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1 Introduction

In RAN #102 plenary meeting, an R19 Ambient IoT SI is approved [1]. And in the RAN1#116 meeting, the following agreements are achieved [2],
	For evaluations, the following agreements are achieved,

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.
Agreement
MPL and distance is used as performance evaluation metric for link budget calculation.
· Note: the distance is derived from MPL and corresponding pathloss model.
· FFS: Pathloss model
Agreement
The following pathloss model is used in the coverage evaluation. 
· For D1T1, 

· InF-DH defined in TR38.901 is used. 
· Decide which of the following is used for each link,
· NLOS
· LOS
· FFS: InF-SH

· For D2T2, down-select from the following path loss models
· InF-DL defined in TR38.901 where the BS path loss model is reused for intermediate-UE with antenna height of 1.5m

· InH-Office model defined in TR38.901, (a.k.a, InH_B in Report ITU-R M.2412-0) where the BS path loss model is reused for intermediate-UE with antenna height of 1.5m

· Decide which of the following is used for each link,
· NLOS
· LOS
Conclusion

Companies are encouraged to consider Table 3.4.2 in R1-2401735 for their contributions to RAN1#116bis regarding link budget template.
For general design for waveform and coding, the following agreements are achieved,

Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 

· Depending on what modulation(s) are decided to be studied:

· Study whether/how to handle CP at transmitter/device/design 

· Study other characteristics of the OFDM waveform, e.g.:

· CP-OFDM

· DFT-s-OFDM

· Etc.

· The type of OFDM waveform is transparent to A-IoT device.

Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.

· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M​-chip per OFDM symbol transmission, starting from definitions in TR 38.869.

· FFS value(s) of M.

· FFS: Any changes needed from the definitions in TR 38.869.

· FFS: Exact definition of chip

· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.

Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).

· FFS: Mapping(s) from bit(s) to line-code codewords

· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.


In this contribution, we present the discussions on the evaluation methodology, assumptions and present initial simulation results related to the coverage and co-existence for ambient IoT.
2 Discussion
2.1 Topologies and evaluated links
The target topologies in Rel-19 SI are deployment scenario 1 with topology 1 (indoor scenario) and deployment scenario 2 with topology 2 (indoor intermediate UE) as illustrated in figure 1. For evaluation purpose, it is suggested that the link between the gNB and the intermediate UE for the topology 2 is not included as there may be no difference with the existing NR channels at least from the physical layer aspects.
Proposal 1: The link between the gNB and the intermediate UE for the topology 2 is not included in the evaluation.
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Fig.1 Topology 1 and Topology 2 with UE as intermediate node

The scenarios for evaluation are discussed extensively in last meeting but without consensus. Based on the draft proposals from the summary of RAN1# 116[3], we separate reader for R2D from reader for D2R, and the links are shown in Fig.2. For D1T1, reader is a BS, for D2T2, reader is a UE. For both D1T1 and D2T2, all the candidate scenarios as follows,
For device 1 and device 2a, for CW inside topology

· R2D reader = D2R Reader = CW Node

· R2D reader = CW Node, and R2D reader≠ D2R Reader
For device 1 and device 2a, for CW outside topology

· R2D reader = D2R Reader, and CW Node is a separate node other than the reader
· R2D reader≠D2R Reader, and CW Node is a separate node other than the two readers
For device 2b
· R2D reader = D2R Reader, and no CW Node
· R2D reader≠ D2R Reader, and no CW Node
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Fig.2 Illustration of the links for evaluation in Topology 1 and Topology 2
For the scenarios when R2D reader≠ D2R Reader, then the two reader should have very good coordination with each other, and that may require some enhancements for the interface between BSs or between UEs, and will increase complexity for BS and UE, thus is not preferable. In general, we are more inclined to support the scenarios when R2D reader = D2R Reader.

