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1. Introduction 
In RAN#102 meeting, the new SID on Ambient IoT solutions for NR was approved in [1] with following RAN4-led objective:

	· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission, and reception
· Intermediate node (UE), as per the General Scope, transmission, and reception



This paper provides our considerations on the coexistence scenarios in Ambient IoT SI. 
2. Discussion
According to [1],  two deployment scenarios are considered in the coexistence study.  
1) Deployment scenario 1 with Topology 1: Basestation and coexistence characteristics: Micro-cell, co-site
2) 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.
RAN1 has agreed below 6 cases for D2R backscattering transmitted in the same carrier as CW for backscattering as shown in Table 1. The RAN4 coexistence scenarios analysis is based on it. 
Table 1: Evaluation scenarios for coexistence
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2.1 Topology 1  
The factory micro cell topology is shown in Figure 1. The reader/CW emitter is co-located with the BS. 
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Figure 1. Factory indoor topology
Per Table 1, there are two frequency usage options for topology 1 shown in Table 2. 
Table 2 Frequency usage options for topology 1
	Freq Option 
	R2D
	CW2D
	D2R
	Scenario

	a)
	DL
	DL
	DL
	D1T1-A1, D1T1-A2, D1T1-B

	b)
	DL
	UL
	UL
	D1T1-A1, D1T1-A2



Based on the frequency usage, the possible interference scenarios are listed in Table 3, including the coexistence between NR and A-IOT and the coexistence between A-IoT and A-IoT.   
Table 3 Coexistence case for topology 1
	No.
	Category 
	Aggressor 
	Victim 
	Freq option 
	Impacted Requirements 1), 2), 3)

	1
	Coex between NR and A-IOT
	CW2D 
	NRDL
	a)
	CW ACLR
	UE ACS

	2
	
	R2D
	NRDL
	a) , b)
	Reader ACLR
	UE ACS

	3
	
	D2R 
	NRDL
	a)
	Device ACLR
	UE ACS

	4
	
	NRDL
	CW2D 
	a)
	NR BS ACLR
	Device ACS

	5
	
	NRDL
	R2D
	a) , b)
	NR BS ACLR
	Device ACS

	6
	
	NRDL  
	D2R
	a)
	NR BS ACLR
	Reader ACS

	7
	
	CW2D
	NRUL
	b)
	CW ACLR
	BS ACS

	8
	
	D2R
	NRUL
	b)
	Device ACLR
	BS ACS

	9
	
	NRUL
	CW2D
	b)
	UE ACLR
	Device ACS

	10
	
	NRUL
	D2R
	b)
	UE ACLR
	Reader ACS

	11
	Coex between A-IoT and A-IoT 
	CW2D
	D2R 
	a), b)
	CW ACLR
	Reader ACS

	12
	
	CW2D
	CW2D
	a), b)
	CW ACLR
	CW ACS

	13
	
	R2D
	R2D
	a), b)
	Reader ACLR
	Device ACS

	14
	
	D2R 
	D2R 
	a), b)
	Device ACLR
	Reader ACS

	Notes: 
1) the spectrum deployment mode can be in-band, guard band and standalone mode. Therefore, the IBE/ICS is used for in-band, and ACLR/ACS for guard band and standalone mode. Using ACLR/ACS for simplification. 
2) CW, Reader, BS can be the same equipment, therefore the requirement can be the same. The Table here is separate to cover all the possible cases. 
3) the device might won’t have ACLR/ACS ability. 


From Table 2, we can observe that the interference levels for these cases highly depend on the topologies, and it could be different for CW inside topology and CW outside topology. Compared to D1T1-A1 and D1T1-B, the interference received in the D1T1-A2 is higher, therefore, using the D1T1-A2 as exemplary to analyse the two frequency options and the coexistence cases. The illustration for D1T1-A2 is shown in Figure 3. 
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Figure 3.  Illustration of D1T1-A2 in different frequency options.
If frequency option a), in addition to existing adjacent NR interference, the UE in DL receiving will receive the interference from the R2D, CW2D and D2R link, especially when there are multiple CW/Reader nodes around are transmitting and thousands of devices are backscattering.  The reader in UL receiving will need to consider the strong interference from R2D and CW2D, while the interference level could depend on setting of different readers or outside CW. 
If frequency option b), the UE in DL interference will receive the interference from R2D, which is subset of frequency option a).  The interference to reader in UL receiving is also subset of frequency option a), as analysing above. 
There are similar observations for D1T1-A1 and D1T1-B. Therefore, we have the following Observation 2 and Proposal 2.
Observation 1: For Topology 1, the interference of frequency option b) with R2D in DL and CW2D/D2R in UL is subset of frequency option a) R2D/CW2D/D2R in DL.  
Proposal 1: Prioritize the case that R2D/CW2D/D2R in DL spectrum for Topology 1, i.e., Case 1-1 with D1T1-A1 and D1T1-A2 in RAN4 coexistence. 
Additionally, there are several combinations of the UE locations and connections, which will lead to different interference levels as well. The combinations for D1T1-A2 are shown in Figure 2 as an example and at least one scenario needs to be selected as the starting point for RAN4 coexistence study.  
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Figure 2. UE distribution of Topology 1

Observation 2:  Three combinations for UE locations can be considered for topology 1. 
· Indoor UE is communicating with outdoor Marco BS in the same band with Ambient IoT. 
· Indoor UE is communicating with indoor BS in the same band with Ambient IoT
· No indoor UE in the same band with Ambient IoT. Indoor UE is covered by other bands. 
Proposal 2: FFS indoor BS/indoor UE distribution and density for topology 1.

