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Introduction
For Rel-18 SI for study on evolution of NR duplex operation, there are two threads [310][311] organized for the relevant discussion on RAN4#105, and one ad-hoc meeting is planned for further discussion after 1st round online treatment. 
Discussion
Reply LS to RAN1
In the 1st round, reply LS (R4-2220243) is reserved for the response to RAN1 LSs for interference modelling and sub-band configuration, which is intended to capture the agreements achieved in 1st round. The reply LS shoulal include the responses to RAN1 LS R1-2210602, R1-2210671, and R1-2205543. 
Note: 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.  
Agreements in 1st round
The following agreements achieved in 1st round: 
Issue 3-1-1: Response to Agreement-1 in R1-2210602
· Agreement:
· RAN4 confirm 
· FR1 at least below configuration applicable:
· {DUD=40MHz:20MHz:40MHz} 
· {DU =80MHz:20MHz}
· FR2 at least below configurations applicable:
· {DUD=80MHz:40MHz:80MHz}
· {DUD=75MHz:50MHz:75MHz}
· {DU: 160MHz:40MHz}
· RAN4 confirm the frequency flat interference modelling can be used for RAN1 study for similar bandwidth configuration as list in above possible configurations.
· RAN4 confirm the interference modelling in agreement -1 from RAN1 LS can be used with maximum power assumed with full DL RB usage. 

Issue 3-1-2: Response to Agreement-2 in R1-2210602
· Agreement: RAN4 confirm RAN1’s understanding on this model and RAN4 also specified the absolute ACLR limit requirements.

Issue 3-1-3: Response to Agreement-3 in R1-2210602
· Agreement:
· RAN4 can confirm RAN1’s understanding on this model, RAN4 recommends:
·  can be obtained based on the RX power and the ACS.
· RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS.

Issue 3-1-4: Response to Agreement-4 in R1-2210602
· Agreement:
· RAN4 can confirm RAN1’s understanding that the method to derive the value of  is aligned with RAN4 understanding.
· Further discuss the clarification on the variation of RSIC with power assumption under different RB allocation  

Issue 3-2-1: Response to LS R1-2210671: Two possibilities of SBFD configuration with 1 UL subband
· Option 2: Confirm two possibilities of SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier, with only one UL subband. 
· Agreement
· Option 2 agreed.

Issue 3-2-2: Response to LS R1-2210671: SBFD configuration with 2 UL subbands
· Agreement: No discussion and conclusion in RAN4 yet. RAN4 take the case with two UL subbands for SBFD operation as 2nd priority. No discussion on multi-carrier case in RAN4 yet.  

Issue 2-1-1: TX modelling for UE-UE CLI for RAN1 and RAN4 simulation
· 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. 
· Agreement: Proposal 1 agreed

Issue 2-1-2: TX modelling for UE-UE CLI for FR2-1
· Proposals/Observations: 
· Proposal 1: 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.
· Agreement: Proposal 1 agreed

Ad-Hoc Discussion on reply LS drafting
The discussion is based on the draft LS, which is shared seperated in the inbox. The content has been copied here for discussion. 
Note: the content is based on the agreements in the 1st round, and the agreement captured in approved WF R4-2217513 in RAN4#104-bis-e, while changes are provided for: 
· Removal of UE RX victim from co-channel aggressor (FR1 and FR2-1), since there is no progress from Aug. Meeting’s reply in R4-2214376;
· Editorial revisions.
	For RAN1 LS R1-2210602, RAN4 thanks RAN1 for further sharing the agreement on interference type for Rel-18 NR duplex evolution study. For the four agreements regarding the interference modelling for SBFD operation, RAN4 has discussed and concluded the reply as follows:  
· Regarding RAN1 Agreement-1 in R1-2210602, 
· RAN4 confirm 
· For FR1, at least below configuration applicable:
· {DUD=40MHz:20MHz:40MHz} 
· {DU =80MHz:20MHz}
· For FR2, at least below configurations applicable:
· {DUD=80MHz:40MHz:80MHz}
· {DUD=75MHz:50MHz:75MHz}
· {DU: 160MHz:40MHz}
· RAN4 confirm the frequency flat interference modelling can be used for RAN1 study for similar bandwidth configuration as list in above possible configurations.
· RAN4 confirm the interference modelling in agreement-1 from RAN1 LS can be used with maximum power assumed with full DL RB usage. 
· Regarding RAN1 Agreement-2 in R1-2210602, RAN4 confirm RAN1’s understanding on this model and RAN4 also specified the absolute ACLR limit requirements. 
· Regarding RAN1 Agreement-3 in R1-2210602, RAN4 can confirm RAN1’s understanding on this model, RAN4 recommends:
·  can be obtained based on the RX power and the ACS.
· RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS.
· Regarding RAN1 Agreement-4 in R1-2210602, RAN4 can confirm RAN1’s understanding that the method to derive the value of  at maximum power is aligned with RAN4 understanding. With partial RB allocation (and hence less than maximum power) is not independent of the DL power. However as a first approximation RAN1 could treat as if it does not vary at different output power levels, even if there is some inaccuracy in such modelling. And RAN4 will further discuss the clarification on the variation of RSIC with power assumption under different RB allocation  