Proposal 2: Support the following candidate scenarios, i.e. D1T1-S1/S2/S3, D2T2-S1/S2/S3,
For device 1 and device 2a, for CW inside topology

· S1: R2D reader = D2R Reader = CW Node

For device 1 and device 2a, for CW outside topology

· S2: R2D reader = D2R Reader, and CW Node is a separate node other than the reader

For device 2b
· S3: R2D reader = D2R Reader, and no CW Node.
Another issue is spectrum used for each link, and it is the most controversial issue in last meeting discussion. From our opinion, one principle is that, a device should be able to work under both Topology 1 and Topology 2 even without knowing the exact topology it is, thus the device’s operating spectrum design from hardware’s aspect should be unified for the two topologies.

For topology 2 where UE is the reader, it is reasonable to have UE to transmit R2D on UL spectrum and receive D2R on DL spectrum so that the hardware design of UE would not be impacted a lot. And correspondently, device should be able to receive R2D on UL spectrum and transmit D2R on DL spectrum. 
For topology 1 where BS is the reader, it is reasonable to have BS to transmit R2D on DL spectrum and receive D2R on UL spectrum so that the hardware design of BS would not be impacted a lot. And correspondently, device should be able to receive R2D on DL spectrum and transmit D2R on UL spectrum. And further consider BS may have stronger capability, it is also possible to support BS to transmit R2D on UL spectrum and receive D2R on DL spectrum, and also support BS to transmit R2D and receive D2R on UL spectrum or on DL spectrum.
To accommodate the above requirement with one unified design of the device. We think the possible solution is that the operating spectrum of the device should be large enough to cover both DL and UL spectrum, so that device can support to transmit and receive on either DL or UL spectrum.
Proposal 3: Operating spectrum of the device should be large enough to cover both DL and UL spectrum, so that device can support to transmit and receive on either DL or UL spectrum.
The evaluation for R2D and D2R links should be separated. And it would be better that the evaluation for link D2R is coupled with the CW2D (CW Node to device) link for device 1 and device 2a, But currently, the distance between CW Node to device is not determined, so we think it is OK to decouple link D2R and link CW2D, and assuming the Tx power of device 1/2a is a fixed value such as -30dBm, which is activation power. If the CW Node is the same node as reader(inside the topology), the coverage performance would be the same as R2D link. And if the CW Node is a separate node(outside the topology), no coverage issue would be expected as it can be deployed closer than reader to the ambient IoT device. So separate evaluation for CW2D link is not needed.
Proposal 4: R2D and D2R links should be separately evaluated.
Proposal 5: The evaluation for link D2R can be decoupled with the CW2D link for device 1 and device 2a, assuming the Tx power of device 1/2a is -30dBm.
Proposal 6: No dedicated evaluation is needed for CW2D link.
2.2 Link level simulations for required SINR
In last RAN1 meeting, we agreed to study OFDM-based OOK waveform, and also Manchester and PIE coding scheme. Here we give initial link level simulation results of OFDM-based OOK-1 with Manchester coding and PIE coding schemes for R2D link. And also give initial results for OOK with Manchester coding of D2R link assuming D2R is a single OFDM subcarrier waveform. The related simulation assumptions are in Appendix A.
R2D link
The detection performance with different RB numbers are illustrated in Fig. 3-1. When RB number is increased from 1 to 4, the required SINR is decreased from 13dB to 10dB. The impact of over-sampling is simulated for 4 RB case, when the sampling rate is increased from 960khz to 3.84Mhz, the required SINR is decreased from 10dB to 6dB.
The detection performance with different ADC quantity bits are illustrated in Fig. 3-2. When quantity bits is increased from 1 to 4, required SINR is decreased by 1.5 dB, and with ideal quantity, the required SINR is decreased by about 2 dB compared to 1 bit quantity. The impact of ADC quantity bits number is relatively small compared to the impact of RB numbers.
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               Fig. 3-1  Required SINR of OFDM-based OOK-1 for different RBs         Fig. 3-2  Required SINR of OFDM-based OOK-1 for different ADC bits
Observation 1: Required SINR is decreased from 13dB to 10dB with RB number increased from 1 to 4.
Observation 2: For 4 RB case, required SINR is decreased from 10dB to 6dB with sampling rate increased from 960khz to 3.84Mhz. 
Observation 3: Required SINR is decreased by 1.5dB with quantity bits increased from 1 to 4, and with ideal quantity, the required SINR is decreased by about 2dB compared to 1 bit quantity.

