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Introduction
In RAN1#116bis meeting, the scenario, topology for D1T1 and D2T2, CW interference modelling, link budget template and LLS assumptions were discussed. Some agreements were made as follows[1]:
	Agreement
For R2D link in the coverage evaluation, for device 1
· Budget-Alt1 is used (note: receiver architecture is RF ED)
For D2R link in the coverage evaluation,
· Budget-Alt2 is used.

Agreement
For D1T1,
· InF-DH NLOS model defined in TR38.901 is used for D2R and R2D links as pathloss model in coverage evaluation.

For D2T2,
InF-DL and InH-Office model defined in TR38.901is used as pathloss model in coverage evaluation,
· NLOS for D2R and R2D links if InF-DL is used
· LOS for D2R and R2D links if InH-Office is used

Agreement
In the link level simulation, considering the following channel model,
For D1T1, TDL-A channel model is used for R2D link and for D2R link for InF-DH scenario.
For D2T2, 
· TDL-A channel model is used for R2D link and for D2R link if InF scenario is considered
· TDL-D channel model is used for R2D link and for D2R link if InH-Office scenario is considered
FFS delay spread for each case.
Agreement
For coverage evaluation, subject to further discussion on which scenarios to evaluate, 
· In the case of CW inside topology with ’A2’ scenarios
· The digital baseband processing of CW self-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.
FFS: In the case of CW outside topology with ‘B’ scenarios or CW inside topology with ’A1’ scenarios
Agreement
The maximum distance targets are set separately for device 1, device 2a, device 2b, respectively
· FFS detailed values and RAN1 can further decide the target within in the range of 10m to 50m after link budget study.
· FFS whether to set different values for different scenarios


In this contribution, we provide discussion on the remain issues of evaluation of Ambient IoT.
Coverage evaluation
Assumption for coverage evaluation assumption
Based on the simulation assumptions discussed in the RAN#116bis, the following table of coverage evaluation assumptions in link level simulation is considered.
Table 1: Coverage evaluation assumptions
	Parameters
	Assumptions

	R2D/D2R common parameters

	Carrier frequency
	900MHz

	SCS
	15 kHz as baseline

	Block structure
	Preamble + payload + CRC
· Preamble: 16bits
· payload: 96 bits
· CRC: 6/16 bits

	Channel model
	[TDL-A/C] NLOS, AWGN

	Delay spread
	30

	Device velocity
	3 km/h

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	[2 or 4]

	
	Number of TXRUs
	[ 2 or 4]

	Intermediate UE
	Number of antenna elements
	[1 or 2]

	
	Number of TXRUs
	[1 or 2]

	Reference data rate
	0.1]kbps

	Message size
	16/32/96bits

	BLER target
	1%

	R2D specific parameters

	Transmission bandwidth
	180 kHz as baseline

	Waveform
	OOK waveform generated by OFDM modulator

	Modulation
	OOK
OOK-1, OOK-4 with M chips per OFDM symbol,M=1/2/4/8

	Line code
	Manchester, PIE

	FEC
	No FEC as baseline

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

	D2R specific parameters

	Transmission bandwidth
(w.r.t. D2R data rate)
	15 kHz

	Waveform (CW)
	unmodulated single tone, multi-tone

	Modulation
	OOK, PSK,ASK

	Line code
	Miller, FM0, Manchester

	FEC
	CC,

	ADC bit width
	11-bit



Proposal 1: Link simulations include R2D and D2R link can be evaluated according to the above assumptions in Table 1.

Proposal 2: Preamble, payload and CRC is already used as A block structure in RFID R2D link, so Preamble, payload and CRC can also be used to evaluate A-IoT block structure.

For D2R, the LLS is simulated in baseband. Traditional way of LLS can be used. For R2D for RF ED receiver, the LLS may be implemented in a different way. Based on the inputs, FL suggest to align the understanding of SINR calculation in the LLS for R2D. 
· SINR definition for R2D where the transmission bandwidth of AIOT signal is not the same as the noise and/or interference bandwidth. For this issue, FL understands that for coverage evaluation, if Budget-Alt 1 is used in the link budget calculation, the alignment of SINR definition among companies are not required. But it should be noticed that alignment of SINR definition may be useful for coexistence evaluation of NR interferes AIOT R2D reception. Therefore, it is suggested to discuss on it. In FL’s views, there may have two ways to consider signal to interference plus noise ratio in the LLS, as shown below:
· Option 1: Compute SINR. SINR, computed before the matching network, is defined as the ratio of signal power in the transmission bandwidth (BW1) to the noise and interference power in the RF channel bandwidth (BW2). In this option, 0 dB indicates that the signal power in BW1 is the same as the interference and noise power in BW2, but the signal power spectral density is BW2/BW1 times of the interference and noise spectral density. 
· Option 2: Compute carrier to interference plus noise (CINR). CINR is defined as the ratio of signal power spectral density in the transmission bandwidth (BW1) to the interference noise power spectral density in the RF channel bandwidth (BW2). It is equivalent to the SINR after BB LPF. In this option, 0 dB indicates that the signal power spectral density is the same as the interference and noise power spectral density, but the interference and noise power in BW2 is BW2/BW1 times of signal power in BW1. 
· Note that with the same assumption of transmission bandwidth and RF channel bandwidth, CINR (in linearity) is BW1/BW2 times less than SINR (in linearity).

