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Introduction
This summary focuses on the R19 ambient IOT study item.  Companies contributions are listed as below.
	[bookmark: _Hlk163563084]TDoc
	Title
	Source

	R4-2405304
	A-IoT workplan
	CMCC, Huawei, T-mobile

	R4-2404867
	A-IoT general overview
	Ericsson

	R4-2405379
	General consideration for A-IOT
	OPPO

	R4-2405298
	A-IoT TR skeleton for RF part
	Huawei, HiSilicon

	R4-2404459
	Discussion on the general issues for AIoT
	CATT

	R4-2405891
	UE implementation aspects impacting work planning and study areas in RAN4
	Qualcomm Incorporated

	R4-2404985
	Views on coexistence of Ambient IoT and NRLTE
	Samsung

	R4-2404549
	Discussion on the coexistence study of Ambient IoT and NR/LTE
	Xiaomi

	R4-2405305
	Discussion on A-IoT co-existence evaluation
	CMCC

	R4-2404868
	Coexisting study simulation assumptions for A-IoT
	Ericsson

	R4-2405299
	General discussion on A-IoT coexistence scenarios
	Huawei, HiSilicon

	R4-2404586
	Discussion on co-existence evaluation for A-IoT and NR/LTE
	Spreadtrum Communications

	R4-2405376
	Consideration on ambient IoT coexistence with NR/LTE
	China Telecom

	R4-2404671
	Discussion on the co-existence of the AIoT
	vivo

	R4-2404438
	Discussion on co-existence simulation methodology and scenarios for ambient IoT
	CATT

	R4-2404251
	Preliminary considerations on the ambient IoT device implementation and the co-existence analysis
	Sony

	R4-2405620
	Discussion on co-existence study for ambient IoT and NR/LTE
	ZTE Corporation

	R4-2405392
	Discussion on the Ambient IoT coexistence for NR
	Qualcomm Incorporated

	R4-2404355
	On coexistence between ambient IoT and NR/LTE
	Apple



Workplan and TR skeleton
	TDoc
	Title
	Source

	R4-2405304
	A-IoT workplan
	CMCC, Huawei, T-mobile

	R4-2405298
	A-IoT TR skeleton for RF part
	Huawei, HiSilicon



Issue 1-1: Workplan
Recommended WF: approve the workplan in R4-2405304
Issue 1-2: TR skeleton
Recommended WF: approve the TR skeleton in R4-2405298
Co-existence evaluation 
Topic 2-1: Deployment scenario
According to the SID, following deployment scenarios are considered in SI:
	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



Issue 2-1-1: deployment scenarios for D1T1
Moderator note: only deployment scenario is discussed under this issue, spectrum usage for each link will be discussed separately
[bookmark: OLE_LINK4]Option 1-1 (CMCC, Samsung, Spreadtrum, Huawei): existing NR/LTE gNB are outdoor macro gNB while reader/CW/devices are all indoors. existing NR UE is only allowed outdoors
[image: 1712482033195]
Option 1-2 (QC, Samsung): existing NR/LTE gNB are outdoor macro gNB while reader/CW/devices are all indoors. existing NR UE is indoor accessing to outdoor marco gNB
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Option 2-1 (CMCC, Samsung): existing NR/LTE gNB are co-located with gNB like reader and CW. All are indoors. Reader /CW and existing gNB share same hardware
[image: 1712482079074]
Option 2-2 (CMCC): existing NR/LTE gNB are co-located with gNB like reader and CW. All are indoors. Reader /CW and existing gNB do not share same hardware. (less limitation on the power boosting)
Recommended WF:
There are different considerations on the deployment scenario for D1T1 co-existence. 
For option 1-1 and 1-2, one operator proposes to prioritize this deployment scenario considering that existing below 1GHz FDD bands are all deployed as outdoor macro BSs.
For option 2-1 and 2-2, there are some concerns on whether AIOT DL signal can be successfully detected, meanwhile there are some initial simulation results from companies to show the feasibility. It seems more study is required.
Recommend 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.

