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[bookmark: _Hlk157954776]1	Introduction
[bookmark: _Hlk162857488]In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. In RAN1 #116bis meeting [4], some agreements are achieved and listed below.
	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




In this paper, we discuss and give our views on the general aspects of ambient IoT physical layer design.

2	Discussion
2.1 	Use Cases and Deployment Scenarios
In TR 22.840 [2], SA1 provides set of use cases which are relevant to Ambient IoT study. Although, the defined use cases encompass various scenarios like manufacturing, medical applications, and usage in IoT sensors in smart homes, from our point of view, the use cases focused on automated warehousing, logistics, manufacturing are higher priority, and their requirements need to be carefully studied.
Proposal 1: Study the requirements of use cases of automated warehousing, logistics, manufacturing for Ambient IoT study.
The use case of automobile manufacturing also assumes that one reader is deployed within a block of 18m by 18m within the manufacturing site [2]. Deployment of large number of readers close to each other poses high risk of CLI especially when device communication is enabled by backscatter communication where DL transmission from readers and UL reception of the backscattered transmission from the IoT device are expected to occur over the same symbol. This can cause serious CLI levels as the UL transmissions from the IoT devices are expected to be low powered while the DL transmissions from the interfering readers can have high power. Hence, further investigation is required on the CLI experienced to receive the UL transmissions from the Ambient IoT devices and develop methodologies to mitigate the experienced CLI.
Observation 1: Due to low power of uplink transmissions from IoT device, backscatter communication is likely to experience large CLI for UL reception of IoT devices in presence of high-powered DL transmissions from nearby readers.
Proposal 2: Study mechanisms to mitigate CLI experienced by a reader for receiving UL transmissions from the IoT devices in presence of DL transmissions from nearby readers.
The SID contains description of two deployment scenarios- Deployment scenario 1 (Device indoors, base station indoors) with Topology 1 (BS ↔ Ambient IoT device) and Deployment scenario 2 (Device indoors, base station outdoors) with Topology 2 (BS ↔ intermediate node ↔ Ambient IoT device) where the detailed description of these is provided in TR 38.848 [3]. While both scenarios require significant discussion in context of supporting backscatter communication, the Topology-2 requires additional considerations.
Illustration of Topology 2 based on TR 38.848
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In Topology-2, where UE acts as intermediate node, a few gNBs can be deployed outside the facility and large number of UEs (or readers) can be deployed within the site to perform the communication with Ambient IoT devices. Thus, this topology eliminates the need to deploy gNBs in large quantity and hence reducing the overall CAPEX of network deployment. However, to support backscatter communication in such a setting requires good coordination between gNB and intermediate UE for resource allocation of backscatter communication specially considering the high CLI which is expected to occur in such scenarios.
Proposal 3: Study coordination requirements between gNB and intermediate UE to support backscatter communication for Topology 2.
Moreover, the resource configuration of intermediate UEs (by the gNB) to allow backscatter transmission needs to be investigated. For instance, gNB may need to configure semi-static resources to the intermediate UE for periodic polling of nearby IoT devices (e.g. during gate-in inventory check) and may need to schedule dynamic resources to enable ad-hoc communication with the IoT device (e.g. for inventory check or positioning). In both cases, the intermediate UE may need to support simultaneous UL and DL within the same band which further complicates the resource allocation issue. 
Proposal 4: Study resource allocation enhancements for an intermediate UE in Topology 2 to enable backscatter communication.
2.1 	CP handling for OFDM based OOK waveform
For R2D CP handling for OFDM based OOK waveform, there are two method type for potential down-selection. One is device side method and the other is reader side method. From device side’s perspective, whether device could removal of CP at device side depends on device’s receiver’s architecture and complexity. For some lower end devices, it’s not expected to enforce the devices to handle this extra operation. For the harmonized design target, we think it’s better for the reader to handle the CP issue, that method type 2 is supported.
Proposal 5: For R2D CP handling for OFDM based OOK waveform, method Type 2 is supported, i.e., 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.
[bookmark: _Hlk165894433]How the reader can ensure such CP insertion? The samples of the last OOK chip in OFDM symbol (n-1) depends on the last bit in OFDM symbol (n-1). The samples of the first OOK chip in OFDM symbol n depends on the last bit in OFDM symbol n. Since the two bits may be different. The on-off states at the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n could be different, thus false rising/falling edge is introduced between them. To ensure no false rising/falling edge, it should make sure for the samples at the last OOK chip, only the same on-off state is applied.
Proposal 6: To ensure no false rising/falling edge, for each OOK chip, regardless of the bit for the OOK,
· Option 1: always ‘on’ state (high power) samples are generated at the last OOK chip. 
· Option 2: always ‘off state (low power) samples are generated at the last OOK chip. 
In figure 1, we give the example of CP handling of PIE coding assuming option 1 in proposal 6. In figure 1, we can observe that there 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.
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Figure 1: Example of CP handling for PIE coding
In figure 1, we give the example of CP handling of Manchester coding assuming option 1 in proposal 6. In figure 1, we can observe that there 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. However, there also exist extra rising/falling edge for Manchester coding. Thus, for CP OFDM waveform and Manchester coding, extra rising/falling edge at reader side is unavoidable.
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Figure 2: Example of CP handling for Manchester coding

