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1. Introduction
In RAN #102 meeting, new SID of Study on solutions for Ambient IoT (Internet of Things) in NR was approved for Rel-19.  The following objectives are set within the General Scope (only RAN1 relevant aspects are listed as below):
	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 (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 base station. 
       For Topology 2, no difference in physical layer design from Topology 1.
…


Based on the R19 AIoT SID, we focus on DL and UL signal/channel aspects in this contribution. In addition, proximity determination is also discussed.
3. DL signal channel aspects 
3.1. Physical signal/channels for AIoT DL
According to discussion in [2][4], Ambient IoT devices are not able to maintain synchronization with BS and UE as Reader, since A-IoT device is not able to receive DL signal and maintain timing when out of energy/deactivated, such as when not illuminated by RF signal for AIoT device with ~1 power consumption. Hence, periodic DL signals/channels for synchronization purpose is not needed for AIoT device. Besides, according to SID [1], RRM measurement is not supported in R19. Hence, periodic signal for sync and measurement, e.g., SSB and CSI-RS like channels supported in NR, is not needed for AIoT DL.
[bookmark: OB1]Observation 1: AIoT device cannot perform periodic reception, SS/PBCH block, CSI-RS like channel for periodic tracking and measurements that supported in NR are not needed for AIoT DL.
For DT and DO-DTT traffic, control information and higher layer data would be delivered to AIoT device. In NR, from RAN1 perspective, such information delivered to UE is contained in PDCCH and PDSCH respectively, where the PDCCH is typically used to indicate the scheduling information such as MCS, resource allocation etc. for the higher layer data constructed by PDSCH/PUSCH (a.k.a scheduling PDCCH) or physical layer behaviors (a.k.a non-scheduling PDCCH, like DCI format 2_0/2_1/2_2 etc.).PDSCH is used to deliver higher layer signaling, MAC CE and/or higher layer data. UE need to blind detect PDCCH in each monitoring occasion. PDCCH and PDSCH are separately designed in terms of modulation schemes, coding rates, DMRS, resource allocation, etc.
While in RFID C1Gen2 [5], there is no clear difference between control channel and data channel for DL (reader->tag link) from physical layer perspective. In RFID, the control information in our view can be viewed as scheduling information for data transmission and Command similar as NR non-scheduling PDCCH or MAC CE. For example, the scheduling information of DR (TRcal divide ratio) and M (cycles per symbol) in RFID sets the T=>R link frequency, data rate and modulation format, similar as NR scheduling PDCCH; The Commands such as Query/Read/Write having fixed control format which is similar as NR non-scheduling PDCCH or more like NR MAC CE. Different from NR PDCCH and PDSCH/PUSCH targeting for much high capable device, to accommodate for tag with low complexity and low power, the control information and data from higher layers are contained in the same DL or UL transmission within the same channel (same modulation, coding, data rate is used for control information and data) to avoid the complex and/or separate processing of control information and data . Each DL command has a unique command code that identifies its purpose. The command code is followed by parameters and data that provided to the tag. 
Therefore, for A-IoT device of which the power consumption and complexity is comparable as RFID tag, following options can be considered for Ambient IoT DL channel design.
· Opt-1: PDCCH like channel + PDSCH like channel for DL
· PDCCH like channel for scheduling AIoT DL/UL transmission and for command 
· PDSCH like channel for inventory function, DL-SCH with data from higher layer to AIoT device
· Opt-2: PDSCH like channel only for DL, to deliver both higher layer data & control information
· Control information including scheduling information and command can be delivered by MAC-CE in PDSCH.
· Higher layer data can be delivered by MAC-PDU in PDSCH
· FFS: how to support flexible TBS/data rate.
For option-1, a number of DCI format have to be defined in 38.212 for different purposes, e.g., triggering inventory procedure, scheduling DL/UL transmission, and PDSCH is scheduled by PDCCH to deliver higher layer signaling and data. As PDCCH blind detection should be avoided at AIoT device, a command code, similar to that in RFID, can be included in predefined location in DCI format, to indicate the purpose and help UE determine how to interpret the command payload.
For option-2, only one DL channel, i.e., PDSCH like channel is defined for AIoT DL, the control signaling can be transmitted in MAC-CE in PDSCH, and higher layer signaling can be contained in MAC-PDU. The MAC-CE and MAC-PDU can be contained by the same DL channel. In this option, a number of MAC-CE could be defined in 38.321. Besides, how to determine DL payload size and MCS should be addressed in DL Physical channel design to ensure the DL channel is decodable without PDCCH indication.
In option-1, the parameters for PDSCH can be dynamically indicated by PDCCH, and parameters, e.g., code scheme, data rate can be different from PDCCH. If the reliability requirements are different for control information and data information, option-1 is preferred. Besides, more flexible time/frequency domain resource allocation can be achieved if PDSCH is scheduled by PDCCH.
While for option-2, the control information and data will have the same reliability since there are delivered in the same channel. Besides, the time and frequency resource allocation is less flexible compared with option-1.
[bookmark: PP1]Proposal 1: Following options can be considered for Ambient IoT DL channel definition.
· Opt-1: PDCCH like channel + PDSCH like channel for DL
· PDCCH like channel for scheduling AIoT DL/UL transmission
· PDSCH like channel for inventory function, DL-SCH with data from higher layer to AIoT device
· Opt-2: PDSCH like channel only for DL, to deliver both higher layer data & control signaling
· Control signaling can be delivered by MAC-CE in PDSCH.
· Higher layer data can be delivered by MAC-PDU in PDSCH
· FFS: how to support flexible TBS/data rate.
[bookmark: OB2]Observation 2: PDCCH like channel + PDSCH like channel for DL is preferred, if the reliability requirements are different for control information and data information and flexible time/frequency domain resource allocation for DL is required. Otherwise, PDSCH like channel only for DL is preferred.
3.2. DL channel structure and time domain resource allocation
For channel structure and time domain resources for DL channel, the following aspects should be discussed.
· Channel structure
· Length of the DL channel
According to discussion in [9.4.1.1], AIoT system is an asynchronous system, and a AIoT device can be synchronized with BS or UE intermediate node based on the received DL physical channel. Hence, the DL channel should contain a sync part to facilitate AIoT device to synchronize with DL transmission. The sync part should be transmitted in the front part of the DL channel followed by the payload part. AIoT device performs continuous DL monitoring when it is energized. Only when sync part is detected, AIoT device start to detect the payload part. 
Due to power restriction, especially for 1 power consumption device. AIoT device is less likely to obtain sync with DL channel through performing correlation with received signal. Instead, the synchronization is obtained through counting local clock cycles within a pulse length in the DL signal, similar to RFID. 
As shown in Figure 1, the frame sync in UHF RFID C1Gen2, the preamble is a series of alternating ones and zeros starting with delimiter, it is used by the tag to synchronize with the Reader's clock. The delimiter is fixed zeros that indicates the start of a frame. The pattern followed by delimiter is used to indicate the pulse length of DL transmissions. After the DL channel is detected by tag, the tag becomes synchronized with DL commands, and thereby determining the subsequent DL reception and UL transmission based on the obtained timing.
