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Introduction
This thread is on Rel-18 SI for Study on evolution of NR duplex operation, in which the following highlighted agenda items are supposed to be covered:
	1 
2 
3 
4 
5 
6 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
6.10 
6.11 
6.12 
6.13 
6.14 
6.15 
6.16 
6.17 
1 
2 
3 
4 
5 
6 
7 
8 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 
8.7 
8.8 
8.9 
8.10 
8.11 
8.12 
8.13 
8.14 
8.15 
8.16 
8.17 
8.18 Study on evolution of NR duplex operation	[FS_NR_duplex_evo]
8.18.1 General and work plan	[FS_NR_duplex_evo]
8.18.2 Study the feasibility of and impact on RF requirements	[FS_NR_duplex_evo]
8.18.2.1 Adjacent channel co-existence evaluation 	[FS_NR_duplex_evo] 
8.18.2.2 Study the feasibility of and impact on RF requirements 	[FS_NR_duplex_evo] 
8.18.2.2.1 BS aspect 	[FS_NR_duplex_evo]
8.18.2.2.2 UE aspect 	[FS_NR_duplex_evo]
8.18.3 Summary of regulatory aspects	[FS_NR_duplex_evo]
8.18.4 Moderator summary and conclusions	[FS_NR_duplex_evo]



List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Discussion based on contributions, especially for the RSIC calculation table and the analysis framework. 
· 2nd round: WF and potential further reply LS to be discussed according to 1st round discussion 
It is appreciated that the delegates for this topic put their contact information in the table below.
Topic #1: Feasibility study and RF impact from BS aspects
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218051
	Kumu Networks
	Observation 1: 
Having RF cancellation before the receiver LNA have the benefits of achieving the desired self-interference cancellation residue floor as well as preventing saturation of the Rx LNAs. When considering the viability of SBFD, RF cancellation plays a critical part and should be considered in the evaluation of overall RSIC capability.
Observation 2: With more complex frequency domain beamforming scenarios, RF cancellation gives a 151 dB overall RSIC capability and the resulting loss in sensitivity is less than 1 dB.
Proposal 1: 
Given that RF SIC is capable of avoiding LNA saturation, we should include RF SIC as a separate line item in the RSI table.
Proposal 2: 
We proposed that 1 dB sensitivity degradation for feasibility evaluation simulation should be a good starting point as 150 dB or lower RSIC and -43 dBm or lo

	R4-2218478
	CATT
	•	gNB Self-interference
Observation 1: The Tx leakage and Rx contribution requirements for 1 dB SI target can be divided to -105 dBm each if each of them contributes to half of the noise.
Observation 2: The overall RSIC requirement for Tx leakage should be at least 148 dB for WA SBFD BS.
Observation 3: The RSIC requirement for Rx blocking issue should be 89 dB for WA SBFD BS.
Observation 4: If IM3 contribution is -108 dBm for WA BS SBFD Rx noise, IIP3 should be at least-10.5 dBm in whole operation temperature range, which is very challenging.
Observation 5: If Rx blocking level is assumed to be the current WA BS requirement, ADC dynamic range can cover the whole signal level including IBB blocking and the Rx wanted signal.
Observation 6: AGC is not need to be analysed for BS Rx path because ADC dynamic is not a problem.
Observation 7: 65 dB ACS capability is needed for WA BS. It is challenging if SU is the same with current specification.
Proposal 1: SI analysis parameters is specified in Table4 .
Co-channel inter-cell co-site inter-sector gNB-to-gNB inter-subband CLI
Observation 8: The Tx leakage and Rx contribution requirements to the CLI can be divided to -108 dBm each if each of them contributes to half of noise.
Observation 9: The interference cancellation requirement for Tx leakage issue should be 151 dB for co-channel co-site inter-sector CLI, which is very challenging.
Observation 10: The interference cancellation requirement for Rx blocking issue should be 92 dB for co-channel co-site inter-sector CLI.
Observation 11: If IM3 contribution is -108 dBm for co-channel co-site inter-sector CLI Rx noise, IIP3 should be at least-9 dBm in whole operation temperature range, which is very challenging.
Observation 12: 68 dB ACS capability is needed for co-channel co-site inter-sector CLI. It is challenging if SU is the same with current specification.
Proposal 2: Table 7 can be used for CLI analysis parameters alignment in the discussion..
•	RF Requirement Impact
o	New RF requirements for SBFD
Proposal 3: New RF requirements for SBFD are proposed in Table8 .
o	Existing requirement without impact for SBFD capable gNB
Proposal 4: Existing requirements without change are proposed in Table9 .
Observation 13: Co-location minimum requirements of out-of-band blocking need further study for SBFD gNBs.

	R4-2218648
	CMCC
	Observation 1: coupling loss is larger than 65dB at frequency range from 1.7GHz to 1.9GHz for passive antenna co-site inter-sector case.
Observation 2: commercial gNB could at least achieve 50dB ACS, i.e. 5dB higher than 3GPP requirements.

	R4-2218726
	Qualcomm CDMA Technologies
	Proposal 1: RAN4 to agree on the value range of the different components of RSIC RSI α_SI^  and the aggregate self-interference mitigation of 145-155 dB (125-145 dB) for FR1 (FR2) as shown in Table 1.
Proposal 2: Improved spatial isolation (e.g., by means of additional electromagnetic absorbers between the different sectors or radiation mask) should be considered to address the inter-gNB in co-site co-sector deployments. 
Observation: Two separate panels with added EM spatial duplexer enables large spatial isolation which facilitate gNB full duplex without the need of complex RF circuitry of analogy interference cancelation or subband filters. 
Observation: For FR1, at least 80 dB of spatial isolation could be achieved using two separate panels with spatial duplexer.
Observation: For FR2, more than 80-90 dB of spatial isolation could be achieved using two separate panels at 28 GHz frequency.
Observation: Additional 10~15 dB of residual self-interference cancellation can be achieved utilizing non-linear digital self-interference cancellation for FR1 and FR2 SBFD deployments. 
Observation: More than 45 dB of frequency isolation for FR1 is achievable with 5 RBs guard band and max DL Tx Power which is aligned with the assumption of 45 dB ACLR.
Observation: With spatial, frequency and digital IC cancellation, it is feasible to meet the 1 dB receiver desensitization target for wide area and medium range base stations, wig Maximum Tx power equals 49 dBm and 38 dBm, respectively. 
Observation: Improved RF requirements (ACLR/ACS) are expected to compensate for the high inter-gNB CLI within SBFD deployments.

	R4-2218863
	vivo
	Proposal 1: To provide RAN4’s SBFD assumption to RAN1 and confirm that the maximum number of UL subbands for SBFD operation is one.
Observation 1：RSI model is (almost) frequency flat, then it can be scaled to subband/RB level.
Proposal 2: To clarify how to scale the RSI model to RB level for gNB.
Proposal 3: Consider guardbands between subbands as optional taking minimum guardbands requirement as starting point.

	R4-2219146
	Huawei, HiSilicon
	Proposal 1: it is proposed to adopt 38 dBm as the upper limit value for FR2 TRP power in the feasibility study.
Proposal 2: For FR1 Macro BS, -43 dBm can be assumed as the maximum blocking level to ensure the receiver of UL sub-band is not blocked and maintain an acceptable reference sensitivity.
Proposal 3: 62 dB receiver selectivity can be assumed for FR1 Macro BS capable of SBFD operation.
Proposal 4: Digital IC can be applied for co-site inter-sector case.
Observation 1: For co-site inter-sector case better spatial isolation than RSI case is achievable.

	R4-2219283
	Samsung
	RSIC Analysis Framework:
Proposal 1: RAN4 adopt the RSIC capability analysis framework in Table-1, which is characterized by (a) per BS class analysis; (b) separated TX and RX RSIC component capabilities and (c) values derived for checking purpose.
Proposal 2: Companies are encouraged to provide input into the above RSIC capability analysis framework for both FR1 and FR2-1, for RSIC feasibility. 
Observation 1: Before digital IC, the self-interference comes from two sources:
· , Interference leakage in gNB RX subband due to non-ideal TX, which can be derived as , with the reference point being set at RX antenna. 
· , Interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Observation 2: Before digital IC, the residual self-interference in RX subband is .
Observation 3: After digital IC, the residual self-interference in the RX subband can be derived as 
dBm.
Proposal 3: Based on the component RSIC capability in Table 1, the overall RSIC capability can be derived as 
 
 dBc.

Further Analysis on RSIC Capability for FR1 and FR2-1 BS:
Observation 4: According to SIC budget calculation in Table-2, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation, RF IC and digital IC applied, for FR1 BS. 
Observation 5: According to SIC budget calculation in Table-3, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied, for FR2-1 BS. 
Observation 6: At least 80dB for FR1 and 87dB for FR2 are achievable spatial isolation to support SBFD operation.
Observation 7: Beam nulling if considered can contribute up to 5dB for both FR1 and FR2. 
Observation 8: For Frequency isolation at TX, 45 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources with digital pre-distortion can be achieved in FR1.
Observation 9: For Frequency isolation at TX, 28 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources can be achieved in FR2-1.
Observation 10: Digital IC capability depends on ADC dynamic range theoretically. 
Observation 11: Simply following existing RAN4 requirement to derive the required LNA IIP3 metrics and accordingly the feasibility conclusion of SBFD is very pessimistic assumption. 
Observation 12: According to calculation presented in Table 5, the requested ADC dynamic range is still within the range of commercialized available component. 
Co-channel Inter-Subband gNB-gNB CLI Modeling:
Proposal 4: For co-channel co-site inter-sector gNB-gNB CLI modeling, RAN4 agree to take 1dB sensitivity degradation due to this CLI as baseline target for system level simulation and feasibility study. 
Proposal 5: For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works. 
BS RF Requirement Impact for SBFD capable gNB:
Observation 13: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subblock leakage ratio (new) and (2) in-channel adjacent subblock blocking (new). 
Proposal 6: RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio and in-channel adjacent subblock blocking requirements can be guaranteed implicitly while no explicit requirement needed.
Proposal 7: The existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD: 
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmit ON/OFF power
Transmitted signal quality
Occupied bandwidth 
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA dynamic range


Proposal 8: The receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable for gNB capable of SBFD.

	R4-2219360
	ZTE Corporation
	Observation 1: for FR1 full duplex BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver;
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
4) Sub-band filtering of receiver to reject the power from the transmitter;
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
Observation 2: for FR2 full duplex BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
4) Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
Observation 3: RSI between due to transmitter leakage and receiver channel selectivity could be different since not all of the contributing factor in above formula of RSI are common for transmitter leakage and receiver channel selectivity
Observation 4: it seems feasible to support the full duplex operation for Medium range BS.
Proposal 1 : for FR1 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.1-1 to different BS class supporting the full duplex operation and its detailed value could be further studied.
Observation 5: for FR2 BS, it seems feasible to support the full duplex operation for Wide area BS with only the antenna isolation considered.
Proposal 3 : for FR2 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.2-1 with the removal of sub-band filtering to different BS class supporting the full duplex operation and its detailed value could be further studied.
Proposal 4: to specify additional Receiver OTA REFSENS for SBFD BS;
Proposal 5: to specify additional Rx intermodulation requirement for SBFD BS; 
Proposal 6: to further evaluate the dynamic range requirement for SBFD especially for IoT levels; 
Proposal 7: to specify the OTA sensitivity requirement with 1dB performance degradation when transmitter is turn ON. 
Proposal 8: the legacy interfering signal of OOBB requirement could be still applicable for SBFD BS, however its wanted signal could be REFSENS+7dB instead of REFSENS+6dB; Other F_OOBB requirement could be still reused from the legacy one.
Proposal 9: for FR1 SBFD with separated connectors of downlink and uplink, then legacy receiver spurious emission requirement could be still applicable;  for FR1 SBFD with common connectors of downlink and uplink, then legacy receiver spurious emission requirement is not applicable and to follow the transmitter spurious emission requirements;
Proposal 10: for FR1 OTA spurious emission requirement, receiver spurious emission requirement is not needed if if both transmitter and receiver is turn ON.
Proposal 11: for FR2 OTA spurious emission requirement, spurious emission requirement should be sum of transmitter spurious emission and receiver spurious emission.
Observation 6: digital IC is feasible to handle the co-channel inter-subband CLI in the co-site inter-sector.

