	
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]3GPP TSG-RAN WG4 Meeting #110bis                                                                                        R4-2404438
Changsha, China, April 15 – April 19, 2024

Source: 	CATT
Title: 	Discussion on co-existence simulation methodology and scenarios for Ambient IoT
Agenda item:	9.13.2
Document for:	Approval
1. Introduction
This contribution provides our views on co-existence simulation assumption for ambient IoT. The simulation methodology and the scenarios are discussed.
2. Discussion
2.1 Co-existence simulation scenarios
In the SID, the following objective is listed:
A. [bookmark: _Hlk160560296]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
Considering 2 deployment scenarios, 3 device types, Spectrum deployment in-band, in guard-band to LTE/NR, standalone, CW transmitting in UL or DL spectrum, there could be 48 scenario combinations for the simulation. We propose to have some prioritization for the co-existence scenarios.
Proposal 1: RAN4 should have prioritization agreements for the co-existence simulation considering the 48 combinations for 2 deployment scenarios, 3 device types, spectrum deployment (in-band, in guard-band to LTE/NR, standalone), UL or DL spectrum.
The interference scenarios are different for CW transmitting in DL spectrum or UL spectrum. We provide detail analysis in our contribution [3]. The interference for CW transmitting in UL spectrum is less than CW transmitting in DL spectrum. We propose to prioritize CW transmission in UL spectrum in the co-existence simulation.
Proposal 2: RAN4 prioritize CW transmission in UL spectrum in the co-existence simulation.
2.2 Co-existence simulation methodology
Before the co-existence simulation is started, the methodology for AIoT needs to be discussed and decided. Due to the very different AIoT device architecture, the legacy co-existence simulation methodology for E-UTRA/NR may not be applicable.
2.1.1 The co-existence simulation methodology for E-UTRA/NR
Because analog filters have no or very little attenuation on the adjacent channel, it is the common understanding that BS/UE ACLR/ACS performance is achieved by digital filters’ rejection performance. Accordingly the co-existence simulation methodology for E-UTRA/NR is based on the ACIR methodology which is based on the assumption that UE/BS can reject the adjacent channel interference using Rx digital filter on Rx path and attenuate the emission using Tx digital filter or windowing on Tx path. The adjacent channel noise falls on wanted signal frequency range due to the aliasing in the processing of down sampling if the decimation filter attenuation on adjacent channel is limited.
Observation 1: ACIR methodology for RAN4 co-existence simulation is based on the assumption that both UE and BS have Tx/Rx digital filters to reject the adjacent channel interference or out of band emission.
For UE Rx requirements, there’re also other separated OOB, IBB requirements. These requirements are defined separately considering the different interference scenarios. At the same time, these requirements can derive the RF components performance requirements before the ACS processing in UE implementation. On the other hand, the OOB, IBB, ACS worst case scenarios may not happen at the same time, so ACIR simulation can be decoupled with OOB, IBB scenarios. Furthermore, the noise of OOB, IBB, ACS can be added as the independent noise in the wanted signal BW if they happens to exist simultaneously.
Observation 2: RAN4 ACIR simulation is decoupled with OOB, IBB interference scenarios, i.e only the first adjacent channel is assumed for the ACIR simulation. The noise of OOB, IBB, ACS can be added as the independent noise in the frequency domain of wanted signal BW if they happens to exist simultaneously.
UE ACS interference are from the Base stations deployed in the adjacent channel other than the same channel, so the power relationship of different interferences can be different because of the deployment topology, UE positions, etc. The Monte-Carlo method has been chosen for co-existence system simulation for LTE/NR.
Observation 3: Monte-Carlo method is used for LTE/NR co-existence system simulation because the power relationship of different interferences can be different due to deployment topology, UE postions, etc.
The throughput mapping according to SNIR is based on the link level performance model and the SNIR is calculated in the frequency domain of the wanted signal BW.
Observation 4:  The throughput mapping according to SNIR for LTE/NR co-existence simulation is based on the link level performance model and the SNIR is calculated in the wanted signal frequency range.
2.1.2 The co-existence simulation methodology for LP-WUS
In the LP-WUS study, the ACS evaluation didn’t use the traditional throughput loss metric. RAN4 agrees to focus on the evaluation of required guard RB rather than ACS requirements with co-existence simulation. RAN4 adopts two approaches for guard RB evaluation, i.e., filter suppression level analysis and link level simulation.
Observation 5: RAN4 uses link level simulation to evaluate ACS and ASCS for LP-WUS UE receiver. Throughput loss metric is not used in the simulation.
2.1.3 The co-existence simulation methodology for AIoT
2.1.3.1 Device type
It can be assumed that AIoT reader can have the similar RF performance with BS/UE for the ACLR/ACS aspects, then only device impact on the co-existence simulation needs to be discussed. There’re three AIoT types according to RAN1 agreement.
Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.
2.1.2.2 In-band and guard band co-existence methodology for Device 1 and Device 2a
For the device architecture, the following architectures are under study in RAN1.
Device 1 Architecture:
[image: ]

