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1. Introduction
 (
RAN4-led:
Coexistence study of Ambient IoT and NR/LTE.
RF requirements study for Ambient IoT:
Ambient
 IoT BS transmission and reception
Ambient IoT 
Device
, as per the General Scope,
 transmission and reception
Intermediate node (UE), as per the General Scope,
 transmission and reception
)In RAN#102, the study item for AIoT [1] was agreed and the related RAN4 work is described as below:

In this contribution, we provide our analysis on the co-existence between AIoT and NR.
2. Discussion
2.1 Interference of CW source
Before we jump into the detailed analysis, one problem is whether the interference of CW node need to be considered. In RAN1#116, several agreements are achieved on CW waveform:
 (
Agreement
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.
Agreement
For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied
)In current RAN4 spec, the narrow band blocking is defined to show the performance degradation when an unwanted narrow band CW interferer is present, as shown below:

	NR band
	Parameter
	Unit
	Channel Bandwidth (MHz)

	
	
	
	3
	5
	10
	15
	20
	25, 30, 35, 40, 45, 50
	60, 70, 80, 90, 100

	n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n25, n26, n28, n29, n30, n34, n38, n39, n40, n41, n48, n50, n51, n53, n65, n66, n67, n70, n71, n74, n75, n76, n85, n100, n101
	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	dB
	18
	16
	13
	14
	16
	16
	16

	
	Puw (CW)
	dBm
	
	-55

	
	Fuw (offset SCS= 15 kHz) 4
	MHz
	
	
	NA

	
	Fuw (offset SCS= 30 kHz)4
	MHz
	NA
	




The table shows that under -55 dBm CW output power, significant REFSENS degradation will appear, so at least we can conclude that the CW node in AIoT system will impact the NR UE/BS receiver performance which depends on the output power and distribution of CW node. 

Observation 1: The CW in AIoT system has impact on NR UE/BS receiver performance, which depends on the distribution and output power of CW node. 

In [2], the impact of in-channel CW and AWGN are presented and results show that the OFDM system is more sensitive to CW interference than AWGN. In addition, due to the high PSD of CW, it may exceed the dynamic range of receiver and cause receiver blocking, which means the mechanisms of receiver performance degradation can be different between CW and backscattered signal.

Observation 2:  The mechanisms of receiver performance degradation are different for CW and backscattered signal, and the CW may not be treated as AWGN as in traditional coexistence evaluation. 

Considering the possible different mechanisms of CW and backscattered signal and to simplify the co-existence evaluation, we suggest studying them respectively.
 
Proposal 1: To simplify the co-existence evaluation, the co-existence between CW and NR and the co-existence between Tag and NR should be studied respectively.

In the following part, the section 2.2 focusses on the analysis on the co-existence between NR and Tag, and the section 2.3 focusses on the co-existence between NR and CW. 
2.2 Co-existence between NR and Tag
2.2.1 Deployment 1, Topology 1 (D1T1)
 (
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
)In [1], for D1T1, co-site is assumed for co-existence.

In RAN1, there are 3 types of scenarios are discussed in the last meeting:



  
The CW node can be removed as discussed in the section 2.1, and the D1T1-B will be exactly same as D1T1-A2, so only D1T1-A1 and D1T1-A2 are considered in the following part. The difference between D1T1-A1 and D1T1-A2 is that whether the AIoT signal is transmitted and received in the same Reader. However, the interference conditions will also be different when CW in the UL or DL spectrum, and we will discuss them one by one.
· CW in the UL spectrum, NR UL<=>AIoT UL
The Figure 1 shows the possible signal (solid line) and interference (dotted line) links for device A/B.


