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Introduction
In the last meeting the A-IoT coexistence scenarios and spectrum usage were discussed and a WF [1] was approved. In this paper we discuss the open issues from that WF. 
Deployment scenario
Following bullets are captured in the approved WF [1].
Issue 2-1-1: deployment scenarios for D1T1
Option 1-1: Legacy NR gNB are outdoor macro gNB while AIoT reader/CW/devices are all indoors. Legacy NR UE is only allowed outdoors.  
Option 1-2: Legacy NR gNB are outdoor macro gNB while AIoT reader/CW/devices are all indoors. Legacy NR UE is indoor accessing to outdoor NR marco gNB.
Option 2-1: Legacy NR gNB are co-located with AIoT reader and CW. All of NR and AIoT BS/UE/Reader/Device/CW are indoors. AIoT reader /CW and Legacy gNB share same hardware 
Option 2-2: Legacy NR gNB are co-located with AIoT reader and CW. All of NR and AIoT BS/UE/Reader/Device/CW are indoors. AIoT reader /CW and Legacy NR gNB do not share same hardware. (less limitation on the power boosting) 
Agreement:
· RAN4 to first evaluate co-existence for deployment scenario of option 1-1 and 1-2, and further study option 2-1 and 2-2.
[bookmark: _Hlk165359441]It can be seen that legacy NR gNB is non-co-located with AIoT Reader for Option 1-1 and Option 1-2，and legacy NR gNB is co-located with AIoT Reader for Option 2-1 and Option 2-2. However, whether the AIoT reader and CW are co-located or not is unclear. 
For D1T1-A1 and D1T1-A2, which CW node is inside topology, it is reasonable to assume that AIoT reader and CW are co-located. 
For D1T1-B, assuming that the A-IoT Reader and CW node are co-located, will be more convenient for installing and maintaining. 
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Picture 1-1. D1T1 for Device 1/2a

When assuming that the A-IoT Reader and CW node are co-located, D1T1-B becomes the same with D1T1-A2 in terms of layout.
Observation 1: Assuming that the A-IoT Reader and CW node are co-located, D1T1-B is equivalent to D1T1-A2 in terms of layout.
Proposal 1: Assume AIoT BS and CW node if any are co-located in D1T1.
Proposal 2: If AIoT BS and CW node are co-located, then D1T1-B is equivalent to D1T1-A2 in terms of layout.
Spectrum usages
R2D spectrum
It was agreed that use FDD UL spectrum for R2D in D2T2. FFS on whether to prioritize FDD DL spectrum for R2D for D1T1 for co-existence evaluation.
According to the SID (RP-240826), Ambient IoT uses FR1 licensed spectrum in FDD, this implies that base stations transmit on the downlink spectrum and receive on the uplink spectrum, while UE transmits on the uplink spectrum and receives on the FDD downlink spectrum. R2D spectrum usage shall follow the FDD usage to get more smooth coexistence with existing NR.
In D1T1, the A-IoT BS transmits data to the A-IoT device, and the A-IoT device receives data from the A-IoT BS, therefore R2D shall use FDD downlink spectrum.
Proposal 3: R2D shall transmit in FDD downlink spectrum in D1T1. 
CW2D spectrum
For CW spectrum usage, following are captured in the WF [1].
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