[image: ]
[bookmark: _Ref158239196]Figure 1 DL sync part in UHF RFID C1Gen2
[bookmark: OB3]Observation 3: Sync part in DL channel is needed in each DL transmission.
· AIoT device performs sync through counting local clock cycles for the pulse width, rather than correlation with the sync part.
The payload size for a DL transmission may be up to several hundred bits, as in RFID. Assuming that a DL payload size is 100 bits with 1/2 Manchester coding; M=2 chips within one OFDM symbol(15kHz) duration, and CRC length is 8 bits. The duration for AIoT DL is about 8ms without sync part. A single transmission across multiple slots are expected to be very common in AIoT DL.
[bookmark: OB4]Observation 4: One transmission across multiple slots are expected to be very common in AIoT DL, due to low data rate and relatively high payload size.
The sync part is followed by the payload. A cyclic redundancy check (CRC) is included at the end of DL channel to verify the integrity of the frame data.
If only single channel is defined for AIoT DL, e.g., PDSCH, Command codes in the similar form of NR MAC CE that located in the beginning of the payload part can be used to indicate how to decode or interpret the DL channel. If both PDCCH like channel and PDSCH like channel are separately defined in AIoT, the command code is carried by PDCCH instead of PDSCH.
[image: ]
Figure 2 DL Channel structure AIoT
[bookmark: PP2]Proposal 2: Channel structure of sync part +payload + CRC can be considered for AIoT DL.
· Command codes in the payload part can be used to indicate how to decode or interpret the DL channel.
3.3. DL frequency domain resource allocation
According to discussion in our companion paper[2], the AIoT DL reception is based on RF envelop detection for device with 1 power consumption, and possibly based on IF/BB envelop detection for device with hundreds of  power consumption. The feasible frequency domain resource allocation scheme varies across different device type.
The 1 device, which performs reception based on RF envelop detection, is not able to flexibly filter a certain frequency part from a channel BW, it is agnostic of the frequency domain resource allocation, as long as the AIoT DL is contained in Rx BW of AIoT device. Besides, AIoT DL co-exist with NR DL is challenging for 1 device according to our analysis in [6], hence the whole channel BW can be allocated for AIoT DL to improve the DL performance which is observed as bottleneck channel in [6].
For device with IF/BB envelop detector, it is able to filter a certain frequency resource part from the DL channel bandwidth by using IF/BB filter. Hence, it is possible to allocate part of frequency resource in the channel to AIoT device. However, the actual BW for DL is agnostic to an AIoT device which only have one IF/BB filter with certain BW. The IF/BB envelop detector is still able to detect OOK signal even if the BW of DL transmission is larger than or smaller than the BW of IF/BB filter.
Nevertheless, defining a certain number of signal/channel bandwidth sizes for AIoT may still beneficial for AIoT DL, since it may provide guidance for implementation of AIoT device when design the IF/BB filter.
[bookmark: OB5]Observation 5: For device using RF ED, consider whole FDD UL/DL spectrum allocated for AIoT DL.
· FFS optimization for device with IF/BB ED with hundreds  power consumption.
4. UL signal channel aspects 
4.1. Physical signal/channel needed for AIoT UL
For UL transmission from AIoT device to NW or UE intermediate node, at least following information needs to be delivered. 
· Data from AIoT device to NW/UE intermediate node
· Response to DT traffic (e.g., configuration/higher-layer command complete)
· Temporary ID or Device-ID in random access procedure
For DO-DTT traffic, PUSCH like channel can be used to deliver data from AIoT device. For DT traffic, PUSCH like channel can be used to transmit response for DT traffic. For random access purpose, the PUSCH channel can be used to deliver A-IoT ID information. These types of information can be transmitted by a single channel type, i.e., PUSCH like channel for AIoT. 
[bookmark: PP3]Proposal 3: For AIoT UL,  define one single physical channel, i.e., PUSCH like channel, to deliver at least following information.
· Data from AIoT device to NW/UE intermediate node;
· Response to DT traffic;
· Temporary ID or AIoT device ID in random access procedure.
4.2. UL channel structure and time domain resource allocation
According to discussion in [2][3], the local clock of the AIoT device is not as stable as conventional local oscillator in UE. Hence, BS/UE receiver is required to handle the timing error for AIoT UL transmission. The issues caused by timing error are summarized as follows:
· Issue#1: The starting time of UL transmission is not constant. 
According to specification defined for RFID system, the starting time for backscattered transmission is within a certain time duration after DL command detection. Hence, reader needs to blindly detect the starting time of UL transmission after each DL transmission, as shown in Figure 3.
[image: ]
[bookmark: _Ref159254529]Figure 3 Link timing in UHF RFID C1Gen2
· Issue#2: The Pulse width may be not equal to the nominal OOK chip length.
According to [2], the backscatter link frequency error tolerance can be up to -/+22%, which means the OOK chip length varies up to -/+ 22% of the nominal OOK chip length, as shown in Figure 4. The OOK length error is caused by counting error of the number of clock cycles that the TRcal takes up [3] and discrete divide of the on-chip oscillator [8]. Hence, the BS/UE needs to determine the actual OOK chip length generated by AIoT device.
· Issue#3: The timing of the local clock may drift during the backscatter transmission.
In addition to chip length error, the chip length is not stable across the backscatter duration either. According to [2], up to -/+2.5% variation in addition to initial timing error may occur during the backscatter transmission. As shown in Figure 4. BS or UE not only need to determine the OOK length variation caused by discrete divide of local clock, but also need to track the OOK length variation during backscattering transmission.
[image: ]
[bookmark: _Ref158219544]Figure 4 Timing error and variation requirements defined in UHF RFID C1Gen2
[bookmark: OB6]Observation 6: Study following issues caused by timing errors that may occur in AIoT UL transmission
· Issue#1: The starting of UL transmission is not constant. 
· Issue#2: The Pulse width is not equal to the nominal OOK chip length.
· Issue#3: The timing of the local clock may drift during the backscatter transmission.
To address issue#1 and issue#2 above, the preamble/sync part can be defined at the start of AIoT UL channel, the preamble can be used for BS/UE to determine the actual starting time of UL transmission through correlation. Note that, different from AIoT device which is not able to perform correlation to achieve DL sync, BS/UE reader is able to achieve better timing with AIoT device through correlation. In addition, the actual OOK chip length can be derived based on preamble part, which can be used as a reference for detection of subsequent data part.
[bookmark: PP4]Proposal 4: Sync part can be defined in the beginning of the UL channel.
· BS/UE can eliminate the uncertainty of starting time of the UL transmission, and determine the actual OOK chip length varying due to clock impairments, based on the sync part of the UL channel.
For issue#3, there are two methods to deal with the chip length variation during backscatter transmission
· Option-1: introduce sync part in middle of UL channel structure
· Option-2: use self-clocking line code for UL transmission. 
·  Option-1: sync part inserted in middle of UL channel structure
In [9], sync part, i.e., mid-amble is inserted as synchronization signal in middle of backscattered transmission to facilitate the reader to track the chip length variation during the UL transmission for high data rate stream transmissions as shown in Figure 5.


