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1. Introduction
In RAN#102 meeting, a new SID “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved and revised SID in RAN#103 meeting is [1]. The objectives are as follows.
	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.


In this contribution, we discuss evaluation assumptions of coverage and coexistence for A-IoT device. 

2. Discussion
2.1. Evaluation methodology
At the RAN1#116 meeting, it was agreed to define two evaluation methodology for coverage evaluation of A-IoT as follows.
	Agreement
For this study item, the coverage evaluation methodology is based on the following steps. 

For an evaluation scenario
· For each of the link i, 
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements if Budget-Alt2 is used for this link i.
· Step 2: Obtain the receiver sensitivity using the method Budget-Alt1 (if a predefined threshold is assumed to derive the receiver sensitivity) or Budget-Alt2 (if no predefined threshold is assumed to derive the receiver sensitivity).
· Step 3: Obtain the coverage performance for link i based on the receiver sensitivity from step 2 and link budget template.
· The coverage results for each link are provided.
· FFS: what links are evaluated besides R2D and D2R (e.g., RF-EH)
· FFS whether/how to model the interference
· FFS: for which device(s) a predefined threshold is assumed

Note the following alternatives for obtaining receiver sensitivity are defined, 

· Budget-Alt1: receiver sensitivity is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the received sensitivity and maximum transmit power, and directly calculate the maximum distance / pathloss based on these values and other related parameters. The link-level simulation (LLS) performances, such as required SINR can be satisfied for such case and no LLS is needed for link budget calculation.

· Budget-Alt2: receiver sensitivity is derived by required SINR which is given by LLS results 
· The results rely on link-level simulation results, e.g., required SINR which corresponds to detail LLS assumptions (e.g., BW, coding, data rate). And based on the required SINR, the received sensitivity can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.



Regarding two alternatives for the definition of evaluation methodology, in our understanding, it is up to company’s choice both or either one of alternatives are/is selected for evaluation (possibly depending on the device type or deployment scenario) and further down-selection from Budget-Alt1 and Budget-Alt2 is not expected.
However, given that the evaluation results would be calibrated separately for Budget-Alt1 and Alt2, and if it is completely up to companies report which of Budget-Alt1 or Alt2 is applied, the volume of the evaluation results for each Budget may shrink. In addition, if required SINR and receiver sensitivity is derived by a predefined value without LLS, it is unclear whether/how the difference on the possible physical layer design can be reflected to the evaluation of coverage. The physical layer design of A-IoT is now discussed in 9.4.2.1 and multiple candidates would be studied for waveform, modulation scheme, line coding, FEC, CRC, etc. The evaluation on LLS would be helpful to assess the performance of each candidate of physical layer design, and hence we suggest recommending Budget-Alt2 while it may be still up to company’s report which Budget to apply.
Proposal 1: For the coverage evaluation of A-IoT, Budget-Alt2 in the agreement of RAN1#116 should be considered as the baseline.

2.2. Scenario definition
At the RAN1#116 meeting, scenario definition was discussed based on the following FL proposal for deployment scenario 1 with topology 1 and deployment scenario 2 with topology 2 while no consensus has been achieved.
	For Deployment scenario 1 with topology 1, the following scenarios are used for evaluation of coverage and coexistence,

D1T1-A: indoor BS + indoor AIoT device, CW inside topology,
· [bookmark: _Hlk163115596]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
· D1T1-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
· [R2D in at least DL spectrum]
· Only for device 1 and device 2a
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]

D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering),
· [R2D in at least DL spectrum]
· FFS for CW characteristics for further study in 9.4.2.4
· Only for device 1 and device 2a
· [FFS: RF energy harvesting]
· For 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

D1T1-C: indoor BS + indoor AIoT device with active UL transmission
· Only for device 2b
· R2D in DL spectrum
· D2R in UL spectrum
· [FFS: RF energy harvesting]

FFS for other scenarios
FFS other assumptions for each scenario

For Deployment scenario 2 with topology 2, the following scenarios are used for evaluation of coverage and coexistence,

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 differen
· D2T2-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
· R2D in UL spectrum
· Only for device 1 and device 2a
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]

D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW outside topology 
· R2D in UL spectrum
· Only for device 1 and device 2a
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]

D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor AIoT device with active UL transmission
· Only for device 2b
· R2D in UL spectrum
· D2R in UL spectrum