The performance comparison of Manchester and PIE coding are also provided. In our simulation, OOK-1 with Manchester coding means information bit “1” or “0” is encoded as “10” or “01”, and each encoded bit is mapped to 1 OFDM symbol. PIE(1:3) coding is illustrated in  Fig.4, data “1” is mapped to 3 OFDM symbols and data “0” is mapped to 1 OFDM symbol, and the “off” part is set as 1/2 OFDM symbol. Assuming equal probability of “1” and “0” in information bits, the coding rate of OOK-1 with Manchester and PIE(1:3) are the same. 
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Fig.4  PIE(1:3) coding
The required SINR performance is shown in Fig.5. and it can be seen that PIE(1:3) coding has worse performance than OOK-1 with Manchester coding. At target BLER(10^-2), the required SINR of PIE is 18dB while OOK-1 with Manchester coding is only 10 dB. 
[image: image7.emf]-4 -2 0 2 4 6 8 10 12 14 16 18

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

OOK-1 Manchester

PIE(1:3)


Fig. 5  Required SINR of OFDM-based OOK-1+ Manchester Vs PIE
Observation 4: At target BLER(10^-2), the required SINR of PIE is 18dB while OOK-1 with Manchester is 10dB. 
D2R link
The detection performance of different sampling rates is shown in Fig.6. Assuming CW is a single point sinuous waveform, and the backscattered D2R is also single point sinuous waveform based OOK-1 with Manchester. And the waveform assumption also holds for active D2R link. When the sampling rate increased from 240kHz to 3.84MHz, the required SINR is decreased from 13dB to 7dB.
Observation 5: For D2R sinuous waveform, required SINR is decreased from 13dB to 7dB with sampling rate increased from 240kHz to 3.84MHz. 
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Fig. 6  Required SINR of sinonous waveform for different sampling rate
2.3 Link budget template
In the summary of RAN1# 116[3], link budget template is discussed, and we list our recommendation and give our comments for the related parameters in Table 1. The required SINR in this table for R2D for OOK-1 with Manchester coding and PIE coding is based on Fig.5, and for D2R, the required SINR is based sampling rate 960kHz in Fig.6. 
Table 1. Link template budget
	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Xiaomi comments 

	(0) System configuration

	0A
	Scenarios
	D1T1-S1/S2/S3
D2T2-S1/S2/S3
	D1T1-S1/S2/S3
D2T2-S1/S2/S3
	Refer to Proposal 2

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

	0C
	Center frequency (GHz)
	700MHz 
Other options not precluded
	700MHz 
Other options not precluded
	Currently, FDD spectrum located on 700~900Mhz, and also 2Ghz. We are fine with any of these frequencies.

	(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
Note: only applicable for device 1/2a
	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 1C
	FFS: CW total loss
	N/A
	?
	Not clear why there is such CW loss

	1D 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 1E
	Total Tx Power for occupied BW (dBm) 
	· 33dBm for BS in DL spectrum for indoor
· 23dBm for UE in UL spectrum, if CPE with 26/29 dBm

	· -10dBm for device 2b
· For device 1/2a, assuming -30dBm. 
	

	1F 1F
	Occupied bandwidth (Hz)
	BW / PRBs assigned for R2D@Tx 

	BW/PRBs used for CW

	

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

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

	1J 1J
	Ambient IoT on-object antenna penalty
	N/A
	· 0.9dB
· FFS other values
	We think it is also OK to neglect it and count it directly to antenna gain of ambient IoT Device 

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

	1L 1L
	Modulation factor (dB)
Note: due to modulation schemes
	N/A
	?
	Not clear what is the baseline modulation scheme for 0dBi.

