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1. Introduction
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 In RAN4 #110bis meeting, the spectrum deployment mode, evaluation methodology and evaluation cases for Ambient IoT were discussed and some agreements were approved in WF [1]:
1. Spectrum deployment mode
Agreement:

· 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

2. Evaluation methodology
Agreement: 

· Use the Monte-Carlo method as baseline for co-existence evaluation, i.e. Section 5.3 in TR38.803
· Depending on the discussion on deployment scenarios, for some cases, calculation for the worst interference link may be enough.
· FFS on whether RAN4 needs to perform link level simulation
3. Performance metric for AIOT
Agreement:

· For NR system, use 5% throughput loss as performance metric as legacy.
· For AIOT system, including reader, device, intermediate UE, further discuss the performance metric:
· Option 1: [10%] BLER, [Rx power] 

· Option 2: SINR degradation
· Other options are precluded

4. Device type
Agreement:
· Prioritize device 1 and 2a without a frequency shifter for coexistence evaluation.
And the evaluation cases and evaluation parameters are not defined for co-existence evaluation. This contribution mainly discuss on the evaluation cases and evaluation parameters based on LS from RAN1 [2].
2.  Discussion
 In lasting RAN4 meeting, the spectrum usage were discussed for D1T1 as below:
· For R2D in D1T1
· FFS on whether to prioritize FDD DL spectrum for R2D for D1T1 for co-existence evaluation

· For D2R in D1T1

· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, consider the following for co-existence evaluation

· CW transmits in either UL or DL spectrum
· FFS on inside topology and outside topology.
The deployment scenarios in RAN4 lasting meeting discussion for device 1 and device 2a are the same with the LS from RAN1. So we continue consider these deployment scenarios for D1T1 and D2T2. Here assuming CW doesn’t transmit simultaneously with R2D signalling, Table 2-1 shows the evaluation cases for D1T1 deployment scenarios updating the aggressors and victims:
Table 2-1 Evaluation cases for D1T1

	Deployment scenario and topology
	spectrum 
	aggressor
	victim
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· 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
	R2D: DL
CW2D and D2R: UL
	CW and device
	NR gNB

	
	
	NR gNB
	device

	
	
	reader-BS1
	NR UE

	
	
	NR UE and CW
	reader-BS2

	
	R2D: DL
CW2D and D2R: DL
	-
	NR gNB

	
	
	NR gNB
	device

	
	
	CW, device, reader-BS1
	NR UE

	
	
	NR gNB and CW
	reader-BS2

	
	R2D: UL
CW2D and D2R: UL
	reader-BS1, CW and device
	NR gNB

	
	
	NR UE
	device

	
	
	-
	NR UE

	
	
	NR UE, CW
	reader-BS2

	[image: image5.png]D1T1-B

Micro BS

BS2D

Device

D2BS

Ccw2D




Self interference cancelation is needed for reader
· 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


	R2D: DL
CW2D and D2R: UL
	CW and device
	NR gNB

	
	
	NR gNB
	device

	
	
	reader
	NR UE

	
	
	NR UE, CW
	reader

	
	R2D: DL
CW2D and D2R: DL
	-
	NR gNB

	
	
	NR gNB
	device

	
	
	CW, device, reader
	NR UE

	
	
	NR gNB, CW
	reader

	
	R2D: UL
CW2D and D2R: UL
	reader, CW, device
	NR gNB

	
	
	NR UE
	device

	
	
	-
	NR UE

	
	
	NR UE, CW
	reader
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Self interference cancellation is needed for reader
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
	R2D: DL
CW2D and D2R: UL
	CW and device
	NR gNB

	
	
	NR gNB
	device

	
	
	reader
	NR UE

	
	
	NR UE and CW
	reader

	
	R2D: UL
CW2D and D2R: UL
	reader, CW, device
	NR gNB

	
	
	NR UE
	device

	
	
	-
	NR UE

	
	
	NR UE, CW
	reader


Based on above table, it can be seen that for each deployment scenario of D1T1, the evaluation cases are similar when using the same spectrum combination, as the summary in table 2-2.  
Table 2-2 the aggressor and victim for different UL and DL spectrum combinations for D1T1

	Topology
	spectrum 
	aggressor
	victim
	Direction

	D1T1
	R2D: DL
CW2D and D2R: UL
	CW and device
	NR gNB
	Uplink

	
	
	NR gNB
	device
	R2D

	
	
	reader
	NR UE
	Downlink

	
	
	NR UE and CW
	reader
	D2R

	
	R2D: DL
CW2D and D2R: DL
	NR gNB
	device
	R2D

	
	