	R4-2219633
	Ericsson
	Observation 1	The RSIC provides a snapshot breakdown of the self-interference for a certain gNB output power and does not generalize to the gNB operating at other power levels.
Observation 2	The components of the RSIC are not independent of one another; changing some assumptions for one component can change other components
Observation 3	The RSIC breakdown is a snapshot of the gNB at full power with a certain set of assumptions.
Observation 4	TX and RX effects should be accounted for
Observation 5	Antenna isolation varies with beam direction. The RSIC values in this section are a snapshot with average spatial isolation. With some directions the suppression may be better, for other directions worse (for WA and MR).
Observation 6	For FR1 WA BS, the receiver is saturated and transmitter leakage is large. It is not feasible to give an RSIC.
Observation 7	SBFD for MR BS can be operated, although a somewhat more complex receiver may be needed and the gNB TX power may need to be lower than the 3GPP maximum to achieve 1dB sensitivity degradation.
Observation 8	SBFD with 1dB sensitivity degradation can be achieved for FR1 LA BS with digital IC.
Observation 9	For a WA BS with 53dB TRP, the receiver will be saturated.
Observation 10	An RF filtering solution for a single carrier, custom designed BS for a specific carrier with little DUD configuration flexibility would incur an NF increase of around 6dB (with questionable feasibility due to filter size)
Observation 11	A reasonable RF filtering solution is not feasible.
Observation 12	For FR1 WA BS (without considering radome), for panel to sub-array isolation better than 70 dB over sufficiently large bandwidth is achievable as long as the beam is steered in boresight. When the beam is steered elsewhere, the isolation may reduce by ~up to 15-20dB.
Observation 13	For FR2 WA (without considering radome), using a structure with RF chokes, 80dB of isolation is achievable over a reasonable bandwidth. Unlike FR1, the isolation does not seem to vary significantly with beam steering.
Observation 14	The IC suppression depends on the interference structure
Observation 15	The interference suppression depends on the interference power (INR)
Observation 16	The interference suppression has dependencies on the TX power, antenna isolation and frequency isolation.
Observation 17	A number of implementation issues can impact the level of interference suppression, such as modelling of receiver behavior, non-linearities and filtering and TX-RX timing alignment.
Observation 18	The interference suppression for reflections depends on the number of taps provided, the coherence time and channel estimation.
Observation 19	The gain from beam nulling increases when the TX beam is steered and the antenna isolation decreases. Thus, beam nulling can to some extent reduce the variation of the overall spatial isolation due to beam steering. It may also reduce the frequency variation. However, with increasing steering, the cost in DL of beam nulling increases.
Observation 20	The cost of beam nulling in downlink can be substantial; we have observed up to 5dB DL power loss. There may be further DL losses due to lower degrees of freedom for MIMO operation.
Observation 21	When deciding beam nulling gains, downlink impacts should be taken into account.
Observation 22	The BS is usually a multi-carrier node by default and multi-carrier aspects affect many related feasibility aspects such as improved linearization, filtering, beam nulling and digital interference cancellation. Thus, feasibility study assuming single carrier operation for BS is not sufficient.

	R4-2219810
	Nokia, Nokia Shanghai Bell, Spark NZ
	Observation 1: The beam isolation method could utilize modification of DL beams only, or both DL and UL beams. The choice of DL-only, or DL and UL, may have impact on the achieved isolation performance, but if UL beams are modified, this will come at a cost of UL beamforming penalty towards the scheduled UEs.
Observation 2: Rooftop deployments may incur additional costs to avoid clutter in front of the gNB.
Proposal 1: When reporting beam isolation performance, it shall be described whether the method only modifies DL beams, or both DL and UL beams.
Proposal 2: If UL beams are modified to achieve better beam isolation performance, the loss of UL beamforming gain shall be considered in the 1 dB receiver desensitization budget.
Proposal 3: gNB receiver saturation, non-linearity, and AGC model is based on peak input power.
Proposal 4: Based on our previous input, we propose the following model parameters to be applied in case of a WA base station:
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	[-35]
	dBm

	b
	Peak input power threshold 2
	[-16]
	dBm 

	SL1
	Noise figure slope 1  
	[0.35]
	

	SL2 
	Noise figure slope 2  
	[1.9]
	



Proposal 5: The overall RSIC capability should consider cancellation performance from the transmitter to the receiver LNA input. Further digital cancellation and UL beamforming modification should be considered separately as they will not reduce the receiver linearity and dynamic range requirements. 
Proposal 6: On digital IC, companies shall provide corresponding block diagrams and example transceiver architectures in order to understand, at least in qualitative manner, the complexity and feasibility of digital IC techniques.
Proposal 7: No digital IC is assumed in inter-sector CLI mitigation.
Proposal 8: RAN4 should characterize the effect of clutter on achievable RSIC performance.
Proposal 9: gNB OTA sensitivity shall be relaxed for SBFD gNB. The DL signal shall be active in the test.
Proposal 10: gNB OTA adjacent channel selectivity, in-band blocking, and receiver intermodulation tests shall have the DL signal active. For out-of-band blocking, it is FFS whether to activate the DL signal.

	Revision of R4-2219872
(Original Tdoc is wrong one)
	Intel Corporation
	Observation 1: For SBFD, the passive front-end filter and/or RF resonator filters are not able to provide meaningful sub-band filtering.  The LNA can’t expect any additional protection from sub-band filtering.
Proposal 1: For SBFD, we should not assume any sub-band filtering ahead of the LNA since the filters ahead of the LNA are not capable of the narrow, programmable filtering that sub-band filtering requires.
Observation 2: With a Tx-to-Rx isolation value of 60dB, and RF cancellation of 15dB, the expected power at the LNA input is -26dBm.  This is much higher than the current blocker limit of -43dBm.
Proposal 2: For SBFD capable BS, assume -26dBm as the maximum blocking requirement for FR1 WA BS.
Observation 3: Inter-sector isolation between Tx of gNB1 and Rx of gNB2 could be similar or worse than self-interference case, because antenna arrays are not as easily designed with a known orientation and/or spacing that may be required for optimal isolation design.
Observation 4: For gNB architectures that utilize a programmable analog channel select filter ahead of the ADC, 23dB or more additional sub-band filtering can be had.
Observation 5: In addition to the digital channel select filter, the FFT provides filtering of DL blockers from reaching the UL sub-band
Proposal 3: Based on the sub-band filtering simulation results shown, we should assume at least a 2RB guard band between UL and DL sub-bands.
Proposal 4: We should assume at least 39dB of Adjacent-Sub-Band-Leakage-Ratio between DL SB and UL SB for a 4096-point FFT when using SBFD DUD (40MHz,20MHz,40MHz).



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 BS Aspects: Self-interference model
[Moderator] In RAN4#104-bis-e, the WF contains the agreements on self-interfenrece has been approved at R4-2217464. 
Issue 1-1-1: Residual Self-Interference Cancellation (RSIC) Analysis Framework  
· Proposals from Samsung (R4-2219283): 
· Proposal 1: RAN4 adopt the RSIC capability analysis framework in Table-1, which is characterized by (a) per BS class analysis; (b) separated TX and RX RSIC component capabilities and (c) values derived for checking purpose. 
· Table-1: Proposed RSIC Analysis Framework 
	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	xxx dBm
	
	

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	xxx dBc
	
	

	
	
	Frequency isolation 
techniques used
	e.g., DPD, sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in TX
	 
	 

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	xxx dBc
	 
	 

	
	
	Spatial isolation 
techniques used
	e.g., spatial separation between TX/RX panel; cross polarization; circulator; shielding case; metal fences, etc.
Note: List all relevant techniques used in the evaluation
	 
	 

	
	Beam nulling /isolation 
= ④ dBc
	xxx dBc
	
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant. (Note 1)
①-②-③-④ dBm
	xxx dBm
	
	

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech.
 = ⑤ dBc
	xxx dBc
	 
	 

	
	
	RF IC techniques and other tech.
(before LNA)
	e.g., RF IC, sub-band filtering etc.
Note: List all relevant techniques used in RX (before LNA)
	 
	 

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1)
①-③-④-⑤ dBm
	xxx dBm
	 
	 

	
	Frequency isolation at RX
	Frequency isolation capability ⑥ dBc
	xxx dBc
	 
	 

	
	
	Frequency isolation techniques
	e.g., sub-band analog filtering, digital filtering, etc.
Note: List all relevant techniques used in RX
	 
	 

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized (Note 1, 2)
①-③-④-⑤-⑥ dBm
	xxx dBm
	
	

	
	Digital IC  = ⑦ dBc
	xxx dBc
	 
	 

	Overall RSIC capability  (Note 1)
	xxx dBc
	
	

	Noise floor ⑧dBm
	xxx dBm/CBW
	
	

	Residual Interference budget with 1 dB desens target (⑨dBm=⑧dBm-6dB)
	xxx dBm
	
	

	Required RSIC budget (①-⑨dBc)
	xxx dBc
	
	

	Note 1: Relevant metrics are derived from other parameters for checking purpose. 
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna. 
Note 3: The notations ①②③④⑤⑥⑦⑧⑨ are used to indicate the decimal values of the corresponding metrics.


· Proposal 2: Based on the component RSIC capability in Table 1, the overall RSIC capability can be derived as 
 
 dBc.
· Proposals/Observations from CATT (R4-2218478): 
· Proposal 3: Table 2 can be used for SI analysis parameters alignment.
· Table 2: SI analysis parameters
	Item
	Parameters
	Value

	General assumption
	BS total Tx power @ DL SB (dBm)
	

	
	SBFD configuration
	

	
	Guard band assumption
	

	
	Rx in-band blocking capability (dBm)
	

	
	Rx ADC dynamic range (dB)
	

	
	BS NF (dB)
	

	Tx leakage contribution
	Tx SB ACLR (dB)
	

	
	Antenna isolation (dB)
	

	
	Beam nulling/isolation (dB)
	

	
	Digital IC for Tx leakage (dB)
	

	
	Overall RSIC for Tx leakage (dB)
	

	
	Tx leakage contribution to SI (dBm)
	

	Rx path noise contribution
	Blocking analysis
	Overall RSIC for blocking capability  (dB)
	

	
	
	Tx SB interference signal level at Rx path (dBm)
	

	
	Rx IMD
	Rx IIP3 capability (dBm)
	

	
	
	Rx IM3 contribution (dBm)
	

	
	Rx ACS
	ACS capability (dB)
	

	
	
	Rx ACS contribution (dBm)
	

	
	Rx path overall noise contribution  (dBm)
	

	Total SI contribution (dBm)
	

	Overall REFSENS degradation (dB)
	


· Observation 1: The Tx leakage and Rx contribution requirements for 1 dB SI target can be divided to -105 dBm each if each of them contributes to half of the noise.
· Observation 2: The overall RSIC requirement for Tx leakage should be at least 148 dB for WA SBFD BS
· Observation 3: The RSIC requirement for Rx blocking issue should be 89 dB for WA SBFD BS.
· Proposals from Nokia (R4-2219810): 
· Proposal 4: The overall RSIC capability should consider cancellation performance from the transmitter to the receiver LNA input. Further digital cancellation and UL beamforming modification should be considered separately as they will not reduce the receiver linearity and dynamic range requirements.
· Observations from Ericsson (R4-2219633):
· Observation 4	The RSIC provides a snapshot breakdown of the self-interference for a certain gNB output power and does not generalize to the gNB operating at other power levels.
· Observation 5	The components of the RSIC are not independent of one another; changing some assumptions for one component can change other components.
· Observation 6	The RSIC breakdown is a snapshot of the gNB at full power with a certain set of assumptions.
· Observation 7	TX and RX effects should be accounted for.
· Proposals/Observations from Kumu (R4-2218051): 
· Observation 8: Having RF cancellation before the receiver LNA have the benefits of achieving the desired self-interference cancellation residue floor as well as preventing saturation of the Rx LNAs. When considering the viability of SBFD, RF cancellation plays a critical part and should be considered in the evaluation of overall RSIC capability.
· Proposal 5: Given that RF SIC is capable of avoiding LNA saturation, we should include RF SIC as a separate line item in the RSI table.
· Observations from Kumu ZTE (R4-2219360): 
· Observation 9: for FR1 full duplex BS, the following approach could be used to handle the self-interference:
· Antenna isolation from transmitter to receiver;
· Sub-band filtering of transmitter to further reject the leakage into the receiver;
· Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
· Sub-band filtering of receiver to reject the power from the transmitter;
· Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
· Digital interference cancellation at receiver;
· RF interference cancellation;
· Beam nulling/isolation.
· Observation 10: for FR2 full duplex BS, the following approach could be used to handle the self-interference:
· Antenna isolation from transmitter to receiver;
· Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
· Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
· Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
· Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
· Digital interference cancellation at receiver;
· RF interference cancellation;
· Beam nulling/isolation.
· Observation 11: RSI between due to transmitter leakage and receiver channel selectivity could be different since not all of the contributing factor in above formula of RSI are common for transmitter leakage and receiver channel selectivity
· Recommended WF
· RSIC table with more detailed component capabilities for TX and RX is discussed but not yet agreed. 
· Moderator suggest to discuss the table firstly with more efforts in this meeting. 
· Please provide comment on the above proposals.  