Device 2a Architecture:
[image: ]
Although there’re no agreements for BPF, LPF, etc in RAN1, one thing can be assumed is that there’re no digital Rx filters in Device 1 and Device 2a Rx path. RF envelope detector is the component to detect the waveform for AIoT. RF envelope detector detects the power level in time domain and usually the BW of RF envelope detector is relatively large. So due to the large pass band width performance for analog filters and no digital filter assumption for Device 1 and Device 2a, the interferences which can’t be attenuated by the analog filters are added to the AIoT Device Rx signal in time domain. The methodology of calculating SNIR in wanted signal frequency range can’t be used for the RF envelope detector. Link level performance simulation should be conducted to know the exact BLER compared with different interference level and frequency position. If a simple mapping of throughput(BLER)/SNIR like E-UTRA/NR can be derived needs to check the link level simulation.
Observation 6: RF envelope detector detects analog signal in time domain. The methodology of calculating SNIR in wanted signal frequency range can’t be used for the RF envelope detector. If a simple mapping of throughput (BLER)/SNIR like E-UTRA/NR can be derived needs to check the link level simulation.
Furthermore, if CW is transmitting in DL spectrum, for the in-band, guard band DL co-existence with LTE/NR signal transmitted from the same BS, the power ratio of LTE/NR signal and IoT signal is fixed for each IoT Device. So the LTE/NR in-band signal which can’t be attenuated sufficiently by the analog filters still exist in the input of RF envelop detector, the total BW in frequency domain for the residual interference can be several times of AIoT Rx signal. Similar with LP-WUS receiver evaluation, throughput loss metric can’t be reused for AIoT device Receiver. Conducting link level simulation for the in-band, guard band co-channel co-existence is the most straightforward in current phase. The metric for the simulation can be further discussed. Our preliminary understanding is that LP-WUS metric may not be reasonable because the ADC component assumption for LP-WUS is a high performance ADC which can’t be used in AIoT Device 1 and Device 2a.
Proposal 1: For CW transmitting in DL spectrum, consider to use link level simulation for the DL in-band, guard band co-channel co-existence for Device 1 and Device 2a for the scenario of AIoT is victim. Further discuss the metric for the simulation.
If CW is transmitted in DL spectrum, for the UL in-band, guard band co-existence simulation for Device 1 and Device 2a, system simulation may be needed because UEs’ positions can be random. But still RAN4 needs some assumptions to be decided, such as AIoT device output power, AIoT out of band emission modelling, AIoT UL link level performance, etc. Similar with DL simulation, if throughput loss metric can be reused needs further discussion.
Observation 7: For CW transmitting in DL spectrum, system simulation is needed for UL in-band, guard band co-existence simulation for Device 1 and Device 2a. If throughput loss metric can be reused needs further discussion. 
If CW is transmitted in UL spectrum, system simulation is needed for both DL and UL co-existence simulation. 
Observation 8: For CW transmitting in UL spectrum, system simulation is needed for both UL and DL in-band, guard band co-existence simulation for Device 1 and Device 2a. 
Before the simulation is started, there’re many parameter to be discussed and aligned.
Observation 9: The following parameters needs to be discussed and decided for UL in-band, guard band co-existence simulation for Device 1 and Device 2a.
1) AIoT device architecture, including the filter performance.
2) AIoT device output power
3) AIoT device antenna model
4) AIoT device Tx signal out of band emission modelling
5) AIoT DL/UL link level performance
2.1.2.3 In-band and guard band co-existence simulation for Device 2b
In RAN1 agreement, Device 2b is assumed that RF performance is more powerful than Device 2a that the device’s UL transmission is generated internally by the device. This description is too general that there’s no information about the RF architecture, especially if RF envelope detector is also assumed for Rx, how about the AD/DA sampling rate, digital RF filter assumption. As discussed in 2.1.1, if legacy LTE/NR co-existence simulation methodology is reused for AIoT, digital filter should be assumed that ACS/ACLR can be achieved by digital filter performance.
Proposal 4: RAN4 further discuss Device 2b RF architecture especially the assumption of RF envelope detector, AD/DA sampling rate, digital filter to decide the co-existence simulation methodology for Device 2b.
It should be noted that link level analysis and link level simulation should be conducted before the co-existence simulation to be started to have the conclusion of the coverage and detection threshold or throughput vs. SNIR model.
2.1.2.4 Standalone co-existence simulation for the three device types
For the standalone co-existence simulation, there’re some general issues as in in-band/guard band simulation, like the link level analysis/simulation, device performance assumption etc. The detail scenarios may also need further clarification that if the adjacent channel scenarios for AIoT should include the three systems of LTE, NR and AIoT.
Proposal 5: RAN4 discuss and decide if standalone co-existence simulation assumes that the adjacent channel scenarios include the three systems of LTE, NR and AIoT.
2.3 Other general parameters
Some other general parameters may also impact the simulation methodology, such as, frame structure, synchronization assumption, CW node inside/outside the topology, etc. 
Observation 10: Some other general parameters may also impact the simulation methodology, such as, frame structure, synchronization assumption, CW node inside/outside the topology, etc. 
3. Conclusion
This contribution provides our general consideration on Ambient-IoT co-existence study. The following proposals are provided as follows:
For co-existence simulation scenario
Proposal 1: RAN4 should have prioritization agreements for the co-existence simulation considering the 48 combinations for 2 deployment scenarios, 3 device types, spectrum deployment (in-band, in guard-band to LTE/NR, standalone), UL or DL spectrum.
Proposal 2: RAN4 prioritize CW transmission in UL spectrum in the co-existence simulation.
For the co-existence simulation methodology for E-UTRA/NR,
Observation 1: ACIR methodology for RAN4 co-existence simulation is based on the assumption that both UE and BS have Tx/Rx digital filters to reject the adjacent channel interference or out of band emission.
Observation 2: RAN4 ACIR simulation is decoupled with OOB, IBB interference scenarios, i.e only the first adjacent channel is assumed for the ACIR simulation. The noise of OOB, IBB, ACS can be added as the independent noise in the frequency domain of wanted signal BW if they happens to exist simultaneously.
Observation 3: Monte-Carlo method is used for LTE/NR co-existence system simulation because the power relationship of different interferences can be different due to deployment topology, UE postions, etc.
Observation 4:  The throughput mapping according to SNIR for LTE/NR co-existence simulation is based on the link level performance model and the SNIR is calculated in the wanted signal frequency range.