For the three cases, we can evaluate two cases: one for CW inside topology and one for CW outside topology.
CW inside the topology denotes that CW is transmitted from the BS for D1T1. Case 1-1 meets the spectrum regulation, whereas Case 1-2, where CW is transmitted in the UL spectrum by the BS, does not appear to comply with regulation. Therefore, Case 1-1 is a more reasonable option than Case 1-2. 
For Case 1-4, CW is transmitted in the uplink spectrum. Then D2R backscattering is transmitted in the same carrier as CW. This allows reusing BS hardware design for the uplink receiver, as it receives backscattered signals in the same spectrum. 
Since D2R backscattering is transmitted in the same carrier as CW, R2D use the same spectrum as CW.
Proposal 4: In D1T1, the study assumes Case 1-1 and Case 1-4 as CW2D spectrum usage:
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
The following is from the WF [1]:
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
Similarly, for the three cases, we can evaluate co-existence in two cases: one for CW inside topology and one for CW outside topology.
For topology 2, CW inside the topology indicates that CW is transmitted from the intermediate UE. Case 2-2 aligns with current spectrum regulations for the intermediate UE to transmit CW in uplink spectrum.
Considering that the carrier-wave is transmitted in uplink spectrum for Case 2-2, then D2R is also transmitted in uplink spectrum, it is reasonable and beneficial to reuse the uplink receiver of intermediate UE for both cases where the carrier-wave node is inside and outside topology in D2T2. It is recommended to transmit CW in uplink spectrum, that is Case 2-4. If Case 2-3 is chosen, the intermediate UE has to support an uplink spectrum receiver in Case 2-2, while a downlink spectrum receiver for Case 2-3, respectively.
Proposal 5: In D2T2, choose Case 2-2 and Case2-4 as CW2D spectrum usage:
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum
D2R spectrum
The usage of D2R spectrum depends on the type of device.
For device 1, D2R spectrum is the same as CW.
For device 2a, Device 2a without a frequency shifter brings more severe carrier-wave interference to the uplink receiver compared to the one with a frequency shifter. It was agreed that take Device 2a without a frequency shifter as the baseline for Device 2a coexistence analysis last meeting. At this case, D2R spectrum is the same as CW.
Proposal 6: For device 1 and device 2a, D2R use the same spectrum as CW. 
Device 2b generates its UL transmission internally. In D1T1-C, Reader is BS, so R2D use FDD downlink spectrum, and it is reasonable for D2R using uplink spectrum to transmit. In D2T2-C, D2R transmits in uplink spectrum will be good for a uniform device design for various cases.
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Picture 1-3. D1T1-C for Device 2b
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Picture 1-4. D2T2-C for Device 2b

Proposal 7: D2R transmits in the uplink spectrum for device 2b. 
Evaluation methodology
About evaluation methodology, following bullets are copied from WF [1].
Issue 2-4-1: 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

[bookmark: _Hlk166503751]Take D1T1-B1 as example，all possible interference paths are as follows: 
[image: ]
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Picture 2. Potential interference paths for D1T1-B1

[bookmark: _Hlk166503872]The Picture 2 shows potential interference paths. Among them, Path ② is between an indoor NR UE and an A-IoT device, while path ③ is between an A-IoT device and an outdoor NR macro-BS. These paths can be evaluated by deterministic calculations.

Proposal 8: Deterministic calculations can be used to evaluate the worst-case scenario for the following: interference between indoor NR UE and A-IoT devices, as well as interference between A-IoT devices and outdoor NR macro-BS.
In the Picture 2, there are four potential interference paths labeled as ⑤, ⑥, ⑦ and ⑧ which involved CW node. Considering CW node is only as a transmitter and has no receiver, when evaluating co-existence, the CW node can be considered as the aggressor and not the victim.
Proposal 9: When evaluating co-existence, the CW node can be considered as the aggressor and not the victim.
Performance metric for A-IoT
Following bullets are captured in the approved WF [1].
Issue 2-4-2: 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 not precluded

In the case deterministic analysis is used, SINR degradation can serve as metric. It is recommended [1dB] for A-IoT BS and [3dB] for A-IoT intermediate UE. 
Proposal 10: SINR degradation can serve as metric. It is recommended [1dB] SINR degradation for A-IoT BS and [3dB] SINR degradation for A-IoT intermediate UE. 

