwidth can be defined in addition to the agreed transmission bandwidth and the occupied bandwidth. The occupied bandwidth can be interpreted as channel bandwidth if multi-channel operations are supported. The multi-channel operation is useful e.g., for frequency hopping across channels, D2R backscattering with inter-channel frequency shift, etc.
Proposal 6: For D2R transmission, in addition to the transmission bandwidth Btx,D2R and the occupied bandwidth Bocc,D2R, a system bandwidth is defined for the purpose of the study:
· System bandwidth, Bsys,D2R from a device perspective. The frequency span containing all the frequency resources that can be scheduled by a Reader for D2R transmissions from any number of AmIoT devices (this does not assume any particular number of devices is supported).

R2D/D2R system bandwidth can be restricted to NOT exceed the device Rx bandwidth. In this case, reader can configure multiple R2D/D2R system bandwidths for increased device connection density or reduced overall latency e.g., per inventory round.
Proposal 7: R2D/D2R study includes the case where multiple systems bandwidths are configured e.g., for increased device connection density or reduced overall latency.

	On the R2D transmission bandwidth Btx,R2D, we think it would be more convenient from coexistence perspective to allocate an integer number of RBs for an occupied bandwidth. Assuming that this can only be supported by Alt.3 (Integer multiple(s) of the subcarrier spacing), we think at least the Alt.3 should be kept until there is a progress on the discussion on intra-A-IoT guard(s).
Proposal 8: Among the three alternatives for the R2D transmission bandwidth, at least the Alt.3 should be kept until there is a progress on the discussion on intra-A-IoT guard(s).
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))


2.4. Coding
	Agreement (RAN1#116)
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 (RAN1#116b)
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 (RAN1#116)
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement (RAN1#116b)
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 (RAN1#116)
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 (RAN1#116)
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 (RAN1#116b)
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.



According to the agreements in RAN1#116 meeting, for baseband encoding schemes for R2D, Manchester encoding and pulse-interval encoding (PIE) are studied. OFDM waveform from R2D transmitter’s perspective is also studied. From R2D transmitter’s perspective, we think aligning the chip or codeword boundaries of the line codes with NR/LTE OFDM symbol boundaries is beneficial. Therefore, whether/how to align the chip or codeword boundaries of the line codes with NR/LTE OFDM symbol boundaries should also be included in the study. With the line codes for R2D transmission, the resource allocation unit (RU) can be based on one of the following: chip(s), codeword(s), or NR/LTE OFDM symbol(s). 
Proposal 9: For R2D line codes (Manchester encoding and PIE), the study includes at least the case where the chip or codeword boundaries of the line codes are aligned with the NR OFDM symbol boundaries.
Proposal 10: For R2D line codes (Manchester encoding and PIE), resource allocation unit can be defined based on one of the following:
· chip(s)
· codeword
· NR OFDM symbol(s)

For D2R, it was agreed to study Manchester encoding, FM0 encoding, Miller encoding, and no line coding. In the case of no line coding, how to provide clock or chip sync information to Ambient IoT devices needs to be discussed, and the square-wave modulation has been discussed in this aspect. In our view, as the name implies, the square-wave modulation also called subcarrier modulation in the context of RFID can be discussed in the sub-agenda for modulation. We think the applicability of this modulation technique is limited to the no line coding case.
Different types of Ambient IoT devices may coexist in the same coverage area and therefore may be under the control of a single gNB/IN. For this scenario, supporting/configuring different types of coding schemes e.g., based on AmIoT device type/capability may be useful and therefore can be studied.
Proposal 11: Study whether to support multiple coding schemes for D2R (incl. channel coding and baseband encoding)
· The support of multiple coding schemes or one specific coding scheme within the multiple coding schemes can be based on AmIoT device type/capability

2.5. Modulation
	Agreement (RAN1#116)
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 (RAN1#116b)
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
	


Considering the characteristics of Ambient IoT devices, low-power/low-complexity modulation schemes such as ASK (including OOK) can be studied for both R2D and D2R for which the OOK was agreed only for D2R in RAN1#116 meeting. Without controversy, the OOK can also be included in D2R study. BPSK and Binary-FSK(B-FSK) modulation can also be included in the study due to the fact that the receivers in the BS or intermediate UE are probably more capable than just supporting OOK type of modulation. Note that for UHF passive RFID, PSK is already supported for backscattered T=>R(D2R) transmission. The BFSK is the least supported one for D2R between OOK, BPSK and BFSK. Study on potential enhancements for BFSK for better spectral efficiency is needed before the discussion on down-selection on the D2R modulation scheme.
Proposal 12: For R2D modulation, OOK can be supported for all devices (1/2a/2b).
Proposal 13: For D2R modulation,
· OOK can be supported for all devices (1/2a/2b)
· BPSK can also be supported for all devices (1/2a/2b)
Proposal 14: For the BFSK for D2R modulation, further study potential enhancement techniques especially for better spectral efficiency.