Issue 1-1-2: Guardband assumption  
· Proposals from vivo: 
· Proposal 1: Consider guardbands between subbands as optional taking minimum guardbands requirement as starting point.
· Recommended WF
· Seems no need to discuss this if companies will report their own guardband assumption. But still open to discuss this if that is necessary to have a common assumption. 

Issue 1-1-3: TX power assumption  
· Proposals from Huawei: 
· Proposal 1: It is proposed to adopt 38 dBm as the upper limit value for FR2 TRP power in the feasibility study.
· Recommended WF
· Seems no need to discuss this if companies will report their own TX power assumption. But still open to discuss this if that is necessary to have a common assumption. 

Issue 1-1-4: Assumption on site deployment aspects 
· Proposals from Nokia (R4-2219810): 
· Observation 1: Rooftop deployments may incur additional costs to avoid clutter in front of the gNB.
· Proposal 1: RAN4 should characterize the effect of clutter on achievable RSIC performance.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-1-5: Impact of multi-carrier support at BS 
· Proposals from Ericsson (R4-2219633): 
· Observation 1: The BS is usually a multi-carrier node by default and multi-carrier aspects affect many related feasibility aspects such as improved linearization, filtering, beam nulling and digital interference cancellation. Thus, feasibility study assuming single carrier operation for BS is not sufficient.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic 1-2 RSIC Component Capability Analysis - General
Issue 1-2-1: Spatial Isolation  
· Observation from Samsung (R4-2219283): 
· Observation 1: At least 80dB for FR1 and 87dB for FR2 are achievable spatial isolation to support SBFD operation.
· Observation from Ericsson (R4-2219633): 
· Observation 2: Antenna isolation varies with beam direction. The RSIC values in this section are a snapshot with average spatial isolation. With some directions the suppression may be better, for other directions worse (for WA and MR).
· Observation 3: For FR1 WA BS (without considering radome), for panel to sub-array isolation better than 70 dB over sufficiently large bandwidth is achievable as long as the beam is steered in boresight. When the beam is steered elsewhere, the isolation may reduce by ~up to 15-20dB.
· Observation 4: For FR2 WA (without considering radome), using a structure with RF chokes, 80dB of isolation is achievable over a reasonable bandwidth. Unlike FR1, the isolation does not seem to vary significantly with beam steering.
· Observation from Qualcomm (R4-2218726): 
· Observation 5: For FR1, at least 80 dB of spatial isolation could be achieved using two separate panels with spatial duplexer.
· Observation 6: For FR2, more than 80-90 dB of spatial isolation could be achieved using two separate panels at 28 GHz frequency.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-2-2: Beam nulling/isolation  
· Observation from Samsung (R4-2219283): 
· Observation 1: Beam nulling if considered can contribute up to 5dB for both FR1 and FR2.
· Proposals/Observations from Nokia (R4-2219810): 
· Observation 2: The beam isolation method could utilize modification of DL beams only, or both DL and UL beams. The choice of DL-only, or DL and UL, may have impact on the achieved isolation performance, but if UL beams are modified, this will come at a cost of UL beamforming penalty towards the scheduled UEs.
· Proposal 1: When reporting beam isolation performance, it shall be described whether the method only modifies DL beams, or both DL and UL beams.
· Proposal 2: If UL beams are modified to achieve better beam isolation performance, the loss of UL beamforming gain shall be considered in the 1 dB receiver desensitization budget.
· Observations from Ericsson (R4-2219633): 
· Observation 3: The gain from beam nulling increases when the TX beam is steered and the antenna isolation decreases. Thus, beam nulling can to some extent reduce the variation of the overall spatial isolation due to beam steering. It may also reduce the frequency variation. However, with increasing steering, the cost in DL of beam nulling increases.
· Observation 4: The cost of beam nulling in downlink can be substantial; we have observed up to 5dB DL power loss. There may be further DL losses due to lower degrees of freedom for MIMO operation.
· Observation 5: When deciding beam nulling gains, downlink impacts should be taken into account.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-2-3: Frequency isolation at TX  
· Proposals/Observations from Samsung (R4-2219283): 
· Observation 1: For Frequency isolation at TX, 45 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources with digital pre-distortion can be achieved in FR1.
· Observation 2: For Frequency isolation at TX, 28 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources can be achieved in FR2-1.
· Proposals/Observations from Qualcomm (R4-2218726): 
· Observation 3: More than 45 dB of frequency isolation for FR1 is achievable with 5 RBs guard band and max DL Tx Power which is aligned with the assumption of 45 dB ACLR.
· Proposals/Observations from Intel (Rev. of R4-2219872): 
· Proposal 1: Based on the sub-band filtering simulation results shown, we should assume at least a 2RB guard band between UL and DL sub-bands.
· Proposal 2: We should assume at least 39dB of Adjacent-Sub-Band-Leakage-Ratio between DL SB and UL SB for a 4096-point FFT when using SBFD DUD (40MHz,20MHz,40MHz).
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-2-4: Frequency isolation at RX and RF SIC
· Proposals/Observations on subband filtering from Ericsson (R4-2219633) and Intel (Rev of R4-2219872): 
· Observation 1 (Ericsson): An RF filtering solution for a single carrier, custom designed BS for a specific carrier with little DUD configuration flexibility would incur an NF increase of around 6dB (with questionable feasibility due to filter size)
· Observation 2 (Ericsson): A reasonable RF filtering solution is not feasible.
· Observation 3 (Intel): For SBFD, the passive front-end filter and/or RF resonator filters are not able to provide meaningful sub-band filtering.  The LNA can’t expect any additional protection from sub-band filtering.
· Proposal 1 (Intel): For SBFD, we should not assume any sub-band filtering ahead of the LNA since the filters ahead of the LNA are not capable of the narrow, programmable filtering that sub-band filtering requires.
· Proposals/Observations from Kumu (R4-2218051) on RF SIC: 
· Observation 4: Having RF cancellation before the receiver LNA have the benefits of achieving the desired self-interference cancellation residue floor as well as preventing saturation of the Rx LNAs. When considering the viability of SBFD, RF cancellation plays a critical part and should be considered in the evaluation of overall RSIC capability.
· Observation 5: In our 32x32 simulation discussed in 2.2.2, each Tx antenna is connected to 6 Rx antenna, using a total of 192 RF cancellation taps.
· Proposals/Observations from CATT (R4-2218478) on overall selectivity: 
· Observation 6: 65 dB ACS capability is needed for WA BS. It is challenging if SU is the same with current specification.
· Observations from Intel (Rev of R4-2219874) on analog filtering selectivity: 
· Observation 7: For gNB architectures that utilize a programmable analog channel select filter ahead of the ADC, 23dB or more additional sub-band filtering can be had.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-2-5: Digital IC
· Proposals/Observations from Samsung (R4-2219283): 
· Observation 1: Digital IC capability depends on ADC dynamic range theoretically.
· Proposals/Observations from Nokia (R4-2219810): 
· Proposal 1: On digital IC, companies shall provide corresponding block diagrams and example transceiver architectures in order to understand, at least in qualitative manner, the complexity and feasibility of digital IC techniques.
· Observations from Ericsson (R4-2219633): 
· Observation 2: The IC suppression depends on the interference structure
· Observation 3: The interference suppression depends on the interference power (INR)
· Observation 4: The interference suppression has dependencies on the TX power, antenna isolation and frequency isolation.
· Observation 5: A number of implementation issues can impact the level of interference suppression, such as modelling of receiver behavior, non-linearities and filtering and TX-RX timing alignment.
· Observation 6: The interference suppression for reflections depends on the number of taps provided, the coherence time and channel estimation.
· Observations from Qualcomm (R4-2218726): 
· Observation 7: Additional 10~15 dB of residual self-interference cancellation can be achieved utilizing non-linear digital self-interference cancellation for FR1 and FR2 SBFD deployments.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic 1-3 RSIC capability summary and overall feasibility analysis
Issue 1-3-1: RSIC capability for FR1 WA-BS
· Proposals/Observations from Ericsson (R4-2219633):
· [bookmark: _Toc118732544]Observation 1: For FR1 WA BS, the receiver is saturated and transmitter leakage is large. It is not feasible to give an RSIC. 
Table: Wide area RSIC
	FR1 Wide-Area BS
	Transmitter
	Receiver

	Assumed transmit power in DL sub-band
	53 dBm

	Component capability 
	Antenna isolation 
	65 dBc +- 15dB (NOTE 3)
	65 dBc +- 15dB (NOTE 3)

	
	Frequency isolation
	45 dBc 
	Receiver Saturated 

	
	Beam nulling /isolation
	5-10 dBc 
(NOTE 1)
	5-10 dBc
(NOTE 1)

	
	Digital IC 
	0 dBc
(NOTE 2)
	

	Overall RSIC capability 
	120 dBc
	Receiver saturated

	additional implementation details
	SBFD configuration
	DUD structure with 40/20/40MHz assumed. See section 2.3

	
	Guardband assumption (if exist)
	See section 2.3

	
	Sub-band filtering assumption (if exist)
	No TX filtering; filtering Q factor and size too high to be feasible. See section 2.2
	No RX filtering; filtering Q factor and size too high to be feasible and NF degradation too significant. See section 2.2

	
	bandwidth over which suppression is achieved
	Around 500MHz

	
	Others
	Antenna isolation varies by up to 15dB depending on beam direction. The quoted figure of 65dB is an average over beam directions. Thus, for some beam directions the performance may be better, whereas for others the sensitivity degradation can become larger. It is assumed that beam nulling can reduce this variation to provide a total spatial isolation of 70-75dB (with a potentially significant cost to DL)
Single carrier assumed for digital IC and beam nulling assessment. Multi-carrier performance, if at all possible, may be reduced.

	Interference in UL sub-band
	-67 dBm
	Receiver saturated

	Total interference in UL sub-band from TX and RX
	Receiver saturated

	Desensitization in UL sub-band from TX and RX
	Receiver saturated

	NOTE 1: Beam nulling depends on the tolerated degradation to far field energy and MIMO performance, which has not been discussed. Hence tentative values are presented. 
NOTE 2: Digital IC is highly complex for a large antenna array an not possible due to the receiver being saturated.
NOTE 3: Antenna isolation varies +-15dB depending on beam direction. Average is 65dB. 