FFS for other scenarios
FFS other assumptions for each scenario



In 9.4.2.4, the spectrum for CW and D2R was discussed and the following agreement was made at the RAN1#116 meeting.
	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



On top of the above agreement, it should be discussed for evaluation which of UL/DL spectrum should be assumed for R2D and which case of the agreement can be applied to which deployment scenario.
For Topology 1, following scenarios can be considered based on the D1T1 in the FL proposal and the agreement above.
· D1T1-A1/A2
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 1-1 or Case 1-2 can be applied.
· D1T1-B
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 1-4 is applied.
· CW node: Considering that the CW is transmitted in UL spectrum, at least it should be considered that CW node is UE.
· D1T1-C
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· D2R: At least it should be considered that D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
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Fig.1: Deployment scenario definition for Topology 1.

For Topology 2, similar to Topology 1, following scenarios can be considered based on the D1T1 in the FL proposal and the agreement above.
· D2T2-A1/A2
· R2D: At least it should be considered that R2D is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 2-2 is applied.
· D2T2-B
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 2-3 or case 2-4 can be applied.
· CW node: 
· If Case 2-3 is applied, at least it should be considered that CW node is BS.
· If Case 2-4 is applied, at least it should be considered that CW node is UE.
· D2T2-C
· R2D: At least it should be considered that R2D is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D2R: At least it should be considered that D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
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Fig.2: Deployment scenario definition for Topology 2.

In addition to the above scenarios, we propose in our companion contribution [2] that CW and D2R backscattering can be transmitted in different carrier depending on the discussion on the device architecture of device 1 and 2a. For such case, the following scenarios can be additionally considered for Topology 1 and 2.
· D1T1-A1’/A2’
· R2D and CW is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D1T1-B’
· R2D and CW is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW node is BS.
· D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D2T2-B’
· R2D and D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· CW is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW node is BS.
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Fig.3: Additional possible deployment scenario definition.

Observation 1: For Deployment scenario 1 with topology 1, the following scenarios can be considered for evaluation of coverage and coexistence;
· D1T1-A: indoor BS + indoor A-IoT device, CW inside topology
· D1T1-A1: different node for CW/R2D and D2R
· CW node and Reader in D2R are different
· CW node and Reader in R2D are same
· Reader in R2D and Reader in D2R are different
· D1T1-A2: same CW node and Reader node for CW, D2R and R2D 
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 1-1 or Case 1-2 can be applied.
· Only for device 1 and device 2a.
· FFS: The case when CW and D2R is transmitted in different carrier
· D1T1-B: indoor BS + indoor A-IoT device, CW outside topology
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 1-4 is applied.
· CW node: Considering that the CW is transmitted in UL spectrum, at least it should be considered that CW node is UE.
· Only for device 1 and device 2a.
· FFS: The case when CW and D2R is transmitted in different carrier
· D1T1-C: indoor BS + indoor A-IoT device with active UL transmission
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· D2R: At least it should be considered that D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· Only for device 2b.

Observation 2: For Deployment scenario 2 with topology 2, the following scenarios can be considered for evaluation of coverage and coexistence;
· D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor A-IoT device, CW inside topology
· D2T2-A1: different node for CW/R2D and D2R
· CW node and Reader in D2R are different
· CW node and Reader in R2D are same
· Reader in R2D and Reader in D2R are different
· D2T2-A2: same CW node and Reader node for CW, D2R and R2D 
· R2D: At least it should be considered that R2D is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 2-2 is applied.
· Only for device 1 and device 2a.
· D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor A-IoT device, CW outside topology
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 2-3 or case 2-4 can be applied.
· CW node: 
· If Case 2-3 is applied, at least it should be considered that CW node is BS.
· If Case 2-4 is applied, at least it should be considered that CW node is UE.
· Only for device 1 and device 2a.
· FFS: The case when CW and D2R is transmitted in different carrier
· D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor A-IoT device with active UL transmission
· R2D: At least it should be considered that R2D is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D2R: At least it should be considered that D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· Only for device 2b.

