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1. Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· 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).


Accordingly, in this contribution, we would like to further provide our viewpoints on the feasibility and RF impact of SBFD from UE aspects.  
2 Discussion
In RAN4#104-bis-e, WF on SBFD feasibility study and RF impacts from UE aspects was agreed [5], which includes the further WF based upon the agreement on August meeting [2][3]. The agreed TX and RX modelling for co-channel and adjacent channel is summarized as below: 
	
	
	FR1
	FR2-1

	Adjacent 
Channel
	UE TX aggressor
	30dBc (ACLR) for Power Class 3
· Frequency flat 
· ACLR2 not modeled
· Improved ACLR with backoff not modeled
	23dBc (by following Occupied BW)
· Frequency flat 
· ACLR2 not modeled

	
	UE RX victim
	33dBc (ACS)
	23dBc (ACS)

	Co-channel
	UE TX aggressor
	IBE-based model
·  1RB as granularity
	IBE-based model (TBC)

	
	UE RX victim
	RX sub-band selectivity is FFS: 
· Option 1: 0 dB without any rejection/attenuation on interference in adjacent sub-band 
· Option 2: Something based on 33 dB FR1 ACS but the details are not clear
· Option 3: Typical performance model
· Other options not precluded
AGC’s impact is FFS
	Same as FR1 co-channel RX victim
· RX sub-band selectivity is FFS
· AGC’s impact is FFS


It should be noted that for FR2-1 modelling of UE TX aggressor toward co-channel victim, it is the common understanding that the same model (i.e., IBE-based model) shall be employed, while there is a misleading typo in the approved WF [5]. Based on the follow up email discussion after RAN4#104-bis-e, the understanding on the FR2-1 modelling of UE TX aggressor toward co-channel victim shall be further confirmed in RAN4#105. 
2.1 TX Modeling for UE-UE CLI
[bookmark: _Hlk118671944]As agreed in last RAN4 meeting, it is agreed to adopt IBE-based model (with model granularity being 1RB) for at least FR1 TX modelling for UE-UE CLI for the co-channel case [5]: 
	UE TX aggressor toward co-channel victim (FR1)
ACLR or IBE based model
· Agreement: Use IBE-based model for co-channel

What is the frequency domain granularity of the  IBE-based model
Agreement: IBE-based model granularity is 1 RB.

IBE-based model inclusion of image and LO location assumption
Agreement: The IBE-based model should Include the image aspect of IBE and assume the LO is in the middle of the channel to allow for correct placement of the image frequency.



Obviously, the above agreement shall be delivered to RAN1 to confirm IBE-based model shall be used for RAN1 system-level evaluation. From RAN1 SLS evaluation perspective, at least the following assumptions of guandband and SBFD subband configuration are agreed to be followed. In other words, RAN1 have various assumptions of guandband and SBFD subband configuration to be used in system-level simulation. Additionally, different modulation levels could be scheduled by gNB in the RAN1’s system level simulation considering the impact of fast fading. 
	Agreement in R1-2210758
For SLS evaluation purposes only, Alt 1/2/4 (SBFD UL subband is about 20% of the channel bandwidth) and SBFD Subband configuration#1 with {DUD} pattern, the following is assumed: 
· For FR1 
· Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>
· Optional: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <106, 51, 5>
· For FR2
· Baseline: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
· Optional: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
· Other values of < ND, NU, NG > are not precluded and can be reported by companies.



Considering all these factors impact the final TX aggressor model, it is hard for RAN4 to derive a simplified to a frequency flat model to be used for RAN1 evaluation, therefore the below observation can be obtained.  
Observation 1: Considering the possible configurations of various guardband, SBFD subband and modulation level to be simulated in RAN1 system-level simulation, IBE-based model is hard to be simplified to a frequency flat model. 
Proposal 1: RAN4 inform RAN1 that the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
- IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
- The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 