	1M 1M
	EIRP (dBm)
	Calculated
	Calculated
	

	(2) Receiver

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

	2B 2B
	Occupied bandwidth (Hz)
	BW for R2D@Rx from baseband 
See LLS assumptions
	BW for D2R@Rx from baseband
See LLS assumptions
	

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

	2D 2D
	Receiver Noise Figure (dB)
	20dB
	For BS as reader
· 6dB
For UE as reader
· 9dB
	

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

	2F 2F
	Noise Power (dBm)
	Calculated
	Calculated
	

	2G 2G
	Required SNR
	Reported by companies

OOK-1 with Manchester coding: 10 dB
PIE coding: 18 dB
	Reported by companies
9dB
	

	2H 2H
	Device activation threshold
	For device 1,
-24dBm for RF-EH
-30dBm for data
For device 2
-45dBm
	N/A
	

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

	2K 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. 
	Considering the waveform simplicity of CW, very good or even ideal self-interference cancellation can be expected at network side.

	2L 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 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
	4dB for InF  LOS and InF-DH NLOS

7.2dB for InF-DL NLOS 

	3B 3B
	polarization mismatching loss (dB)
	0 dB
	0 dB
	Since we assume device with isotropic antenna, polarization mismatching loss is not considered.

	3C 3C
	BS selection/macro-diversity gain (dB)
	0
	N/A
	Consider it is an indoor scenario, BS selection/macro-diversity gain is not expected.

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

	(4) MPL / distance

	4A 4A
	MPL (dB)
	Calculated
	Calculated
	

	4B 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.
With all the parameters and calculation methods listed above, we get the MPL/ distance for R2D and D2R as the following Table 2.
Table 2 MPL and distance for different topologies and devices

	
	MPL
	Distance/m

	
	NLOS
	LOS
	NLOS
	LOS

	R2D
	Device 1
	T1
	65
	65
	37.5
	51.9

	
	
	T2
	45.8
	49
	7.1
	8.6

	
	Device 2
	T1
	80
	80
	181.0
	238.1

	
	
	T2
	60.8
	64
	18.6
	42.9

	D2R
	Device 1
	T1
	66.4
	66.4
	43.4
	55.5

	
	
	T2
	54.2
	57.7
	12.1
	14.9

	
	Device 2a
	T1
	82.4
	82.4
	233.0
	307.6

	
	
	T2
	70.2
	73.4
	35.2
	117.5

	
	Device 2b
	T1
	92.4
	92.4
	668.3
	891.0

	
	
	T2
	80.2
	83.4
	64.8
	342.8


Observation 6: Topology 1 has obviously better coverage performance than Topology 2 due to higher transmit power of gNB.
Observation 7: D2R link has better coverage performance than R2D link due to better receiver sensitivity of gNB. 
Observation 8: Under current assumptions, coverage performance of some links can not achieve the distance target 50m. 
Proposal 7: The recommended parameters for link budget template in Table 1 can be considered.
2.4 Coexistence evaluation
Ambient IoT system can be deployed in-band to NR, in guard-band to LTE/NR, or in standalone band(s). The coexistence performance between the ambient IoT system and another different system (LTE/NR), as well as the coexistence performance within two ambient IoT systems should be evaluated by system level evaluation.
Coexistence evaluation between the ambient IoT system and LTE/NR

The potential co-existence evaluation cases for topology 2 are illustrated in the Table 3 below. It should be noted that for the guard band and in-band deployment, the co-existence cases for DL may not be needed if the A-IoT and NR transmissions are orthogonal, for example, both A-IoT and NR transmissions apply OFDM waveform and occupy different frequency resource and have the same SCS.