Issue 2-1-2: deployment scenarios for D2T2
Moderator note: only deployment scenario is discussed under this issue, spectrum usage for each link will be discussed separately
Option 1-1: existing NR/LTE gNB are outdoor macro gNB, intermediate UE/CW/devices are all indoors. existing NR UE is only allowed outdoor. 
[image: 1712481928512]
Option 1-2: existing NR/LTE gNB are outdoor macro gNB, intermediate UE/CW/devices are all indoors. existing NR UE is indoor. 
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Recommended WF:
For D2T2 co-existence evaluation, existing NR/LTE gNB are outdoor macro gNB, intermediate UE/CW/devices are all indoors. FFS on whether existing NR UE is allowed for indoor or not.

Topic 2-2: Spectrum usage
Moderator note: There are some companies prefer to wait for RAN1 further input on the spectrum and cases for evaluation, while some other companies provide analysis from RAN4 co-existence perspective. From moderator’s perspective, RAN1 physical layer design is irrespective of spectrum usage and it is not sure whether RAN1 will further down-select and provide input to RAN4. It is RAN4’s responsibility to evaluation the spectrum usage from co-existence perspective.  Hence, it is recommended to discuss these aspects in RAN4 and collect companies’ views.
Issue 2-2-1: Spectrum usage for R2D in D1T1
Option 1: FDD DL spectrum for R2D
Option 2: FDD UL spectrum for R2D
Recommended WF:
There are different preferences on the spectrum for R2D in D1T1. Discuss whether to prioritize FDD DL spectrum for R2D for D1T1.

Issue 2-2-2: Spectrum usage for CW transmission in D1T1 for the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering
Agreement (RAN1#116)
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

Proposal of priority on the above cases:
· Option 1 (ZTE, Spreadtrum): case 1-2 and 1-4
· Option 2 (Qualcomm): case 1-1
· Option 3 (CMCC, vivo): case 1-1 and case 1-2
· Option 4 (Huawei): case 1-1 and case 1-4

Recommended WF:
Discuss whether to evaluate CW in both DL spectrum and UL spectrum. 
Discuss whether to evaluate both inside and outside topology from co-existence perspective.

Issue 2-2-4: Spectrum usage for R2D in D2T2
Option 1: FDD UL spectrum for R2D
Recommended WF:
No company propose DL for R2D in D2T2. Use FDD UL spectrum for R2D in D2T2.

Issue 2-2-5: Spectrum usage for CW transmission in D2T2 for the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering
Agreement (RAN1#116)
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
Proposal of priority on the above cases:
· Option 1 (ZTE, Huawei, Qualcomm): case 2-2 and 2-4
· Option 2 (Speadtrum): case 2-3
· Option 3 (vivo): case 2-2 and case 2-3
Recommended WF:
Discuss whether to prioritize UL spectrum.
Discuss whether to evaluate both inside and outside topology from co-existence perspective.

Topic 2-3: Spectrum deployment mode
Issue 2-3-1: Spectrum deployment mode
Proposal (CMCC):
According to the SID, in-band/guard-band/standalone mode are classified as spectrum deployment mode as below:
“D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).”
So in-band/guard-band/standalone mode are only categorized in terms of spectrum deployment mode which should be differentiated from operation mode concept, e.g. the operation mode definition for NB-IoT.
in-band/guard-band/standalone modes are categorized in terms of spectrum deployment mode and is the separate concept from the operation mode
•	in-band: A-IoT is operating in-band when it is located within a NR transmission bandwidth configuration but not within the NR minimum guard band.
•	guard-band: A-IoT is operating in guard band when it is located within a NR BS channel bandwidth but is not NB-IoT operation in NR in-band.
•	standalone: A-IoT utilize its own carrier. A-IoT and NR using different carriers.
For operation mode, i.e. whether reader of topology 1 and CW inside topology can share same hardware with existing gNB or not. This issue will impact final power boosting RF requirement definition.
Recommended WF:
Discuss above proposal

Issue 2-3-2: Priorities of spectrum deployment mode for co-existence evaluation
Option 1 (CMCC, vivo, Samsung, Spreadtrum): in-band
Option 2 (ZTE, CTC): in-band and guard-band
Option 3 (HW): guard-band
Recommended WF:
Slightly more companies support to prioritize in-band spectrum deployment mode considering that in-band is the worst case from co-existence evaluation perspective.
Discuss whether in-band spectrum deployment mode can be prioritized for co-existence evaluation. 
Topic 2-4: Evaluation methodology
Issue 2-4-1: Evaluation methodology
Option 1 (Spreadtrum): System level simulation 
Section 5.3 in TR 38.803 is proposed as a starting point.
Adopt following simulation steps.

