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1 Introduction 
During RAN#102, The SID of “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved [1] where the objectives for this is follows:
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
<The general scope is omitted>
The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (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.
<The rest is omitted>


In this contribution, we share our views on the 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.
2 Characteristics of CW waveform provided externally
1 
2 
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At RAN#116 [2], the following was agreed upon regarding the spectrum where carrier wave is transmitted:
	Agreement 
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following cases for CW transmission are studied.
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum

Agreement 
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following cases for CW transmission are studied.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum


If D2R backscattering is transmitted on the same carrier as CW for D2R, and CW is transmitted in DL spectrum, this implies that D2R backscattering is also carried in DL spectrum. However, according to the SID, D2R transmission can occur at least in the UL spectrum. In addition, this raises concerns about the potential violation of regulations specifying transmission in DL spectrum is only allowed for BS. Therefore, it would be prudent to prioritize Case 1-2, 1-4, 2-2, and 2-4, which involve D2R backscattering and CW occurring in UL spectrum. 

Proposal 1. For the case where D2R backscattering is transmitted on the same carrier as CW for D2R backscattering, and for topology 1, prioritize the following cases for CW transmission.
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum.
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum.

Proposal 2. For the case where D2R backscattering is transmitted on the same carrier as CW for D2R backscattering, and for topology 2, prioritize the following cases for CW transmission.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum.
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum.

As described above, CW transmitted in the DL spectrum may raise regulatory issues if the CW node is another node (not a base station) or if the CW is directly reflected in the DL spectrum at the tag. AIoT aims to propose new solutions for IoT system by utilizing licensed bands. It should be noted that the licensed spectrum is a shared resource with existing mobile services. Before considering the local variations of a new system, taking into account the regulations that have been applied globally to harmonize with existing services can be seen as a basis. A case in can be Licensed Assisted Access (LAA). Similar to LTE carrier aggregation, LAA enables users to simultaneously utilize combinations of licensed and unlicensed spectrum, facilitating the management of increased data traffic in mobile networks. As detailed in TR 36.889 [3], one of the major discussion point is its coexistence with other devices that share the same band. Therefore, discussions on the operation band for CW must include considerations of the regulatory aspects with the type of CW nose and the spectrum of the signals reflected from the tag in mind. It is notable that capturing scenarios that are not compliant with regulations and stating them in the TR may lead to the mistaken impression among readers that such scenarios could 
Be regulatory compliant. Thus, it is prudent to first study these aspects and focus on appropriate scenarios, which can also aid in reducing the simulation workload in RAN1.

Observation 1. Before considering the local variations of A-IoT system, it is necessary to first check the global regulatory aspects.
Proposal 3. The operation band where CW can be transmitted should first be studied from a regulatory perspective.

At RAN1#116b, consensus was reached on the large frequency shifter for device 2a in 9.4.2.1.
	Agreement (RAN1#116b) 
Further study the feasibility of large frequency shift (large FS, i.e. between DL/UL spectrum of an FDD band) for device 2a considering at least following aspects.
· Power consumption characteristics
· Frequency shift range and granularity
· Image suppression or SSB backscatter for large FS
· IF carrier frequency accuracy
· Harmonics suppression
Note: the necessity (including applicable potential scenarios) of large FS can still be discussed in other agendas of the SI



Therefore, for device 2a, the following cases can be considered assuming a large frequency shifter: 
· For the case that D2R backscattering is transmitted in a different carrier as CW for D2R backscattering, and for topology 1, the following cases for CW transmission are studied.
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 3-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 3-3: CW is transmitted from outside the topology, transmitted in DL spectrum
· Case 3-4: CW is transmitted from outside the topology, transmitted in UL spectrum

· For the case that D2R backscattering is transmitted in a different carrier as CW for D2R backscattering, and for topology 2, the following cases for CW transmission are studied.
· Case 4-1: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in DL spectrum
· Case 4-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 4-3: CW is transmitted from outside the topology, transmitted in DL spectrum
· Case 4-4: CW is transmitted from outside the topology, transmitted in UL spectrum

Considering the regulatory aspects mentioned above, it is appropriate to focus on Case 3-1 and Case 4-3 first. Note that in case 4-3, the node must be the basestation.
Proposal 4 For the case where D2R backscattering is transmitted on a different carrier as CW for D2R backscattering, and for topology 1, prioritize the following cases for CW transmission.
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum
Proposal 5. For the case where D2R backscattering is transmitted on a different carrier as CW for D2R backscattering, and for topology 2, prioritize the following cases for CW transmission.
· Case 4-3: CW is transmitted from outside the topology, transmitted in DL spectrum where the CW node is the basestation.