Table 3 evaluated coexistence cases for Topology 1
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1 
	Stand-alone
	A-IoT-BS
	LTE-UE
	Downlink

	2 
	Stand-alone
	LTE-BS
	A-IoT- Device
	Downlink

	3 
	Stand-alone
	A-IoT-BS
	NR- UE
	Downlink

	4 
	Stand-alone
	NR-BS
	A-IoT- Device
	Downlink

	5 
	Guard band
	A-IoT-BS
	LTE-UE
	Downlink

	6 
	Guard band
	LTE-BS
	A-IoT- Device
	Downlink

	7 
	Guard band
	A-IoT-BS
	NR- UE
	Downlink

	8 
	Guard band
	NR-BS
	A-IoT- Device
	Downlink

	9 
	In-band
	NR-BS 
	A-IoT- Device
	Downlink

	10 
	In-band
	A-IoT-BS
	NR-UE
	Downlink

	11 
	Stand-alone
	A-IoT- Device
	LTE-BS
	Uplink

	12 
	Stand-alone
	LTE- UE
	A-IoT-BS
	Uplink

	13 
	Stand-alone
	A-IoT- Device
	NR-BS
	Uplink

	14 
	Stand-alone
	NR- UE
	A-IoT-BS
	Uplink

	15 
	Guard band
	A-IoT- Device
	NR-BS
	Uplink

	16 
	Guard band
	NR-UE
	A-IoT-BS
	Uplink

	17 
	In-band
	A-IoT- Device
	NR-BS
	Uplink

	18 
	In-band
	NR-UE
	A-IoT-BS
	Uplink


The potential co-existence evaluation cases for topology 2 are illustrated in the Table 4 below. The A-IoT- node refers to the intermediate UE in Topology 2.
Table 4 evaluated coexistence cases for Topology 2
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	A-IoT-BS
	LTE-UE
	Downlink

	2
	Stand-alone
	A-IoT-node
	LTE-UE
	Downlink

	3
	Stand-alone
	LTE-BS
	A-IoT- Device
	Downlink

	4
	Stand-alone
	LTE-BS
	A-IoT-node
	Downlink

	5
	Stand-alone
	A-IoT-BS
	NR-UE
	Downlink

	6
	Stand-alone
	A-IoT-node
	NR-UE
	Downlink

	7
	Stand-alone
	NR-BS
	A-IoT-Device
	Downlink

	8
	Stand-alone
	NR-BS
	A-IoT-node
	Downlink

	9
	Stand-alone
	A-IoT-Device
	LTE-BS
	Uplink

	10
	Stand-alone
	A-IoT-node
	LTE-BS
	Uplink

	11
	Stand-alone
	LTE-UE
	A-IoT-BS
	Uplink

	12
	Stand-alone
	LTE-UE
	A-IoT-node
	Uplink

	13
	Stand-alone
	A-IoT- Device
	NR-BS
	Uplink

	14
	Stand-alone
	A-IoT- node
	NR-BS
	Uplink

	15
	Stand-alone
	NR-UE
	A-IoT-BS
	Uplink

	16
	Stand-alone
	NR-UE
	A-IoT-node
	Uplink

	17
	Guard band
	A-IoT-Device
	NR-BS
	Uplink

	18
	Guard band
	A-IoT-node
	NR-BS
	Uplink

	19
	Guard band
	NR-UE
	A-IoT-BS
	Uplink

	20
	Guard band
	NR-UE
	A-IoT-node
	Uplink

	21
	In-band
	A-IoT-Device
	NR-BS
	Uplink

	22
	In-band
	A-IoT-node
	NR-BS
	Uplink

	23
	In-band
	NR-UE
	A-IoT-BS
	Uplink

	24
	In-band
	NR-UE
	A-IoT-node
	Uplink


Coexistence evaluation within two ambient IoT systems
For both Topology 1 and Topology 2, the evaluated coexistence cases within ambient IoT systems are illustrated in Table 5. The A-IoT- node refers to the intermediate UE in Topology 2
Table 5 evaluated coexistence cases for Topology 2

