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1 Introduction
During RAN#102, The SID of “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved [1] where the objectives for this is follows:
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
<The general scope is omitted>
The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.
<The rest is omitted>


In this contribution, we share our views on necessary further evaluation assumptions for coverage and evaluation methodologies including interference assumptions. In addition, we focus on how to evaluate other performance metrics other than coverage.
2 Evaluation Methodology for Coverage
1 
2 
[bookmark: _Hlk142411003][bookmark: _Ref142605378]Coverage evaluation assumptions
    In this section, we focus on the link level simulation assumptions for A-IoT coverage evaluations.
2.1.1 Considerations on Link-level simulations
At RAN1#116, the evaluation assumptions are agreed upon as follows: 
	Agreement 
The following table of coverage evaluation assumptions in link level simulation is considered as start point.
-  Other values/options are not precluded and subject to future discussion.
 Table: Coverage evaluation assumptions
	Parameters
	Assumptions

	R2D/D2R common parameters

	Carrier frequency
	Refer to link budget template

	SCS
	15 kHz as baseline

	Block structure
	Preamble + payload + CRC, to be reported by companies
Blocks as agreed in 9.4.2.3, or other blocks reported by companies

	Channel model
	<Editor’s Note: Refer to Proposals in section 3.5.3 will be updated according to the agreements made for channel model>

	Delay spread
	[30, 150] ns 

	Device velocity
	3 km/h

	Number of Tx/Rx chains for Ambient IoT device
	1

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

	
	Number of TXRUs
	[2 or 4] 2 or 4

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

	
	Number of TXRUs
	[1 or 2] 1 or 2

	Reference data rate
	[0.1, 1, 5] kbps

	Message size
	· D2R:  
· [FFS: 16, 96, 400 bits]
· R2D: 
· [FFS: 16, 32, 64, 400bits]

	BLER target
	1%, 10%

	Sampling frequency
	<Editor’s Note: Refer to Proposals in section 3.5.3 will be updated according to the agreements made for channel model Sampling frequency >

	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

	Transmission bandwidth
	180 kHz as baseline

	FFS: RF-ED bandwidth
	[X MHz]

	FFS: BB LPF
	[X]-order Butterworth filter with cutoff frequency at [Y] kHz

	Waveform
	OOK waveform generated by OFDM modulator

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

	Line code
	Companies to report, e.g., Manchester, PIE

	FEC
	No FEC as baseline

	ADC bit width
	1-bit for device 1
4-bit for device 2

	Detection/decoding method for Line code
	Companies to report

	D2R specific parameters

	Transmission bandwidth
(w.r.t. D2R data rate)
	15 kHz as baseline
For Device 1 and 2a, 15 kHz as baseline 
For Device 2b, [180] kHz as baseline
[FFS: 15kHz, 180kHz]

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

	Modulation
	Companies to report modulation, e.g., OOK, BPSK, BFSK

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

	FEC
	Companies to report, e.g., CC, No FEC

	ADC bit width
	Companies to report, e.g., 11-bit

	D2R receiver 
	FFS: Reader receiver, e.g., coherent receiver / non-coherent receiver

	Other assumptions

	Other assumptions
	To be reported by company

	Note: 
 -           Companies to report required SINR according to BLER target.






Reference data rate:
For R2D, when using OFDM-based OOK signals, the data rate can be determined by the subcarrier spacing of the OFDM signal and the number of chips assigned to each OFDM symbol. For instance, in the case of OOK-1, the data rate can be calculated as (the length of one OFDM symbol including CP)-1 = (71.4 usec)-1, resulting in approximately 14kbps. When using Manchester line coding, the data rate can be calculated as 14/2 = 7 kbps. To achieve a lower data rate with OFDM-based OOK waveform, two approaches can be considered: (1) using a smaller subcarrier spacing (e.g., 7.5 kHz or 3.75 kHz SCS), and (2) utilizing multiple OFDM symbols to represent a single data symbol while using 15 kHz SCS. Using a smaller subcarrier spacing may require a new frame structure design. Therefore, using multiple OFDM symbols to represent a single data symbol (i.e., 0 or 1) can be beneficial for simplifying system design. In addition, in this case, line coding with subcarrier modulation can be easily supported with multiple OFDM symbols for a lower code rate, if needed, e.g., be used for avoid inference if needed. Figure 1 illustrates a waveform of OOK-1 using a 15 kHz SCS and achieving 7 kbps, and a waveform achieving 1.75 kbps where four OFDM symbols constitute one chip. 
 
[image: ]
Figure 1. OFDM-based OOK waveform with 15 kHz SCS
Observation 1. For R2D, when using a 15 kHz SCS OFDM-based OOK-1 with Manchester line coding, the achievable data rate is 7 kbps if CP is included as data.
Observation 2. For R2D, to achieve a lower data rate than 7 kbps with OFDM-based OOK waveform, (1) using a lower subcarrier spacing than 15 kHZ or (2) mapping multiple OFDM symbols to a single data symbol while using 15 kHz SCS can be considered.

Proposal 1. For the sake of simplicity, for R2D, mapping multiple consecutive OFDM symbols to a single ship can be considered for the evaluation.  

For R2D transmission, the following agreement on CP handling was reached at the last meeting:
	Agreement 
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· Method Type 1: Removal of CP at device without specified transmit-side 
· FFS: How device determines the CP location
· FFS: Impact on feasibility of device SFO
· FFS: relation to M, if any
· Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
· FFS: relation to M, if any
· FFS: Detail of relationship to line code codewords
· FFS: Impact on feasibility of device SFO
· [Other method types are not precluded]
· Study of the methods should include e.g.:
· CP impact on R2D timing acquisition, and decoding & performance of PRDCH
· Reader and device implementation complexities
· Interference between R2D and NR DL/UL if in the same NR band


Based on the agreement above, there are two possible approaches to CP handling: (1) CP duration is considered in the data transmission time. (2) CP duration is not considered in the data transmission time. Depending on these approaches, the data rate for an OFDM-based OOK waveform can be calculated differently. For example, the data rates for the duration of 71.4 us  including CP and 66.7 us not including CP are calculated as 7 kbps and 7.5 kbps, respectively. Therefore, for R2D transmission, the data rate needs to be calculated based on the CP handling approach. 

Observation 3. For R2D transmission, the data rate can be differently calculated depending on CP handling approaches.
Proposal 2. For R2D transmission, set the reference data rates separately depending on CP handling approaches for the evaluation purpose. 

