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Introduction
In the RAN#102 meeting, Study on solutions for Ambient IoT (Internet of Things) in NR has been approved and it’s expected to start the normative work from this April meeting. In the last RAN4#110bis meeting, we have reached some initial consensus on the coexistence evaluations, however there are still some remaining issues. In this contribution, we would like to share some further views on these remaining issues. 
	Topic 2-5: Evaluation cases
Issue 2-5-1: device type
Agreement:
· Prioritize device 1 and 2a without a frequency shifter for coexistence evaluation.

Issue 2-5-2: Evaluation cases for D1T1 for device 1 and 2a between NR and AIOT
Agreement:
· FFS on evaluation cases for D1T1 for device 1 and 2a between NR and AIOT. Corresponding evaluation cases are listed for information. Note that some duplicated cases are omitted in the table. 
	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/or device
	NR UL

	
	
	NR UL
	device and/or reader

	
	
	reader
	NR DL

	
	
	NR DL
	device

	
	R2D: DL
CW2D and D2R: DL
	CW and/or device
	NR DL

	
	
	NR DL
	device and/or reader

	
	R2D: UL
CW2D and D2R: UL
	Reader
	NR UL

	
	
	NR UL
	reader
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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/or device
	NR UL

	
	
	NR UL
	device and/or reader

	
	
	reader
	NR DL

	
	
	NR DL
	device

	
	R2D: DL
CW2D and D2R: DL
	CW and/or device
	NR DL

	
	
	NR DL
	device and/or reader

	
	R2D: UL
CW2D and D2R: UL
	reader
	NR UL

	
	
	NR UL
	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/or device
	NR UL

	
	
	NR UL
	device and/or reader

	
	
	reader
	NR DL

	
	
	NR DL
	device

	
	R2D: UL
CW2D and D2R: UL
	reader
	NR UL

	
	
	NR UL
	reader



Issue 2-5-3: Evaluation cases for D2T2 for device 1 and 2a between NR and AIOT
Agreement:
· FFS on evaluation cases for D2T2 for device 1 and 2a between NR and AIOT. Corresponding evaluation cases are listed for information. Note that some duplicated cases are omitted in the table. 
	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 and/or device
	NR UL

	
	
	NR UL
	Device and/or reader

	
	
	reader
	NR UL

	
	
	NR UL
	device
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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 and/or device
	NR UL

	
	
	NR UL
	Device and/or reader

	
	
	reader
	NR UL

	
	
	NR UL
	device
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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 and/or device
	NR UL

	
	
	NR UL
	Device and/or reader

	
	
	reader
	NR UL

	
	
	NR UL
	device

	
	R2D: UL
CW2D and D2R: DL
	CW and/or device
	NR DL

	
	
	NR DL
	device and/or reader



Issue 2-5-4: Evaluation cases for device 2b between AIOT and NR
Agreement:
· FFS for evaluation cases for device 2b
Issue 2-5-5: Interference between AIOT systems
Agreement:
· RAN4 to first evaluate interference between AIOT and NR.
· FFS on interference between AIOT and AIOT

Topic 2-6: Evaluation parameters
There are no agreements on detailed parameters in RAN4#110bis meeting. Deatiled parameters for information can be found in summary document R4-2405289 and will be further discussed in next meeting.

Issue 2-6-2 and 2-6-3: Layout for D1T1 and D2T2
Agreement:
Use RAN1 agreements in RAN1#116bis meeting as baseline (copied as below). 
· FFS on whether any updates are needed for RAN4 co-existence evaluation.
· FFS on other parameters.
RAN1 agreements:
For D1T1,
· InF-DH NLOS model defined in TR38.901 is used for D2R and R2D links as pathloss model in coverage evaluation.
For D2T2,
· InF-DL and InH-Office model defined in TR38.901is used as pathloss model in coverage evaluation,
· NLOS for D2R and R2D links if InF-DL is used
· LOS for D2R and R2D links if InH-Office is used
The following layout is used for evaluation purpose,
· FFS: CW distribution for D1T1-B and D2T2-B
	Parameter
	Assumptions for D1T1
	Assumptions for D2T2

	Scenario
	InF-DH
	InH-office
	InF-DL

	Hall size
	120x60 m
	120 x50 m
	300x150 m

	Room height
	10 m
	3m
	10 m

	Sectorization
	None

	BS deployment / Intermediate UE dropping
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
· L=120m x W=60m; D=20m
· BS height = 8 m 
[image: ]
	· L=120m x W=50m; 
· Intermediate UE height = 1.5 m 

FFS: Intermediate UE dropping
	· L=300m x W=150m; 
· Intermediate UE height = 1.5 m 

FFS: Intermediate UE dropping

	Device distribution 
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
FFS: which devices are involved in the evaluations
	Device Height= 1.5m
AIoT devices drop uniformly distributed over the horizontal area
FFS: which devices are involved in the evaluations

	Device mobility (horizontal plane only)
	3 kph
	3 kph
	3 kph
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2.1. Discussion on coexistence cases and simulation assumptions
In the following section, we provide some initial views on the coexistence cases and simulation assumptions for A-IoT coexistence study.  
From our understanding, at least the following coexistence cases should be taken into account and further discuss downselection if some tightening cases among all could be identified.