	Cases
	Operation mode
	Aggressor
	Victim
	Direction

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

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

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

	4
	Stand-alone
	A-IoT- Device
	A-IoT- BS
	Uplink

	5
	Stand-alone
	A-IoT- node
	A-IOT-BS
	Uplink

	6
	Stand-alone
	A-IoT- Device
	A-IoT-node
	Uplink


Metrics
The ACLR, ACS and ACIR are commonly used to assess coexistence performance, and can be used in ambient IoT coexistence performance evaluation. While the 5% throughput degradation is also commonly used for NR/LTE coexistence performance. However, it may not be needed as the throughput is not a pursued KPI for ambient IoT. Instead, the SINR degradation can be considered to reflect the co-existence performance.
Proposal 8: The evaluation cases illustrated in Table 3/4/5 can be considered for the co-existence evaluation.

Proposal 9: The ACLR, ACS, ACIR or SINR degradation can be used as the metrics for the co-existence evaluation
3 Conclusions
Proposal 1: The link between the gNB and the intermediate UE for the topology 2 is not included in the evaluation.

Proposal 2: Support the following candidate scenarios, i.e. D1T1-S1/S2/S3, D2T2-S1/S2/S3,
For device 1 and device 2a, for CW inside topology

· S1: R2D reader = D2R Reader = CW Node

For device 1 and device 2a, for CW outside topology

· S2: R2D reader = D2R Reader, and CW Node is a separate node other than the reader

For device 2b
· S3: R2D reader = D2R Reader, and no CW Node.
Proposal 3: Operating spectrum of the device should be large enough to cover both DL and UL spectrum, so that device can support to transmit and receive on either DL or UL spectrum.
Proposal 4: R2D and D2R links should be separately evaluated.
Proposal 5: The evaluation for link D2R can be decoupled with the CW2D link for device 1 and device 2a, assuming the Tx power of device 1/2a is -30dBm.
Proposal 6: No dedicated evaluation is needed for CW2D link.
Observation 1: Required SINR is decreased from 13dB to 10dB with RB number increased from 1 to 4.
Observation 2: For 4 RB case, required SINR is decreased from 10dB to 6dB with sampling rate increased from 960khz to 3.84Mhz. 
Observation 3: Required SINR is decreased by 1.5dB with quantity bits increased from 1 to 4, and with ideal quantity, the required SINR is decreased by about 2dB compared to 1 bit quantity.

Observation 4: At target BLER (10^-2), the required SINR of PIE is 18dB while OOK-1 with Manchester is 10dB.
Observation 5: For D2R sinuous waveform, required SINR is decreased from 13dB to 7dB with sampling rate increased from 240kHz to 3.84MHz. 
Observation 6: Topology 1 has obviously better coverage performance than Topology 2 due to higher transmit power of gNB.

Observation 7: D2R link has better coverage performance than R2D link due to better receiver sensitivity of gNB. 

Observation 8: Under current assumptions, coverage performance of some links can not achieve the distance target 50m. 
Proposal 7: The recommended parameters for link budget template in Table 1 can be considered.
Proposal 8: The evaluation cases illustrated in Table 3/4/5 can be considered for the co-existence evaluation.

Proposal 9: The ACLR, ACS, ACIR or SINR degradation can be used as the metrics for the co-existence evaluation
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Appendix A
Table 6   Link level simulation assumptions of R2D for different number of RBs
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	Sampling frequency
	240kHz
	480kHz
	960kHz
	3.84MHz

	RB number for DL
	1
	2
	4

	Carrier frequency
	700MHz

	Subcarrier spacing
	15kHz

	Packet size
	20 bits message + 8 bits CRC

	Channel coding
	1/2 code rate - Manchester coding

	Modulation
	OFDM-OOK-1

	Antennas
	4 for Tx, 1 for Rx

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Timing error
	0μs

	Frequency error
	0ppm

	Receiver
	Envelope detector

	ADC bit
	4 bits/sample


Table 7   Link level simulation assumptions of R2D for different ADC bits
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	ADC bit
	1 bit
	2 bits
	4 bits
	Ideal