· Proposals/Observations from Kumu (R4-2218051):
· Observation 2: With more complex frequency domain beamforming scenarios, RF cancellation gives a 151 dB overall RSIC capability and the resulting loss in sensitivity is less than 1 dB.
· Proposal 1: We proposed that 1 dB sensitivity degradation for feasibility evaluation simulation should be a good starting point as 150 dB or lower RSIC and -43 dBm or lower (-50 dBm is feasible when using RF SIC) pre LNA input power is achievable.
	FR1 Wide-Area BS
	Kumu Networks

	Component capability 
	Spatial isolation 
	65 dB

	
	Frequency isolation
	45 dB 

	
	Beam nulling /isolation
	14 dB

	
	RF Cancellation
	27 dB

	
	Digital IC 
	(may give further gain)

	Overall RSIC capability 
	151 dB

	additional implementation details
	SBFD configuration
	DU

	
	Guardband assumption (if exist)
	None

	
	Sub-band filtering assumption (if exist)
	None

	
	Bandwidth over which suppression is achieved
	100 MHz

	
	RF SIC Complexity
	192 RF taps for 32 Tx and 32 Rx antennas

	
	Others
	55 dBm Total Radiated Power


· Proposals/Observations from Qualcomm (R4-2218726):
· Proposal 2: RAN4 to agree on the value range of the different components of RSIC RSI   and the aggregate self-interference mitigation of 145-155 dB for FR1 as shown in Table 1.
[bookmark: _Ref118382198]Table 1 WA and MR BS self-interference mitigation capability
	
	FR1 Wide-Area BS
	FR2 Wide-Area BS

	Component capability 
	Spatial isolation 
	80 dB
	85-95 dB

	
	Frequency isolation
	45 dB
	28 dB

	
	Beam nulling /isolation
	10~15 dB
	5~10 dB

	
	Digital IC 
	10~15 dB
	10 dB

	Overall RSIC capability 
	145-155 dB
	125-145 dB

	Additional implementation details
	SBFD configuration
	Applicable for both DUD and DU configurations

	
	Guardband assumption
	5 PRBs

	
	bandwidth over which suppression is achieved
	100MHz

	
	Others
	Two separate panels with added electromagnetic spatial duplexer which facilitate gNB full duplex without the need of complex RF circuitry of analogy interference cancelation or subband filters.


· Observation 3: With spatial, frequency and digital IC cancellation, it is feasible to meet the 1 dB receiver desensitization target for wide area and medium range base stations, wig Maximum Tx power equals 49 dBm and 38 dBm, respectively. 
· Proposals/Observations from Samsung (R4-2219283):
· Observation 4: According to SIC budget calculation in Table-2, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation, RF IC and digital IC applied, for FR1 BS. 
· Table-2: FR1 RSIC budget calculation Summary
	FR1
	Samsung

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	49 dBm
	38 dBm
	24 dBm

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	45 dBc
	45 dBc

	
	
	Frequency isolation 
techniques used
	DPD utilized
	DPD utilized
	DPD utilized
	

	
	Spatial isolation
	Spatial isolation capability  = ③ dBc
	80 dBc
	80 dBc
	80 dBc

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure
	TX/RX panel separation and RF barrier structure
	TX/RX panel separation and RF barrier structure

	
	Beam nulling /isolation 
= ④ dBc
	5 dBc
	5 dBc
	5 dBc

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant. (Note 1)
①-②-③-④ dBm
	-81 dBm
	-92 dBm
	-106 dBm

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech.
 = ⑤ dBc
	25 dBc
	25 dBc
	25 dBc

	
	
	RF IC techniques and other tech.
(before LNA)
	subband filtering
	subband filtering
	subband filtering

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1)
①-③-④-⑤ dBm
	-61 dBm
	-72 dBm
	-86 dBm

	
	Frequency isolation at RX
	Frequency isolation capability ⑥ dBc
	40 dBc
	25 dBc
	20 dBc

	
	
	Frequency isolation techniques
	Filtering
	Filtering
	N/A

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized (Note 1, 2)
①-③-④-⑤-⑥ dBm
	-101 dBm
	-97 dBm
	-106 dBm

	
	Digital IC  = ⑦ dBc
	20 dBc
	20 dBc
	20 dBc

	Overall RSIC capability  (Note 1)
	150.0 dBc
	148.8 dBc
	147.0 dBc

	Noise floor ⑧dBm
	-95dBm/20MHz
	-90dBm/20MHz
	-87dBm/20MHz

	Residual Interference budget with 1 dB desens target (⑨dBm=⑧dBm-6dB)
	-101 dBm
	-96 dBm
	-93dBm

	Required RSIC budget (①-⑨dBc)
	150 dBc
	134 dBc
	117 dBc



· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-3-2: RSIC capability for FR1 MR-BS
· Proposals/Observations from Ericsson (R4-2219633):
· Observation 1: SBFD for MR BS can be operated, although a somewhat more complex receiver may be needed and the gNB TX power may need to be lower than the 3GPP maximum to achieve 1dB sensitivity degradation. 
· [Moderator]: detailed table in Ericsson’s paper. 
· Proposals/Observations from Qualcomm (R4-2218726):
· Observation 2: With spatial, frequency and digital IC cancellation, it is feasible to meet the 1 dB receiver desensitization target for wide area and medium range base stations, wig Maximum Tx power equals 49 dBm and 38 dBm, respectively. 
· Proposals/Observations from Samsung (R4-2219283):
· Observation 3: RSIC table is provided for FR1 MR-BS. 
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-3-3: RSIC capability for FR1 LA-BS
· Proposals/Observations from Ericsson (R4-2219633):
· Observation 1: SBFD with 1dB sensitivity degradation can be achieved for FR1 LA BS with digital IC.
· Proposals/Observations from ZTE (R4-2219360):
· Observation 2: it seems feasible to support the full duplex operation for Medium range BS.
· Proposal 1: for FR1 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.1-1 to different BS class supporting the full duplex operation and its detailed value could be further studied.
· Proposals/Observations from Samsung (R4-2219283):
· Observation 3: RSIC table is provided for FR1 LA-BS. 
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-3-4: RSIC capability for FR2 BS
· Proposals/Observations from Qualcomm (R4-2218726):
· Proposal: RAN4 to agree on the value range of the different components of RSIC RSI   and the aggregate self-interference mitigation of 125-145 dB for FR2 as shown in Table 1.
Table 1 WA and MR BS self-interference mitigation capability
	
	FR1 Wide-Area BS
	FR2 Wide-Area BS

	Component capability 
	Spatial isolation 
	80 dB
	85-95 dB

	
	Frequency isolation
	45 dB
	28 dB

	
	Beam nulling /isolation
	10~15 dB
	5~10 dB

	
	Digital IC 
	10~15 dB
	10 dB

	Overall RSIC capability 
	145-155 dB
	125-145 dB

	Additional implementation details
	SBFD configuration
	Applicable for both DUD and DU configurations

	
	Guardband assumption
	5 PRBs

	
	bandwidth over which suppression is achieved
	100MHz

	
	Others
	Two separate panels with added electromagnetic spatial duplexer which facilitate gNB full duplex without the need of complex RF circuitry of analogy interference cancelation or subband filters.



· Proposals/Observations from ZTE (R4-2219360):
· Observation 5: for FR2 BS,  it seems feasible to support the full duplex operation for Wide area BS with only the antenna isolation considered.
· Proposal 3: for FR2 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.2-1 with the removal of sub-band filtering to different BS class supporting the full duplex operation and its detailed value could be further studied.
· Proposals/Observations from Samsung (R4-2219283):
· Observation 3: According to SIC budget calculation in Table-3, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied, for FR2-1 BS.
Table-3: FR2-1 RSIC budget calculation Summary
	FR2-1
	Samsung

	BS class
	FR2-1 BS

	BS TX Power  = ① dBm
	30dBm

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	28dBc

	
	
	Frequency isolation 
techniques used
	Without DPD

	
	Spatial isolation
	Spatial isolation capability  = ③ dBc
	87dBc

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure

	
	Beam nulling /isolation 
= ④ dBc
	5dBc

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant. (Note 1)
①-②-③-④ dBm
	-90dBm

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech.
 = ⑤ dBc
	N/A (0dBc)

	
	
	RF IC techniques and other tech.
(before LNA)
	Not applicable

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1)
①-③-④-⑤ dBm
	-62dBm

	
	Frequency isolation at RX

	Frequency isolation capability ⑥ dBc
	24dBc

	
	
	Frequency isolation techniques
	Filtering

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized (Note 1, 2)
①-③-④-⑤-⑥ dBm
	-86dBm

	
	Digital IC  = ⑦ dBc
	15dBc

	Overall RSIC capability  (Note 1)
	 129.5 dBc

	Noise floor ⑧dBm
	-83dBm/100MHz

	Residual Interference budget with 1 dB desens target (⑨dBm=⑧dBm-6dB)
	-89 dBm

	Required RSIC budget (①-⑨dBc)
	119 dBc




· Observations from Ericsson (R4-2219633):
· Initial estimates for the TX interference suggest a large desensitization and low likelihood of feasibility with a 40dBm TRP BS considering that also receiver degradations will exist.
· Initial estimates for the TX interference suggest a there may be some gap to avoid significant desensitization for a 30dBm FR2 BS. Potentially the frequency isolation can be improved, and beam nulling could be investigated.
· Tables in R4-2219633

· Recommended WF
· Further discussion on proposals/observations in 1st round.  


Sub-topic 1-4 RSI dependency on blocking, AGC and ADC
Issue 1-4-1: Assumption for input power metric to LNA
· Proposals from Nokia (R4-2219810): 
· Proposal 1: gNB receiver saturation, non-linearity, and AGC model is based on peak input power.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-4-2: Analysis on LNA non-linearity and blocking level
· Observation/Proposal from Intel (Rev of R4-2219872): 
· Observation 1: With a Tx-to-Rx isolation value of 60dB, and RF cancellation of 15dB, the expected power at the LNA input is -26dBm.  This is much higher than the current blocker limit of -43dBm.
· Proposal 1: For SBFD capable BS, assume -26dBm as the maximum blocking requirement for FR1 WA BS.
· Observation from Samsung (R4-2219283): 
· Observation 2: Simply following existing RAN4 requirement to derive the required LNA IIP3 metrics and accordingly the feasibility conclusion of SBFD is very pessimistic assumption. 
· Proposals from Huawei (R4-2219146): 
· Proposal 2: For FR1 Macro BS, -43 dBm can be assumed as the maximum blocking level to ensure the receiver of UL sub-band is not blocked and maintain an acceptable reference sensitivity.
· Proposal 3: 62 dB receiver selectivity can be assumed for FR1 Macro BS capable of SBFD operation.
· Proposals/Observations from Ericsson (R4-2219633):
· Observation 3: For a WA BS with 53dB TRP, the receiver will be saturated.
· Proposals/Observations from CATT (R4-2218478):
· Observation 4: If IM3 contribution is -108 dBm for WA BS SBFD Rx noise, IIP3 should be at least-10.5 dBm in whole operation temperature range, which is very challenging.
· Recommended WF
· Discuss (1) the blocking level for LNA to be used; (2) the targeted IM3 product level; (3) the feasibility of LNA non-linearity and the analysis method. 
· Further discussion on proposals/observations in 1st round.  

Issue 1-4-3: Analysis on AGC model  
· Proposal from Nokia (R4-2219810): 
· Proposal 1: Based on our previous input, we propose the following model parameters to be applied in case of a WA base station:
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	[-35]
	dBm

	b
	Peak input power threshold 2
	[-16]
	dBm 

	SL1
	Noise figure slope 1  
	[0.35]
	

	SL2 
	Noise figure slope 2  
	[1.9]
	


· Proposal from CATT (R4-2218478): 
· Observation 1: AGC is not need to be analysed for BS Rx path because ADC dynamic is not a problem.
· Recommended WF
· Need to discuss the necessity of AGC model and the impact on the final conclusion. 
· Further discussion on proposals/observations in 1st round.  

Issue 1-4-4: Analysis on ADC dynamic range  
· Proposals/Observations from Samsung (R4-2219283): 
· Observation 1: According to calculation presented in Table 5, the requested ADC dynamic range is still within the range of commercialized available component.
· Observations from CATT (R4-2218478): 
· Observation 2: If Rx blocking level is assumed to be the current WA BS requirement, ADC dynamic range can cover the whole signal level including IBB blocking and the Rx wanted signal.
· Recommended WF
· ADC dynamic range feasibility can be confirmed based on the input till now. 
· Further discussion on proposals/observations in 1st round.  