For the co-existence simulation methodology for LP-WUS,
Observation 5: RAN4 uses link level simulation to evaluate ACS and ASCS for LP-WUS UE receiver. Throughput loss metric is not used in the simulation.

For in-band and guard band co-existence methodology for Device 1 and Device 2a,
Observation 6: RF envelope detects analog signal in time domain. The methodology of calculating SNIR in wanted signal frequency range can’t be used for the RF envelope detector. If a simple mapping of throughput (BLER)/SNIR like E-UTRA/NR can be derived needs to check the link level simulation.
Proposal 3: For CW transmitting in DL spectrum, consider to use link level simulation for the DL in-band, guard band co-channel co-existence for Device 1 and Device 2a for the scenario of AIoT is victim. Further discuss the metric for the simulation.
Observation 7: For CW transmitting in DL spectrum, system simulation is needed for UL in-band, guard band co-existence simulation for Device 1 and Device 2a. If throughput loss metric can be reused needs further discussion. 
Observation 8: For CW transmitting in UL spectrum, system simulation is needed for both UL and DL in-band, guard band co-existence simulation for Device 1 and Device 2a. 
Observation 9: The following parameters needs to be discussed and decided for in-band, guard band co-existence simulation for Device 1 and Device 2a.
1) AIoT device architecture, including the filter performance.
2) AIoT device output power
3) AIoT device antenna model
4) AIoT device Tx signal out of band emission modelling
5) AIoT DL/UL link level performance

For in-band and guard band co-existence simulation for Device 2b,
Proposal 4: RAN4 further discuss Device 2b RF architecture especially the assumption of RF envelope detector, AD/DA sampling rate, digital filter to decide the co-existence simulation methodology for Device 2b.

For standalone co-existence simulation for the three device types,
Proposal 5: RAN4 discuss and decide if standalone co-existence simulation assumes that the adjacent channel scenarios include the three scenarios of LTE, NR and AIoT.

For other general parameters,
Observation 10: Some other general issues are also need to be aligned before the simulation, such as, frame structure, synchronization assumption, CW node inside/outside the topology. 
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