	CW, device, reader
	NR UE
	Downlink

	
	
	NR gNB and CW
	reader
	D2R

	
	R2D: UL
CW2D and D2R: UL
	reader, CW and device
	NR gNB
	Uplink

	
	
	NR UE
	device
	R2D

	
	
	NR UE, CW
	reader
	D2R


Proposal 1: RAN4 can first evaluate the performance difference using the cases in Table 2-2 for different UL and DL spectrum combinations based on the deployment scenarios D1T1-A1, D1T1-A2, D1T1-B.
In lasting RAN4 meeting, the spectrum usage were discussed for D1T1 as below:
· For R2D in D2T2

· Use FDD UL spectrum for R2D in D2T2.
· For D2R in D2T2

· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering

· Use UL spectrum as the starting point for co-existence evaluation.

· It won’t preclude the use of DL for backscattering transmission.

It has agreed that using FDD UL spectrum for R2D in D2T2

Table 2-3 shows the evaluation cases for D2T2 deployment scenarios assuming CW doesn’t transmit simultaneously with R2D signalling, the aggressor and victim are updated.
Table 2-3 Evaluation cases for D2T2
	Deployment scenario and topology
	spectrum 
	aggressor
	victim
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Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
	R2D: UL
CW2D and D2R: UL
	CW, reader-node1, device
	NR gNB

	
	
	NR UE
	device

	
	
	-
	NR UE

	
	
	NR UE, CW
	reader-node2
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\
Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum

Self interference cancelation is needed for reader
	R2D: UL
CW2D and D2R: UL
	CW, reader, device
	NR gNB

	
	
	NR UE
	device

	
	
	-
	NR UE

	
	
	NR UE, CW
	reader

	
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
Self interference cancelation is needed for reader
	R2D: UL
CW2D and D2R: UL
	CW, reader, device
	NR gNB

	
	
	NR UE
	device

	
	
	-
	NR UE

	
	
	NR UE, CW
	reader

	
	R2D: UL
CW2D and D2R: DL
	reader
	NR gNB

	
	
	NR UE
	device

	
	
	CW, device
	NR UE

	
	
	NR gNB, CW
	reader


Based on above table, it can be seen that for each deployment scenario of D2T2, the evaluation cases are similar when using the same spectrum combination, as the summary in table 2-4. And for spectrum combination of R2D, CW2D and D2R all in UL, whether the CW is the aggressor of device in R2D direction depends on whether the CW need transmit simultaneously with the inquiry information from reader, so it need further confirm by RAN1. 

Table 2-4 the aggressor and victim for different UL and DL spectrum combinations for D2T2
	Topology
	spectrum 
	aggressor
	victim
	direction

	D2T2
	R2D: UL
CW2D and D2R: UL
	CW, reader, device
	NR gNB
	Uplink

	
	
	NR UE
	device
	R2D

	
	
	NR UE, CW
	reader
	D2R

	
	R2D: UL
CW2D and D2R: DL
	reader
	NR gNB
	Uplink

	
	
	NR UE
	device
	R2D

	
	
	CW, device
	NR UE
	Downlink

	
	
	NR gNB, CW
	reader
	D2R


Proposal 2: RAN4 can first evaluate the performance difference using the cases in Table 2-4 for different UL and DL spectrum combinations based on the deployment scenarios D2T2-A1, D2T2-A2, D2T2-B.
Proposal 3: For spectrum combination of R2D, CW2D and D2R all in DL or UL, assuming CW doesn’t transmit simultaneously with R2D signalling, no matter CW is transmitted by inside or outside.  
In last RAN4 meeting, the scenarios of indoor factory (InF) and InH-Office were agreed. But the intermediate UE dropping didn’t define. To simplify the co-existence simulation, RAN4 can first fix the intermediate UE at some points, i.e., the center of the hall or the center of each side, as shown in Figure 2-1.
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Figure 2-1 Intermediate UE at some fixed points
Proposal 4: RAN4 can first fix the intermediate UE at some points in the co-existence simulation, i.e., the center of the hall or the center of each side.
Based on RAN1’s LS, the evaluation parameters for the co-existence simulation should first evaluate the mandatory configurations.
Proposal 5: Adopting the following simulation assumptions and parameters for co-existence simulation as a starting point.