Proposal 3: SINR is defined as the ratio of signal power received in the transmission bandwidth to the noise and interference power received in the device RF channel bandwidth.

 Pathloss model
The following pathloss model is used in the coverage evaluation.
Table 2: Pathloss model in 38.901
	Table 1:
Table 1:
Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]

	InF
	LOS
	
	

	
	NLOS
	InF-SL:

	

	
	
	InF-DL:

	

	
	
	InF-SH: 

	

	
	
	InF-DH: 

	



Proposal 4:
For D1T1, InF-DH NLOS model defined in TR38.901 is considered as pathloss model in coverage evaluation.
For D2T2, InF-DL (NLOS) and InH-Office(LOS) model defined in TR38.901is used as pathloss model in coverage/coexistence evaluation.
Proposal 5: TDL-A 30ns and TDL-C 300ns can be considered as starting point for link level simulations.
Figure 1 shows the coverage performance in the Inf-DH scenario, showing the influence of road damage at different distances.
[image: ]
Figure1 Pathloss of different Discussion in INF-DH
Coverage results

In figure1, the performance of the D2R link with BPSK and different line code is provided.
[image: ]
Figure2 Link performance of BPSK in the D2R link

Figure 1 shows the simulation performance under different line coding modes in AWGN channel, while CC coding is added to improve D2R link performance. As can be seen from the figure, Miller8 has better BLER performance in D2R links than FM0. After adding CC coding, the link performance is 3dB higher than that without CC coding.

Proposal 5: In D2R links, Miller encoding combined with CC encoding can improve the link coverage performance, but the complexity of the device needs to be considered.

Link budget template

Link budget temple was discussed in the RAN1#116bis meeting, and the relevant parameters of link budget temple are given in Table 2 below.
Table 3: link budget temple
	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Comba comments 

	(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
	

	0B
	Device type
	Device type 1/2a/2b
	Device type 1/2a/2b
	

	0C
	Center frequency (GHz)
	900MHz 

	900MHz 

	Support on 700~900Mhz 

	(1) Transmitter

	1A 1A
	CW Tx power (dBm)
	N/A
	· 23dBm for CW node in UL spectrum, FFS 26dBm
· 33dBm for BS in DL spectrum for indoor

	CW transmission power can be different based on CW emitting node type, e.g., BS, intermediate UE, or additional node.
CW transmission power can be different based on CW on UL band or DL band.


	1B 1B
	CW Tx antenna gain (dBi)


	N/A
	· UE Tx antenna gain 0 dBi, if UE is CW Node, 
· BS Tx ant gain 6 dBi, if BS is CW Node

Note: only applicable for device 1/2a
	

	1C 
	FFS: CW total loss
	N/A
	
	How to calculate such CW loss?

	1D 
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	For BS:
- 2 or (optional) 4 antenna elements 
- For Intermediate UE:
- 1 or 2 (if CPE with 26/29 dBm)
	 1
	

	1E 
	Total Tx Power (dBm) 
	33dBm for BS in DL spectrum for indoor.

· 23dBm for UE in UL spectrum
	For device 1/2a, assuming -25dBm. 
For device 2b, assuming -20dBm.
	

	1F 
	bandwidth (Hz)
	180k
	180k
	

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

	1H 
	Ambient IoT backscatter loss (dB)
Note: due to, e.g., impedance mismatch
	N/A
	· OOK:6dB
BPSK:0dB
	

	1J 
	Ambient IoT on-object antenna penalty
	N/A
	· 0.9dB
	

	1K 
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· 10 dB
· Note: Only for device 2a
	Ambient IoT backscatter loss for different device is considered separately.