1.	Aggressor and victim network are generated.
-	UEs are distributed randomly across the network.
2.	UE associations: UEs are associated to base station based on coupling loss.
-	Associations are made assuming a single element at both UE and BS.
3.	Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This is done for both victim and aggressor networks.
4.	Throughput is computed in the victim systems without considering ACI as below:
-	, where  is the inter-cell interference.
5.	Throughput is computed considering ACI as below:
-	, where  is the adjacent channel interference.
6.	RF parameters are determined based on the degradation cause by ACI as below:
-	.

In addition,  
Option 2 (vivo): between NR and CW
· Discuss the distribution of BS/UE for D1T1/D2T2 and the power of CW.
· Run system simulation, get the CDF of CW power at receiver side.
· Check the performance degradation of receiver
Option 3 (CATT): 
· For CW transmitting in DL spectrum, consider to use link level simulation for the DL in-band, guard band co-channel co-existence for Device 1 and Device 2a for the scenario of AIoT is victim. Further discuss the metric for the simulation.
· For CW transmitting in DL spectrum, system simulation is needed for UL in-band, guard band co-existence simulation for Device 1 and Device 2a. If throughput loss metric can be reused needs further discussion. 
· For CW transmitting in UL spectrum, system simulation is needed for both UL and DL in-band, guard band co-existence simulation for Device 1 and Device 2a. 
Option 4 (CMCC): If we assume all existing UE are outdoors, simulation is not needed. Instead, the calculation for the worst interference link is enough.
Option 5 (Samsung): Study the feasibility and performance to support coexistence of legacy NR/LTE DL signals and A-IoT signals on the same channel and on adjacent channel, including whether or not and how many Guard RB is needed between NR/LTE signal and A-IoT signal. Coexistence at Tag side and BS/intermediate side shall be discussed separately due to the different receiver capability and waveform design.
· The following definition of Guard RB for ACS and ASCS for Rel-18 LP-WUS study can be leveraged as starting point.
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Recommended WF:
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. 
Discuss whether RAN4 needs to perform link level simulation for:
· CW transmitting in DL spectrum, consider to use link level simulation for the DL in-band, guard band co-channel co-existence for Device 1 and Device 2a for the scenario of AIoT is victim.
· Required guard RBs

Issue 2-4-2: Performance metric for AIOT
Option 1 (CMCC): it’s suggested to use 1% BLER as performance metric for all kinds of devices, reader of topology 1 and 2. Relationship between SINR and BLER are based on companies’ input. RAN4 need to discuss the outage probability if 1% BLER is used as performance metric. 5% worst victim is suggested as the candidate value.
Option 2 (Spreadtrum):
For NR/LTE UE and intermediate UE, BLER should be less than 1%.
For A-IoT UE, BLER is 1% is proposed as a starting point.
Option 3 (ZTE, vivo): SINR degradation
Option 4 (xiaomi): RAN4 can first research the SINR degradation with target ACS, ACLR and ACIR for Ambient IoT interfered in by Ambient IoT/ NR/LTE systems before deciding the mapping between SINR and BLER.
Recommended WF:
For NR/LTE 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: [1%] BLER, [5%] worst victim as outage probability.
· Option 2: SINR degradation

Topic 2-5: Evaluation cases
Issue 2-5-1: device type
Option 1 (CMCC): prioritize device 1 and 2a for coexistence evaluation.
Option 2 (HW): Take Device 2a without a frequency shifter as the baseline for Device 2a coexistence analysis, because Device 2a without a frequency shifter brings more severe carrier-wave interference to the uplink receiver compared to the one with a frequency shifter.
Option 3 (CATT): RAN4 further discuss Device 2b RF architecture especially the assumption of RF envelope detector, AD/DA sampling rate, digital filter to decide the co-existence simulation methodology for Device 2b.
Recommended WF:
Discuss whether Device 2a without a frequency shifter is baseline for device 2a coexistence analysis.
Discuss whether device 1 and 2a can be prioritized for coexistence evaluation.