For RAN1 LS R1-2210671, RAN4 thanks RAN1 for sharing the agreement on the maximum number of UL subbands for duplex evolution. Regarding the agreements contained in this LS, RAN4 has discussed and concluded the reply as follows:
· For two possibilities of SBFD configuration with 1 UL subband provided in RAN1 LS, RAN4 confirm these two possibilities of SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier with only one UL subband.
· For SBFD configuration with 2 UL subbands, there is no discussion and conclusion in RAN4 yet. RAN4 take the case with two UL subbands for SBFD operation as 2nd priority. Furthermore, no discussion on multi-carrier case in RAN4 yet.  

In addition to RAN4 reply LS in R4-2214376, the following RAN4 agreements are achieved for TX modelling for UE-UE CLI:
· UE TX aggressor toward adjacent channel victim (FR1):
· The base value for ACLR1 in TX model for FR1 power class 3:
· 30 dB is the total distortion power on each side of  SBFD carrier. The ACLR1 distortion PSD is modeled as flat over that range.
· FFS whether RAN4 need to model allocations that are less than fully allocated uplink sub-bands.
· The base value value which the model use for FR1 PC3 ACLR2:
· Evaluate the effect of UE-UE CLI with ACLR1 only.
· Revisit the discussion on ACLR2 if UE-UE CLI becomes significant.
· TX power classes:
· Only power class 3 is considered
· Frequency resolution (granularity) of the model:
· Distortion is modeled as a flat power spectral densitity across the frequency range of the distortion.
· ACLR-based interference model to be scaled with power backoff:
· Do not model improved ACLR with power backoff.
· RAN4 will revisit the discussion on backoff-dependent ACLR if UE-UE CLI becomes significant
· UE TX aggressor toward adjacent channel victim (FR2-1)
· The base value for ACLR1 in TX model for FR2-1, ACLR or OBW as the base value:
· For FR2-1 use Occupied BW requirement as the basis for ACLR1, i.e., 23 dB
· The base value value which the model use for FR2-1 ACLR2:
· ACLR-2 model aspect is precluded for FR2-1.
· UE TX aggressor toward co-channel victim (FR1 and FR2-1)
· 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. 
And the following RAN4 agreements are achieved for RX modelling for UE-UE CLI:
· UE RX victim from adjacent channel aggressor (FR1)
· ACS value as one performance point in the model
· 33 dB value (33 dB comes from ACS) as performance point in the RX model
· RX model with adjacent channel blocker over the RX dynamic range
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data (100% packet loss)
· UE RX victim from adjacent channel aggressor (FR2-1)
· ACS value as one performance point in the model
· 23 dB value (from ACS) as performance point in the FR2-1 model
· RX model with adjacent channel blocker over the RX dynamic range
· For FR2-1 Use the same method as in FR1, with changes being related to the parameters of ACS value, REFSENS, and maximum input power level 
· 


 
Discussion:

