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Introduction
According to the SID [1] in RAN #102, the Ambient IoT will be studied in R19, and the followings are evaluation assumptions.
	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 will provide our evaluation assumptions and results for Ambient IoT.   

Discussion

[bookmark: OLE_LINK25]Evaluation for coverage
In Rel-17 NR coverage enhancements evaluation [2], the MCL, MIL and MPL were used as the link budget metric, and the definitions are as follows. The same metric can be used for A-IoT coverage evaluation.
Definition of MCL:
-	MCL = Total transmit power – Receiver sensitivity + BS antenna gain.
Definition of MIL:
-	MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + BS antenna gain + UE antenna gain.
Definition of MPL:
-	MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.
The coverage range of RFID is 0-10m, while the design target of A-IoT is to exceed RFID on coverage while maintaining low device complexity. Therefore, the link budget for RFID can be used as the baseline.
Proposal 1: MCL, MIL or MPL can be used to evaluate the coverage performance for A-IoT.
According to the SID[1], for the device with ~1 µW peak power consumption, the UL transmission is backscattered on a carrier wave provided externally (device type 1 in figure 1). For the device with a few hundred power consumption, the UL transmission may be generated internally by the device (device type 2-2 in figure 1), or be backscattered on a carrier wave provided externally (device type 2-1). For device type 1 and 2-1, the Tx power of UL transmission is determined at least by the Tx power of carrier wave(CW), the transmission loss of CW and the backscatter loss of device. 



(a)  backscattering                 (b)  UL transmission is generated internally
Figure 1. A-IoT transmission in topology 1
Observation 1: The Tx power is different when the device’s UL transmission is generated internally by the device (device type 1 and device type 2-1), or backscattered on a carrier wave (device type 2-2). 
Proposal 2: For Tx power of device type 1 or 2-1, the backscatter loss and the transmission loss of CW between emitter and device should be considered. The Tx power of device type 2-2 can be further discussed.
Assuming Tx power of emitter is 23 dBm, distance between emitter and A-IoT device is 10m. we calculate the UL/DL coverage for topology 1 in table 1. The path loss model is indoor factory scenario, and the backscatter loss is assumed as 5 dB. Then, the Tx power of device type 1= Tx power of CW-Transmission loss of CW- backscatter loss. The Tx power of device type 2-1 is larger than that of device type 1, because reflection amplifier can be considered for device type 2-1. Other parameters can be found in table 1.  
According to the evaluation in table 1, the DL coverage is the bottleneck in RFID. For device type 1 in A-IoT, the value of RX receiver sensitivity is low considering energy harvesting and simple receiver architecture. So, the DL coverage is also the bottleneck, which is 12m DL coverage. For device type 2-1 in A-IoT, the value of RX receiver sensitivity is larger considering LO and Mixer at receiver architecture. So, the DL coverage can be about 75m. From the evaluation of UL coverage of A-IoT, the UL coverage of device type 2-1 is larger than that of device type 1, because of reflection amplifier at device type 2-1.


Table 1 Coverage comparison between A-IoT and RFID
	Parameters/Assumptions
	Values

	RFID or A-IoT
	A-IoT
	RFID

	Physical channel name
	UL
	DL
	UL
	DL

	Carrier frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	Tx power of emitter (dBm)
	33
	/
	10/20/30
	/

	Distance between emitter and A-IoT device(m)
	10
	/
	10
	/

	backscatter loss(dB)
	5
	/
	5
	/

	Transmitter
	A-IoT device
	BS
	Tag
	reader

	(1) Tx power (dBm)
	-26.5(device type 1)
-16(device type 2-1)
	33
	-49.5/-39.5/-29.5
	10/20/30

	(2) Tx antenna gain(dB)
	0
	5
	0
	5

	Receiver
	BS
	A-IoT device
	Reader
	Tag

	(3) Receiver sensitivity(dBm)
	-100
	-20(device type 1)
-50(device type 2-1)
	-92
	-20

	(4) Rx antenna gain(dB)
	5
	0
	5
	0

	(5) MPL = (1) (3) +(2)+ (4) (dB)
	79.5(device type 1)
89(device type 2-1)
	58(device type 1)
88(device type 2-1)
	47.5/57.5/67.5
	35/45/55

	(6) Maximum coverage(m)
	45(device type 1)
80(device type 2-1)
	12(device type 1)
75(device type 2-1)
	6.6/11/9/21.8
	3.1/5.6/10.3



Observation 2: For device type 1, it can achieve 12m DL coverage and 45m UL coverage.
Observation 3: For device type 2-1, DL coverage can be about 75m (LO and Mixer at receiver side are assumed), and UL coverage can be about 80m (reflection amplifier at transmitter side is assumed).

