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1. Introduction
In RANP#102 meeting, a new SID “Study on solutions for Ambient IoT (Internet of Things) in NR” [1] was approved. One of the objectives of this SID is:
	1. 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 basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.



In this paper, we will discuss the following aspects of A-IoT communication:
· Carriers used for A-IoT system
· Spectrum deployment 
· Bandwidth of A-IoT system
· Coexistence between A-IoT and legacy LTE/NR system
· Multiple access mechanisms
· Modulation and coding 
2. Carriers used for A-IoT system
According to the SID, two device types are considered. For type-1, the transmission of the device only depends on backscatter. For type-2, the transmission of the device can be active transmission or rely on backscatter. Furthermore, two topologies will be supported in this study, and FR1 licensed FDD band will be considered. 

	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.



In this section we discuss the potential carrier that can be used for DL reception and UL transmission respectively. FR1 licensed spectrum in FDD is suggested to be used. While in our view, this is limit to the transmission between gNB and A-IoT device in topology 1, or intermediate node and A-IoT device in topology 2. While the carrier used for transmission between gNB and intermediate node can reuse legacy Uu carrier. 
To simplify the discussion, we use the abbreviation of AL (A-IoT link )to denote the link between A-IoT device and gNB (in topology 1), or between A-IoT device and intermediate node (in topology 2)
Observation 1: FR1 licensed spectrum in FDD is applied to AL (A-IoT link). Legacy band and carrier can be used for transmission between gNB and intermediate node in topology 2. 

· Case 1: Topology 1 with active transmission
For type-2 A-IoT device, higher power can be harvested and stored so that the transmission can be generated internally, without relying on backscattering. In this case, it is naturally to use DL carrier and UL carrier for DL transmission and UL transmission respectively, which is shown in Figure 1. In the figure, DL means the transmission happens on DL carrier, and UL means the transmission happens on UL carrier (this applies to all the figures in the paper). 
Proposal 1: For topology 1 with active transmission, DL and UL transmission using DL and UL carrier respectively is supported. 
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Figure 1

· Case 2: Topology 1 with backscatter transmission, no additional carrier wave node
In this case, the gNB will provide carrier wave to A-IoT device for backscattering. There are two possibilities, the carrier wave is transmitted in DL carrier or UL carrier, which is shown in Figure 2 (a) and (b) respectively. 
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Figure 2

For backscatter transmission in Figure 2 (a) and (b), gNB needs to perform carrier wave transmission and UL reception at same time, there will be full duplex issue at gNB. 
Observation 2: For Topology 1 with no additional carrier wave node, there will be full duplex issue at gNB in case of backscattering transmission. 
For Figure 2(a), the carrier wave is transmitted on DL carrier and the backscattered data is also on DL carrier, so that only DL carrier needs to be supported for A-IoT device. For Figure 1 (b), DL and UL happen on DL carrier and UL carrier respectively so that both DL carrier and UL carrier need to be supported for A-IoT device. Compared to Figure 1 (a), more carriers need to be supported and which will increase the complexity or cost of A-IoT device. 
Observation 3: For Topology 1 with no additional carrier wave node, comparing the two cases that carrier wave is transmitted on DL carrier or UL carrier, more carries need to be supported in later case which will increase the complexity or cost of A-IoT device. 
Proposal 2: For Topology 1 with no additional carrier wave node, this case is down-prioritized in R19 because of full duplex capability at gNB is needed. 

· Case 3: Topology 1 with backscatter transmission, with additional carrier wave node
If there is addition carrier wave node which can provide carrier wave for A-IoT device backscattering transmission, gNB only needs to perform UL reception from A-IoT device. There is no full duplex issue at gNB. 
Observation 4: For Topology 1 with additional carrier wave node, there is no full duplex issue at gNB in case of backscattering transmission.
The carrier wave can be transmitted using DL carrier (Figure 3 (a)) or UL carrier (Figure 3 (b)). For the former case, gNB needs to perform transmission and reception on same carrier. To avoid interference, gNB can schedule DL and UL transmission in different time (TDM mode), which will reduce resource efficiency. For the later case, gNB performs transmission on DL carrier and reception on UL carrier, which is more simple than former case. 
Observation 5: For Topology 1 with additional carrier wave node, carrier wave transmitted on UL carrier is simpler and more efficiency compared to the case of carrier wave transmitted on DL carrier.
Proposal 3: For Topology 1 with additional carrier wave node, carrier wave transmitted on either DL carrier or UL carrier can be considered. 
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Figure 3