Sub-topic 1-5 BS Aspects: Co-channel inter-subband gNB-gNB CLI model
[Moderator] In last meeting, the following agreements are captured in WF [R4-2217464]: 
	Co-channel co-site inter-sector gNB-gNB CLI modelling
Agreement: 
On the feasibility and how to model co-site inter-sector gNB-gNB CLI modelling: similar modelling as for self-interference (RSI) can be applied but may with different parameters especially on antenna isolation
· FFS on possibility to apply digital IC for this case
· For co-channel co-site inter-sector gNB-gNB CLI modelling, it is encouraged to provide the numerical value for: 
· The achievable coupling loss in the case of co-site inter-sector gNB-gNB
· Compared to self-interference, FFS the antenna isolation (with the achievable coupling loss). 
· Practical issues to achieve antenna isolation can be considered: e.g. increasing sector separation, mounting isolating materials on the site and the physical characteristics of such materials (size, weight etc.)
· Clarification on the value discussed here:
· the co-channel co-site inter-sector gNB-gNB CLI discussed here is for the sum contributions from all co-site sectors. 

Co-channel inter-site gNB-gNB CLI modelling
Agreement: 
On feasibility and how to model inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity: 
· Proposal: Same Transmitter leakage and receiver impairment model as used for investigating gNB self-interference, but antenna isolation is replaced with inter-site isolation.
· TX leakage baseline: gNB ACLR
· Receiver impairment baseline: FFS
· RAN4 will further study the possibility of improved receiver impairment performance compared to gNB ACS.



Issue 1-5-1: Co-channel co-site inter-sector gNB-gNB CLI modelling – sensitivity degradation
· Proposals/Observations: 
· Proposal 1 (Samsung): For co-channel co-site inter-sector gNB-gNB CLI modeling, RAN4 agree to take 1dB sensitivity degradation due to this CLI as baseline target for system level simulation and feasibility study.
· Observation 1 (CATT): The Tx leakage and Rx contribution requirements to the CLI can be divided to -108 dBm each if each of them contributes to half of noise.
· Recommended WF
· Discussion on (1) whether 1dB target is enough or not (2) the assumption to allocate between TX and RX by 50-50. 
· Further discussion on proposals/observations in 1st round.  

Issue 1-5-2: Co-channel co-site inter-sector gNB-gNB CLI modelling – coupling loss
· Proposals/Observations: 
· Observation 1 (CMCC): Coupling loss is larger than 65dB at frequency range from 1.7GHz to 1.9GHz for passive antenna co-site inter-sector case.
· Observation 2 (Huawei): For co-site inter-sector case better spatial isolation than RSI case is achievable.
· Observation 3 (Ericsson): The results presented in Figure 2.4.2-5 indicate that increasing the distance between the TX and RX panels for the SBFD scenario improves the isolation compared to the conventional BS sector scenario, as expected. Specifically, the isolation in the SBFD scenario could vary between 55 dB and 70 dB depending on the beam steering.
· Proposal 1 (Qualcomm): Improved spatial isolation (e.g., by means of additional electromagnetic absorbers between the different sectors or radiation mask) should be considered to address the inter-gNB in co-site co-sector deployments.
· Observation 4 (Intel): Inter-sector isolation between Tx of gNB1 and Rx of gNB2 could be similar or worse than self-interference case, because antenna arrays are not as easily designed with a known orientation and/or spacing that may be required for optimal isolation design.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-5-3: Co-channel co-site inter-sector gNB-gNB CLI modelling – digital IC
· Proposals/Observations: 
· Option 1 (Huawei, ZTE): Digital IC can be applied for co-site inter-sector case.
· Option 2 (Nokia): No digital IC can be applied for co-site inter-sector case.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-5-4: Co-channel co-site inter-sector gNB-gNB CLI modelling – Feasibility Study
· Proposals/Observations from CATT (R4-2218478): 
· Observation 1: The interference cancellation requirement for Tx leakage issue should be 151 dB for co-channel co-site inter-sector CLI, which is very challenging.
· Observation 2: The interference cancellation requirement for Rx blocking issue should be 92 dB for co-channel co-site inter-sector CLI.
· Observation 3: If IM3 contribution is -108 dBm for co-channel co-site inter-sector CLI Rx noise, IIP3 should be at least-9 dBm in whole operation temperature range, which is very challenging.
· Observation 4: 68 dB ACS capability is needed for co-channel co-site inter-sector CLI. It is challenging if SU is the same with current specification.
· Proposal 1: Table 7 can be used for CLI analysis parameters alignment in the discussion.
Table 7: CLI analysis parameters
	Item
	Parameters
	Value

	General assumption
	BS total Tx power @ DL SB (dBm)
	

	
	SBFD configuration
	

	
	Guard band assumption
	

	
	Rx in-band blocking capability (dBm)
	

	
	Rx ADC dynamic range (dB)
	

	
	BS NF (dB)
	

	Tx leakage contribution
	Tx SB ACLR (dB)
	

	
	Sector isolation (dB)
	

	
	[Beam nulling/isolation (dB)]
	

	
	[Digital IC for Tx leakage (dB)]
	

	
	Overall RSIC for Tx leakage (dB)
	

	
	Tx leakage contribution to CLI (dBm)
	

	Rx path noise contribution
	Blocking analysis
	Overall interference cancellation for blocking capability  (dB)
	

	
	
	Tx SB interference signal level at Rx path (dBm)
	

	
	Rx IMD
	Rx IIP3 capability (dBm)
	

	
	
	Rx IM3 contribution (dBm)
	

	
	Rx ACS
	ACS capability (dB)
	

	
	
	Rx ACS contribution (dBm)
	

	
	Rx path overall noise contribution  (dBm)
	

	Total CLI contribution (dBm)
	

	Overall REFSENS degradation (dB)
	



· Recommended WF
· Discuss the necessity of RSIC for co-site inter-sector CLI firstly. 

Issue 1-5-5: Co-channel inter-site gNB-gNB CLI modelling 
· Proposals/Observations: 
· Proposal 1 (Samsung): For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works.
· Observation 1 (CMCC): commercial gNB could at least achieve 50dB ACS, i.e. 5dB higher than 3GPP requirements.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  
Sub-topic 1-6: BS Aspects: RF requirement impact
Sub-topic description:
[Moderator] In last meeting, BS RF requirement impact has been initially discussed, with the following agreements in WF [R4-2217464]: 
	Potentially impacted RF requirement for SBFD capable gNB
Agreement: 
· RAN4 further study on the necessity of new RF requirements for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio (new)
· In-channel adjacent subblock Blocking (new)
· Receiver OTA REFSENS (FFS)
· Receiver intermodulation (FFS)
· Transmitter intermodulation (for FR2 only)
· Other proposals on new RF requirement(s) not precluded

Existing requirement without impact for SBFD capable gNB
Agreement: 
· RAN4 further study on: 
· FFS that existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmit ON/OFF power
Transmitted signal quality
Occupied bandwidth 
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA dynamic range


· FFS that receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable gNB capable of SBFD.
· With new requirement for SBFD operation (to be discussed in the previous issue), FFS that below requirement would be remained unchanged with respect to SBFD operation. 
	Conducted RF requirement 
	Radiated RF requirement 

	Operating band unwanted emissions
Transmitter spurious emissions
Transmitter intermodulation
In-channel selectivity
	OTA out-of-band emission
OTA transmitter spurious emission
OTA transmitter intermodulation for BS type 1-O
OTA in-channel selectivity





 
Issue 1-6-1: Potentially impacted RF requirement for SBFD capable gNB  
· Proposals/Observations on In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking + Adjacent subband selectivity: 
· Observation 1 (Samsung): It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subblock leakage ratio (new) and (2) in-channel adjacent subblock blocking (new). 
· Proposal 1 (Samsung): RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio and in-channel adjacent subblock blocking requirements can be guaranteed implicitly while no explicit requirement needed.
· Proposal 2 (CATT): New requirements are needed for In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking + Adjacent subband selectivity.
· Proposals/Observations on OTA sensitivity: 
· Proposal 3 (CATT, ZTE): new requirement needed. 
· Proposal 3a (Nokia, ZTE): gNB OTA sensitivity shall be relaxed for SBFD gNB (exactly 1dB degradation proposed from ZTE). The DL signal shall be active in the test.
· Proposals/Observations on ACLR, ACS, in-band blocking, intermodulation: 
· Proposal 4 (Nokia): gNB OTA adjacent channel selectivity, in-band blocking, and receiver intermodulation tests shall have the DL signal active. For out-of-band blocking, it is FFS whether to activate the DL signal.
· Proposal 5 (Qualcomm): Improved RF requirements (ACLR/ACS) are expected to compensate for the high inter-gNB CLI within SBFD deployments. 
· Proposal 6 (ZTE): to specify additional Rx intermodulation requirement for SBFD BS;
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 1-6-2: Existing requirement without impact for SBFD capable gNB  
· Proposals/Observations from Samsung (R4-2219283) and CATT (R4-2218478): 
· Proposal 1: The existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD: 
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmit ON/OFF power
Transmitted signal quality
Occupied bandwidth 
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA dynamic range


· Proposal 2: The receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable for gNB capable of SBFD.
· Proposal from ZTE (R4-2219360): 
· Proposal 3: the legacy interfering signal of OOBB requirement could be still applicable for SBFD BS, however its wanted signal could be REFSENS+7dB instead of REFSENS+6dB; Other F_OOBB requirement could be still reused from the legacy one.
· Proposal 4: for FR1 SBFD with separated connectors of downlink and uplink, then legacy receiver spurious emission requirement could be still applicable; for FR1 SBFD with common connectors of downlink and uplink, then legacy receiver spurious emission requirement is not applicable and to follow the transmitter spurious emission requirements;
· Proposal 5: for FR1 OTA spurious emission requirement, receiver spurious emission requirement is not needed if both transmitter and receiver is turn ON.
· Proposal 6: for FR2 OTA spurious emission requirement, spurious emission requirement should be sum of transmitter spurious emission and receiver spurious emission.
· Proposals/Observations from CATT (R4-2218478): 
· Observation 1: Co-location minimum requirements of out-of-band blocking need further study for SBFD gNBs.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Topic #2: Feasibility study and RF impact from UE aspects
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218164
	Apple
	Proposal 1: For receiver sub-band selectivity, no rejection/attenuation due to RF/BB filtering is assumed on interference in adjacent sub-band.
Proposal 2: To use ACS for co-channel inter-subband interference, UE channel bandwidth needs to be configured in the following way for the sub-band BW for SBFD operation: 
· The subband BW need to have no more RBs than the maximum transmission bandwidth configuration of the configured channel bandwidth.
· The guard band between two adjacent subbands needs to be the same as or similar to what exists between two channels.
Proposal 3: It is proposed to clarify/confirm: 
· SINR can be obtained as SINR = S /((S+Blocker)/ Y_value), based on the model. FFS how to capture the ICI between RBs of wanted signal and the adjacent interfering subband.
· Whether the model is based on common AGC design or based on a particular kind of AGC design.

	R4-2218481
	CATT
	For adjacent-channel UE-UE CLI  Rx model,
Observation 1: UE Rx NF shouldn’t impact the ACS performance. The AGC model in Figure 1 is not a practical design for NR.
Proposal 1: It’s not necessary to model NF change related to AGC for UE-UE CLI in adjacent-channel UE-Rx model when UE ACS is assumed current performance.
For co-channel Rx model,
Proposal 2: -25 dBc ICS performance can be assumed for UE co-channel Rx model.
Proposal 3: If -25 dBc ICS performance is agreed as the co-channel UE-UE CLI Rx model, UE NF change related to AGC is not necessary to be modelled.
Observation 2: -25 dBm interference level may be very rare because of the minimum distance path loss.
Proposal 4: -25 dBm is set for the UE DEMOD threshold for co-channel Rx interference if group thinks the scenario should be taken into account.