[bookmark: _Ref158219647]Figure 5 Example of channel structure with sync part in middle of backscatter communication [9]
· Option-2: self-clocking line code for UL transmission. 
Self-clocking bit coding, also known as self-synchronizing coding, is a technique used in data communication to recover the clock signal from the data stream itself. In self-clocking coding, the transitions between consecutive bits are used to determine the timing and synchronization of the data. The typical line codes are widely used in backscatter transmission, including Manchester code, FM0 code, Miller code are self-clocking code [10].
· Manchester Encoding: In Manchester encoding, each bit is represented by a transition in the middle of the bit period. A high-to-low transition represents a binary 1, while a low-to-high transition represents a binary 0. 
· Frequency Modulation (FM0): In FM0 coding, a transition at the beginning of the bit period represents a binary 0, while the absence of a transition represents a binary 1. Besides, there is transition between any two adjacent symbols
· Miller Encoding: In Miller encoding, a binary 1 is represented by a high-to-low or a low to-high transition occurring in the middle of the bit window, and a binary 0 causes no change to the signal level unless it is followed by another 0, in which case a transition to the other level will take place at the end of the first bit period. An example is provided in Figure 6.
In self-clocking coding schemes, specific patterns or transitions in the data are used to indicate the timing information. This eliminates the need for a separate clock signal, reduces the overhead and simplifies the overall system design. Hence, in RFID, no additional sync part is introduced in the middle of backscatter transmission.