CINR/CNR for R2D:
During the last post-email discussion, the following was agreed upon: 
	Agreement (RAN1#116b) Post email discussion
For the R2D LLS for ED,  the following is considered as start point, report followings (as start point).
· CINR/CNR in LLS, where CINR/CNR is defined as the ratio of signal power spectral density in the transmission bandwidth to the noise and/or interference (if any) power spectral density in the device ED channel bandwidth.
· signal transmission bandwidth
· ED channel bandwidth
FFS: exact definition of ED channel bandwidth for RF-ED, IF, ZIF receiver
FFS: which and how to report for R2D ZIF receiver and D2R



This agreement ensures that the results submitted by companies are standardized and comparable, even if they have different values for the ED bandwidth. Using signal power spectral density instead of power itself provides a normalized metric, allowing for a more accurate assessment of coverage performance. However, in the definition of CINR/CNR, there remains ambiguity about how “signal power” can be defined. Specifically, the signal power can be defined using the following options:
· Option 1: Both signal power and noise are calculated over only the ON duration of OOK signal.
· Option 2: Both signal power and noise are calculated over the entire duration of OOK signal, including ON duration and OFF duration. 
If signal power spectral density is calculated based on Option 1, which means the noise over the OFF duration is not counted. In this case, assuming the signal power is 1 and the noise is also 1, then CNR equals 0dB. In the case of Option 2, the OFF duration, during which no signal is transmitted, is included in the calculation of signal power and noise. Therefore, if the power spectral density is 1 during the ON duration and 0 during the OFF duration, and if the noise is 1 for both the ON and OFF durations, the CNR is -3dB. With Option 2, the CNR will be impacted by the ratio of ON/OFF duration. If the different line code has different duty cycle, e.g. PIE code and Manchester code, it is difficult to directly compare the performance using CNR/CINR versus BLER curve, while Option 1 can directly provide performance comparison since the power density is not related to the type of line code. 
In addition, in typical communication systems, the limitation of the maximum transmission power is determined by the duration when the signal is actually transmitted, excluding the duration when no signal is transmitted. . The max transmission power does not change according to the different ratios of ON/OFF duration. Taking a legacy TDD system as an example, it is unaffected by UL/DL configurations. Therefore, Option 1 accommodates practical situations should be used for performance comparison of different line coding, as well as DL link budget calculation. 
Observation 4. The current definition of CINR/CNR for R2D still contains ambiguities regarding the definition of signal power.
Proposal 3. CINR/CNR for R2D should be defined using Option 1 to ensure that all evaluations are based on uniform criteria:
· Option 1: Both signal power and noise are calculated over only the ON duration of OOK signal.


CINR/CNR for D2R and the modulation factor:
Similar to R2D, it is necessary to define CINR/CNR to allow for a uniform comparison of coverage performance. For D2R, CINR/CNR is defined for OOK and BPSK. Regarding the definition of signal power, the following options can be considered:
· Option 1: Both signal power and noise are calculated over the duration when the signal is actually transmitted. That is, for OOK, only the ON duration of the signal is counted for the calculation. With this option, CINR/CNR values can be the same regardless of the modulation scheme used by a tag (i.e., OOK and BPSK). In addition, CINR/CNR values can also be treated as the received carrier wave signal to noise ratio at all times. This reflects the practical situations where, regardless of the modulation scheme, the power of carrier wave remains the same with the same CINR/CNR. 
· Option 2: Both signal power and noise are calculated over the entire duration, including when no signal is transmitted. That is, for OOK, the ON and OFF durations of the signal are included in the signal power and noise calculations. With this option, the signal power is the average power over the duration of the data symbol. Note that CINR/CNR values can be different depending on whether it is OOK or BPSK. In addition, they may vary according to the ON duration percentage. 
Among the above two options, using Option 1 has the advantage of reflecting all potential losses due to OOK modulation (i.e., a 3dB loss due to the ON/OFF duration and aother approximately 3dB loss due to DC removal, as illustrated in Figure 2) in LLS, while also expecting the same signal power regardless of the choice of modulation. Therefore, it is advisable to define the CINR/CNR based on Option 1 for D2R in link-level simulations. For device 2b, Option 1 can be applied in the same manner by calculating the signal power and noise only for the ON duration where the signal is actually transmitted. 
On the other hand, if Option 2 is selected for the definition of CINR/CNR, a 3dB loss due to the modulation, i.e. OOK, can be considered if the ON duration is 50 %. However, if the ratio of the ON duration changes, the loss should be calculated and reported based on the percentage by companies. 
Moreover, if a combined 6 dB modulation loss is assumed (i.e., a 3 dB loss due to the ON/OFF duration and another 3dB loss due to DC removal), it is quite challenging to define and model the signal power in terms of CINR/CNR. Therefore, the modulation loss due to DC removal should not be considered separately but should be taken into consideration in the overall link level simulation. 
[image: ]
Figure 2. Impact of the ON/OFF duration and DC removal on OOK signal loss

Observation 5. The modulation factor may or may not be independent of the modulation scheme, depending on the definition of CINR/CNR. 
Proposal 4. For D2R transmission, CINR/CNR should be defined such that both signal power and noise are calculated only over the duration when the signal is actually transmitted; specifically, the ON duration for OOK and the entire duration for BPSK. 

Timing acquisition and remaining SFO:
	Agreement 
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period



In AIoT system, the timing for R2D and D2R transmissions can be acquired using a preamble, which is defined as a timing acquisition signal. According to the SID, AIoT tags have an initial SFO of 10X ppm. Consequently, this initial SFO will be compensated to a certain extent through the timing acquisition process based on the preamble. However, the extent of this compensation depends on the device type and the algorithm used for timing acquisition. It is notable that even when the same algorithm is used, its performance may vary depending on the architecture of a tag. Therefore, studying how much initial SFO correction can be achieved based on device type and utilized algorithms can enhance the reliability of coverage evaluation.

Proposal 5. For D2R transmission, study how much initial SFO correction can be achieved based on device type and utilized algorithms.  

Initial Sampling Frequency Offset
At RAN1#116, the device types were agreed as follows:
	Agreement 
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.



According to the SID [1], the initial SFO values up to 10X ppm for device 1 and device 2 should be determined within the working group discussion. Considering that conventional RFID tag has an SFO value ranging between 4% to 22%, as specified in [2], it seems justifiable to consider a SFO level of 105. 
 