Table 2-5 Simulation assumptions and parameters for co-existence simulation
	General Parameter
	D1T1&D2T2

	Carrier frequency
	900 MHz

	Channel BW for NR
	10MHz or 20MHz with 15KHz SCS

	Channel BW for AIOT
	DL/UL: 180kHz with 15KHz SCS

	Antenna configuration
	For BS:

- 2 antenna elements 
For Intermediate UE:

- 1 antenna

For A-IoT device 1 and device 2a:

- 1 antenna

	Antenna Gain
	· For BS for indoor, 6 dBi
· For intermediate UE, 0 dBi
· For A-IoT device, 0dBi

	Pathloss model
	For R2D/D2R in D1T1:

· NLOS for InF-DH 
For R2D/D2R in D2T2:

· NLOS for InF-DL 
· LOS for InH-Office

	· Tx output power
	For BS in DL spectrum for indoor
· 33dBm 
For intermediate UE in UL spectrum for indoor

· 23dBm
For CW

· 23dBm for UL spectrum
· 33dBm for DL spectrum

	Waveform
	R2D: OFDM based waveform
D2R:
· OOK

· PSK

	A-IoT DL power control
	No for device 1 and device 2a

	A-IoT UL power control
	No for device 1 and device 2a

	Traffic model
	Full buffer

	Frequency reuse
	1


3. Conclusion

In this contribution, we discussed the coexistence study about the Ambient IOT and proposed:

Proposal 1: RAN4 can first evaluate the performance difference using the cases in Table 2-2 for different UL and DL spectrum combinations based on the deployment scenarios D1T1-A1, D1T1-A2, D1T1-B.

	Topology
	spectrum 
	aggressor
	victim
	Direction

	D1T1
	R2D: DL
CW2D and D2R: UL
	CW and device
	NR gNB
	Uplink

	
	
	NR gNB
	device
	R2D

	
	
	reader
	NR UE
	Downlink

	
	
	NR UE and CW
	reader
	D2R

	
	R2D: DL
CW2D and D2R: DL
	NR gNB
	device
	R2D

	
	
	CW, device, reader
	NR UE
	Downlink

	
	
	NR gNB and CW
	reader
	D2R

	
	R2D: UL
CW2D and D2R: UL
	reader, CW and device
	NR gNB
	Uplink

	
	
	NR UE
	device
	R2D

	
	
	NR UE, CW
	reader
	D2R


Proposal 2: RAN4 can first evaluate the performance difference using the cases in Table 2-4 for different UL and DL spectrum combinations based on the deployment scenarios D2T2-A1, D2T2-A2, D2T2-B.
	Topology
	spectrum 
	aggressor
	victim
	direction

	D2T2
	R2D: UL
CW2D and D2R: UL
	CW, reader, device
	NR gNB
	Uplink

	
	
	NR UE
	device
	R2D

	
	
	NR UE, CW
	reader
	D2R

	
	R2D: UL
CW2D and D2R: DL
	reader
	NR gNB
	Uplink

	
	
	NR UE
	device
	R2D

	
	
	CW, device
	NR UE
	Downlink

	
	
	NR gNB, CW
	reader
	D2R


Proposal 3: For spectrum combination of R2D, CW2D and D2R all in DL or UL, assuming CW doesn’t transmit simultaneously with R2D signalling, no matter CW is transmitted by inside or outside.  
Proposal 4: RAN4 can first fix the intermediate UE at some points in the co-existence simulation, i.e., the center of the hall or the center of each side, as shown in Figure 2-1.
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Proposal 5: Adopting the following simulation assumptions and parameters for co-existence simulation as a starting point.

	General Parameter
	D1T1&D2T2

	Carrier frequency
	900 MHz

	Channel BW for NR
	10MHz or 20MHz with 15KHz SCS

	Channel BW for AIOT
	DL/UL: 180kHz with 15KHz SCS

	Antenna configuration
	For BS:

- 2 antenna elements 
For Intermediate UE:

- 1 antenna

For A-IoT device 1 and device 2a:

- 1 antenna

	Antenna Gain
	· For BS for indoor, 6 dBi
· For intermediate UE, 0 dBi
· For A-IoT device, 0dBi

	Pathloss model
	For R2D/D2R in D1T1:

· NLOS for InF-DH 
For R2D/D2R in D2T2:

· NLOS for InF-DL 
· LOS for InH-Office

	· Tx output power
	For BS in DL spectrum for indoor
· 33dBm 
For intermediate UE in UL spectrum for indoor

· 23dBm
For CW

· 23dBm for UL spectrum
· 33dBm for DL spectrum

	Waveform
	R2D: OFDM based waveform
D2R:

· OOK

· PSK

	A-IoT DL power control
	No for device 1 and device 2a

	A-IoT UL power control
	No for device 1 and device 2a

	Traffic model
	Full buffer

	Frequency reuse
	1
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