Table 1. Evaluation cases for A-IoT coexistence study for topology 1
	Topology
	Case 
	Aggressor
	Victim
	Mode
	Inventory command
	CW signal/Backscattering signal
	Note
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	Case 1-2
	1
	Legacy TN DL
	A-IoT DL
	In-band/guard band
	DL


	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-2
	2
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	DL

	    UL
	To check the ACLR requirement of A-IoT BS DL

	Case 1-2
	3
	Legacy TN UL
	A-IoT UL
	In-band/guard band
	DL

	UL
	To check the ACS requirement of A-IoT BS DL

	Case 1-2
	4
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	DL
	UL
	To check the impacts of A-IoT CW signal and backscattering signal on legacy TN UL

	Case 1-2
	5
	Legacy TN UL
	A-IoT Device
	In-band/guard band
	UL

	     UL
	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-2
	6
	Legacy TN UL
	A-IoT BS
	In-band/guard band
	UL
	    UL
	To check ACS requirement of A-IoT BS for backscattering signal detection

	Case 1-2
	7
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the impacts of inventory command, CW and backscattering signal on legacy BS receiver
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	Case 1-4
	8
	Legacy TN DL
	A-IoT DL
	In-band/guard band
	DL


	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-4
	9
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	DL

	    UL
	To check the ACLR requirement of A-IoT BS DL

	Case 1-4
	10
	Legacy TN UL
	A-IoT UL
	In-band/guard band
	DL

	UL
	To check the ACS requirement of A-IoT BS DL

	Case 1-4
	11
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	DL
	UL
	To check the impacts of A-IoT CW signal and backscattering signal on legacy TN UL

	Case 1-4
	12
	Legacy TN UL
	A-IoT Device
	In-band/guard band
	UL

	     UL
	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-4
	13
	Legacy TN UL
	A-IoT BS
	In-band/guard band
	UL
	    UL
	To check ACS requirement of A-IoT BS for backscattering signal detection

	Case 1-4
	14
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the impacts of inventory command, CW and backscattering signal on legacy BS receiver
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	Case 1-1
	15
	Legacy TN DL
	A-IoT Device
	In-band/guard band
	DL

	     DL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-1
	16
	Legacy TN DL
	A-IoT BS
	In-band/guard band
	DL
	     DL

	To check ACS requirement of A-IoT BS.

	Case 1-1
	17
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	DL
	 DL
	To check the impacts of A-IoT DL towards TN DL.
E.g. A-IoT BS ACLR and A-IoT UE ACLR requirements

	NOTE 1: The threshold for CW signal reception is to be checked.
NOTE 2: The threshold of OOK decoding is to be checked.
NOTE 3: The standalone operation could be considered as well.



Table 2. Evaluation cases for A-IoT coexistence study for topology 2
	Topology
	Case 
	Aggressor
	Victim
	Mode
	Inventory command
	CW signal/Backscattering signal
	Study Phase
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	Case 2-2
	1
	Legacy TN UL
	A-IoT device
	In-band/guard band
	UL

	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 2-2
	2
	Legacy TN UL
	Intermediate UE
	In-band/guard band
	UL
	    UL
	To check the ACS requirement of intermediate UE

	Case 2-2
	3
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the intermediate UE ACLR, A-IoT Device ACLR, CW impacts of legacy BS receiver.
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	Case 2-4
	4
	Legacy TN UL
	A-IoT device
	In-band/guard band
	UL

	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 2-4
	5
	Legacy TN UL
	Intermediate UE
	In-band/guard band
	UL
	    UL
	To check the ACS requirement of intermediate UE

	Case 2-4
	6
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the intermediate UE ACLR, A-IoT Device ACLR, CW impacts of legacy BS receiver.
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	Case 2-3
	7
	Legacy TN UL
	A-IoT device
	In-band/guard band
	UL

	    DL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 2-3
	8
	Legacy TN DL
	Intermediate UE
	In-band/guard band
	UL

	  DL
	To check ACS requirement of intermediate UE

	Case 2-3
	9
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL

	DL
	To check ACLR requirement of f intermediate UE

	Case 2-3
	10
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	UL

	DL
	To check ACLR requirement of A-IoT Device and the impacts of CW signal on the legacy UE.

	NOTE 1: The threshold for CW signal reception is to be checked.
NOTE 2: The threshold of OOK decoding is to be checked.
NOTE 3: The standalone operation could be considered as well.