	R4-2218645
	CMCC
	Observation 1: from RAN4 simulation perspective, we don’t need to model the case that allocation less than full UL sub-band. but if we send the model to RAN1, such model is necessary.
Observation 2: if there is no ICS requirement, it’s impossible to configure aggressor UE and victim UE in the same cell if victim UE only allow 1dB REFSENSE degradation.  
Observation 3: based on RAN1’s agreements,
	legacy UE CBW can’t be configured to equal to the sub-band BW for SBFD operation. 
	for R18 UE supporting SBFD, RAN1’s work assumption is based on BWP method but there is no agreement about whether UE channel bandwidth configured to equal the sub-band BW is feasible or not for SBFD operation.
Proposal 1: it’s suggested to provide typical co-channel Rx modelling to RAN1 other than assuming 0dBi ICS for legacy UE. for R18 UE, ACS based or typical performance model are both OK for us.

	R4-2218864
	vivo
	Proposal 1: It is suggested to only consider ACLR1 for adjacent channel model at UE Tx side.
Proposal 2: For FR2-1, the -25dBm maximum input level can still be used for adjacent channel model at UE Rx side.
Proposal 3: To use IBE for co-channel model at UE Tx side in FR2-1.
Observation 1: Sub-band definition from UE perspective for SBFD operation is not the decisive factor for co-channel Rx modelling given the subband is transparent for the legacy UEs. 
Proposal 4: RAN4 should continue the work on co-channel Rx model taking all UEs (legacy UEs and SBFD-aware UEs) into account and the same model should be used for all UEs.
Proposal 5: Option 1 that 0 dB without any rejection/attenuation on interference in adjacent sub-band is adopted as co-channel model at the UE Rx side.  
Proposal 6: RAN1 should continue the discussion on sub-band definition from the perspective of SBFD-aware UEs for SBFD operation and RAN4 can take of the decision/progress made by RAN1 into account for the work if needed.

	R4-2219284
	Samsung
	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)

	R4-2219361
	ZTE Corporation
	Proposal 1: for EVM requirement in the IBE mode, propose to consider it based on the following approach:
the received SINR->CQI-> MCS->Modulation order; 
Proposal 2: from UE receiver perspective, it’s proposed to only consider CLI of co-channel inter sub-band with its arrival timing beyond the CP of wanted signal of victim UE or when victim UE’s received signal including both co-channel inter sub-band signals and wanted signals beyond its maximum input power.
Proposal 3: from UE receiver perspective, to set one check point for its received signal including both co-channel inter sub-band signals and wanted signals beyond its maximum input power, if it’s above the maximum input power, then throughput of UE could be set as 0 with some performance degradation.

	R4-2219871
	Intel Corporation
	Observation 1: The pre-ADC analogue anti-alias, channel filter typical to many UE receivers provides modest attenuation of blockers yet has value in extending the Rx dynamic range beyond that of the ADC.
Observation 2: The post-ADC digital filter, may provide significant attenuation of adjacent channels, but may not be capable of changing channel bandwidth fast enough to support dynamic SBFD which requires configuration changes at the slot level, e.g., TDD-SBFD-TDD
Proposal 1: For the case of semi-static SBFD, with lower switching time requirement for changing between TDD and SBFD operation, the receiver channel filters can be re-configured for sub-band filtering, and the ACS value of 33dB can be used.
Proposal 2: For the case of dynamic SBFD with slot-to-slot switching between TDD and SBFD mode, the switching time to reconfigure the channel bandwidth of the channel filters in legacy UEs is too slow, and a selectivity value of 0dB should be used.
Proposal 3: For the case of semi-static SBFD, the channel bandwidth filters in the legacy UE can be re-purposed for sub-band filtering and the ACS value can be used.
Proposal 4: In addition to the sub-band filtering / selectivity from the channel filter, receiver simulations should include the filtering that occurs in FFT.  

	R4-2219886
	Qualcomm Incorporated
	Observation channel configuration:
 It is not possible to operate a SBFD UE by having its channel bandwidth configured to a sub-band bandwidth. For SBFD operation the UE must have its channel bandwidth configured just like a legacy TDD UE to include the UL and DL sub-bands.
Observation typical case: UE-UE CLI becomes more significant in a UE-dense deployment, for example the clustered deployment.
Proposal typical case: RAN4 to implement UE model parameter performance improvement to reflect typical performance. Specifically: IBE, ACLR, ACS based model parameters.
Proposal clarification of ACLR1 for 4 GHz:
•	30 dB is the total distortion power on either side of a fully allocated uplink sub-band. The ACLR1 distortion PSD is modeled as flat over that range. 
•	30 dB was chosen based on the 38.101-1 NRACLR for 4 GHz simulation frequency. 
•	RAN4 to further discuss improvement of the 30 dB to represent typical UE
Proposal clarification of IBE model: 
•	The FR1 co-channel TX aggressor model is specified in 38.101-1 Table 6.4.2.3-1.
•	The FR2-1 co-channel TX aggressor model is specified in 38.101-2 Table 6.4.2.3.4-1.
•	RAN4 to further discuss improvement of the IBE to represent typical UE
Proposal adjacent channel RX model:
For FR1: Pinterference_adjacent_channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
For FR2-1: Pinterference_adjacent_channel_FR2-1 = Pinterferer – (23 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
RAN4 to further discuss improvement of the 33/23 dB to represent the typical UE
The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.
Proposal RX co-channel modelling:
For FR1: Pinterference_co-channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
For FR2-1: Pinterference_co-channel_FR2-1 = Pinterferer – (FFS dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.
Proposal FR1 UE noise figure value: 
Use 9 dB from Table 5.2.1.1.1-1: Single operator layout for urban macro in FR1 (4 GHz) in TR 38.828.
Proposal FR2 UE noise figure value: 
Use 10 dB from Table 5.2.2.4-1: Other simulation parameters in TR 38.828

	R4-2220034
	MediaTek (Chengdu) Inc.
	Observation 1: In all cases the first adjacent RB to the interferer, the interference from lack of FFT rejection dominates IBE, but outside of the first adjacent RB the IBE (according to 3GPP minimum requirements) is more dominant as an interference source. UEs may perform better than minimum IBE performance in reality though.
Proposal 1: If sub-band selectivity is intended to be modelled further by RAN4, use the input provided in R4-2216836 (in RAN4#104bis-e) as a basis for that modelling.
Observation 2: While the general concept of the Rx model proposed in R4-2216794 seems valid, the actual values proposed for this model have not been explained at all for the last 2 meetings. We need to bear in mind that we are supposed to model impact to legacy UEs, so the model should be applicable to such UEs.
Proposal 2: We would appreciate much more detail on the Rx blocker model provided and some proper discussion, to establish appropriate parameter values for this model.
Proposal 3: UE channel bandwidth configured as a “sub-band” results in significant limitations on the physical layer. This option should not be considered further. If discussion is to continue then RAN1 should be consulted first.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions..
Sub-topic 2-1 UE Aspects: Co-channel inter-subband UE-UE CLI model
[bookmark: _Hlk118671944][Moderator] 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: 
	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.



Issue 2-1-1: TX modelling for UE-UE CLI for RAN1 and RAN4 simulation
· Proposals/Observations for sharing TX modelling to RAN1: 
· Observation 1 (Samsung): 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 (Samsung, Qualcomm): 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 (ZTE): for EVM requirement in the IBE mode, propose to consider it based on the following approach: the received SINR->CQI-> MCS->Modulation order;
· Proposals for TX modelling used in RAN4 co-existence study: 
· 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. 
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 2-1-2: TX modelling for UE-UE CLI for FR2-1
· Proposals/Observations: 
· Proposal 1 (Qualcomm, Samsung, vivo): 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.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic description:
[Moderator] In RAN4#104-bis-e, the following WF is agreed for UE RX victim from co-channel aggressor (FR1):
	UE RX victim from co-channel aggressor (FR1)
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 

Effect of power contained in uplink sub-band on receiver model (blocker) 
Agreement: 
FFS for the effect of power contained in uplink sub-band on receiver model
· One proposed model from company as following in R4-2216794:
· x axis is total power in the channel at the receiver input, so signal + any uplink jammer or blocker power. Let’s call it Pin.
· y axis is the ratio of total input channel power to noise, so it is Pin/noise power
· The receiver performance breaks down above the maximum input power level, so the receiver would not be able to demodulate the signal at all in this regime
· Other models not precluded 