For FR2-1 modelling of UE TX aggressor toward co-channel victim, it is the common understanding that the same model (i.e., IBE-based model) shall be employed, while there is a misleading typo in the approved WF [5]. In this meeting, it is expected that RAN4 shall confirm the same approach as FR1 counterpart (i.e., IBE-based model) for FR2-1 modelling of UE TX aggressor toward co-channel victim.
Proposal 2: RAN4 shall confirm the same approach as FR1 counterpart (i.e., IBE-based model) for FR2-1 modelling of UE TX aggressor toward co-channel victim.
On the other hand, for the co-existence simulation conducted in RAN4, we see the possibility and necessity to simplify the IBE-based model to a frequency flat one: In the RAN4 co-existence study, the static simulation is expected in which the UE TX aggressor toward co-channel victim is supposed to be considered as the “background interference”. The detailed proposed model is elaborated in our accompanying discussion paper on SBFD co-existence simulation.  
Proposal 3: For RAN4 co-existence simulation evaluation, the simplified frequency flat model can be assumed for both FR1 and FR2-1 modelling of UE TX aggressor toward co-channel victim, and the detailed modelling is elaborated in the accompanying Samsung T-doc on the topic of co-existence study simulation. 
2.2 RX Modeling for UE-UE CLI
For UE receiver selectivity, the following agreement is captured in the approved WF [5]: 
	Receiver sub-band selectivity
Agreement:
· FFS with below candidate options for further consideration:
· Option 1: 0 dB without any rejection/attenuation on interference in adjacent sub-band 
· Option 2: Something based on 33 dB FR1 ACS but the details are not clear
· Option 3: Typical performance model
· Other options not precluded 
· FFS for the sub-band definition from UE perspective for SBFD operation 
· Further discuss the definition of sub-band selectivity 

Configuring the UE channel bandwidth to be equal to a sub-band for selectivity
Agreement: FFS whether UE channel bandwidth be configured to equal the sub-band BW for SBFD operation from UE perspective 



As proposed to be FFS in the above agreement, the sub-band selectivity is one major topic with different viewpoints from companies. Based on some companies’ proposal, the UE ACS (i.e., 33dBc) is hardly possible to be followed since the sub-band can be smaller than the channel bandwidth. On the other hand, the option of “0dB without any rejection/attenuation on interference in adjacent sub-band” shall be too pessimistic because the FFT itself at RX side baseband operation could provide the rejection for sub-band selectivity at the subcarriers at RX subband, even with timing and frequency offset considered.   
Based on the current discussion status, we expect more study is required to obtain the typical sub-band selectivity performance based on existing UE implementation, while it is obviously not our intention to introduce additional sub-band selectivity requirement for legacy UE. 
Proposal 4: RAN4 shall not introduce additional requirement for sub-band selectivity for SBFD operation, at least for legacy UE not capable of SBFD operation. 
Proposal 5: RAN4 shall obtain the receiver sub-band selectivity performance for SBFD capable UE, by considering the selectivity performance from FFT and other operations based upon typical legacy UE implementations (without special design for SBFD RX subband)

2.3 Agreements on UE-UE CLI Modeling to be shared to RAN1
In addition to the reply LS to RAN1 sent on Aug. meeting [2], additional agreements on UE-UE CLI modeling obtained in RAN4 shall be further sent to RAN1, which has been contained in a single draft LS in our accompanying discussion paper on feasibility and RF impact of SBFD: BS Aspects. 

3. Conclusion
In this contribution, we provided our viewpoints on the feasibility and RF impact of SBFD from UE aspects, accordingly the following observations and proposals are obtained: 
Observation 1: Considering the possible configurations of various guardband, SBFD subband and modulation level to be simulated in RAN1 system-level simulation, IBE-based model is hard to be simplified to a frequency flat model. 
Proposal 1: RAN4 inform RAN1 that the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
- IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
- The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 
Proposal 2: RAN4 shall confirm the same approach as FR1 counterpart (i.e., IBE-based model) for FR2-1 modelling of UE TX aggressor toward co-channel victim.
Proposal 3: For RAN4 co-existence simulation evaluation, the simplified frequency flat model can be assumed for both FR1 and FR2-1 modelling of UE TX aggressor toward co-channel victim, and the detailed modelling is elaborated in the accompanying Samsung T-doc on the topic of co-existence study simulation. 
Proposal 4: RAN4 shall not introduce additional requirement for sub-band selectivity for SBFD operation, at least for legacy UE not capable of SBFD operation. 
Proposal 5: RAN4 shall obtain the receiver sub-band selectivity performance for SBFD capable UE, by considering the selectivity performance from FFT and other operations based upon typical legacy UE implementations (without special design for SBFD RX subband)
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