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1. Background
This RAN4 meeting begins to discuss the RAN4 work in the new SI NR duplex evolution [1]. The main work for RAN4 is to study the Cross Link Interference (CLI) model and capability from BS and UE perspective. Both the adjacent channel and co-channel CLI are considered. RAN1 has sent a LS [2] to RAN4 based on RAN1 discussion, this contribution discusses the questions in the LS and proposes a preliminary reply LS for the 1st step.
2. Discussion
The RAN1 LS is very long, it may be helpful to have a short summary for the LS then discuss how to reply it.
2.1 Summary of RAN1 LS
The followings are the questions copied from the LS:
====================================================
1) Agreements and questions on self-interference modelling for system level simulation
· 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?
· 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?
· 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?

2) Agreements and questions on gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
· 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, 
· 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, 

3) Agreements and questions on gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation.
· 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,
· 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, 
=========================================================
The above questions were raised from RAN1 understanding. Although the questions are very detail but they may not be easy to be understood from RAN4 background. In our understanding, the questions can be summarised that RAN1 wants to know BS/UE SBFD RF performance/capabilities and how to model them in the system simulation for several SBFD scenarios.
Observation 1: RAN1 would like to know BS/UE SBFD RF performance/capabilities and how to model them in the system simulation for several SBFD scenarios.
2.2 Assumptions, scenarios and the analysis directions for SBFD
In the beginning of the RAN4 discussion, it’ll be good that RAN4 align the understanding for the scenarios, assumptions and the related RAN4 issues then discuss the conclusions on how to reply RAN1.
2.2.1 Assumptions
From our understanding, the followings are the assumptions in RAN1 as the inputs to RAN4.
Table 1: SBFD assumption in RAN1
	Item
	Assumptions