Proposal 6. The following sampling frequency offset are considered in the link level simulation.
Initial sampling frequency offset (SFO) = [105] ppm

For the sampling frequency, taking into account that either the basestation or UE could perform R2D transmission, and considering the tag’s capability, it appears sensible to initiate the discussion at 1.92 Msps.

Proposal 7. 1.92Msps is considered in the link level simulation as the sampling rate for tag. 

2.1.2 Link-budget Template
In the last meeting, an initial agreement was reached regarding the link-budget template as follows:
	Agreement (RAN1#116b)
The table below is agreed (except for the yellow part)
	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)

	(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
· 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
· FFS: additional constraints on PSD
· FFS: For UE in DL spectrum for indoor
· For UL spectrum for indoor, 
· 23dBm (M)
· FFS: 26dBm(O)

Other value sare NOT precluded subject to future discussion.


	· For device 1/2a:
· D2R-CWRxPower-Alt1:
· Company to report CW Tx/Rx power together with CW2D distance (see [1E1]~[1E5])
· D2R-CWRxPower-Alt2:
· Balanced MPL/distance (see [1E1]~[1E5], and subject to [1E3] = = [4B])
· For device 2b:
· D2R-dev2bTxPower-Alt1: -10 dBm(O)
· D2R-dev2bTxPower-Alt2: -20 dBm(M)

Other values are NOT precluded subject to future discussion.

	[1E1]
	CW Tx power (dBm)
	N/A
	· 23dBm for UL spectrum, FFS 26dBm
· 33dBm(M), 38dBm (O) for DL 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 D2R-CWRxPower-Alt1:
· [Company to report]
· For D2R-CWRxPower-Alt2:
· Calculated
Note: only applicable for device 1/2a

	[1E4]
	CW2D pathloss (dB)
	N/A
	Calculated
Note: only applicable for device 1/2a

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

	[1F]
	Transmission Bandwidth used for the evaluated channel (Hz)
	180k(M), 
360k(O), 
1.08MHz(O)
	UL data rate: xx bps

FFS: data rate for each case

	[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)

	[1H]
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., 
· impedance mismatch
· Modulation factor
	N/A
	· OOK: Y dB
· PSK: X dB
Note: Only for device 1
FFS: for device 2a

	[1J]
	FFS: Ambient IoT on-object antenna penalty
	· 0.9dB or 10.4
	· 0.9dB or 10.4

	[1K]
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· 10 dB (M)
· 15 dB (O)
Note: Only for device 2a

	[1N]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	FFS
	N/A

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

	(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)
	FFS: relation with the transmission bandwidth used for the evaluated channel
	· FFS: whether the values are single side-band or double side-band
· Note: The value is used for calculating the noise power
FFS: relation with the transmission bandwidth used for the evaluated channel

	[2B1]
	FFS: RF CBW (Hz)
	FFS:
· 10MHz
· 20MHz
· Other values
Note: The value is used for calculating the noise power 
	N/A

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

	[2X]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	N/A
	FFS

	[2D]
	Receiver Noise Figure (dB)
	FFS: 20dB or 24dB or 30dB for Budget-Alt2
FFS: different values for device architecture
	For BS as reader
· 5dB
For UE as reader
· 7dB

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

	[2F]
	Noise Power (dBm)
	Calculated
	Calculated

	[2G]
	Required SNR
	Reported by company
	Reported by company

	[2H]
	FFS: Ambient IoT on-object antenna penalty
	· 0.9dB or 10.4
	· 0.9dB or 10.4

	[2J]
	Budget-Alt1/ Budget-Alt2
	For R2D link in the coverage evaluation, for device 1
· Budget-Alt1 is used (note: receiver architecture is RF ED)
FFS: device 2
	Budget-Alt2

	[2K]
	CW cancellation (dB)
	N/A
	For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
· Assuming CW has no impact to the receiver sensitivity loss. 

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

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

	[2L]
	Receiver Sensitivity (dBm)

	For Budget-Alt1, 
· For device 1 (RF-ED),
· FFS:{-30dBm ~ -36dBm}

· For device 2 if RF-ED is used
· FFS

· For device 2 if RF-ED is not used
· N/A


For Budget-Alt2, 
· Calculated


	Calculated

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 (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	TBD
	TBD

	[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
	Calculated

	4B
	Distance (m)
	Calculated
	Calculated



<Editor Notes: Note 1 will be updated once the table has stabilized >
Note1: calculated values in the Table XXXX are derived according to the followings, 
· 1E
· For D2R, and device 1/2(backscatter), whether this value is need (not regarded as an input variable but regarded as indirect variable), or based on backscatter activation power threshold
· 1M
· For R2D,  
· For D2R, 
· Device 1: 
· Device 2a: 
· Device 2b: 
· 2F: 
· 2L
· For R2D and Budget-Alt1, [2L] = [2H]
· For R2D and Budget-Alt2, [2L] = [2G]+[2F]
· For D2R and Budget-Alt2, Refer to section [xxx] (Proposal [P4-3])
· 4A
· 
· 4B is derived from pathloss model 
· Refer to section [XXX] (Proposal [P4-3-2])

Note2: (M) denotes the value is mandatory to be evaluated. (O) denotes the value can be optionally evaluated.



EIRP
Transmission EIRP is determined by transmission power and antenna gain. Using the current values listed in the table, it is possible to achieve an EIRP of up to 44 dBm (38+6) for BS in DL spectrum. However, transmitting a signal with such high EIRP, especially through a very small bandwidth like 180 kHz, can lead to signal leakage into adjacent channels, casing significant coexistence issues. This problem can be particularly severe in in-band deployment scenario. Even in standalone deployments where the importance of coexistence issues may be less significant, considering the effects of exposure to high-power signals on the human body in indoor environments, such high EIRP can still pose problems. Thus, it is necessary to impose restrictions by setting a maximum value for the transmission EIRP. Alternatively, by considering PSD limitations, the transmission of signal with high EIRP can be regulated. For the maximum EIRP, we can start the discussion with the limits specified for EPC GEN2 RFID in the UHF spectrum (860 to 960 MHz), which allows a maximum 4W ERP, equivalent to 36 dBm EIRP. This limit of 36 dBm could initially be applied to the maximum EIRP for BS in the DL spectrum. In addition, the restriction should equally apply to CW transmissions in DL spectrum. 