· [bookmark: _Hlk157680801]Case 4: Topology 2 with active transmission
[bookmark: _Hlk159232464]For topology 2, there are two interfaces, first one is Uu interface, and second one is A-IoT interface. The intermediate node is a UE. The transmission between gNB and the intermediate node can reuse legacy Uu transmission, in which case, legacy Uu carrier can be used. The Uu carrier can be same or different with the carrier used for A-IoT interface.  For the A-IoT interface, the transmission between the intermediate node and A-IoT device can reuse legacy sidelink transmission, in which case, both transmissions from intermediate node and A-IoT device can happen on UL carrier, as shown in Figure 4. 
Observation 6: For topology 2 with active transmission, legacy Uu carrier can be used for the transmission between gNB and intermediate node, and can be independent of the carrier used for the transmission between intermediate node and A-IoT device. 
Proposal 4: For topology 2 with active transmission, the transmission between intermediate node and A-IoT device can reuse sidelink mechanism, i.e., both transmissions from intermediate node and A-IoT device can happen on UL carrier.  
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Figure 4

· [bookmark: _Hlk157680811]Case 5: Topology 2 with backscatter transmission, no additional carrier wave node
If there is no additional carrier wave node, the carrier wave should be provided by the intermediate node. In this case,  if frequency shifting is not supported by the A-IoT device, the intermediate node needs to perform carrier wave transmission and UL reception at same time, which requires full duplex capability, as shown in Figure 5. While full duplex capability is hardly to be supported for UE. Therefore, we think this scenario is not a valid scenario, at least in R19. It should be down-prioritized in this study. This scenario should only be considered under the assumption that frequency shifting is supported by the A-IoT device.
Observation 7: For topology 2 with backscatter transmission and no additional carrier wave node, full duplex capability is needed for intermediate node if frequency shifting is not supported by the A-IoT device. 
Proposal 5: The scenario of topology 2 with backscatter transmission and no additional carrier wave node is only considered under the assumption that frequency shifting is supported by the A-IoT device in R19. 
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Figure 5

· Case 6: Topology 2 with backscatter transmission, with additional carrier wave node
If there is additional carrier wave node to provide carrier wave to A-IoT device for backscattering, the intermediate node needs to perform reception which is backscattered from A-IoT device. The following 3 scenarios can be considered, which is shown in Figure 6. 
For figure 6 (a), the transmission from intermediate node to A-IoT device is on UL carrier, and the carrier wave is also transmitted on UL carrier. From intermediate node point of view, the TX/RX both happens on UL carrier, which is similar to sidelink transmission. From A-IoT device point of view, only UL carrier needs to be supported. This scenario can be considered for further study. 
For figure 6 (b), the transmission from intermediate node to A-IoT device is on UL carrier, and the carrier wave is transmitted on DL carrier. From intermediate node point of view, the transmission is on UL carrier, and reception on DL carrier. From A-IoT device point of view, both DL carrier and UL carrier need to be supported. And the transmission is on DL carrier and reception on UL carrier. 
For the above two scenarios, the A-IoT device performs reception on UL carrier, which is different with case 2 or case 3 in topology 1 (shown in Figure 2 and Figure 3) where A-IoT device perform reception on DL carrier. A-IoT device will use DL carrier for reception in topology 1 and UL carrier for reception in topology 2, which means that the topology should not be transparent to the A-IoT device. And it is hardly for a harmonized design for these two topologies. 
Proposal 6: For topology 2 with backscatter transmission and with additional carrier wave node, 
· The transmission from intermediate node to A-IoT device using UL carrier is preferred. 
· Carrier wave transmission using either DL carrier or UL carrier can be considered.
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Figure 6