	Mode
	TDD

	Subband configuration in the carrier
	DU and DUD can be considered

	Subband RB number
	No restrictions in RAN1

	Guard band
	To be discussed in RAN4

	Deployment cases
	As listed in the following RAN1 agreement in RAN1#109e


==========================================
Agreement in RAN1#109e
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.
======================================
Observation 2: RAN4 can have the assumptions in Table 1 for the input of SBFD discussion.
2.2.2 RF analysis for the interference
For the deployment cases listed in 2.2.1. There’re multiple interference types which need to be analysed further. The interference types listed in the LS can be sorted to three categories, i.e. intra-subband interference, inter-subband interference and adjacent channel interference. The RF analysis for the three categories may be different. They’re analysed one by one in the following.
The followings belong to intra-subband interference.
· gNB-UE co-channel intra-subband interference
· UE-gNB co-channel intra-subband interference
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI
· (inter-cell) co-site inter-sector co-channel intra-subband CLI
· (inter-cell) UE-UE co-channel intra-subband CLI
For the intra-subband interference, it’s only related to aggressor Tx power and the coupling loss. The coupling loss may be the path loss and other loss like due to the antenna, beamforming gain. So RAN4 need to analyse the Rx blocking issue for intra-subband scenarios. If blocking is not a issue, RAN1 can do the further simulation and analysis. 
Proposal 1: RAN4 need to analyse if the Rx blocking issue is a problem for the intra-subband interference types.
For the inter-subband interference, they can be further sorted to two sub-categories: self-interference and CLI. 
For the self-interference, only gNB self-interference should be analysed because half duplex operation at the UE side is assumed. 
The inter-subband CLI includes the following scenarios:
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI
· (inter-cell) co-site inter-sector co-channel inter-subband CLI
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI
For all of the inter-subband interference types, two aspects should be analysed, i.e, 1) Victim Rx path is not blocked by the aggressor Tx band power. 2) Victim Rx band noise due to the aggressor Tx leakage.
For adjacent channel CLI, there’re two scenarios, UE-UE adjacent-channel CLI and gNB-gNB adjacent-channel CLI (including co-site intra-sector and inter-sector). The same issues as inter-subband interference should be analysed.
Proposal 2: For gNB self-interference, inter-band CLI and adjacent channel CLI, at least the following two issues should be analysed in RAN4.
1) Victim Rx path is not blocked by the aggressor Tx band power.
2) Victim Rx band noise due to the aggressor Tx leakage.
2.3 Simulation model for RAN1
According to the analysis in 2.2, the RF analysis for SBFD is very complicated. So it’s not easy to have quick conclusions on the RF performance for all of the scenarios. In our estimation, 4~5 meetings may be needed to reach all of the conclusions. However, it may be good for RAN1 know some preliminary assumptions such as the model methodology to do some simulation calibration between companies. Therefore, we propose to reply RAN1 in a step-by-step approach. The first step can be a preliminary model methodology, then the exact model and value can be replied when there’re some conclusions.
Proposal 3: The reply to RAN1 can be step-by-step, the first step can be a preliminary model for calibration purpose. The exact model and the performance can be replied later.
2.4 Draft reply to RAN1
A relative simpler model can be sent to RAN1 for calibration purpose. For the two aspects, they may need to be handled in different approach.
1) Victim Rx blocking issue: Victim Rx path is not blocked by the aggressor Tx band power.
2) Aggressor Tx leakage residual power at Rx band: Victim Rx band noise due to the aggressor Tx leakage.
For the first blocking issue, take gNB self-interference as an example, it’s not feasible using current BS requirement and performance assumption from our preliminary analysis. So this discussion will cost some time to see how to handle it. The first issue is significant that if it’s a problem then this feature is not feasible at all. RAN4 conclusion for the first issue can be two directions: 1) The blocking issue is so severe that SBFD is not feasible from BS self-interference perspective. 2) Some RF enhancement can be used that blocking issue can be solved with xdB () SNR degradation to the victim Rx band.
Observation 3: The RAN4 conclusions for blocking issue would be two possible directions: 1) The blocking issue is severe to make SBFD not feasible. 2) The blocking issue can be solved with xdB () SNR degradation to victim Rx band.
From the above observation, RAN1 can arrange the simulation work according to the two possible directions for blocking issue.
Proposal 4: For the blocking issue, RAN4 can reply the two possible conclusion directions to RAN1 to arrange the further simulation work.
For the second issue residual Tx leakage noise, it’s much more complicated than the blocking issue because it’s related to Tx emission performance, Rx rejection capability and some possible self-interference cancellation methods. There’re no subband requirements for both BS and UE in the current specification. Self-interference cancellation approach is also a new topic for RAN4. If RAN1 can’t wait such a long time for the conclusions, RAN4 may first provide some preliminary model for simulation calibration purpose. In our understanding, some models can be the candidates for this performance, such as UE inband emission requirement, ACIR model, etc. ACIR model in TR 36.942 may be a direct and simple model at current stage, because it’s used in the RAN4 co-existence simulation. 
Observation 4: For residual Tx leakage issue, RAN4 may need more time to discuss the performance and the simulation model than the blocking issue.
Proposal 5: ACIR model in TR 36.942 can be a reference model for RAN1 simulation calibration purpose.
According to the above observation and proposal, a draft reply to RAN1 is drafted in the Annex.
3. Summary
This contribution provides our preliminary analysis for the questions from RAN1 LS on interference modelling for duplex evolution. We have the following observations and proposals.
Observation 1: RAN1 would like to know BS/UE SBFD RF performance/capabilities and how to model them in the system simulation for several SBFD scenarios.
Observation 2: RAN4 can have the assumption in Table 1 for the input of SBFD discussion.
Proposal 1: RAN4 need to analyse if the Rx blocking issue is a problem for the intra-subband interference types.
Proposal 2: For gNB self-interference, inter-band CLI and adjacent channel CLI, at least the following two issues should be analysed in RAN4.
1) Victim Rx path is not blocked by the aggressor Tx band power.
2) Victim Rx band noise due to the aggressor Tx leakage.
Proposal 3: The reply to RAN1 can be step-by-step, the first step can be a preliminary model for calibration purpose. The exact model and the performance can be replied later.
Observation 3: The RAN4 conclusions for blocking issue would be two possible directions: 1) The blocking issue is severe to make SBFD not feasible. 2) The blocking issue can be solved with xdB () SNR degradation to victim Rx band.
Proposal 4: For the blocking issue, RAN4 can reply the two possible conclusion directions to RAN1 to arrange the further simulation work.
Observation 4: For residual Tx leakage issue, RAN4 may need more time to discuss the performance and the simulation model than the blocking issue.
Proposal 5: ACIR model in TR 36.942 can be a reference model for RAN1 simulation calibration purpose.
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1. Overall description
RAN4 would like to thank RAN1 for the LS on interference modelling for duplex evolution (R1-2205543). RAN4 had some preliminary discussions on the questions in the LS. In RAN4 understanding, RAN1 would like to know the BS/UE SBFD RF performance/capabilities and how to model them in the system simulation for several SBFD scenarios. 
Because the questions for RAN4 are new and complicated, RAN4 needs several meetings to do the detail analysis and evaluation. In order not to delay RAN1 system simulation work too much, RAN4 will reply the questions in a step-by-step approach. Some preliminary assumption/information can be provided for simulation calibration purpose. The final reply will be provided when there’re conclusions in RAN4.
For the questions in the LS, RAN4 would like to reply them in a more general way at current stage. For the interference types for SBFD operation listed in the LS, RAN4 has the following understanding or suggestions for RAN1.
· For intra-subband types, RAN4 need to analyse if the Rx blocking issue is a problem.
· For gNB self-interference, inter-band CLI and adjacent channel CLI, at least the following two issues should be analysed in RAN4.
1) Victim Rx path is not blocked by the aggressor Tx band power.
2) Victim Rx band noise due to the aggressor Tx leakage.
· The RAN4 conclusions for blocking issue would be two possible directions: 1) The blocking issue is severe to make SBFD not feasible. 2) The blocking issue can be solved with xdB () SNR degradation to victim Rx band.
· For residual Tx leakage in Rx band issue, RAN4 may need more time to discuss the performance and the simulation model than the blocking issue. ACIR model in TR 36.942 can be a reference model for RAN1 simulation calibration purpose at current stage.
· RAN4 will update the final conclusions when they’re agreed.
2. Actions
To RAN1 group:
ACTION: 	RAN4 respectfully asks RAN1 to take the above information into account for system simulation calibration purpose.

3. Dates of next TSG RAN WG4 meetings
[bookmark: _GoBack]TSG RAN WG4 Meeting #104-bis-e	10th October – 19th October 2022 	Online
TSG RAN WG4 Meeting #105	14th November – 18th November 2022 	Canada
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