As listed above, various scenarios can be assumed considering the combinations of the spectrum for R2D, D2R and CW, however, it is not realistic to evaluate all the possible scenarios and we suggest focusing on some scenarios for evaluation purpose as captured in SID.
Based on the above scenario definition, we summarize the issues brought by reception at A-IoT device on DL/UL spectrum and transmission at A-IoT device on DL/UL spectrum considering following aspects.
· Requirement on A-IoT device
· Impacts on the current regulatory
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference from legacy Tx

Table 1: Summary of issues for each scenario in Topology 1
	
	Requirement on A-IoT device
	Impacts on the current regulatory
	Self-interference at reader
(Full duplex capability)
	Interference from legacy Tx

	D1T1-A1
	/
	If case 1-1 is applied, impact on A-IoT Tx in DL band should be assessed.
If case 1-2 is applied, impact on BS Tx in UL band should be assessed.
	/
	If case 1-1 is applied, D2R may suffer from interference from legacy NR DL Tx.

	D1T1-A1’
	Frequency shifter is required and its feasibility should be studied.
	/
	/
	/

	D1T1-A2
	/
	If case 1-1 is applied, impact on A-IoT Tx in DL band should be assessed.
If case 1-2 is applied, impact on BS Tx in UL band should be assessed.
	Self-interference cancellation and full duplex capability is required.
	If case 1-1 is applied, D2R may suffer from interference from legacy NR DL Tx.

	D1T1-A2’
	Frequency shifter is required and its feasibility should be studied.
	/
	Self-interference cancellation and full duplex capability is required.
	/

	D1T1-B
	/
	/
	/
	/

	D1T1-B’
	Frequency shifter is required and its feasibility should be studied.
	/
	/
	/

	D1T1-C
	/
	/
	/
	/



Table 2: Summary of issues for each scenario in Topology 2
	D2T2-A1
	/
	/
	/
	/

	D2T2-A2
	/
	/
	Self-interference cancellation and full duplex capability is required.
	/

	D2T2-B
	/
	If case 2-3 is applied, impact on A-IoT Tx in DL band should be assessed.
	/
	If case 2-3 is applied, D2R may suffer from interference from legacy NR DL Tx.

	D2T2-B’
	Frequency shifter is required and its feasibility should be studied.
	/
	/
	/

	D2T2-C
	/
	/
	/
	/



Based on the analysis in table 1, D1T1-B and D1T1-C seems less problematic than other scenarios while pros/cons of each scenario can be further studied. Similarly, based on the analysis in table 2, D2T2-A1 and D1T1-C seems less problematic than other scenarios. Therefore, we suggest evaluating at least take these deployment scenarios into the consideration.

Proposal 1: Discuss the potential down-selection of deployment scenario for evaluation of coverage and coexistence considering the following aspects;
· Requirement on A-IoT device
· Impacts on the current regulatory
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference from legacy Tx

Proposal 2: At least following deployment scenario should be considered for evaluation of coverage and coexistence;
· For Topology 1, 
· for device 1 and 2a, D1T1-B should be considered.
· for device 2b, D1T1-C should be considered.
· For Topology 2
· for device 1 and 2a, D2T2-A1 should be considered.
· for device 2b, D2T2-C should be considered.
· FFS: Other deployment scenario

In addition, it can be discussed whether the same assumption on the CW/R2D/D2R spectrum should be applied for Topology 1 and Topology 2. According to the SID, it is captured that “For Topology 2, no difference in physical layer design from Topology 1.” Based on the description, meanwhile physical layer design should be the same for Topology 1 and Topology 2, we believe this does not intend that the same spectrum should be used for Topology 1 and Topology 2. For example, DL spectrum is used for CW transmission and D2R transmission for Topology 1 while UL spectrum can be used for Topology 2. With this assumption, it is unclear how A-IoT device can identify the frequency location of initial R2D reception and we discuss it in our companion contribution[3].


2.3. Carrier wave interference modelling
For device 1 and 2a, CW is externally provided and A-IoT device transmits backscattered D2R. The backscattered D2R reception at a reader would be suffered from CW inside topology or outside topology. It may affect to the assumption on receiver sensitivity at the reader and should be considered for the evaluation. In our view, CW interference modeling would be different among deployment scenarios, e.g., CW node inside topology with the same node for CW Tx and D2R Rx (i.e., monostatic case) vs CW node outside topology and/or CW node inside topology with different nodes for CW Tx and D2R Rx (i.e., bistatic case).
[bookmark: _Hlk163120963]In addition, self-interference cancellation capability at the reader should be studied for the evaluation. More specifically, according to the discussion in 9.4.2.4, at least single tone and multi-tone are studied for carrier wave waveform, and hence whether/how the self-interference cancellation capability can be different on the candidate waveform of CW, i.e., single-tone vs multi-tone, should be studied. Furthermore, the cancellation capability may be different between BS and intermediate UE, i.e., Topology 1 and 2.
As we discussed in section 2.1, considering the calibration among companies, we think the feasibility of the self-interference cancellation capability at the reader should be studied to have a common assumption among companies, for CW node inside topology and outside topology case respectively. In our view, it may require RAN4 involvement.