Interference handling
In this chapter, we discuss the interference that can occur in AIoT components due to CW and elaborate on the characteristics that determine these interferences. Referring to the SID, interference at both AIoT UL receiver and NR basestation can be studied.
	· 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.



Proposal 6. Study CW interference at both A-IoT UL receiver (i.e., the basestation in Topology 1 and the intermediate UE in Topology 2) and NR basestation.

2.1.1 Considerations of interference caused by CW 
In this chapter, for the sake of discussion convenience, the scenarios agreed on in Section 9.4.1.1 are referred to below. Interference cause by CW can be defined differently depending on the carrier where CW is transmitted. 
	Agreement (RAN1#116b)
The following scenarios are defined,
· FFS: which of these scenarios will be evaluated.
	Scenario
	CW Inside/outside topology
	Diagram of the scenario
	Description of the scenario
	Device 1/2a/2b 
	CW spectrum
	D2R spectrum
	R2D spectrum

	D1T1-A1
	CW inside topology
	[image: ]
	· CW node inside topology 1
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
	Device 1, 2a
	Case 1-1 (inside topology, DL)
Case 1-2 (inside topology, UL)
	Same as CW
	

	D1T1-A2
	
	[image: ]
	· CW node inside topology 1
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
	
	Same as D1T1-A1
	Same as CW
	

	D1T1-B
	CW outside topology
	[image: ]
	· CW node outside topology 1
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
	
	Case 1-4 (outside topology, UL)
	Same as CW
	

	D1T1-C
	No CW
	[image: ]
	· No CW Node.
	Device 2b
	N/A
	UL
	

	D2T2-A1

	CW inside topology
	[image: ]
	· CW node inside topology 2
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
· BS communicates with R1 and R2
	Device 1, 2a
	Case 2-2 (inside topology, UL)
	Same as CW
	

	D2T2-A2
	
	[image: ]
	· CW node inside topology 2
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· BS communicates with R
	
	Same as D2T2-A1
	Same as CW
	

	D2T2-B
	CW outside topology
	[image: ]
	· CW node outside topology 2
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
· BS communicates with R
	
	Case 2-3 (outside topology, DL)
Case 2-4 (outside topology, UL)
	Same as CW
	

	D2T2-C
	No CW
	[image: ]
	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	FFS

	

	Note: this table is for the case where D2R is in the same spectrum as CW2D.






The following figures illustrate potential interference scenarios for each case. Note that it is assumed that D2R transmission occurs in the UL spectrum due to the regulatory issues mentioned above. 
	D1T1-A: indoor BS + indoor AIoT device, CW inside topology,
· D1T1-A1: different node for CW2D/R2D and D2R
· CW node inside topology 1
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
 

[image: ]
Figure 1. CW interference in Scenario D1T1-A1

· D1T1-A2: 
· CW node inside topology 1
· Same ‘CW’ and ‘R’ node for CW2D, D2R and R2D

[image: ]
Figure 2. CW interference in Scenario D1T1-A2

D1T1-B: indoor BS + indoor AIoT device, CW outside topology
· D1T1-B: 
· CW node outside topology 1
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
 
[image: ]
Figure 3. CW interference in Scenario D1T1-B

D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW inside topology
· D2T2-A1: different node for CW2D/R2D and D2R
· CW node inside topology 2
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
· BS communicates with R1 and R2
 
[image: ]
Figure 4. CW interference in Scenario D2T2-A1


· D2T2-A2: 
· CW node inside topology 2
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· BS communicates with R


[image: ]
Figure 5. CW interference in Scenario D2T2-A1


D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW outside topology 
· CW node outside topology 2
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
· BS communicates with R