Observation 6. Excessively high EIRP such as 44 dBm can cause issues such as signal leakage into adjacent channels or adverse effects on the human body. 
Proposal 8. To prevent problems caused by excessively high EIRP, one of the following restrictions can be applied: (1) setting a maximum limit for EIRP, (2) PSD limitation.

Ambient IoT backscatter loss
According to the currently agreed-upon link budget template, backscatter loss takes into account losses due to impedance mismatch and the modulation factor. In the case of the modulation factor, it can be understood as follows for OOK and BPSK:
· OOK: OOK modulation differentiates data through ON and OFF durations. During the OFF duration, no signal is transmitted, resulting in potential losses. Assuming a 50% ON duration and 50% OFF duration, a loss of 3 dB can be expected. Additionally, the OOK waveform includes a DC component, which can be removed at the receiver side. This DC removal can result in another approximate loss of 3 dB. Based on this understanding, a total modulation loss of 6 dB for OOK can be predicted. 
· BPSK: In the case of BPSK, there is no OFF duration, and data is differentiated by changing the phase of a constant amplitude signal during transmission. Additionally, the BPSK waveform does not include a DC component. Therefore, a 0 dB loss due to the modulation factor can be expected for BPSK. 
When it comes to impedance mismatch which includes material reflection loss (e.g., the absorption or diffusion of signal during reflection), from over view, a 2 dB loss can be considered for both modulation schemes. 
However, the modulation factor can result in different values being reflected in the link-budget template depending the options for CINR/CNR definition, as illustrated in ‘CINR/CNR for D2R and the modulation factor’ in section 2.1.1. To summarize, it is reasonable to follow Option 1, as mentioned above, since this option allows for a modulation-independent CINR/CNR standard to be shared, which is effective for comparing coverage results from companies. Therefore, the loss from modulation can be reflected in the link-level simulation, not in the link-budget template resulting in a 2 dB backscatter loss for OOK and BPSK both. 

Proposal 9. Ambient IoT backscatter loss is defined as follows in the link-budget template.
· Budget-Alt1: 8 dB for OOK and 2 dB for BPSK
· Budget-Alt2: 2 dB for OOK and BPSK based on Option 1 for CINR/CNR definition.

Receiver Noise figure
In the previous meeting, the receiver noise figure for Budget-Alt 2 has been remained FFS. The noise figure is a metric used to quantify the amount of noise that is added to a signal. It can be a specific parameter for a device in the signal chain like LNA, mixer, amplifier, and filters. When there are N cascaded components, the noise figure, F [dB], can be calculated using the Friis’ formula where FX and GX correspond to the noise figure and gain values for the X-th component, respectively. Using the formula, the noise figure of AIoT device 2 can be calculated. The calculation takes into account the architecture shown in Figure 4, and the LNA can be substituted with a reflection amplifier. For LNA, assume a gain of 10 dB and a noise figure of 1 dB. Therefore, G1 and F1 are respectively 10 and 1.26 on a linear scale. For the envelope detector and filter, assume a gain and noise figure of 0 dB. For ADC, it is possible to calculate the noise figure using the formula for ADC SNR. SNR of ADC [dB] is calculated as 6.02N+1.76, where N represents the number of bits in ADC. Assuming a 4-bit ADC for device 2, the resulting SNR value is 25.84 dB. Assuming an input power of approximately - 1 dBm, the noise power for the ADC is N0 = -26.84 dBm. Calculating PSD, we get No = - 26.84 -10log(1 MHz) = - 86.84 dBm/Hz, which is based on a 1MHz bandwidth. Therefore, F3 is calculated as log(No) + 174 dBm = -86.84 + 174 = 87.16 dB. Thus, according to Friis’ formula, F can be calculated to be approximately 77.2 dB. 

[image: ]
Figure 3. N cascaded components


Formula 1. Friis’ Formula

[image: ]
Figure 4. AIoT device 2 receiver
Proposal 10. 77.2 dB is used for the receiver noise figure of device 2.

Receiver sensitivity for Budget-Alt 1
For receiver sensitivity, Budget-Alt1 and Budget-Alt2 can be considered according to the first agreement below. 
	Agreement 
For this study item, the coverage evaluation methodology is based on the following steps. 

For an evaluation scenario
· For each of the link i, 
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements if Budget-Alt2 is used for this link i.
· Step 2: Obtain the receiver sensitivity using the method Budget-Alt1 (if a predefined threshold is assumed to derive the receiver sensitivity) or Budget-Alt2 (if no predefined threshold is assumed to derive the receiver sensitivity).
· Step 3: Obtain the coverage performance for link i based on the receiver sensitivity from step 2 and link budget template.
· The coverage results for each link are provided.
· FFS: what links are evaluated besides R2D and D2R (e.g., RF-EH)
· FFS whether/how to model the interferenceFFS: for which device(s) a predefined threshold is assumed

Note the following alternatives for obtaining receiver sensitivity are defined, 

· Budget-Alt1: receiver sensitivity is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the received sensitivity and maximum transmit power, and directly calculate the maximum distance / pathloss based on these values and other related parameters. The link-level simulation (LLS) performances, such as required SINR can be satisfied for such case and no LLS is needed for link budget calculation.

· Budget-Alt2: receiver sensitivity is derived by required SINR which is given by LLS results 
· The results rely on link-level simulation results, e.g., required SINR which corresponds to detail LLS assumptions (e.g., BW, coding, data rate). And based on the required SINR, the received sensitivity can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.


The receiver sensitivity of Budget-Alt1 is independent of the transmission scheme, such as modulation and data rate, and a requirement from the perspective of a tag to detect and appropriately receive signals for data reception. The receiver sensitivity can significantly impact the coverage performance of the tag, which makes the use of realistic values essential for evaluating the actual performance of AIoT systems. From our understanding, a good starting point for the receiver sensitivity for device 1 could be -30 dBm for device 1 and -40 dBm for device 2, respectively.
Proposal 11. – 30 dB for device 1 and – 40 dB for device 2 are used for the receiver sensitivity in Budget-Alt2.

Receiver Amplifier Gain [dB]
According to the discussion in section 9.4.1.2, it was agreed that for device 2a, the reflection amplifier can be considered in one-way or two-way amplification. For device 2b, the use of an LAN and PA is currently under FFS. Therefore, based on the discussion, the receiver amplifier gain should be considered for at least device 2a. However, this has not been taken into account in the current link budget template. Therefore, the receiver amplifier gain can be added as a new item.