3. Spectrum deployment 
For A-IoT system, 3 kinds of spectrum deployment will be considered in this study: in-band to NR, in guard-band to LTE/NR and in standalone band. 
For the case that A-IoT system deployed on standalone band, in our view, that is feasible if operator can provide band dedicatedly used for A-IoT system. If there is other system deployed on adjacent band, the interference between A-IoT system and other system can be handled or alleviated by proper configuration of guard band.  
For the case that A-IoT system deployed in-band to NR system, the interference of A-IoT system to NR system should be carefully studied. For example, For topology 2, the same band can be used for both Uu link and A-IoT link. In such case, gNB can configure/allocate a set of tiem/frequency resources for A-IoT system. Because of poor RF requirements of A-IoT devices, there will be interference to legacy NR system because of in-band leakage and inaccurate frequency tracking of A-IoT devices. The interference of A-IoT devices to NR system is analyzed in section 5. Legacy NR transmission would interference DL A-IoT reception as well since the filtering capability of A-IoT device is very weak, in particular for the device that supports RF filter only.
For the case that A-IoT system deployed in guard-band to LTE/NR system, in our view, this scenario is not preferred. the motivation to configure guard band is to alleviate interference to adjacent band. There is no data transmission on guard band. If A-IoT system is deployed in guard band, it cannot alleviate the interference to adjacent system because of there is transmission on the guard band. Furthermore, the interference to adjacent system is severe because of inaccurate frequency tracking of A-IoT devices.  The introduced interference relies on interference alleviation by the receiver that is deployed on adjacent band. 
Observation 8: A-IoT system deployed in guard band to LTE/NR will cause interference to the system deployed in adjacent band. That will require interference alleviation by the receiver that is deployed on adjacent band. 
Proposal 7: A-IoT system deployed in-band to NR, or standalone band can be considered in this study. A-IoT system deployed in guard band to LTE/NR is down-prioritized. 



Figure 7

4. Bandwidth of A-IoT system
Two use cases rUC1 (indoor inventory) and rUC4 (indoor command) will be focused in this study. In these two use cases, the data rate of A-IoT system is very low. Therefore, the bandwidth allocated to A-IoT system can be very limited. If A-IoT system is deployed in-band to NR system, it is preferred that the allocated bandwidth is aligned with the bandwidth of PRB, such as 180kHz for 15kHz subcarrier spacing. 
Observation 9: For rUC1 (indoor inventory) and rUC4 (indoor command), the data rate of A-IoT system is very low. 
Proposal 8: If A-IoT system is deployed in-band to NR system, the bandwidth of A-IoT system is preferred to be in unit of PRB
For rUC1 (indoor inventory), it is possible that there are lots of A-IoT devices within an inventory. When the gNB triggers reporting, multiple devices may perform reporting to gNB simultaneously, which will cause transmission collision. To alleviate the collision, and more importantly to reduce the latency, multiple channels can be allocated to A-IoT system. Different A-IoT devices can perform reporting using different channels. 
Proposal 9: Multiple channels can be configured/allocated to A-IoT system. 

5. [bookmark: _Hlk159236352]Coexistence between A-IoT and legacy LTE/NR system
· Interference from A-IoT system to legacy LTE/NR system
Because of low cost and complexity of A-IoT devices, the hardware of the devices is very simple. For example, there may be no or very simple filter for data transmission or reception. That will cause interference to other transmission/reception on adjacent channel/carrier/band. The interference of A-IoT system to other system should be studied.
In case A-IoT system is deployed in band to NR system, the interference from A-IoT system to NR system should be studied. For A-IoT devices, the required input power should be higher than -30dBm if there is power storage for A-IoT device. Considering the path loss from the power supplier node and the A-IoT device, the transmission power from the power supplier node is much higher than -30dBm, that may affect the DL reception of other legacy UEs if the carrier wave is on DL carrier. 
Observation 10: The high transmission power from the power supplier node may affect the DL reception of other legacy UEs
For backscattering transmission, the device cannot perform finer filtering to the backscattered signal, which may cause interference to legacy NR system. One example is shown in the figure below. (a) and (b) are input signal in time and frequency domain respectively, (c) and (d) are backscattered signal in time and frequency domain respectively.  It can be seen that in addition to the main lobe, there will be side lobe for the backscattered signal, which will cause interference to NR/LTE transmissions in corresponding frequency band. The effect of interference from A-IoT system to legacy NR/LTE system depends on the bandwidth of A-IoT system and/or guardband configuration between these two systems. 
Observation 11: The backscattered signal will cause interference to legacy NR/LTE transmissions in corresponding frequency band. 
Proposal 10: The interference of A-IoT system to legacy NR/LTE system needs to be studied.
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Figure 8
· Interference from legacy LTE/NR system to A-IoT system
On the other hand, the impact of legacy NR/LTE system to IoT system needs to be considered. In order to reduce the device complexity and the device power consumption, a class Ambient IoT can use RF envelope detection receivers, which are extremely simple in structure. For example, it does not require an oscillator to down-convert the RF signal, nor does it require a fine signal filter. Thus, the power consumption of this type of receiver can be as low as a few uW. However, even if the Ambient IoT bandwidth is very narrow, such as only a few hundred kHz, the Ambient IoT device will still receive tens of MHz of signals including the Ambient IoT DL signal at the receiver due to the poor overall filtering performance. Therefore, when the Ambient IoT and other cellular systems are deployed in the adjacent frequency, the Ambient IoT device receiver will receive the signals of other cellular systems on both sides together with the Ambient IoT communication signals, which will form strong interference to the reception of the Ambient IoT device DL signal and affect the system performance.
Observation 12: Legacy NR/LTE system will cause interference to A-IoT system if they are deployed in adjacent frequency. 
Proposal 11: The interference of legacy NR/LTE system to A-IoT system needs to be studied.