Issue 2-5-2: Evaluation cases for D1T1 for device 1 and 2a between NR and AIOT
Recommended WF:
Corresponding evaluation cases are listed for further discussion. Note that some duplicated cases are omitted in the table.
It seems that not necessary to consider interference between LTE and AIOT
In addition to the table below, spectrum operation mode (inband, guard band, standalone) and deployment scenario (outdoor NR + indoor A-IOT or indoor NR + indoor A-IOT) also need to be discussed. 
	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

	[image: 图示

描述已自动生成]




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
Recommended WF:
Corresponding evaluation cases are listed for further discussion. Note that some duplicated cases are omitted in the table.
It seems that not necessary to consider interference between LTE and AIOT
In addition to the table below, spectrum operation mode (inband, guard band, standalone) need to be discussed.
	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
There is proposal from HW to discuss co-existence evaluation cases for device 2b separately
	Deployment & Topology
	Device Type
	Description and constraints of the scenario

	D1T1-C
	Device 2b
	indoor BS + indoor device with active UL transmission
R2D in DL spectrum
D2R in UL spectrum (refer to R1-2401735)

	D2T2-C
	Device 2b
	outdoor BS + Indoor Intermediate UE + Indoor device with active UL transmission
R2D in UL spectrum
D2R in UL spectrum (refer to R1-2401735)



Recommended WF:
Discuss above proposal. 
Corresponding evaluation cases are listed for further discussion. 
	Deployment scenario and topology
	spectrum 
	aggressor
	victim

	D1T1-C
	R2D: DL
D2R: UL
	Reader 
	NR DL

	
	
	NR DL
	reader

	
	
	Device 
	NR UL

	
	
	NR UL
	Reader

	D2T2-C
	R2D: UL
D2R: UL
	Reader 
	NR UL

	
	
	NR UL
	Device

	
	
	Device 
	NR UL

	
	
	NR UL
	Reader



Issue 2-5-5: Interference between AIOT systems
Option 1 (Xiaomi)
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	A-IoT- Device
	A-IoT- BS
	Uplink

	2
	Stand-alone
	A-IoT- node
	A-IoT-BS
	Uplink

	3
	Stand-alone
	A-IoT- Device
	A-IoT-node
	Uplink



Option 2 (Qualcomm)
	No.
	Category 
	Aggressor 
	Victim 
	Freq option 
	Impacted Requirements 1), 2), 3)

	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



	Freq Option 
	R2D
	CW2D
	D2R
	Scenario

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

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



Recommended WF:
For AIOT FDM operation, it seems more input from RAN1 is needed. 
Recommend RAN4 to first evaluate interference between AIOT and NR.

Issue 2-5-6: Multi-operator scenario
Proposal (Spreadtrum): Multiple A-IoT operators co-existence scenario should be investigated in Rel-19 A-IoT.
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Figure 2.5-1: one possible FDM candidate for multiple A-IoT operators scenario 

Recommended WF:
More clarification is needed on the multiple A-IOT operator scenario. 

Topic 2-6: Evaluation parameters
Issue 2-6-1: General parameters
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	General Parameter
	D1T1&D2T2

	Carrier frequency
	900 MHz

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

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

	Waveform
	DL: OFDM based waveform
UL: single carrier

	A-IoT DL power control
	No

	A-IoT UL power control
	No

	Traffic model
	Full buffer

	Frequency reuse
	1



Issue 2-6-2: Layout for D1T1
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	Parameter
	Assumptions for D1T1

	Scenario
	InF-DH 
	InF-SH

	Channel model
	Issue 2-6-9

	Hall size
	120x60 m
	300x150 m

	Room height
	10 m
	10 m

	AIOT reader deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
for the small hall (L=120m x W=60m): D=20m
BS-height = 8 m
[image: 背景图案
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	18 BSs on a square lattice with spacing D, located D/2 from the walls.
for the big hall (L=300m x W=150m): D=50m
BS-height = 8 m
[image: 背景图案
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	AIOT CW deployment
	FFS: Model the CW node layer with a grid shift to the network layer

	NR BS deployment 
	When NR BS are outdoors: Hexagonal grid, 19 macro sites, 3 sectors per site with wrap around, 1 AIOT indoor scenario per sector
[image: 图示
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When NR BS are indoors: reuse AIOT reader deployment

	NR BS Inter-site distance
	200 or 300 or 500

	Minimum NR BS – NR UE distance (2D)
	35 m

	NR UE (D1T1) dropping
	FFS

	Device distribution 
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × activated density (1.5 A-IOT devices/m²)