Agreement: The following contents shall be used in the reply LS to RAN1: 
For RAN1 LS R1-2210602, RAN4 thanks RAN1 for further sharing the agreement on interference type for Rel-18 NR duplex evolution study. For the four agreements regarding the interference modelling for SBFD operation, RAN4 has discussed and concluded the reply as follows:  
· Regarding RAN1 Agreement-1 in R1-2210602, 
· RAN4 confirm 
· For FR1, at least below configuration applicable:
· {DUD=40MHz:20MHz:40MHz} 
· {DU =80MHz:20MHz}
· For FR2, at least below configurations applicable:
· {DUD=80MHz:40MHz:80MHz}
· {DUD=75MHz:50MHz:75MHz}
· {DU: 160MHz:40MHz}
· RAN4 confirm the frequency flat interference modelling can be used for RAN1 study for similar bandwidth configuration as list in above possible configurations.
· RAN4 confirm the interference modelling in agreement-1 from RAN1 LS can be used with maximum power assumed with full DL RB usage. 
· Regarding RAN1 Agreement-2 in R1-2210602, RAN4 confirm RAN1’s understanding on this model and RAN4 also specified the absolute ACLR limit requirements. 
· Regarding RAN1 Agreement-3 in R1-2210602, RAN4 can confirm RAN1’s understanding on this model, RAN4 recommends:
·  can be obtained based on the RX power and the ACS.
· RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS.
· Regarding RAN1 Agreement-4 in R1-2210602, RAN4 can confirm RAN1’s understanding that the method to derive the value of  at maximum power is aligned with RAN4 understanding. With partial RB allocation (and hence less than maximum power) is not independent of the DL power. However as a first approximation RAN1 could treat as if it does not vary at different output power levels. And RAN4 will further discuss the clarification on the variation of RSIC with power assumption under different RB allocation  

For RAN1 LS R1-2210671, RAN4 thanks RAN1 for sharing the agreement on the maximum number of UL subbands for duplex evolution. Regarding the agreements contained in this LS, RAN4 has discussed and concluded the reply as follows:
· For two possibilities of SBFD configuration with 1 UL subband provided in RAN1 LS, RAN4 confirm these two possibilities of SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier with only one UL subband.
· For SBFD configuration with 2 UL subbands, there is no discussion and conclusion in RAN4 yet. RAN4 take the case with two UL subbands for SBFD operation as 2nd priority. Furthermore, no discussion on multi-carrier case in RAN4 yet.  

In addition to RAN4 reply LS in R4-2214376, the following RAN4 agreements are achieved for TX modelling for UE-UE CLI:
· UE TX aggressor toward adjacent channel victim (FR1):
· The base value for ACLR1 in TX model for FR1 power class 3:
· 30 dB is the total distortion power in the adjacent channel on each side of SBFD carrier. The ACLR1 distortion PSD is modeled as flat over that range.
· FFS whether RAN4 need to model allocations that are less than fully allocated uplink sub-bands.
· The base value value which the model use for FR1 PC3 ACLR2:
· Evaluate the effect of UE-UE CLI with ACLR1 only.
· Revisit the discussion on ACLR2 if UE-UE CLI becomes significant.
· TX power classes:
· Only power class 3 is considered
· Frequency resolution (granularity) of the model:
· Distortion is modeled as a flat power spectral densitity across the frequency range of the distortion.
· ACLR-based interference model to be scaled with power backoff:
· Do not model improved ACLR with power backoff.
· RAN4 will revisit the discussion on backoff-dependent ACLR if UE-UE CLI becomes significant
· UE TX aggressor toward adjacent channel victim (FR2-1)
· The base value for ACLR1 in TX model for FR2-1, ACLR or OBW as the base value:
· For FR2-1 use Occupied BW requirement as the basis for ACLR1, i.e., 23 dB
· The base value value which the model use for FR2-1 ACLR2:
· ACLR-2 model aspect is precluded for FR2-1.
· UE TX aggressor toward co-channel victim (FR1 and FR2-1)
· 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. 
And the following RAN4 agreements are achieved for RX modelling for UE-UE CLI:
· UE RX victim from adjacent channel aggressor (FR1)
· ACS value as one performance point in the model
· 33 dB value (33 dB comes from ACS) as performance point in the RX model
· RX model with adjacent channel blocker over the RX dynamic range
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data (100% packet loss)
· UE RX victim from adjacent channel aggressor (FR2-1)
· ACS value as one performance point in the model
· 23 dB value (from ACS) as performance point in the FR2-1 model
· RX model with adjacent channel blocker over the RX dynamic range
· For FR2-1 Use the same method as in FR1, with changes being related to the parameters of ACS value, REFSENS, and maximum input power level 
· UE RX victim from co-channel aggressor (FR1 and FR2-1): 
· RAN4 is still working on the RX model for SBFD operation. 

