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9.4 Study on solutions for Ambient IoT (Internet of Things) in NR
Please refer to RP-240826 for detailed scope of the SI. For additional clarification on the work scope, please refer to section 8 of RP-240854.

[117-R19-A_IoT] Email discussion on Rel-19 Ambient IoT – Xiaodong (CMCC)

· To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc
[Post-117-AIoT-01] – Xiaodong (CMCC)
Email discussion on remaining Ambient IoT evaluation assumptions from May 29 until June 5 (the weekend is a quiet period)
• Approval of note 1 of the link budget table (highlighted in yellow) in section 9.4.1.1 of R1-2405696.
• Approval of the link level simulation table (highlighted in yellow) in section 9.4.1.1 of R1-2405696.
[Post-117-AIoT-02] – Xiaodong (CMCC)
Email discussion on link budget analysis, link-level simulation for A-IoT from August 7th until 14th

• Companies are encouraged to provide link budget analysis and link-level simulation results by August 7th

• Xiaodong to collect results, provide potential consolidated tables, proposals for observations by August 14th

Decision: The discussions are to be carried over to RAN1#118.

9.4.1 Evaluation on Ambient IoT in NR

9.4.1.1 Evaluation assumptions and results

Including assumptions on coverage and coexistence evaluations, link budget calculations, and remaining design targets of TR 38.848

R1-2403840
Evaluation assumptions and results for Ambient IoT
Ericsson

R1-2403858
Discussion on evaluation assumptions and results for Ambient IoT devices
FUTUREWEI

R1-2403885
Evaluation assumption and preliminary results for Ambient IoT
Tejas Networks Limited

R1-2403886
Evaluation assumptions and results for Ambient IoT
Nokia

R1-2403952
Evaluation methodology and assumptions for Ambient IoT
Huawei, HiSilicon

R1-2404026
Discussion on evaluation assumptions and results for Ambient IoT
Spreadtrum Communications

R1-2404115
Considerations for evaluation assumptions and results
Samsung

R1-2404177
Evaluation methodologies assumptions and results for Ambient IoT
vivo

R1-2404284
On evaluation assumptions and link budget analysis for AIoT
Apple

R1-2404401
The evaluation methodology and preliminary results of Ambient IoT
CATT

R1-2404427
Discussion on evaluation assumptions and results for Ambient IoT
China Telecom

R1-2404456
Discussion on evaluation methodology and assumptions
CMCC

R1-2404500
Initial evaluation results for Ambient IoT
Sony

R1-2404554
Discussion on Ambient IoT evaluations
ZTE, Sanechips

R1-2404618
Evaluation methodology and assumptions for Ambient IoT
Xiaomi

R1-2404793
Discussion on ambient IoT evaluation framework
NEC

R1-2404868
Discussion on evaluation assumptions and results for A-IoT
OPPO

R1-2404888
Discussion on Ambient IoT evaluation
LG Electronics

R1-2404939
Discussion on the evaluation assumptions for Ambient IoT devices                
Lenovo

R1-2404957
Evaluation assumptions for Ambient IoT
InterDigital, Inc.

R1-2405042
Study on evaluation assumptions for Ambient IoT
NTT DOCOMO, INC.

R1-2405076
Evaluation assumptions and results
MediaTek Inc.

R1-2405155
Evaluation Assumptions and Results
Qualcomm Incorporated

R1-2405214
Evaluation assumptions for Ambient IoT
Comba

R1-2405296
Evaluation assumption and preliminary results for AIoT
IIT Kanpur, Indian Institute of Tech (M)
R1-2405435
FL summary #1 for Ambient IoT evaluation
Moderator (CMCC)
Agreement
In the link level simulation, coherent and non-coherent receiver can be evaluated for D2R receiver.

Agreement
For CW2D pathloss model applied to the D1T1-A1/A2/B and D2T2-A1/A2/B scenarios, using the same pathloss model defined in TR38.901 as used for R2D/D2R.
Agreement
Add Row [0D] in the link budget table as follows,
	No.
	Item
	Reader-to-Device
	Device-to-Reader

	[0D]
	Topology/Pathloss model
	For D2T2:
[0D]-Alt1: InF-DL NLOS 
[0D]-Alt2: InH-Office LOS
For D1T1:

[0D] InF-DH NLOS
	For D2T2:
[0D]-Alt1: InF-DL NLOS 
[0D]-Alt2: InH-Office LOS
For D1T1:

[0D] InF-DH NLOS


Agreement
Update the link budget table Row [0C] as follows,
	No.
	Item
	Reader-to-Device
	Device-to-Reader

	[0C]
	Center frequency (MHz)
	[0C]-Alt1: 900MHz (M), 
[0C]-Alt2: 2GHz (O)
	[0C]-Alt1: 900MHz (M), 
[0C]-Alt2: 2GHz (O)


Agreement
· For R2D link in the coverage evaluation for device 2, 
· Budget-Alt2 is used if receiver architecture is IF/ZIF ED is used
Agreement
Update the link budget table Row [1G] as follows,
	No.
	Item
	Reader-to-Device
	Device-to-Reader

	[1G]
	Tx antenna gain (dBi)
	· For BS for indoor, 6 dBi(M), 2dBi(M)
· For intermediate UE, 0 dBi
	For A-IoT device, 0dBi (M), -3dBi (O)


Agreement
For the link level simulation, 
· An RMS delay spread of 30 ns and [150] ns is considered for TDL-A channel model.
· An RMS delay spread of 30 ns is considered for TDL-D channel model.
R1-2405436
FL summary #2 for Ambient IoT evaluation
Moderator (CMCC)
Agreement
For the link level simulation in coverage evaluation, {20 bits, 96 bits, 400 bits} are considered for message size.
· Note: companies to report the M value and chip length used for each message size
Agreement
For coverage evaluation, 

· In the case of CW outside topology with ‘B’ scenarios or CW inside topology with ’A1’ scenarios

· The digital baseband processing of CW interference handling is not modelled in link level simulation (LLS). It is included in the link budget analysis by reporting the CW cancellation capability value(s) ([2K] in link budget table).