Evaluation for coexistence
Evaluation methodology for coexistence
From SID, R19 A-IoT only focus on FR1 licensed spectrum in FDD, and spectrum deployment can be in-band to NR, in guard-band to LTE/NR, in standalone band(s) as shown in figure 2. Coexistence in all three deployment scenarios should be evaluated.


Figure 2. Spectrum deployment for A-IoT

Proposal 3: Support coexistence evaluation for spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s). 
Regardless of the spectrum deployment scenario, it is necessary to consider the interference impact of A-IoT on NR UL reception, as well as the interference impact of NR UL transmission on A-IoT UL reception, especially for in-band operation. The interference between A-IoT DL and NR DL also needs to be analyzed. 


 
Case1                                    Case 2


 
Case3                                    Case 4
Figure 3. Analysis cases for coexistence with NR

Taking in-band to NR in topology 1 as an example, the standalone emitter and the A-IoT device with UL backscattering are considered. For UL coexistence analysis, both the CW signal transmitted from emitter and the A-IoT device‘s UL transmission based on backscatter may cause adjacent channel interference to NR UL reception, as shown in case 1 of Figure 3. Correspondingly, when analyzing the performance of A-IoT UL reception, the adjacent channel interference of NR UL transmission and the same frequency interference of CW signal should be considered, as shown in case 2 of Figure 3. For DL coexistence analysis, A-IoT DL transmission may cause adjacent channel interference to NR DL reception, as shown in case 3 of Figure 3. Correspondingly, when analyzing the performance of A-IoT DL reception, the adjacent channel interference of NR DL transmission should be considered, as shown in case 4 of Figure 3. The summary of interference analysis is shown in Table 2.
Table 2. Analysis cases for coexistence with NR
	Cases
	Aggressor
	Victim
	Interference type

	1
	A-IoT UL, CW
	NR UL
	adjacent frequency interference 

	2
	NR UL, CW
	A-IoT UL
	adjacent frequency interference,
same frequency interference 

	3
	A-IoT DL
	NR DL
	adjacent frequency interference

	4
	NR DL
	A-IoT DL
	adjacent frequency interference



Proposal 4: The interference between A-IoT link and NR legacy Uu link needs to be analyzed for coexistence evaluation.
Proposal 5: The impact of CW on A-IoT UL reception and NR UL reception needs to be considered in coexistence evaluation.
Evaluation results for coexistence
In this section, we provide UL coexistence evaluation assumption and results. We considered in-band deployment spectrum scenario and evaluated the A-IoT UL reception performance in topology 1 and NR UL reception performance, as shown in case 1 and case 2 in Figure 3. In our link level simulation, the carrier frequency is 900MHz, Tx power of emitter is 33dBm and the transmission bandwidth of A-IoT is 180kHz. The other main parameters are shown in Table 3.
Table 3. The main parameters of LLS for coexistence with NR
	Parameter
	Value

	Carrier frequency (GHz)
	900

	SCS for NR
	15kHz

	Tx power of emitter (dBm)
	33

	Tx power of legacy UE (dBm)
	