Issue 2-6-3: Layout for D2T2
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	Parameter
	Assumptions for D2T2

	Scenario
	InH-office
	InF-DL

	Channel model
	TR 38.901 InH-office
	TR 38.901 InF-DL

	Hall size
	120 x50 m
	300x150 m

	Room height
	3m
	10 m

	Intermediate UE(D2T2) dropping
	12 UEs are distributed uniformly
· L=120m x W=50m; D=20m 
· UE height = 1.5m 
[image: ]

	18 UEs are distributed uniformly
· L=300m x W=150m; D=50m
· UE height = 1.5 m 
[image: ]

	NR BS deployment
	hexagonal grid, 7 macro sites, 3 sectors per site with wrap around, 1 AIOT indoor scenario per sector
[image: 图示
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	AIOT CW deployment
	FFS

	Intermediate UE height
	1.5m

	NR UE  dropping
	FFS
	FFS

	Device distribution 
	 Device Height= 1m or 1.5m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × activated density (1.5 A-IOT devices/m²)
	Device Height= 1.5m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × activated density (1.5 A-IOT devices/m²)




Issue 2-6-4: AIOT micro-BS parameters for D1T1
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	A-IoT micro BS parameters
	Recommended value
	Note

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

	A-IoT micro-BS receiver Noise Figure（dB）
	5
	

	A-IoT micro-BS antenna gain including feeder loss (dBi)
	5 or 8
	

	A-IoT micro-BS ACLR (dB)
	ACLR1:40dB，ACLR2:50dB
	 Reference to TS 36.104 NB-IoT standalone

	Antenna configuration
	2 or 4 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) or (M,N,P,Mg,Ng) = (2,1,2,1,1)
	



Issue 2-6-4: Intermediate UE parameters for D2T2
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	intermediate UE parameters
	Recommended value

	intermediate UE total Tx power（dBm）
	23dBm baseline
26dBm 

	gain of antenna intermediate UE including feeder loss (dBi)
	0

	intermediate UE receiver Noise Figure（dB）
	7

	Antenna configuration
	Omni direction antenna



Issue 2-6-4: CW parameters 
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	intermediate UE parameters
	D1T1
	D2T2 

	Tx power（dBm）
	If UL spectrum is used, UE Tx power is assumed, i.e. 23dBm/26dBm
If DL spectrum is used, AIOT micro-BS Tx power is assumed.
	Inter-mediate UE Tx power is assumed.

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




Issue 2-6-5: AIOT device parameters
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	A-IoT device parameters
	Device 1
	Device 2a
	Device 2b

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

	<-10 
	[-10/-20]

	A-IoT device effective antenna gain per Tx or Rx branch (dBi)
	-3 or 0
	-3 or 0
	-3 or 0

	A-IoT device reflection （backscatter）loss (dB)
Note: due to, e.g., impedance mismatch
	-6 dB and 0 dB for OOK / FSK and BPSK
	N/A
	N/A

	A-IoT device power gain of reflection amplifier (dB)
	N/A
	[10 / 20]
	N/A

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

	BB filter type
	3/5 Butterworth filter
	3/5 Butterworth filter
	3/5 Butterworth filter

	Cutoff frequency
	FFS
e.g. 1PRB or related to DL data rate
	FFS
e.g. 1PRB or related to DL data rate
	FFS
e.g. 1PRB or related to DL data rate

	Guard band
	1PRB, 2PRB, etc
increasing in steps of 1dB
	1PRB, 2PRB, etc
increasing in steps of 1dB
	1PRB, 2PRB, etc
increasing in steps of 1dB



Issue 2-6-6: NR macro BS parameters
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	NR macro-BS Parameter
	Recommended value

	Macro-BS Tx power (dBm)
	46

	Height of macro NR BS (m)
	25

	NR Macro-BS Noise Figure(dB)
	5

	Network location
	outdoor



Issue 2-6-7: NR UE parameters
Recommended WF: 
Discuss following parameters and strive to agree on some candidate values for evaluation in this meeting.
	NR UE Parameter
	Recommended value　
	note

	UE TX power in dBm
	-40 to 23
	

	NR UE Antenna gain (dBi)
	0
	　

	NR UE noise floor (dBm)
	-112.4 @ 180kHz
	noise floor=-174+10*log (180*1000)+9

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


	NR UE Maximum input level（dBm）
	-25
	TS38101-1 7.4 Maximum input level

	NR UE Noise Figure（dB）
	9
	

	Antenna configuration
	Omni direction antenna
	




Issue 2-6-8: Adjacent RB/carrier Tx leakage and Rx suppression characteristics
Recommended WF: 
There are proposals to discuss Adjacent RB/carrier Tx leakage and Rx suppression characteristics. 
Further discuss the following table.
	