Self-interference Model
Agreements in RAN4#104-Bis-e
During RAN4#104-bis-e, there were further discussion on how the RSIC analysis table can be refined to include more factors [4] and also provide the possibility to check the feasibility like LNA saturation etc. 
	· The following template on detailed isolation contributions and other factors is suggested to be used in the following RAN4 analysis: 
· The below table is taken as an example for FR1 WA BS, and similar table for other FR1 BS type and FR2 BS. 
	FR1 Wide-Area BS
	Company-A
	Company-B

	Component capability 
	Spatial isolation 
	xxx dBc
	xxx dBc

	
	Frequency isolation
	xxx dBc 
	xxx dBc 

	
	Beam nulling /isolation
	xxx dBc
	xxx dBc

	
	Digital IC 
	xxx dBc
	xxx dBc

	Overall RSIC capability 
	xxx dBc
	xxx dBc

	additional implementation details
	SBFD configuration
	
	

	
	Guardband assumption (if exist)
	
	

	
	Sub-band filtering assumption (if exist)
	
	

	
	bandwidth over which suppression is achieved
	
	

	
	Others
	
	





Furthermore, some company proposed to elaborate how TX and RX operation for interference cancellation and suppression, which was captured in Chair Notes as agreement: 
	· Agreement: Using the table as starting point, further elaborate how to discuss Tx and Rx operation for interference cancellation/suppression not precluded in future RAN4 meetings. 



Agreements in 1st round
Agreement: 
· Using below table as starting point for feasibility study and potential impact on RF requirements:
	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
	 
	 

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	xxx dBc
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	
	
	

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

	xxx dBm
	
	

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band
 = ⑤ dBc
	xxx dBc
	 
	 

	
	
	RF IC capability and other tech. in RX sub-band
 = ⑧ 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)
	 
	 

	
	
	Impacts to RX sensitivity  (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	Xxx dBc
	
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA (Note 1)

	xxx dBm
	 
	 

	
	Blocker Suppression 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
	
	

	
	
	 
	
	 
	 

	
	
	
	
	 
	 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	
	
	

	
	
	
	Rx IM3 contribution (dBm)
	
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	
	
	

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized (Note 1, 2)

	xxx dBm
	
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	xxx dBc
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	Xxx dBc
	
	

	
	Digital IC  = ⑦ dBc
	xxx dBc
	 
	 

	Overall RSIC capability  (Note 1)
	xxx dBc
	
	

	Noise floor ⑩dBm
	xxx dBm/CBW
	
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	xxx dBm
	
	

	Required RSIC budget (①-⑪dBc)
	xxx dBc
	
	

	SBFD configuration
	
	
	

	Guardband assumption (if exist)
	
	
	

	bandwidth over which suppression is achieved
	
	
	

	Others
	
	
	

	
	
	
	

	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 ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.


· Further refinement on above table to include system parameters information

Ad-Hoc Discussion
Issue 1-1-1: Residual Self-Interference Cancellation (RSIC) Analysis Framework  
Discussion on the RSIC table: 
· Ericsson: more rows from last meeting’s table. 
· QC: equations for the check points are needed to better undertand
· Kumu: same as QC and complexity/feasibility shall be dependent on companies’s choice. 
· ZTE: complexity is hard to be quantified. Equations to be added in the next meeting based on companies’ input.
· Ericsson: For IM3 part, we support. 
· QC: companies are encouraged to provide the information on how the intermediate results are derived. 
· Huawei: IM3 and other RX should be in parallel to frequency isolation. 
· CATT: To ZTE’s comment, ACS shall contains the impact of digital and analog filtering. 

Discussion on the equations to derive overall RSIC capability:
· Ericsson: hard to have since some of rows are not directly linked to RSIC calculation. 
· ZTE: no necessary to have the equation. 
· Qualcomm: how to derive the conclusion for RSIC feasibility with the table and values provided? 
· CATT: equation is not preferred. 
· Ericsson: Using the table, the assumptions and configurations can be provided and captured in TR eventually. 
 