Figure 9
6. Multiple access mechanisms
It is possible that there are tens of thousands of A-IoT devices within the system. In some cases, all these devices need to perform transmission with gNB or intermediate node. For example, in case of stocktake in rUC1, all the A-IoT devices within the inventory need to report its ID. To allow all devices to report as soon as possible, multiple access mechanism should be supported. Considering low hardware complexity of A-IoT devices, simple multiple access mechanisms can be considered.
· TDMA
Different devices can perform transmission with gNB or intermediate node in TDM mode. gNB can control the transmission/reception time of each device. Based on the scheduling or grant, device can perform UL transmission or DL reception in corresponding time. Considering the large SFO (10X ppm), and X can be up to 4 or even larger, which will result in timing error. The interference between different devices because of timing error should be studied.
Proposal 12: TDMA can be considered for A-IoT system. The effect of SFO on timing error and decoding performance needs FFS.
· CDMA
Different devices can perform transmission with gNB or intermediate node in CDM mode. Because A-IoT device cannot support complex operation, m-sequence or Gold-sequence can be considered. Furthermore, m-sequence and Gold-sequence have good performance of self-correlation and cross-correlation. As discussed above, the effect of timing error on the decoding performance needs to be studied.
Proposal 13: m-sequence or Gold sequence can be considered for CDMA. The effect of timing error on the decoding performance needs FFS. 
· FDMA
From system point of view, FDMA can be supported to allow multiple devices access the system simultaneously. Different A-IoT devices can use different channels to perform transmission respectively. To avoid interference among A-IoT devices, adjacent channels should be separated. For example, guard band can be configured between adjacent channels. From A-IoT devices point of view, only one channel can be supported. Which channel is supported per device can be configured by gNB.
Proposal 14: FDMA can be considered for A-IoT system. Only one channel can be supported per A-IoT device. 

7. Modulation and Coding
A-IoT device has a minimalistic RF and baseband structure, while also requiring data transmission in an ultra-low power consumption manner. As a result, the modulation and coding schemes available for A-IoT device is subject to strong constraints and limitations. Specifically, the minimalistic RF and baseband structure make it difficult for A-IoT device to achieve phase and amplitude modulation and demodulation simultaneously, hence making QPSK and QAM modulation difficult to support.
OOK (On-Off Keying) modulation technology can be combined with backscatter or low-power active transmission technology to achieve modulation with an extremely simple hardware structure. A-IoT device only need to have the ability to adjust their circuit impedance on the hardware to achieve signal modulation and transmission. On the other hand, simple ASK, FSK, or PSK modulation technology also enable the modulation and demodulation of signals to be achieved through a simple hardware structure. For example, ASK (including OOK) signal demodulation can be achieved through a comparator, which avoids complex baseband signal processing and greatly reduces terminal power consumption.
During SI phase of LP-WUS/WUR in Rel-18, OOK and FSK modulation have been extensive discussion and summarized in TR 38.869 [2]. According to the WID on designs of Low-power wake-up signal and receiver for NR (LP-WUS/WUR), it will specify OOK (OOK-1 and/or OOK-4) waveform with overlaid OFDM sequence(s) over OOK symbol. OOK-1 and OOK-4 are as following.
	Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
· OOK=1 means all SCs are modulated 
· OOK=0 means all SCs are zero power (from base-band point of view) 
[image: ]
Option OOK-4: Transform M-bit OOK in time domain 
· N SCs of OOK-4 are generated by a transformation (DFT/Least square)
· N’ samples are generated from M-bits
· signal modification may or may NOT be used
· truncation or other additional modification may or may NOT be used, if not used, N is the same
· as N’
· N’ can be the same as K
[image: ]