· Note1: ’A2’ scenarios have already been agreed.
· Note2: The study of CW interference cancellation capability value(s) at D2R receiver to be discussed in 9.4.2.4 for all scenarios (and if necessary ask RAN4 about the feasibility)
· Note3: which scenarios to be evaluated is subject to other discussion.
Agreement
· For R2D link in the coverage evaluation for device 2, 
· Budget-Alt1 is used if receiver architecture is RF ED
· Budget-Alt2 is used if receiver architecture is IF/ZIF ED
· Note1: this does not preclude to have LLS for device 1 and 2 R2D link with RF-ED if needed.
· Note1b: For device 2 R2D link with RF-ED, Budget-Alt1 is mandatory, Budget-Alt2 is optional.
· Note2: this does not imply all M values are achievable with the sensitivity given by Budget-Alt1 for RF ED
· Note3: For device 2 with an RF ED-based receiver on the R2D link, if the receiver sensitivity derived from Budget-Alt2, assuming a noise figure of [X dB], exceeds the receiver sensitivity based on Budget-Alt1, then Budget-Alt2 is applied.
Agreement
Update the link budget table Row [3A] as follows,
	No.
	Item
	Reader-to-Device
	Device-to-Reader

	[3A]
	Shadow fading margin (dB)
	For D1T1: 4 dB

For D2T2: 3dB for InH-LOS
7.2dB for InF-DL-NLOS
	For D1T1: 4 dB

For D2T2: 3dB for InH-LOS
7.2dB for InF-DL-NLOS


Agreement
Update the ED bandwidth parameter in link level simulation table as follows:
	R2D specific parameters

	ED bandwidth
	The ED bandwidth is the bandwidth for calculating the noise/interference (if any) power:
For evaluations, the value(s) of ED bandwidth is 20 MHz for RF-ED, [180] kHz for IF/ZIF receiver. Note: this does not imply that a A-IoT device supports sampling clock rate as large as RF ED bandwidth.


R1-2405437
FL summary #3 for Ambient IoT evaluation
Moderator (CMCC)
Working assumption:
· For the D2R LLS, the SINR/SNR is reported and it is defined as the ratio of signal power to noise and interference (if any) power in the receiver bandwidth.

· FFS: receiver bandwidth
· On/off keying backscatter loss is not taken into account in the LLS and is included in link budget table [1H].
Agreement
For R2D ZIF receiver, report the same metrics (i.e., CNR/CINR, signal transmission bandwidth, ED bandwidth) as agreed for RF-ED/IF receiver.
Agreement
The link budget table is updated as follows (the yellow parts are not agreed and will be discussed by email),
	No.
	Item
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	[0A]
	Scenarios
	D1T1-A1/A2/B/C

D2T2-A1/A2/B/C
	D1T1-A1/A2/B/C

D2T2-A1/A2/B/C

	[0A1]
	CW case
	N/A
	1-1/1-2/1-4/2-2/2-3/2-4

	[0B]
	Device 1/2a/2b
	Device 1/2a/2b
	Device 1/2a/2b

	[0C]
	Center frequency (MHz)
	900MHz (M), 2GHz (O)
	900MHz (M), 2GHz (O)

	[0D]
	Topology/Pathloss model
	For D2T2:

· [0D]-Alt1: InF-DL NLOS 

· [0D]-Alt2: InH-Office LOS

For D1T1:

· InF-DH NLOS
	For D2T2:

· [0D]-Alt1: InF-DL NLOS 

· [0D]-Alt2: InH-Office LOS

For D1T1:

· InF-DH NLOS

	(1) Transmitter

	[1D]
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	For BS:

- 2(M) or 4(O) antenna elements for 0.9 GHz

For Intermediate UE:

- 1(M) or 2(O) 
	 1

	[1E]
	Total Tx Power (dBm) 
	· For BS in DL spectrum for indoor

· [1E]-R2D-Alt1: 33dBm(M), 

· [1E]-R2D-Alt2: 38dBm(O), 

· [1E]-R2D-Alt3: 24dBm(M)
· Companies to report if PSD constraints are imposed (company to report the condition for applying PSD constraints in Row [5A]: Other notes) 
· For UL spectrum for indoor, 

· [1E]-R2D-Alt4:23dBm (M)

· [1E]-R2D-Alt5:26dBm(O)

	· For device 1/2a:

· [1E]-D2R-Alt1: (For scenarios ‘B’)
· The Device Tx Power is calculated by CW received power which can be derived by at least CW2D distance (m) value and other related factors. 

· [1E]-D2R-Alt2: (For scenarios ‘A1’ and ‘A2’)
· The Device Tx Power is calculated by assuming CW2D pathloss = D2R pathloss.

· For device 2b: (For scenarios ‘C’)
· [1E]-D2R-Alt3: -20 dBm(M)

· [1E]-D2R-Alt4: -10 dBm(O)

	[1E1]
	CW Tx power (dBm)
	N/A
	For scenario ‘A1’, ‘A2’ and ‘B’

· Report a value from the candidate values [1E]-R2D-Alt1/[1E]-R2D-Alt2/[1E]-R2D-Alt3 from [1E]-R2D if CW in DL spectrum
· Report a value from the candidate values [1E]-R2D-Alt4/[1E]-R2D-Alt5 from [1E]-R2D if CW in UL spectrum.
Note: only applicable for device 1/2a

	[1E2]
	CW Tx antenna gain (dBi)
	N/A
	· Company to report, the value equals to 

· UE Tx ant gain, or

· BS Tx ant gain

Note: only applicable for device 1/2a

	[1E3]
	CW2D distance (m)
	N/A
	For scenarios ‘B’

· D1T1-B: 

· 5m,
· 10m,

· 20m

· CW2D distance is derived assuming CW node is located with the same position as ‘R1’ in ‘A1’ scenario
· D2T2-B: 

· 5m, 

· 10m, 

· FFS other values
For scenarios ‘A1’ and ‘A2’

· Calculated (see note 1), (i.e., CW2D distance is calculated by assuming CW2D pathloss = D2R pathloss)
Note: only applicable for device 1/2a

Note: companies to report which value(s) are evaluated.

	[1E4]
	CW2D pathloss (dB)
	N/A
	Calculated (see note1)

Note: only applicable for device 1/2a

	[1E5]
	CW received power (dBm)
	N/A
	Calculated (see note1)
Note: only applicable for device 1/2a

	[1F]
	Transmission Bandwidth used for the evaluated channel (Hz)
	180kHz(M), 

360kHz(O), 

1.08MHz(O)
	Refer to LLS table [1a]

	[1G]
	Tx antenna gain (dBi)
	· For BS for indoor, 6 dBi(M), 2dBi(M)
· For intermediate UE, 0 dBi
	· For A-IoT device, 0dBi

	[1H]
	Ambient IoT backscatter loss (dB) due to Modulation factor 
	N/A
	· OOK: 6 dB

· PSK: 0 dB

· FSK: Y dB
It is applicable for device 1 and 2a

Companies to report and justify their assumptions for Y.
Companies to report in row 3D if they assume any additional related loss.