      
Figure 1 Co-existence scenario for D1T1 when CW in the UL spectrum

One unusual interference mechanism is that the backscatter tag will not only reflect CW but will also reflect the OFDM signal, and NR uplink from UE will also cause interference on BS (UE-D-BS) and Reader (UE-D-R) after the signal is backscattered. 
· CW in the DL spectrum, NR DL<=>AIoT UL


     
Figure 2 Co-existence scenario for D1T1 when CW in the DL spectrum 
When the CW source is in the DL spectrum, the UL of Tag will interfere the NR DL. Due to the co-site assumption, this case requires the base station supporting transmit AIoT signal and receive NR signal simultaneously, and the self-interference need to be considered. 
· NR DL<=>AIoT DL


Figure 3 Co-existence scenario for D1T1 between NR and AIoT DL

For the coexistence between NR DL and AIoT DL, the condition for D1T1-A1 and D1T1-A2 should be same. Based on the analysis above, we propose several cases for co-existence study.

Proposal 2: The following cases of D1T1 should be studied in the co-existence evaluation:
	Case 
	operation
	Scenarios
	Spectrum of CW source 
	Aggressor 
	Victim 
	interference composition

	1
	In-band
	D1T1-A1

	
UL spectrum
	NR UL
	Tag D2R
	UE2R, UE-D-R

	2
	
	
	
	Tag D2R
	NR UL
	D2BS, UE-D-BS

	3
	
	
	DL spectrum
	NR DL
	Tag D2R
	BS2R (self-interference and inter-site), BS-D-R

	4
	
	
	
	Tag D2R
	NR DL
	D2UE, BS-D-UE

	5
	
	D1T1-A2

	UL spectrum
	NR UL
	Tag D2R
	UE2R, UE-D-R

	6
	
	
	
	Tag D2R
	NR UL
	D2BS, UE-D-BS

	7
	
	
	DL spectrum
	NR DL
	Tag D2R
	BS2R (self-interference and inter-site), BS-D-R

	8
	
	
	
	Tag D2R
	NR DL
	D2UE, BS-D-UE

	9
	
	D1T1
	
	NR DL
	Tag R2D
	BS2D

	10
	
	
	
	Tag R2D
	NR DL
	R2UE, BS-D-UE



The in-band operation is chosen as the worst case for simplicity in the co-existence evaluation.
2.2.2 Deployment 2, Topology 2 (D2T2)
 (
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
)In [1], for D2T2, co-site is also assumed for co-existence.

Since the UE will participant in the AIoT system, one baseline assumption we want to point out is that the UE cannot receive/transmit the NR signal and transmit/receive the AIoT command signal simultaneously.

Proposal 3: For D2T2 co-existence evaluation, the UE cannot receive/transmit the NR signal and transmit/receive the AIoT signal simultaneously at UL spectrum should be the baseline.


Based on the assumption above, we further discuss the cases that when CW source in UL or DL spectrum.
· CW in the UL spectrum, NR UL<=>AIoT UL


Figure 4 Co-existence scenario for D2T2 when CW in the UL spectrum

For this case, D2R and NR UL of UE should be TDM otherwise the UE needs to support SBFD on FDD UL spectrum. The interference mainly from other UE, and only the NR interfere Tag need to be considered since the interference from Tag to BS outside can be ignored.

· CW in the DL spectrum, NR DL<=>AIoT UL


Figure 5 Co-existence scenario for D2T2 when CW in the DL spectrum
For this case, UE may receive NR DL and D2R simultaneously and the interference between Tag and NR exist. It is noted that the interference condition is quite similar to D1T1 and the main difference is the power level of NR DL.

· NR DL<=>AIoT DL


Figure 6 Co-existence scenario for D2T2 between NR and AIoT DL

Since UE can only transmit the R2D on UL spectrum, the NR DL and R2D are in different spectrum which is isolated with each other naturally, so the interference from NR to R2D can be ignored. However, the UE may still be interfered by the signal reflected by Tag.

· NR UL<=>AIoT DL



In this case, the NR UE need to transmit the NR and AIoT signal in UL spectrum and should be TDM as discussed in previous part. The interference is also mainly from other UE and only NR interfere Tag need to be considered.