	Distance between emitter and A-IoT device(m)
	10

	backscatter loss(dB)
	5

	Transmission bandwidth of A-IoT device
	180kHz

	Height of emitter(m)
	5

	Height of gNB(m)
	10

	Distance between A-IoT device and gNB(m)
	50

	Path loss between A-IoT device and emitter
	InF NLOS in TS38.910

	Path loss between A-IoT device and gNB(m)
	InF NLOS in TS38.910

	Coding in A-IoT UL
	DNRZ

	Bandwidth of NR UE
	10M

	PRB number of NR UL
	50

	Modulation of NR UE
	256QAM



NR UL reception performance
For the in-band deployment scenario of Case 1, we first evaluated the NR UL reception performance considering the interference from CW and A-IoT UL transmission. According to TS 38.101, the EVM requirement for 256QAM is 3.5%. We evaluated the EVM values of each PRB at different distances between NR UE and gNB to analyze the number of guard RBs required between A-IoT UL transmission and NR UL transmission.
As shown in Figure 4(a), when the distance between NR UE and gNB is 200m and the emitter's transmission power is 33dBm(blue line), it can meet EVM requirement of NR UE, no guard PRB is needed between NR UL transmission and A-IoT UL transmission. As shown in Figure 4(b), when the distance between NR UE and gNB is 250m and the emitter's transmission power is 33dBm(blue line), one guard PRB is needed between A-IoT UL transmission and NR UL transmission to meet EVM requirement. As shown in Figure 4(c), when the distance between NR UE and gNB is 350m and the emitter's transmission power is 33dBm(blue line), 3 guard PRBs is required between A-IoT UL transmission and NR UL transmission to meet EVM requirement.
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Figure 4. NR UL reception performance
Observation 4: For NR UL reception performance, when the distance between NR UE and gNB is greater than 250m and the emitter's transmission power is 33dBm, guard PRB(s) is needed between A-IoT UL transmission and NR UL transmission to meet EVM requirement.

A-IoT UL reception performance
For the in-band deployment scenario of Case 1, we also evaluated A-IoT UL reception performance considering the interference from CW and NR UL transmission. Figure 5 reflects the A-IoT BER performance as the number of guard PRBs increase at different distances between NR UE and gNB. 
[image: C:\Users\mimi.chen.SPREADTRUM\Pictures\图片1.gif] 
Figure 5. BER performance of A-IoT UL reception
We can find that when the distance between NR UE and gNB is fixed, A-IoT BER decreases as the number of guard PRBs on both sides of A-IoT UL transmission increase. And when the guard PRB is more than 8, BER of A-IoT can be reduced to below 10-3. When the number of guard PRBs is fixed, the farther the distance between NR UE and gNB, the smaller the BER of A-IoT.
Observation 5: For A-IoT UL reception performance, as the number of guard PRBs on both sides of A-IoT UL transmission increase, BER of A-IoT decreases, and when the guard PRB is more than 8, BER of A-IoT can be reduced to below 10-3. 
Proposal 6: For In-band deployment scenario, it is necessary to discussed whether and how many guard PRBs are required between A-IoT UL transmission and NR UL transmission.

Conclusions
Proposal 1: MCL, MIL or MPL can be used to evaluate the coverage performance for A-IoT.
Observation 1: The Tx power is different when the device’s UL transmission is generated internally by the device (device type 1 and device type 2-1), or backscattered on a carrier wave (device type 2-2). 
[bookmark: _GoBack]Proposal 2: For Tx power of device type 1 or 2-1, the backscatter loss and the transmission loss of CW between emitter and device should be considered. The Tx power of device type 2-2 can be further discussed.
Observation 2: For device type 1, it can achieve 12m DL coverage and 45m UL coverage.
Observation 3: For device type 2-1, DL coverage can be about 75m (LO and Mixer at receiver side are assumed), and UL coverage can be about 80m (reflection amplifier at transmitter side is assumed).
Proposal 3: Support coexistence evaluation for spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s). 
Proposal 4: The interference between A-IoT link and NR legacy Uu link needs to be analyzed for coexistence evaluation.
Proposal 5: The impact of CW on A-IoT UL reception and NR UL reception needs to be considered in coexistence evaluation.
Observation 4: For NR UL reception performance, when the distance between NR UE and gNB is greater than 250m and the emitter's transmission power is 33dBm, guard PRB(s) is needed between A-IoT UL transmission and NR UL transmission to meet EVM requirement.
Observation 5: For A-IoT UL reception performance, as the number of guard PRBs on both sides of A-IoT UL transmission increase, BER of A-IoT decreases, and when the guard PRB is more than 8, BER of A-IoT can be reduced to below 10-3. 
Proposal 6: For In-band deployment scenario, it is necessary to discussed whether and how many guard PRBs are required between A-IoT UL transmission and NR UL transmission.
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