	[1J]
	Ambient IoT on-object antenna penalty
	Not applicable
	0.9dB or 4.7dB

	[1K]
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· 10 dB (M)

· 15 dB (O)

Note: Only for device 2a

	[1N]
	Cable, connector, combiner, body losses, etc. (dB)
	· For BS, X dB, X <=3 to be reported by companies with justification provided in row 5A

· For intermediate UE, 1 dB
	N/A

	[1M]
	EIRP (dBm)
	Calculated (see Note 1)
FFS: any limitation of the EIRP subject to future discussion
	Calculated (see Note 1)

	(2) Receiver

	[2A]
	Number of receive antenna elements / TxRU / chains modelled in LLS
	Same as [1D]-D2R
	Same as [1D]-R2D

	[2B]
	Bandwidth used for the evaluated channel (Hz)
	Refer to LLS table [1b] ED bandwidth
	Refer to LLS table [2a] [receiver bandwidth?]

	[2C]
	Receiver antenna gain (dBi)
	same as [1G]-D2R
	Same as [1G]-R2D

	[2X]
	Cable, connector, combiner, body losses, etc. (dB)
	N/A
	Same as [1N]-R2D

	[2D]
	Receiver Noise Figure (dB)
	For RF-ED receiver

· 20dB, Device 2

· FFS other values
For IF/ZIF receiver

· 15dB, Device 2
	For BS as reader

· 5dB

For intermediate UE as reader

· 7dB

	[2E]
	Thermal Noise power spectrum density (dBm/Hz)
	-174
	-174

	[2F]
	Noise Power (dBm)
	Calculated (see Note 1)
	Calculated (see Note 1)

	[2G]
	Required SNR/CNR
	Reported by companies for Budget-Alt2
	Reported by companies for Budget-Alt2

	[2H]
	Ambient IoT on-object antenna penalty
	0.9dB or 4.7dB
	Not applicable

	[2J]
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1/ Budget-Alt2 (see note1)
	Budget-Alt2

	[2K]
	CW cancellation (dB)
	N/A
	Companies to report for scenario A2/A1/B for BS and intermediate UE.

Note: 

· Only applicable for device 1/2a
· The value provided is for the unmodulated single-tone CW. The impact of a multi-tone CW, e.g., assuming an [X] dB difference, is FFS

	[2K1]
	Remaining CW interference (dB)
	N/A
	Calculated (see Note 1)

Note: only applicable for device 1/2a

	[2K2]
	Receiver sensitivity loss(dB)
	N/A
	Calculated (see Note 1)

Note: only applicable for device 1/2a

	[2L]
	Receiver Sensitivity (dBm)


	For Budget-Alt1, 

· For device 1 (RF-ED), for example:
· {-30dBm, -36dBm, -40dBm, etc}

· For device 2 (RF-ED), for example:
· {-40dBm, -45dBm, etc}

For Budget-Alt2,

· Calculated (see note1)
	Calculated (see Note 1)

Note: the receiver sensitivity includes the receiver sensitivity loss [2K2], i.e. after CW cancellation at least if ‘A2’ scenario is used



	(3) System margins

	[3A]
	Shadow fading margin (dB)
	For D1T1: 4 dB

For D2T2: 3dB for InH-LOS

7.2dB for InF-DL-NLOS
	For D1T1: 4 dB

For D2T2: 3dB for InH-LOS

7.2dB for InF-DL-NLOS

	[3B]
	polarization mismatching loss (dB)
	3 dB
	3 dB

	[3C]
	BS selection/macro-diversity gain (dB)
	0 dB 

FFS: other values are not precluded
	0 dB

FFS: other values are not precluded

	[3D]
	Other gains (dB) (if any please specify)
	Reported by companies with justification
	Reported by companies with justification

	(4) MPL / distance

	[4A]
	MPL (dB)
	Calculated (see Note 1)
	Calculated (see Note 1)

	[4B]
	Distance (m)
	Calculated (see Note 1)
	Calculated (see Note 1)

	（5）Other 

	[5A]
	Other notes
	Companies to report
	Companies to report


<Editor Notes: Note 1 will be updated once the table has stabilized >
Note1 (for email discussion): calculated values in the Table XXXX are derived according to the followings, 
[1M]:
· For R2D, 
· [1M] = [1E] + [1G] - [1N] - FFS: [1J]
· For D2R
· Device 1:
· [1M] = [1E] + [1G] - [1H] - [1J]
· Device 2a:
· [1M] = [1E] + [1G] + [1K] - [1H] - [1J]
· Device 2b:
· [1M] = [1E] + [1G] - [1J]
[2F]:

· [2F] = [2D] + [2E] +lin2dB([2B])
[2G]

· For the R2D LLS for ED, CINR/CNR is reported, where CINR/CNR is defined as the ratio of signal power spectral density in the transmission bandwidth to the noise and interference (if any) power spectral density in the device ED channel bandwidth.

[2J]
· For R2D link in the coverage evaluation, for device 1

· Budget-Alt1 is used (note: receiver architecture is RF ED)

· For R2D link in the coverage evaluation for device 2, 
· Budget-Alt1 is used if receiver architecture is RF ED
· Budget-Alt2 is used if receiver architecture is IF/ZIF ED
· Note1a: this does not preclude to have LLS for device 1 and 2 R2D link with RF-ED if needed.

· Note1b: For device 2 R2D link with RF-ED, Budget-Alt1 is mandatory, Budget-Alt2 is optional.
· Note1c: this does not imply all M values are achievable with the sensitivity given by Budget-Alt1 for RF ED
· Note1d: For device 2 with an RF ED-based receiver on the R2D link, if the receiver sensitivity derived from Budget-Alt2, assuming a noise figure of [X dB], exceeds the receiver sensitivity based on Budget-Alt1, then Budget-Alt2 is applied.
[2K1]:

· FFS:
· Alt1: [2K1] = [1E1] + [1E2] - [2K] or
· Alt2: [2K1] = [1E1] + [1E2] + [2C] - [2K]
[2K2]:

· [image: image2.png]dB2lin([2K1]
AB2Lin([2FT)

[2K2] = lin2dB (1 +




[2L]:

· For R2D and Budget-Alt2,

· [2L] = [2G] - lin2dB([2B] / [1F]) + [2F]

· Note 1e: the term ‘lin2dB([2B] / [1F])’ is applied due to scaling from CNR/CINR to SNR/SINR. 
· For D2R,

· [2L] = [2G] + [2F] + [2K2], device 1/2a

· [2L] = [2G] + [2F], device 2b

[4A]

· [4A]=[1M]+[2C]-[2L]-[3A]-[3B]+[3C]+[3D]

· Note 1f: For scenarios ‘A1’ and ‘A2’, The Device Tx Power is calculated by assuming CW2D pathloss = D2R pathloss. i.e., 