2.2 Topology 2 
For Topology 2, the indoor UE served as the intermediate node to communicate with the indoor devices, under the control of outdoor macro BS. Similar as analysis in Topology 1, there are also two frequency options shown in Table 4 and the coexistence cases are listed in Table 5. 
Table 4. Frequency usage options for Topology 2
	Freq Option 
	R2D
	CW2D
	D2R
	Scenario

	c)
	UL
	UL
	UL
	D2T2-A, D2T2-B

	d)
	UL
	DL
	DL
	D2T2-B



Table 5. Coexistence case for Topology 2
	No.
	Category
	Aggressor 
	Victim 
	Freq option 
	Impacted Requirements 1), 2), 3)

	1
	Coex between NR and A-IOT
	R2D
	NRUL
	c),d)
	Reader ACLR
	BS ACS

	2
	
	CW2D
	NRUL
	c)
	CW ACLR
	BS ACS

	3
	
	D2R
	NRUL
	c)
	Device ACLR
	BS ACS

	4
	
	NRUL
	R2D
	c),d)
	UE ACLR
	Device ACS

	5
	
	NRUL
	CW2D
	c)
	UE ACLR
	Device ACS

	6
	
	NRUL
	D2R
	c)
	UE ACLR
	Reader ACS

	7
	
	CW2D
	NRDL
	d)
	CW ACLR
	UE ACS

	8
	
	D2R
	NRDL
	d)
	Device ACLR
	UE ACS

	9
	
	NRDL
	CW2D
	d)
	BS ACLR
	Device ACS

	10
	
	NRDL
	D2R
	d)
	BS ACLR
	Reader ACS

	11
	Coex between A-IoT and A-IoT 
	CW2D
	D2R 
	c),d)
	CW ACLR
	Reader ACS

	12
	
	CW2D
	CW2D
	c),d)
	CW ACLR
	CW ACS

	13
	
	R2D
	R2D
	c),d)
	Reader ACLR
	Device ACS

	14
	
	D2R 
	D2R 
	c),d)
	Device ACLR
	Reader ACS

	Notes: 
1) the spectrum deployment mode can be in-band, guard band and standalone mode. Therefore, the IBE/ICS is used for in-band, and ACLR/ACS for guard band and standalone mode. Using ACLR/ACS for simplification. 
2) CW, Reader, BS can be the same equipment, therefore the requirement can be the same. The Table here is separate to cover all the possible cases. 
3) the device might won’t have ACLR/ACS ability.


The illustration of different frequency options is shown in Figure 5, including the CW inside topology and CW outside topology. 
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Figure 4. illustration of frequency options for topology2 
If frequency option c) is adopted, the interference for UL receiving could be marginal since the BS is outdoor considering the penetration loss. However, the interference from UE UL to the reader receiving could be not negligible.  The interference sensitivity to the distribution of UE and intermediate UE needs to be further studied.  Furthermore, for the case CW outside the topology, the distribution of CW also needs FFS. The UE, intermediate node, and the CW emitter need to be differentiated and analysed separately.  
If frequency option d) is adopted, the interference for UE receiving is subset of frequency option c), which means could be smaller than the case in frequency option c).  
Observation 3:  From the coexistence perspective, the larger interference case can be selected as starting point. For Topology 2, the frequency option R2D/CW2D/D2R in UL spectrum, i.e., Case 2-2 with D2T2-A2 and Case 2-4 with D2T2-B have larger interference.  
Proposal 3: Prioritize the frequency option that R2D/CW2D/D2R, i.e., Case 2-2 with D2T2-A2 and Case 2-4 with D2T2-B, in UL spectrum in RAN4 coexistence study for Topology 2. FFS the distribution of CW for the CW outside topology case.  
Additionally, the distribution of intermediate UE will have impact on the coexistence study. The illustration for D2T2-A2 is shown in Figure 4 as an example. 
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Figure 5. illustration of Topology 2

Observation 4: The intermediate node, UE, can be moving in the factory, and thus different from the fixed BS locations in Topology 1. However, the distribution of intermediate nodes and the indoor UEs served by outdoor BS will have impact to the interference, which needs FFS. 
Proposal 4: FFS the distribution of intermediate node and indoor UE for Topology 2.  

3. Conclusion
In summary, we have following observations and proposals. 
Observation 1: For Topology 1, the interference of frequency option b) with R2D in DL and CW2D/D2R in UL is subset of frequency option a) R2D/CW2D/D2R in DL.  
Proposal 1: Prioritize the case that R2D/CW2D/D2R in DL spectrum for Topology 1, i.e., Case 1-1 with D1T1-A1 and D1T1-A2 in RAN4 coexistence. 
Observation 2:  Three combinations for UE locations can be considered for Topology 1. 
· Indoor UE is communicating with outdoor marco BS in the same band with Ambient IoT. 
· Indoor UE is communicating with indoor BS in the same band with Ambient IoT
· No indoor UE in the same band with Ambient IoT. Indoor UE is covered by other bands. 
Proposal 2: FFS indoor BS/indoor UE distribution and density for topology 1.

Observation 3:  From the coexistence perspective, the larger interference case can be selected as starting point. For Topology 2, the frequency option R2D/CW2D/D2R in UL spectrum, i.e., Case 2-2 with D2T2-A2 and Case 2-4 with D2T2-B have larger interference.  
Proposal 3: Prioritize the frequency option that R2D/CW2D/D2R, i.e., Case 2-2 with D2T2-A2 and Case 2-4 with D2T2-B, in UL spectrum in RAN4 coexistence study for Topology 2. FFS the distribution of CW for the CW outside topology case.  
Observation 4: The intermediate node, UE, can be moving in the factory, and thus different from the fixed BS locations in Topology 1. However, the distribution of intermediate nodes and the indoor UEs will have impact to the interference, which needs FFS. 
Proposal 4: FFS the distribution of intermediate node and indoor UE for Topology 2.  
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