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1 [bookmark: _Ref118581063]Introduction
RAN#97-e endorsed the revised Rel-18 study items on “Study on evolution of NR duplex operation” [1]. The objectives for this SI are shown below:
	In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



In this contribution, we discuss SBFD schemes within a carrier from inter-UE CLI impact perspective. 
2 SBFD schemes across BWP(s) within a carrier
The following working assumption was made in RAN1 #110 and there was agreement with regard to the baseline scheme for SBFD operation within a carrier in RAN1 #110bis. 
	RAN1 #110
Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair

RAN1 #110bis
Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.



Our understanding is that the single configured DL and UL BWP pair is a legacy UE mandatory feature and has no UE RF impact, so it was agreed as the baseline scheme in the study. However, the BWP configuration in SBFD operation has different inter-UE CLI impact in inter-subband and inter-operator scenarios. We believe that careful consideration is needed in RAN1 to avoid limiting SBFD deployment scenarios by the degree of inter-UE CLI impact. 
We have conducted tests to evaluate the inter-UE CLI impact in SBFD operations. Detailed results can be found in [2]. Figure 1 illustrates the mechanism of potential DL performance degradation that occurs in the processing chain of the victim UE due to receiver impairments caused by the inter-UE CLI. The received signal at RX antenna of the victim UE is the composite of the desired signal from gNB and inter-UE CLI (including both co-channel and adjacent channel) from aggressor UEs. In the processing chain, there are two major blocks to generate DL performance degradation. One is ADC in RF domain, another is FFT block in digital domain. In more detail, if the inter-UE CLI is far larger than the desired signal, the digitized signal after the ADC has no valid information due to limited dynamic range of ADC, so called ADC saturation. Therefore, further digital domain processing is not helpful to recover the desired signal. It means that the inter-UE CLI strength should be kept below a certain threshold or ADC with much higher dynamic range capability should be equipped. Note that the latter approach is not feasible since the deployed legacy UEs cannot have the ADC with higher dynamic range capability. Assume that the ADC is not saturated. In digital domain, the input of FFT block is sum of the desired signal and interference signal. Therefore, by performing FFT operation to the signal, power of the interference signal leaks to the designed signal (which called spectral leakage by FFT block) because the interference signal may be unaligned with the desired signal in time domain.
[image: ]
Figure 1: Victim UE’s processing chain
There are three possible methods to suppress inter-UE CLI impact: scheduling, insertion of guard RBs between the desired signal (DL) and the interfering signal (UL), and application of a lower sampling rate to the desired signal. For inter-UE co-channel CLI, interference impact can be avoided by scheduling according to CLI-RSSI reports for each subband. On the other hand, for inter-UE adjacent-channel CLI, interference impact is a concern because the distance between UEs cannot be controlled by gNB and the power difference between DL and UL can be large. It is evident that the guard RBs can suppress the inter-UE CLI because the spectral leakage by the FFT block is mainly populated in the boundary of the UL RB. The guard RBs can provide a sufficient distance between the DL RB and the UL RB. Lower sampling rate can be possible by applying small BWP to the interfering signal. The victim UE can adjust sampling point taking into account the inter-UE CLI on UL subband from the aggressor UE by help of lower sampling rate.
The interference suppression effect of guard RBs and BWP size was evaluated by testing. For the DL BWP size, the "BWP off" method (273 RBs including all RBs in an NR carrier) and the "BWP on" method (51 RBs including DL RBs only, not UL RBs at all) were used. The UE-to-UE distance and the RSRP of the victim UE were parameterized. Results on inter-UE co-channel CLI and and inter-UE adjacent-channel CLI are shown in Figures 2 and 3, respectively. Both results show that the inter-UE CLI impact is significant when the UE-to-UE distance is less than 1 m, although the number of guard RBs required can be suppressed by using a smaller BWP.
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Figure 2: MCS versus # of guard RBs (co-channel CLI)
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Figure 3: MCS versus # of guard RBs (adjacent-channel CLI)
Observation 1: 
For the inter-UE CLI, 
· Increasing the guard RBs between DL and UL is helpful to reduce the inter-UE CLI
· Small DL BWP helps reducing the inter-UE CLI 
· When the UE-to-UE distance is less than 1 m, the DL performance is still degraded even with the higher number of guard RBs due to limited dynamic range of ADC
Similar results have been observed in other studies [3], and RAN1 should consider methods to mitigate inter-UE CLI impact when UE-to-UE distance is less than 1 m.
[bookmark: _Hlk118577163]Proposal 1: 
RAN1 should study inter-UE CLI when UE-to-UE distance is less than 1m and investigate mitigation methods. 

One method to suppress inter-UE CLI is multiple DL and UL BWP pairs configuration. For example, one DL and UL BWP pair is configured with the same size as the channel bandwidth, and the other is configured as a DL and UL BWP pair for SBFD operation, where one or two DL BWPs are configured to match the DL subband size and one UL BWP is configured to match UL subband. This is expected to suppress inter-UE CLI impact and increase frequency utilization efficiency by reducing the number of guard RBs from the observation above.
In RAN1 #110bis, it was agreed as a baseline that the location of the SBFD symbol is semi-statically configured.
	Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.



Therefore, BWP switching delay using the current specification may be large, but it is assumed that the UE can mitigate the delay impact by changing one of the DL and UL BWP pair configuration semi-statically. Therefore, we believe that configuration of multiple DL and UL BWP pairs is worth continued study as a method for successful SBFD.
Proposal 2: 
RAN1 to study the feasibility and potential benefit of SBFD scheme with more than one configured DL and UL pair with aligned/unaligned center frequencies for a DL and UL BWP pair.

3 Conclusion
In this contribution, we made the following observations and proposals:
Observation 1: 
For the inter-UE CLI, 
· Increasing the guard RBs between DL and UL is helpful to reduce the inter-UE CLI
· Small DL BWP helps reducing the inter-UE CLI 
· When the UE-to-UE distance is less than 1 m, the DL performance is still degraded even with the higher number of guard RBs due to limited dynamic range of ADC

Proposal 1: 
RAN1 should study inter-UE CLI when UE-to-UE distance is less than 1m and investigate mitigation methods. 
Proposal 2: 
RAN1 to study the feasibility and potential benefit of SBFD scheme with more than one configured DL and UL pair with aligned/unaligned center frequencies for a DL and UL BWP pair.
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