· TBC: [4A] = 0.5*([1E1]+[1E2]-2*[3A]-2*[3B]-[1J]-[2L]+[2C]-[1H]) for device 1, 

· TBC: [4A] = 0.5*([1E1]+[1E2]-2*[3A]-2*[3B]-[1J]-[2L]+[2C]+[1K]) for device 2
Note2: (M) denotes the value is mandatory to be evaluated. (O) denotes the value can be optionally evaluated.
Proposal (for email discussion)
The link level simulation table is updated as follows,
	
	Parameters
	Assumptions
	Company result1
	Company result 2

	
	R2D/D2R common parameters
	
	

	[0a]
	Carrier frequency
	Refer to link budget template
	
	

	[0b]
	SCS
	15 kHz as baseline
	
	

	[0c]
	Block structure
	Blocks as agreed in 9.4.2.3, or other blocks reported by companies
	
	

	[0d]
	Channel model
	<Editor’s Note: will be updated according to the agreements made for channel model>
	
	

	[0e]
	Delay spread
	· An RMS delay spread of 30 ns and [150] ns is considered for TDL-A channel model.

· An RMS delay spread of 30 ns is considered for TDL-D channel model.
	
	

	[0f]
	Device velocity
	3 km/h
	
	

	[0g]
	Number of Tx/Rx chains for Ambient IoT device
	1
	
	

	[0h1]
	BS
	Number of antenna elements
	2 or 4
	
	

	[0h2]
	
	Number of TXRUs
	2 or 4
	
	

	[0j1]
	Intermediate UE
	Number of antenna elements
	1 or 2
	
	

	[0j2]
	
	Number of TXRUs
	1 or 2
	
	

	[0m]
	Reference data rate
	[0.1, 1, 5] kbps
[0.1] kbps (M), [1] kbps (M), [7] kbps (O), [large value] (O)
	
	

	[0n]
	Message size
	{20 bits, 96 bits, 400 bits} are considered for message size.

· Note: companies to report the M value and chip length used for each message size
	
	

	[0p]
	BLER target
	1%, 10%
	
	

	[0q]
	Sampling frequency
	<Editor’s Note: will be updated according to the agreements made for Sampling frequency >
Sampling frequency is 1.92 Msps.
Initial SFO (Sampling Frequency Offset) (Fe):
· [0.1 ~ 1] * 10^5 ppm for device 1, reported by company
· [0.1 ~ 1] * 10^4 ppm for device 2, reported by company
The timing drift ΔT over a time T is modelled as ΔT = ±Fe * T.

FFS: Accuracy after clock calibration at least for device 2.
FFS: CFO for device 2b.
Note: the values are for coverage evaluation purpose. A harmonized design approach for all devices should be considered when utilizing these values in the design.

	
	

	[0r]
	Device 1/2a/2b
	Options are as follows,

· Device 1, RF-ED

· Device 2a, RF-ED

· Device 2b, RF-ED/IF-ED/ZIF

<Editor’s Note: will be updated according to agreements from 9.4.1.2> 
	
	

	
	R2D specific parameters
	
	

	[1a]
	Transmission bandwidth
	180 kHz as baseline
	
	

	[1b]
	ED bandwidth
	The ED bandwidth is the bandwidth for calculating the noise/interference (if any) power:

For evaluations, the value(s) of ED bandwidth is 20 MHz for RF-ED, [180] kHz for IF/ZIF receiver. 
Note: this does not imply that a A-IoT device supports sampling clock rate as large as RF ED bandwidth.
	
	

	[1c]
	BB LPF
	[X]-order Butterworth/RC filter with cutoff frequency at half of R2D transmission bandwidth.
Companies to report X = {3, 5}.
	
	

	[1d]
	Waveform
	OOK waveform generated by OFDM modulator
	
	

	[1e]
	Modulation
	OOK

Companies to report, e.g., OOK-1, OOK-4 with M chips per OFDM symbol
	
	

	[1f]
	Line code
	Companies to report, e.g., Manchester, PIE
	
	

	[1g]
	FEC
	No FEC as baseline
	
	

	[1h]
	ADC bit width
	1-bit for device 1

4-bit for device 2
	
	

	[1j]
	Detection/decoding method for Line code
	Companies to report
	
	

	
	D2R specific parameters
	
	

	[2a1]
	Transmission bandwidth (w.r.t. D2R data rate)
	[FFS: 15kHz, 180kHz]
· [2a1]-Alt1: 

· DSB

· X kHz (M) and Y kHz (O) is considered for D2R transmission bandwidth. 

· The value is for two sidebands, i.e., the total transmission bandwidth for DSB is X kHz (M) and Y kHz (O).

· [2a1]-Alt2: 

· SSB

· X kHz (M) and Y kHz (O) is considered for D2R transmission bandwidth. 

· The value is for one sideband, i.e., the total transmission bandwidth for DSB is X kHz (M) and Y kHz (O).

· The value of X and Y is as follows, to be down-select from alternative 1 and 2
· Alternative 1: 

· X = {15 (M), 180 (O)}
· Y =180

· Alternative 2:

· X and Y reported by companies,

· the value may be related to, e.g., 

· Reference data rate

· Coding scheme

· Repetition

· With or without SFS

· SSB or DSB


	
	

	[2a2]
	[OOK/BPSK/BFSK chip rate] 
	Companies to report 
	
	

	[2a3]
	Receiver bandwidth
	D2R receiver bandwidth is the bandwidth used at the reader side to filter out the D2R signals for calculating noise and interference (if any) power. 

· Assume the receiver matches the transmitter's modulation, i.e., to receiver uses SSB when transmitter uses SSB, receiver uses DSB when transmitter uses DSB.

Companies to report the value.
	
	

	[2b]
	Waveform (CW)
	Companies to report waveform, e.g., unmodulated single tone, multi-tone(multiple unmodulated single tone)
	
	

	[2d]
	Modulation
	Companies to report modulation, e.g., OOK, BPSK, BFSK
	
	

	[2e]
	Line code
	Companies to report, e.g., Manchester encoding, FM0 encoding, Miller encoding, no line coding
	
	

	[2g]
	FEC
	Companies to report, e.g., CC, No FEC
	
	

	[2h]
	ADC bit width
	Companies to report, e.g., 11-bit
	
	

	[2j]
	D2R receiver 
	FFS: Reader receiver, e.g., coherent receiver / non-coherent receiver
Companies to report, e.g., coherent receiver / non-coherent receiver
	
	

	
	Other assumptions
	
	

	[3a]
	Other assumptions
	To be reported by company
	
	

	[3b]
	Note: Companies to report required SINR/SNR/CINR/CNR according to BLER target.
	
