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Introduction
In this paper, we discuss the simulation assumptions for coexisting for A-IoT.
Discussion
In WF [1], the evaluation cases are stated as below.
Issue 2-5-2: Evaluation cases for D1T1 for device 1 and 2a between NR and AIOT
Agreement:
· FFS on evaluation cases for D1T1 for device 1 and 2a between NR and AIOT. Corresponding evaluation cases are listed for information. Note that some duplicated cases are omitted in the table. 
	Deployment scenario and topology
	spectrum 
	aggressor
	victim

	[image: 图示

描述已自动生成]
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum

	R2D: DL
CW2D and D2R: UL
	CW and/or device
	NR UL

	
	
	NR UL
	device and/or reader

	
	
	reader
	NR DL

	
	
	NR DL
	device

	
	R2D: DL
CW2D and D2R: DL
	CW and/or device
	NR DL

	
	
	NR DL
	device and/or reader

	
	R2D: UL
CW2D and D2R: UL
	Reader
	NR UL

	
	
	NR UL
	reader
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Self interference cancelation is needed for reader
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum

	R2D: DL
CW2D and D2R: UL
	CW and/or device
	NR UL

	
	
	NR UL
	device and/or reader

	
	
	reader
	NR DL

	
	
	NR DL
	device

	
	R2D: DL
CW2D and D2R: DL
	CW and/or device
	NR DL

	
	
	NR DL
	device and/or reader

	
	R2D: UL
CW2D and D2R: UL
	reader
	NR UL

	
	
	NR UL
	reader
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Self interference cancellation is needed for reader

· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
	R2D: DL
CW2D and D2R: UL
	CW and/or device
	NR UL

	
	
	NR UL
	device and/or reader

	
	
	reader
	NR DL

	
	
	NR DL
	device

	
	R2D: UL
CW2D and D2R: UL
	reader
	NR UL

	
	
	NR UL
	reader



Issue 2-5-3: Evaluation cases for D2T2 for device 1 and 2a between NR and AIOT
Agreement:
· FFS on evaluation cases for D2T2 for device 1 and 2a between NR and AIOT. Corresponding evaluation cases are listed for information. Note that some duplicated cases are omitted in the table. 
	Deployment scenario and topology
	spectrum 
	aggressor
	victim
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Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
	R2D: UL
CW2D and D2R: UL
	CW and/or device
	NR UL

	
	
	NR UL
	Device and/or reader

	
	
	reader
	NR UL

	
	
	NR UL
	device
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Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
Self interference cancelation is needed for reader
	R2D: UL
CW2D and D2R: UL
	CW and/or device
	NR UL

	
	
	NR UL
	Device and/or reader

	
	
	reader
	NR UL

	
	
	NR UL
	device
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Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum
Self interference cancelation is needed for reader
	R2D: UL
CW2D and D2R: UL
	CW and/or device
	NR UL

	
	
	NR UL
	Device and/or reader

	
	
	reader
	NR UL

	
	
	NR UL
	device

	
	R2D: UL
CW2D and D2R: DL
	CW and/or device
	NR DL

	
	
	NR DL
	device and/or reader



Issue 2-5-4: Evaluation cases for device 2b between AIOT and NR
Agreement:
· FFS for evaluation cases for device 2b
Issue 2-5-5: Interference between AIOT systems
Agreement:
· RAN4 to first evaluate interference between AIOT and NR.
· FFS on interference between AIOT and AIOT

The main difference between a legacy 3GPP coexisting and the A-IoT coexisting is that a new node of carrier-wave transmitter (CWT) is introduced on top of the BS /UE coexisting. From this perspective, the CWT characteristic, the CWT deployment in relation to the BS deployment, the antenna characteristic, power, SNR etc. should be discussed first. 
RAN1 discuss the CWT in topology and CWT outside the topology, when CWT is in topology, the CW is transmitted by either BS and UE and as such the maximum output power can be the same with BS or UE; when CWT is out of topology, the CWT node has its own transmitter and therefore the separate RF parameter needs to be defined. In Figure 1 below, the interference source is visualized when BS is victim for UL receiving and listed in Table 1. Similarly, for DL coexisting, the aggressor sources are listed in Table 2. Clearly there are more parameters to be modeled comparing to the legacy coexisting simulation.



[bookmark: _Ref162350472]Figure 1: UL coexisting overview for CWT outside the topology

[bookmark: _Ref162350848]Table 1: The UL interference from aggressors to BS receiving @f1
	Aggressor
	Parameter
	Note

	CW node transmitting at f1
	In-band emission level relative to the transmitted power at certain frequency offset to the CW transmitted frequency
	The phase noise or PA nonlinear noise both impact this level.