Issue 2-1-3: Receiver sub-band selectivity
· Proposals/Observations: 
· Proposal 1 (Apple): For receiver sub-band selectivity, no rejection/attenuation due to RF/BB filtering is assumed on interference in adjacent sub-band.
· Proposal 2 (CMCC): it’s suggested to provide typical co-channel Rx modelling to RAN1 other than assuming 0dBi ICS for legacy UE. for R18 UE, ACS based or typical performance model are both OK for us.
· Proposal 3 (Samsung): RAN4 shall not introduce additional requirement for sub-band selectivity for SBFD operation, at least for legacy UE not capable of SBFD operation. 
· Proposal 4 (Samsung): 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). 
· Proposal 5 (vivo): RAN4 should continue the work on co-channel Rx model taking all UEs (legacy UEs and SBFD-aware UEs) into account and the same model should be used for all UEs.
· Proposal 6 (vivo): Option 1 that 0 dB without any rejection/attenuation on interference in adjacent sub-band is adopted as co-channel model at the UE Rx side.  
· Observation 1 (ZTE): if arrival timing of the CLI of co-channel inter sub-band is still within the CP of wanted signal from UE side, then even without any digital filtering, the interference signal is still orthogonal to wanted signals of victim UEs.
· Proposal 7 (ZTE): from UE receiver perspective, it’s proposed to only consider CLI of co-channel inter sub-band with its arrival timing beyond the CP of wanted signal of victim UE or when victim UE’s received signal including both co-channel inter sub-band signals and wanted signals beyond its maximum input power.
· Proposal 8 (Apple): For the case of semi-static SBFD, with lower switching time requirement for changing between TDD and SBFD operation, the receiver channel filters can be re-configured for sub-band filtering, and the ACS value of 33dB can be used.
· Proposal 9 (Apple): For the case of dynamic SBFD with slot-to-slot switching between TDD and SBFD mode, the switching time to reconfigure the channel bandwidth of the channel filters in legacy UEs is too slow, and a selectivity value of 0dB should be used.
· Proposal 10 (Apple): For the case of semi-static SBFD, the channel bandwidth filters in the legacy UE can be re-purposed for sub-band filtering and the ACS value can be used.
· Proposal 11 (Apple): In addition to the sub-band filtering / selectivity from the channel filter, receiver simulations should include the filtering that occurs in FFT.  
· Observation 2 (MediaTek): In all cases the first adjacent RB to the interferer, the interference from lack of FFT rejection dominates IBE, but outside of the first adjacent RB the IBE (according to 3GPP minimum requirements) is more dominant as an interference source. UEs may perform better than minimum IBE performance in reality though.
· Proposal 12 (MediaTek): If sub-band selectivity is intended to be modelled further by RAN4, use the input provided in R4-2216836 (in RAN4#104bis-e) as a basis for that modelling.
· Proposal 13 (CATT): -25 dBc ICS performance can be assumed for UE co-channel Rx model.
· Proposal 14 (CATT): If -25 dBc ICS performance is agreed as the co-channel UE-UE CLI Rx model, UE NF change related to AGC is not necessary to be modelled.
· Proposal 15 (Qualcomm): 33dB for ICS for FR1. 
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 2-1-3: Configuring the UE channel bandwidth to be a sub-band for selectivity
· Proposals/Observations: 
· Proposal 1 (Apple): To use ACS for co-channel inter-subband interference, UE channel bandwidth needs to be configured in the following way for the sub-band BW for SBFD operation: 
· The subband BW need to have no more RBs than the maximum transmission bandwidth configuration of the configured channel bandwidth.
· The guard band between two adjacent subbands needs to be the same as or similar to what exists between two channels.
· Observation 1 (CMCC): from RAN4 simulation perspective, we don’t need to model the case that allocation less than full UL sub-band. but if we send the model to RAN1, such model is necessary.
· Proposal 2 (MediaTek): UE channel bandwidth configured as a “sub-band” results in significant limitations on the physical layer. This option should not be considered further. If discussion is to continue then RAN1 should be consulted first.
· Observation 2 (Qualcomm): It is not possible to operate a SBFD UE by having its channel bandwidth configured to a sub-band bandwidth. For SBFD operation the UE must have its channel bandwidth configured just like a legacy TDD UE to include the UL and DL sub-bands.
· Additional observations/proposals on RAN1 agreements: 
· Observation 3 (CMCC): based on RAN1’s agreements,
· legacy UE CBW can’t be configured to equal to the sub-band BW for SBFD operation. 
· for R18 UE supporting SBFD, RAN1’s work assumption is based on BWP method but there is no agreement about whether UE channel bandwidth configured to equal the sub-band BW is feasible or not for SBFD operation.
· Proposal 3 (vivo): RAN1 should continue the discussion on sub-band definition from the perspective of SBFD-aware UEs for SBFD operation and RAN4 can take of the decision/progress made by RAN1 into account for the work if needed.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 2-1-4: Effect of power contained in uplink sub-band on receiver model (blocker)
· Proposals/Observations: 
· Proposal 1 (Apple): It is proposed to clarify/confirm: 
· SINR can be obtained as SINR = S /((S+Blocker)/ Y_value), based on the model. FFS how to capture the ICI between RBs of wanted signal and the adjacent interfering subband.
· Whether the model is based on common AGC design or based on a particular kind of AGC design.
· Proposal 2 (ZTE): from UE receiver perspective, to set one check point for its received signal including both co-channel inter sub-band signals and wanted signals beyond its maximum input power, if it’s above the maximum input power, then throughput of UE could be set as 0 with some performance degradation.
· Observation 1 (MediaTek): While the general concept of the Rx model proposed in R4-2216794 seems valid, the actual values proposed for this model have not been explained at all for the last 2 meetings. We need to bear in mind that we are supposed to model impact to legacy UEs, so the model should be applicable to such UEs.
· Proposal 3 (MediaTek): We would appreciate much more detail on the Rx blocker model provided and some proper discussion, to establish appropriate parameter values for this model.
· Observation 2 (CATT): -25 dBm interference level may be very rare because of the minimum distance path loss.
· Proposal 4 (CATT): -25 dBm is set for the UE DEMOD threshold for co-channel Rx interference if group thinks the scenario should be taken into account.
· Proposal 5 (Qualcomm): For FR1 UE noise figure value, use 9 dB from Table 5.2.1.1.1-1: Single operator layout for urban macro in FR1 (4 GHz) in TR 38.828.
· Proposal 6 (Qualcomm): For FR2 UE noise figure value, use 10 dB from Table 5.2.2.4-1: Other simulation parameters in TR 38.828
· Recommended WF
· Further discussion on proposals/observations in 1st round.  
Issue 2-1-5: Clarification/summary on RX modelling
· Proposal: 
· Proposal 1 (Qualcomm): Clarification on co-channel RX model:
· For FR1: Pinterference_co-channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
· For FR2-1: Pinterference_co-channel_FR2-1 = Pinterferer – (FFS dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
· The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic 2-2 UE Aspects: Adjacent-channel UE-UE CLI model
Sub-topic description:
Open issues and candidate options before f2f meeting:
Issue 2-2-1: Maximum input level in RX modelling for FR2-1
· Proposals/Observations: 
· Proposal 1 (vivo): For FR2-1, the -25dBm maximum input level can still be used for adjacent channel model at UE Rx side.
· Observation 1 (CATT): UE Rx NF shouldn’t impact the ACS performance. The AGC model in Figure 1 is not a practical design for NR.
· Proposal 1 (CATT): It’s not necessary to model NF change related to AGC for UE-UE CLI in adjacent-channel UE-Rx model when UE ACS is assumed current performance.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  
Issue 2-2-2: Clarification/summary on RX modelling
· Proposal: 
· Proposal 1 (Qualcomm): Clarification on adjacent channel RX model:
· For FR1: Pinterference_adjacent_channel_FR1 = Pinterferer – (33 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
· For FR2-1: Pinterference_adjacent_channel_FR2-1 = Pinterferer – (23 dB + 10*log10(max(1,BWinterference /BWvictim_subband)))
· RAN4 to further discuss improvement of the 33/23 dB to represent the typical UE
· The model does not decode the signal for total input power > -25 dBm. Input power includes interferer and desired signal.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  
Issue 2-2-3: Remaining part of TX modelling
· Proposals/Observations: 
· Proposal on clarification of ACLR1 for 4 GHz (Qualcomm):
· 30 dB is the total distortion power on either side of a fully allocated uplink sub-band. The ACLR1 distortion PSD is modeled as flat over that range. 
· 30 dB was chosen based on the 38.101-1 NRACLR for 4 GHz simulation frequency. 
· RAN4 to further discuss improvement of the 30 dB to represent typical UE
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic 2-3 Other aspects
Issue 2-3-1: Typical vs worst case UE model parameters
· Proposals/Observations: 
· Observation (Qualcomm): UE-UE CLI becomes more significant in a UE-dense deployment, for example the clustered deployment.
· Proposal (Qualcomm): RAN4 to implement UE model parameters to reflect typical performance rather than worst-case.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Topic #3: Reply LS to RAN1 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218483
	CATT
	Draft reply LS is provided. 

	R4-2219632
	Ericsson
	Draft reply LS is provided.

	R4-2219807
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 agrees that there are use cases for both options discussed by RAN1, and agrees that that both options shall be supported. By sending no reply to the LS from RAN1, RAN4 acknowledges the RAN1 agreement.
Proposal 2: Regarding the LS R1-2210602 from RAN1 on interference modeling, RAN4 confirms RAN1’s agreements on SBFD interference modelling aspects. RAN4 also informs RAN1 that the agreed modelling of self-interference in Agreement-1 also applies to other subband configurations, e.g. DU=80MHz:20MHz.

	R4-2219885
	Qualcomm Incoporated
	For the position of uplink sub-bands, our view is that either in the middle or on the edge is feasible. It would be useful for RAN4 to inform RAN1 in a reply LS.
For the Note on two UL sub-bands being 2nd priority, we don’t see a reason to respond to RAN1 on this note.

	R4-2219358
	ZTE Corporation
	Some initial feedback on that reply LS to be further discussed in RAN4

	R4-2219889
(Moved from AI 8.18.2.1)
	Qualcomm
	Draft reply LS is provided. 

	R4-2219894
(Moved from AI 8.18.2.1)
	Qualcomm
	Proposal Reply LS: No reply LS at this time.

	R4-2219283
	Samsung
	Proposal 9: Regarding RAN1 Agreement-1 in R1-2210602, RAN4 confirm that the SBFD subband configuration {DUD=40MHz:20MHz:40MHz} is feasible at least for FR1. RAN4 confirm that gNB self-interference can be modelled as frequency flat, with that RAN1’s assumption in Agreement-1 can be confirmed. 
Proposal 10: Regarding RAN1 Agreement-2 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling with only large scale fading modelled, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 
Proposal 11: Regarding RAN1 Agreement-3 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling with both large and small scale fadings modelled, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 
Proposal 12: Regarding RAN1 Agreement-4 in R1-2210602, RAN4 can confirm RAN1’s understanding that the method to derive the value of α_SI^  based on 1dB sensitivity degradation is aligned with RAN4 understanding. It should be noted that the following agreement is achieved further in RAN4#104-bis-e.
Proposal 13: RAN4 confirm the RAN1 agreement that the maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one, and also take the case with two UL subbands for SBFD operation as 2nd priority in RAN4 discussion.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: Response to LS R1-2210602
Sub-topic description:
[Moderator] In Oct. RAN1 meeting, LS R1-2210602 has been approved which contains four RAN1 agreement, while confirmation from RAN4 is expected.  
Open issues and candidate options before e-meeting:
Issue 3-1-1: Response to Agreement-1 in R1-2210602
[Moderator] The following Agreement-1 is contained in RAN1 LS. 
	Agreement-1
RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power.
· For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. 
· Using to denote the overall RSI value provided by RAN4, RAN1 makes the following assumption
· 
·  is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale).
·  is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the total number of UL RBs in the UL subband.
· Note:  is in linear scale
· RAN1 further makes a simple assumption that  doesn’t change when DL RBs are not fully allocated for DL transmission, and the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by
· 
·  is DL transmission power of gNB per RB,  
·  is the number of DL RBs allocated for DL transmission.
· Send LS to RAN4 to confirm RAN1’s assumptions and the subband configuration assumed for FR1/FR2
· Also ask RAN4 if the above is applicable to other subband configurations



· Proposals on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1
· Option 1 (Samsung): {DUD=40MHz:20MHz:40MHz} is feasible at least for FR1. 
· Option 1a (Ericsson): 40-20-40 for FR1 and 75-50-75 for FR2 are feasible, as long as a sufficient guard band (i.e., 5 RB or more in FR1 or 3 RB or more in FR2) is provided
· Option 1b (Nokia): DU=80MHz:20MHz, for which RAN1 agreed modelling shall also be applicable. 
· Proposals on the assumption of RSI is modelled as frequency flat and other modelling: 
· Option 1 (Samsung, Qualcomm, vivo): RAN4 confirm that gNB self-interference can be modelled as frequency flat (and accordingly the scaling method), with that RAN1’s assumption in Agreement-1 can be confirmed.
· Option 2 (Ericsson): The model can be used for system simulation, while limits exist: This assumption is not fully valid, as it assumes that alpha_SI is independent of the gNB power.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 3-1-2: Response to Agreement-2 in R1-2210602
[Moderator] The following Agreement-2 is contained in RAN1 LS. 
	Agreement-2
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
·  
·  is the power of inter-site gNB-gNB co-channel inter-subband CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
· FFS: the detailed definition of the coupling loss, which can be discussed later
·  is the total number of DL RBs in the DL subbands
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs is used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers)
· Send LS to RAN4 to confirm RAN1’s understanding



· Proposals
· Option 1 (Samsung, Nokia, Qualcomm): RAN4 can confirm RAN1’s understanding on this model. 
· Option 1a (Samsung, Qualcomm): RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS.
· Option 2 (Ericsson): A floor to the TX interference based on the absolute ACLR level should be added. The absolute ACLR limit is as follows:
	BS category / BS class
	ACLR absolute basic limit

	Category A Wide Area BS
	-13 dBm/MHz

	Category B Wide Area BS
	-15 dBm/MHz

	Medium Range BS
	-25 dBm/MHz

	Local Area BS
	-32 dBm/MHz


The interference for low power levels would look something like:
·  +Absolute ACLR*)*
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 3-1-3: Response to Agreement-3 in R1-2210602
[Moderator] The following Agreement-3 is contained in RAN1 LS. 
	Agreement-3
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB can be modeled as  where,
·  is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the unwanted emission across all Tx chains at UL RB  at aggressor gNB,
·  is the number of Tx chains at aggressor gNB,
· , , is modelled as white Gaussian noise,
·    is the total leakage power at UL RB  at aggressor gNB,
·  is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, ,
·  is the number of DL RBs scheduled for DL transmission by aggressor gNB,
·  is the total number of DL RBs in the DL subbands
·  is the  normalized identity matrix with unit norm, ,
· FFS whether  can be other values and corresponding conditions
· FFS for 
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Send LS to RAN4 to confirm RAN1’s understanding.


· Proposals
· Option 1 (Samsung, Nokia): RAN4 can confirm RAN1’s understanding on this model. 
· Option 1a (Samsung): RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS.
· Option 2 (Ericsson): Channel modeling should be in RAN1 scope. the selectivity part, the RX power from the aggressor gNB can be modelled based on the channel matrix in the standard manner for RAN1 simulations and then  can be obtained based on the RX power and the ACS.
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 3-1-4: Response to Agreement-4 in R1-2210602
[Moderator] The following Agreement-4 is contained in RAN1 LS. 
	Agreement-4
For SLS of SBFD in RAN1, candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB.
· FFS: UL receiver sensitivity degradation due to self-interference is 0.8dB and 0.1dB
· The value of  can be calculated based on the UL receiver sensitivity degradation, noise floor of UL subband and maximum gNB DL Tx Power as below
· 
· For example, for sensitivity degradation of 1dB,  can be computed based on , where N is the noise floor over the UL subband given by , assuming 20MHz UL subband and 5dB noise figure.
· Note: the feasibility of the determined  values can be discussed separately
· Companies shall report what values of the individual components are assumed in order to achieve the alpha_SI value corresponding to 1 dB desense
· Other approaches of determining values for  are not precluded and can be used and reported by companies.
Send LS to RAN4 to confirm RAN1’s understanding.


