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1 Introduction
At RAN#94-e, a new SI on evolution of NR duplex operation was approved [1], to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum. In [2] RAN1 asks RAN4 the questions on interference modelling for duplex evolution.
	Regarding the interference types in Rel-18 NR duplex evolution study, RAN1 made the following agreement:
Agreement
For discussion for duplex evolution study (all agenda items), consider the following as the common understanding in RAN1 on the definition of interference types for SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.
Note: Some of the interferences may not be used according to the deployment scenarios, e.g, whether the SBFD subband configurations are the same or different across gNBs.
Note: This does not imply we need to consider all the above interference types in evaluation for SBFD.
Furthermore, regarding the interference modelling for SBFD operation in system level simulation in Rel-18 NR duplex evolution study item, RAN1 made the following agreements and relevant questions:
1. Agreements and questions on self-interference modelling for system level simulation
Agreement
[bookmark: _Hlk103894324][bookmark: _Hlk103894493]Regarding gNB self-interference modelling for system level simulation purpose, consider introducing ratio of self-interference (RSI) to represent the overall self-interference suppression capability of gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc. RSI also takes into account the impact of Tx/Rx antenna element gain on self-interference. The RSI, denoted as ,  can be defined as the ratio of the total power transmitted by gNB across all transmit chains on a frequency unit m (e.g., subband/RB/subcarrier m) in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain on a different frequency unit n (e.g., another subband/RB/subcarrier n) in the same SBFD carrier.
· FFS: Model for link level simulations and relevant questions to ask RAN4
· FFS: details of gNB self-interference modelling using RSI in SLS. As one example based on per-RB-RSI, the gNB self-interference on a single receiver chain at UL RB n can be modelled as
· , wherein,
· 
· is the gNB self-interference on a single receiver chain at UL RB n caused by DL transmission on DL RB m.
· m is the DL RB index in DL subbands.
·  is gNB’s DL transmission power across all transmit chains at RB m (in dBm).
·  is the per-RB-RSI. 
· FFS: consider a statistical clutter model based on statistics of clutter strength and AoA.
· The following should be asked to RAN4:
· Question 1-1: What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity.
· Question 1-2: Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
·  +… 
·  denotes the spatial isolation.
·  denotes the suband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.
· Question 1-3: Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
· Question 1-4: The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
· Question 1-5: Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
· Note: RAN1’s consideration on the frequency locations and sizes of SBFD DL subband and SBFD UL subband assumed in SBFD operation can be provided to RAN4.

1. Agreements and questions on gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
Agreement
[bookmark: _Hlk103807408]For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Question 2-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· Question 2-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
· Question 2-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
FFS: Usage of the above model provided by RAN4 in the evaluation

1. Agreements and questions on gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
Agreement
Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Question 3-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· [bookmark: _Hlk103931113]Question 3-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following cases:
· the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
· Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
· Question 3-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
FFS: How to make use of the interference model in RAN1



In this contribution, we provide our view on these questions for the 3 cases, i.e. self-interference, co-channel inter-subband CLI and adjacent-channel CLI.
2 Discussion
2.1	Self-interference modelling for system level simulation
For self-interference, different mitigation techniques can be adopted, and the overall suppression can be achieved from the combination of spatial isolation, sub-band isolation, RF sub-band filter, and digital interference cancellation. The capabilities have dependencies with frequency ranges, power classes and other implementations aspects. 
Spatial isolation
In the LS, the RS is defined as the ratio of the total power transmitted by gNB across all transmit chains in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain in the same SBFD carrier. It could be different to the antenna architectures. Normally FR1 uses DBF architecture and FR2 uses ABF architecture. FR2 include also RX beamforming for a receiver chain. It will results a large range of spatial isolation due to ABF architecture. For FR1 only the element gain is included to each receiver chain. Hence the minimum variation is more stable.
Sub-band isolation
SBFD can provide the sub-band isolation due to the use of non-overlapping TX and RX sub-bands. The isolation value is the ratio of the unwanted leakage power to the power of wanted signal power. Hence we can use ACLR limits as the capability of sub-band isolation, i.e. 45 dB for FR1 and 28 dB for FR2.