For internally generated D2R transmission, basically the same modulation scheme(s) for both backscattered and internally generated D2R transmissions is(are) preferred based on the agreed principle in the General Scope of the SID which is “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: …”. It may be okay to study pros and cons of supporting different modulation schemes for the internally generated D2R transmission, but the barrier for introduction can be raised.
Proposal 15: For the modulation scheme(s) for internally generated D2R transmission, basically the same modulation scheme(s) as for the backscattered D2R transmission is(are) assumed.
· Modulation schemes different from that(those) use for backscattered D2R transmission can be studied, but the barrier for introduction can be raised.

In our view, the subcarrier modulation techniques which is also used for backscattered T=>R (D2R) transmission for UHF passive RFID can be useful in Ambient IoT, e.g., to avoid/mitigate gNB/IN self-interference and/or collisions among D2R transmissions from different Ambient IoT devices. As part of this study on modulation techniques, we propose to include those subcarrier modulation techniques.
Proposal 16: Study subcarrier modulation techniques (e.g., Miller subcarrier modulation in RFID) to avoid/mitigate self-interference at D2R receiver or collisions among D2R transmissions from different AmIoT devices.

2.6. Waveform
	Agreement (RAN1#116)
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 (RAN1#116b)
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



A single-tone waveform can be considered as a candidate waveform for the carrier wave for R2D/D2R communication as it is the simplest design as well as it has clear a benefit in terms of occupying the least amount of frequency resources potentially providing the largest FDMA device multiplexing capacity. Moreover, it is expected to cause the least amount of (self-)interference and for the same amount of (self-)interference, if it happens, it would be relatively easy to handle the (self-)interference compared to other complex multi-tone waveform types.
Multi-tone waveform types can also be studied as they can carry more energy to the Ambient IoT devices, which may be helpful to increase the coverage in R2D and the number of available devices at least for some device types (e.g., Device 1). Moreover, as it is well-known that, per the same average power, waveform types with large PAPR can deliver more power to the energy harvesting devices, the multi-tone waveform types are well suited for delivering energy/power to Ambient IoT devices.
As there are relative pros and cons b/w different waveform types, study both single-tone and multi-tone waveform types for the moment. Later in Rel-19 SI phase, we can discuss which one to recommend/specify including the possibility of supporting both for flexibility.
Proposal 17: Study both single-tone and multi-tone waveforms from the perspective of extending coverage for R2D/D2R, and reducing charging time of Ambient IoT devices.
· The study includes the needs for supporting both types of waveforms for flexibility.

On Method Type 1 for R2D CP handling for OFDM based OOK waveform, the issue is whether it is feasible for Ambient IoT devices to handle the CP or receive R2D transmissions without the need for handling the CP. Without a converged view on this aspect it would be difficult to make a down-selection. With the assumption that it is feasible for Ambient IoT devices to handle the CP or receive R2D transmissions without the need for handling the CP, we prefer Method Type 1 because it would provide better resource utilization with less specification impact. For line coding such as Manchester encoding, mapping of the line code codewords to the chips in OFDM symbols is easier for Method Type 1 than Method Type 2. On Method Type 2, enhancement techniques to improve the time resource utilization would need to be studied. It is also noted that for the solutions for Method Type 2 that require the OOK states of the first and the last chips to be the same in an OFDM symbol, the ends of OFDM symbols and R2D transmissions are automatically aligned.
Proposal 18: For Method Type 1, discuss if it is feasible for Ambient IoT devices to handle the CP.
Proposal 19: With the assumption that it is feasible for Ambient IoT devices to handle the CP, Method Type 1 is preferred because it provides better resource utilization with less specification impact.
Proposal 20: For Method Type 2, study potential solutions to improve the time resource utilization.
Observation 1: For line coding such as Manchester encoding, mapping of the line code codewords to the chips in OFDM symbols is easier for Method Type 1 compared to Method Type 2.
Observation 2: The ends of OFDM symbols and the R2D transmissions are automatically aligned for the solutions of Method Type 2 that require the OOK states for the first and the last chips to be the same in an OFDM symbol.

2.7. Multiple access schemes
	Agreement (RAN1#116b)
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.
Agreement (RAN1#116b)
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 (RAN1#116b)
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.




