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1. Introduction
This contribution provides our further analysis for AIoT deployment scenarios and spectrum usage according to the WF [2].
2. Spectrum usage
2.1 Possible spectrum usage cases
In this paper, we provide some analysis of spectrum usage for the A-IoT operation from interference perspectives. We analyze the D1T1 and D2T2 cases which use device 1 and device 2a, both D1T1 and D2T2 include two scenarios, i.e. CW transmitting from inside or outside the topology, each scenario has four cases according to R2D spectrum and CW/D2R spectrum, D2R backscattering is transmitted in the same carrier as CW.
Table 1: Possible spectrum usage cases
	Spectrum usage
	Case in analysis
	R2D spectrum
	CW/D2R spectrum

	Case 1
	Case 1-1, Case1-2, Case 1-3, Case 1-4
	DL
	DL

	Case 2
	Case 2-1, Case2-2, Case 2-3, Case 2-4
	UL
	DL

	Case 3
	Case 3-1, Case 3-2, Case 3-3, Case 3-4
	UL
	UL

	Case 4
	Case 4-1, Case 4-2, Case 4-3, Case 4-4
	DL
	UL



2.2 Interference analysis for different cases
The interference links for different cases are provided in Table 2 and Table 3. For D1T1, it’s assumed that NR gNB and AIoT reader are co-site.
Table 2: Interference of each case, D1T1
	　CW
	
	R2D
spectrum
	CW/D2R
spectrum
	Victim link

	
	
	
	
	Reader D2R
	Device CW
	Device R2D
	Legacy gNB 
UL
	Legacy UE 
DL

	CW is 
transmitted from inside the topology
	Case 1-1
	DL
	DL
	SI: gNB→D2R
CW→D2R
R2D→D2R
	gNB→CW
	gNB→R2D
	No interference signal
	R2D→UE
CW→UE
D2R→UE

	
	Case 
2-1
	UL
	DL
	SI: gNB→D2R
CW→D2R
	gNB→CW
	UE→R2D
	SI: R2D→gNB
	CW→UE

	
	Case 
3-1
	UL
	UL
	UE→D2R
CW→D2R
R2D→D2R
	UE→CW
	UE→R2D
	SI: CW→gNB
SI: R2D→gNB
D2R→gNB
	No interference signal

	
	Case 
4-1
	DL
	UL
	UE→D2R
CW→D2R
	UE→CW
	gNB→R2D
	SI: CW→gNB
D2R→gNB
	R2D→UE

	CW is 
transmitted from outside the topology
	Case 
1-2
	DL
	DL
	SI: gNB→D2R
CW→D2R
R2D→D2R
	gNB→CW
	gNB→R2D
	No interference signal
	R2D→UE
CW→UE
D2R→UE

	
	Case 
2-2
	UL
	DL
	SI: gNB→D2R
CW→D2R
	gNB→CW
	UE→R2D
	SI: R2D→gNB
	CW→UE

	
	Case
 3-2
	UL
	UL
	UE→D2R
CW→D2R
R2D→D2R
	UE→CW
	UE→R2D
	CW→gNB
SI: R2D→gNB
D2R→gNB
	No interference signal

	
	Case 
4-2
	DL
	UL
	UE→D2R
CW→D2R
	UE→CW
	gNB→R2D
	CW→gNB
D2R→gNB
	R2D→UE



Table 3: Interference of each case, D2T2
	　 CW
	Case
	R2D
spectrum

	CW/D2R
spectrum

	Victim

	
	
	
	
	Reader D2R
	Device CW
	Device R2D
	Legacy gNB UL
	Legacy UE 
DL

	CW is 
transmitted from inside the topology
	Case 1-3
	DL
	DL
	gNB→D2R
CW→D2R
R2D→D2R
	gNB→CW
	gNB→R2D
	No interference signal
	R2D→UE
CW→UE
D2R→UE

	
	Case 2-3
	UL
	DL
	gNB→D2R
CW→D2R
	gNB→CW
	UE→R2D
	R2D→gNB
	CW→UE

	
	Case 3-3
	UL
	UL
	UE→D2R
CW→D2R
R2D→D2R
	UE→CW
	UE→R2D
	CW→gNB
R2D→gNB
D2R→gNB
	No interference signal

	
	Case 4-3
	DL
	UL
	UE→D2R
CW→D2R
	UE→CW
	gNB→R2D
	CW→gNB
D2R→gNB
	R2D→UE

	CW is 
transmitted from outside the topology
	Case 1-4
	DL
	DL
	gNB→D2R
CW→D2R
R2D→D2R
	gNB→CW
	gNB→R2D
	No interference signal
	R2D→UE
CW→UE
D2R→UE