[image: ]
Figure 6. CW interference in Scenario D2T2-A1





Case A: CW interference impact in D2R reception at the reader
When CW is transmitted in UL spectrum, it can interfere with D2R reception at the reader. If the CW node and the reader are the same, this can result self-interference at the CW node/reader. Interference to D2R reception can potentially be mitigated through the tag’s modulation scheme. The type of line code that includes the subcarrier sequence used in backscattering from the tag, as well as the data rate, can widen the frequency gap between the reflected signal from the tag and the CW, making it easier for the reader to distinguish between them. Case B: CW interference impact in legacy NR system
According to the SID, the study of CW interference at the NR base station and AIoT reader falls within the RAN1 scope. Specifically, in the case of topology 2, since the i-UE, which communicates with the legacy basestation, acts as the AIoT reader, this study can include CW interference in legacy DL reception at the i-UE. When CW is transmitted in UL spectrum and an indoor UE communicates with the indoor base station, CW can act as interference to the UE’s uplink transmission. However, in such cases, the base station may have enhanced performance, including sophisticated filters, thereby minimizing the impact of interference caused by CW. On the other hands, when CW is transmitted in DL spectrum, it can act as interference to DL reception of intermediate UE (i.e., A-IoT reader) in Topology 2. In such cases, since the UE needs to handle the CW interference, the complexity and cost required to do it may be more burdensome than when the basestation is affected. To reduce the impact of CW interference on legacy NR systems, a simple starting point could be to differentiate the resources used by the NR systems from those used by AIoT systems. That is, by studying TDM or FDM between two systems, the CW interference effects can be minimized.
Proposal 8. For CW interference in legacy NR system, study TDM and FDM between the legacy NR and AIoT systems are studied as a starting point.
· For TDM, study the impact of throughput loss due to reduced time resource in NR systems.
· For FDM, study the guard band between two systems.


2.1.2 Characteristics of CW for interference handling
    As previously discussed, CW can be a new source of interference to readers, base stations, or legady UEs. To reduce the impact of interference caused by CW, it is reasonable to consider the characteristics that define the CW waveform. 
Time domain characteristic:
To mitigate CW interference, it is appropriate to consider CW not always-on but rather turned on and off as needed. Thus, the duration, period characteristics of CW can be defined.  
Frequency domain characteristic:
Following the agreements in the last meetings, single-tone unmodulated and multiple unmodulated single-tone waveforms are considered as CW waveform candidates. 
	Agreement (RAN1#116)
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Agreement (RAN1#116b)
For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones


Therefore, one characteristic of CW in the frequency domain may include one or multiple center frequencies of CW. Note that they can be used even in the case of a single-tone waveform. It is also possible to achieve frequency diversity by employing different tone frequencies in the time domain. In other words, the tone frequency of single-tone unmodulated CW can vary over time. This can still prevent the tag’s uplink transmission from falling into deep fading in time-domain. Based on this perspective, considering like a frequency hopping pattern may be feasible and the characteristics backscatter performance with frequency hopping should be studied. Figure 7 illustrates the center frequencies of CW used for unmodulated single-tone with frequency hopping and multiple unmodulated single-tones
For the gap between two tones, when it comes to single-tone unmodulated CW based on frequency hopping, a frequency gap that achieves frequency diversity can be considered. Therefore, this gap can be determined by considering the characteristics of the D2R channel. In the case of multiple unmodulated single-tones, it is also necessary to consider the bandwidth of the signals reflected by the tag. Figure 8 illustrates the PSD of reflected signals using Miller-4 when the bandwidth of the signal reflected by a single tone is approximately 100 kHz, comparing gaps of 100 kHz and 200 kHz between the tones. When using two tones with a 100 kHz gap, as can be seen in the second PSD, the spectrum from each tone overlap, making it difficult to distinguish between them and achieve frequency diversity. On the other hand, as shown in the third PSD, when using two tones with a 200 kHz gap, the PSD shows that the spectrum from each tone can be clearly distinguished, allowing for the achievement of frequency diversity. It is notable that the gap between the two tones should exceed the coherence bandwidth of the channel. 