[bookmark: _Ref158988403]Figure 6  Example of Miller-2 coding with self-clocking 
[bookmark: PP5]Proposal 5: To address the OOK chip length variation issue during AIoT UL transmission, the following methods can be considered.
· Opt-1: sync part, i.e., mid-amble is inserted as synchronization signal in middle of backscatter transmission to facilitate the reader to track the chip length variation during the UL transmission. 
· Opt-2: using self-clocking line code, e.g., Miller, FM0, Manchester code, for UL transmission. BS/UE can track the UL length variation through observing the transitions introduced by the line coding.
[bookmark: PP6]Proposal 6:  Consider sync part + payload + CRC as the channel structure for AIoT UL transmissions.
4.3. UL frequency domain resource allocation
The FDMed multiplexing in uplink is widely used for active transmission devices, and it can also be considered for active AIoT device. In addition, for backscattered transmission, it is also feasible to multiplexing backscatter transmission from multiple AIoT devices. In UHF RFID C1Gen2, BLF is defined for backscattered transmission. The BLF can be considered as centre frequency of backscattered signal. For example, {BLF= 320kHz with miller 8} and {BLF=80kHz with miller 2} have the same data rate but different center frequency. As discussed in our companion paper[3], FDMed multiplexing between AIoT devices can be considered for UL transmission to improve the inventory/random access efficiency. In this case, frequency domain resource allocation should be considered for AIoT uplink transmissions.