Considering that the CW node is a component of the A-IoT system, and as such, the SINR before any degradation (which includes CW interference) is used as the baseline reference.
Proposal 11: The SINR includes CW interference is used as the baseline reference before any degradation.
Evaluation cases
[bookmark: _Hlk164690554]In the WF [1], 8 deployment scenarios were discussed and agreed for evaluations, with the detailed spectrum for each scenario to be further studied.
According to the above discussion, we propose some general rules (Proposal 1~5) to be considered for ambient IoT coexistence scenarios:
For Device 1/2a the potential coexistence cases are as follows:
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Table 1-1. coexistence cases for device 1/2a

	No.
	Deployment & Topology
	Diagram
	CW inside/outside
	Device type
	R2D spectrum
	CW2D spectrum
	D1T1, BS transmits on DL, (Proposal 1)
D2T2, the intermediate UE transmits on UL (Proposal 6)
	 CW spectrum usage:  Case 1-1 and Case 1-4 for D1T1,
Case 2-2 and Case 2-4 for D2T2 (Proposal 2,3)
	Note:Whether to recommend the scenario for coexistence analysis

	1
	D1T1-A1
	[image: ]
	inside
	Device 1/2a
	DL
	DL
	Yes
	Yes
	Yes

	2
	D1T1-A1
	
	inside
	Device 1/2a
	DL
	UL
	Yes
	No
	No

	3
	D1T1-A1
	
	inside
	Device 1/2a
	UL
	DL
	No
	Yes
	No

	4
	D1T1-A1
	
	inside
	Device 1/2a
	UL
	UL
	No
	No
	No

	5
	D1T1-A2
	[image: ]
	inside
	Device 1/2a
	DL
	DL
	Yes
	Yes
	Yes

	6
	D1T1-A2
	
	inside
	Device 1/2a
	DL
	UL
	Yes
	No
	No

	7
	D1T1-A2
	
	inside
	Device 1/2a
	UL
	DL
	No
	Yes
	No

	8
	D1T1-A2
	
	inside
	Device 1/2a
	UL
	UL
	No
	No
	No

	9
	D1T1-B
	[image: ]
	outside
	Device 1/2a
	DL
	UL
	Yes
	Yes
	Yes

	10
	D1T1-B
	
	outside
	Device 1/2a
	UL
	UL
	No
	Yes
	No

	11
	D2T2-A1
	[image: ]
	inside
	Device 1/2a
	UL
	UL
	Yes
	Yes
	Yes

	12
	D2T2-A2
	[image: ]
	inside
	Device 1/2a
	UL
	UL
	Yes
	Yes
	Yes

	13
	D2T2-B
	[image: ]
　
	outside
	Device 1/2a
	UL
	DL
	No
	No
	No

	14
	D2T2-B
	
	outside
	Device 1/2a
	UL
	UL
	Yes
	Yes
	Yes






After excluding the unreasonable scenarios, the remaining coexistence cases for Device 1 and Device 2a are as follows:
Table 1-2. coexistence cases for device 1/2a
	Coexistence case No.
	No.in Table 1-1
	Diagram
	Device type
	R2D spectrum
	CW2D spectrum
	Note

	Case1
	1
	[image: ]
	Device 1/2a
	DL
	DL, Case 1-1
	

	Case2
	5
	[image: ]
	Device 1/2a
	DL
	DL, Case 1-1
	

	Case3
	9
	[image: ]
	Device 1/2a
	DL
	UL, Case 1-4
	If A-IoT Reader and CW node are co-located, D1T1-B is equal to D1T1-A2

	Case4
	11
	[image: ]
	Device 1/2a
	UL
	UL, Case 2-2
	

	Case5
	12
	[image: ]
	Device 1/2a
	UL
	UL, Case 2-2
	

	Case6
	14
	[image: ]
	Device 1/2a
	UL
	UL, Case 2-4
	



For device 2b, the device’s UL transmission is generated internally by the device. It does not depend on backscatter.
According to the SID (RP-240826), Ambient IoT uses FR1 licensed spectrum in FDD, this implies that base stations transmit on the FDD downlink spectrum and receive on the FDD uplink spectrum, while UE transmits on the FDD uplink spectrum and receives on the FDD downlink spectrum. R2D spectrum usage can strictly follow the FDD usage as follow to get more smooth coexistence performance. 
Refer to [2], there are two cases for device 2b as follows:
Table 1-3. Coexistence cases for device 2b
	Coexistence case No.
	Deployment & Topology
	Device Type
	R2D spectrum
	D2R spectrum