Proposal 4: The following cases of D2T2 should be studied in the co-existence evaluation:
	Case 
	operation
	Scenarios
	Spectrum of CW source 
	Aggressor 
	Victim 
	interference composition

	1
	In-band
	D2T2
	UL spectrum
	NR UL
	Tag D2R
	UE2R, UE-D-R

	2
	
	
	DL spectrum
	NR DL
	Tag D2R
	BS2R, BS-D-R

	3
	
	
	
	Tag D2R
	NR DL
	D2UE, BS-D-UE

	4
	
	
	
	Tag
	NR DL
	BS-D-UE

	5
	
	
	
	NR UL
	Tag R2D
	UE2R



Similar to D1T1, the in-band operation is assumed as the worst case.

2.3 Co-existence between NR and CW
As the discussion in 2.1, the CW may also have impact on the NR system, which depends on the power of CW and distribution of CW node. If the CW is out of the topology, which means the CW is independent from UE and BS, the impact of CW can be easily removed by lower down the power of CW and move the CW near to the Tag. The only problem may be the cost which is not technical concern.

Observation 3: When the CW node is out of topology, the impact of CW can be reduced by lower down the power of CW and move the CW node near to the Tag.

So, in our understanding, only the cases that CW node is inside the topology need to be studied in SI

Proposal 5: In the SI, only the cases that CW node inside the topology, i.e., CW is transmitted by BS or UE, need to be studied, and the following procedure can be the starting point:
(1) Discuss the distribution of BS/UE for D1T1/D2T2 and the power of CW.
(2) Run system simulation, get the CDF of CW power at receiver side.
(3) Check the performance degradation of receiver

2.4 Simulation assumptions
For the evaluation purpose, and scenarios for D1T1 and D2T2 should be considered. Refer to TR 38.901, the indoor factory (i.e., InF) layout can be a candidate channel model as starting point. The detail layout can be found as below. It is noted that for the D2T2, we assume the UE distribution is similar to BS to provide reasonable coverage.
One important assumption needs to be discussed is performance metric. Considering the physical layer design is not clear now and it is impossible to wait for the conclusion, the SINR loss based metric which is used in NB-IoT could be the only choice. 
Proposal 6: Take the simulation assumption in the Table 1 as the starting point.
Table 1 simulation assumptions for scenarios D1T1 and D2T2
	Parameter
	Assumptions for D1T1
	Assumptions for D2T2

	Scenario
	InF-DH
	InH-office
	InF-DL

	Channel model
	TR 38.901 InF-DH
	TR 38.901 InH-office
	TR 38.901 InF-DL

	Hall size
	120x60 m
	120 x50 m
	300x150 m

	Room height
	10 m
	3m
	10 m

	Frequency
	900 MHz

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
· L=120m x W=60m; D=20m
· BS height = 8 m 
[image: ]
	hexagonal grid, 7 macro sites, 3 sectors per site with wrap around, 1 micro indoor scenario per sector
[image: ]


	NR UE (D1T1)/ Intermediate UE(D2T2) dropping
	FFS
	12 UEs are distributed uniformly
· L=120m x W=50m; D=20m 
· UE height = 1.5m 
[image: ]

	18 UEs are distributed uniformly
· L=300m x W=150m; D=50m
· UE height = 1.5 m 
[image: ]

	Device distribution 
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the small hall = 7200 m² × 1.5 A-IoT devices/m² = 10,800 A-IoT devices
	 Device Height= 1m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the small hall = 6000 m² × 1.5 A-IoT devices/m² = 9,000 A-IoT devices
	Device Height= 1.5m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the big hall = 45000 m² × 1.5 A-IoT devices/m² = 67,500 A-IoT devices

	Performance metric
	SNR loss < X dB, FFS the value of X



3. Conclusion
Observation 1: The CW in AIoT system has impact on NR UE/BS receiver performance, which depends on the distribution and output power of CW node.

Observation 2: The mechanisms of receiver performance degradation are different for CW and backscattered signal, and the CW may not be treated as AWGN as in traditional coexistence evaluation. 

Proposal 1: To simplify the co-existence evaluation, the co-existence between CW and NR and the co-existence between Tag and NR should be studied respectively.