[bookmark: _Ref158219480]Figure 7 Example of frequency domain resource allocations (different BLFs) applied for FDMed Devices
Due to frequency error at AIoT device, enough guard gap between frequency resources for different AIoT devices should be reserved to avoid performance degradation.
[image: ]
Figure 8 Performance comparison between FDMed and TDMed devices
As shown in Figure 7, FDMed multiplexing between AIoT devices using backscattered transmission is feasible, although detection performance is slightly degraded for higher data rate cases compared with TDMed multiplexing.
[bookmark: PP7]Proposal 7: For FDMed UL transmissions from different A-IoT devices, study frequency domain resource allocation for AIoT UL transmission.
5. Proximity determination
	Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).


Regarding the study of ‘proximity determination’ feasibility, the design target should be clarified. That is, only when a solution can achieve the target accuracy of proximity determination, we consider the solution to be feasible. In our view, the target accuracy should not be larger than the coverage range of the reader, otherwise the study will be meaningless, e.g., the target proximity determination accuracy can be magnitude of order lower than coverage range (e.g., when the coverage range is a few tens of meters, then the target accuracy for proximity determination should be within 1~10m). 
[bookmark: PP8]Proposal 8: The design target for proximity determination should be clarified.
· The target accuracy should not be larger than the coverage range of the reader, e.g., the target accuracy for proximity determination can be magnitude of order lower than coverage range. 
The following methods for proximity determination study may be considered.
· Inventory-based method.
It is probably the simplest method for proximity determination. A reader has a limited read range and thus can only reach those tags that are located within a limited coverage area around the reader antennas. So, observing whether a tag is within the reach of a reader provides the proximity information of the tag. When a tag is detected by a reader, the tag location can be considered within the range of the reader coverage. The simplest way to determine the tag location is to assume the reader’s location as the tag location. If multiple readers can detect the tag, the tag location can be considered within the within public coverage of multiple readers. A similar way to determine the tag location is to average the positions of multiple readers.
An enhanced solution is to determine proximity based on tag detection probability. A reader can calculate the tag detection probability based on the number of successful tag detections within a period of time. Furthermore, the tag detection probabilities of multiple readers are compared, and the reader with the highest probability can be considered to be closest to the tag. The tag location can be assumed as the same location as the reader with the highest probability, or can be calculated by the weighted average of the readers’ location based on the detection probability. 
[bookmark: OB7]Observation 7: Inventory-based method is the simplest solution for proximity determination, and does not require any measurements.
· Rx power-based method
This method is based on Rx power measurement at reader, e.g., the CW signal is transmitted from the reader and backscattered at tag, then the same reader measures the power of the backscattered signal; or the CW signal is transmitted from the reader and backscattered at tag, then different reader(s) can measure the power of the backscattered signal.
If the Rx power is obtained by multiple readers, it is considered that the tag is close to the reader with the strongest Rx power. The tag location can be assumed as the same location as the reader with the highest Rx power, or can be calculated by the weighted average of the readers’ location based on the Rx power.
Another solution is to estimate the range d between the tag and the reader based on pathloss. For example, for round trip Rx power measurement, the Rx power at the reader can be obtained based on the following pathloss formula:

where is the Rx power at the reader, is the Tx power at the reader,  is the backscatter return loss at the tag, is the antenna gain of the tag, is the antenna gain of the reader,  is the wavelength, is the range between the tag and the reader,  is path loss exponent related to propagation environment.
However, there are still many challenges for Rx power-based method.
· The performance and feasibility for Rx power-based method may be affected, particularly when the reader and the tag are operated in a complex propagation environment, including multipath/NLOS, CW self-interference, cross link interference, etc.
· In addition, other unstable factors at tag may affect performance and feasibility especially for the solution based on pathloss, e.g., return loss tolerance, antenna gain tolerance, etc.
· Then, considering that Rx power measurements are not based on OFDM waveform, we need to consider a new design based on OOK waveform. Therefore, RAN1 may further study how the Rx power of the backscatter signal is measured at the Reader. In addition, a new definition of backscatter signal Rx power (e.g., RSSI) may also be studied.
[bookmark: OB8]Observation 8: For Rx power-based method, the following factors may be considered in accuracy and feasibility study.
· Multipath/NLOS
· CW self-interference/cross link interference
· Unstable factors at tag, e.g., return loss tolerance, antenna gain tolerance, etc.
· OOK waveform for measurement
· Time-based method
One solution is TOF-based method. The measurement result of TOF is determined by the difference between the Rx time of the Backscattered signal and the Tx time of CW. However, since the Tag receives the CW and reflects the backscattered signal, it requires processing time (e.g., T1 as the following Table) consumed at the tag circuitry, and the time is extremely unstable, which will introduce additional errors. With microsecond-level error of processing time, distance errors of hundreds of meters occur.
Table 1: Link timing parameters (Table 6-16 in RFID C1G2 Standard)
	Para.
	Minimum
	Nominal
	Maximum 
	Description

	T1
	MAX(RTcal,10Tpri) × (1 – |FrT|) – 2μs 
	MAX(RTcal,10Tpri) 
	MAX(RTcal,10Tpri) × (1 + |FrT|) + 2μs 
	Immediate reply time from Interrogator transmission to Tag reply. Specifically, the time from the last rising edge of the last bit of the Interrogator transmission to the first rising edge of the Tag reply for an immediate Tag reply, measured at the Tag’s antenna terminals.


Another solution is UL-TDOA-based method, which requires multiple Readers to receive the backscattered signal of a Tag. With RTOA difference operation between readers, the common ‘Tag processing time’ at Tag can be eliminated.  However, this solution requires additional consideration of synchronization errors between readers.
In addition, performance loss for time-based method caused by other non-ideal factors such as multipath/NLOS, CW self-interference/cross link interference, SFO/STO, etc. should also be considered.
Moreover, even if various errors are eliminated/calibrated, the extremely narrow signal bandwidth in Ambient IoT also largely affects the feasibility for time-based method. For example, under 180kHz bandwidth, the time resolution is poor and 1 sample corresponds to a range of 1600m, which make it hard to track fine propagation delays.
Then, considering that time-related measurements are not based on OFDM waveform, a new design based on OOK waveform may be studied.
[bookmark: OB9]Observation 9: For time-based method, the following factors may be considered in accuracy and feasibility study.
· Tag processing time
· Synchronization error between readers
· Multipath/NLOS
· CW self-interference/cross link interference
· SFO/STO
· Narrow signal bandwidth
· OOK waveform