	
	Case 2-4
	UL
	DL
	gNB→D2R
CW→D2R
	gNB→CW
	UE→R2D
	R2D→gNB
	CW→UE

	
	Case 3-4
	UL
	UL
	UE→D2R
CW→D2R
R2D→D2R
	UE→CW
	UE→R2D
	CW→gNB
R2D→gNB
D2R→gNB
	No interference signal

	
	Case 4-4
	DL
	UL
	UE→D2R
CW→D2R
	UE→CW
	gNB→R2D
	CW→gNB
D2R→gNB
	R2D→UE



2.3 Observations and proposal
For the interferences to reader D2R reception, gNB output power is larger than UE, so gNB has greater interference to reader D2R. In addition, both case1 and case2 have SI problem, similar to SBFD, which should be considered in the RF analysis or co-existence study. From this aspect Case4 and Case3 brings less problem, than case2 and case1.
For the interferences to device CW and device R2D, the interference level depends on the deployment scenario of the legacy system and the A-IoT system. For D1T1, if the interference signal power of gNB to device is greater than that of UE to device, Case 3 is best.
For the interferences to legacy gNB UL reception, since both R2D and CW/D2R use  DL spectrum, there’s no interference for case 1. The distance from the Device to gNB is relatively large, so the interference signal power from the device to gNB is relatively small. The interference signal power levels from low to high are case1, case2, case4, case3.
For interferences to legacy UE DL reception, since both R2D and CW/D2R use  UL spectrum, Case3 has no interference signal. The distance from the transmitting source of CW and R2D to UE is longer than that from the Device to UE, so the corresponding interference level is lower,  the interference signal power level from low to high are case3, case4, case2, case1.
Observation 1: For interferences to reader D2R reception, the interference signal power level from low to high are case4, case3, case2, case1.
Observation 2: For interferences to device CW reception and device R2D reception, the interference situation depends on the deployment scenario of the legacy system and the A-IOT system.
Observation 3: For interferences to device CW reception and device R2D reception, it’s difficult to say which case is better depending on the deployment scenarios.
Observation 4: For interferences to legacy gNB UL reception, the interference signal power level from low to high are case1, case2, case4, case3.
Observation 5: For interferences to legacy UE DL reception, the interference signal power level from low to high are case3, case4, case2, case1.
From above observations, all of the cases in the Table 1 has advantages and drawbacks. However, considering legacy UE DL should be protected in high priority, both R2D and CW/D2R are transmitted in UL spectrum is a relatively better choice. So we have the following proposal,
Proposal 1: Both R2D and CW/D2R are transmitted in UL spectrum if minimum interference to legacy UE reception is intended.
3. Deployment scenarios
For the deployment scenarios of AIoT, there’re many possibilities. Some of them are defined in the LS from RAN1 [3]. However, there’s no clarification how legacy NR gNB is located with AIoT BS. In the last RAN4 meeting, there were some agreements that the following 
Usually the worst case of the deployment scenarios is simulated in the study for the new feature, but in this AIoT study, the scenarios in high priority may not be worst case. The following is one of the agreements,
· Prioritize the following spectrum deployment mode for RAN4 co-existence evaluation
· A-IoT is located within a NR transmission bandwidth configuration
· A-IoT which is operating indoor shares in-band spectrum with outdoor macro BS
In the WID, following objective is captured,
B. [bookmark: _Hlk160560296]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
“co-site” is captured in the WID, but there is a contribution intended to clarify it but it was not discussed in last meeting. It seems the priorities for the co-existence simulation in last RAN4 meeting are not the worst scenarios.
Observation 6: The “co-site” in the WID needs clarification.
Proposal 2: If “co-site” scenario needs further study including co-existence and guard RB should be decided.
4. Summary
This contribution provides our analysis for deployment scenarios and spectrum usage of A-IoT. We have the following observations and proposals.
For spectrum usage,
Observation 1: For interferences to reader D2R reception, the interference signal power level from low to high are case4, case3, case2, case1.
Observation 2: For interferences to device CW reception and device R2D reception, the interference situation depends on the deployment scenario of the legacy system and the A-IOT system.
Observation 3: For interferences to device CW reception and device R2D reception, it’s difficult to say which case is better depending on the deployment scenarios.
Observation 4: For interferences to legacy gNB UL reception, the interference signal power level from low to high are case1, case2, case4, case3.
Observation 5: For interferences to legacy UE DL reception, the interference signal power level from low to high are case3, case4, case2, case1.
Proposal 1: Both R2D and CW/D2R are transmitted in UL spectrum if minimum interference to legacy UE reception is intended.