	


9.4.1.2 Ambient IoT device architectures
R1-2403841
Ambient IoT device architectures
Ericsson

R1-2403859
Discussion on Rel-19 Ambient IoT device architecture
FUTUREWEI

R1-2403880
Discussion on ambient IoT device architectures
TCL

R1-2403887
Ambient IoT device architectures
Nokia

R1-2403953
Ultra low power device architectures for Ambient IoT
Huawei, HiSilicon

R1-2404027
Discussion on Ambient IoT device architectures
Spreadtrum Communications

R1-2404116
Considerations for Ambient-IoT device architectures
Samsung

R1-2404178
Discussion on Ambient IoT Device architectures
vivo

R1-2404285
On device architecture for AIoT
Apple

R1-2404321
Discussion on Ambient-IoT Device Architecture
Everactive

Late submission
R1-2404402
Study of the Ambient IoT devices architecture
CATT

R1-2404428
Discussion on Ambient IoT device architectures
China Telecom

R1-2404457
Discussion on Ambient IoT device architectures
CMCC

R1-2404501
Ambient IoT device architectures
Sony

R1-2404555
Discussion on Ambient IoT device architectures
ZTE, Sanechips

R1-2404619
Discussion on ambient IoT device architectures
Xiaomi

R1-2404794
Device architecture requirements for ambient IoT
NEC

R1-2404869
Discussion on device architecture for A-IoT device
OPPO

R1-2404889
Discussion on Ambient IoT device architectures
LG Electronics

R1-2404940
Discussion on the Ambient IoT device architectures
Lenovo

R1-2404958
Device architectures for Ambient IoT
InterDigital, Inc.

R1-2405043
Study on device archtectures for Ambient IoT
NTT DOCOMO, INC.

R1-2405077
Ambient IoT device architectures
MediaTek Inc.

R1-2405156
Ambient IoT Device Architecture
Qualcomm Incorporated

R1-2405215
Ambient IoT Device Architecture
Comba

R1-2405297
Views on Architecture of Ambient IoT 
IIT Kanpur, Indian Institute of Tech (M)
R1-2405431
FL Summary #1 for 9.4.1.2 Ambient IoT Device Architecture
Moderator (Qualcomm)
Observation

Reflection amplifier with following characteristics could be considered for device 2a.

· Direction of amplification

· Uni-directional reflection amplifier (baseline) can amplify backscattered signal in D2R which can improve D2R link budget.

· Bi-directional amplifier can amplify both signal in R2D and backscatter signal in D2R at least when R2D and D2R are in the same spectrum. 

· Bi-directional amplifier has higher complexity, higher noise figure, and reduced isolation between tx and rx path. 

· Amplification gain ranges from 10 to 20dB.

· Power consumption of reflection amplifier is in the range of a tens of uW to 100s of uW.

· Reflection amplifier can operate in FDD frequency bands.

· Reflection amplifier bandwidth can support 10s of MHz.

· Note: reflection amplifier can get unstable when the input power exceeds a certain value, which may be frequency-dependent. 

Observation
For large frequency shift:

· Large frequency shift can be used in shifting reflected signal in tens of MHz, e.g., from FDD DL to FDD UL frequency or vice versa.

· Large frequency shift consumes 10s of uW to 100s of uW.

· Large frequency shift is not feasible for device 1.

· Large frequency shift requires a clock for IF generation which is accurate enough to avoid large guard band and interference to adjacent channels/bands.

· Large frequency shift requires image suppression and may require harmonics suppression

· Note: details of image suppression and harmonics suppression are not discussed in RAN1

· FFS: whether large frequency shift is necessary and feasible for device 2a

R1-2405432
FL Summary #2 for 9.4.1.2 Ambient IoT Device Architecture
Moderator (Qualcomm)
Agreement
For study purpose, assume that A-IoT device has a single antenna for both communication (tx/rx) and RF energy harvesting purposes.
Agreement
The following template is used for capturing descriptions on clock/LO.
	
	Purpose
	Applicable

device types
	Clock

speed
	Power 
consumption
	[Initial clock

Accuracy]
	[Accuracy after 

clock sync]
	[Clock drift]

	Purpose #1 of the clock
	
	
	
	
	
	
	

	Purpose #N of the clock
	
	
	
	
	
	
	

	Etc
	
	
	
	
	
	
	

	
	


R1-2405433
FL Summary #3 for 9.4.1.2 Ambient IoT Device Architecture
Moderator (Qualcomm)

R1-2405434
FL Summary #4 for 9.4.1.2 Ambient IoT Device Architecture
Moderator (Qualcomm)
9.4.2 Physical layer design for Ambient IoT

9.4.2.1 General aspects of physical layer design

Including numerologies, bandwidths, multiple access, waveform, modulation, and coding
R1-2403842
General aspects of physical layer design for Ambient IoT
Ericsson

R1-2403860
Discussion on physical layer design for Rel-19 Ambient IoT devices
FUTUREWEI

R1-2403881
Discussion on general aspects of physical layer design for Ambient IoT
TCL

R1-2403888
General aspects of physical layer design for Ambient IoT
Nokia

R1-2403954
On general aspects of physical layer design for Ambient IoT
Huawei, HiSilicon

R1-2404005
Discussion on Physical Layer Design for Ambient-IoT
EURECOM

R1-2404028
Discussion on general aspects of physical layer design for Ambient IoT
Spreadtrum Communications

R1-2404117
Considerations on general aspects of Ambient IoT
Samsung

R1-2404179
Discussion on General Aspects of Physical Layer Design
vivo

R1-2404286
On general physical layer design aspects for AIoT
Apple

R1-2404345
On General Physical Layer Design Considerations for Ambient IoT (internet of things) Applications
Lekha Wireless Solutions

Late submission
R1-2404403
Discussion on general aspects of physical layer design
CATT

R1-2404429
Discussion on general aspects of physical layer design for Ambient IoT
China Telecom

R1-2404458
Discussion on general aspects of A-IoT physical layer design
CMCC

R1-2404502
General aspects of physical layer design for Ambient IoT
Sony

R1-2404556
Discussion on general aspects of physical layer design for Ambient IoT
ZTE, Sanechips

R1-2404592
Consideration on general aspects of physical layer
Fujitsu

R1-2404620
Discussion on physical layer design of Ambient IoT
Xiaomi

R1-2404674
Discussion on general aspects of ambient IoT physical layer design
NEC

R1-2404743
General aspects of physical layer design for Ambient IoT
Panasonic

R1-2404775
Discussion on general aspects of physical layer design
ETRI

R1-2404870
Discussion on general aspects of physical layer design of A-IoT communication
OPPO

R1-2404890
General aspects of Ambient IoT physical layer design
LG Electronics

R1-2404941
Discussion on the physical layer design aspects for Ambient IoT devices
Lenovo

R1-2404959
Discussion on general aspects of physical layer design for Ambient IoT
InterDigital, Inc.