Proposal 12. Add receiver amplifier gain to the link-budget template.
Receiver amplifier gain [dB] = 0 dB for device 1, 10 dB for device 2a and FFS for device 2b.



2.1.3 Preliminary results
In this section, we describe the initial results of the coverage evaluation.
R2D coverage evaluation 
For device 1, R2D coverage can be evaluated using Budget-Alt1:
· [Case 1] D1T1, EIRP = 35 dBm, Receiver sensitivity = -30 dBm, InF-DH NLOS: 14.27 m
· [Case 2] D1T1, EIRP = 23 dBm, Receiver sensitivity = -30 dBm, InF-DH NLOS: 4.04 m
· [Case 3] D2T2, EIRP = 23 dBm, Receiver sensitivity = -30 dBm, InF-DL NLOS: 5.05 m
· [Case 4] D2T2, EIRP = 23 dBm, Receiver sensitivity = -30 dBm, InH-Office LOS: 7.89 m
Observation 7. For device 1, R2D coverage can range from 4 to 14 m in D1T1 and from 5 to 8 m in D2T2.

	No.
	Item
	Device 1
	Device 1
	Device 1
	Device 1

	　
	Cell area reliability (%)
	　
	　
	　
	　

	(0) System configuration
	　
	　
	　
	　

	0C
	Center frequency (GHz)
	0.90
	0.90
	0.90
	0.90

	(1) Transmitter
	　
	　
	　
	　

	1E
	Total Tx Power for occupied BW (dBm) 
    - For BS in DL spectrum for indoor
         o 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
         o FFS: additional constraints on PSD
    - FFS: For UE in DL spectrum for indoor
    - For UL spectrum for indoor, 
         o 23dBm (M)
         o FFS: 26dBm(O)
    - Other value sare NOT precluded subject to future discussion.
	33
	23
	23
	23

	1F
	Transmission Bandwidth used for the evaluated channel (Hz)
    o 180k (M), 
    o 360k (O), 
    o 1.08MHz (O)
	180
	180
	180
	180

	1G
	Tx antenna gain (dBi)
    - For BS for indoor, 6 dBi(M), 2dBi(M)
    - For intermediate UE, 0 dBi
	2
	0
	0
	0

	1N
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	0
	0
	0
	0

	1M
	EIRP (dBm)
[1M] = [1E] + [1G]
	35
	23
	23
	23

	(2) Receiver
	　
	　
	　
	　

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	1
	1
	1
	1

	2B-1
	Bandwidth used for the evaluated channel (Hz)
FFS: relation with the transmission bandwidth used for the evaluated channel
Note. This values is related to ED bandwidth in LLS assuptions
	　
	　
	　
	　

	2B-2
	FFS: RF CBW (MHz) 
    o 10MHz
    o 20MHz
    o Other values
    o Note: The value is used for calculating the noise power 
	20
	20
	20
	20

	2C
	Receiver antenna gain (dBi)
    o 0 dBi (M)
    o -3 dBi (O)
	0
	0
	0
	0

	2E
	Thermal Noise(dBm/Hz)
	-174
	-174
	-174
	-174

	2J
	Budget-Alt1/ Budget-Alt2
    o For R2D link in the coverage evaluation, for device 1
        - Budget-Alt1 is used (note: receiver architecture is RF ED)
    o FFS: device 2
	Alt1
	Alt1
	Alt1
	Alt1

	2L
	Receiver Sensitivity (dBm)
    o For Budget-Alt1, 
        - For device 1 (RF-ED),
            * FFS:{-30dBm ~ -36dBm}

        - For device 2 if RF-ED is used
            * FFS

        - For device 2 if RF-ED is not used
            * N/A


    o For Budget-Alt2, 
        - Calculated: [FFS] 
            * For R2D and Budget-Alt1, [2L] = [2H]
            * For R2D and Budget-Alt2, [2L] = [2G]+[2F]
            * For D2R and Budget-Alt2, Refer to section [xxx] (Proposal [P4-3])
	-30
	-30
	-30
	-30

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4
	4
	7.2
	3

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

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

	3D
	Other gains (dB) (if any please specify)
	0
	0
	0
	0

	　
	(4) MPL / distance
	InF-DH
	InF-DH
	InF-DL
	InH-Office

	4A
	MPL (dB)
	58
	46
	42.8
	47

	4B
	Distance (m)
	14.27
	4.04
	5.05
	7.89


 Table 1. Link budget template for R2D coverage evaluation of Device 1

For device 2, it is necessary to calculate and compare Budget-Alt1 and Budget-Alt2 to evaluate R2D coverage. Note that device 2 may have lower receiver sensitivity compared to Device 1 in the case of Budget-Alt1. Figure 5 shows the BLER performance of device 2 for R2D coverage evaluation, using OFDM-based OOK-1 waveform with a data rate of 7 kbps. The other assumptions are summarized in Table 2. The coverage is evaluated both when initial SFO is compensated down to 104 ppm and when there is no SFO. The required CNR for 1% and 10% BLER targets are as follows:
· SFO = 0 ppm, 10 % BLER target: required CNR = -4 dB
· SFO = 0 ppm, 1% BLER target: required CNR = 5.5 dB
· SFO = 104 ppm, 10% BLER target: required CNR = 0 dB
· SFO = 104 ppm, 1% BLER target: required CNR = 13 dB

	Parameters
	Assumptions

	R2D/D2R common parameters

	Block structure
	Payload

	Delay spread
	30 ns 

	Reference data rate
	7 kbps (OOK-1)