	RB number for DL
	4

	Carrier frequency
	700MHz

	Subcarrier spacing
	15kHz

	Packet size
	20 bits message + 8 bits CRC

	Channel coding
	1/2 code rate - Manchester coding

	Modulation
	OFDM-OOK-1

	Antennas
	4 for Tx, 1 for Rx

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Timing error
	0μs

	Frequency error
	0ppm

	Receiver
	Envelope detector

	Sampling frequency
	960kHz


Table 8   Link level simulation assumptions of R2D for OOK-1 with Manchester coding Vs PIE coding

	Parameters
	Case 1
	Case 2

	Waveform
	OFDM-OOK-1
	PIE（pattern 1:3）

	Channel coding
	1/2 code rate - Manchester coding
	No Manchester coding

	RB number for DL
	4

	Carrier frequency
	700MHz

	Subcarrier spacing
	15kHz

	Packet size
	20 bits message + 8 bits CRC

	Antennas
	4 for Tx, 1 for Rx

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Timing error
	0μs

	Frequency error
	0ppm

	Receiver
	Envelope detector

	ADC bits
	4 bits/sample

	Sampling frequency
	960kHz


Table 9   Link level simulation assumptions of D2R for OOK with different sampling rate
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	Sampling frequency
	240kHz
	480kHz
	960kHz
	3.84MHz

	Carrier frequency
	700MHz

	Subcarrier spacing
	15kHz

	Packet size
	20 bits message + 8 bits CRC

	Channel coding
	1/2 code rate - Manchester coding

	Modulation
	OOK

	Backscattering method
	Single frequency carrier

	Antennas
	4 for Tx, 1 for Rx

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Timing error
	0μs

	Frequency error
	0ppm

	ADC bits
	4 bits/sample


Appendix B
Indoor factory pathloss model in TR 38.901 are listed as follows
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 

fading 

std [dB]
	Applicability range,

antenna height

default values

	InF
	LOS
	[image: image9.png]PL;ps = 31.84 + 21.501l0g,,(d3p) + 19.001log(f.)




	[image: image10.png]o = 4.3




	[image: image11.png]1 < dsp < 600m





	
	NLOS
	InF-SL:[image: image13.png]PL =33+ 25.5log,(d3p) + 201logo(f.)




[image: image14.png]PLyios = max (PL,PL;os)
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	InF-DL:[image: image17.png]PL = 18.6 + 35.7log1o(dsp) + 201logo(f-)




[image: image18.png]PLyios = max (PL,PL; s, PLinr—s1)
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	InF-SH: [image: image21.png]PL =32.4+ 23.0logo(dsp) + 20logo(f.)




[image: image22.png]PLyios = max (PL,PL;os)
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	InF-DH: [image: image25.png]PL = 33.63 4+ 21.9log,o(dsp) + 201log,o(f.)




[image: image26.png]PLyios = max (PL,PL;os)




	[image: image27.png]o = 4.0




	

	Note 1:
Breakpoint distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. The effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna heights, and hE is the effective environment height. For UMi hE = 1.0m. For UMa hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. With C(d2D, hUT) given by


[image: image28.wmf](

)

(

)

ï

î

ï

í

ì

£

£

÷

ø

ö

ç

è

æ

-

<

=

m

23

m

13

,

10

13

m

13

,

0

,

UT

2D

5

.

1

UT

UT

UT

2D

h

d

g

h

h

h

d

C

,


where



[image: image29.wmf](

)

ï

î

ï

í

ì

<

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

£

=

2D

2D

3

2D

2D

2D

m

18

,

150

exp

100

4

5

m

18

,

0

d

d

d

d

d

g

. 


Note that hE depends on d2D and hUT and thus needs to be independently determined for every link between BS sites and UTs. A BS site may be a single BS or multiple co-located BSs.

Note 2:
The applicable frequency range of the PL formula in this table is 0.5 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.

Note 3:
UMa NLOS pathloss is from TR36.873 with simplified format and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.
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