Agreement: 
· Companies are encouraged to provide values based on the following RSIC analysis framework table. 
· Companies are encouraged to provide the information on how the intermediate results are derived.
	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
	 
	 

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	xxx dBc
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	
	
	

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

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	xxx dBc
	 
	 

	
	
	RF IC capability and other tech. in RX sub-band  = ⑧ 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)
	 
	 

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	xxx dBc
	
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	
	 
	 

	
	Blocker Suppression 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
	 
 
	 
 

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	
	
	

	
	
	
	Rx IM3 contribution (dBm)
	
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	
	
	

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

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	xxx dBc
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	xxx dBc
	
	

	
	Digital IC  = ⑦ dBc
	xxx dBc
	 
	 

	Overall RSIC capability  (Note 1)
	xxx dBc
	
	

	Noise floor ⑩dBm
	xxx dBm/CBW
	
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	xxx dBm
	
	

	Required RSIC budget (①-⑪dBc)
	xxx dBc
	
	

	SBFD configuration
	
	
	

	Guardband assumption (if exist)
	
	
	

	bandwidth over which suppression is achieved
	
	
	

	Others
	
	
	

	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 ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.




Other proposals to be discussed in the ad-hoc: 
· Equation to be used to calculate overall RSIC (based on TX and RX operation separately), from Samsung (R4-2219283): 
· Proposal 2: Based on the component RSIC capability in Table 1, the overall RSIC capability can be derived as 
 
 dBc.

· Table 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)
	



· Table from Ericsson (R4-2219633):
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. 



· Discussion:

· Agreement:


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. 
· Discussion:

· Agreement:


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. 
· Discussion:

· Agreement:


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.  
· Discussion:

· Agreement:


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.  
· Discussion:

· Agreement:



Appendix 
RAN1 LS R1-2210602
	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



	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



	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.


 
	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.



RAN1 LS R1-2210671
	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.



RAN4 Reply LS R4-2214376 to RAN1 R1-2205543
In RAN4#104-e meeting in August, Reply LS R4-2214376 to RAN1’s R1-2205543 has been approved which contains the initial response as follows:   
	RAN4 thanks RAN1 for sharing the agreement on interference type for Rel-18 NR duplex evolution study. For the questions regarding the interference modelling for SBFD operation in SLS from RAN1, RAN4#104e discussed and concluded the reply as follows:  
1) Agreement on RAN4 feasibility study and RF requirement impact for SBFD operation
· From gNB perspective
· If found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS
· No impact on requirement applied to existing gNB or gNB not capable of SBFD operation.
· From UE perspective
· Using existing UE RF requirements to estimate UE performance and if needed extrapolating them for system level studies
·    Criteria on gNB UL receiver sensitivity degradation due to self-interference
· Taking 1dB sensitivity degradation due to self-interference of DL transmission as starting point for system level evaluation and feasibility study
· Other values lower than 1dB e.g. 0.1dB/0.8dB not precluded pending on the feasibility study
· Final values used in co-existence evaluation shall be aligned with feasibility analysis conclusion.

2) Reply to gNB self-interference modelling for system level simulation
The range for value of Ratio of gNB self-interference cancellation with respect to each aspect requested in RAN1 LS is summarized in table 1 according to available input during RAN4#104e. Please note that the detailed range for each parameters in table 1 are superset of results provided from source companies and RAN4 may see more analysis at the next meeting. The feasibility of the values has not been concluded and at this point of time the information should be used only for simulator development and calibration. It is quite likely that, as the feasibility assessment progresses, the value ranges of the different parameters will vary. 
Table 1: value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	50~80dBc
	80-120 dBc

	Frequency isolation
	45 dBc 
	22.5~30 dBc

	Beam nulling /isolation
	0~40 dBc
	0~40 dBc

	Digital IC 
	0~50 dBc
	0~50 dBc

	Overall RSIC capability 
	95 ~185 dBc
	102.5~ 205 dBc

	NOTE1: Other isolation schemes could be discussed further.
NOTE 2: Both transmitter leakage to the RX sub-band and interference arising from receiver imperfections need to be considered. Receiver imperfections may reduce the RSIC to be lower than the RSIC considering transmitter leakage alone. RAN4 will assess impact of Rx impairments on the RSIC capability. But the RSIC model can potentially be simplified to address impact from both aspects together. 