	Message size
	16 bits including CRC

	BLER target
	1%, 10%

	Sampling frequency
	1.92 Mbps

	Device 1/2a/2b
	Device 2 with RF-ED

	R2D specific parameters

	Transmission bandwidth
	180 kHz as baseline

	FFS: RF-ED bandwidth
	360 kHz

	FFS: BB LPF
	[3]-order Butterworth filter with cutoff frequency at [90] kHz


Table 2. Link level simulation assumption for R2D coverage evaluation
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Figure 5. BLER performance of R2D transmission
For InF-DH pthloss model, the coverage performance based on the required CNR values above is presented in Table 3. The value of noise figure was used as -77.2 dB + 10 dB (receiver amplifier gain) = -67.2 dB. However, as previously mentioned, this receiver amplifier gain should be treated as a separate item.
· [Case 1] D1T1, EIRP = 35 dBm, Receiver sensitivity = -40 dBm for Budget-Alt1, InF-DH NLOS: 40.85 m
· [Case 2] D1T1, EIRP = 35 dBm, Required CNR = -4 dB for Budget-Alt2, InF-DH NLOS: 32.38 m
· [Case 3] D1T1, EIRP = 35 dBm, Required CNR = 5.5 dB for Budget-Alt2, InF-DH NLOS: 11.93 m
· [Case 4] D1T1, EIRP = 35 dBm, Required CNR = 0 dB for Budget-Alt2, InF-DH NLOS: 21.26 m
· [Case 5] D1T1, EIRP = 35 dBm, Required CNR = 13 dB for Budget-Alt2, InF-DH NLOS: 5.42 m
Through these evaluation results, we can see that using Budget-Alt1 may not be the appropriate method for evaluating coverage for Device 2, considering various factors such as receiver noise figure and SFO compensation capabilities. Therefore, it is necessary to evaluate and compare the coverage for both Alt 1 and Alt 2 for at least device 2.
Observation 8. In the case of Device 2, depending on the transmission scheme and SFO assumptions used in R2D transmission, either Budget-Alt1 or Budget-Alt2 can determine the coverage.
Proposal 13. For Device 2, the receiver sensitivity should be calculated and compared based on both Budget-Alt1 and Budget-Alt2.


	No.
	Item
	Device 2
	Device 2
	Device 2
	Device 2
	Device 2

	　
	Cell area reliability (%)
	　
	　
	　
	　
	　

	(0) System configuration
	　
	　
	　
	　
	　

	0C
	Center frequency (GHz)
	0.90
	0.90
	0.90
	0.90
	0.90

	(1) Transmitter
	　
	　
	　
	　
	　

	1E
	Total Tx Power for occupied BW (dBm) 
    - For BS in DL spectrum for indoor
         o 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
         o FFS: additional constraints on PSD
    - FFS: For UE in DL spectrum for indoor
    - For UL spectrum for indoor, 
         o 23dBm (M)
         o FFS: 26dBm(O)
    - Other value sare NOT precluded subject to future discussion.
	33
	33
	33
	33
	33

	1F
	Transmission Bandwidth used for the evaluated channel (Hz)
    o 180k (M), 
    o 360k (O), 
    o 1.08MHz (O)
	180
	180
	180
	180
	180

	1G
	Tx antenna gain (dBi)
    - For BS for indoor, 6 dBi(M), 2dBi(M)
    - For intermediate UE, 0 dBi
	2
	2
	2
	2
	2

	1N
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	0
	0
	0
	0
	0

	1M
	EIRP (dBm)
[1M] = [1E] + [1G]
	35
	35
	35
	35
	35

	(2) Receiver
	　
	　
	　
	　
	　

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	1
	1
	1
	1
	1

	2B-1
	Bandwidth used for the evaluated channel (Hz)
FFS: relation with the transmission bandwidth used for the evaluated channel
Note. This values is related to ED bandwidth in LLS assuptions
	　
	　
	　
	　
	　

	2B-2
	FFS: RF CBW (MHz) 
    o 10MHz
    o 20MHz
    o Other values
    o Note: The value is used for calculating the noise power 
	20
	20
	20
	20
	20

	2C
	Receiver antenna gain (dBi)
    o 0 dBi (M)
    o -3 dBi (O)
	0
	0
	0
	0
	0

	2X
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	N/A
	N/A
	N/A
	N/A
	N/A

	2D
	Receiver Noise Figure (dB)
FFS: 20dB or 24dB or 30dB for Budget-Alt2
FFS: different values for device architecture
	-
	67.2
	67.2
	67.2
	67.2

	2E
	Thermal Noise(dBm/Hz)
	-
	-174
	-174
	-174
	-174

	2F
	Noise Power (dBm)
FFS: [2F] = [2E] + [2D] + 10log10([2B])
	-
	-33.8
	-33.8
	-33.8
	-33.8

	2G
	Required SNR
    o Reported by companies 
	-
	-4
	5.5
	0
	13

	2J
	Budget-Alt1/ Budget-Alt2
    o For R2D link in the coverage evaluation, for device 1
        - Budget-Alt1 is used (note: receiver architecture is RF ED)
    o FFS: device 2
	Alt1
	Alt2
	Alt2
	Alt2
	Alt2

	2L
	Receiver Sensitivity (dBm)
    o For Budget-Alt1, 
        - For device 1 (RF-ED),
            * FFS:{-30dBm ~ -36dBm}

        - For device 2 if RF-ED is used
            * FFS

        - For device 2 if RF-ED is not used
            * N/A


    o For Budget-Alt2, 
        - Calculated: [FFS] 
            * For R2D and Budget-Alt1, [2L] = [2H]
            * For R2D and Budget-Alt2, [2L] = [2G]+[2F]
            * For D2R and Budget-Alt2, Refer to section [xxx] (Proposal [P4-3])
	-40
	-37.8
	-28.3
	-33.8
	-20.8

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4
	4
	4
	4
	4

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

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

	3D
	Other gains (dB) (if any please specify)
	0
	0
	0
	0
	0

	　
	(4) MPL / distance
	InF-DH
	InF-DH
	InF-DH
	InF-DH
	InF-DH

	4A
	MPL (dB)
	68
	65.8
	56.3
	61.8
	48.8

	4B
	Distance (m)
	40.85
	32.38
	11.93
	21.26
	5.42


Table 3. Link budget template for R2D coverage evaluation of Device 2

D2R coverage evaluation
The BLER performance of D2R transmissions is evaluated in link level simulation, as shown in Figure 6. In this evaluation, two configurations with a main difference in packet size and target data rate are evaluated, and the BLER performance between D2R encoding schemes of Manchester encoding and Miller-2 encoding are compared. Further details of the evaluation are provided in Appendix.
It can be observed that in configuration 1 with 0.1 kbps target data rate and 16 bits packet size, for Manchester encoding, the target BLER of 10% and 1% correspond to -8 dB CNR and 2 dB CNR, respectively, and for Miller-2 encoding, the target BLER of 10% and 1% correspond to -4 dB CNR and 4.7 dB CNR, respectively. In configuration 2 with 5 kbps target data rate and 400 bits packet size, for Manchester encoding, the target BLER of 10% and 1% correspond to -5 dB CNR and 4 dB CNR, respectively, and for Miller-2 encoding, the target BLER of 10% and 1% correspond to -1.1 dB CNR and 6.5dB CNR, respectively.
[image: ]
(i) Configuration 1: 0.1kbps target data rate, 16 bits message
[image: ]
(ii) Configuration 2: 5kbps target data rate, 400 bits message
Figure 6. BLER performance of non-multiplexed and FDMA-based D2R transmissions