R1-2404962
Discussion on general aspects of physical layer design
Sharp

R1-2405044
Study on general aspects of physical layer design for Ambient IoT
NTT DOCOMO, INC.

R1-2405078
General aspects of physical layer design
MediaTek Inc.

R1-2405124
Discussions on general aspects of physical layer design for Ambient IoT
Ruijie Networks Co. Ltd

R1-2405157
General aspects of physical layer design
Qualcomm Incorporated

R1-2405216
Discussion on physical layer design for Ambient IoT
Comba

R1-2405224
General aspects of physical layer design for Ambient IoT
ITL

R1-2405242
Discussion on General aspects of physical layer design
CEWiT

R1-2405269
Ambient IoT – General aspects of physical layer design, performance for uplink modulation
Wiliot Ltd.

R1-2405298
Discussion on General aspects of physical layer design for AIoT
IIT Kanpur, Indian Institute of Tech (M)
R1-2405439
Feature Lead Summary #1 for 9.4.2.1: “Ambient IoT – General aspects of physical layer design”
Moderator (Huawei)
Agreement
Study the following regarding CP location/length determination for Method Type 1:

· Alt 1: Device assumes same CP length for each OFDM symbol, i.e. does not distinguish exact CP length among different OFDM symbols

· Alt 2: duration between transition edges is utilized by device to determine CP location/length, i.e. if the duration appears to be invalid based on known chip duration
· Companies are encouraged to clarify the CP removal method used and implementation aspects for the device

· Evaluations are encouraged to be performed for a small value of M, e.g. 4 and a large value of M, e.g. 24, at least by comparison to the case where the CP length of each OFDM symbol is known by device
· Companies should report the values of SFO, and SFO detection methods used in evaluations

Agreement
Study the following options regarding subcarrier orthogonality for Method Type 2:

· Alt 1: Method Type 2 retains subcarrier orthogonality (i.e. CP copied from the end of an OFDM symbol)

· Alt 1-1: The first OOK chip(s) and the last OOK chip(s) in an OFDM symbol are the same
· FFS: whether this alternative applies if CP length is longer than the chip duration

· Alt 1-2: Ensure a transition edge occurs only at the start or only at the end of the CP, and no transition edge occurs during the CP

· Other potential methods are not precluded

· Alt 2: Method Type 2 does not retain subcarrier orthogonality

· Proponents to bring further details to RAN1#118

· Evaluations and discussions are encouraged to be performed for a small value of M, e.g. M = 4 and a large value of M, e.g. M = 24.

· Companies should report the values of SFO, and SFO detection methods used in evaluations

R1-2405440
Feature Lead Summary #2 for 9.4.2.1: “Ambient IoT – General aspects of physical layer design”
Moderator (Huawei)
Agreement
Define repetition types for study purposes as follows:

· Block level: All the bits received from higher layers and/or physical layer (according to what is present) after CRC attachment (if used) are blockwise repeated Rblock times

· Bit level type 1: Each bit after CRC attachment (if used) is repeated Rbit times

· Bit level type 2: Each bit after both CRC attachment (if used) and FEC (if used) is repeated Rbit times

· Chip level: Each chip after line coding (if used) or after square wave modulation (if used) is repeated Rchip times

· NOTE: Equivalent to extending the duration of each chip by Rchip times

Agreement
For D2R, study at least block-level and bit-level repetition type 1 and type 2.

Agreement
For R2D evaluation purposes, the R2D waveform for DFT-s-OFDM is generated as follows:

1. The time domain OOK signal is the M chips of one OFDM symbol.

2. A chip is represented (e.g. upsampled) by L samples

· Companies to report L

3. An N’-points DFT is performed on the samples of one OFDM symbol to obtain the frequency domain signal.

· Companies to report N’, e.g. N’=128 or equal to X

4. Map the frequency domain signal obtained by N’-points DFT to the X subcarriers of Btx,R2D. 

· Companies report how to map and report X
5. An N-points IDFT is performed to obtain the time domain signal.

· Companies to report N, and how value was selected

Note: companies report whether/how CP samples are added.

Agreement
The study assumes the following bit to chip mapping for Manchester encoding: 

· bit 0→chips{10}, bit 1→chips{01}

· FFS: Variant of the above for CP handling
R1-2405441
Feature Lead Summary #3 for 9.4.2.1: “Ambient IoT – General aspects of physical layer design”
Moderator (Huawei)
9.4.2.2 Frame structure and timing aspects

Including synchronization and timing, random access, scheduling and timing relationships
R1-2403843
Frame structure and timing aspects for Ambient IoT
Ericsson

R1-2403861
Frame Structure and Timing Aspects for Ambient IoT
FUTUREWEI

R1-2403889
Frame structure and timing aspects for Ambient IoT
Nokia

R1-2403955
On frame structure and timing aspects of Ambient IoT
Huawei, HiSilicon

R1-2403966
Discussions on frame structure and timing aspects for A-IoT
Intel Corporation

R1-2404029
Discussion on frame structure and timing aspects for Ambient IoT
Spreadtrum Communications

R1-2404118
Considerations for frame structure and timing aspects
Samsung

R1-2404180
Discussion on Frame structure, random access, scheduling and timing aspects
vivo

R1-2404219
Discussion on frame structure and physical layer procedures for Ambient IoT
Lenovo

R1-2404287
Frame structure and timing aspects for Ambient IoT
Apple

R1-2404329
Discussion on frame structure and timing aspects for Ambient IoT
TCL

R1-2404404
Study of Frame structure and timing aspects for Ambient IoT
CATT

R1-2404430
Discussion on frame structure and timing aspects for Ambient IoT
China Telecom

R1-2404459
Discussion on frame structure and timing  aspects for A-IoT
CMCC

R1-2404503
Frame structure and timing aspects for Ambient IoT
Sony

R1-2404519
Frame structure and timing aspects of Ambient IoT
InterDigital, Inc.

R1-2404557
Discussion on frame structure and physical layer procedure for Ambient IoT
ZTE, Sanechips

R1-2404593
Discussion on frame structure and timing aspects
Fujitsu

R1-2404596
Discussion on A-IoT Frame Structure and Timing Aspects 
Panasonic

R1-2404621
Discussion on frame structure and timing aspects for Ambient IoT
Xiaomi

R1-2404675
Discussion on frame structure and timing for ambient IoT
NEC

R1-2404734
Discussion on frame structre and timing aspects for Ambient IoT
BUPT

R1-2404776
Discussion on frame structure and timing aspects
ETRI

R1-2404798
Some Considerations on Frame Structure and Timing Aspects for A-IoT
Continental Automotive

R1-2404803
Discussion on Frame Structure and Timing Aspects for Ambient IoT
IIT, Kharagpur

R1-2404871
Discussion on frame structure and timing aspects of A-IoT communication
OPPO

R1-2404891
Frame structure and timing aspects for Ambient IoT
LG Electronics

R1-2404963
Discussion on frame structure and timing aspects
Sharp

R1-2405045
Study on frame structure and timing aspects for Ambient IoT
NTT DOCOMO, INC.