For the simulation assumptions for A-IoT system and NR/NB system could be found in the Table 3 and 4. 
Table 3. the simulation assumption for A-IoT system
	
	Ambient-IoT system
	NOTE

	Carrier frequency in GHz
	 900MHz
	

	Size of each nominal channel BW in MHz
	200kHz as starting point
	

	Transmission bandwidth in MHz
	180kHz as starting point

	DL OFDM with OOK1 or OOK4 [DFT-s-OFDM] 

	Environment
	Topology 1 or 2
	

	Network layout
	19-sites [57 sectors] with wrap-around
	

	Inter-site distance in meter
	For Topology 1, ISD coverage 10-50m
For Topology 2, ISD as 500m

	Refer to 38.901
InF-SH: 300x150 m InF-DH: 120x60 m
Only foucs on reader and tag is placed indoor

	System loading and activity
	Full buffer 100%
	

	Network location
	TBD
	

	DL subcarrier spacing
	15kHz
	Data or signalling

	UL subcarrier spacing
	TBD


	Single tone (CW) or multiple tone. 
Without any subcarrier spacing concept.
Under the discussion in RAN1.

	DL power control
	No
	

	UL power control
	No
	This might be possible, not high priority
Devie 2B might have the power control

	Frequency reuse
	[1] as worst case
	FFS for other frequency reuse factor
Note that RFID has considered sub-channel different from FRF=1

	Number of scheduled UE per cell (DL)
	1
	

	Number of scheduled UE per cell (UL)
	TBD
	Depend on the multi-access mechanism
This is also under the discussion in RAN1 and also dependent on the backscattering waveform/mutiplexing factor in the uplink direction. 

	Device antenna height in meter
	1.5
	

	Device TX power in dBm
	TBD as fixed value proposed by RAN1
	This also depends on the power efficiency of backscattering.

	Device antenna gain in dBi
	9dBi
	

	Building penetration loss
	TR 45.820[9] Annex D.1 
	

	Cell selection margin in dB
	NA
	

	BS-MS min distance in meters
	35
	

	BS noise figure in dB
	TBD
	10/13dB as starting point

	A-IoT Device noise figure in dB
	[-45dBm]
	

	BS-UE path-loss model
	TR 38.901
	

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	

	Shadowing correlation
	Inter-cell 0.5 
Intra-cell 1
	

	Link-level performance model
	To be further checked since modulation order has changed
	BLER vs SNR for OOK/OOK4 signal could be further checked.

	UE distribution
	Random distribution
	

	Evaluation metrics
	SINR vs ACS (as victim)
	




Table 4. the simulation assumption for Tag or device
	
	NB-IoT
standalone
	NR 
[in-band/guard band]
Adjacent carrier coexistence

	Carrier frequency in GHz
	0.9
	0.9

	Size of each nominal channel BW in MHz
	0.2
	20

	Transmission bandwidth in MHz
	0.18
	N/A

	Environment
	Urban macro
Rural
	Deployment scenario related, see Table 6.2.2.4-2.

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites 57 sectors with wrap-around

	Inter-site distance in meter
	500 for 2GHz band for UMA
TBD For Rural
	Deployment scenario related, see Table 6.2.2.4-2

	System loading and activity
	Full buffer 100%
	See Table 6.2.1.1-1





Table 5. the simulation assumption for NR and standalone NB
	
	NB-IoT
standalone
	NR 
[in-band/guard band]
Adjacent carrier coexistence

	Carrier frequency in GHz
	0.9
	0.9

	Size of each nominal channel BW in MHz
	0.2
	20

	Transmission bandwidth in MHz
	0.18
	N/A

	Environment
	Urban macro
Rural
	Deployment scenario related, see Table 6.2.2.4-2.

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites 57 sectors with wrap-around

	Inter-site distance in meter
	500 for 2GHz band for UMA
TBD For Rural
	Deployment scenario related, see Table 6.2.2.4-2

	System loading and activity
	Full buffer 100%
	See Table 6.2.1.1-1

	Network location
	TBD
	See Table 6.2.1.1-1

	DL subcarrier spacing
	15kHz
	15kHz

	UL
	See RP-152284[7]
	OFDMA

	DL power control
	No
	No

	UL power control
	TR 36.942[8] section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	TR 36.942[8]

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (DL)
	1
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 
12 for 15kHz single-tone, 
48 for 3.75kHz single-tone
	3

	UE antenna height in meter
	1.5
	1.5m

	UE TX power in dBm
	-40 to 23
	-40 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	TR 45.820[9] Annex D.1 
	In pathloss model, TR 38.901[10]

	Cell selection margin in dB
	3
	3

	BS-MS min distance in meters
	35
	35

	BS noise figure in dB
	5
	5

	UE noise figure in dB
	9
	9

	BS-UE path-loss model
	TR 36.942[8] macro urban
	TR 38.901[10]

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	Deployment scenario related, referring to TR 38.901[10]

	Shadowing correlation
	Inter-cell 0.5 
Intra-cell 1
	Inter-cell 0.5 
Intra-cell 1

	Link-level performance model
	
	See Section 6.2.8
Throughtput-SINR mapping

	UE distribution
	
	Uniform

	Evaluation metrics
	SINR vs ACS (as victim)
	See Section 6.2.8 
Throughtput or SNR loss criteria


Conclusions
In this contribution, we shared some further views on coexistence evaluations and proposals are made as following: 
Proposal 1: to consider the coexistence evaluation assumptions in section 2.1.
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