Proposal 2: The following cases of D1T1 should be studied in the co-existence evaluation:
	Case 
	operation
	Scenarios
	Spectrum of CW source 
	Aggressor 
	Victim 
	interference composition

	1
	In-band
	D1T1-A1

	
UL spectrum
	NR UL
	Tag D2R
	UE2R, UE-D-R

	2
	
	
	
	Tag D2R
	NR UL
	D2BS, UE-D-BS

	3
	
	
	DL spectrum
	NR DL
	Tag D2R
	BS2R (self-interference and inter-site), BS-D-R

	4
	
	
	
	Tag D2R
	NR DL
	D2UE, BS-D-UE

	5
	
	D1T1-A2

	UL spectrum
	NR UL
	Tag D2R
	UE2R, UE-D-R

	6
	
	
	
	Tag D2R
	NR UL
	D2BS, UE-D-BS

	7
	
	
	DL spectrum
	NR DL
	Tag D2R
	BS2R (self-interference and inter-site), BS-D-R

	8
	
	
	
	Tag D2R
	NR DL
	D2UE, BS-D-UE

	9
	
	D1T1
	
	NR DL
	Tag R2D
	BS2D

	10
	
	
	
	Tag R2D
	NR DL
	R2UE, BS-D-UE



Proposal 3: For D2T2 co-existence evaluation, the UE cannot receive/transmit the NR signal and transmit/receive the AIoT signal simultaneously at UL spectrum should be the baseline.

Proposal 4: The following cases of D2T2 should be studied in the co-existence evaluation:
	Case 
	operation
	Scenarios
	Spectrum of CW source 
	Aggressor 
	Victim 
	interference composition

	1
	In-band
	D2T2
	UL spectrum
	NR UL
	Tag D2R
	UE2R, UE-D-R

	2
	
	
	DL spectrum
	NR DL
	Tag D2R
	BS2R, BS-D-R

	3
	
	
	
	Tag D2R
	NR DL
	D2UE, BS-D-UE

	4
	
	
	
	Tag
	NR DL
	BS-D-UE

	5
	
	
	
	NR UL
	Tag R2D
	UE2R



Observation 3: When the CW node is out of topology, the impact of CW can be reduced by lower down the power of CW and move the CW node near to the Tag.

Proposal 5: In the SI, only the cases that CW node inside the topology, i.e., CW is transmitted by BS or UE, need to be studied, and the following procedure can be the starting point:
(4) Discuss the distribution of BS/UE for D1T1/D2T2 and the power of CW.
(5) Run system simulation, get the CDF of CW power at receiver side.
(6) Check the performance degradation of receiver

Proposal 6: Take the simulation assumption in the Table 1 as the starting point.
Table 1 simulation assumptions for scenarios D1T1 and D2T2
	Parameter
	Assumptions for D1T1
	Assumptions for D2T2

	Scenario
	InF-DH
	InH-office
	InF-DL

	Channel model
	TR 38.901 InF-DH
	TR 38.901 InH-office
	TR 38.901 InF-DL

	Hall size
	120x60 m
	120 x50 m
	300x150 m

	Room height
	10 m
	3m
	10 m

	Frequency
	900 MHz

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
· L=120m x W=60m; D=20m
· BS height = 8 m 
[image: ]
	hexagonal grid, 7 macro sites, 3 sectors per site with wrap around, 1 micro indoor scenario per sector
[image: ]


	NR UE (D1T1)/ Intermediate UE(D2T2) dropping
	FFS
	12 UEs are distributed uniformly
· L=120m x W=50m; D=20m 
· UE height = 1.5m 
[image: ]

	18 UEs are distributed uniformly
· L=300m x W=150m; D=50m
· UE height = 1.5 m 
[image: ]

	Device distribution 
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the small hall = 7200 m² × 1.5 A-IoT devices/m² = 10,800 A-IoT devices
	 Device Height= 1m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the small hall = 6000 m² × 1.5 A-IoT devices/m² = 9,000 A-IoT devices
	Device Height= 1.5m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the big hall = 45000 m² × 1.5 A-IoT devices/m² = 67,500 A-IoT devices

	Performance metric
	SNR loss < X dB, FFS the value of X
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