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1 Introduction

In RAN #102 plenary meeting, an R19 Ambient IoT SI is approved. The objectives and scope related to the evaluations are depicted as follows [1],

	A. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:

· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site

· Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control

· Basestation and coexistence characteristics: Macro-cell, co-site

· The location of intermediate node is indoor
B.  FR1 licensed spectrum in FDD.

C. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).

D. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.

Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.
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.


In this contribution, we present the discussions on the evaluation methodology and assumptions 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.
Observation 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 links that need to be considered in the evaluation are illustrated in figure 2.  Link 1, 2 and 3 represents the links from DL signal node (DSN) to the device, from ambient IoT device to UL receiver (UR) and from continuous wave node (CWN) to the ambient IoT device respectively. The DSN and UR are the gNB for topology 1, while the DSN and UR are the intermediate UE for topology 2. The CWN can be the same or a different node with the DSN/UR .
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Fig.2  Illustration of the links for evaluation in Topology 1 and Topology 2
The evaluation for link 1 and 2 should be separated. Meanwhile, the evaluation for link 2 should be coupled with link 3 at least for the backscattered transmission. For link 3, dedicated evaluation may not be needed as if the CWN is the same node as DSN, the coverage performance would be the same as in link 1, otherwise, no coverage issue would be expected as it is deployed closer to the ambient IoT device if the CWN is a separate node with the DSN.

Proposal 1: Link 1 and Link 2 should be separately evaluated.
Proposal 2: The evaluation for link 2 should be coupled with link 3 for backscattering Device.

Proposal 3: No dedicated evaluation is needed for link 3.
2.2 Evaluation methodology for coverage
The basic methodology for coverage evaluation can be shown in the 4 steps below which is based on the link level simulation and link budget analysis.

Step 1：Obtain the required SINR for the physical channels under target simulation assumptions and BLER requirement.
· The required SINR is largely depended on waveform/ modulation scheme/ payload assumptions and BLER requirement.
· The waveform and modulation scheme used in the RFID and LP-WUS can be the starting point. Candidate waveforms used in the evaluation can be OOK or PIE [2].

· The waveform/modulation scheme can be the same for both passive device and active device in the evaluation. 

Step 2: Calculate the receiver sensitivity (minimum received power requirement) based on the required SINR and the link budget template in TR 38.830[3] as follows,
· Receiver sensitivity = Required SINR + Receiver implementation margin + Effective noise power,
where
·  Effective noise power(dBm) = Total noise plus interference density + 10 log (
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is the bandwidth used for evaluated channels, and Total noise plus interference density = 10 log (10^(( Receiver noise figure + Thermal noise density)/10) + 10^( Receiver interference density /10));
· For different device types and different UR, Receiver noise figure/ Thermal noise density/ Receiver interference density should be separately reported by companies.
Step 3: Calculate received power at receiver side, by the following formular

· For Link 1, the received power at the device is 
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where 
·  
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 is the transmission power from DSN for the evaluated DL channels;
·  
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 is the antenna gain for DSN DL transmission;
·  
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 is the antenna gain for device reception;
·  
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 is the pathloss associated with the distance between the DSN and the device. The pathloss model for indoor factory in [4] can be used as a starting point while further refinement can be discussed. 

·  
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is shading fading
· For Link 2, if the device uses backscattering transmission, the received power at UR is 
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where 
·  
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is the received power from CWN at Device, and is calculated as follows,
· 
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is the transmission power from the CWN, 
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 is the antenna gain for CW transmission,
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 is the pathloss value that is associated with the distance between the CWN and the device,
· If CWN is the same node as DSN,  and 
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·  
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is the backscattering coefficient, and should be a negative value in dB. It should be noted that for OOK/PIE waveform, since there is only one high level amplitude and one “off” duration, 
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 refers to the coefficient applied for the backscattered high level amplitude duration;
·  
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is the UL power amplification value for Device to transmit UL signals based on backscattering. It can be omitted for the device without power amplification functions;
·  
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 is the antenna gain for UR reception.;
·  
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 is the pathloss associated with the distance between the Device and UR. And since DSN and UR are the same node, 
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· For Link 2, if the device does not use backscattering transmission and generate signals actively, the received power at UR is 
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where 
·  
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is the transmission power from device for the UL channels,
Step 4: Compare the obtained receiver sensitivity in step 2 and the received power in step 3, and identify the coverage issue if the receiver sensitivity is larger than the received power.
The detailed evaluation assumptions in our initial evaluation can be found in Appendix A.
· Proposal 4: The evaluation methodology for coverage evaluation can includes the following 4 steps:

· Step 1：Obtain the required SINR for the physical channels under target simulation assumptions and reliability requirements;

· Step 2: Calculate the receiver sensitivity (minimum received power requirement) by the required SINR and the link budget template in TR 38.830;