2.2	M-chip per OFDM symbol and numerologies 
Considering compatible with existing OFDM symbol operating at FDD band, either 15kHz or 30kHz numerologies could be supported. It may depend on the operating band. The numerology selected by the reader is transparent to ambient IoT device, that ambient IoT device does not need do blind detection of the numerology.
For normal CP, the ratio of CP duration and OFDM duration is about 1/14. Within one OFDM symbol, M value is better to be power of two values. If M is larger than 8, the duration of basic PIE duration, assuming PIE is used for R2D, is less than the duration of CP part. It may cause additional troubles to resolve the CP issue. Thus, it better to select M not larger than 8. Assuming 15kHz and 30kHz numerology OFDM symbol and 8 chip per OFDM symbol, the duration of one chip is about 8us and 4us separately, which is comparable with minimal Tari (6.25us) of RFID type C.
Proposal 7: The numerology of ambient IoT interface is either 15kHz or 30kHz. The numerology is selected by the reader, which is transparent to ambient IoT device. 
Proposal 8: Ambient IoT device should have capability to detect multiple chip rates at R2D link.
Proposal 9: M values of M-chip per OFDM symbol is {2, 4, 8}.

2.3	Line code
[bookmark: _Hlk165895362]PIE line code has benefit on power harvesting while Manchester coding could have shorter transmission burst. When considering CP processing of CP-OFDM, PIE seems more compatible with CP-OFDM as shown in figure 1 and figure 2. For example, when there is PIE chip per OFDM symbol, transmitter can always set high-power at the end of samples of OFDM symbol and corresponding CP samples. However, when we considering one Manchester chip in one OFDM symbol, the power status at the beginning of the CP-OFDM and the power status at the end of the CP-OFDM should be the same due to the nature of CP. However, the power status at the beginning of one Manchester chip and the power status at the end of the Manchester chip should be different due to the nature of Manchester coding. The requirement between CP-OFDM and Manchester coding is inconsistent. To better support CP-OFDM waveform, PIE is line code of R2D.
Proposal 10: Both PIE and Manchester coding is supported for R2D. PIE could be used for in-band or guard-band operation with higher coexistent requirement.

2.4	Multiple carriers
To support more devices, if the frequency bandwidth of the operating band of a reader is larger than occupied bandwidth, from reader’s perspective, it may transmit and receive multiple signal simultaneous on multiple occupied bandwidth part. From ambient IoT device’s perspective, it is not required to simultaneously receive and transmit on multiple carriers. Device could select one carrier to receive and transmit signal. Considering frequency selective fading channel, the device could apply frequency hopping of the selected carriers to overcome the possible deep fading on specific frequency point.
Proposal 11: From reader’s perspective, it may transmit and receive multiple signal simultaneous on multiple occupied bandwidth part.
Proposal 12: From device’s perspective, it requires to select one carrier of the occupied bandwidth part to receive and transmit signal and it may apply frequency hopping to select the carrier.

3	Conclusion
In this contribution, we give our views on the general aspects of ambient IoT physical layer design, and propose that:
Proposal 1: Study the requirements of use cases of automated warehousing, logistics, manufacturing for Ambient IoT study.
Proposal 2: Study mechanisms to mitigate CLI experienced by a reader for receiving UL transmissions from the IoT devices in presence of DL transmissions from nearby readers.
Proposal 3: Study coordination requirements between gNB and intermediate UE to support backscatter communication for Topology 2.
Proposal 4: Study resource allocation enhancements for an intermediate UE in Topology 2 to enable backscatter communication.
Proposal 5: For R2D CP handling for OFDM based OOK waveform, method Type 2 is supported, i.e., 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.
[bookmark: _Hlk162871168]Proposal 6: To ensure no false rising/falling edge, for each OOK chip, regardless of the bit for the OOK,
· Option 1: always ‘on’ state (high power) samples are generated at the last OOK chip. 
· Option 2: always ‘off state (low power) samples are generated at the last OOK chip. 
Proposal 7: The numerology of ambient IoT interface is either 15kHz or 30kHz. The numerology is selected by the reader, which is transparent to ambient IoT device. 
Proposal 8: Ambient IoT device should have capability to detect multiple chip rates at R2D link.
Proposal 9: M values of M-chip per OFDM symbol is {2, 4, 8}.
Proposal 10: Both PIE and Manchester coding is supported for R2D. PIE could be used for in-band or guard-band operation with higher coexistent requirement.
Proposal 11: From reader’s perspective, it may transmit and receive multiple signal simultaneous on multiple occupied bandwidth part.
Proposal 12: From device’s perspective, it requires to select one carrier of the occupied bandwidth part to receive and transmit signal and it may apply frequency hopping to select the carrier.
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