Proposal 3: For evaluation of coverage and coexistence, study how to model the carrier wave interference and the self-interference cancellation capability (dB) at a reader.
· Discuss whether/how it can be different depending on waveform of CW, i.e., single-tone and multi-tone.
· Discuss whether it can be different among deployment scenarios, i.e., Topology 1 and Topology 2, monostatic and bistatic, CW inside topology and outside topology.

3. Conclusion
In this contribution, we discussed evaluation assumptions for A-IoT device. Based on the discussion, we made following observations and proposals.
Observation 1: For Deployment scenario 1 with topology 1, the following scenarios can be considered for evaluation of coverage and coexistence;
· D1T1-A: indoor BS + indoor A-IoT device, CW inside topology
· D1T1-A1: different node for CW/R2D and D2R
· CW node and Reader in D2R are different
· CW node and Reader in R2D are same
· Reader in R2D and Reader in D2R are different
· D1T1-A2: same CW node and Reader node for CW, D2R and R2D 
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 1-1 or Case 1-2 can be applied.
· Only for device 1 and device 2a.
· FFS: The case when CW and D2R is transmitted in different carrier
· D1T1-B: indoor BS + indoor A-IoT device, CW outside topology
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 1-4 is applied.
· CW node: Considering that the CW is transmitted in UL spectrum, at least it should be considered that CW node is UE.
· Only for device 1 and device 2a.
· FFS: The case when CW and D2R is transmitted in different carrier
· D1T1-C: indoor BS + indoor A-IoT device with active UL transmission
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· D2R: At least it should be considered that D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· Only for device 2b.

Observation 2: For Deployment scenario 2 with topology 2, the following scenarios can be considered for evaluation of coverage and coexistence;
· D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor A-IoT device, CW inside topology
· D2T2-A1: different node for CW/R2D and D2R
· CW node and Reader in D2R are different
· CW node and Reader in R2D are same
· Reader in R2D and Reader in D2R are different
· D2T2-A2: same CW node and Reader node for CW, D2R and R2D 
· R2D: At least it should be considered that R2D is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 2-2 is applied.
· Only for device 1 and device 2a.
· D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor A-IoT device, CW outside topology
· R2D: At least it should be considered that R2D is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW and D2R: Case 2-3 or case 2-4 can be applied.
· CW node: 
· If Case 2-3 is applied, at least it should be considered that CW node is BS.
· If Case 2-4 is applied, at least it should be considered that CW node is UE.
· Only for device 1 and device 2a.
· FFS: The case when CW and D2R is transmitted in different carrier
· D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor A-IoT device with active UL transmission
· R2D: At least it should be considered that R2D is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D2R: At least it should be considered that D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· Only for device 2b.

Proposal 1: Discuss the potential down-selection of deployment scenario for evaluation of coverage and coexistence considering the following aspects;
· Requirement on A-IoT device
· Impacts on the current regulatory
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference from legacy Tx

Proposal 2: At least following deployment scenario should be considered for evaluation of coverage and coexistence;
· For Topology 1, 
· for device 1 and 2a, D1T1-B should be considered.
· for device 2b, D1T1-C should be considered.
· For Topology 2
· for device 1 and 2a, D2T2-A1 should be considered.
· for device 2b, D2T2-C should be considered.
· FFS: Other deployment scenario

Proposal 3: For evaluation of coverage and coexistence, study how to model the carrier wave interference and the self-interference cancellation capability (dB) at a reader.
· Discuss whether/how it can be different depending on waveform of CW, i.e., single-tone and multi-tone.
· Discuss whether it can be different among deployment scenarios, i.e., Topology 1 and Topology 2, monostatic and bistatic, CW inside topology and outside topology.
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