In general, multiple access schemes can be implemented in frequency, time, code and spatial domains. Traditionally, TDMA schemes have been used for UHF passive RFID. For Ambient IoT, considering the Ambient IoT device characteristics, it is not clear for us if multiple access schemes based on CDMA or SDMA can be supported by Ambient IoT devices. Besides, we wonder if they are useful considering the deployment scenarios for study in Rel-19 (FR1 licensed FDD spectrum). Therefore, we prefer to focus on studying multiple access schemes based on TDMA and/or FDMA including multi-channel operation.
For R2D multiple access for a reader, TDMA between R2D transmissions from different AmIoT devices can be studied. In addition, Whether/how to support FDMA-based multiple access for a reader can also be studied. 
Proposal 21: For R2D multiple access for a reader, TDMA can be supported between R2D transmissions for multiple AmIoT devices.
Proposal 22: For R2D multiple access for a reader, study further whether FDMA between R2D transmissions for multiple AmIoT devices is feasible.

Compared to UHF passive RFID, device density within reach from a reader (gNB/IN for Ambient IoT) is expected to be greatly increased. With the existing TDMA-based multiple access schemes (also called anti-collision protocols) implemented in systems with similar device characteristics (e.g., UHF passive RFID system) as a starting point, further enhancements on D2R multiple access techniques based on TDMA and/or FDMA can be studied to increase the system capacity or device multiplexing capacity.
Proposal 23: For D2R multiple access for a reader, TDMA and FDMA can be supported for D2R transmissions for multiple AmIoT devices.

3. Conclusion
	In this contribution, we shared our views on general aspects of Ambient IoT physical layer design.

Proposal 1: Study the following Ambient IoT-specific aspects for Ambient IoT physical layer design.
· Whether to provide Ambient IoT devices with ES (Energizing Signals, i.e., RF signals for energy transfer) under gNB/IN control
· Time/frequency/power resource management for CW (Carrier Wave) and/or ES, and potential information feedback e.g., on energy/power state from Ambient IoT devices to assist the resource management at gNB/IN side
Proposal 2: Study feasibility of Ambient IoT devices to work with symbols aligned with NR/LTE CP-OFDM structure.
· If feasible, study further
· whether to align numerologies for Ambient IoT with those for NR/LTE
· whether to support multiple numerologies for Ambient IoT (e.g., 15kHz and 30kHz SCSs)
Proposal 3: Study whether to support variable Ambient IoT symbol durations including how to indicate the selected symbol durations dynamically (e.g., via a preamble if supported) to Ambient IoT devices.
Proposal 4: Study the following on the bandwidth for Ambient IoT
· feasibility of supporting a unified design for all spectrum deployment scenarios
· whether to support scalable/flexible bandwidth per channel
· whether to support multiple channels for Ambient IoT
· how to operate multiple channels if supported
Proposal 5: For R2D transmission, in addition to the transmission bandwidth Btx,R2D and the occupied bandwidth Bocc,R2D, a system bandwidth is defined for the purpose of the study:
· System bandwidth, Bsys,R2D from a Reader perspective: The frequency span containing all the frequency resources that can be used by a Reader for R2D transmissions. The system bandwidth is composed of multiple occupied bandwidths or multiple channels.
Proposal 6: For D2R transmission, in addition to the transmission bandwidth Btx,D2R and the occupied bandwidth Bocc,D2R, a system bandwidth is defined for the purpose of the study:
· System bandwidth, Bsys,D2R from a device perspective. The frequency span containing all the frequency resources that can be scheduled by a Reader for D2R transmissions from any number of AmIoT devices (this does not assume any particular number of devices is supported).
Proposal 7: R2D/D2R study includes the case where multiple systems bandwidths are configured e.g., for increased device connection density or reduced overall latency.
Proposal 8: Among the three alternatives for the R2D transmission bandwidth, at least the Alt.3 should be kept until there is a progress on the discussion on intra-A-IoT guard(s).
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))
Proposal 9: For R2D line codes (Manchester encoding and PIE), the study includes at least the case where the chip or codeword boundaries of the line codes are aligned with the NR OFDM symbol boundaries.
Proposal 10: For R2D line codes (Manchester encoding and PIE), resource allocation unit can be defined based on one of the following:
· chip(s)
· codeword
· NR OFDM symbol(s)
Proposal 11: Study whether to support multiple coding schemes for D2R (incl. channel coding and baseband encoding)
· The support of multiple coding schemes or one specific coding scheme within the multiple coding schemes can be based on AmIoT device type/capability
Proposal 12: For R2D modulation, OOK can be supported for all devices (1/2a/2b).
Proposal 13: For D2R modulation,
· OOK can be supported for all devices (1/2a/2b)
· BPSK can also be supported for all devices (1/2a/2b)
Proposal 14: For the BFSK for D2R modulation, further study potential enhancement techniques especially for better spectral efficiency.
Proposal 15: For the modulation scheme(s) for internally generated D2R transmission, basically the same modulation scheme(s) as for the backscattered D2R transmission is(are) assumed.
· Modulation schemes different from that(those) use for backscattered D2R transmission can be studied, but the barrier for introduction can be raised.
Proposal 16: Study subcarrier modulation techniques (e.g., Miller subcarrier modulation in RFID) to avoid/mitigate self-interference at D2R receiver or collisions among D2R transmissions from different AmIoT devices.
Proposal 17: Study both single-tone and multi-tone waveforms from the perspective of extending coverage for R2D/D2R, and reducing charging time of Ambient IoT devices.
· The study includes the needs for supporting both types of waveforms for flexibility.
Proposal 18: For Method Type 1, discuss if it is feasible for Ambient IoT devices to handle the CP.
Proposal 19: With the assumption that it is feasible for Ambient IoT devices to handle the CP, Method Type 1 is preferred because it provides better resource utilization with less specification impact.
Proposal 20: For Method Type 2, study potential solutions to improve the time resource utilization.
Observation 1: For line coding such as Manchester encoding, mapping of the line code codewords to the chips in OFDM symbols is easier for Method Type 1 compared to Method Type 2.
Observation 2: The ends of OFDM symbols and the R2D transmissions are automatically aligned for the solutions of Method Type 2 that require the OOK states for the first and the last chips to be the same in an OFDM symbol.
Proposal 21: For R2D multiple access for a reader, TDMA can be supported between R2D transmissions for multiple AmIoT devices.
Proposal 22: For R2D multiple access for a reader, study further whether FDMA between R2D transmissions for multiple AmIoT devices is feasible.
Proposal 23: For D2R multiple access for a reader, TDMA and FDMA can be supported for D2R transmissions for multiple AmIoT devices.
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5. [bookmark: _Appendix_A]Appendix A
6.2	Required RAN functionalities
The assumptions on required functionality have been studied on the basis of supporting certain RAN design targets as well as other requirements. At least the following potential functionalities are identified in different sets, respectively, according to the purpose of each functionality assumed to be mainly used for. An entry in the tables below neither implies nor precludes RAN specification impact.
Table 6.2-1: Required RAN functionality set #1: for supporting RAN design target
	Design target
	Functionality