· Proposals
· Option 1 (Samsung, Nokia): RAN4 can confirm RAN1’s understanding that the method to derive the value of  based on 1dB sensitivity degradation is aligned with RAN4 understanding. 
· Option 1a (Qualcomm): Confirm Option 1 but discuss if it should pertains to FR1. 
· Option 2 (Ericsson): The purpose of system simulations in RAN1 would presumably be to elaborate on the gains (in terms of coverage, latency and/or UL throughput) that can be achieved considering the sensitivity degradation that is actually feasible. Feasibility is still FFS. 
· The alpha_SI can from a mathematics point of view be reverse calculated as derived. Care should be taken, because as discussed in [2], the “RSIC” is a snapshot of the suppression that is achievable for a specific gNB power assumption with the gNB operating at rated power. (Some more details in R4-2219632).

· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic 3-2: Response to LS R1-2210671
Sub-topic description:
[Moderator] In Oct. RAN1 meeting, LS R1-2210671 has been approved which contains the following agreement on the maximum number of UL subbands for duplex evolution, while the response from RAN4 is expected.  
	Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.



Open issues and candidate options before e-meeting:
Issue 3-2-1: Two possibilities of SBFD configuration with 1 UL subband
· Proposals
· Option 1 (CATT): In the early stage discussion, RAN4 don’t have conclusion, but both DUD and DU are under consideration in RAN4 feasibility and study. Detailed assumption for co-existence simulation is provided. 
	Using below sub-band configuration for co-existence simulation,
FR1:
· DUD {40MHz, 20MHz, 40MHz} 
· DU {80MHz, 20MHz} 

FR2:
· DUD {80MHz, 40MHz, 80MHz}
· DU {160MHz, 40MHz} 
· Note 1: Above sub-band BW assumption used for simulation not aligned existing RAN4 agreed CHBW sets 
· Note 2: Above parameters used for simulation purpose only 



· Option 2 (Samsung, Nokia, Qualcomm): Confirm two possibilities of SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier, with only one UL subband. 
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Issue 3-2-2: SBFD configuration with 2 UL subbands
· Proposals
· Option 1 (CATT, Samsung): No discussion and conclusion in RAN4 yet. RAN4 take the case with two UL subbands for SBFD operation as 2nd priority. 
· Option 2 (Qualcomm): No need to response. 
· Recommended WF
· Further discussion on proposals/observations in 1st round.  

Sub-topic 3-3: Further Response to LS R1-2205543
Sub-topic description:
[Moderator] In RAN4#104-e meeting in August, Reply LS R4-2214376 to RAN1’s R1-2205543 has been approved which contains the initial response, while more discussion and conclusion are expected for the remaining parts.  
Open issues and candidate options before e-meeting:
Issue 3-3-1: Reply LS drafting
· Proposals
· Option 1 (Samsung, R4-2219283): Further reply RAN1 with agreements on UE-UE CLI, captured in WF R4-2217513.  
· Option 2 (ZTE, R4-2219358): Further reply RAN1 with proposed conclusions for self-interference modelling and SBFD feasibility.
· Recommended WF
· General handling method is required to be clarified firstly, 
· either (1) to suggest one reply LS to encourage LS drafter to drive the discussion 
· or (2) more discussion on the technical points contained in Topic #1 and #2 firstly, and then capture agreement directly to reply LS. 
· Technically, the discussion here has been covered in Topic #1 and #2.  

Topic #4: Regulatory survey 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218492
	Ericsson
	Observation1: For a chosen TDD pattern, sub-band full duplex operation would increase the UL transmission in the network, increasing the level of UL interferences.
Observation2: Regulators made coexistence studies assuming a certain DL/UL ratio. Any change in that ratio might have some impacts on the corresponding studies’ conclusion. Regulators might want to re-evaluate some existing coexistence studies done for TDD bands, releasing a new regulation to authorize SBFD deployment.
Observation3: In Europe, operations in adjacent TDD spectrum are supposed to be synchronized.
Observation4: In certain circumstances preventing any interference (e.g. factory indoor), it would be possible to deploy unsynchronized TDD network.
Observation5: For some 5G bands, Regulators have considered unsynchronized (or semi-synchronized) TDD operation between adjacent operators by introducing more stringent parameters.
Observation6: More stringent Regulatory requirements might impact BS feasibility, final cost, size and weight, especially if SBFD DL is considered during “legacy” UL slots.
Observation7: In USA and Canada, Regulator has not mandated any TDD pattern but operators are strongly encouraged to coordinate their adjacent TDD networks to avoid any interference. 
Observation8: In USA and Canada, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.
Observation9: In China, to avoid interference, adjacent TDD networks are supposed to be synchronized using a same predefined TDD pattern. It should be expected MIIT will provide some guidance (e.g. some indoor deployment) when operating SBFD in adjacent spectrum. 
Observation10: In Japan, Regulator has not mandated any TDD pattern but operators are required to coordinate their adjacent TDD networks to avoid any interference. 
Observation11: In Japan, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.
And we make the following proposal:
Proposal: Approve the TP to TR 38.858 proposed in Annex

	R4-2219147
	Huawei, HiSilicon
	Draft TP is proposed. 

	R4-2219285
	Samsung
	Draft TP is proposed.

	R4-2219808
	Nokia, Nokia Shanghai Bell
	Proposal 1: the study on the regulatory aspects for deploying the identified duplex enhancements should at least include the TDD unpaired spectrum in the 3400-3800 MHz frequency range. 
Observation 1: In many CEPT countries, the same frame format is effectively mandated both indoor and outdoor in the 3400-3800 MHz frequency band.
Observation 2: In other regions, synchronization in the 3400-3800 MHz frequency band is not mandated but highly recommended.
Proposal 2: The conclusions on the regulatory aspects of dynamic TDD are also applicable to SBFD.
Proposal 3: It is proposed to approve TP to the TR 38.585 for clause 11.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 4-1: Text Proposal on regulatory aspects
Sub-topic description:
[Moderator] As one of the objectives in WID as below, RAN4 is tasked to summarize the regulatory aspects for deploying the duplex enhancement in TDD unpaired spectrum: 
	The detailed objectives are as follows:
· ...
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).



In RAN4 #104-e, the initial discussion on the survey of regulatory aspects for different regions was provided. In this meeting, the discussion continues, in which more analysis and survey are provided. Accordingly, four companies provide TP on regulatory aspects, which are supposed to be discussed initially in RAN4. 
Open issues and candidate options before e-meeting:
[bookmark: _Hlk116069682]Issue 4-1-1: Text Proposal on regulatory aspects
· Proposals
· Option 1 (Nokia, R4-2216204): 
· Outside Europe, national regulations do not appear to represent a major bottleneck for the deployment of SBFD in the 3400-3800 MHz range. For deployments within CEPT countries, SBFD may require changes to the current regulations. Therefore, it is envisioned that co-existence between SBFD and static TDD is thoroughly investigated in RAN4 so that performance results can be used as a basis for discussions with regulatory bodies defining harmonised standards at least for the 3400-3800MHz band. 
· Option 2 (Ericsson, R4-2218492): 
· Regulators always pay high attention to any new technology that might create interference to incumbent services operating in or adjacent to the considered spectrum, specifying new conditions to prevent any such interference. 
When allocating spectrum to IMT TDD operation, Regulators made coexistence studies with incumbent services assuming a certain TDD pattern. Based on the conclusions of those studies, Regulators have then specified the corresponding specific parameters to enable such deployment. 
In most of the countries, operators are expected to synchronize their adjacent TDD networks. Some Regulators have even recommended specific TDD frame structure usage to facilitate this, addressing then cross-border issues between countries (e.g. in Europe). 
To enable unsynchronized TDD deployments without creating interference in the adjacent network(s), some Regulators have specified more stringent parameters (e.g. CEPT specified below and above the block edge a restricted baseline of -34dBm/5 MHz EIRP for non AAS BS or -43dBm/MHz TRP for AAS BS), increasing BS design’s complexity significantly. 
Regulators might revise existing regulatory rules to allow SBFD operations and/or mandate more stringent requirements.
Nevertheless, when deployed in environments which guarantee and prevent any interference in the adjacent spectrum (like isolated indoor deployment), no specific condition nor recommendation have been specified by the Regulators, allowing any TDD deployment in such environments as long as no interference disturbs adjacent services. For such type of deployments, existing regulation rules should not be impacting when operating SBFD.
· Huawei (R4-2219147): 
· In the present the spectrum is issued with clearly defined duplex mode, i.e. FDD or TDD, and probably SDL or SUL. In 3GPP specifications, it assumes the TDD base stations deployed in the same geographical area and use the same or adjacent operating band, are synchronized. No additional co-existence requirements are covered for unsynchronized operation. To avoid cross-link interference situations, regulatory conditions at national level define the common TDD frame structures for multiple operators’ operation in the same band or administrations ask MNOs to agree on common frame structure for Macro cellular deployments. 
For single operator’s TDD network, there may be no limitation on the frame structure and it is up to operator’s choice.
It already possible today to use different TDD frame structure for isolated deployment, e.g. isolated indoor factory, as long as obligation to avoid interference is guaranteed. 
SBFD operation would allow simultaneous transmission and reception in different sub-bands within the same carrier. New regulatory requirements might be needed to allow SBFD operation for multiple operators’ deployment.
· Samsung (R4-2219285): 
11.1		Region 1
11.1.1	Europe
Regulators made coexistence studies assuming a certain DL/UL ratio for IMT TDD band 3.4-3.8GHz band in Europe. The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation and consequently may affect TDD synchronisation. 
In many CEPT countries, the same frame format is effectively mandated both indoor and outdoor in the 3400-3800 MHz frequency band. Several frame structures for TDD MFCN networks have been recommended by ECC to facilitate synchronisation in the frequency band 3400-3800 MHz at boarder areas. However, unsynchronised or semi-synchronised operation of TDD MFCN networks are not precluded with certain requirements and/or procedures of cross-border coordination between administrations.
However, unsychronised or semi-synchronised operation of TDD MFCN networks are not precluded with certain requirements and/or procedures of cross-border coordination between administrations. It is already possible today to use different TDD frame structure for isolated deployment.
11.2		Region 2
11.2.1	North America
No TDD pattern has been mandated in US, nor in Canada, but operators are encouraged to coordinate their network deployment and make sure they don’t interfere with each other.
Unsynchronized operation is allowed, more stringent regulation parameters have not been specified for such case but, again, operators would have to work their differences to avoid any claim to FCC/ISED.
11.3		Region 3
11.3.1	China
In China, spectrum is allocated with clearly stating it for TDD or FDD operation. There is no SBFD regulatory requirements in China until now. MIIT mainly cares interference between different operators. Necessary interference coordination mechanism and solutions may be proposed by MIIT to avoid interference before any SBFD deployment.
11.3.2	Japan
No TDD pattern has been mandated in Japan but operators are required to coordinate their network deployment to avoid interference. Operators are allowed to use unsynchronized operation as far as there is no interference with the adjacent network(s), e.g. for indoor usage.
11.4		Summary
The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation and consequently may affect TDD synchronisation which will lead to potential interference to incumbent services.
Changes to current regulations may be required to allow the operation of SBFD. Therefore, suggestions to relevant administrative authorities are needed based on the results of co-existence studies between SBFD and legacy TDD system, as well as the consequent performance results defined for the operation of SBFD.
· Recommended WF
· Discussion based on TP draft directly in 1st round
· One TP could be chosen as to be further revised based on the inputs and discussion. 