D2R performance with line code
The BLER performance of FDMA-based multiple D2R transmissions are evaluated comparing with non-multiplexing case, as shown in Figure 7. In this evaluation, Miller encoding is used to evaluate the BLER performance of single device using Miller-4, Miller-8, Miller-16, respectively, and BLER performance of multiplexed three devices using Miller-4, Miller-8, Miller-16, respectively, to justify the link level BLER performance loss of FDMA-based D2R transmissions. This evaluation uses AWGN channel, pathloss model of UMi-LOS, 33dBm transmission power of carrier wave, payload size of 25 bits. 5 dB noise figure is added during CNR calculation. Further details of the evaluation are provided in the Appendix.
It can be observed that for each Miller encoding scheme, 0.1% BLER can be achieved when CNR is about -3dB. 8-Miler and 16-Miler has about 0.1~0.3dB performance degradation comparing with 4-Miler, and negligible performance degradation of FDMA-based transmission comparing with single user case for each coding scheme respectively. In the evolution, no SFO is assumed. 
Observation 9. Miller encoding scheme, 0.1% BLER can be achieved when CNR is about -3dB. With an example of FDMA-based transmissions between three devices using Miller-4, Miller-8, and Miller-16, respectively, the link level BLER performance of FDMA-based case have ~0.3dB loss compared with single use case, which is acceptable performance loss for each user. 

[image: ]
Figure 7. BLER performance of non-multiplexed and FDMA-based D2R transmissions

Considerations on Latency in A-IoT systems
The definition of latency:
	 Proposal#4 (V05)
Conclusion:
 
Companies are encouraged to provide input on the definition of the latency from a single device perspective for two use cases 
· inventory 
· command
considering procedures for inventory and command, related RAN2 discussion, etc
Note: Time for energy harvesting is not included in the definition of latency.



In the last post-email discussion, there was a discussion over the definition of latency. However, due to diverging view, no consensus was reached. According to TR 22.840, the definition of end-to-end latency is as follows: “End to end latency refers to the time taken for an Ambient IoT device to transmit the message.” Furthermore, as per TR 38.848, the one-way end-to-end maximum latency assumes the inclusion of query/triggering time. Based on these definitions, the latency in A-IoT can be defined as the time taken for an ambient IoT device to transmit the message, including the query/triggering time. In the inventory use case, the message transmitted by the tag can be defined as the tag’s inventory information. Therefore, the latency for the inventory use case can be defined as follows: 
For the inventory use case: the time interval between the time that the inventory request is sent from a reader and the time that the inventory message from a tag is successfully received at the reader.
In the case of the command use case, defining the message that the tag transmits to the reader can be ambiguous since he tag may only perform the action in response to the received command without transmitting any specific message back to the reader. Hence, for the command use case, it may be more appropriate to define latency only concerning the reception of the triggering message. Therefore, the latency for the command use case can be defined as follows:
 For the command use case: the time interval between the time that the command is sent from a reader and the time that the command is successfully received at a tag.

Proposal 14. Definition of the latency is refined as follows:
For the inventory use case: the time interval between the time that the inventory request is sent from a reader and the time that the inventory message from a tag is successfully received at the reader.
· The successful reception means that the reader has a successful CRC check in the inventory message. 
For the command use case: the time interval between the time that the command is sent from a reader and the time that the command is successfully received at a tag.
· The successful reception means that the tag has a successful CRC check in the command.
The processing time is not included in latency.

The evaluation of latency and connection/device density:
	Proposal:
 -           The following performance metric is considered for evaluation purpose only,
 o    Inventory completion time for multiple A-IoT devices [s] 
 o    For inventory use case, the  ‘Inventory completion time for multiple A-IoT devices’ is defined as the time a reader successfully read completed the inventory process for [Z]% of A-IoT devices for a given number of reachable A-IoT devices within corresponding coverage by the reader
 o    FFS: Z = {99%(Mandatory), 90%(Optional)}
 o    FFS assumptions for the followings: Company to report
 o    Random access schemes
 o    R2D and D2R data rate
 o    Message size
 o    Device distribution, [near, middle, far] = [TBD%, TBD%, TBD%]
o   [Impact of RF energy harvesting and power consumption]
o   device number
 o    FFS for multiple readers This does not precluded companies to provide results for multiple readers.



A performance metric for multiple tags can be the total time it takes to perform inventory or command process for the entire tags within the coverage. The time can vary based on the system’s connection/device density. For instance, as the density of tags increase, the likelihood of collisions between tags also rises. In addition, the time gap for multiplexing among tags can increase proportionally with the connection density. Evaluating this metric can help understand the overall performance of AIoT system designed for multiple tags. Even if the latency for a tag is very low, factors such as excessive tag density and inadequate multiple access procedures can decrease the overall system performance. 
According to TR 38.848, the latency targets for the AIoT system are defined as a longer latency target of 10 seconds and a shorter latency target of 1 second. However, these are for one-way end-to-end maximum latency targets, which seems to be difficult to set a basis for the evaluations discussed above. Therefore, it may be necessary to set new criteria for performance metrics related to the latency and connection/device density. These criteria could vary depending on the use case.

Proposal 15. Study the evaluation methodology for a performance metric for multiple tags which can be the total time the reader takes to perform inventory or command process for the entire tags.
FFS: a performance criteria for each use case.

3 
3 Conclusion
In this contribution, we made the following observations and proposals:

Observation 1. For R2D, when using a 15 kHz SCS OFDM-based OOK-1 with Manchester line coding, the achievable data rate is 7 kbps if CP is included as data.
Observation 2. For R2D, to achieve a lower data rate than 7 kbps with OFDM-based OOK waveform, (1) using a lower subcarrier spacing than 15 kHZ or (2) mapping multiple OFDM symbols to a single data symbol while using 15 kHz SCS can be considered.
Observation 3. For R2D transmission, the data rate can be differently calculated depending on CP handling approaches.
Observation 4. The current definition of CINR/CNR for R2D still contains ambiguities regarding the definition of signal power.
Observation 5. The modulation factor may or may not be independent of the modulation scheme, depending on the definition of CINR/CNR. 
Observation 6. Excessively high EIRP such as 44 dBm can cause issues such as signal leakage into adjacent channels or adverse effects on the human body. 
Observation 7. For device 1, R2D coverage can range from 4 to 14 m in D1T1 and from 5 to 8 m in D2T2.
Observation 8. In the case of Device 2, depending on the transmission scheme and SFO assumptions used in R2D transmission, either Budget-Alt1 or Budget-Alt2 can determine the coverage.