	
Figure 10
For FSK modulation, it could be seen as a combination of two OOK modulations at different frequency points. 
In order to strictly control the complexity and power consumption of the A-IoT device, the A-IoT device, is only equipped with a set of RF devices with weak capabilities. It usually contains a simple local oscillator or even no oscillator. Therefore, how to generate low complexity and low power consumption frequencies and implement the ability to work at different frequency points based on them will be an important challenge for A-IoT device. 
Observation 13: Simple ASK (including OOK), FSK, or PSK modulation technology could enable the modulation and demodulation of signals to be achieved through a simple hardware structure, which can avoid complex baseband signal processing and greatly reduces terminal power consumption.
Observation 14: A-IoT device usually contains a simple local oscillator or even no oscillator. It may be difficult for A-IoT device to generate accurate frequencies with low complexity and low power consumption.
Proposal 15: OOK could be the starting point of modulation scheme for A-IoT system. 
The channel coding of the A-IoT device needs to match the software and hardware capabilities of the device. In order to achieve extremely low power consumption signal reception, DL signals can no longer be FEC coding, but simple binary codes can be used, including: NRZ (Non-Return to Zero) coding, Manchester coding, RZ (Unipolar Return to Zero) coding, DBP (Differential Bi-Phase) coding, Miller coding, PIE (Pulse interval encoding), etc. These encoding methods have simple baseband processing and generally use high-low level conversions to represent “0” and “1” bits, thus can be well combined with OOK modulation waveforms. When transmitting UL signals at A-IoT device, considering that FEC encoding operations such as convolutional codes, linear block codes and Turbo have relatively low complexity, the power consumption of encoding operations may still be acceptable for A-IoT devices and can provide excellent encoding and decoding performance. Therefore, the feasibility of using these FEC channel coding methods can still be evaluated.
Proposal 16: In order to achieve extremely low power consumption signal reception, DL signals sent to A-IoT device could no longer be FEC coding, but simple binary codes can be used.
Proposal 17: In order to provide better encoding and decoding performance for UL signal transmission from A-IoT device, the feasibility of FEC channel coding methods with low encoding complexity could be further study, e.g. convolutional codes, linear block codes and Turbo.
In 802.11ba, WUR has been specified, and it also supports OOK modulation. For high data rate, input bit “0” is encoded as “10”, while input bit “1” is encoded as “01”, which is similar to Manchester coding. For low data rate, input bit “0” is encoded as “1010”, while input bit “1” is encoded as “0101”.
	Encoded bits for HDR

	Input bit
	Encoded bits

	0
	10

	1
	01

	Encoded bits for LDR

	Input bit
	Encoded bits

	0
	1010

	1
	0101


Similar to 802.11ba, it could also map input bit “0” to bit sequence A, and map input bit “0” to bit sequence B for DL signal encoding.
	Encoded bits for DL signal sent to A-IoT device

	Input bit
	Encoded bits

	0
	Bit sequence A

	1
	Bit sequence B



Proposal 18: In order to provide better encoding and decoding performance for DL signal sent to A-IoT device, input bit could be mapped to a bit sequence, e.g. mapping input bit “0” to bit sequence A, while mapping input bit “1” to bit sequence B.