· Phase-based method
A typical approach is the PDOA-based approach. For example, a reader transmits two CW signals which are then backscattered by a tag and received at the reader. The two CW signals propagate over the same distance, but their phase delays are proportional to their respective carrier frequencies. Therefore, a reader can estimate the tag range based on the phase difference observed at the two frequencies.
However, impairments such as multipath/NLOS, CW self-interference/cross link interference, phase error (e.g., transmitter/receiver initial phase error, phase center offset), SFO/STO, etc. should be considered. Especially for the impact of multipath, since the extremely narrow signal bandwidth (e.g., 180kHz) makes multipath indistinguishable, which makes it hard to extract first path phase. 
Then, considering that phase-related measurements are not based on OFDM waveform, a new design based on OOK waveform may be studied.
[bookmark: OB10]Observation 10: For phase-based method, the following factors may be considered in accuracy and feasibility study.
· Multipath/NLOS
· CW self-interference/cross link interference
· Phase error, including transmitter/receiver initial phase error, phase center offset, etc.
· SFO/STO
· Narrow signal bandwidth
· OOK waveform 
Considering restriction by power consumption and complexity on AIoT devices, it is less likely for AIoT devices to be capable of performing measurements on DL signals. Hence, we should prioritize proximity determination methods without measurement on AIoT devices. Therefore, the measurement, if needed for proximity determination, it should only occur at reader side. 
6. Conclusion
Based on the discussion on DL and UL channel for AIoT and proximity determination above, we have the following observations and proposals.
Observation 1: AIoT device cannot perform periodic reception, SS/PBCH block, CSI-RS like channel for periodic tracking and measurements that supported in NR are not needed for AIoT DL.
Proposal 1: Following options can be considered for Ambient IoT DL channel definition.
· Opt-1: PDCCH like channel + PDSCH like channel for DL
· PDCCH like channel for scheduling AIoT DL/UL transmission
· PDSCH like channel for inventory function, DL-SCH with data from higher layer to AIoT device
· Opt-2: PDSCH like channel only for DL, to deliver both higher layer data & control signaling
· Control signaling can be delivered by MAC-CE in PDSCH.
· Higher layer data can be delivered by MAC-PDU in PDSCH
· FFS: how to support flexible TBS/data rate.
Observation 2: PDCCH like channel + PDSCH like channel for DL is preferred, if the reliability requirements are different for control information and data information and flexible time/frequency domain resource allocation for DL is required. Otherwise, PDSCH like channel only for DL is preferred.
Observation 3: Sync part in DL channel is needed in each DL transmission.
· AIoT device performs sync through counting local clock cycles for the pulse width, rather than correlation with the sync part.
Observation 4: One transmission across multiple slots are expected to be very common in AIoT DL, due to low data rate and relatively high payload size.
Proposal 2: Channel structure of sync part +payload + CRC can be considered for AIoT DL.
· Command codes in the payload part can be used to indicate how to decode or interpret the DL channel.
Observation 5: For device using RF ED, consider whole FDD UL/DL spectrum allocated for AIoT DL.
· FFS optimization for device with IF/BB ED with hundreds  power consumption.
Proposal 3: For AIoT UL,  define one single physical channel, i.e., PUSCH like channel, to deliver at least following information.
· Data from AIoT device to NW/UE intermediate node;
· Response to DT traffic;
· Temporary ID or AIoT device ID in random access procedure.
Observation 6: Study following issues caused by timing errors that may occur in AIoT UL transmission
· Issue#1: The starting of UL transmission is not constant. 
· Issue#2: The Pulse width is not equal to the nominal OOK chip length.
· Issue#3: The timing of the local clock may drift during the backscatter transmission.
Proposal 4: Sync part can be defined in the beginning of the UL channel.
· BS/UE can eliminate the uncertainty of starting time of the UL transmission, and determine the actual OOK chip length varying due to clock impairments, based on the sync part of the UL channel.
Proposal 5: To address the OOK chip length variation issue during AIoT UL transmission, the following methods can be considered.
· Opt-1: sync part, i.e., mid-amble is inserted as synchronization signal in middle of backscatter transmission to facilitate the reader to track the chip length variation during the UL transmission. 
· Opt-2: using self-clocking line code, e.g., Miller, FM0, Manchester code, for UL transmission. BS/UE can track the UL length variation through observing the transitions introduced by the line coding.
Proposal 6:  Consider sync part + payload + CRC as the channel structure for AIoT UL transmissions.
Proposal 7: For FDMed UL transmissions from different A-IoT devices, study frequency domain resource allocation for AIoT UL transmission.
Proposal 8: The design target for proximity determination should be clarified.
· The target accuracy should not be larger than the coverage range of the reader, e.g., the target accuracy for proximity determination can be magnitude of order lower than coverage range. 
Observation 7: Inventory-based method is the simplest solution for proximity determination, and does not require any measurements.
Observation 8: For Rx power-based method, the following factors may be considered in accuracy and feasibility study.
· Multipath/NLOS
· CW self-interference/cross link interference
· Unstable factors at tag, e.g., return loss tolerance, antenna gain tolerance, etc.
· OOK waveform for measurement
Observation 9: For time-based method, the following factors may be considered in accuracy and feasibility study.
· Tag processing time
· Synchronization error between readers
· Multipath/NLOS
· CW self-interference/cross link interference
· SFO/STO
· Narrow signal bandwidth
· OOK waveform
Observation 10: For phase-based method, the following factors may be considered in accuracy and feasibility study.
· Multipath/NLOS
· CW self-interference/cross link interference
· Phase error, including transmitter/receiver initial phase error, phase center offset, etc.
· SFO/STO
· Narrow signal bandwidth
· OOK waveform 
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[bookmark: OLE_LINK9]Appendix A: Inventory-based proximity determination
A reader has a limited read range and thus can only reach those tags that are located within a limited coverage area around the reader antennas. So, observing whether a tag is within the reach of a reader provides the proximity information of the tag. 