On granularity in frequency domain and question on frequency flat model possibility (Question 1-1/3/5 in R1-2205543), RAN4 agreed that RSI can be modelled as (almost) frequency flat at least could be scaled to sub-band level. And RAN4 will further discuss on below aspects: 
· FFS on guard band assumption between sub-band for SBFD 
· FFS on necessity/feasibility of RB level scaling
On RSI dependency on Blocking and AGC (Question 1-4 in R1-2205543), RAN4 has below agreements: 
· The in-band blocking is suggested to applied as starting point to ensure the receiver of UL sub-band is not blocked due to DL sub-band transmission 
· Besides blocking, LNA and dynamic range can be FFS for receiver side
· AGC may be applied to adjust the receiver gain to avoid ADC saturation if spatial isolation and analog IC, if found feasible, don’t provide enough reduction to self-interference. This may result in cost of an impact on sensitivity and potentially reduced coverage. However, it seems not feasible to model this in SLS.
On dependency on gNB antenna and beam related (Question 1-5 in R1-2205543) RAN4 has below agreements:
· gNB antenna architecture has impact on RSI model as to achieve high spatial isolation, separate antenna panels between TX and RX chain is requested
· TX/RX beamforming can further contribute on RSI pending on implementation.  
· The RSI will have dependency at least on the listed factors in RAN1 LS, but further details will need to be studied in RAN4.

3) Reply to gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
In context of gNB-gNB co-channel CLI modelling, RAN4 agree to distinguish co-site and inter-site scenarios.
· Co-site inter-sector gNB-gNB co-channel inter-subband CLI modelling: similar modelling as for self-interference (RSI) can be applied but may be with different parameters especially on antenna isolation.
· RAN4 will study further on possibility to apply digital IC for this case, but has not yet concluded whether it is feasible
· Inter-site gNB-gNB co-channel inter-subband CLI modelling: The same transmitter leakage and receiver impairment model as used for investigating gNB self-interference, but antenna isolation is replaced with inter-site isolation. The candidates for TX leakage and Receiver impairment are as below: 
· TX leakage candidate: gNB ACLR
· Receiver impairment candidate: gNB ACS
RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above. 
In context of UE-UE co-channel inter-subband CLI modelling, RAN4 agree on below candidates requirements specified in TS38.101-1 and TS38.101-2 for FR1 and RF2 respectively. 
· TX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· In-band emission as starting point, which defines a per-RB emission across the channel
· RAN4 is still studying whether ACLR may also apply in certain restricted configurations
· RX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· Maximum input power as threshold based on above specification
· In-channel selectivity requirements for the UE are not defined, and RAN4 is still investigating the feasibility of providing an indicative co-channel Rx modelling in the presence of interference.

4) Reply to gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
In context of gNB-gNB adjacent-channel CLI modelling, it’s also suggested to distinguish co-site and inter-site scenarios.
· Co-site gNB-gNB adjacent-channel: RAN4 will study further with below options
· Alternative 1: ACLR and ACS based with potential other solution from SBFD capable gNB to reduce co-site adjacent channel interference (i.e. ACLR from the SBFD gNB towards the victim or ACS impact from the aggressor towards the SBFD gNB)
· A non-SBFD aggressor or victim in the adjacent channel should be assumed to have ACLR or ACS according to the RAN4 specifications
· RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above for SBFD capable gNB
· Alternative 2: similar modelling as for self-interference(RSI) can be applied but may with different parameters especially on antenna isolation and required overall isolation if both gNBs with SBFD capability 
· And digital IC is not feasible if gNBs belong to different operators for this case
· Inter-site gNB-gNB adjacent channel: RAN4 agree to apply gNB ACLR based model on TX and gNB ACS requirements based model on RX. And RAN4 will further study on separate calculation from ACLR and ACS perspective to address potential different antenna gain for wanted signal and unwanted signal.
In addition, RAN4 may further study the possibility of improved performance/requirements compared to existing referred requirements list above.

In context of UE-UE adjacent-channel CLI modelling, RAN4 agree on UE ACLR based model on TX and UE ACS based model on RX which is the same ACIR model as Rel-16 CLI study as starting point. ACLR and ACS requirement are defined on channel in RAN4 specification. And RAN4 will discuss further on other candidates. 
Reference:
[1] R4-2214377, WF on feasibility study from RF perspective