	D2b_Case1
	[image: ]
	Device 2b
	DL
	UL

	D2b_Case2
	[image: ]
	Device 2b
	UL
	UL



Proposal 12: Refer to Table 1-2 for coexistence evaluation cases for Device 1 and Device 2a, and Table 1-3 for Device 2b.
Evaluation parameters and assumptions
It was captured in the WF[1]:
There are no agreements on detailed parameters in RAN4#110bis meeting（except RAN1 agreements on pathloss model and layout）. 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

In RAN1#116bis, RAN1 provided some evaluation assumptions to RAN4 in LS R1-2403782[3].
We propose following parameters & assumptions for Deployment scenario 1 with Topology 1, the reason is list in the note column.
General parameters are proposed to be as follows: 
Table 2-1. General parameters
	General Parameter
	D1T1&D2T2
	note

	Carrier frequency
	900 MHz (Band 8)
	

	Waveform
	R2D: OOK waveform generated by OFDM modulator 
CW: Unmodulated single tone
	

	Channel BW
	DL: 180kHz，for 15kHz SCS,360kHz(O),1.08MHz(O)
D2R: 15 kHz
	

	Layout
	InF-DH defined in TR38901
Hall size:120×60 m
ISD（D）=20m
	TR 38.848, the maximum connection density target is 150 devices per 100 m2 for indoor scenarios.
Further detail refers to LS [3]

	Path loss model
	D1T1:
D2R/R2D: InF-DH NLOS model defined in TR38.901；
CW to device: InF-DH LOS
D2T2:
InF-DL and InH-Office model defined in TR38.901 
· NLOS for D2R and R2D links if InF-DL is used
· LOS for D2R and R2D links if InH-Office is used

	


For D1T1，A-IoT micro BS parameters are proposed as follows:
Table 2-2. A-IoT micro BS parameters
	A-IoT micro BS parameters
	D1T1
	note

	A-IoT micro-BS total Tx power
	33dBm or （optional）38 dBm
	

	A-IoT micro-BS Antenna height
	8m
	

	A-IoT micro-BS receiver Noise Figure（dB）
	5
	Same as LS [3]R1-2403782

	A-IoT micro-BS antenna gain (dBi)
	2 or 6
	Same as LS [3]R1-2403782

	A-IoT micro-BS ACLR (dB)
	[ACLR1:40dB，ACLR2:50dB]
	Reference to TS 36.104 NB-IoT standalone as a start point



For D2T2，A-IoT intermediate UE parameters are proposed as follows:
Table 2-3. intermediate UE parameters
	intermediate UE parameters
	D2T2
	note

	intermediate UE total Tx power（dBm）
	23
	　

	intermediate UE Antenna height(m)
	1.5
	　

	gain of antenna intermediate UE (dBi)
	0
	

	intermediate UE receiver Noise Figure（dB）
	7
	



NR UE parameters are proposed as follows:
Table 2-4. NR UE parameters
	NR UE Parameter
	Recommended value　
	note

	NR UE Tx power (dBm)
	23 (maximum) 
	

	NR UE Antenna gain (dBi)
	0
	　

	NR UE ACLR（dB）
	30
	For power class 3 NR UE

	NR UE Noise Figure（dB）
	9
	



NR outdoor macro-BS parameters are proposed as follows:
Table 2-5. NR macro-BS parameters
	NR macro-BS Parameter
	Recommended value
	note

	Macro-BS Tx power (dBm)
	46
	

	Height of macro NR BS (m)
	25
	

	NR Macro-BS Noise Figure(dB)
	5
	



Carrier wave node parameters are proposed as follows:
Table 2-6. Carrier wave parameters
	NR macro-BS Parameter
	Recommended value for D1T1
	Recommended value for D2T2
	note

	CW Tx power (dBm)
	23dBm for UL spectrum, FFS 26dBm
33dBm(M), 38dBm (O) for DL spectrum 
Note: only applicable for device 1/2a
	Inter-mediate UE Tx power is assumed.
	