	Device power and complexity
	· Ultra-low power transceiver / Device architecture 
· Transmitting based on backscattering (including carrier wave provision for backscattering) for Device A and Device B
· Low-complexity waveform / modulation / coding / signal / channel / synchronization scheme, if applicable to Device, robust to frequency error and timing error
· Compact protocol stack and lightweight signaling procedure

	Coverage
	· Techniques for the required coverage with low device complexity (e.g., forward error correction, enough receiver sensitivity and transmitted power, reflection gain enhancement), if applicable and needed to the Device type

	User experienced data rate
	· Compact protocol stack and lightweight signaling procedure
· Potential schemes as applicable, such as, e.g. flexible modulation/code rate, resource allocation, multiple access methods

	Maximum message size
	· Compact protocol stack and lightweight signaling procedure
· Signal/channel design which can deliver the maximum message size

	Latency
	· Access mechanisms and signaling procedures which allow meeting the latency target

	Positioning support
	· Positioning method(s) applicable to the connectivity topologies for the required positioning accuracy for Ambient IoT device

	Connection density
	· Efficient multiple access methods and contention handling 
· Ability to control the operation for one or more of the Ambient IoT devices, within the applicable area, including e.g. the selection of devices

	Moving speed of device
	· Physical layer design (low-order modulation, reference signal etc. and others) robust to the appropriate ranges of moving speeds



Table 6.2-2: Required RAN functionality set #2: for supporting other requirements
	Requirement
	Functionality

	Device management
	· RAN aspects of identification, activation/deactivation, and other management functionalities of Ambient IoT devices and other involved devices (e.g. readers) if applicable, and related signalling to/from the CN if any/needed

	Security*
	· Authentication (when needed), encryption, data integrity, authorization (when needed)

	Mobility
	· Mobility management (at least cell selection/re-selection -like function) for device C
· Handling for Devices A and B


	Interference management and coexistence
	· Interference management/coordination scheme
· Potential full duplex capability of BS/UE, including self-interference suppression, may be required for BS/UE to communicate with Device A and Device B, if carrier wave transmission and backscatter reception is performed simultaneously at least on the same band by the same BS/UE.
· Coexistence with existing and adjacent network infrastructure, and possibility to reuse existing network deployments or use new network deployments.

	CN connectivity
	· RAN functionality for Ambient IoT to support CN (when present), with possibility of potential lightweight protocol stack architecture and simplified signaling procedures.

	Compatibility among connectivity topologies
	· From the perspective of the Ambient IoT device, strive for operation to be agnostic to RAN connectivity topologies.


*Note: This does not necessarily mean security has RAN impact, further study is needed.
The required functionalities may not all be addressed in the same Release.
In the above, both existing and new techniques may be considered.

6. [bookmark: _Appendix_B]Appendix B
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
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, both 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.
· 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. 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.
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