	CW node transmitting at f2
	ACLR of CWT
	The adjacent channel leakage power to the wanted signal channel

	Backscatter transmission at f2
	ACLR of CWT attenuated by a backscattering loss at A-IoT
	The adjacent channel leakage power to the wanted signal channel

	Backscatter transmission at f1 by other A-IoT device
	CW signal will be modulated and backscattered not only by active UE within the cell, but also modulated and backscattered by other active UE in a cell operating by another operator
	Active A-IoT UE operating at f2 in another cell can backscatter the signal at f1 when both CW at f1 and f2 present at the same time.









Figure 2:DL coexisting overview for CWT outside the topology
[bookmark: _Ref162352133]Table 2: The DL interference from aggressors to A-IoT receiving @f1
	Aggressor
	Parameter
	Note

	CW node transmitting at f1
	In-band emission level relative to the transmitted power at certain frequency offset to the CW transmitted frequency
	The phase noise or PA noise both impact this level.

	CW node transmitting at f2
	ACLR of CWT
Potential IMD degradation 
	The adjacent channel leakage power to the wanted signal channel

	BS transmission at f2
	ACLR 
	The adjacent channel leakage power to the wanted signal channel



For the CWT topology, when CWT node is transmitting the CW signal, the CW signal can be used for the A-IoT device type 1 to harvest energy. The maximum distance to the A-IoT should be corresponding to minimum power to power on A-IoT device. Such distance could be increased with a higher CWT power, but as CWT is also one interference source, the CWT power should be controlled in a reasonable level, with referencing to the coexisting results. As a starting point, the CWT node topology could be similar with BS topology but with different network grid shift. This could be a similar case with the different network layer with different grid shift. When CW is in topology, it can be regarded as a special case where CWT node is co-located with BS.
[bookmark: _Ref163147167][bookmark: _Ref166504851]Model the CWT node layer with a grid shift to the network layer.
When CW is in topology, the CW signal will be transmitting from BS or UE, in such a case, there is no dedicated CW node, and one network layer can be used.
The coexisting simulation scenarios are listed in Table 3 below, the cases number can be increased when RAN1 agrees also how the CW is transmitted (DL or UL) band.
[bookmark: _Ref162356746]Table 3: The coexisting simulation cases for D1T1
	Simulation cases/ Scenarios
	Topology 1: indoor BS + indoor AIoT device

	
	Victim
	Aggressor
	CW in/outside topology

	1
	BS uplink receiving
	Other BSs transmitting CWT in adjacent channel
Active A-IoT in adjacent channel (backscatterring victim channel)
	CW in topology

	2
	A-IoT DL receiving
	Other BSs transmitting data in adjacent channel
	CW in topology

	3
	BS UL receiving
	Other BSs transmitting CWT in adjacent channel
CWT node transmitting in cochannel
CW node transmitting in adjacent channel 
	CW outside topology

	4
	A-IoT DL receiving
	CW node transmitting at cochannel
CW node transmitting at adjacent channel
BS transmission at adjacent channel
	CW outside topology




[bookmark: _Ref127543323][bookmark: _Ref163147176][bookmark: _Ref166504861]Consider the simulation cases in above table in this meeting and update it when RAN1 agree on CW transmission spectrum (UL or DL spectrum) between A-IoT systems.

In last meeting, the A-IoT and NR cases are prioritized, However, we think coexisting case of A-IoT and A-IoT may be more critical than coexisting case of NR and A-IoT. Because there is no in-band selectivity of the RF ED architecture in DL for device 1 and device 2a, this means the adjacent A-IoT carrier will be act as “co-channel” interferer as the RF ED will convert any channel to the baseband so the adjacent channel signal will overlap with the wanted signal fully. This creates a situation of the wanted channel and adjacent channel competing to each other when want channel and adjacent channel deployment share the same coverage. To be able to be received by A-IoT, the wanted channel power of A-IoT device in DL should be high enough and therefore, the adjacent cell should be grid shifted, or ideally, they should not even share the same coverage. This means the grid shift may not be the same as the legacy in percentage wise, but maybe the distance in meters.
For UL, A-IoT from different operator could share the same coverage as the backscattered signal can be differentiated at A-IoT BS, this can be further studied in the coexisting case.
[bookmark: _Ref166504870]Prioritize the coexisting between A-IoT systems. 
[bookmark: _Ref166504881]Model the grid shift between two A-IoT networks in meters for DL coexisting case.