Proposal 9. Study the following characteristics of CW for interference handling:
· Time domain:
· Time duration of CW
· Period of CW
· Frequency domain:
· One or multiple center frequencies of CW
· Gap between tones
· Frequency hopping pattern of CW

Proposal 10. Study the following characteristics of CW for interference handling:
· Time domain:
· Time duration of CW
· Period of CW
· Frequency domain:
· One or multiple center frequencies of CW
· Gap between tones
· Frequency hopping pattern of CW

[image: ]
Figure 7. Multiple unmodulated single tones vs. unmodulated single tone with frequency hopping
[image: ]
Figure 8. The PSD of reflected signals with different tone gaps
Others
At RAN1#116, the device types were discussed as follows:
	Agreement 
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~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.
· Device 2a: ≤ a few hundred µW peak power consumption, 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 is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, 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 is generated internally by the device.


For device 1 and 2a utilizing backscattering, when CW doesn’t exist, the tag cannot even attempt D2R transmission. If CW is not provided properly at the time the tag intends to transmit, the tag may fail to perform D2R transmission successfully. Therefore, the timing of the initiation and the duration of CW transmission can be crucial factors for D2R transmission. Device 2b, on the other hand, can generate signals internally for D2R transmission. In this case, the carrier wave can still be utilized for the tags, for example, by serving as a source for energy harvesting. Nevertheless, it is worth noting that the carrier wave in UL spectrum could potentially act as interference to device 2b when it is transmitting D2R transmission by generating their own signals. Therefore, for device 2b as well, selecting the appropriate timing for CW transmission can be important.
    Therefore, controlling CW transmission can play a crucial role in ensuring the operation of the system. When the CW node is outside the topology (i.e., scenario ‘B’), its control falls outside the 3GPP scope. On the other hand, when the CW node is inside the topology, it must be under the network’s control, necessitating the reception of control information for CW transmission from the network. For D1T1-A1 scenario, it may be necessary to discuss methods for transferring CW control information between inter-gNBs. In the case of D2T2-A, the intermediate UE must receive CW control information from the network, which may require considering new downlink control information formats and ways of coexisting with legacy DL transmissions.  

Proposal 11. How to control CW node inside topology (e.g., control signaling) should studied.

3 
3 Conclusion
In this contribution, we made the following observations and proposals:
Observation 1. Before considering the local variations of A-IoT system, it is necessary to first check the global regulatory aspects.

Proposal 1. For the case where D2R backscattering is transmitted on the same carrier as CW for D2R backscattering, and for topology 1, prioritize the following cases for CW transmission.
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum.
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum.

Proposal 2. For the case where D2R backscattering is transmitted on the same carrier as CW for D2R backscattering, and for topology 2, prioritize the following cases for CW transmission.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum.
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum.

Proposal 3. The operation band where CW can be transmitted should first be studied from a regulatory perspective.

Proposal 4 For the case where D2R backscattering is transmitted on a different carrier as CW for D2R backscattering, and for topology 1, prioritize the following cases for CW transmission.
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum
Proposal 5. For the case where D2R backscattering is transmitted on a different carrier as CW for D2R backscattering, and for topology 2, prioritize the following cases for CW transmission.
· Case 4-3: CW is transmitted from outside the topology, transmitted in DL spectrum where the CW node is the basestation.
Proposal 6. Study CW interference at both A-IoT UL receiver (i.e., the basestation in Topology 1 and the intermediate UE in Topology 2) and NR basestation.

Proposal 7. For CW interference impact in D2R reception at the reader, study how the interference can be mitigated at least considering the type of line code used by the tag.

Proposal 8. For CW interference in legacy NR system, study TDM and FDM between the legacy NR and AIoT systems are studied as a starting point.
· For TDM, study the impact of throughput loss due to reduced time resource in NR systems.
· For FDM, study the guard band between two systems.

Proposal 9. Study the following characteristics of CW for interference handling:
· Time domain:
· Time duration of CW
· Period of CW
· Frequency domain:
· One or multiple center frequencies of CW
· Gap between tones
· Frequency hopping pattern of CW

Proposal 10. Study the following characteristics of CW for interference handling:
· Time domain:
· Time duration of CW
· Period of CW
· Frequency domain:
· One or multiple center frequencies of CW
· Gap between tones
· Frequency hopping pattern of CW

Proposal 11. How to control CW node inside topology (e.g., control signaling) should studied.


1 
2 
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