· Step 3: Calculate received power at receiver side;

· Step 4: Compare the obtained receiver sensitivity in step 2 and the received power in step 3,  and identify the coverage issue if the receiver sensitivity is larger than the received power.
Proposal 5: Candidate waveforms used in the evaluation can be OOK or PIE, the waveform/modulation schemes can be the same for both passive device and active device in the evaluation. 
Proposal 6: Suggest to consider the indoor factory pathloss model in TS 38.901 for indoor scenario.
2.3 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 1 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 1 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 2 below. The A-IoT- node refers to the intermediate UE in Topology 2.
Table 2 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 3. The A-IoT- node refers to the intermediate UE in Topology 2
Table 2 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 7: The evaluation cases illustrated in Table 1/2/3 can be considered for the co-existence evaluation.

Proposal 8: The ACLR, ACS, ACIR or SINR degradation can be used as the metrics for the co-existence evaluation
3 Conclusions

Observation 1: The link between the gNB and the intermediate UE for the topology 2 is not included in the evaluation.

Proposal 1: Link 1 and Link 2 should be separately evaluated.
Proposal 2: The evaluation for link 2 should be coupled with link 3 for backscattering Device.

Proposal 3: No dedicated evaluation is needed for link 3.

· Proposal 4: The evaluation methodology for coverage evaluation can includes the following 4 steps:

· Step 1：Obtain the required SINR for the physical channels under target simulation assumptions and reliability requirements;

· Step 2: Calculate the receiver sensitivity (minimum received power requirement) by the required SINR and the link budget template in TR 38.830;

· Step 3: Calculate received power at receiver side;

· Step 4: Compare the obtained receiver sensitivity in step 2 and the received power in step 3,  and identify the coverage issue if the receiver sensitivity is larger than the received power.
Proposal 5: Candidate waveforms used in the evaluation can be OOK or PIE, the waveform/modulation schemes can be the same for both passive device and active device in the evaluation. 
Proposal 6: Suggest to consider the indoor factory pathloss model in TS 38.901 for indoor scenario.

Proposal 7: The evaluation cases illustrated in Table 1/2/3 can be considered for the co-existence evaluation.

Proposal 8: The ACLR, ACS, ACIR or SINR degradation can be used as the metrics for the co-existence evaluation.
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Appendix A

The following evaluation simulation assumptions can be considered

	Attributes
	Assumptions

	Carrier   Frequency
	1.8GHz/2GHz/700MHz

	Waveform for DL signal
	Option1：OOK,  Option2：PIE, other options not excluded.

	Waveform for CW signal
	Option1：single frequency carrier        Option2：multi-frequency carrier

	Waveform for UL signal
	Option1：OOK , Option2：PIE, other options not excluded.

	Channel     structure
	Preamble +Payload+[CRC]

	SCS 
	15KHz/30KHz for DL,  for UL link,  whether there is SCS depends on CW

	DL signal duration
	Number of OFDM symbols: e.g. 10~100 symbols 

	Code scheme
	Manchester code (code rate e.g., 1/2, 1/4, …) for OOK, no Manchester coding for PIE

	UL signal BW
	Adjustable bandwidth

 several RBs(2/4/6/8…), or with association to the bandwidth of CW.

	DL signal BW
	Adjustable bandwidth

 several RBs(2/4/6/8…), the bandwidth of downlink can be larger than UL

	CW BW
	Option 1:None for single frequency carrier
Adjustable bandwidth, several RBs(2/4/6/8…), or with association to the bandwidth of UL.

	Sampling Rate
	Adjustable. At least one sample per symbol for time domain,

	ADC bit width
	1~4-bit

	UE velocity
	0、3、10 km/h

	Frequency   and   time error model
	Option 1: ideal
Option 2: the modelling used for LP WUS

	Channel model
	TDL-C for NLOS, TDL-D for LOS

	Delay spread
	30ns, 300ns

	Antenna gain
	For BS and intermediate UE, link budget template for antenna gain in Table A.3 in TR 38.830 is used.
For ambient IoT Device, 0dBi is assumed.

	Receiver implementation margin
	Reported by companies

	Receiver noise figure
	BS: 5dB, UE: 9dB, Ambient IoT device: 18dB, or reported by companies

	Thermal noise density
	-174 dBm/Hz

	Transmission power from gNB
	46 dBm, or reported by companies

	Transmission power from UE
	23 dBm, or reported by companies

	Transmission power from CW
	46 dBm, or reported by companies

	Transmission power from Device (only for active ambient IoT Device)
	23 dBm, or reported by companies

	Backscattering coefficient
	-1.5 dB, or reported by companies

	UL power amplification 
	2dB, or reported by companies

	Shading fading
	4dB, or based on the pathloss model used or reported by companies


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
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	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
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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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