	In-band
	Guard-band
	standalone

	
	Tx
	Rx
	Tx
	Rx
	Tx
	Rx

	Intermediate UE/CW of topology 2
	Legacy UE IBE requirement
	ICS=ACS value
According to SBFD analysis, ICS could be equals to ACS
	Legacy UE ACLR requirement?
	Legacy UE ACS requirement?
	Legacy UE ACLR requirement
	Legacy UE ACS requirement

	Existing gNB/reader of topology 1/CW of topology 1
	Based on companies’ input since there is no such requirements in 38.104
	Based on companies’ input since there is no such requirements in 38.104
	Legacy gNB ACLR requirement?
	Legacy gNB ACS requirement?
	Legacy gNB ACLR requirement
	Legacy gNB ACS requirement

	devices
	Based on BB LPF performance




Issue 2-6-9: Pathloss model for D1T1
Proposal: 
· when the Tx node is high while Rx node is low, inF-DH is suggested. 
· When the Tx node and Rx node both are high, inF-HH is suggested. 
· When the Tx node and Rx node both are low, inF-DL is suggested. 
Note: O-I and outdoor pathloss model needs to be considered additionally when we have agreements on the deployment scenarios
	
	D1T1-A1
	D1T1-A2
	D1T1-B
	D1T1-C

	CW2D
	inF-DH(reusing RAN1)
	inF-DH(reusing RAN1)
	inF-DL
	-

	R2D and D2R
	inF-DH(reusing RAN1)
	inF-DH(reusing RAN1)
	inF-DH(reusing RAN1)
	inF-DH

	reader to UE
	inF-DH
	inF-DH
	inF-DH
	inF-DH

	CW to UE
	inF-DH
	inF-DH
	inF-DL
	

	gNB to device
	inF-DH
	inF-DH
	inF-DH
	inF-DH

	CW to gNB
	inF-HH
	inF-HH
	inF-DH
	

	reader to gNB
	inF-HH
	inF-HH
	inF-HH
	inF-HH

	UE-to-device
	inF-DL
	inF-DL
	inF-DL
	inF-DL



Recommended WF:
Further discuss the above proposal.


Issue 3-2-3: CW-interference cancellation capability when CW inside and outside topology
Proposal: following CW interference cancellation evaluation methodology is suggested. Besides, RAN4 needs to further discuss whether it is still necessary to evaluate -A2 evaluation case if CW interference cancellation capability is already much high, i.e. remaining CW interference is much lower than noise floor.
· Methodology: residual self-interference= Tx power - self-interference cancellation capability
· self-interference cancellation capability = spatial isolation + RF cancellation + digital cancellation if applicable
· spatial isolation is based on isolation distance assumption
Recommended WF:
· Further discuss the above proposal.
RF requirements impact
Moderator note: There are proposals to use RAN1 terminology of device types, align with RAN1 on the RF architecture and so on. From moderator perspective, this should be the common understanding for RAN4 study. Hence, the proposals are not explicitly listed for discussion in the summary.
Topic 3-1: General
Issue 3-1-1: Scope of RF requirements discussion
Option 1 (QC): RF energy sources or energy harvesting of the tag are not in scope of the study
Option 2 (Ericsson): EH sensitivity can be studied in work item phase.
Option 3 (Sony): RAN4 shall study if there is any impact due to the energy harvesting/storage on co-existence, RF performance and testability of AIoT devices.
Recommended WF:
According to the following RAN plenary agreement in RAN#103 below, the EH is out of SI scope
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
It can be agreed that RF energy sources or energy harvesting of the tag are not in scope of the study.  