For deployment scenarios,
Observation 6: The “co-site” in the WID needs clarification.
Proposal 2: If “co-site” scenario needs further study including co-existence and guard RB should be decided.
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Annex A: Detail interference analysis for Cases of D1T1 and D2T2
3 
4 
A.1 Interference analysis for D1T1, CW is transmitted from inside the topology
A.1.1 R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum


Figure 1: R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum
A.1.2 R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum


Figure 2: R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum
A.1.3 R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum


Figure 3: R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum
A.1.4 R2D is in FDD DL spectrum, CW/D2R are in FDD UL spectrum


Figure 4: R2D is in FDD DL spectrum, CW/D2R are in FDD UL spectrum
A.2 Interference analysis for D1T1, CW is transmitted from outside the topology
A.2.1 R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum


Figure 5: R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum
A.2.2 R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum


Figure 6: R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum
A.2.3 R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum


Figure 7: R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum
A.2.4 R2D is FDD DL spectrum, CW/D2R are FDD UL spectrum


Figure 8 R2D is FDD DL spectrum, CW/D2R are FDD UL spectrum

A.3 Interference analysis for D2T2, CW is transmitted from inside the topology


Figure 8: R2D is FDD DL spectrum, CW/D2R are FDD UL spectrum

A.3.1 R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum


Figure 9: R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum
A.3.2 R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum


Figure 10: R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum
A.3.3 R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum


Figure 11: R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum
A.3.4 R2D is in FDD DL spectrum, CW/D2R are in FDD UL spectrum


Figure 12: R2D is in FDD DL spectrum, CW/D2R are in FDD UL spectrum
A.4 Interference analysis for D2T2, CW is transmitted from outside the topology
A.4.1 R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum


Figure 13: R2D is in FDD DL spectrum, CW/D2R are in FDD DL spectrum
A.4.2 R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum


Figure 14: R2D is in FDD UL spectrum, CW/D2R are in FDD DL spectrum
A.4.3 R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum


Figure 15: R2D is in FDD UL spectrum, CW/D2R are in FDD UL spectrum
A.4.4 R2D is in FDD DL spectrum, CW/D2R are in FDD UL spectrum


Figure 16: R2D is in FDD DL spectrum, CW/D2R are in FDD UL spectrum
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Introduction


 


This contribution provides our further analysis for AIoT deployment scenarios and spectrum usage


 


according 


to the WF [2]
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Spectrum 


usage


 


2.1


 


Possible spectrum usage cases


 


In this paper, we provide some analysis 


of spectrum usage 


for the A


-


IoT operation from 


interference


 


perspectives
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which use device 1 and device 2a


, b


oth D1T1 and D2T2 


include two scenar


ios


,


 


i.e. 


CW transmitting from inside or outside the topology


, each 


scenario


 


has four 


cases


 


according


 


to R2D spectrum and CW/D2R spectrum, 


D2R backscattering is transmitted in the same carrier as CW
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are
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Spectrum usage  Case   in analysis  R2D   spectrum  CW/D2R   spectrum  

Case   1  Case   1 - 1,  Case 1 - 2 ,  Case   1 - 3 ,  Case   1 - 4  DL  DL  

Case   2  Case   2 - 1 ,  Case 2 - 2,  Case   2 - 3 ,  Case   2 - 4  UL  DL  

Case   3  Case   3 - 1 ,   Case   3 - 2 ,  Case   3 - 3,  Case   3 - 4  UL  UL  

Case   4  Case   4 - 1 ,  Case   4 - 2 ,  Case   4 - 3 ,  Case   4 - 4  DL  UL  

  2.2   Interference   analysis for different cases   The interference  links  for different cases  are   provided in Table 2 and Table 3.   For D1T1, it ’ s  assumed   that NR  gNB and AIoT reader are co - site.   Table  2 :   Interference of each  case ,  D1 T1  

  CW   R2D   spectrum  CW/D2R   spectrum  Victim   link  

Reader D2R  Device CW  Device R2D  Legacy gNB    UL  Legacy  UE    DL  

CW is    transmitte d from  inside the  topology  Case   1 - 1  DL  DL  SI: gNB ? D2R   CW ? D2R   R2D ? D2R  gNB ? CW  gNB ? R2D  No interference  signal  R2D ? UE   CW ? UE   D2R ? UE  

Case     2 - 1  UL  DL  SI:  gNB ? D2R   CW ? D2R  gNB ? CW  UE ? R2D  SI: R2D ? gNB  CW ? UE  

Case     3 - 1  UL  UL  UE ? D2R   CW ? D2R   R2D ? D2R  UE ? CW  UE ? R2D  SI:  CW ? gNB   SI:  R2D ? gNB   D2R ? gNB  No  interferen ce signal  

Case     4 - 1  DL  UL  UE ? D2R   CW ? D2R  UE ? CW  gNB ? R2D  SI: CW ? gNB   D2R ? gNB  R2D ? UE  