Some evaluation paramters
As discussed above, the CW signal characteristic needs to be modeled so in coexisting simulation interferer source from CW can be calculated. As the CW signal could be transmitted using a OFDM modulator, a in-band emission mask could be modeled in this case. This is to consider both the modulation sideband and PA nonlinearity noise, phase noise etc. There is no IBE mask within the channel in BS specification so the IBE mask in UE specification could be considered as a starting point. As RAN1 has either 15kHz or 180kHz transmission bandwidth of the backscattered signal, so the interested frequency offset of the IBE mask will be either 15kHz or 180kHz.
[bookmark: _Ref166504892]Use the IBE mask of UE specification as starting point for CW IBE mask.
Another key parameter to discuss is the channel of A-IoT. In RAN1 LS, it is stated as the transmission bandwidth, but this is not the same with channel as defined in RAN4. In RAN4, it is assumed that there is channel filter in either UE or BS to meet the SEM or OBUE requirement and there is also an occupied bandwidth which is defined 99% transmission energy within the channel. So, it is not clear whether the channel is defined as same with transmission bandwidth. The backscatter modulation has long sidelobe due to the simple modulation and one can question whether the 99% energy will be confined within the transmission bandwidth of the 15kHz or 180kHz.  The waveform is defined by RAN1, but it is not clear if RAN1 will continue to define channel bandwidth or not. It may be good to send a LS question to RAN1 to confirm this.
[bookmark: _Ref166504901]The channel bandwidth is not defined in RAN1 yet.
[bookmark: _Ref166504912]Send LS to RAN1 to clarify RAN4 needs the channel bandwidth to start coexisting study.

 
Transmission
Center subcarrier (corresponds to DC in baseband) is not transmitted in downlink
Active Resource Blocks
[image: ]
[image: ]
Resource block
Transmission bandwidth configuration [NRB]
bandwidth [RB]
Channel bandwidth [MHz]

[bookmark: _CRFigure5_61]Figure 5.6-1: Definition of channel bandwidth and transmission bandwidth configuration for one E‑UTRA carrier
Another issue relating to the A-IoT channel is that how to model the adjacent channel. In WF [1], the “in-band” deployment is defined to blank the RBs in a macro BS while the A-IoT using these blanked RBs is deployed indoor. So, in strictly RAN4 legacy terminology, the A-IoT is deployed as stand-alone mode and blanking the RBs at outdoor macro BS is to protect the A-IoT from co-existing perspective.  This pose a question of what the “adjacent channel” for A-IoT should be as the “in-band” deployment is within a macro BS channel and therefore, another channel could be defined as adjacent channel with “in-band” A-IoT deployment in a legacy NR BW definition. This is illustrated in Figure 3 and we suggest RAN4 discussing below two options of the adjacent A-IoT channel.




[bookmark: _Ref165713976]Figure 3: A-IoT adjacent channel definition

[bookmark: _Ref166504921]RAN4 discuss the A-IoT adjacent channel definition with below two options:
Option 1: A-IoT coexisting channels defined within the same macro BS channel.
Option 2: A-IoT coexisting channels defined within two adjacent macro BS channels.

Lastly, there is FFS in the agreement in WF[1]. 
Agreement: 
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering
· Use UL spectrum as the starting point for co-existence evaluation.
· It won’t preclude the use of DL for backscattering transmission.
· FFS on the minimum distance between the intermediate UE and A-IoT device
We think the UE-UE min distance in legacy coexisting study should be a starting point for the min distance between intermediate UE and A-IoT device. The UE to UE min distance is 5 m for outdoor and 1 m for indoor. In the A-IoT indoor case, 1 m could be used for min distance between intermediate UE and A-IoT device.
[bookmark: _Ref166504930]1 meter as starting point for the min distance between intermediate UE and A-IoT device.
Conclusions
In this contribution, we present our view on the coexisting simulation assumptions with below proposal:
Proposal-1: Model the CWT node layer with a grid shift to the network layer.
Proposal-2: Consider the simulation cases in above table in this meeting and update it when RAN1 agree on CW transmission spectrum (UL or DL spectrum) between A-IoT systems.
Proposal-3: Prioritize the coexisting between A-IoT systems.
Proposal-4: Model the grid shift between two A-IoT networks in meters for DL coexisting case.
Proposal-5: Use the IBE mask of UE specification as starting point for CW IBE mask.
Observation 1 The channel bandwidth is not defined in RAN1 yet.
Proposal-6: Send LS to RAN1 to clarify RAN4 needs the channel bandwidth to start coexisting study.
Proposal-7: RAN4 discuss the A-IoT adjacent channel definition with below two options:
Proposal-8: 1 meter as starting point for the min distance between intermediate UE and A-IoT device.
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