Topic 3-2: RF considerations
Issue 3-2-1: A-IOT devices

Option 1 (Ericsson): 
· As the RF ED architecture does not provide inband selectivity, only out of band blocking requirement could be discussed for both device type 1 and type 2a.
· The system parameter of channel bandwidth needs to be discussed.
· The UL backscatter signal power level in relation to the received power specific to the A-IoT
Option 2 (CATT, CMCC): 
· The assumptions for the RF BPF including: Operating frequency, cutoff frequency, performance assumption, etc.
· The feasibility and the performance for the RF BPF filter before the RF envelope detector should be studied in RAN4.
Option 3 (QC): 
· Frequency confinement of a backscatter device and its definitions should be studied in RAN4 
· RAN4 to study how to test a backscattering device, considering OTA methods and feasibility for conducted testing
Option 4 (Sony): The power consumption limit needs to be considered when RAN4 discusses the RF architecture and performance of the AIoT devices.
Option 5 (ZTE): 
· specify different sets of RF requirement for Ambient IoT Device 1, Device 2a and Device 2b
· treat the reception of CW signals as part of Rx requirements for Ambient IoT Device 1, Device 2a.
Option 6 (OPPO): The regulation from FCC and EU can be a starting point. e.g. EN 302 208 RF requirements
	Device
	Requirement

	tag transmitter conformance requirements.
	Radiated power (e.r.p.)

	
	Unwanted emissions



Recommended WF:
More discussion is needed. 

Issue 3-2-2: AIOT reader (BS)

Option 1 (SS): 
· Strive to minimize the impact for gNB hardware change.
· At BS/ intermediate node side, in terms of NB-IoT and NR co-existence with mixed numerology, FFS whether to define Guard RB or to leave it to implementation (e.g., separate digital filtering, internal gap), to mitigate the in-channel and adjacent-channel interference.
Option 2 (ZTE): 
· specify the RF requirement (e.g. Tx and Rx RF requirements) for standalone A-IoT BS and follow the legacy BS RF requirement framework;
· discuss the applicability of the existing RF requirement for in-band /guard band A-IoT BS and discuss potential new RF requirements for A-IoT BS e.g. power boosting, EVM requirements for OOK signal etc.
· specify RF requirement for A-IoT BS transmitting CW signals within topology and specify RF requirement for CW source Node transmitting CW signals outside of topology.
Option 3 (OPPO): The regulation from FCC and EU can be a starting point. e.g. EN 302 208 RF requirements
	Device
	Requirement
	Device
	Requirement

	interrogator transmitter conformance requirement
	Frequency error
	interrogator receiver conformance requirement
	Adjacent channel selectivity

	
	Frequency stability under low voltage conditions
	
	Blocking or desensitization

	
	Effective radiated power
	
	Receiver spurious response rejection

	
	Transmitter antenna beam-width
	
	Receiver sensitivity

	
	Transmitter spectrum masks
	
	Receiver radio-frequency intermodulation

	
	Transmitter spurious emissions
	
	

	
	Transmission times
	
	



Recommended WF:
More discussion is needed. 

Issue 4-2-3: AIOT reader (intermediate UE)
Option 1 (SS): 
· At BS/ intermediate node side, in terms of NB-IoT and NR co-existence with mixed numerology, FFS whether to define Guard RB or to leave it to implementation (e.g., separate digital filtering, internal gap), to mitigate the in-channel and adjacent-channel interference.
Option 2 (ZTE): 
· specify the Tx and Rx requirement for intermediate UE in addition to RF requirements for the legacy Uu link.
· specify RF requirement for A-IoT intermediate UE transmitting CW signals within topology and specify RF requirement for CW source Node transmitting CW signals outside of topology.
Option 3 (OPPO): The regulation from FCC and EU can be a starting point. e.g. EN 302 208 RF requirements
	Device
	Requirement
	Device
	Requirement

	interrogator transmitter conformance requirement
	Frequency error
	interrogator receiver conformance requirement
	Adjacent channel selectivity

	
	Frequency stability under low voltage conditions
	
	Blocking or desensitization

	
	Effective radiated power
	
	Receiver spurious response rejection

	
	Transmitter antenna beam-width
	
	Receiver sensitivity

	
	Transmitter spectrum masks
	
	Receiver radio-frequency intermodulation

	
	Transmitter spurious emissions
	
	

	
	Transmission times
	
	



Recommended WF:
More discussion is needed. 
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