Figure 9 Location relationship between reader(s) and tag
When a tag is detected by a reader, the tag location can be considered within the range of the reader coverage. The simplest way to determine the tag location is to assume the reader’s location as the tag location. If multiple readers can detect the tag, the tag location can be considered within the within public coverage of multiple readers. A similar way to determine the tag location is to average the positions of multiple readers.
An enhanced solution is to determine proximity based on tag detection probability. A reader can calculate the tag detection probability based on the number of successful tag detections within a period of time. Furthermore, the tag detection probabilities of multiple readers are compared, and the reader with the highest probability can be considered to be closest to the tag. The tag location can be assumed as the same location as the reader with the highest probability, or can be calculated by the weighted average of the readers’ location based on the detection probability, e.g., tag location can be estimated according to the following formula.  

where is the estimated location of tag, is the ith reader’s location, is weighting factors for the ith reader based on detection probability.
In addition, if the network device can store a fingerprint data of tag detection probability and the tag-to-reader distance, the accuracy of tag detection probability-based method can be further improved. As shown in the following figure, according to the Tag detection probability, the network can determine the specific distance between the Tag and the Reader. Furthermore, in scenarios with multiple readers, the tag location can be determined.


Figure 10 Fingerprint data of tag detection probability and the tag-to-reader distance 
Appendix B: Rx power-based proximity determination
This method is based on Rx power measurement at reader, e.g., the CW signal is transmitted from the reader and backscattered at tag, then the same reader measures the power of the backscattered signal; or the CW signal is transmitted from the reader and backscattered at tag, then different reader(s) can measure the power of the backscattered signal.  



Figure 11 Rx power measurement at reader 
If the Rx power is obtained by multiple readers, it is considered that the tag is close to the reader with the strongest Rx power. The simplest way to determine the tag location is to assume the reader location as the tag location. The tag location can be assumed as the same location as the reader with the highest Rx power, or can be calculated by the weighted average of the readers’ location based on the Rx power, e.g., tag location can be estimated according to the following formula.

where is the estimated location of tag, is the ith reader’s location, is weighting factors for the ith reader based on Rx power.
Another solution is to estimate the range d between the tag and the reader based on pathloss formula. For example, for round trip Rx power measurement, the Rx power at the reader can be obtained based on the following pathloss formula:

where is the Rx power at the reader, is the Tx power at the reader,  is the backscatter return loss at the tag, is the antenna gain of the tag, is the antenna gain of the reader,  is the wavelength, is the range between the tag and the reader,  is path loss exponent related to propagation environment.
So, based on the Rx power measured at the reader and other parameters such as Tx power at the reader, backscatter return loss etc., the range d between the tag and the reader can be obtained. Then, with multiple readers measurements, the location of tag can be obtained.
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