8. Conclusion
General aspects of physical layer design of A-IoT system were discussed in this paper. The following proposals and observations are given to summarize our view.
Observation 1: FR1 licensed spectrum in FDD is applied to AL (A-IoT link). Legacy band and carrier can be used for transmission between gNB and intermediate node in topology 2. 
Proposal 1: For topology 1 with active transmission, DL and UL transmission using DL and UL carrier respectively is supported. 
Observation 2: For Topology 1 with no additional carrier wave node, there will be full duplex issue at gNB in case of backscattering transmission. 
Observation 3: For Topology 1 with no additional carrier wave node, comparing the two cases that carrier wave is transmitted on DL carrier or UL carrier, more carries need to be supported in later case which will increase the complexity or cost of A-IoT device. 
Proposal 2: For Topology 1 with no additional carrier wave node, this case is down-prioritized in R19 because of full duplex capability at gNB is needed. 
Observation 4: For Topology 1 with additional carrier wave node, there is no full duplex issue at gNB in case of backscattering transmission.
Observation 5: For Topology 1 with additional carrier wave node, carrier wave transmitted on UL carrier is simpler and more efficiency compared to the case of carrier wave transmitted on DL carrier.
Proposal 3: For Topology 1 with additional carrier wave node, carrier wave transmitted on either DL carrier or UL carrier can be considered. 
Observation 6: For topology 2 with active transmission, legacy Uu carrier can be used for the transmission between gNB and intermediate node, and can be independent of the carrier used for the transmission between intermediate node and A-IoT device. 
Proposal 4: For topology 2 with active transmission, the transmission between intermediate node and A-IoT device can reuse sidelink mechanism, i.e., both transmissions from intermediate node and A-IoT device can happen on UL carrier.  
Observation 7: For topology 2 with backscatter transmission and no additional carrier wave node, full duplex capability is needed for intermediate node if frequency shifting is not supported by the A-IoT device. 
Proposal 5: The scenario of topology 2 with backscatter transmission and no additional carrier wave node is only considered under the assumption that frequency shifting is supported by the A-IoT device in R19. 
Proposal 6: For topology 2 with backscatter transmission and with additional carrier wave node, 
· The transmission from intermediate node to A-IoT device using UL carrier is preferred. 
· Carrier wave transmission using either DL carrier or UL carrier can be considered.
Observation 8: A-IoT system deployed in guard band to LTE/NR will cause interference to the system deployed in adjacent band. That will require interference alleviation by the receiver that is deployed on adjacent band. 
Proposal 7: A-IoT system deployed in-band to NR, or standalone band can be considered in this study. A-IoT system deployed in guard band to LTE/NR is down-prioritized. 
Observation 9: For rUC1 (indoor inventory) and rUC4 (indoor command), the data rate of A-IoT system is very low. 
Proposal 8: If A-IoT system is deployed in-band to NR system, the bandwidth of A-IoT system is preferred to be in unit of PRB
Proposal 9: Multiple channels can be configured/allocated to A-IoT system. 
Observation 10: The high transmission power from the power supplier node may affect the DL reception of other legacy UEs
Observation 11: The backscattered signal will cause interference to legacy NR/LTE transmissions in corresponding frequency band. 
Proposal 10: The interference of A-IoT system to legacy NR/LTE system needs to be studied.
Observation 12: Legacy NR/LTE system will cause interference to A-IoT system if they are deployed in adjacent frequency. 
Proposal 11: The interference of legacy NR/LTE system to A-IoT system needs to be studied.
Proposal 12: TDMA can be considered for A-IoT system. The effect of SFO on timing error and decoding performance needs FFS.
Proposal 13: m-sequence or Gold sequence can be considered for CDMA. The effect of timing error on the decoding performance needs FFS. 
Proposal 14: FDMA can be considered for A-IoT system. Only one channel can be supported per A-IoT device. 
Observation 13: Simple ASK (including OOK), FSK, or PSK modulation technology could enable the modulation and demodulation of signals to be achieved through a simple hardware structure, which can avoid complex baseband signal processing and greatly reduces terminal power consumption.
Observation 14: A-IoT device usually contains a simple local oscillator or even no oscillator. It may be difficult for A-IoT device to generate accurate frequencies with low complexity and low power consumption.
Proposal 15: OOK could be the starting point of modulation scheme for A-IoT system. 
Proposal 16: In order to achieve extremely low power consumption signal reception, DL signals sent to A-IoT device could no longer be FEC coding, but simple binary codes can be used.
Proposal 17: In order to provide better encoding and decoding performance for UL signal transmission from A-IoT device, the feasibility of FEC channel coding methods with low encoding complexity could be further study, e.g. convolutional codes, linear block codes and Turbo.
Proposal 18: In order to provide better encoding and decoding performance for DL signal sent to A-IoT device, input bit could be mapped to a bit sequence, e.g. mapping input bit “0” to bit sequence A, while mapping input bit “1” to bit sequence B.
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