Table 2.1-1 shows our estimation on self-interference.
Table 2.1-1 link budget for RSI
	 Parameters
	FR1 Macro
	FR2 Macro

	Tx power (dBm)
	49
	38 dBm/400M

	Spatial isolation (dB)
	80
	85~95

	TX beam isolation (dB)
	10
	10

	Blocking level at receiver chain (dBm)
	-41
	-63/100M

	Frequency isolation ACLR (dB)
	45
	28

	RX beam isolation (dB)
	10
	10

	Digital cancellation (dB)
	10
	-

	Overall suppression (dB)
	145
	123

	REFSENS degradation (dB)
	< 1
	< 1



· Question 1-1: What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity.

Answer: the required suppression depends on the assumptions on the BS transmission power and allowed reference sensitivity degradation, so the value range would have dependency of the BS power class, the frequency range and sub-band configuration. Our preliminary proposal can be found in Table 2.1-1.

· Question 1-2: Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
·  +… 
·  denotes the spatial isolation.
·  denotes the suband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.
Answer: RAN4 can study on the respective capabilities for spatial isolation, subband frequency isolation, and digital cancellation. Our proposal can be found in Table 2.1-1.

· Question 1-3: Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
Answer: frequency flat model will be more pragmatics. Especially for FR1 it assumes DPD would be used, so the adjacent emission is flat in practice. And for FR2 a linear slope or a flat model can be discussed further.

· Question 1-4: The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
Answer: Refer to R4-2212492 discussion on blocking level, the in-band blocking level defined in the specification can be used as a starting point.

· Question 1-5: Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
Answer 1: Element to element isolation mainly relates to array separation, the RSI in the LS is defined as “the ratio of the total power transmitted by gNB across all transmit chains on a frequency unit m (e.g., subband/RB/subcarrier m) in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain on a different frequency unit n ”. So it will have dependency with the antenna architecture. And hence companies may assume different parameters.
Answer 2: By adopting frequency flat model, the parameters can be scaled according the transmitter/receiver bandwidth for BS
Answer 3: It will results a range of spatial isolation due to different Tx/Rx beam-pair.

2.2	gNB-gNB and UE-UE co-channel inter-subband CLI modelling
· Question 2-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
Answer: the two aspects unwanted emissions due to TX non-linearity and receiver selectivity should be considered in system level simulation. when modelling the co-channel inter-subband CLI, the assumption of based band filter should be clarified.

· Question 2-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
Answer: frequency flat model based on ACLR can apply
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
Answer: frequency flat model based on in-band blocking level can apply.

· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
Answer: from the gNB transmitter or receiver perspective, the modelling on co-channel inter-subband CLI should be same as above.
· Question 2-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
Answer: two options can be considered, one is that the UE still uses the whole carrier filter and hence the in-band emission defined in TS 38.101-1 sub-clause 6.4.2.3 applies. The other is to assume UE will use a smaller CBW filter to fit the BWP, in which ACLR requirements can apply. 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
Answer: it is a similar case as Aspect 1. Depends on the filter assumption of the UE receiver, two options can be considered, one is UE ACS and the other is 0 dB which means no filtering on the inter-subband.

2.3	gNB-gNB and UE-UE adjacent-channel CLI modelling
· Question 3-1: Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
Answer: the TX ACLR and RX ACS can be used in the simulation.
· Question 3-2: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
Answer: ACLR
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
Answer: ACS
· How to model the above interferences for the following cases:
· the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
Answer: From the gNB transmitter or receiver perspective, the ACLR or ACS modelling is independent to propagation channel. Hence the ACLR and ACS model are same as above cases. The path loss should be further studied for the co-site case.

· Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
Answer: Wanted signal have strong correlation while unwanted signals are non-linear signals and have weak correlation. Hence the antenna gain would be different. Hence separate calculation from ACLR and ACS perspective is more accurate.
· Question 3-3: For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
Answer: ACLR
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
Answer: ACS
· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
Answer: if we assume the directivity is the same for wanted signal and unwanted signal for UE, the ACIR ratio can be adopted.

3 Conclusion
In the contribution, we provide some discussion and answers in order to reply the LS from RAN1 on the simulation for NR SBFD operation.
[bookmark: _GoBack]Proposal: it is proposed to take our answers in clause 2 into consideration in the reply LS to RAN1.
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