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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 
[bookmark: _Hlk142411003][bookmark: _Ref142605378]Operation band for A-IoT carrier wave
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.

For the cases where CW is transmitted in DL spectrum, there are two possible cases:
· [Case 3] Tags have a large frequency shift capability of tens of MHz, allowing for backscattering in UL spectrum, and for topology 1: 
· Case 3-1: CW is transmitted from inside the topology, transmitted in DL spectrum. D2R transmission occurs in UL spectrum. 
· [Case 4] Tags have a large frequency shift capability of tens of MHz, allowing for backscattering in UL spectrum, and for topology 2:
· Case 4-1: CW is transmitted from outside the topology, transmitted in DL spectrum. D2R transmission occurs in UL spectrum. 
However, the discussion on whether a tag possesses a large frequency shift capability is currently being addressing in Section 9.4.1.2. Thus, it would be appropriate to revisit this after the decisions have been made in Section 9.4.1.2. 

Proposal 3. For the case where CW for D2R backscattering is transmitted on DL spectrum, revisit the issue after the conclusion of the discussion on the tag’s large frequency shift capability in Section 9.4.1.2.

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.
2.1.1 Considerations of interference caused by CW 
In this chapter, for the sake of discussion convenience, the scenarios discussed in Section 9.4.1.1 at the previous meeting [3] are referred to. Interference cause by CW can be defined differently depending on the carrier where CW is transmitted. 
	D1T1-A: indoor BS + indoor AIoT device, CW inside topology,
· D1T1-A1: different node for CW2D/R2D and D2R
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are same
· ‘R’ in R2D and ‘R’ in D2R are different
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Figure 1. CW interference in Scenario D1T1-A1

· D1T1-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
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Figure 2. CW interference in Scenario D1T1-A2

D1T1-B: indoor BS + indoor AIoT device, CW outside topology
· D1T1-B: 
· ‘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
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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’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are same
· ‘R’ in R2D and ‘R’ in D2R are different
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Figure 4. CW interference in Scenario D2T2-A1


· D2T2-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
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Figure 5. CW interference in Scenario D2T2-A1


D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW outside topology 
· R2D in UL spectrum
· Only for device 1 and device 2a
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Figure 6. CW interference in Scenario D2T2-A1





Case A: CW is transmitted in UL spectrum.
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. 
Additionally, when an indoor UE is connected to the indoor base station, it can also 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.
Case B: CW is transmitted in DL spectrum.
When CW is transmitted in DL spectrum, it is assumed that the tag backscatters this using a large frequency shift for D2R transmission. In such a scenario, the tag’s D2R transmission might not be affected by interference from CW. However, CW in DL spectrum can act as interference to DL reception of legacy UEs. If the CW and DL transmission to legacy UEs are TDM, there may be no interference from CW. In the case of FDM, CW can interference with DL reception at UEs. This could impact the power loss for interference mitigation in UEs. 

Proposal 4. When CW is transmitted in UL spectrum, study how CW interference with D2R reception at the reader can be mitigated taking into account the type of line code used by the tag and the data rate.

Proposal 5. When CW is transmitted in DL spectrum, study the impact of CW interference on legacy UEs assuming legacy DL transmission FDMed with CW.  

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:
	Agreement 
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Agreement 
For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied.


Following the consensus in the last meeting [2], CW can have either a single-tone or a multi-tone waveform:

Therefore, one possible frequency domain characteristics of CW can be the number of tone frequencies. As discussed during the last meeting, a single-tone carrier wave can be a straight-forward approach and may offer an easier option for controlling interference caused by CW at the receiver end. However, a single-tone waveform may have a disadvantage of signal degradation if frequency selective fading occurs. With the multi-tone carrier waves, AIoT UE might be able to avoid deep fading through frequency diversity. Comparing the single-tone carrier, we should consider the complexity of interference cancelling of multi-tone carrier waveform. 
Figure 7 illustrates the frequency response of the carrier wave and backscatter signal based on the number and frequency distance of tones of the carrier wave. Here, Scenario A represents a case where the carrier wave includes multiple tones with not-so-wide frequency gap between them, resulting in a wide-band signal similar to a single-carrier. Scenario B refers to a case where the frequency gap between the tones are sufficiently wide so that the carrier wave does not produce a signal similar to a single-carrier. For both baseline single-tone and multi-tone CW in Scenario B, it might be possible for the reader to eliminate interference caused by the carrier wave through filtering in the frequency domain. For multi-tone in Scenario A, the backscatter signal and the carrier wave overlap in the frequency domain. Therefore, applying filtering to remove interference caused by the carrier wave could also eliminate the dedicated signal as well, producing the degradation on signal restoration. However, it is important to consider the feasibility of implementing filters to remove CW interference in single-tone CW and multi-tone in Scenario B. The complexity required to implement such filters can be significant. On the other hand, for carrier waves coming in a wide band as in multi-tone in Scenario A, the complexity of filter could be lower. Hence, there is a clear trade-off between the complexity of the interference removal filter and its performance. Therefore, a study on the trade-off between signal restoration capability and the complexity of the filter is needed.
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Proposal 6. For the multi-tone waveforms, study the trade-off between signal restoration performance and the complexity of the filter required for CW interference.

For single-tone waveforms, it is also possible to achieve frequency diversity by employing different tone frequencies in the time domain. In other words, the tone frequency of 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.

Proposal 7. Study the following characteristics of CW for interference handling:
· Time domain:
· Time duration of CW
· Period of CW
· Frequency domain:
· One or multiple central frequencies of CW
· Frequency hopping pattern of CW

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 the carrier wave can play a crucial role in ensuring the operation of the system. However, for CW outside the topology, a discussion on controlling CW is not necessary since it should be addressed through implementation. In the case of CW within the topology, there might be a need for discussion on methods to transmit control information (for example, DCI design, gNB-gNB information exchange, or etc.) and information related to CW characteristics. Nevertheless, discussing this within this Rel-19 AIoT study item phase might be early, so postponing it to a future release could be seen as a prudent approach. At the current stage, we can assume very optimistically that the CW is delivered in a manner that ensures the tag’s operation.
.  
Proposal 8. Tags can expect the carrier wave to be appropriately emitted in a manner that does not hinder D2R transmission from them. 

Proposal 9. How to control CW node inside topology (e.g., control signaling) is not studied in Rel-19 AIoT SI phase. However, it should be discussed in next phases of AIoT work.    

3 
3 Conclusion
In this contribution, we made the following observations and proposals:
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. For the case where CW for D2R backscattering is transmitted on DL spectrum, revisit the issue after the conclusion of the discussion on the tag’s large frequency shift capability in Section 9.4.1.2.

Proposal 4. When CW is transmitted in UL spectrum, study how CW interference with D2R reception at the reader can be mitigated taking into account the type of line code used by the tag and the data rate.

Proposal 5. When CW is transmitted in DL spectrum, study the impact of CW interference on legacy UEs assuming legacy DL transmission FDMed with CW.  

Proposal 6. For the multi-tone waveforms, study the trade-off between signal restoration performance and the complexity of the filter required for CW interference.
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Proposal 7. Study the following characteristics of CW for interference handling:
· Time domain:
· Time duration of CW
· Period of CW
· Frequency domain:
· One or multiple central frequencies of CW
· Frequency hopping pattern of CW

Proposal 8. Tags can expect the carrier wave to be appropriately emitted in a manner that does not hinder D2R transmission from them. 

Proposal 9. How to control CW node inside topology (e.g., control signaling) is not studied in Rel-19 AIoT SI phase. However, it should be discussed in next phases of AIoT work.    

1 
2 
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