Proposal 1. For the sake of simplicity, for R2D, mapping multiple consecutive OFDM symbols to a single ship can be considered for the evaluation.  
Proposal 2. For R2D transmission, set the reference data rates separately depending on CP handling approaches for the evaluation purpose. 
Proposal 3. CINR/CNR for R2D should be defined using Option 1 to ensure that all evaluations are based on uniform criteria:
· Option 1: Both signal power and noise are calculated over only the ON duration of OOK signal.
Proposal 4. For D2R transmission, CINR/CNR should be defined such that both signal power and noise are calculated only over the duration when the signal is actually transmitted; specifically, the ON duration for OOK and the entire duration for BPSK. 
Proposal 5. For D2R transmission, study how much initial SFO correction can be achieved based on device type and utilized algorithms.  
Proposal 6. The following sampling frequency offset are considered in the link level simulation.
Initial sampling frequency offset (SFO) = [105] ppm
Proposal 7. 1.92Msps is considered in the link level simulation as the sampling rate for tag. 
Proposal 8. To prevent problems caused by excessively high EIRP, one of the following restrictions can be applied: (1) setting a maximum limit for EIRP, (2) PSD limitation.
Proposal 9. Ambient IoT backscatter loss is defined as follows in the link-budget template.
· Budget-Alt1: 8 dB for OOK and 2 dB for BPSK
· Budget-Alt2: 2 dB for OOK and BPSK based on Option 1 for CINR/CNR definition.
Proposal 10. 77.2 dB is used for the receiver noise figure of device 2.
Proposal 11. – 30 dB for device 1 and – 40 dB for device 2 are used for the receiver sensitivity in Budget-Alt2.
Proposal 12. Add receiver amplifier gain to the link-budget template.
Receiver amplifier gain [dB] = 0 dB for device 1, 10 dB for device 2a and FFS for device 2b.
Proposal 13. For Device 2, the receiver sensitivity should be calculated and compared based on both Budget-Alt1 and Budget-Alt2.
Proposal 14. Definition of the latency is refined as follows:
For the inventory use case: the time interval between the time that the inventory request is sent from a reader and the time that the inventory message from a tag is successfully received at the reader.
· The successful reception means that the reader has a successful CRC check in the inventory message. 
For the command use case: the time interval between the time that the command is sent from a reader and the time that the command is successfully received at a tag.
· The successful reception means that the tag has a successful CRC check in the command.
The processing time is not included in latency.
Proposal 15. Study the evaluation methodology for a performance metric for multiple tags which can be the total time the reader takes to perform inventory or command process for the entire tags.
FFS: a performance criteria for each use case.
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Table A-1 Evaluation assumption for D2R LLS
	Parameters
	Assumptions
	Samsung

	Common parameters
	　
	　

	Carrier frequency
	900 MHz (M);
2 GHz (O)
	Assumption 1
	Assumption 2

	SCS
	15 kHz as baseline
	15 kHz
	15 kHz

	Block structure
	Blocks as agreed in 9.4.2.3, or other blocks reported by companies
	Device 1 in 9.4.2.3
	Device 1 in 9.4.2.3

	Channel model
	For D1T1:
- R2D/D2R: TDL-A;
- FFS CW2D;
For D2T2 InF-DL:
- R2D/D2R: TDL-A;
- FFS CW2D;
For D2T2 InH-Office:
- R2D/D2R: TDL-D;
- FFS CW2D;
	TDL-A
	TDL-A

	Delay spread
	[30, 150] ns
	30 ns
	30 ns

	Device velocity
	3 km/h
	3 km/h
	3 km/h

	Number of Tx/Rx chains for Ambient IoT device
	　
	1
	1
	1

	BS
	Number of antenna elements
	2 or 4
	1
	1

	
	Number of TXRUs
	2 or 4
	1
	1

	Intermediate UE
	Number of antenna elements
	1 or 2
	1
	1

	
	Number of TXRUs
	1 or 2
	1
	1

	Reference data rate
	[0.1, 1, 5] kbps
	0.1
	5

	BLER target
	1%, 10%
	1%, 10%
	1%, 10%

	Sampling frequency
	Note: this will be updated according to the agreements made for sampling frequency
	No oversamping
	No oversamping

	Other assumptions
	To be reported by company
	N/A
	N/A

	D2R specific parameters
	　
	　

	Transmission bandwidth
(w.r.t. D2R data rate)
	[FFS: 15kHz, 180kHz]
	180 kHz
	180 kHz

	Message size
	[FFS: 16, 96, 400 bits]
	16 bits
	400 bits

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

	Modulation
	Companies to report modulation, e.g., OOK, BPSK, BFSK
	OOK
	OOK

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

	FEC
	Companies to report, e.g., CC, No FEC
	N/A
	N/A

	ADC bit width
	Companies to report, e.g., 11-bit
	N/A
	N/A

	D2R receiver
	FFS: Reader receiver, e.g., coherent receiver / non-coherent receiver
	Non-coherent
	Non-coherent

	Other assumptions
	To be reported by company
	N/A
	N/A

	Require SINR/SNR or Required CINR/CNR
	　
	　

	Required SINR/SNR or Required CINR/CNR
	Note: Required SINR/SNR or required CINR/CNR according to BLER target
	CNR
	CNR



Table A-2 Evaluation assumption for D2R performance with line encoding
	System Parameter
	Value

	FFT size
	1024

	CP length
	256

	Subcarrier spacing
	15 [kHz]

	Sampling rate
	15.36 [MHz]

	Channel bandwidth
	55 [RB]

	Noise figure
	5 [dB]

	Total IOT bandwidth
	55 [PRB]

	CW type
	Single-tone

	Data rate
	60 [kbps]

	Payload size
	25 [bit]

	D2R transmission time duration
	~5 CP-OFDM symbols

	Coding schemes
	Miller-4, Miller-8, Miller-16

	BS Tx power of carrier wave
	33 [dBm]

	BS antenna gain
	16 [dBi]

	Tag antenna gain
	0 [dBi]

	Reflection loss
	6 [dB]

	Fading loss margin
	10 [dB]

	Pathloss model
	UMi-LoS
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