	1L 
	Modulation factor (dB)
Note: due to modulation schemes
	N/A
	Remove
	This parameter may not be needed

	1M 
	EIRP (dBm)
	Calculated
	Calculated
	

	(2) Receiver

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

	2B 
	Occupied bandwidth (Hz)
	180k
	For R2D:180k
For D2R:15k

	

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

	2D 
	Receiver Noise Figure (dB)
	24dB
	For BS as reader
· 5dB
For UE as reader
· 7dB
	

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

	2F 
	Noise Power (dBm)
	Calculated
	Calculated
	

	2G 
	Required SNR
	Reported by companies
OOK-1 with Manchester coding: 10 dB
PIE coding: 18 dB
	Reported by companies
9dB
	

	2H 
	Device activation threshold
	For device 1,
-30dBm for RF-EH

For device 2
-45dBm
	N/A
	


	2J 
	Budget-Alt1/ Budget-Alt2
	Budget-Alt2
	Budget-Alt2
	

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

For bistatic backscatter
· Assuming CW has no impact to the receiver sensitivity loss. 
	The network side can realize the ideal self-interference elimination.

	2L 
	Receiver Sensitivity (dBm)

	Calculated 2L based on method used from 2J(set as activation power)
	Calculated 2L based on method used from 2J, and variable in 2F, 2G
	


	(3) System margins

	3A 
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	According to the propagation model and scenario
	According to the propagation model and scenario
	4.8dB for InF  LOS and InF-DH NLOS
7dB for InF-DL NLOS 

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

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

	3D 
	Other gains (dB) (if any please specify)
	Reported by companies
	Reported by companies
	Not considered.

	(4) MPL / distance

	4A 
	MPL (dB)
	Calculated
	Calculated
	

	4B 
	Distance (m)
	Calculated
	Calculated
	InF-DH pathloss model for D1T1 and InF-DL pathloss model for D2T2 in TR 38.901. both LOS and NLOS are separately considered.



The values are calculated according to the followings
· 1M
· For R2D, [1M] = [IE]+[1G] 
· For D2R, 
· Device type 1:[1M] =  [1E]+[1G]-[1H] –[1J]+[1L] 
· Device type 2(backscatter): [1M] =  [1E]+[1G]-[1H] –[1J]+[1K]+[1L] 
· Device type 2(active): [1M]=[1E]+[1G] –[1J]+[1L] 
· 2F: [2F]=[2E]+[2D]+lin2dB([2B]) 
· 2L
· For R2D and Budget-Alt1, [2L] = [2H]
· For R2D and Budget-Alt2, [2L] =max([2H], [2G]+[2F])
· For D2R and Budget-Alt2, [2L] = [2G]+[2F]
· 4A
· [4A]=[1M]+[2C]-[2L]-[3A]-[3B]+[3C]+[3D] 
· 4B is derived from pathloss model in Appendix B. For R2D, for NLOS, InF-DH is selected and for D2R InF-DL is selected. And InF LOS are also calculated for both R2D and D2R.

Table 3: MPL and distance for different topologies and devices
	
	MPL
	Distance/m

	
	NLOS
	LOS
	NLOS
	LOS

	
R2D
	Device 1
	T1
	58
	58
	34.6
	46.8

	
	
	T2
	42
	46
	6.9
	7.8

	
	Device 2
	T1
	75
	75
	163
	218

	
	
	T2
	56
	61
	17.1
	39.4

	

D2R
	Device 1
	T1
	63.6
	63.6
	41.2
	53.6

	
	
	T2
	51.6
	55.8
	10.3
	12.1

	
	Device 2a
	T1
	78.5
	78.5
	219
	298

	
	
	T2
	68.5
	71.6
	31.4
	112.6

	
	Device 2b
	T1
	86.1
	88.3
	435
	512

	
	
	T2
	71.6
	73.5
	60.8
	283



Proposal 6: MPL and distance can be considered from the link budget template in table3




Conclusion
Proposal 1: Link simulations include R2D and D2R link can be evaluated according to the above assumptions in Table 1.
Proposal 2: Preamble, payload and CRC is already used as A block structure in RFID R2D link, so Preamble, payload and CRC can also be used to evaluate A-IoT block structure.
Proposal 3: SINR is defined as the ratio of signal power received in the transmission bandwidth to the noise and interference power received in the device RF channel bandwidth.
Proposal 4:
For D1T1, InF-DH NLOS model defined in TR38.901 is considered as pathloss model in coverage evaluation.
For D2T2, InF-DL (NLOS) and InH-Office(LOS) model defined in TR38.901is used as pathloss model in coverage/coexistence evaluation.
Proposal 5: TDL-A 30ns and TDL-C 300ns can be considered as starting point for link level simulations.
Proposal 6: MPL and distance can be considered from the link budget template in table3
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