R1-2405079
Frame structure and timing aspects
MediaTek Inc.

R1-2405158
Frame structure and timing aspects
Qualcomm Incorporated

R1-2405183
Discussion on Frame structure and timing aspects for A-IoT
China Unicom

R1-2405208
Discussion on frame structure and timing aspect
ASUSTeK

R1-2405217
Discussion on frame structure and timing aspects for Ambient IoT
Comba

R1-2405243
Discussion on Frame structure and timing aspects
CEWiT

R1-2405273
Discussion on frame structure and timing aspects
Google
R1-2405379
FL summary #1 on frame structure and timing aspects for Rel-19 Ambient IoT
Moderator (vivo)
Agreement
Study whether/how an A-IoT device can count the time with sufficient accuracy (with a certain timing error due to SFO) at least for the purposes related to TDM(A) (if needed), and if so for how long after receiving an R2D transmission.
Agreement
Scheduling information of PDRCH transmission is provided by a corresponding PRDCH.

R1-2405380
FL summary #2 on frame structure and timing aspects for Rel-19 Ambient IoT
Moderator (vivo)
Conclusion
RAN1 discussion related to the potential impact of device unavailability due to charging by energy harvesting will occur in agenda item 9.4.2.2.
Agreement
Study the following options for the time interval between a R2D transmission and the corresponding D2R transmission following it:
· Option 1: Define a maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it, so that the device transmits D2R transmission within [TR2D_min, TR2D_max].
· FFS: maximum time is common or different for different A-IoT devices

· FFS: maximum time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)
· Option 2: The corresponding D2R transmission timing TR2D following a R2D transmission is determined based on the control information in the R2D transmission, where TR2D ( TR2D_min
· FFS the maximum value(s) for TR2D
R1-2405381
FL summary #3 on frame structure and timing aspects for Rel-19 Ambient IoT
Moderator (vivo)
9.4.2.3 Downlink and uplink channel/signal aspects
Including detailed physical layer design aspects such as information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, etc.

R1-2403844
Downlink and uplink channel/signal aspects for Ambient IoT
Ericsson

R1-2403862
D2R and R2D Channel/Signal Aspects for Ambient IoT
FUTUREWEI

R1-2403882
Discussion on downlink and uplink channel/signal aspects for Ambient IoT
TCL

R1-2403890
R2D and D2R channel/signal aspects for Ambient IoT
Nokia

R1-2403956
Physical channels and signals for Ambient IoT
Huawei, HiSilicon

R1-2403967
Discussions on physical channel and signals for A-IoT
Intel Corporation

R1-2404030
Discussion on downlink and uplink channel/signal aspects for Ambient IoT
Spreadtrum Communications

R1-2404119
Considerations for downlink and uplink channel/signal aspect
Samsung

R1-2404181
Discussion on  Downlink and uplink channel/signal aspects
vivo

R1-2404220
Discussion on channel/signal aspects for Ambient IoT
Lenovo

R1-2404288
On physical channels/signals and proximity determination for AIoT
Apple

R1-2404405
DL and UL Physical Channels/signals design in support of Ambient IoT devices
CATT

R1-2404431
Discussion on downlink and uplink channel/signal aspects for Ambient IoT
China Telecom

R1-2404460
Discussion on downlink and uplink channel/signal aspects
CMCC

R1-2404504
Downlink and uplink physical channel for Ambient IoT
Sony

R1-2404520
Downlink and uplink channels aspects of Ambient IoT
InterDigital, Inc.

R1-2404558
Discussion on channel and signal  for Ambient IoT
ZTE, Sanechips

R1-2404576
Discussion on downlink and uplink channel/signal aspects for A-IoT
HONOR

R1-2404594
Discussion on downlink and uplink channel/signal aspects
Fujitsu

R1-2404622
Discussion on downlink and uplink channel_signal aspects for Ambient IoT
Xiaomi

R1-2404676
Discussion on downlink and uplink channel for ambient IoT
NEC

R1-2404777
Downlink and uplink channel/signal aspects for A-IoT
ETRI

R1-2404799
Considerations on Downlink and Uplink Channels/Signals for A-IoT
Continental Automotive

R1-2404872
Discussion on downlink and uplink channel/signal aspects for A-IoT
OPPO

R1-2404892
Downlink and uplink channel/signal aspects for Ambient IoT
LG Electronics

R1-2404901
Discussion on downlink and uplink channels and signals for A-IoT
Panasonic

R1-2404937
Considerations for downlink and uplink channel/signal aspects
Semtech Neuchatel SA

R1-2404964
Discussion on downlink and uplink channel/signal aspects
Sharp

R1-2405046
Study on downlink and uplink channel/signal aspects for Ambient IoT
NTT DOCOMO, INC.

R1-2405080
Downlink and uplink channel/signal aspects
MediaTek Inc.

R1-2405159
Downlink and uplink channel/signal aspects
Qualcomm Incorporated

R1-2405184
Discussion on downlink and uplink channel aspects for A-IoT
China Unicom

R1-2405218
Discussion on downlink and uplink channel and signal for Ambient IoT
Comba

R1-2405244
Discussion on Downlink and Uplink channel/signal aspects
CEWiT

R1-2405274
Discussion on downlink and uplink transmission aspects
Google

R1-2405300
Discussion on Downlink and uplink channel signal aspects for AIoT
IIT Kanpur, Indian Institute of Tech (M)
R1-2404290
FL summary#1 on downlink and uplink channel/signal aspects
Moderator (Apple)
Agreement
For R2D, the only physical channel is PRDCH.
· PRDCH carries any higher-layer payload
· PRDCH carries L1 R2D control information (if defined)

· FFS details of device behaviour(s) for receiving PRDCH

Agreement
For D2R
· PDRCH carries any higher-layer payload

· PDRCH carries L1 D2R control information (if defined)

· Note: PDRCH carries the response agreed at RAN1#116

R1-2404291
FL summary#2 on downlink and uplink channel/signal aspects
Moderator (Apple)
Agreement
For L1 D2R control information (if defined), the following are not considered for further study:

· CSI feedback

· Autonomous SR

· FFS: Whether any other L1 D2R control information is needed or not

Agreement
Study the following schemes for proximity determination:

· Option 1: If reader receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· FFS: Details on reception criteria (e.g. either successful or not) at reader and device
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Details on measurement methods
· FFS: Whether/how transmit power of R2D and/or D2R is considered for proximity determination 
Agreement
For the start-indicator part of the R2D time acquisition signal, study the two options below:

· Option 1: ON/OFF pattern i.e. high/low voltage transmission 

· Option 2: OFF pattern, i.e. low voltage transmission 

Agreement
For R2D, the clock-acquisition part of the R2D time acquisition signal is used to determine the OOK chip duration

· FFS: Pattern design to support determination of chip duration

R1-2404292
FL summary#3 on downlink and uplink channel/signal aspects
Moderator (Apple)

9.4.2.4 Waveform characteristics of carrier-wave provided externally to the Ambient IoT device

Including interference handling at Ambient IoT UL receiver and at NR base station

R1-2403845
Waveform characteristics of carrier wave provided externally to the Ambient IoT device
Ericsson

R1-2403863
Discussion on External Carrier Waveform Characteristics for Rel-19 Ambient IoT devices
FUTUREWEI

R1-2403883
Discussion on waveform characteristics of external carrier-wave for Ambient IoT
TCL

R1-2403891
Waveform characteristics of carrier-wave provided externally to the Ambient IoT device
Nokia

R1-2403957
On external carrier wave for backscattering based Ambient IoT device
Huawei, HiSilicon

R1-2403968
Discussions on waveform characteristics of carrier-wave for A-IoT
Intel Corporation

R1-2404031
Discussion on waveform characteristics of external carrier-wave for Ambient IoT
Spreadtrum Communications

R1-2404120
Considerations for Waveform characteristics of carrier-wave
Samsung

R1-2404182
Discussion on CW waveform and interference handling at AIoT UL receiver
vivo

R1-2404221
Discussion on external carrier wave for Ambient IoT
Lenovo

R1-2404289
On carrier waveform and interference handling for AIoT
Apple

R1-2404406
Discussion on the waveform characteristics of carrier-wave for the Ambient IoT device
CATT

R1-2404432
Discussion on waveform characteristics of carrier-wave provided externally to the Ambient IoT device
China Telecom

R1-2404461
Discussion on waveform characteristics of carrier-wave provided externally to the Ambient IoT device
CMCC

R1-2404505
External carrier wave for Ambient IoT
Sony

R1-2404559
Discussion on carrier wave for Ambient IoT
ZTE, Sanechips

R1-2404623
Discussion on waveform characteristics of carrier-wave
Xiaomi

R1-2404778
Waveform characteristics of carrier-wave provided externally to the A-IoT device
ETRI

R1-2404873
Discussion on Waveform characteristics of carrier-wave provided externally to the A-IoT device
OPPO

R1-2404893
Considerations on carrier-wave transmission for Ambient IoT
LG Electronics

R1-2404902
Discussion on waveform characteristics of carrier-wave for Ambient IoT device
Panasonic

R1-2404938
Considerations for carrier-wave aspects
Semtech Neuchatel SA

R1-2404960
Discussion on carrier-wave for Ambient IoT
InterDigital, Inc.

R1-2404965
Discussion on waveform characteristics of externally provided carrier-wave
Sharp

R1-2405006
Analyses on interference between AIoT and NR
Fujitsu

R1-2405047
Study on waveform characteristics of carrier-wave for Ambient IoT
NTT DOCOMO, INC.

R1-2405081
Waveform characteristics of carrier-wave provided externally to the Ambient IoT device
MediaTek Inc.

R1-2405160
Waveform characteristics of carrier-wave provided externally to the Ambient IoT device
Qualcomm Incorporated

R1-2405185
Discussion on waveform characteristics of carrier-wave provided externally to the Ambient IoT device
China Unicom

R1-2405219
Discussion on waveform characteristics of carrier-wave for Ambient IoT
Comba

R1-2405245
Discussion on Waveform characteristics of carrier-wave provided externally to the Ambient IoT device
CEWiT

R1-2405275
Discussion on waveform characteristics of carrier-wave provided externally to the Ambient IoT device
Google

R1-2405301
Discussion on Carrier wave related aspects for AIoT
IIT Kanpur, Indian Institute of Tech (M)
R1-2405438
FL summary#1 on CW waveform characteristics for A-IoT
Moderator (Spreadtrum Communications)
R1-2405549
FL summary#2 on CW waveform characteristics for A-IoT
Moderator (Spreadtrum Communications)
Agreement
For the study of characteristics of CW waveforms, the following table is adopted as a template for capturing observations.
Note 1: Further row(s) can be added, if other CW waveform characteristic is agreed.

	CW waveform characteristics
	Observations and/or comparisons of single-tone unmodulated sinusoid waveform without frequency hopping and two unmodulated single-tones waveform for backscattering
	… (if any)

	D2R reception performance
	
	

	Spectrum utilization of backscattered signal corresponding to the CW waveforms
	
	

	CW interference suppression at D2R receiver
	
	

	Relative complexity of CW generation
	
	

	
	Note: For two unmodulated single-tones waveform, the two tones are transmitted from the same CW node.
	


Observation
For D2R reception performance,

· Compared to single-tone unmodulated sinusoid waveform without frequency hopping, two unmodulated single-tones waveform provides [X Y] dB frequency diversity gain in a fading channel, at least depending on the gap between the two tones and the channel’s coherence bandwidth.

· Note: The total transmission power is assumed the same for single-tone unmodulated sinusoid waveform without frequency hopping and two unmodulated single-tones waveform.

· Note: For two unmodulated single-tones waveform, assume the two tones are transmitted from the same CW node.

Observation

For CW interference suppression at D2R receiver,
· Compared to single-tone unmodulated sinusoid waveform without frequency hopping, two unmodulated single-tones waveform:

· Requires additional complexity if RF interference cancellation is used at least with CW waveform reconstruction.
· Note: RF interference cancellation is needed when the received CW interference power exceeds the blocking threshold of the receiver
· Note: For two unmodulated single-tones waveform, assume the two tones are transmitted from the same CW node.

Agreement

For multiple unmodulated single-tone transmitted by one CW node, other number of tones (i.e. >2) is deprioritized.

· Note: other number of tones (i.e. >2) is studied only when obvious gains are provided.

Observation

For relative complexity of CW generation

· Compared to single-tone unmodulated sinusoid waveform without frequency hopping, two unmodulated single-tones waveform:

· Leads to higher PAPR of the generated CW, which impacts the implementation of the power amplifier in the CW node.

· Note: For two unmodulated single-tones waveform, assume the two tones are transmitted from the same CW node.