	CW Tx antenna gain (dBi)
	the value equals to UE Tx ant gain, 
or BS Tx ant gain
Note: only applicable for device 1/2a
	
	

	CW cancellation (dB)
	For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
Assuming CW has no impact to the receiver sensitivity loss.
	the yellow part is not agreed yet

	Other parameters
	Same as AIOT micro-BS？
	Same as inter-mediate UE
	



Both of Device 1 and Device 2a base on backscattered UL transmissions. Device 2a has DL and/or UL amplification to enhance receiver sensitivity and increase backscattered signal power, which sets it apart from Device 1 that lacks an amplifier. 
For device 1 and 2a, the power of backscattered signals depends on the power of the received external carrier-wave and the distance between carrier-wave node and Ambient IoT devices. It is reasonable to assume backscattered signals of both of device 1 and 2a are less than -10dBm.
Device 2b generates its UL transmission internally, independent of backscatter. Considering the peak power consumption of few 100 µW and the power added efficiency (PAE) of power amplifier, the maximum transmit power is expected to be no higher than -10 dBm. We can use [-10/-20] dBm to analysis.
Device parameters are proposed as follows:
Table 2-7. Devices parameters
	A-IoT device parameters
	Device 1
	Device 2a
	Device 2b
	Note

	A-IoT device Tx power (dBm) 
	<-10

	<-10 
	[-10/-20]
	For device 1/2a, the device backscattering power = min {-10 dBm, power of the CW signal arriving at the device after space attenuation + backcatter loss/gain}

	Device antenna height（m）
	1.5
	1.5
	1.5
	

	A-IoT device antenna gain (dBi)
	0
	0
	0
	

	A-IoT device backscatter loss (dB)

	OOK: -6 dB 
PSK: 0 dB 
	[FFS]
	N/A
	

	A-IoT device 2a backscatter amplifier gain(dB)
	N/A
	10(M),15(O)
	N/A
	

	A-IoT Device receiver sensitivity (dBm)
	-36
	-46
	[FFS]
	

	BB LPF
	3rd/5th-order RC
cut-off frequency of e.g. 100 kHz
	3rd/5th-order RC
cut-off frequency of e.g. 100 kHz
	
	



Proposal 13: For Ambient IoT, adopt the assumptions and parameters for co-existence analysis as Table 2-1~ 2-7.

Conclusion
Based on the analysis in this contribution, we have the following observations and proposals:
[bookmark: _GoBack]Observation 1: Assuming that the A-IoT Reader and CW node are co-located, D1T1-B is equivalent to D1T1-A2 in terms of layout.
Proposal 1: Assume AIoT BS and CW node if any are co-located in D1T1.
Proposal 2: If AIoT BS and CW node are co-located, then D1T1-B is equivalent to D1T1-A2 in terms of layout.
Proposal 3: R2D shall transmit in FDD downlink spectrum in D1T1.
Proposal 4: In D1T1, the study assumes Case 1-1 and Case 1-4 as CW2D spectrum usage:
Proposal 5: In D2T2, choose Case 2-2 and Case2-4 as CW2D spectrum usage:
Proposal 6: For device 1 and device 2a, D2R use the same spectrum as CW.
Proposal 7: D2R transmits in the uplink spectrum for device 2b. 
Proposal 8: Deterministic calculations can be used to evaluate the worst-case scenario for the following: interference between indoor NR UE and A-IoT devices, as well as interference between A-IoT devices and outdoor NR macro-BS.
Proposal 9: When evaluating co-existence, the CW node can be considered as the aggressor and not the victim.
Proposal 10: SINR degradation can serve as metric. It is recommended [1dB] for A-IoT BS and [3dB] for A-IoT intermediate UE. 
Proposal 11: The SINR includes CW interference is used as the baseline reference before any degradation.
Proposal 12: Refer to Table 1-2 for coexistence evaluation cases for Device 1 and Device 2a, and Table 1-3 for Device 2b.
Proposal 13: For Ambient IoT, adopt the assumptions and parameters for co-existence analysis as Table 2-1~ 2-7.
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